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arious forms of renewable energy could become important con-

tributors to the U.S. energy system early in the next century. If

that happens, the United States will enjoy major economic, envi-

ronmental, and national security benefits. However, expediting
progress will require expanding research, development, and commer-
cialization programs. If budget constraints mandate cuts in programs for
renewable energy, some progress can till be made if efforts are focused
on the most productive areas.

This study evaluates the potential for cost-effective renewable energy
in the coming decades and the actions that have to be taken to achieve the
potential. Some applications, especialy wind and bioenergy, are already
competitive with conventional technologies. Others, such as photovol-
taics, have great promise, but will require significant research and devel-
opment to achieve cost-competitiveness. Implementing renewable
energy will be also require attention to a variety of factors that inhibit
potential users.

This study was reguested by the House Committee on Science and its
Subcommittee on Energy and Environment; Senator Charles E. Grass-
ley; two Subcommittees of the House Committee on Agriculture—De-
partment Operations, Nutrition and Foreign Agriculture and Resource
Conservation, Research and Forestry; and the House Subcommittee on
Energy and Environment of the Committee on Appropriations.
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people who contributed to this project, including the advisory panel,
contractors. and reviewers.
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ince the early 1970s, U.S. energy policy has included the

development of renewable energy resources—biomass,

wind, solar, and geothermal—as an important long-term

strategy. Renewable have exceptionally low environ-
mental impact and reduce the nation’s oil import vulnerability.
They also promise significant economic benefits. These motiva
tions remain strong today even though many factors associated
with commercialization of renewable energy technologies
(RETSs) have changed substantially since the 1980s. In particular,
increases in energy efficiency, decontrol of oil and gas prices, and
changing OPEC (Organization of Petroleum Exporting Coun-
tries) politics and global oil markets have resulted in lower energy
prices. At the same time, the changing regulatory framework for
electricity is opening new opportunities for nonutility generation
of power, which could include RETSs.

RET commercial successes and failures have begun to estab-
lish atrack record in technology cost and performance. Asare-
sult, capital markets are now more familiar with the potential
benefits and risks of RET investments. Over the past 20 years, for
example, prices of wind- and photovoltaic-generated power
dropped by 10 times or more, and a small but significant industry
has begun to develop around them. Growing awareness of the
new opportunities presented by RETS, particularly in developing
countries, has generated much interest in, and intense competi-
tion from, European and Asian countries and companies,

The costs, benefits, and risks of developing and commercializ-
ing RETSs, and the time frame and scale of their contribution, de-
pend on the relative maturity of each technology, the particular
application, and the market competition. This report reviews the
lessons learned in the last 20 years of renewable technology de-

Overview




2 | Renewing Our Energy Future

velopment. In addition, it describes recent ad-
vances in RETs and how they might contribute to
key U.S. energy policy goals, including economic
vitality, environmental quality, and national secu-
rity. Finally, the report also charts alternative
technology and policy paths for developing and
commercializing RETs. An overview of how en-
ergy isused in the U.S. economy and how RETs
fit into changing energy patternsis presented in
appendix 1 -A.

It should be noted that RETSs are not the only
technologies that can help meet national energy
goas. Energy efficiency improvements, cleaner
conventional technologies, increasing use of natu-
ral gas and other lower emission fuels, and other
fuels and technologies are all competing for these
markets. As discussed throughout this report,
RETs offer advantages as well as disadvantages in
meeting market as well as national needs. The
time frame and scale in which RETs are used in the
future will ultimately depend on their cost, per-
formance, and benefits compared with the cost,
performance, and benefits of competitorsin par-
ticular applications.

RENEWABLE ENERGY RESOURCES
AND TECHNOLOGIES

Renewable energy resources include biomass,
geothermal, hydro, ocean, solar, and wind energy.
These resources are discussed in chapters 2 and 5.
Summaries of key issues and findings are pres-
ented in boxes 1-1 to 1-5. The technical, econom-
ic, and environmental characteristics of these
resources and their conversion technologies are
described in the following chapters. A number of
facilitating technologies are aso briefly examined
in the following chapters, including energy stor-
age, ’ electricity transmission and distribution (see

chapter 5), and power electronics (see chapters 4
and 5). Renewable energy resources are distrib-
uted widely across the United States, with one or
more resources readily available in every region.

| what Has Changed

Crash efforts to develop RETs were initiated fol-
lowing the first OPEC oil embargo two decades
ago. In a number of cases, commercialization was
begun while the technologies were still under de-
velopment; inevitably, this resulted in some tech-
nical and commercial failures. For those
technologies that were successful, we now have
the benefit of two decades of research develop-
ment, and demonstration (RD&D) and commer-
cidization efforts. Costs of many RETs have
dropped sharply (e.g., see figure 1 -1), and perfor-
mance and reliability have gone up. Numerous
systems have been installed in the field, providing
experience and allowing some scaleup in
manufacturing (see figure 1-2). Where high-quali-
ty resources are available, a variety of RETs now
offer cost-effective,’env ironmentall y sound ener-
gy services in numerous applications. Examples
include the use of passive solar in buildings and
electricity-generating technologies such as bio-
mass, geothermal, and wind energy.’ Several oth-
ers, such as photovoltaics (PVs, are now limited
to high-value niche markets, but could become
broadly cost-competitive within the next decade
or two (see chapter 5). Technologies for integrat-
ing renewable into systems are also substantially
improved (chapter 5).

Commercialization efforts over the past two
decades have shown that some technologies and
policies work and some do not. Federally sup-
ported RD& D programs have found considerable
value in public-private partnerships, as they main-

| Storage technologies include bioenergy liquids @NCl gases; compressed air storage; electric batteries (and other chemical storage systems);
thermal energy storage in thermal mass, oil, or phase change salts; pumped hydroelectric; and others not discussed in this report such as super-

conducting magnetic energy storage.

25 used throughout this report, a cost-effective technology is one that costs less than competing technologies when they are compared on a

life-cycle cost basis, using the technologies' capital and maintenance costs, market energy costs and discount rates, technology lifetimes, and
other relevant factors. This does not include externalities, fuel cost risks, or other factors (see chapter 6).

3Hydro has long been alow-cost electricity generator and is not listed here.
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BOX 1-1: Bioenergy

Biomass (“stored sunshine”) isthe second most commonly used renewable resource, just behind hy-
dropower. Biomass s used extensively for home heating(firewood)andfor generating electricity, especial-
ly inthe forest products Industry In addition to wood burned directly for heat, agricultural residues, animal
wastes, and municipal solid wastes are used as biofuels and have considerable potential The greatest
potential 1s from plants grown specifically for their energy content. These plants also could be burned di
rectly or gasified for use in a combustion turbine for electriciy, or converted to other fuels, such as alcohol,
for use in the transportation sector

The agricultural sector could produce large quantities of trees and grasses that can be converted to
electricity heat, or liquid or gaseous fuels These crops could provide such as one-quarter of current
national primary energy use, however, the amount of land that Will be available for energy crops is un-
certain

Perennial trees and grasses can protect SOIlS, improve water quality and provide habitat for a variety of
animals, unlike conventional annual row crops In contrast to corn-ethanol—the most familar energy crop----
these crops have high net energy returns and are potentially cost-comptitive with fossils. If bioenerg
crops replace fossil fuels, they can reduce the emission of sulfur oxides (SO, and greenhouse gases, and
also reduce U S dependence on Imported ott, which now costs $45 billion per year. Growing these crops
and converting them to fuels or electricity could provide additional jobs and income to hard-pressed rural
areas while potentially offsetting portion of the roughly $10 billion in current federal expenditures on SOil
conservation, commoditysupports, and certain other agricultural programs.

Bioenergy crop productivityhas increased by more than 50 percent and costs have been sharply re-
duced in the past 15 years, based on research on more than 125 woody and grassy species and Intensive
development of half a dozen Although they are approaching cost-competitiveness in some cases, addi-
tional R&D 1s needed to further Improve these crops and their harvesting and transport equipment, support
agricultural extension efforts, and fully develop the fuel conversion and electricity generation technologies.

Much of the success of U S agriculture 1s due to federally funded RD&D. The highly fragmented nature
of the sector has precluded extensive research,and that situationalso applies to biomass In addition to
RD&D, realizing the broad potential of energy crops Will require considerable planning and coordination
among public and privateentites Mechanisms to help broker or leverage partnerships between bioenergy
farmers and processors may be useful during the commercialization process.

SOURCE Off Ice of Technology Assessment 1995

tain a commercial focus and incorporate a technol -
ogy transfer process. Federal tax policy has, in
some cases, begun shifting to performance-based
measures such as energy production credits and
away from investment-based measures such as in-
vestment tax credits. Many programs increasingly
emphasize leveraging federal investment by mov-
ing Upstream to Where a product is designed or
produced in order to have the greatest impact per
unit investment. The past two decades of commer-
cidlization experience can be a useful guide
should changes in federal policies and initiatives

to develop and commercialize RETSs be consid-
ered.

For some RETS, a substantial industry has be-
gun to develop. The industry downsized after tax
benefits expired or were reduced beginning in
1986 and as energy prices dropped. Many large
firms left renewable energy, and smaller compa-
nies closed. Other firms-many small, some me-
dium, and a few large-continueddevel opment
and have realized substantial improvements in
cost and performance. Based on these advances
and the many new opportunities foreseen for
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; BOX 1-2: Direct Solar Use in Buildings

Residentialand commercial buildings use about $18 billon worthof energy annually for services such
as space heating and cooling, lighting, and water heating. Following the first oilembargo, a number of
efforts were launched to use renewable energy inbulidngs despite the lack of research, development, and
demonstration (RD&D). Many of these premature efforts to commercialize unproven technologies failed
Two decades later, there 1snow a substantial base of proven technologies and practical policy experience,
and many more mid-term RD&D opportunities

Passive architecture and daylighting,which require few or no additional materials, are the most cost-ef-
fective of the building RETs. Passivearchitecture uses the same elements as the conventionalbuilding—for
example, walls, windows, overhangs—but reconfigures them to capture, store, and distributerenewable
energy. Daylighting is a technique for integratingatural light using lightingontrols Combined with effi-
ciency improvements, these RETs have demonstrated cost-effectwe energy savings of 50 percent in new
buildings compared withtheir conventionalcounterparts. Bullding-integrated technologies that reduce ma-
terial use by serving both as part of the roof or wall and as an energy collector are also frequently cost-ef-
fective. In contrast, technologies that require large amounts of expensivematerials, for Instance, add-on
rooftop collectors to provide low-quality heat, such as for spaceheatingthe type most people think of—
are often not cost-effectiveunder current conditions

Although passive architecture, daylighting, and certain other technologies have demonstrated good
performance inthe field, their use remains limited due to factors such as the complexity of passivedesign,
the lack of good computer-aided design tools, and the lack of trained architects/engineers Further, the
construction Industry is highly fragmented inthe United States, invests little in RD&D or technology trans-
fer, and 1s slow to change. The buildings market also places little premium on building energy perfor-
mance, few know what their energy bills are likelyto be before purchasing a building, energy costs are
generally not considered indetermining mortgage eligibility, even if energy costs are a significantfraction
of owning and operating the building and landlords, for example, often do not pay energy bills and so
have little reason to invest in RET features,

Tax credits have been used to encourage the application of RETs in buildings However, the credits
effectively were limited to measurable add-on equipment, rather than more cost-effective passivearchi-
tecture and buildingintegrated systems. Potentially higher leverage supports include RD&D and field val-
idation, design assistance and education and Information programs, and energy performance-based mor-
tages or financial incentives.Inrecent years, funding of the Department of Energy’s solar buildings
program has been less than $5 million, a tiny fraction of the potential savingsfrom wide-scale commercial-

ization.

SOURCE Office of Technology Assessment, 1995

RETSs due to environmental, economic, and other
considerations, some large firms (including for-
eign firms) are now entering (or recentering) the
RET industry. Wind electric companies are now
beginning to emerge as strong competitors with
conventional systems. Others, such as in the
buildings sector and solar thermal electric sys-
tems, have not yet recovered. Still others—such as
PVs—were relatively unaffected by these changes
and have continued to grow at a strong pace

throughout this period by concentrating on higher
value niche markets (although still a small indus-
try).

Finally, the general business practices of the
RET industry have matured considerably in the
last decade. The substantial changes in the busi-
ness environment-declining (in real terms) fos-
sil energy prices, international competition, new
federal legislation such as the Energy Policy Act
of 1992 and reauthorization of the Clean Air Act,
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BOX 1-3: Renewables in the Transportation Sector ‘

Highway transportation accounts for about
one-fifth of total U S primary energy use, and
over half of total U S 011 use, about half of
which 1s Imported These imports are ex-

00 HOLOW 0404

pected to Increase dramatically over the next
several decades, making the economy more
vulnerable to the supply and price volatility of
the world 011 market

Ethanol and methanol from trees or
grasses, diesel 011 substitutes from oil-produc-
ing plants, electricity generated by renewable

energy, and hydrogen gasified from crops or

- kw A

electrolyzed from water by renewable-gener-  w—

r v
ated electricity are the principal renewable en- . ) )

The Ford Flexible Fuel vehicle, an adaptation from a regular
production Taurus, will operate on methanol, ethanol,
gasoline, or any combination of those fuels

ergy fuels that might substitute for today’s
petroleum-based liquids These fuels could be
used in a variety of vehicle technologies,
Includingconventional Internal combustion engine, battery-powered, hybrid, and fuel cell vehicles Each
alternative offers a different set of technical, economic, and performance tradeoffs, research, development,
and demonstration (RD&D)challenges, and time frames for commercializationSubstantial technological
advances have already been realized in each of these areas over the past two decades Further RD&D
remains, but the wide range of renewable fuel and vehicle options greatly Improves the likelihood that one
or more Will succeed

Even the potentially best process for converting biomass to methanol (thermochemical gasification) or
ethanol (enzymatic hydrolyses) Will be only marginally competlive with gasoline on a direct replacement
basis However, alcohol fuels also can be used in fuel cells, with significantly Improved

As Important Will be developing the necessary fuel and vehicle Infrastructure Technology paths that
can take one step at a time, such as fossil fuels in hybrid and then fuel cell vehicles combined with renew-
able fuels in conventional and then hybrid or fuel cell vehicles, may ease the transition and allow infrastruc-
ture development

Much of the benefit of renewable fuels in the transportation sector is public reduced 011 imports and
U S vulnerability reduced pollution (for example, cleaner combustion in urban areas, little or no carbon

dioxide emissions), and strengthened rural economies The primary incentive for private sector Investment
in substantial R&D efforts Is regulatory, such as the low- and zero-emission vehicle requirements in Califor-
ma Public-private joint ventures can leverage Investment and ensure effective commercialization.

SOURCE Off Ice of Technology Assessment, 1995

and considerable changes in the state economic
and environmental regulation of the electric utilit y

be competitive with additional R&D. However,
establishing the conditions necessary for large-

industry—have added complexity to making RET
investment decisions. Where resources are favor-
able, technology cost and performance demon-
strated, and environmental benefits valued, some
RETs can compete and others have the potential to

scale investment in RETS, including developing
an awareness of the opportunities among potential
users and the financial community and resolving
ingtitutional difficulties. remains a substantial
challenge.
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BOX 1-4: Renewables for Electricity Generation

Many RETs are particularly suited to the generation of electricity, a sector that consumes about 36 per-

cent of U S primary energy Of particular interest are

Bioenergy from plants, which can be burned directly to drive a steam turbine, much like a coal-fired
plant, or gasified and burned in a combustion turbine as noted in box 1-1

Geothermal energy in the earth can be exploited in areas where it is concentrated near the surface It
1s tapped by drilling a well and extracting hot water or steam (similar to an 011 well) to power a turbine
Hydrothermal resources, the only commercial resource, are steam or hot water that can be extracted to
power a turbine. Geopressurized brine, hot dry rocks, and magma are other resources that Will require
further RD&D

Photovoltaic technologies convert sunlight directly to electricity Technology and production are ad-
vancing rapidly

Solar thermal technologies concentrate sunlight on a receiver. The heat Is transferred to a fluid that
powers a turbine (or is used for industroal process heat). Solar thermal trough systems have performed
well, but central receivers and dishes appear more promissing.

Wind energy 1s captured by a turbine The technology has matured rapidly. Many applications are cost-
effective. Two main types have been developed, horizontal and vertical axis

All of these technologies show great promise to contribute silgnificantly to electricity needs cleanly and

and used primarily in niche markets.

probably even more Important than RD&D

SOURCE Office of Technology Assessment 1995

cost-effectively; *hydropower (a mature renewable technology) has long served The cost and performance
of these technologies have Improved dramatically over the past 10 to 20 years, and considerable field
experience has demonstrated their long-term potential, The maturity of these technologies varies widely
Some are already cost-competitive where renewable resources are favorable Others are still expensive

All these RETs need further RD&D to improve their cost-competitiveness. Many major Improvements in
technology are expected Scaling up manufacturing Will also help significantly in reducing costs, but this is
difficult because the markets that are viable at current or near-term-achievable costs are not large enough
to support Increased manufacturing For biomass, geothermal, and wind, commercialilzation efforts are

*Not Included here are ocean thermal energy conversion, andtidal and wave energy These technologies have limited applicabili -
(y for the United States and are likely to have higher costs than many alfernatives

B Renewable Energy Characteristics
Severa characteristics substantitilly affect renew-
able energy technology cost, performance, and
operation. These characteristics directly motivate
many of the strategies and policy options dis-
cussed below.

Site Specificity
Most renewable resources are site-specific. For
example, biomass is available where soils and cli-

mate provide good growing conditions for plants
(see chapter 2). Geothermal resources are limited
to regions where there are good underground hot
water or steam resources, or high temperatures rel-
atively near the surface; hydropower is available
where there are adequate river flows and appropri-
ate topography (including sites for dams); solar
energy is widely distributed, but is best in the
sunny and dry southwest; and wind resources are
best along coastal regions, mountain passes. and
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BOX 1-5: Government Supports and International Competition for Photovoltaics

U S manufacturers have led the world in photovoltaic (PV) research, development, and commercializa-
tion Today, these manufacturers are facing strong challenges from foreign competitors, which are often
more strongly supported by public RD&D and commercilalization programs

The United States was a close third behind Germany and Japan in total support for photovoltaic RD&D
in 1992 U S commercialization supports for PVs Include five-year accelerated depredation and a 10-per-
cent Investment tax credit for nonutility generators Electricity buyback rates are set at the utility avoided
cost, which is typically in the 3¢ to 7¢/kWh range. These supports are insufficient to pull PVs into utility
markets generally The U S strategy for PVS has been to identify and aggregate high-value niche markets
In contrast, Italy subsidizes up to 80 percent of the Installation costs of PVs, or provides buyback rates for
peak periods of up to 28@/kWh Japan recently launched a program to subsildize up to two-thirds of the
cost of household PV systems—with a goal of 70,000 systems Installed by 2000—or has buyback rates as
high as 24@/kWh Germany subsidizes up to 70 percent of system capital costs Such large supports ap-
pear excessive, but may in fact be strategic these countries expect that by encouraging large-scale pro-
duction, costs Will decline rapidly to levels more broadly competitive. This will provide domestic environ-
mental and other benefits and Will also provide a potentially large cost advantage in International markets

In developing countries, demand for electricity is growing rapidily. Estimates of the overall market for
utility power generation equipment are typically in the range of $100 billion per year, Further, many people
in rural areas of developing countries are unlikely to be served by conventional electric utility grids for
many years RET systems for remote applications can be quite competive with diesel generators Provid -
ing these technologies can have a powerful impact on economic development in these countries as well as
offering a large market opportunity that can leverage even greater sales of other equipment

U S -based PV production accounted for about 37 percent of the global total in 1993, of this, about 70
percent was shipped abroad Whether or not U S -owned or U.S. -based firms can maintain this strength
Will depend on both the level of RD&D conducted here and on the ability of these firms to scale up
manufacturing The recent sale of Arco Solar, Solec, Mobil Solar, and others to German and Japanese
firms and the joint venture by ECD with Canon (Japan) Indicates a continuing and serious problem for U S
firms in supporting long-term RD&D and manufacturing Investment As a consequence, nearly two-thirds of
U S -based PV production i1s by foreign-owned firms Other companies, especially small, innovative firms,
may also be bought out if they cannot obtain funding for R&D and manufacturing scaleup On the other
hand, the recently announced venture between Solarex and Enron Corp. for a manufacturing scaleup of PV
production within the Nevada Solar Enterprise Zone may provide a model for privately led, publicly lever-
aged investment A potentially very large market is at stake

SOURCE Off ce of Technology Assessment 1995

in the plains states (see chapter 5 ). Some resources time (years) in order to adequakly evaluate
also vary dramatically even among adjacent loca- their potential.

tions. For example, wind resources may be very Design. Site specificity requires greater atten -
good at one part of a mountain pass. but poor on tion to the design of renewable energy systems
the downwind slope. This site specificity has sev- than is the case for fossil-fueled technologies.
eral important implications: Thisis particularly important in the case of pas-
.Resource evaluation. Ste-specific (and often sive solar buildings (chapter 3) and certain

intermittent) resources may require extensive electricity generating RETs (chapter 5).

measurement over a relatively long period of
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Kenetech Windpower Inc. 33M-VS wind turbines lated at
Altamont Pass, California Wind turbine performance
greatly improved over the past 15 years, and costs have
declined

Energy transportation/transmission. Site spec-
ificity may mean that economically attractive
resources are located at a distance from where
the energy will be used, reguiring long-distance
transportation/transmission of the generated
energy. In turn, this may require the devel op-
ment of substantial infrastructure at a signifi-
cant capital investment. RETs also vary
considerably in their energy transportation/
transmission requirements. Geothermal, wind,
biomass, and some solar thermal systems tend
to be relatively large centralized facilities re-
quiring (Often dedicated) high-power transmis-
sion systems, while PV and solar thermal
systems can be small, widely dispersed units
that can potentially be integrated into existing
lower power transmission and distribution
(T&D) systems.

Strategies that respond to site specificity in-
clude: conducting extensive resource valuations
and developing appropriate site-sensitive analyti-

cal tools, including geographic information sys-
tems.

Intermittence

Renewable resources differ in their availability.
Hydro (with dam storage) and biomass have stor-
age built in—for example, biomass is stored sun-
shine—and can consequently be operated at any
time of the day or night as needed. Geothermal
and ocean thermal energy tap very large heat re-
serves that provide storage. These systems can di-
rectly offset utility fossil-fuel-fired capacity. In
contrast, wind and solar systems are available
only when the wind blows or the sun shines; they
are intermittent. Intermittence introduces two ma-
jor considerations:

+ Application, integration, and operation. For
electric power systems, the energy end use
powered by an intermittent renewable resource
must either not require energy on demand, such
as certain remote electric power applications,

SYX3L SV 1Tvd H3dNX ATI0H

A home in the 1994 award-winning Esperanza del Sol
development m Dallas For a net capital cost of $150, energy
effciency and renewable energy /improvements reduce the
annual heating and cooling bill to an estiamated $300, ha/f that
of s/molar convenal homes in the area



FIGURE 1-1: Cost Reductions for Wind Energy and Photovoltaic Technologies, 1980-94
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NOTE The cost of wind and photovoitaic (PV) systems and generated eleclricity DECLINED The figure or the Left shows data for win’
turbines rstalied in Calfornia (which accounts for most turbines in the United States) The figure on the right shows overall U S. PV modole costs,
and complete PV systems installed at the Pte PVUSA site in Davis California Taonver PV system costs to an approximate cost of generated electricity
divide the system capital cost by 20,000 to get ¢/ kWh Expanded scales show that costs continue to decline sharply

SOURCES Wind data are from Pad Gipe Paul Gipe and Associates Tehachapl CA Wind Energy Comes of Age in California, Dale Osborn.
persona commumecation, April 1994 PV data for modules only are for U S based production and were provided by George Cody Eyxon Corporate
Research and Developmenyt Laboratory personal communication, February 1993 Paul Maycock, PV Energy Systems.Inc., January 1993 For com-
plete PV systems data are for installations by U S PV manufacturers under the PVUSA project at Davis California, and were provide by Dan Shugar
Advanced Photovoltaoc Systems Inc., personal communication, June 1994

or the system must be effectively backed up by
integrating it with other power systems (such as
gas turbines or hydropower) or by storage sys-
tems (such as batteries ).4 At small to moderate
penetration levels, intermittence poses few dif-
ficulties for system integration: at high levels
there may be some operational difficulties by
requiring greater ramping up and down of gen-
eration by conventional equipment in order to
meet demand (see chapter 5). Similarly, using
intermittent solar energy in buildings generaly
requires thermal storage or conventional back-
up for heating, and integration with conven-
tional lighting.

Cnergy storage.

. Capacity value. Capacity value refers to the

conventional generating capacity (that a utility
does not need when it invests in a RET. Where
the match between intermittent RETs (iRETS)
and utility peak load is good. as with solar radi-
ation and summer air conditioning, the capac-
ity value of the iRET is relatively high.
Capacity value can significantly affect iRET
economics. but only if the utility calculates and
credits it, The full value of the iIRET is deter-
mined by both the conventional capacity that it
offsets and the fuel it saves (see chapter 5). Sim-
ilar considerations apply to the design of pas-
sive or active systems for buildings and the

4Other storage systems that might be used include compressed air energy storage, pumped hydro, or possibly superconducting magnetic
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sizing of conventional heating and cooling
equipment for backup (see chapter 3).

3,00

energy storage systems such as hydro (pumped or
conventional) or compressed air (see chapter 5).

Resource Intensity

Some renewable energy resources are very dif-
fuse. Biomass is probably the most diffuse re-
source (the conversion efficiency from sunlight is
typically less than 1 percent), but it is an inherent-
ly stored form of solar energy that can be collected
and held until needed. Solar and wind also must be
collected over large areas but are not in areadily
storable form like biomass or hydro.’

FIGURE 1-2: Installations of Renewable
Electricity Generation Capacity

o Net installed capacity (MW)

There are several strategies that may be useful 2,500-;

in accommodating interrnittency. In electricity

generation, for example, resources such as wind 2,000 |

and solar can be collected over alarger geographic
area to average fluctuations, or combined with
other RETSs (e.g., combining wind and solar sys-
terns) that provide energy at different times, com-

plementing each other. This may, however, have “00

significant impacts on T&D systems in order to
move the energy across these larger geographic
areas. More generally, hybrids of conventional
and renewable energy systems can be formed. A
hybrid plant relies on renewable energy when
available, providing environmental and other
benefits, as well as extending fossil resources, and
switches to fossil fuel when necessary for backup.
Fossil hybrids have been particularly important
fer solar therma development in California and
may have many other applications with biomass,
geothermal, and other systems. There may also be
opportunities to form hybrids between RETs and

Geothermal
1, 500-
Wind
1,000/
yd Solar thermal
. / ;g‘::___:_.;:%::%
1980 1982 1984 1986 1988 1990

NOTE PV Installations are on a global basis, the others are for the
United States alone Substantial amounts of RET electricity-generatmg
capacity have been Installed over the past 15 years This has provided
field experience and allowed some scaleup in manufacturing of particu-
tar technologies

SOURCES Office of Technology Assessment, based on data from (PV)
Paul Maycock, PV Energy Systems, Inc , personal communication, De-
cember 1993, (solar thermal) David Kearney, Kearney and Associates,
personal communication, June 1993, (wind) Paul Gipe, Paul Gipe and
Associates, Tehachapi, CA, “Wind Energy Comes of Age in California, "
nd, and (geothermal) Gerald W Braun and H K “Pete” McCluer, Geo-
thermal Power Generation in the United States, ” Proceedings of the
/EEE, VOI, 81, No 3, March 1993 pp 434-448

*solar energy has typical energy fluxes of 150 to 250 watts/square meter (W/m’) as an annual average, depending on the local climate (see

figure 5-6). High-quality wind energy resources are somewhat more concentrated; in good locations such as the Altamont Pass in California,

typical wind energy fluxes are perhaps 450 W/m*.
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TABLE 1-1: Approximate Land Areas Required for

Conventional and Renewable Power Production

Area

Hectares Acres
Plant type per MW per MW
Geothermal 0.1-03 0.25-0.75
Gas turbine 03-08 0.75-2.0
Wind 0.4-1.7 1,0-4,2
Nuclear 08-1.0 2,0-2.5
Coal-steam 0.8-80 20-20,0
Solar thermal 10-4,0 2.5-10.0
Hydropower 2.4-1,000 6.0-2,500
Photovoltaics 3.0-7.0 75-17.0
Biomass 150-300 370-750

NOTE All values have been rounded off The value for nuclear Includes only the plant Itself, not the area required for
mining or waste disposal, the value for coal includes the area for mining the value for natural gas does not include the
area for long-distance pipiline transport, the value for solar thermal and photovoltaics, as well as other renewable
depends strongly on the assumed conversion effociency.
SOURCES Ronald DiPippo, “Geothermal Energy, " Energy Policy October 1991, pp. 798-807, table p 804, Jose-Rob-
erto Morera and Alan Douglas Poole, “Hydropower and Its Constraints, " Renewable Energy Sources for FueLs and
E/ectricity, Thomas B Johansson et al (eds ) (Washington, DC Island Press, 1993), and Keith Lee Kozioff and Roger C
Dower, A New Power Base Renewable Energy Policies for the Nometoes and (Washington, DC World Resources

Institute, 1993)

solar, wind, and certain other low-intensity re-
newable energy resources require large, capital-
intensive collectors. In effect, these systems pay
up front for fuel over the lifetime of the system.
This eliminates the risk of fuel cost increases
faced by fossil-powered systems, but raises the fi-
nancial risk should the system not perform as pre-
dicted. In some cases, these front-loaded costs
result in the demand for greater financial security
up-front.

One strategy to moderate the high capital costs
of large-area energy collection is to develop light-
weight, low-cost collectors. Lowering capital
costs usually requires minimizing use of materials
and poses difficult engineering tradeoffs. Many
renewable energy systems can be constructed in
small- to moderate-sized modular units. This can
reduce the financial costs and risks and the time
required to demonstrate new generations of the
technology compared with large-scale technolo-
gies such as coa and nuclear plants. Small modu-
lar units can also be manufactured at centralized

mass production facilities, providing economies
of scale to reduce costs.

Another strategy is to use systems for multiple
purposes. A good example of a multiple-purpose
system is the passive solar building, in which the
building itself serves as the collector (see chapter
3). Such systems are design-intensive as it is nec-
essary to effectively capture solar energy with
minimal use of costly additional materials. Other
examples include integrating PVs or thermal col-
lectors directly into the building shell to serve as a
part of the roof or wall and provide energy at the
same time.

Despite the low resource intensity, the large
land areas required for renewable energy collec-
tion do not generally appear to be a significant
constraint for most RETs. For example, with the
exception of biomass and, in some cases hydro,
the total collection area required for RETS is com-
parable to that for many fossil energy resources
when the land area required for mining is included
(see table I-1). The best locations for solar sys-



12 | Renewing Our Energy Future

terns, in particular, also tend to be desert areas
with fewer land-use conflicts. Thus, total U.S.
electricity y needs could in theory be produced from
less than 10 percent of the land of Nevada.

Technology Maturity

Renewable energy technologies vary widely in
maturity. RETS such as passive solar buildings,
biomass el ectricity, geothermal, and wind are al-
ready cost-competitive in many important ap-
plications. PVs, solar thermal-electric, and
biomass fuels for transport show great promise,
but require further RD&D and commercidization
to become cost-competitive in key markets; they
are now limited to niche applications. (Specific
RD&D needs and opportunities are discussed in
the following chapters). Policies designed to en-
courage the growth of RETs must be tailored to the
unique attributes and needs of each.

Accommodating Resource and

Technological Characteristics

These renewable resource characteristics are, in
some respects, little different from those of con-
ventional resources used today. For example,
electric utilities have always had to consider site
specificity-such as in hydropower siting, obtain-
ing cooling water for coal or nuclear plants, or
in dealing with local environmental concerns.
Scheduled maintenance and breakdowns reduce
the availability of al plants. Utilities integrate re-
serves and nonutility generators, often of small
scale, into their networks.

While the operating characteristics of RETSs are
not very different from those of conventional
technologies, the analytical tools that utilities use
to plan and operate the grid (e.g., utility capacity
expansion and dispatch models) are often not
well-suited to aspects of many RETS, such as their
site specificity, intermittence, often small scale,
and T&D requirements and impacts. Developing
such tools offers a potential y high leverage means
of encouraging the use of RETS, especially in the
buildings and electricity sectors.

Significant benefits could be realized by inte-
grating renewable energy, conventional supply,
and energy-efficient technologies. Building de-
sign and operation can benefit by combining effi-
ciency and renewable, which can also benefit
utilities through load shifting, peak-load re-
duction, and other demand-side management
techniques (see chapter 3). Building-integrated
photovoltaics have the potential to lower PV costs
and T&D reguirements (see chapters 3 and 5). In-
tegrating fuel cells might have analogous benefits.
Battery-powered vehicles might be recharged on a
schedule that assists utility operations (see chap-
ters 4 and 5). Hybrids can be formed of renewable
and conventional electricity-generating equip-
ment (see chapter 5). Such approaches to intra-
and intersystem integration can open new, cost-
effective market opportunities.

| Energy Markets and Renewable

Energy Technologies
Although they manifest themselves in different
ways, severa market challenges appear repeated-
ly when commercializing RETSs in the different
sectors of the U.S. economy.

Competitor Prices

The price of fossil fuelsis near historic lows, mak-
ing them very difficult to compete against in many
energy markets. Although the Energy Information
Administration (EIA) projects that fossil fuel
prices will increase over time (see appendix 1-A),
the risk of sharp and/or sustained reductions in
their price make it difficult for many firms to
maintain a viable long-term development strategy
for RETS.

Energy (oil) markets have been and may again
be driven by the OPEC cartel rather than market
supply and demand. The economy is highly vul-
nerable to energy price increases, and aternative
supplies require long lead times to develop (see
figure 1-3). For example, slightly higher oil prices
for six months following Iraq's invasion of Ku-
wait raised the U.S. oil import bill by roughly $8



FIGURE 1-3: Consumption Patterns of

U.S. Energy, 1850-1993
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NOTE The energy resources used by the United States have changed
considerably over the past 150 years Fuelwood was initially the domi-
nant resource giving way to coal then to 011 and natural gas The time
for each trarsition has been somewhat more than half a century This
provides a measure of how much lead time may be required to signifi-
cantly shift our energy systems over to nonfossil fuels should global
warming or other environmental economic or security concerns so
warrant

SOURCES Off Ice of Technology Assessment based on data in J Alter-
man Electric Power Research Institute “A Historical Perspective on
Charges in U S Energy-Output Ratios “ Report EA-3997 June 1985
and Energy Information Administration, Annual Energy Review 1993,
USDOE/EIA-0384(93) (Washington, DC July 1994)

billion’---on top of the roughly $45 billion spent
annual] y for imported oil. In addition, energy mar-
kets do not now incorporate all environmental
costs, resulting in imperfect market functioning.
Some observers believe that any attempts to
modify the market will be worse than the prob-
lems they were intended to solve. Many such ob-
servers still support RD&D programs as a strategy
for dealing with energy price volatility and other
issues. A more activist strategy might include fi-
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nancial incentives and competitive set-asides in
order to diversify supplies.

Front-Loaded Costs

As noted above, many RETSs are capital -intensive.
requiring large capital investment and possibly
additional financial security to cover risk (see
chapter 6). Many potential investors also require
short payback times, further complicating invest-
ment strategies.

Strategies to deal with high capital costs in-
clude encouraging (or requiring, in some cases)
purchasing decisions to be based on lifecyclc
costs; allowing utility customers to choose gen-
eration technologies through green pricing
schemes;” placing front-loaded environmental
taxes and fuel cost bonds on conventional sys-
tems. and creating innovative financial mecha-
nisms that reduce the front-loading.

Manufacturing Scaleup

With many new technologies, including RETS.
thereis afrequent “chicken-and-egg” problem of
needing a large market to scale up manufacturing:
and thus lower costs, but needing low costs to de-
velop alarge market. There are severa strategies
to encourage manufacturing scaleup. Market pur-
chases can be aggregated and coordinated across
many potential customers. Thisis being actively
pursued by electric utilities in PV markets (see
chapters 5 and 6). Compatible market niches can
be found that independently allow gradual scalc-
up: an example might be cofiring biomass with
coal (see chapters 2, 5, and 6). Low-value uses as
energy can sometimes be linked with high-value
uses, an example is using biomass for energy (low
value) or for fiber (high value) according to mar-
ket demands and biomass supplies. Long-term
partnerships can be formed to lower the produc-
t ion scaleup risks for both supplier and user; an ex-
ample might be to partner farmers with utilities.

SRoughly equivalent to 200 times current federal RD&D funding for biomass transport fuel.

Green pricing 1§ discussed in the policy options section below and in chapter 6.
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Farmers m Texas discussing switch grass, a potentially
Important energy crop

Finally. electricity markets can be differentiated
by value, in contrast to the average pricing now
common. This is aready done in the case of re-
motc markets; structural change may also encour-
age such market differentiation within the
electricity grid and elsewhere.

Strural Change in the Electricity Sector

Substantial structural change is now under way in
U.S. (see chapters 5 and 6) and global electricity
markets (see chapter 7). In the United States, this

These changes are likely to have mixed impacts
on RETs. The purchase of RETs has been lower
under competitive bidding than under approaches
such as California’s standard offers during the ear-
ly to mid-1980s.8 Some believe that a reduction in
the purchase of RETS is inevitable due to the cur-
rent low natural gas price: others believe that the
bidding process fails to fully value RETs and their
benefits. Structural changes and the resulting
competitive pressures may also reduce electricity
sector investment in RD&D, and shorten corpo-
rate and utility planning horizons. For example,
the California Energy Commission cstimates that
investor-owned utilities will decrease their invest-
ment in advanced RD&D by 88 percent in 1995
compared with 1993 while overall RD&D will de-
cline by one-third compared with 1992. This is
likely to be particularly serious for higher risk
mid- to longer term research efforts in RETs.

On the other hand, such structural change
might assist the penetration of RETSs into the elec-
tricity sector in the future by differentiating ener-
gy markets by value and function (unbundling).
This is in contrast to the average pricing schemes
widely used for electricity today. Segmenting the
market may open higher value niches for which
RETs can more effectively compete, allowing
some market scaleup, particularly if supported by
coordinated market aggregation efforts. Niche
markets do have their limits, however. It is not yet
known whether a strategy of pursuing niche mar-

change has so far been manifested primarily by the =—gets will be sufficient to enable the cost reductions

increasing role of nonutility generators and by the
use of competitive bidding in the purchase of new
capacity and power. These changes are being ac-
celerated by the Energy Policy Act of 1992
(EPACT—which alows the formation of Exempt
Wholesale Generators and addresses transmission
access issues) and by recent proposals by severa
state public utility commissions to consider open-
ing competition for electric power sales to the re-
tail level (see chapters 5 and 6).

necessary to compete in large-scale power mar-
kets.

Leveling the Playing Field

Many have suggested that the market is sharply
tilted against the purchase and use of RETS due to
direct and indirect taxes, subsidies. and other fac-
tors. The Office of Technology Assessment evalu -
ated five factors affecting RETs in the electricity

“The Public Utility Regulatory Policies Act establishblished a category of qualifiing facilities ( QFs ), which were restricted to enewable energy

and cogeneration power stations. Utilities were directed to buy the power from QFs at their avoided cost of power production. The California
standard offers were developed in response to this requirement. Competitive bidding not generally restricted by fuel source.



sector: powcrplant finance, full-fuel-cycle fi-
nancc. direct and indirect subsidies, risk and un-
certainty, and environmental costs (see chapter 6).
While there appears to be some tilt against RETS
overdl, the nature and degree vary with the partic-
ular energy resource and technology. More signif-
icantly. the analysis suggested that some of’ the
policies intended to stimulate use of RETSs prob-
ably haverelatively little impact.

Accelerated depreciation compensates for
part—but often not al--of tax code provisions
that disadvantage capital-intensive RETS. Bene-
fits such as EPACTs 10-year, 1.5¢/kWh Renew-
able Electricity Production Credit provided to
wind and closed-loop biomass systems reduce
full-fuel-cycle taxes in the scenarios modeled
down to or somewhat below those for natural gas,
unless limited by Alternative Minimum Tax pro-
visions (see chapter 6). In contrast, these tax bene-
fits provide 1little support for RETSs that now have
relatively high costs, yet need to enter these large-
scale markets if'they are to scale up manufacturing
and and capture economies of scale sufficient to lower
their costs to more competitive levels.

Infrastructure Development

The development of a supporting infrastructure
for RETSs can require large capital investments.
This can be a heavy overhead before RET devel-
opment can begin. Examples include establishing
long-distance transmission lines for RET generat-
ing facilities sited where resources are good but
far from loads. and pipelines and distribution sys-
tems for renewable fuels.

Strategies to develop supporting infrastructure
involve long-term. multiple-use planning around
particular technology paths. Transmission sys-
tems installed for conventional power systems
r-night consider routes that would allow longer
term development of RETS: gas pipelines might
consider routes that would allow gas use in hybrid
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RET powerplants, or conversely. might allow
trtinsport of renew’able fuels to load c enters.
Technologies might be chosen that are more readi-
ly adapted to a wider range of fuels, allowing use
of renew’able fuels when they become cost-effec-
tive in the future.

POLICY OPTIONS

If RETs are to be further developed and commer-
cialized. various policy options could be consid-
ered (see table 1 -2). The costs, benefits. and risks
of specific strategies will vary with a particular
RET, its relative maturity, its market competitors.
and other factors.

1 Development

Federal funding for RET development increased
since 1990 following the Bush Administration’s
development of the National Energy Strategy. The
Department of Energy (DOE) FY 1995 RD&D
budget of $344 million ($310 million in 1992 dol-
lars) is up from its low of $119 million (in 1992
dollars) in FY 1990, but is below the funding lev-
cls of the late 1970s and carly 1980s (see table
1-3).

At present, RETS are expected to penetrate en-
ergy markets slowly. Although EIA projects RET
electricity generation (excluding hydro) to more
than double between 1993 and 2010—from 52
billion to 118 billion kWh per year—this will ac-
count for just 3 percent of total U.S. clectricity
generation in 2010.? Continued development of
these technologies will, however, lay the founda-
tion for more rapid expansion later. The huge scale
of the U.S. electricity and other energy sectors re-
quire very long times to turn over their capital
stock and develop new technologics, and manu-
facturing enterprises to have a significant impact.
RETs would be cost-effective for many additional
applications—for example, passive solar build-
ings and electricity generation technologies such

9118, Department of Eneray, Energy Information Administration, Annual Energy Outlook 1995, DOEEIA-0383(95) (Washington. DC:

January 1995).



TABLE 1-2: Policy Options for Key Sectors of Energy Use

Sector applicable

Option Agriculture Building  Transportation Electricity Comments
Resource assessment

Resource assessment P \% - \Y More extensive evaluation of renewable energy re-
sources could be done, Including long-term analysis of
the Impacts of geographic diversity, intermittency, and
correlations between renewable resources.

Research, development, and

demonstration

R&D I v v v R&D supports could be expanded in areas with high
potential returns.

Demonstrations v I v I Expanded technology demonstrations and field valida-
tion of performance for resources and technologies with
high potential returns could provide useful technical and
market data and Increase confidence of potential inves-
tors.

Safe harbors I Regulated industries such as electric utilities are often
now constrained in Investing in promissing but not yet
commercial equipment due to concerns of financial costs
to ratepayers, State regulators could consider providing
safe harbors for prudent Investments.

Design, planning, and information

Design tools 4 \% 4 The development of good design tools—that better
account for the characteristics of renewable energy re-
sources and technologies, such as site specificity, inter-
mittency, low intensity, and small scale, than tools now in
use--could be supported. This could Improve the capa-
bility of considering and using RETS.

Design competitions - el — Numerous small awards for good design of, for example,
passive solar buildings (which are highly design-Inten-
sive but now poorly supported), could be provided. This
could raise the visibility of RETs and encourage their use.

Planning supports v 1 v State and local planning efforts to use RETs could be

supported technically and financially.
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Information 14 I I Information programs could be broadened and extended
to provide markets sufficient access to up-to-date in-
formation on the cost and performance of these rapidly
advancing technologies

Ratings and standards

Rating systems - I I Supporting the broader establishment of rating and certi-
fication systems in the private sector could provide
greater consumer confidence in these products

Codes and standards v v Codes and standards might be pursued where market-
based approaches do not work in order to promote
greater use of RETs and reduce use of conventional
fuels, where financially and environmentally appropriate

Finance and commercialization

Market aggregation [ %4 - v Public-prwate partnerships could be formed to aggre-
gate markets and support large-scale, long-term pur-
chases of RETs

Green set-asides v el » Because of the difficulty of removing the various tilts in
the playing field and of valuing the many benefits and
costs of RETs relative to conventional technologies,
technology-specific competitive set-asides might be
established for RETs. Although some argue that this Is
simply a hidden tax on ratepayers, others note that rate-
payers would benefit by reducing the risk of future fuel
cost increases, environmental costs, and potentially cap-
turing longer term cost savings by developing the RET
industry and creating jobs.

Golden carrots I I Financial awards might be given to manufacturers for the
development of particularly high-performance or environ-
mentally friendly RETs that would otherwise not receive
sufficient market return to justify development

Green pricing - - I Programs to allow customers to voluntarily pay more for
environmentally sound energy resources or services,
such as RET-generated electricity, could be initiated

Utility incentives - - v State Publlc Utilityty Commissions (PUC) might allow utili-
ties to earn slightly higher returns on Investments for
RETs or purchases of renewable energy from third
parties

(continued)
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TABLE 1-2 (cont'd.): Policy Options for Key Sectors of Energy Use

Sector applicable

Option

Agriculture

Building

Transportation Electricity

Comments

Ratepayer impact

Subsidies

Risks

Standard contracts

Federal procurement

Power Marketing Authorities

Infrastructure

@

Ratepayer impact tests (RITs) at the PUC level may not
take into account risks such as future fuel cost increases
and environmental externalities. State PUCs could broad-
en the factors considered in RITs.

Energy or other related subsidies could be reduced or
adjusted on the basis of energy resource and technology
potential to contribute to national goals over the long
term.

A variety of risks, including the risk of future fuel cost
Increases, environmental liabilities, and global climate
change-often not now adequately considered in the
choice of technology in some sectors due to regulatory
procedures or other reasons-could be evaluated and
incorporated in decisionmaking.

Standard contracts provide a means of reducing trans-
action costs for small renewable developers Broader
use of such contracts could be considered.

Federal procurement could be more aggressively di-
rected toward use of all cost-effective RETS, including
risks and externalities.

Federal Power Marketing Authorities might be directed to
increase use of RETSs, as appropriate, given costs, fuel
diversity concerns, and environmental externalities.

Support could be provided to assist in the development
of infrastructure needed for RETs. This might include
providing a portion of the additional costs needed to shift
infrastructure (transmission and distribution, pipelines) to
where it can support longer term development of renew-
able resources.

ainyn4 ABiauz inQ Buimauay | 81



Chapter 1 Overview | 19

G661 JUBWSSISSY ABOjOLY23L 4O 80140 - FDHNOS
JBIUBYD $,J0J08S YOBS Ulylim Passnasip ase suondo Aojod [euotippy 310N

'51500 |eldes

pUa-JUCl) 18MO| PINOD SIy] “salbojouydsl/sadinosal Bul
-njjod moj Jo/pue Aouaioys Jaybiy o) sajeqas apiacid o)
pasn uay) pue saibojouyoay/sadinosal ABiaus Bunnjod
12yBiy Jo/pue ADUBIDIS JOMO| UO PAIAS| 8 PINOD S99

SPUOQ Papeo|

-JUOJJ 1O 'SIBPPE [BIUSWIUOIAUB ‘SHuISd sjgepel) ‘soxel
parel-ABiaud jo Bunsoo 10 Buiuueld syl ui papnjoul
2Q PIN02 SIS0 AJIBUIDIXS [BIUBWILOIIAUS ajewixolddy

‘PaIaPISU0D 8Qg os|e
1SNW saNssi AJINba pue 'anuaAal [BJOP8} 'DILIOUCD30I0BW
'soxe] ||e 104 ‘saxe} Auadoid aie |aAs| [BD0] aU) Je 90Ul
-1odwi Jejnoied JO "Alundes pue ‘sjoedull {BIUBWUOI
-1Au8 s Buipnjour ‘saifojouyoa) pue saoinosal ABisus
ssoJoe ploly BulAe|d ay) [9A9] 0) palejnuuIc}al 10 pajsnl
-pe aq pnoo—saifojouyoa) usamiag Ajapim Alea ued
yolum—panes 1o paddns ABiaua jun Jad susping xe|

-~ — $91BQ994
A A Saljljeulaix3
rd -~ Saxe|

saxe]



NATIONAL RENEWABLE ENFRGY LABORATORY

20 | Renewing Our Energy Future

In the state of Ceara in northeast Brazil, all the homes in the
willage of Cacimba have been outfitted with 50-W PV solar
home power systems that provide up 4 to 6 hours of light
each night from two fluorescent lights

as biomass and wind—»but will not be used in
many cases due to various market challenges.

The following policy options could be consid-
ered in support of RET development.

8 Resource assessment. Additional long-term
support for resource assessment would allow
careful evaluation of more sites, and deter-
mination of how resources vary across geo-
graphic  regions individually and  with
potentially complementary resources. This as-
sessment of renewable resources and the incor-
poration of this data in geographic information
systems would also alow longer term planning

of energy infrastructures to make best use of

these resources.

- RD&D. In addition to technology improve-
ments, RD&D includes field monitoring, com-
mercial demonstration, and manufacturing
processes and scaleup, sometimes underem-
phasized in the past. Field monitoring has par-
ticular value in validating performance and
providing data for researchers. Commercial
demonstrations of market-ready technologies
can provide valuable hands-on, kick-the-tires
experience for potential builders and users.
Many of these activities are best done through
public-private partnerships, which can provide
a commercia focus, improve technology trans-
fer, and leverage both public and private funds.

n Design, planning, and information. Activities
include supporting the development of design
tools, holding design competitions, supporting
the education of professionals in the field, pro-
viding planning support, and developing and
disseminating information. By directly ad-
dressing the initial planning and design proc-
esses, these activities can have particularly
high leverage.

s Ratings and standards. Additional suppport
could be provided to professiona standards-
setting organizations and/or manufacturer
associations for developing ratings and stan-
dards for RET equipment and systems—for ex-
ample, passive solar buildings.

If funding for support of renewable RD&D and
associated measures to aid development of these
technologies is reduced, costs will decline more
slowly and fewer opportunities for using cost-ef-
fective RETswill be realized. In the mid- to long
term, RETs will displace less imported oil and
contribute less to reducing pollution, and the
economy will remain more vulnerable to the risk
of future energy price increases. The competitive
challenge posed by Europe and Japan for interna-

10Ratings and standards provide confidence to potential purchasers and users that the technology will perform as indicated and/or meet

minimum requirements, and that equipment can properly work with that of other manufacturers, as well as other benefits.



TABLE 1-3: DOE Renewable Energy Technology RD&D Funding (in millions of constant 1992 §)

FY 1980 FY 1985 FY 1990 FY 1991 FY 1992 FY 1993 FY 1994° FY 1995°
145.7 118 44 21 20 29 45 42
254.2 700 374 477 604 632 707 801
200.6 436 161 199 291 262 296 288

876 384 174 341 393 467 527 545
102.8 365 98 114 214 232 276 431
73.5 51 44 28 20 09 09 00
2662 401 195 281 272 227 217 346
35.7 01 00 10 10 10 09 44
e 91 88

1,155 246 109 147 182 187 218 259
1,229 258 119 163 204 204 260 315
1,253 384 1,034 879 859 644 627 464

3A price deflator of 2.7 percent was used for 1993, and 3 percent for both 1994 and 1995

million), the National Rér;ewable Energy Laboratory plant and cqu]pn;em (85 5 million). and program direction ;$7 5 mnhor%) Not |rwcludéd arg clectné énergy systems and energy storage systéms,
which are part of the overall solar and renewable energy programs but are not directly applicable to renewable fuels

CIncluded for comparison. The clean coal program has $37 .1 million appropriated for FY 1995, but requests $73 .4 millionin FY 1996 and $414 millionin FY 1997, for a three-year total of $525 million. Only
the $37 1 million was included in the FY 1995 estimate here

NOTE: This table does not include related funding for advanced vehicle technologies (see chapter 4)

SOURCE Fred J. Sissine, Congressional Research Service. "Renewable Energy’ A New National Commitment?” Issue Brief IB33063. Feb 10, 1994 Fred J. Sissine, Congressional Research Service,
personal communication, August 1994 and U.S. Department of Energy, FY 1396 Congressional Budget Request (Washington, DC: February 1995)
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tional RET markets—particularly in developing
countries—might not be met effectively and could
potentially cost U.S. employment and export op-
portunities (see chapter 7). Small U.S. manufac-
turers and innovative technologies will also likely
be bought out by foreign competitors. If, however,
energy prices remain unexpectedly low over the
long term, or if the impacts of global warming
prove to be below the low end of current scientific
estimates, “then the delay in developing renew-
able that would result from reduced support
would not be as significant, although export mar-
ket opportunities would still be at risk.

Commercialization

Market challenges faced by RETs could be ad-
dressed by various strategies. Improving the com-
petitive position of RETs in a changing market
includes crediting RETs with environmental
benefits, actual system capacity value evenif in-
termittent, and potential savings in T&D capacity
if used in a distributed utility mode (see chapters 5
and 6). The development and use of smart technol-
ogies and controls to determine energy value and
use would permit premium prices for market seg-
ments such as peaking power. Such technologies
may also allow better use of RETS, as well as ener-
gy-efficient technologies, in utility demand-side
management programs. Finance and commercial-
ization options include: identifying and tapping
niche markets, including through private-public
ventures; encouraging the unbundling of energy
prices to create additional niche markets; support-
ing market aggregation and manufacturing sca-

leup activities, supporting green pricing systems,
helping establish competitive set-asides; and es-
tablishing preference for RETS in federal procure-
ment.

In addition, there are other strategies that could
help further level the playing field and capture
additional cost-effective applications of RETs. A
number of financial risks and liabilities are not
now fully accounted for in developing energy
projects. Examples include the risk of fuel price
increases in electricity generation (largely passed
through to ratepayers by Fuel Adjustment
Clauses), and taxpayer liability for waste cleanup
in some cases. For energy markets to work better,
these risks and liabilities should be identified,
their value estimated to the extent possible, and
these costs included in energy prices, as appropri-
ate. The costs of environmental damage and other
externalities caused by energy use are also largely
not included in energy prices, limiting the effi-
ciency of market decisions.

Leveling the playing field may not be possible
in some cases. Precise values are not known for
factors such as risk reduction or environmental
costs and benefits. Rather than attempt to fit all
conventional and renewable energy technolo-
gies—with their widely varying characteristics—
into a single framework, it may in some cases be
preferable to consider technology-specific com-
petitive set-asides”to ensure resource diversity
and promote environmentally benign technolo-
gies. This could allow consideration of RETs with
widely varying maturities and, with careful design
of the set-aside, could alow an appropriate scale-

ntergovernmental Panel on Climate Change, World Meteorological Organization/U.N. Environment Program, Scientific Assessment of
Climate Change, Summary and Report (Cambridge, England: Cambridge University Press, 1990); and T.M.L. Wigley and S.C.B. Raper, “Im-
plications for Climate and Sea Level of Revised IPCC Emissions Scenarios,” Nature, vol. 357, No. 28, May 1992, pp. 293-300. See also U.S.
Congress, Office of Technology Assessment ("h/znglnq h) Degrees: Steps To Reduce Greenhouse Gases, OTA-Q-482 (Washineton, DC: U S.

Longres HCC O 18CNNCI0ZY ASSESST

Jegrees: sleps

e reer §€ LUSE U-SSLVasnngon, ULl u.

Govemment Printing Office, February 1991); and U.S. Congress, Office of Technology Asscsxmem Preparing for an Uncertain Climate, 2

vols., OTA-O-567, OTA-0-568 (Washington, DC: U.S. Government Printing Office, October 1993).

12Competitive set-asides designate quantities of energy and/or supply capacity of certain resources—such as renewable energy—in recog-

nition of their reduced risk of fuel cost increases, environmental damages, or other nonpriced benefits. Qualifying technologies then compete to
supply the energy/capacity speciﬁed by the set-aside. Due to the significant variation in the maturity of different RETs, it may be desirable in

some cases to make competitive set-asides technology
SOME €as€s ¢ maxke compett

ve set-asides technology-specific {e.g., photoveltaics,

sglar thermalhy
$Giar thermai).



up of manufacturing in order to reduce their pro-
duction costs efficiently. At the same time, it
would be important not to inadvertently restrict
RETs to small market segments.

Tax benefits might be provided for those
technologies that do not now receive credit for
benefits such as reduced environmental costs and
other externalities. Several tax policy options are
listed in table 1-2 and are discussed within the re-
spective chapters. More detailed analysis is need-
ed of any tax policy change, including potential
macroeconomic impacts, revenue impacts, and
equity concerns.

The impact of such policies will vary consider-
ably by the particular technology and will be most
important for those technologies that are now or
are very close to being cost-competitive. Less ma-
ture technologies that have potential for commer-
cialization at a significant scale, but remain high
in cost due to the lack of large-scale markets and
manufacturing, will not be assisted nearly as
much by these changes and may require other ap-
proaches. Many of these commercialization acti-
vities will be most effective if pursued through
public-private partnerships.

Financial costs assoctated with these types of
development and commercialization policies in-
clude greater budget outlays for RD&D and se-
lected high-leverage commercialization efforts.
Additional costs would vary with the activity.
RD&D and high-leverage commercialization ac-
tivities (such as the development of building de-
sign tools) might be increased by a few million to a
few tens of millions of dollars. Large-scale dem-
onstrations and commercialization could cost $50
million to $100 million in some cases, but the fed-
eral share would be heavily leveraged with private
sector investment. For a few technologics, the
higher funding levels for RD&D would need to be
provided consistently for at least a decade and
possibly longer in order to lower the cost of pow-
er-generating technologies such as PVs to levels
comparable to those of fossil fuels. This funding
would require careful allocation to high-leverage
opportunities. If this path is chosen, some consid-
eration could be given to paying for this increasc
in direct budget outlays by some reduction of
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present subsidies of conventional energy technol-
ogies. Increasing funding for RETs and related
strategies to accelerate their development could
lay the groundwork for earlier and more rapid ex-
pansion of use of RETs should world energy mar-
kets, environmental concerns, or other factors
require it. If federal development funding for
RETys is reduced, the private sector would presum-
ably have to decide whether to provide increased
funds for RET development. The prospects for
this are not good (see box 1-6). If strategies to ad-
dress market challenges faced by RETs are not
pursued, commercialization of RETs would occur
much more slowly and the competitive disadvan-
tages would be much more difficult to overcome
cven in the longer term.

The policy options listed in table 1-2 and dis-
cussed throughout this report should be evaluated
in the context of a long-term national strategy for
the role of energy in meeting goals of economic
vitality, environmental quality, and national sccu-
rity. In developing this strategy, factors to consid-
er include:

« Time frames. Significant changes in national
cnergy use patterns have required half a century
ormore (see figure 1-3). This is due in large part
to the enormous amount of infrastructure that
must be turned over. This time lag poses a sig-
nificant problem for the United States and the
world should a rapid transition from today’s
conventional technologies be required in the
future. Laying the groundwork for such a tran-
sition is an important component of national
energy policy.

« Energy pricing. Conventional ener,
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iety of environment
security impacts that are not now fully incorpo-
rated in energy prices.

« RD&D and commercialization. RETs vary
considerably in their level of development and
may require policies that account for this range
of maturity. In particular, current policies do
not adequately address the transition from
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BOX 1-6: Funding for Research, Development, and

Demonstration of Renewable Energy Technologies

What role public support of research, development, and demonstration (RD&D) and commercialization
should play for any energy supply technology—fossil, fission, fusion, or renewables---is a critical question,
Public support for a particular technology may be justified when there are significant public benefits that
are not reflected in the market price or that cannot be fully captured by the pioneering company, or if the
technology is too high risk or long term for private Investment. RET's public benefits—environmental, rural
economic development, federal budget savings, national security-are not Incentives for private RD&D
funding, In addition, the smaller companies that typify the renewable energy industry cannot support the
long-term, high-risk RD&D that is necessary to move some RETs (e.g., photovoltaics) into the marketplace,

RD&D—both public and private-for energy supply technologies has declined over the past decade,
As a percentage of gross domestic product, public support of overall energy RD&D has declined by a
factor of about three since 1978. Industry support of energy RD&D has declined by a factor of about two,
Restructuring of the electricity sector may also be shfting private funds away from mid- and long-term
RD&D efforts, such as renewable, toward very short-term projects. Sectors such as agriculture (bioener-
gy) have never Invested heavily in RD&D due to their highly fragmented nature, public support has played
a vital role in the development of U.S. agriculture.

Although there were substantial gains in technical performance of RETs during the 1980s, while federal
RD&D supports were low, much of these gains—such as in the wind and solar thermal Industries—were
actually driven (infficiently) by industry using tax credits in effect to support RD&D. With the sharp reduc-
tion in federal and state tax credits in the mid- to late 1980s, this avenue has been signficantly closed, In
addition, these gains resulted in part from exceptionally large pioneering economies of scale and learning
in mass production and field operation, and by easy, one-time transfers of technology from other sectors It
Will be difficult for renewable energy firms to repeat the successes of the 1980s without dedicated RD&D,
and support for this RD&D Will be difficult to obtain from industry sources.

SOURCE Off Ice of Technology Assessment, 1995

RD& D to large-scale, low-cost manufacturing
coupled with large-scale commercialization.

Federal policies regarding RETSs should be con-
sidered in the context of the state, local, utility,
and other efforts already under way. In many areas
of RET policy—including information, incen-
tives, and regulation—states, localities, and utili-
ties are often more active than the federal
government. Renewable energy depends on the
local situation, making the involvement of state
and local organizations more important. Any fed-

eral efforts would be most effective if they com-
plemented existing efforts. In most cases, states
and utilities would welcome federal support and
assistance, but might not welcome arbitrary feder-
al preemption. Since, in the past, such state-local
efforts have been supported in part with funds that
are now in most cases expired, '*other forms of
support could be considered.

Renewable energy has significant potential to
contribute to the national goals of economic vital-
ity, environmental quality, and national security.

13The Petroleum Violation Escrow fund, which are funds collected on behalf of the public for pre- 1981 overcharges (in excess of regulated

prices) for petroleum products, is one.



The extent and timing of renewable energy pcne-
(ration into energy markets will be affected by the
levels of support provi ded for the research, devel -
opment, demonstration, and commercialization
of RETSs. Poalicies will be most effective if they
take into account the widely varying characteris-
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tics of renewable resources and differing levels of
maturity of renewable energy technologies. The
policies and efforts pursued over the next severa
years will significantly influence energy use and
environmental impact during the 21 st century.



Appendix I-A:

Energy Use and
Renewable Energy

otal U.S. energy usein 1993 was 88 exgjoules (EJ or 84

quads—see appendix A at the back of this report for adis-

cussion of units and conversions). Qil accounts for about

40 percent of current energy consumption, followed by
natural gas and coal with about 25 percent each'(see figure
[-A-l).

Oil isused primarily in transport; gasis used in industry, build-
ings, and electricity generation;” and coal is used to generate elec-
tricity and in some industrial processes such as steel production.
Electricity is supplied by coal, nuclear, hydro, and gas and is used
in buildings and industry (see figure 1 -A-2). Conversely, build-
ings rely primarily on electricity and gas; industry relies on all of
these supplies, depending on the process; and transport is almost
entirely dependent on oils

National energy supply and demand is undergoing continual
change. Energy supplies shift with resource availability and cost;
energy end-uses shift with technology advances and market de-
mands; and overall energy supply and demand shift with national
economic, environmental, and regulatory considerations. Eco-
nomic growth, which is also a function of changing demograph-
ics (population growth creates new demands) and productivity,
creates new demands for energy services, but energy use can grow

1U.S. Department of Energy, Energy Information Administration, Annual Energy Re-
view, 1993, USDOE/EIA-0384 (39) (Washington, DC: July 1994), pp. 9, 165, 199, 215.

2Note that all electricity values are given here in terms of their primary thermal energy
equivalents using a conversion factor of 33 percent.

3Note that natural gas for transport is used primarily in compressors for pumping natu-
ral gas through pipelines to end users.

National
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FIGURE 1-A-1: U.S. Energy Supply and Use, 1993
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SOURCE: U S. Department of Energy, Energy Information Administration, Annual Energy Review, 1993, USDOE/EIA-0384(93) (Washington, DC: July
1994), pp 9 165, 199, 215

either faster or slower. Important factors shaping These gains greatly slowed the expansion of the

U.S. energy use include: U.S. energy supply infrastructure during this

.Energy efficiency. The energy intensity of the period. More recently, energy use has grown.
U.S. economy declined 30 percent between . Electricity intensity. The economy has become
1970 and 1990, from 29 megajoules more electricity intensive, even while the total
(MJ)/$GNP to 20.6 MJISGNP due to efficiency energy intensity per unit GNP has declined (see
gains and other factors’(see figure 1 -A-3). figure 1 -A-3). The electricity sector share of

4U.S. Department of Energy, Energy Information Administration, Annual Energy Review, 1990, DOE-E1A-0384(90) (Washington, DC:
May 1991), table 8: and U.S. Congress, Office of Technology Assessment, Energy Use and the U.S. Economy (Washington, DC: U.S. Govemn-
ment Printing Office, June 1990).
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FIGURE 1-A-2: Electricity Supply by Resource and End Use, 1993
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SOURCE: U S. Department of Energy, Energy Information Administration, Annual Energy Review. 1993, USDOE/EIA-0384(93) (Washington, DC: July

1994)

U.S. energy consumption has increased from
25 percent in 1970 to 36 percent in 1990 and is
expected to increase further to roughly 42 per-
cent by 2010.°

Environmental concerns. Environmental con-
cerns have become increasingly important at all
levels. For example, the Clean Air Act Amend-
ments of 1990 tightened various emission lim-
its for vehicles and utilities. Some 29 states
now require or are considering inclusion of en-
vironmental externalities in utility resource
selection or rate-setting. Concerns about giobal
warming and a variety of other environmental
problems have also resulted in several interna-
tional agreements, including the Framework
Convention on Climate Change.

Renewable energy technologies can contribute
to U.S. needs across every sector. Biomass energy
resources can be used to generate heat for industry,

electric it y, or liquid or gaseous fuels for transport.
Geothermal energy can be used to generate elec-
tricity or for heating. Solar energy can be used di-
rectly for thermal applications such as heating,
cooling, or lighting homes and offices, or it can be
used to generate electricity or ultimately hydro-
gen. Wind energy can be used to generate elec-
tricity or for direct mechanical drive. These
applications are detailed in chapters 2 through 5.
Thus renewable energy can become a very impor-
tant part of the U.S. energy system, contributing
simultaneously to all U.S. energy goals: economic
vitality, environmental quality, and national se-
curity.

1 Economic Vitality

Cost-effective, reliable supplies of energy are crit-
ical for awell-functioning economy. Fossil fuels
are readily available and low in cost at the present

5Ene,é,),_l_r.1formation Administration, ibid., table 4; and U.S. Department of Energy, Energy Information Administration, Annual Energy
Outlook, 1992, DOE/EIA-0383(92) (Washington, DC: January 1992).
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FIGURE 1-A-3: U.S. Energy Use, Energy Intensity, and

Electricity Intensity, 1950-2010
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NOTE U S energy use, energy Intensity (energy dtvided by economy), and electriclfy Intensity (electricity divided by economy)
changed course significantly in the mid-1970s following the 011 embargo and as structural changes accelerated in the electricity
sector and the economy Before 1974, energy use was growing in tandem with the economy and electricity use was growing some-
what faster After the mid- 1970s, energy use substantially leveled off, while electricity use Increased at slightly more than the rate
of economic growth The Energy information Administration projects that energy usewill continue to grow more slowly than the econ-
omy for the next decade and a half, and that electricity use Will decline as a fraction of the economy

SOURCES U S Department of Energy, Energy Information Administration, Annual Energy Review, 1993, USDOE/EIA-0384(93)
(Washington, DC July 1994), and U S Department of Energy, Energy Information Administration, Annual Energy Outlook, 1995,

DOE/EIA-0383(95) (Washington, DC January 1995)

time, and have awell-devel oped infrastructure to
support their use. Qil imports, however, now cost
about $45 billion per year, equivalent to roughly
half of the total U.S. international trade deficit.
Further, the Energy Information Administration
(EIA) projects that natural gas and oil prices may
increase over time as resources decline and mar-
kets tighten® (see figure 1-A-4), although there is
much disagreement over the timing and magni-
tude of possible price increases. Coal prices, how-
ever, are expected to increase only slightly in the
near to mid-term as there is a large resource base in
the United States, but longer term costs could be
affected by environmental considerations.

In contrast, in most cases the cost of renewable
energy is expected to decrease over time with fur-

ther research, development, and demonstration
(RD&D) and improvements in production. This
would significantly expand the current range of
cost-effective uses of RETS, providing net eco-
nomic benefits. Further, domestically produced
renewable fuels can potentially offset some oil im-
ports. Rural communities that produce renewable
energy—particularly biomass-could receive
significant employment and income benefits (see
chapter 2), helping offset possible income losses if
other federal supports in the agricultural sector are
reduced.

International trade is another area where RETS
can contribute to the nation’s economic vitality.
The United States is aready exporting some
RETS, including 70 percent of U.S. photovoltaic

6See U-S. Department of Energy, Energy Information Administration: Annual Energy Review,1993. Report US DOE/EIA-0384(93) (Wash-
ington, DC: July 1994); and Annual Energy Outlook, 1995, Report DOE/EIA-0383(95) (Washington, DC: January 1995 ).
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FIGURE 1-A-4: Historical and Projected Fossil Fuel Prices
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SOURCE U S Department of Energy Energy Information Administration Annual energy Review 1993 USDO/EIA 0384(93) (Washington DC July
1994) and U S Department of Energy Energy Information Administration Annua/ Energy Out/ook 1995  USDOE/ EIA-0383(95) (Washington DC

January 1995)

production in 1993. RETS are often the most cost-
effective and reliable means of providing energy
in rural areas of developing countries. Overall
capital investment in the electricity sector in de-
veloping countries is about $ 100 billion per year;
RETSs could account for a significant fraction of
this market in the mid- to long term. Further, these
RETSs have important strategic value in these mar-
kets as they can help leverage the sale of awide
range of end-use technol ogies, including commu-
nications, information, lighting, appliances, and
electric motors. Thus. international trade in RETS
and related end-use equipment could become very
large. Those countries that can capture interna-
tional markets will create significant numbers of
jobs at home. Competition for these markets be-
tween U. S.. European. and Japanese firmsis al-
ready intense (see chapter 7).

| Environmental Quality

The extraction and use of fossil energy imposes a
variety of environmental burdens, including min-
ing wastes, oil spills, urban smog, acid rain, and
the emission of greenhouse gases. The location,
magnitude, and costs of these impacts depend on
many factors, including the particular fossil re-
source and the extraction and conversion technol-
ogies used, For some environmental impacts,
such as the extinction of species or globa warmi-
ng, no monetary value can realistically be placed
on them. Although some RETSs such as hydropow-
er can have large-scale environmental impacts, the
low environmental impacts of most RETs make
them of particular interest today. For example,
table 1 -A-1 shows one example of the relative
emissions of various electricity generation cycles
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TABLE 1-A-1: Total Fuel-Cycle Emissions for Electricity Generation

Electricity Carbon Nitrogen Trisodium Nuclear
source dioxide oxide Sulfur oxide  phosphate waste
Metric tonnes/GWh

Coal boiler 1,000 30 30 . 16 NA
Natural gas

turbine 500 NA
Nuclear 8.0 003 003 0.003 3.6
Photovoltaics 50 0.008 002 0.02 NA
Biomass Small 06 02 05 NA
Geothermal 570 TR TR TR NA
Wind 70 TR TR TR NA
Solar thermal 36 TR TR TR NA
Hydropower 30 TR TR TR NA

KEY NA=not applicable, TR -trace
NOTE Values have been rounded off

SOURCE .Solar industry Journal, VOI. 1, No 3, 1990, pp. 17 as adapted from U S Department of Energgnvironmental
Emissions from Energy Technology Systems The Total Fuel Cycle (Washington, DC 1989)

and the very low emissions possible from particu-
lar RETS.

| National Security

Energy-related national security has primarily
been viewed in terms of U.S. dependence on for-
eign oil. The United States currently imports
about 45 percent of the petroleum it consumes,
and according to EIA, these imports are projected
to grow steadily in coming years (see figure
1-A-5).7 Renewable fuels coupled with advanced
vehicle technologies have the potential to offset a
significant portion of these fuel imports for trans-
port while reducing environmental impacts (see
chapter 4). An additional consideration is that the
use of RETs in developing countries can promote
economic growth and contribute to political sta-
bility, with corresponding benefits for U.S. na-
tional security.

FIGURE 1-A-5: Oil Production, Consumption, and

Imports, 1970-2010 (million barrels per day)
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SOURCE: U.S. Department of Energy, Energy Information Administra-
tion, Annual Energy Outlook, 1395, USDOE/EIA-0383(95) (Washington,
DC: January 1995).

TEnergy Information Administration, Annual Energy Outlook, 1994, ibid
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Energy
Crops

he agricultural sector has the potential to produce large

guantities of renewable energy in the form of bioenergy

crops,”which can be converted to electricity, heat, or lig-

uid or gaseous fuels. *Producing these crops can poten-
tially improve the environment, increase rural incomes, reduce
federal budget expenditures, and reduce the U.S. trade imbalance.
To realize this broad potential will require continuing research,
development, demonstration, and commercialization efforts. It
will aso require considerable planning and coordination because
of the numerous issues that bioenergy crops impact. Haphazardly
implementing large-scale bioenergy programs without a suffi-
cient foundation could damage the environment and reduce po-
tential economic benefits.

| What Has Changed?

Bioenergy cropping has advanced significantly since 1980. More
than 100 woody species and 25 grassy species have been ex-
amined by Oak Ridge National Laboratory and others for their
suitability as energy crops; six species of woody crops and one
specie of grassy crop were selected as models for intensive devel -

"Much of the discussion here might also be applied to the forestry sector. Because of
certain differences between the agricultural and forestry sectors in environmental consid-
erations, economic and budget impacts, market challenges, and policy issues, however,
the focus here is limited to the agricultural sector. Future work should consider extending
the analysis to the forestry sector.

20nly lignocellulosic energy crops such as trees and grasses are discussed in this
chapter.

3See chapters 4 and 5 for a discussion of technologies for converting bioenergy crops
.0 useful fuels and electricity.
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FIGURE 2-1: Potential Energy Crops and Regions Applicable in the United States
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NOTE: A hmited set of potential energy crops is shown, along with willow and the regions within the United States where they might be grown. Many
other species might be considered as well, including alder, ash, keraf, mesqute, etc

SOURCE: Oak Ridge National Laboratory, n.d

opment.‘Advances in genetic engineering and
breeding techniques have allowed rapid improve-
ments in crop productivity, with biomass yields
increasing 50 percent and more over this period
for the two principa crops, poplar and switch-
grass, on which detailed work has been done.’
Methods of establishing and maintaining these
crops have aso been developed and improved. In

the 1970s, short rotation woody crops, which can
be harvested repeatedly and regrown from the
stump,°were little more than a scientific curiosity.
Today, they are in commercial use. For example,
more than 25,000 hectares (62,000 acres) of hy -
brid poplars have been established in the Pacific
Northwest for pulp (paper) and energy use. The

‘Lynn Wright, Oak Ridge National Laboratory, personal communication, Apr. 7, 1994.
5 Anthony Turhollow, Consultant, personal communication, May11.1994.

6With the current rapid pace of crop improvement, replanting may sometimes be prefer able w regrowth in order to realize higher yields with

new crop strains.
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BOX 2-1: National Policies That Influence the Use of Energy Crops

Several national policies reflect the growing interest in bioenergy, A variety of excise tax and other ex-

incentives for bioenergy are listed in table 2-1.
Recent legislation related to bioenergy includes

m The 1988 Alternative Motor Fuels Act encouraged the use of methanol, ethanol, and natural gas trans-

port fuels

The Clean Air Act Amendments of 1990 limited sulfur emissions from powerplants (potentially benefiting
bioenergy because it contains little sulfur), set requirements for the use of oxygenated fuels (potentially
benefiting ethanol and methanol production—see chapter 4), and established credits for the use of re-

newable energy,

The Energy Policy Act of 1992 established federal, state, and private light-duty vehicle fleet mandates
for the use of alternative fuels, a variety of tax exemptions and credits for alternate fuel vehicles (in-
cluding electric vehicles), and a 1 5¢/kWh credit for closed-loop, biomass-fired electricity generation

Finally, the United States, along with 153 other nations, signed the United Nations Framework Conven-
tion on Climate Change at the Rio de Janeiro “Earth Summit” in June 1992, and the U. S. Senate ratified it in
October 1992 This Framework Convention established the objective of stabilizing “greenhouse gas con-

emissions

SOURCE Off Ice of Technology Assessment 1995

emptions, tax credits, and other supports are available at both the federal and state levels. Some federal

centrations in the atmosphere at a level that would prevent dangerous anthropogenic Interference with the
climate system “ The Climate Change Action Plan, announced in October 1993, has the goal of returning
“U S. greenhouse gas emissions to 1990 levels by the year 2000 with cost effective domestic actions
Bioenergy can potentially play a significant role in providing energy with little or no net greenhouse gas

costs of such energy crops are declining to the
point of being competitive as energy resources,
and a variety of these crops can be grown across
the United States, depending on the region and cli-
mate (figure 2-1).

Bioenergy conversion technologies have also
advanced significantly over the past two decades.
Roughly 8,000 megawatts (MW) of bioenergy -
fueled electricity generating capacity is currently
connected to the electricity grid, compared with
less than 200 MW in 1979; additional bioelectric
capacity is operated offgrid."New classes of effi-

cient bioelectric technologies are emerging that
can help make biomass competitive over awider
range of conditions (see chapter 5). Similarly, sig-
nificant advances have been made in converting
biomass to liquid fuels such as ethanol and metha-
nol (chapter 4). For example, the cost of convert-
ing cellulosic biomass to ethanol has declined
from $3.60/gallon ($0.95/liter) in 1980 to
$1.20/gallon ($0.32/liter) in 1993.°Several na-
tional policies now encourage greater use of
bioenergy resources (see box 2-1 and table 2-1).

7In comparison, total U.S. electricity generating capacity was about 700,000 MW in 1992. American Solar Energy Society, Progress in

Solar Energy Technologies and Applications (Boulder, CO: January 1994), p. 36.

8Costs are based on 1990 dollars. S.R. Venkateswaran, Energetics Inc., and John Brogan, U.S. Department of Energy, personal communica-

tion, May 12, 1994.
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TABLE 2-1: Selected Federal Incentives

for Biomass Energy

Exemption from excise taxes on

motor fuels 5. 4¢/gal
Alternative fuels production tax credit $5,35/barrel
Tax credit for ethanol fuels 54¢-60¢/gal
Credit for small ethanol producers 10¢/gal
Electricity production credit for

closed-loop biomass systems 1.5¢/kWh
Income tax deduction for alcohol $2,000
fuel-powered vehicles (maximum) deduction

SOURCE Salvatore Lazzan. Congressional Research Service, “Feder-
al Tax incentves for Biomass Energy. Including Provisions inthe Energy
Policy Act of 1992," n d

| Potential Roles

Biomass is an already stored form of solar energy
and so can be used to generate electricity as need-
ed, rather than as available as is the case for wind
and solar energy. Biomass may therefore play an
important rolein the electricity sector, providing
baseload and load following capabilities (see box
5-2), complementing intermittent generation by
wind and solar systcms (see chapters 5 and 6). It
can be burned directly to provide industria or
commercia process heat or space heat for build-
ings (chapter 3). Liquid fuels'from biomass offer
a relatively high-energy-density, *high-perfor-

YBiomass can also be gasified to produce hydrogen for fuel.

mance alternative to imported petroleum for pow-
ering transport (see chapter 4).

| Principal Themes

Five broad themes are addressed in this chapter: 1)
the potential supply and cost of bioenergy; 2) the
potential environmental impacts of large-scale
bioenergy production; 3) the potential economic
impacts of bioenergy production; 4) research, de-
velopment, and demonstration (RD&D) needs
and market challenges in commercializing bioen -
ergy prroduction and conversion technologies; and
5) policy issues associated with further develop-
ment of bioenergy.

BIOENERGY SUPPLIES

Bioenergy resources include agricultural and for-
estry residues (see figure 2-2), animal waste, mu-
nicipal solid waste, and dedicated energy crops.
Residues and wastes are often collected at central
sites, such as agricultural processing plants, pulp
and paper mills, animal feedlots. or municipa
waste dumps; their use for energy may then be
very cost-effective, particularly as an alternative
to trucking them away for disposal. Although lim-
ited in quantity, these are the primary bioenergy
resources now used (table 2-2). For large-scae
energy use, dedicated energy crops are necessary
and are the focus of this chapter.

19Methanol and ethanol have energy densities of 17 megajoules/liter (MJ/1) (61,000 Btwgal) and 22 MJ/] (80,000 Btu/gal) respectively,
compared with gasoline’s energy density of 34 MJ/1 (122,000 Buww/gal) on a higher heating value basis. (See appendix A for unit conversion
factors.) The fuei eificiencies of ethanoi and methanoi can be somewhat higher than gasoline in internal combustion engines and are potentiaily
much higher in advanced vehicle technologies such as fuel cells. Higher efficiencies can offset part or all of the impact of lower energy densities
on vehicle range. In contrast. gaseous fuels such as methane (natural gas) and hydrogen have much lower energy densities, even in pressurized
cylinders. See chapter 4 for details.

TFor a discussion of bioenergy from agricultural and forestry residues, animal waste, municipal solid waste, and other sources, see the
following: U.S. Congress, Office of Technology Assessment, Energy from Biological Processes, OTA-E-124 (Washington, DC: U.S. Govern-
Volume l1I—Technical and Environmental Analyses, OTA-E-128 (Septem-

< Part A: Enerey from Wooc {(September 1980): Ene

ron; e R 7
nerg ’I om Wood (Septemoer 1960), Lherg) VJV(IIII Biole ;;u i

ment Printing Office, July 1980); Energy from Bmlogu al Proces
ber 19R0): £r s Bioloeical Pre

ber 1980); Energy from Biological Proces:
Processes: Volume I1l—Appendixes Part C: Select Conversion Technologies and End Use (September 1980); and Facing America’s Trash:
What Next for Municipal Solid Waste, OTA-0-424 (October 1989). Also see K.H. Lee et al., Biomass State-of-the-Art Assessment, Report
(S-7471, 2 volumes (Palo Alto, CA: Electric Power Research Institute, September 1991).
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Bioenergy crops include annual row crops such
as corn and sorghum, perennial grasses (herba-

FIGURE 2-2: Supply Curve for Whole Tree Chips

7 ceous energy crops, or HECs)”such as switch-
grass, and short rotation woody crops (SRWCs) **
6 such as poplar and willow. “HECs are analogous
5 to growing hay, with the crop harvested for energy
rather than for forage. SRWCs typically consist of
4 afield of closely spaced—2 to 3 meters (2 to 3
34 | yards) apart on a grid-trees that are harvested on
acycle of threeto 10 years. After harvest, HECs
24 regrow from the remaining stubble and SRWCs
. regrow from the remaining stumps. Such harvest-
ing may continue for 10 to 20 years or more with-
0 . D ] ] I T out replanting; fertilizer, other inputs, and

maintenance may be required more regularly,
however. HECs, because they are grown like for-
age crops, may be grown by farmers with only
modest changes in farming practices. SRWCs use
conventional farm equipment for site preparation
and weed control, but they require specialized

Biomass supply (EJ)

NOTE Biomass supplies from conventional wood sources (whole tree
chips, logging residues, mill resdues, and others) are estimated to be
from 13 EJ (1 2 quads) at $2/GJ ($2 10/MBtu) up to 56 EJ (5 3 quads)
at $5/GJ ($5 25 MBtu) Most mill residues shown as part of this supply
curve are already used for energy The estimates for whole tree chips
were made in the mid- 1980s and more strict environmental rules and

scrutiny may lead to decreased availability of this resource Excluded
from these supplies Is fuelwood used in the residential sector, which
amouted to about O 8 EJ (O 75 quads) in 1990

equipment for harvest. “Only HECs and SRWCs
are considered here for energy cropping. * Typical
growing regions for selected energy crops are

KEY EJ = exajoules (1 EJ = O 948 quads) GJ = gigajoules (1 GJ =
0948 million Btu)
SOURCE Anthony F Turhollow and Steve M Cohen, Oak Ridge Nation-

al Laboratory Data and Sources Biomass Supply, " draft, Jan 28,
1994

shown in figure 2-1.

The conversion of sunlight to biomass energy
is an infficient process typically with an efficien-
cy of less than 1 percent under field condi-

“HECs are typically grasses (e.g., switchgrass, big bluestem, intermediate wheatgrass, tall fescue) that are planted, maintained, and har-
vested like hay. Grasses such as these are currently used in the Conservation Reserve Program to provide erosion control and wildlife habitat.
These crops regrow from their roots and stubble and require replanting only every 10 or more years. Because they are hay crops, they can be
grown by farmers with only modest changes in farming practices, and equipment is relatively low cost.

“SRWCsaretypically hardwoods (e.g., poplar, cottonwood, sycamore, silver maple) with planting density ranging from1.600 to 5,000
trees’hectare (650 to 2,000 trees/acre). The silvicuitural management of SRWCs is typically more intense than conventional forestry, but less
intense than conventional agriculture. To obtain good yields requires site preparation, weed control during the first two years after establishment
(before canopy closure), and the application of fertilizers. These operations employ conventiona agricultural equipment. Harvest requires spe-
cialized equipment. Coppicing (i.e., regrowth from the stumps after harvest) is possible. Currently, some SRWCs are grown for pulp.

140ther potential bioenergy crops include microalgae.

15Such equipment Might b.owned and leased out by the conversion facility purchasing the bioenergy feedstock, by harvest equipment
vendors, by cooperatives, or through other arrangements.

19Annual row crops used for energ, (such as corn) are grown in essentially the same manner as their food crop counterparts and consequent-
ly offer few or no environmental benefits over conventional agricultural practices, For this reason, they are not examined further in this report.
There are also energy crops (often annua row crops) that produce starches, sugars, oils, and other specialty plant products for energy. National-
ly, however, their energy production potential is much lower and their costs are likely to be higher in the long term than those for HECs or
SRWCS. Consequently, they are not considered further in this report. Some of these crops and fuels, such as biodiesel, may nevertheless offer
important opportunities and have potentialy valuable roles to play.
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TABLE 2-2: U.S. Biofuel Production and Use, 1989

Energy
production

Fuel (in exajoules)
Wood 2.6 EJ
Industrial 17
Residential 09

Utility 001
Biofuels from waste 036
Municipal solid waste combustion 023
Manufacturing waste 0.10
Landfill gas 003
Ethyl alcohol 0075
Total 3.04

NOTE EJ - exajoules, 1 EJ -0948 quads

SOURCE U S Department of Energy Energy Information Administra-
tion Esfimates of U S Biofuels Consurnption 1989 (Washington DC
April 1991)

tions. As a result, biomass must be collected from
large areas.” For example, Producing 15 to 20 EJ
(14 to 19 quads) of biomass energy annually
would require energy cropping on 45 to 60 mill ion
hectares (110 to 150 million acres) of land, if a
high average yield is assumed. Sixty million hec-
tares (150 million acres) is equivalent to roughly
one-third of current total U.S. cropland; it is about
1.7 times more than the 36 million hectares (89
million acres) of cropland currently idled through
various conservation and other programs. Crop
productivity, harvest, handling, and transport are

therefore important determinants of overall bioen-
ergy costs * and key areas for further RD&D.
Large collection areas also raise the specter of
land-use conflicts: fuel versus food, fuel versus
wildlife habitat, and others (see below).

Estimates of potential bioenergy crop produc-
tion typicaly range up to around 25 EJlyear (24
quads/year) by 2030. '9 Projections based on cur-
rent policy, however, are that nonliquid biomass
fuels will provide 4 to 8 EJ per year (or 3.8t0 7.6
quads/year) in 2030.”

The specific land used for energy crops, how-
ever, may in some cases be prime cropland rather
than currently idled or margina lands. The use of
any particular parcel of land will depend on its
highest value use (food, feed, fiber, or fuel), envi-
ronmental considerations, market access and
conditions, and other factors. For example, prime
crop land near a powerplant might best be used for
producing energy crops in order to minimize
transport needs. These factors will be determined
by the respective markets operating within the
agricultural sector. In many cases, multiple uses
will be served.

Although producing large amounts of bioener-
gy will thus require large land areas (potentially
greater than currently idle cropland), some argue
that additional cropland will be idled by produc-
tivity improvements over the next several de-
cades. For example, in the Intenmediate Future
Scenario of the Second Resources Conservation
Act (RCA) Appraisal, productivity increases are

17These large areas can consist of many small patches, depending on economic. env ironmental, and other considerations.
> =)

180bv iously land Prices are also important, but they are outside the range of issues considered here.

19 Additional bioenergy resources are gy ailable from other sources such as municipal solid waste and agricultural or forestry residues. Low-

er or higher production levels are possible. Various estimates are given by: J. W. Ranney and J.H. Cushman, “Energy from Biomass,” The Energy
Sourcebook: AGuide 1o Technology, Resource)\, and Policy. Ruth Howes and Anthony Fainberg (eds. ) (New York, NY: American Institute of
Physics, 1991 ); and Solar Energy Research ingtitute et al., The Potential of Renewable Energy: An Interlaboratory White Paper, SERI/

TP-260-3674 (Golden, CO: March 1990).

2003k Ridge National Laboratory, Resource Modeling and Technology Economics Group, “Projections of Wood Energy Use In the United

States,” draft, July 2, 1990.



projected to allow an additional 46 million hec-
tares™ (114 million acres) of current cropland to
be idled by 2030 for a net idled capacity of 64 mil-
lion hectares ( 158 million acres) .22 In addition,
some of the 54 million hectares ( 133 million
acres) of pasture or other lands might be suitable
for energy crops (see table 2-3).

Alternatively, some have recently argued that
the Uruguay Round under the General Agreement
on Tariffs and Trade (GATT), the North American
Free Trade Agreement (NAFTA), and other fac-
tors could increase the demand for agricultural
products and largely absorb lands currently idled
through various agricultural programs in the near
to mid-term.”In this case, energy crops would
then be competing more directly with convention-
a agricultural commodities, and the market pene-
tration of energy crops would depend on their
relative return to the grower, the level of agricul-
tural supports for their competitors, the credit giv-
en for their environmental benefits, and other
factors. In the longer term. itisnot known how
competition for use of this land to produce food,
feed. fiber. or fuel might evolve, particularly giv-
en technological advances, increasing crop pro-
ductivities, and growing agricultural trade.

Figure 2-3 illustrates one estimate of the cost—
for planting, maintenance, harvest. transport,
etc.-of bioenergy as a function of crop yield and
total production (see box 2-2). In the high-yield
case of 18 dry metric tonnes/hectare (8 tons/acre)
per year, roughly 10 EJ (9.5 quads) of biomass are
available for $2/GJ ($2.10/million Btu—MBtu)
or less and 17 EJ (16 quads) for $3/GJ
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TABLE 2-3: Major Cropland Usage, 1992

Area planted

Crop (million hectares)
Corn 308
Wheat 259
Hay 255
Soybeans 235
Other small grains 77
Cotton 57
Sorghum 49
Other field crops 53
Orchards 20
Vegetables 16
Total active 1329
Idled 138
Short-term  set-aside 77
Long-term set-aside 142
Total cropland 170.4
Total pastureland 539
Total rangeland 1644
Total agricultural land 3887

NOTE 1 hectare -247 acres

SOURCE Steven Shafer Air Quality Impacts from Agriculture Biomass
Production and Residue Utilization as Energy Feed Stocks report pre
pared for the Off Ice of Technology Assessment May 13 1993

($3.15 /MBtu) or less. In comparison, the low-
yield case gives essentially no biomass for less
than $2/GJ and 10 EJ for $3/GJ or less. Thus, costs
are quite sensitive to crop productivity, reaffirm
ing the importance of RD&D into improved crop
varieties to increase yields and decrease produc-

“Ctilculated by assuming a base cropland area of 170 miflion hectares, minus the 36 million hectares currently idled and the estimated
(intermediate scenario) 88 million hectares actively cropped by 2030. See U.S. Department of Agriculture, The Second RCA Appraisal: Soil.
Water.and Related Resources on Nonfederal Land \nthe United States, Analysis of Conditions and Trends ( Washington, DC: U.S. Government

Printing Office, June 1989). figure 4, p. 10.

22Conversion of cropland to urban uses reduces the gross available area from 82 million hectares by another 18 million hectares. leaving

roughly 64 mi 11 ion hectares of idled cropland. Total potentiallyavailableidle croplands, not including losses (0 urban ization, are estimated at 30

to 105 million hectares (ibid. ).

23See,e.g., U.S. Department of Agriculture. Office of Economics, Economic Research Serv ice, Effectsof the Uruguay Round Agreement on

U.S. Agricultural Commodities (Washington, DC: March 1994).



40 | Renewing Our Energy Future

FIGURE 2-3: Biomass Supply Curve for
Energy Crops on Agricultural Lands
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NOTE The potential supply and cost of energy crops grown on agricul-
tural lands are shown The low-yleid case assumes an average produc-
tivity of 13.4dry metric tonnes/hectare/year (6 tons/acre), the high-yield
case assumes an average productivity of 179 dry metric tonnes/hect-
are/year (8 tons/acre) These productivities are believed to be readily
attainable, particularly in the Southern United States, by 2020 or sooner
with continued RD&D and have already been realized in a number of ex-
perimental plots

SOURCE Burt C English and Anthony Turhollow, Department of Agri-
cultural Economics and Rural Sociology, University of Tennessee,
Knoxville, “Estimation of the United States Potential To Produce Biomass
for Energy, 2005 “ 1994

(ion costs. This comparison also suggests that the
economics of bioenergy crops may be less attrac-
tive on lower quality land.”

These estimates are preliminary. The unique lo-
cal conditions for biomass production, detailed
field demonstrations, and commercia purchase
and use patterns have largely not been rigorously
evaluated. Numerous questions remain concern-

ing bioenergy crop management, procurement,
regulatory  constraints, market development,
scaleup, and other factors. Nevertheless, these
preliminary estimates and current fieldwork sug-
gest a substantial bioenergy potential.

In comparison with the bioenergy crop costs
shown in figure 2-3, current wholesale costs of
coal, natural gas, and ail, respectively, are roughly
$ 1.30/GJ ($1 .40/MBtu), $3.70/GJ ($3,90/MBtu),
and $3 .00/GJ ($3. 15/MBtu), and are destined to
increase over time (see box 1-1).*Total national
energy useisroughly 87 EJ (83 quads), of which
bioenergy currently accounts for roughly 4 per-
cent, or about 3 EJ (2.8 quads) (see appendix 1 -A).
Thus 20 EJ (19 quads) of bioenergy would be a
substantial contribution to national energy needs.

Some of this bioenergy could potentially be
converted to fuels for transport, which would re-
duce U.S. dependence on imported oil. Unless
coupled with very aggressive efforts to improve
vehicle fuel efficiency, however, biomass fuels
will not be sufficient to completely displace im-
ported oil (see chapter 4). Alternatively, biomass
can be converted to electricity (chapter 5).

POTENTIAL ENVIRONMENTAL IMPACTS

Intensively cropping large areas for energy inevit-
ably raises concerns about potential environmen-
tal impacts. A detailed review of potential soil,
water, air, and habitat issues by the Office of
Technology Assessment (OTA) shows that the net
environmental impacts depend on the previous
use of the land, the particular energy crop, and
crop management. FOF example, as a substitute
for conventional agricultural row crops such as
corn or soybeans, properly managed HECs and
SRWCs can help stahbilize erosive soils and

24This, of course, will also depend on whether som, consideration or credit is given bioenergy crops for the extent to which they provide

environmental or other benefits, or offset other subsidies or supports.

25The difference in cost between fuels reflects the additional processing or different conversion equipment that may be required, depending
on each case. The costs are substantially lower than those charged to the final consumer.

26y.S. Congress, Office of Technology Assessment, Potential Environmental Impacts of Bioenergy Crop Production+-Background Paper,
OTA-BP-E-1 18 (Washington, DC: U.S. Government Printing Office, September 1993).
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BOX 2-2: Developing Energy Crop Supply Curves

The energy crop supply curves shown in figure 2-3 are calculated by using a linear programming model
of the U S agricultural sector called the Agricultural Resources Interregional Modeling System The model
is currently operated from the University of Tennessee

In this model the country is divided into 105 crop production regions, and each crop production region
has eight land quality classes Crops Included in the model are barley, corn grain, corn silage, cotton,
legume hay nonlegume hay oats, sorghum, sorghum silage, soybeans, wheat, and the energy crops
switchgrass and short-rotaton hybrid poplar Grains, silage and hay also serve as inputs for livestock—
beef hogs and milk and poultry production Switchgrass serves as a proxy for all warm-season thin -
stemmed grasses, and hybrid poplar as a proxy for all hardwoods grown on a short (three- to 12-year)
rotation using agricultural-type practices

Land available for crop production s restricted to exsting cropland, and cropland avaiability s as-
sumed to decrease over time Demands for crops and livestock for food, industrial use, and export are
he’'d constant

The objectve functon of the model 1s to minimize the cost of producing food, livestock and energy
crops, by varying the type and quanity of crops grown in each region

To develop a supply curve energy crop production levels (after losses in harvest and storage) were
varied from O 16 to 24 EJ Supply curves were estimated for two energy crop national average yields, 134
dry metric tonnes hectare (6 tons ‘acre) and 179 metric tonnes/hectare (8 tons ‘acre), before losses Esti-
mated losses ranged from 19 to 24 percent National average yields were determined by modeling energy
crops with the EPIC (Erosion Productivity Index Calculator) model and setting average yields across all
regions and land quality classes Over this range of production, delivered prices for energy crops varied
widely from $1. 30/ GJ ($1 37‘MBtu) for very small quantities up to $7/GJ ($7.40/MBtu) for very large quanti-
ties At higher production levels, yields make a significant price difference

SOURCE Office of Technology Assessment basedon Burt C English and Anthony Turhotlow, Department of Agricultural Economics
and Rural Soc ology. Univers ty of Tennessee, Knoxvl le "Estimation of the United States Potential To Produce Biomass ‘or Energy

2005 " 1994

perhaps act as filters to prevent agricultural
chemicals and sediments from rcaching water
supplies .” They may help provide habitat direct-
ly or serve in buffers around, or corridors be-
tween, fragments of natural forest, wetlands, or
prairie. (Such habitat benefits will. however. also
depend on the particular animal species. ) In con-
trast, substituting energy crops for hay, pasture. or
well-managed Conservation Reserve Program

lands Will generally have r-nixed environmental
impacts, both positive and negative. Positive im-
pacts include offsetting fossil fuel use; negative
impucts include possibly greater use of agricultur-
al chemicals and habitat disruption during har-
vesting. At the global level. when grown on a
closd-loop basis.” these bioenergy crops would
make little or no net contribution to rising levels

5 . - . . . .
27To serve as a tilter and to be harvested periodically tor energy, energy crops may require more complex and careful management than is
[)L 7 o of B l k=4

typical for energy crops that do not serve such demanding multiple functions.

BClosed-loop means that new biomass is grown at the same rate at which it is harvested for use as energy. Thus, carbon dioxide will be taken

up by new plant growth at the same rate that it is released by using the harvested biomass for fuel.
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Switchgrass growing near Auburn, Alabama This fast-
growing, high-ytetd grass can be harvested once or twice
each year over many years, whale its deep roots help protect
soilsand ground water

of atmospheric carbon dioxide (CO,)—a key
greenhouse gas. 29

The potential environmental benefits of energy
crops compared with conventional agricultural
row crops are due to several factors. The energy
crops considered here are perennials, agricultura
crops are annuals. Perennial crops require tillage
only when being established—perhaps every 10
to 20 years—and then maintain a year-round pro-
tective cover over the soil. This greatly reduces
soil erosion, which occurs primarily when soils
are uncovered during heavy storms, and can re-
duce compaction as well because of the less fre-
guent use of heavy equipment on the soil. These

energy crops aso have the potential to be more ef-
ficient in the use of fertilizers (i.e., some nutrient
retention and cycling occur between growing
years that do not occur with annual crops).

The overall inputs required by energy crops are
generally lower than in conventional agriculture
for several reasons. Energy crops often have
heavier and deeper rooting patterns than conven-
tional agricultural crops, which allows the soil to
be utilized to a greater depth for water and soil nu-
trients and provides more time to intercept fertiliz-
ers or other agricultural chemicals as they migrate
down through the soil. This can aso give energy
crops greater capacity to intercept fertilizers or
other agricultural chemicals flowing from adja-
cent areas. This capacity may make energy crops a
valuable new tool in addressing certain nonpoint
water pollution problems; further research on this
subject is needed.”

Heavier rooting also puts more carbon into the
soil and so assists in creating more productive soil
conditions, such as enabling the slow continuous
release of nutrients or the binding of chemicals so
that they are not leached.” Energy crops are also
selected on the basis of their production of cellu-
losic biomass, which consumes less input energy
(e.g., light) per unit of energy stored than many
specialty plant components.

Finally, energy crops can provide greater struc-
tural diversity especialy if grown in polycul-
tures in the longer term-than conventional
agricultural crops, which emphasize large agricul -
tural blocks devoted to a few monoculture cash
crops. In general, the more complex the vegeta-
tion (with many species, sizes, shapes, and ages of

2Currently, some fossil fuel—typically S to 15 percent of the energy value of the bioenergy crop—is used in the form of agricultural chemi -
calsor diesel fuel. Energy crop cycles such as com to ethanol have much lower net energy production and consequently higher net emissions of
carbon dioxide than the SRWC and HEC crops discussed here (see ch. 4). The potential contribution of biomass energy crops to other green-

house gases, such as methane and nitrous oxide, needs to be examined.

W0ffice of Technology Assessment, op. cit., footnote 26.

31 This also sequesters additional atmospheric carbon, thereby slightly slowing the increase in atmospheric COzlevels.



plants) in an area, the more complex is the com-
munity of animals-+, g.. insects,®spiders,®
birds,* mammals*—that it will support. Con-
versely, as vegetative structure is simplified, the
community supported becomes progressively
poorer. For example, the number of insect species
in typical agricultural ecosystems such as corn can
be half that found in pasture and one-third to one-
tenth that found in deciduous forests.”It is. in
part, the structural poverty of conventional agri-
cultural monoculture that opens an opportunity
for using energy crops to improve habitat and bio-
logical diversity in a region.

Properly designed, energy crops can be used to
manage or direct the regiona landscape ecolo-
gy—potentially Serving as buffers around natural
habitat, as corridors between fragments of natural
habitat, or as habitat in themselves, How effec-
tively the energy crop serves these roles depends
on the particular crop, how it is managed (includ-
ing use of chemicals, equipment, and harvesting
cycle), and how the species that it is designed to
assist actually respond. There are very few field
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data on which to base conclusions at this time; fur-
ther research isrequired.

Energy crops are not, however, a substitute for
natural habitat.” Instead, their impact depends on
the particular case. In terms of local habitat value,
it would often be preferable to let much of the
idled cropland or other land return to a more natu-
ral state. Should global warming occur as current-
ly projected, however, much of the habitat in the
United States and elsewhere may be subject to suf-
ficiently rapid climate change that the species and
habitat intended to be protected may be unable to
adjust quickly enough for the changed circum-
stances™ (figure 2-4). To avoid this and out of
more general concern for potential global warm-
ing, it may be preferable to use idled cropland to
produce greenhouse-gas-neutral®biomass ener-
gy. Energy crops are therefore of particular inter-
est to the extent that they can be designed as a
compromise between local habitat concerns and
greenhouse gas concerns with global habitat im-
plications.

32p R. Strong et al., Insects on Plants (Oxford, England: Blackwell Scientific Publications, 1984).

33C.L. Hatley and J.A. MacMahon. “Spider Community Organization: Seasonal Variation and the Role of Vegetation Architecture,” Envi-
ronmental Entomology, vol. 9.1980, pp. 632-639.

34R H.MacArthur and J.W.McArthur,“On Bird Species Diversity,” Ecology, vol. 42, 1961, pp. 594-598; and G.S. Millset d., “The Rela-
tionship Between Breeding Bird Density and Vegetation Volume, " Wilson Bulletin. vol. 103, 1991, pp. 468-479.

35M. Rosenzweig and J. Winakur. «popylation Ecology of Desert Rodent Communities: Habitats and Environmental Complex ity,” Ecolo-
gy, vol. 50, 1966, pp. 558-572: and R. II. Dueser and W.C.Brown, “Ecological Correlates of Insular Rodent Diversity,” Ecology, vol. 61, 1980,
pp. 50-61.

*David Pimentel et al., “Conserving Biological Diversity in Agricultural/Forestry Systems,” BioScience, vol. 42, No. 5, May 1992, pp.
354-362; and M.G. Paoletti et al., "Agroecosystem Biodiversity: Matching Production and Conservation Biology,” Agriculture, Ecosystems
and Environment. vol. 40, 1992, pp. 3-23.

3TDefining natural habirar may be difficult and controversial] because the past decades to centuries of clear cutting, selective harvesting of
economically valuable trees. and tire suppression, for example, have altered many U.S. forests, often leading to an increased concentration of
plant species with lower economic or ecological value. Similar alterations have occurred over many other U.S. landscapes, including prairie and
wetlands. Although defining how much modification still qualifies as “natural “ is thus challenging, the term is used broadly here to include all
lands that support a significant quantity and variety of indigenous plants and animals. For this report, only current or former agricultural lands or
highly degraded lands are considered for energy crops.

38U, S. Congress, Office of Technology Assessment. Preparing for anUncertain Climate,vols. 1 and 2, OTA-0-567, OTA-O-568 (Wash-
ington, DC: U.S. Government Printing Office, October 1993).

31 £ fossil- f,|. based agricultural chemicals, fertilizers, or transport fuels are used, bioenergy is not strictly greenhouse gas neutral. Typical-
ly, however, the net energy return (or greenhouse gas equivalence) for HECs and SRWCs varies from 6: 1 to 18: | for biomass energy to fossil
energy inputs. In contrast, current com to ethanol production has much lower net energy gains.
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FIGURE 2-4: Current and Projected Range of Sugar Maple

Under Two Models of Global Warming
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NOTE GISS = Goddard Institute for Space Studies, GFDL = Geophysical Fluid Dynamics Laboratory

SOURCE Off Ice of Technology Assessment, 1993, adapted from M B Davis and C Zabinski, Changes in Geographical Range
Resulting from Greenhouse Warming Effects on Biodiversity in Forests, ” Global Waming and Bilological Diverrsity B J Peters
and T E Lovejoy (eds ) (New Haven, CT Yale University Press, 1992)

Although large land areas would be devoted to
bioenergy crops, in most cases they are not likely
to dominate the landscape. For typical electricity
or ethanol production facilities with processing
capacities of 1,000 to 2,000 dry metric tonnes
(1,200 to 2,200 short tons) of biomass per day,
roughly 4 to 8 percent of the land in a 40-kilometer
(25-mile) radius around the plant would be re-
quired. “1In temsof land area, energy crops

would then rank third or fourth in overall impor-
tance in most areas.”

Bioenergy can potentially also improve urban
and regional air quality by reducing sulfur oxide
(SO,,and other emissions. SOx, emissions can be
reduced by cofiring biomass with coal or by sub-
stituting biomass-fired for coal-fired power-
plants. If poor-quality equipment or controls are

#This assumes the high yield of roughly 18 dry metric tonnes/hectare (8 tons/acre) shown in figure 2-3. At lower yields. the percentage of

land devoted to energy crops would increase proportionately.

41 R D Perlack etal. Oak Ridge National Laboratory, “Environment] Emissions and socioeconomic Considerations in the Production,
Storage, and Transportation of Biomass Energy Feedstocks,” ORNL/TM- 12030, 1992.



used, however, emissions of particulate and cer-
tain organic compounds could be increased by the
substitution of bioenergy for conventional fuels.

Under the Clean Air Act Amendments of 1990,
oxygenates arc required in gasolines used in urban
areas that exceed carbon monoxide and ozone lim-
its. Ethanol and methanol, which can be derived
from renewable resources,”could serve that pur-
pose. However, a 1994 government directive that
30 percent of oxygenates be derived from renew-
able fuels was recently overturned by a federal
court. More importantly. by developing an infra-
structure in support of ethanol or methanol fuel in
the near term, mid- and longer term use of ad-
vanced vehicle technologies may be possible,
with much greater potential reductions in emis-
sions and substantial increases in fuel economy
(see chapter 4).

Biomass can be used in place of fossil fuelsto
avoid the emission of carbon dioxide from fossil
fuel combustion.43 |,addition, biomass energy
crops may provide a net increase in soil carbon as
well asin standing biomass, depending on the pre-
vious use of the land.” The ability of bioenergy to
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offset the emission of greenhouse gasesisan im-
portant potential benefit from its use. Details of
these issues are discussed elsewhere.”

Conversely, the potential impact of likely cli-
mate change on energy cropping is uncertain and
may require some adaptation. These issues have
been explored in depth in arecent OTA publica-
tion.”

ECONOMIC IMPACTS”

Rural economies in the United States have been
hard pressed for many years. Between about 1980
and 1990, the U.S. share of the world total agri-
cultural trade dropped from 28 to 21 percent. At
the same time, the European share grew from
about 13 to 19 percent. Chinais now the world’s
second largest corn exporter and Brazil is a major
exporter of soybeans. Some expect that parts of
Eastern Europe and the former Soviet Union
could become food exporting powerhouses in the
future.”In late 1992, roughly half of the ship-
loading grain terminalsin the United States were
reportedly closed, about to close, or for sale.”

~2.Again the focus here is on ethanol and methanol from cellulosic biomass. Ethanol from Com presents a different set of 1ssues andis not

examined here.

43D o Hallety]., ~Alternative Roles for Biomass in Coping with Greenhouse Warming. * Science and Global Securiry. vol. 2, 1991, pp.

113-151.

441 L Wrightand E.E. Hughes, "U.S. Carbon Offset Potential Using Biomass Energy Systems.” Journal of Warer, Air and Soil Pollution.in

press.

45For more information, see Off Ice of Technology Assessment, op. cit., footnote 26.

40ffice of Technology Assessment, op. Cit., footnote 38.

47The primary source for this sectionis K, Shaine Tyson and Randall A. Reese, Windy Peaks Associates, Economic Impacts of Bomass
Energy, " report prepared for the Office of Technology Assessment, Jan. 15, 1994. For other reviews of the economic impact\ of b ioenergy
crops, see: Southeastern Regional Biomass Energy Program, Tennessee Valley Authority, and Meridian Corp., Economic Impact of Industrial
Wood Energy Use inthe Southeast Region of the .0'. S,, 4 vols. (Muscle Shoals, AL and Alexandria, VA: November 1990). J.W.Onstad et al..
National Renewable Energy Laboratory and Meridian Corp., Analysis of the Financial and Investment Requirements for the Scale-Up of Bio-
mass Energy Crop\ (Alexandria, VA: September 1992); Ed Wood and Jack Whittier, “Biofuels and Job Creation: Keeping Energy Expenditures
Local Can Have Very Positis e Economic Impacts,” Biologue, vol. 10, No. 3, September-December 1992, pp. 6-1 I: Meridian Corp. and Antares
Group, Inc., “Economic Benefits of Biomass Power Production inthe U.S.,” Biologue. vol. 10, No. 3. September-December 1992. pp. 12-18.
R.L. Graham etal., 'Biomass Fuel Costs Predicted for East Tennessee Power Plant,” Biologue, vol. 10, No. 3. September-December 1992, pp.
23-29; and U.S. Department of Energy, Office of Solar Energy Conversion, Solar Thermal and Biomass Pow er Division. Electricity from Bio-
mass: A Development Strategy, DOE CH 10093-152 (Washington, DC: April 1992).

48n the longer t,n, population growth in some developing countries may surpass agricultural productivity grow th and increase the de-
mand for food imports. Some of this demand may be supplied by the United States. No one knows, however, what the net effect is likely to be.

95cott Kilman "US, Is Steadily Losing Share of World Trade in Grain and S0ybeans.. \voy o000 journal, Dec. 3, 1992, p. Al.
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These pressures have resulted in a growing need to
find alternative crops and/or markets for U.S.
agricultural communities. to provide employ-
ment, to stabilize rural incomes, and to maintain
the rural infrastructure of equipment and supply
distribution and service. Bioenergy crops offer
one such alternative.

The rural economy faces severa trends. bioen-
ergy may be able to moderate some of their
impacts. Domestic demand for conventional agri-
cultural products is likely to increase slowly: U.S.
population growth is low”and the U.S. consumer
is reasonably well fed. At the same time, foreign
demand is uncertain and will depend on how fast
agricultural productivity increasses compared with
population growth, the impacts of trade agree-
ments such as GATT and NAFTA (see above),™
and other factors. Foreign demand might also be
met in the future by new export powerhouses, par-
ticularly Eastern Europe and the former Soviet
Union. Latin America. and elsewhere. 52 Effortsin
those regions will bc strongly aided by adoption of
the modern agricultural techniques and crop vari-
eties pioneered by the United States. Thus, U.S.
farmers are not assured of a continuing compara-
tive advantage. at least not of the magnitude they
have enjoyed in the past.

The trend to farming as an agribusiness is likely
to continue aswell. Thisis an inevitable result of
the need to maintain some competitive advantage,
and it will require increased use of modern chem-
istry, biology, and computer and telecommunica
tion technologies, creating a production unit with

ophistjcated stocks and flows of goods and scr-
vices.

The production of bioenergy may also be im-
pacted by such agribusiness considerations. For
example, large conversion facilities requiring an
assured supply of feedstock might: 1) buy or lease
land sufficient to supply their biomass feedstock
needs; 2) negotiate a limited number of larger con-
tracts to provide the feedstock while minimizing
overhead; and 3) use these supplies to keep market
prices down and supplies up—all of which could
significantly influence bioenergy markets in a re-
gion. This scenario is a rather different vision
from that of many small farmers entering a huge
market. Further analysis of the possible evolution
of these markets would be useful.

Environmental considerations may play an
increasing role in farming practice as well. Indi-
rectly, increasing attention to environmental con-
siderations on public lands may push fiber and
other production activities more to private and
marginal lands.” At the same time, increasing
attention to environmental issues on private lands
(e.g., soil erosion, water quality, habitat) may also
have an impact on cropping practices.

Energy crops may provide alternative sources
of income and help diversify risk for the farmer.
Energy crops have the potential to redirect large
financial flows from foreign oil or other fossil
energy resources to the rural economy while si-
multaneously reducing federal agricultural expen-
ditures. Realizing this potential, however, will
require further development of economically and
environmentally sound energy crops; their suc-
cessful commercialization; and carefully crafted
federal, state, and local policies to ease the transi-

50y § population erpw this one of the highestinindustrial countries. however.

$1 ; s Department Of Agriculture, Op. cit.. footnote 23.

520f course, this will require heavy investment to develop the needed infrastructure of farming equipment, roads, storage facilities, and
shipping terminals. Such iny estment capital s now very limited in these countries.

3*U.S. Congress, Office of Technology Assessment, ANew Technological Era for American Agriculture, OTA-F-474 (Washington, DC:
U.S. Government Printing Office, Augusti 992): and William E. Easterling. “Adapting United States Agriculture to Climate Change,” report

prepared for the Office of Technology Assessment, February1992.

$4This s beginning t. occur in the pacific Northwest now, with SRWCs being grown on pasture or cropland to supply fiber for paper prod-

ucts.



(ion to energy crops without injuring the farm sec-
tor or exposing it to undue risk during this period.
It will also depend on the relative value of other
uses of thisland and the costs and benefits of other
fuels and technologies.

| Electricity

Several efforts have been made to model the po-
tential economic impacts of bioenergy crop pro-
duction.” For the electricity sector. job creation
in rural agriculture must be measured against
fewer jobs created or even job lossesin coal pro-
duction.®Various estimates place net job cre-
ation—including both direct and indirect impacts
across the entire economy—with bioenergy de-
velopment at about 9,500 to 13,000 jobs per GW
of electricity-generating capacity in the year 2010
and net income generation at $170 million/GW to
$290 million/GW. Much of the projected job cre-
ation would bein rural agricultural areas.

These models project bioelectricity capacity in
the year 2010 in the range of 12 to 18 GW. Factors
influencing this capacity expansion include the
design of the particular econometric model and as-
sumptions concerning the costs of competing
fuels, the continued availability of tax credits, the
growth in electricity demand, and technological
advances.

Estimates of federal and state tax revenues on
the direct and indirect economic activity stimu-
lated by the bioelectricity generation vary, but
typically range in the neighborhood of $70 mil-
lion/GW before tax credits or other financial sup-
ports. In addition, there is the potential to offset
some of the roughly $10 billion that the federal
government now pays in agricultural commodity
support and conservation programs (see below).
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Wheelabrator Shasta Energy Co ,
uses the bark to generate electricity and se//s the hfgh-quality
wood chips to a nearby paper mill.

near Anderson, California,

Installing 12 to 18 GW of bioelcctricity-genera-
tion capacity by 2010 is a substantial challenge.
Feed stock production and powerplant demonstra-
tions must be developed and completed to show
the financial viability of these technologies. De-
tailed business plans must be developed and fi-
nancial markets tapped. Large-scale dedicated
energy crops must be established, infrastructure
developed, powerplants built, and regulatory and
institutional issues addressed. For capacity on this
scale to be installed by 2010, power companies
should aready have a significant amount of
bioenergy powerplant constrtﬁctif)n in their
10-year plans: they do not.” In"the fonger term,
however, bioelectricity production on a very large
scale (50 to 100 GW or more) appears feasible
with expected crop land availability and bioenergy
crop productivity, and with expected advances in

55 Tyson ynd Reese op. cit., footnote 47: Southeastern Regional Biomass Encrgy Program, Tennessee Valley Author-it). and Meridian Corp..

op. cit., footnote 47; Wood and Whittier, op. cit., footnote 47; and Meridian Corp. and Antares Group, Inc.. op. cit.. footnote 47.

56Qver a particular time there may be net increases in jobs inthe coal sector even W ithaggressive bioenergy dey elopment, depending on the

overall growth of the electricity sector, coal share of electricity) generation, and other factors. Further. other factors such as automation may
reduce the number of jobs in coal mining as well as in bioenergy. For example. according to one estimate the coa industry cutits workforce by a
net 70,000 jobs between 1980 and 1990 as a result of productivity increases. Sec Meridian Corp. and Antares Group. Inc.. op. cit., footnote 47.

$7Kurt Yeager Electric Power Research Institute, personal communication, Mar.!11.1994.
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biomass-powered electricity-generating technol-
ogies (see chapter 5).

| Liquid Fuels

Technologies are under development to convert
energy crops such as HECs and SRWCs to liquid
fuels such as ethanol and methanol that can be
used for transport™ (see chapter 4). The econom ic
impacts of large-scale production of liquid fuels
are similar to those for the production of bioelec-
tricity. Net income and job gains in the agricultur-
al sector must be weighed against possible
long-term slower growth or even job losses in the
oil and refinery sectors. The impact of biofuels on
the oil and gas sector is, however, likely to be far
less important than that of ongoing changes with-
in the oil and gas sector: declining domestic re-
sources in many areas, refinery operations
shifting offshore, volatile prices impacting inde-
pendent developers, and many others. Further, be-
cause oil and petroleum products have a
well-developed global market, alarge share of any
domestic oil production or refinery capacity dis-
placed by the production of biofuels may ulti-
mately be redirected toward other markets, with
little overal job or income loss. Additional in-
vestment in infrastructure may be required, how-
ever, to move these products efficiently to new
markets.

Estimates of direct and indirect job creation in
the agricultural and conversion sectors are rough-
ly 20,000 jobs per hillion gallons of ethanol
(BGOE) and $350 million of direct and indirect
income per BGOE.”

Potential production levels of ethanol and
methanol vary widely with assumptions about the
cost of ail, the availability of tax credits and other

financial supports, constraints on the availability
of manpower and finance, growth in the demand
for transport fuels, technological advances (see
chapter 4), and many other factors. One model
projects production levels of 15 to 50 BGOE per
year by 2030, depending on these and other fac-
tors.”A level of 50 BGOE is the equivalent of
roughly 2 million barrels of oil per day, or about
10 percent of our current total oil use. Before
2010, the potential for producing ethanol is lim-
ited by the need for continued RD&D of the
technology and the lead time required for large-
scale commercialization. Further work to under-
stand the potential economic impacts of
biomass-ethanol strategies would be useful.

Fluctuations in the price of oil have been a sig-
nificant risk for ethanol producers. Between 1979
and 1987, the corn-ethanol industry constructed
some 140 facilities of which 60 percent failed and
were closed, at least in part due to the il bust in
the mid-1980s. Oil price fluctuations similarly
pose substantial risk to future development of bio-
mass-to-ethanol  production.

| Federal Budget Impacts

Federa agricultural expenditures play a noted role
in the rural economy. The federa budget is under
great pressure, however, and agricultural pro-
grams—like everything else—are undergoing in-
creased scrutiny for savings. Currently, federal
programs to prevent soil erosion”and various
commodity support programs to strengthen crop
prices together cost roughly $10 billion per year,
and considerable debate about the future of these
programs is under way. If, for example, the Con-
servation Reserve Program (CRP) is reduced in
scope in the future, unintended costs may be im-

$8These energy, CTOps have a much greater resource potential than com to ethanol, much better overallenergy Conversion ratios, and fewer

(or beneficial) environmental impacts.
$9Tyson and Reese, op. cit., footnote 47-

601bid.

61 An example isthe Conservation Reserve program (CRP), which pays farmers to take lands out of production of a marketable crop for 10

years in order to protect more erodible or fragile soils with permanent cover. Similar soil protection can be obtained from bioenergy crops on
CRP land, but harvesting of energy crops may reduce the wildlife habitat value of this land.



posed on the commodity support programs as
farmers put previously idled CRP lands back into
production. More generaly, as agricultua pro-
ductivity continues to increase, means of idling
additional acreage may be necessary.

Bioenergy crops area potential alternative cash
crop that could protect fragile soils or could be
grown on lands previously idled in order to
strengthen commaodity crop prices. If grown on
fragile soils or marginal lands. however, energy
crop productivities would likely be low and might
require additional supports to be cost competitive.
Bioenergy represents a huge potential market.
Americans use food at the equivalent of roughly
100 watts,*while energy is used at the rate of
10,000 watts. U.S. energy demands are far greater
than the energy likely to be produced by bioenergy
Crops.

Earnings from energy crops might then be used
to ease federal supports while maintaining farm
income. Of course, the relative environmental
benefits of energy crops versus current soil con-
servation programs such as CRP would again de-
pend on the specific energy crops grown and how
the land was managed. The relative economic and
budgetary value of producing bioenergy crops
would have to be compared with potential alterna-
tive uses of the land. Designing federal programs
to achieve such ends while minimizing disruption
and risk to farmers presents challenges.

The federal government also provides signifi-
cant crop insurance support in response to flood,
drought, or other natural disasters. Some bioener-
gy crops may be naturally more resistant to such
disasters than food or feed crops. For example, in
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contrast to food or feed crops, certain trees nor-
mally found in frequently flooded bottonlands-
sweetgum. sycamore, willow, and others-may
survive partial inundation for weeks without sig-
nificant damage. Harvesting of food or feed crops
must also be done within a narrow window of
time; severe weather or natural disasters may limit
such harvesting. In contrast, the harvest of SRWC
bioenergy crops can be delayed for months with
no damage to the crop. The extent to which such
bioenergy crops can cost-effectively substitute for
traditional food or feed crops while potentially re-
ducing federal crop insurance expenditures needs
to be examined in detail.”

| Trade Balance Impacts™

U.S. expenditures on foreign oil are currently run-
ning about $45 hillion per year and are destined to
increase sharply as domestic oil production con-
tinues to decline. Several U.S. dectric utilities are
also now importing low-sulfur coal. As noted
above, bioenergy crops could potentialy offset
some of these imports. Although biocnergy by it-
self is unlikely to eliminate fuel imports unless
combined with dramatic improvements in vehicle
efficiency (see chapter 4), it could make a substan -
tial contribution to our energy needs.

RD&D AND COMMERCIALIZATION

If bioenergy is to make a substantial contribution
to the U.S. energy mix, severa issues must be ad-
dressed. Examined briefly here are RD&D of en-
vironmentally sound energy crops and market
challenges that may substantially slow commer-
cial adoption of these technologies.

62This does NOtaccount for transport. storage, processing, and other losses, or for the low conversion efficiency of feed tomeat. Inaddition.

only asmall portion of the planti s u seful food, w hi le mostof the plant carl be conv erted to energy.

63This might include consideration of both the risk of crop loss and the offsetting of federal or other crop insurance payments.

64Some note that Japan imports all of j5 oil, yetstill maintains a sizable trade surplus for various reasons. Thus. therole Of energsinthe trade

balance is just one facet of avery complex issue. Reducing the (). S. trade deficit mayor may not be a worthwhile goal at this time, depending on a
variety of factors; reducing the trade deficit and creating jobs at home--all else remaining the same—are likely [0 help domestically.
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4

Baling switchgrass near Auburn, Alabama.

B Research, Development,
and Demonstration

Research, development, and demonstration may
be useful at all levels of biomass energy systems,
including high-productivity crop varieties; their
planting, maintenance, and harvesting; their envi-
ronmental impacts; their transport and storage;
and their conversion to fuels or electricity (see
chapters 4 and 5).

= High-productivity crop varieties. RD&D to
improve energy crop productivity and per-
formance remains in its infancy. Crop producti-
vities have increased 50 percent in the past
decade, but substantial further improvement
appears possible. Because of the sensitivity of
biomass costs to crop yield (figure 2-3), im-
proving crop productivity can play a particular-
ly important role in the economic viability of
energy crops. In the longer term, the devel op-
ment of complementary polycultures may aso
be of interest (see below).

= Crop operations. Crop planting, maintenance,
harvesting, transport, and storage represent the
bulk of the costs—and thus opportunities for
cost reduction—in producing biomass. Much
research remains to be done in these areas, but
early indications suggest substantial opportu-
nities for productivity improvement and over-
all cost reduction in several of these steps.

» Environmental impacts. Relatively little R&D

has been done on the environmental impacts of
energy crops in the United States. Most studies
have been short term, limited in scope, and con-
fined to small scales. Although careful studies
have been conducted at a handful of sites across
the United States, the results tend not to be
readily transferable to significantly different
sites, crops, or management practices. Conse-
guently, most practices in the field have been
developed by analogy with conventional agri-
culture or forestry. This approach has signifi-
cant limitations. for example, energy crops can
have much deeper and heavier rooting patterns
than conventional agricultural crops, affecting
soil carbon balance, water balance, and the fate
of agricultural chemicals. Even less is known
about the habitat impacts of energy crops; some
of the first studies are just under way at a few
locations. Virtually all proposed habitat prac-
tices are based on ecological theory and by
analogy with conventional crops. A detailed
list of possible environmental RD&D is pro-
vided in box 2-3, and prototype principles for
structuring energy crops are provided in box
2-4.

Demonstrations. There have been few demon-
strations to establish pilot energy conversion
facilities such as bioenergy to electricity or to
liquid or gaseous fuels (or to other petrochemi-
cal substitutes); to clarify issues of how best to
develop supporting infrastructure and to ad-
dress overall management and regulatory is-
sues; or to determine how to structure energy
crops for maximum environmental (soil, water,
air, habitat) value or determine what their envi-
ronmental value actualy is by field observa-
tions. Demonstrations are most useful if they
are of sufficient scale to clarify the characteris-
tics of a fully functional infrastructure and thus
to reliably and cost-effectively link feedstock
production activities to energy conversion
processes. ”

65The U.S. Department of Energy is making awards for feasibility studies for bioenergy crop and conversion demonstration projects.



The structure of the farm sector also playsarole
in determining environmental impacts and needs
to be examined carefully. For example, roughly
one-third of farms having fertilizer expenditures
and one-quarter having pesticide expendituresin
1986 paid for some custom application proce-
dures. Training such specialistsin the timing and
application of agricultural chemicals to minimize
misapplication, potential groundwater leaching or
runoff, or other problems may require one set of
extension activities; reaching the two-thirds or
more of the farms that use on-farm hired laborers
to do it may require a different approach.” Exten-
sion efforts will also vary between very large
farms and small part-time farms. Tenants and part-
owners are operating an increasing proportion of
farms and farmland acres, and may be less con-
cerned about the environmental costs and benefits
of various crops and management systems than
owners.”

Some research is already under way for many
of the above and related topics. In addition, the
Electric Power Research Institute. National Au-
dubon Society, and others have organized a Na-
tional Biofuels Roundtable to develop a set of
principles and guidelines for minimizing negative
environmental and  socioeconomic  impacts
associated with the development of bioenergy
crops and conversion facilities.”

Energy crops must be cost-effective to produc-
ers and users. Thiswill require careful balancing
of environmental  considerations—including
near-term local and long-term global environmen-
tal impacts—within the overall bioenergy eco-
nomics. It may also require trading off loca
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versus global environmental impacts. Detailed in-
tegrated analyses of the economics and environ-
mental impacts of various bioenergy fuel cycles
are needed. The economics of bioenergy crops
might also be improved if the potentialy signifi-
cant environmental services of energy crops were
recognized and valued, where appropriate. This
may be quite difficult in practice.

Finally, and as noted above, energy crops may
also provide greater habitat value than con\’ en-
tional agricultural monoculture. Providing habi-
tat has traditionally been of 1ittle concern to and is
largely not addressed by conventional agriculture.
In contrast, the National Biofuels Roundtablc has
identified habitat improvement as a guideline for
bioenergy development.ﬁgThe extent to which the
habitat value of bioenergy crops is actively en-
couraged is a policy choice, however, and will be
influenced by a variety of factors. including the
particular region, crop, and wildlife species; over-
al bioenergy crop economics: and the value (if
any) credited the energy crop for its habitat bene-
fits. The extent to which bioenergy crops can ad-
dress habitat concerns without significant}
reducing their economic viability —particularly
vis-avis agricultura crops or fossil fuels. wrhich
carry little or no such consideration-is un-
known.

If the potential habitat value of energy cropsis
identified as an important policy goal, several is-
sues are then raised, including the follow in::

. Disrupting life-cycle processes. Biomass plant-
ing, maintenance, harvesting, and other activi-
ties may sometimes interfere with key

66N ew technologies may also help ay oid some Of these problems. For example, the development Of time-rele~ie fertilizer\ (or other agricul

tural chemicals) would allow farmers to continue the common tabor-saving practice of spreading fertilizer (or other chemicals) only onceper
year while reducing the amount that must be applied to ensure that the nutrients arc available late in the growth cycle. See David O. Hall etal .
“Biomass for Energy: Supply Prospects,” Renewable Energy: Sources for Fuelsand Electricity, Thomas B. Johansson et a. (eds. ) (Washington.

DC': Island Press,1993).

670.S. Congress, Office of Technology Assessment. Beneath the Bottom Line: Agricultural A pproachesTo Reduce Agrichemi” (11 [') wami -
nation of Groundwater, OTA-F-418 (Washington, DC: U.S. Government Printing Office, November 1990).
68 National Biofuels Roundtable . Electric Power Research Institute, and National Audubon Society, *Principles and Guidelines for the De-

~ elopment of Biomass Energy Systems ™ draft, May 1994.
691bid.
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BOX 2-3: Environmental Research and Development Needs for Energy Crops

Energy crops raise a variety of Important environmental concerns Research to understand and
minimize potential environmental Impacts 1s needed across a breadth of Issues, Including the following

Soil qualify. Key areas of RD&D Include the development of a “minimum data set” of key soil physical,
chemical, biological, and other parameters as a means of monitoring soil quality over long periods of
time for different crops and management regimens. nutrient cycling, particularly of biochemical proc-
esses, the return of organic matter to the soil under various intensive energy crops and cropping sys-
tems, and the impacts of necessary equipment and various tillage systems on soil quality It may also
be necessary to conduct this RD&D in parallel with the study of adjoining land uses to improve under-
standing of the interaction of energy crops with the larger environment.

Agricultural chemicals. Research on the impact of agricultural chemicals on soil flora and fauna and
on wildlife is needed. This includes research on the Impacts on wildlife behavior and reproductive proc-
esses Chemical pathways, decay processes, and Impacts need to be better understood, particularly
when they affect more than the target species or when they move out of the target area The dynamics
of chemical use on energy crops, how to reduce the movement of chemicals offsite, and how to reduce
their use generally are important Issues.

Water quality. Research is needed on the impact of erosion/sedimentation and agricultural chemicals
from energy crops, especially on riparian zones, and on the potential of various energy crops to serve
as filters and buffers for riparian areas Studies are also needed on how to best minimize potential
leaching of agricultural chemicals into groundwater. Energy crops might be a useful tool for reducing
nonpoint agricultural pollution, but data are needed to verify this and to provide better crop guidelines
for realizing that end,

Air quality. Research on the total fuel cycle emissions of various bioenergy crops, conversion, and
end-use systems is necessary to minimiae impacts on air quality This Includes better understanding of
both rural and urban air quality issues and how to best trade them off to maximize benefits Comparing
the potential air quality Impacts of bioenergy systems with those of a wide range of other fuel and ener-
gy technology options is a key issue

Habitat. Box 2-4 lists a number of prototype principles for structuring energy crops to maximize their
value as habitat, buffers, or corridors Each of these principles needs to be examined through extensive
research in dedicated large-scale field trials and modified as necessary Such research must consider
the impacts of energy crops in the context of the regional landscape ecology over the near and the long
term Establishing overall goals for the desired habitat impacts (which species should be helped) of
energy crops in the larger landscape WI | also require extensive analysis.

life-cycle processes for wildlife. If such poten-
tial conflicts are to be minimized, biomass har-
vesting and other activities may need to be
restricted during nesting and other critical
times. (Harvesting may also be limited at
times, for example, during peak growing peri-
ods or inclement weather. ) This could require
storage of sufficient biomass to keep the con-
version plant operating during this period: it
may also require idling capital equipment and

labor used for harvesting and transport. Alter-
natively, electricity generation, for example,
might be powered during such periods by the
use of natural gas (chapter 6). On the other
hand, a well-established biomass industry may
have a sufficient variety of crops and rotation
cycles to moderate this disruption. Field trials
arc needed to determine the extent of these po-
tential disruptions and means of moderating
them.



Chapter 2 Agricultural Energy Crops 153

BOX 2-3 (cont'd.): Environmental Research and Development Needs for Energy Crops

* Restoration of degraded soils and ecological functions. Energy crops may reverse soil deterioration
from human abuse in certain cases This might Include problems of soil structure, loss of topsoil or
organic content, salinity, acidity or alkalinity, or even chemical or heavy-metal pollution. *It might also
Include restoration of some water purification or wetland functions, including moderating flood damage.
Research is needed to Identify such opportunities, to design systems that make the best use of this
potential, and to verify performance in the field Realizing the possible restorative potential of energy
crops while providing landowners with adequate income (where yields are low) poses additional chal-
lenges

* Greenhouse gases. The total fuel cycle (from crop production to end use) impact of energy crops on
greenhouse gases (including carbon dioxide, methane, isoprenes, and nitrous oxide) needs to be eval-
uated for various energy crops, conversion processes, and end uses. The development and use of a
“minimum data set” of key emission factors would be useful for determining these Impacts. Related
effects (e g , on soil carbon balances or vehicle refilling station volatile organic compounds emissions)
should be Included These fuel cycle emissions can then be compared for agricultural or energy crops
and for fossil or biomass fuels

* Crops and multiple cropping. The potential risks and impacts of various genetically modified energy

crops Will need to be examined A variety of multiple cropping systems should be evaluated to deter-
mine how to ensure soill quality, habitat benefits, crop productivity, crop disease resistance, and other
key economic and environmental criteria At the same time, research is needed to determine how to
convert agricultural lands to tree crops and vice versa, the soils and microflora and fauna are often
quite different

' Growing plants will take up a variety of chemical or heavy metal toxins, depending on the precise substance and the particular
plant species This poses a problem for food crops because it concentrates the toxins and allows them to enter the food chain In
contrast for energy crops these toxins may be removed n the energy conversion process (e g destroyed by combustion or remain-
ingin the ash) and so may allow a gradual cieansing o! the sol!

SOURCE U S Congress, Off Ice of Technology Assessment Potential Environmentai Impacts of Bioenergy Crop Production, OTA-
BP-E-1 18 (Washington DC U S Government Printing Off Ice September 1993)

| Polycultures. In the longer term, it may be use- ity and greater resistance to environmental

ful to research the value of polycultures (a mix-
ture of species as well as various ages. sizes,
and shapes) to provide both energy and envi -
ronmental benefits. According to ecological
theory and a few limited field tests, a mixture
of species can have higher biomass productiv-

stress than a monoculture,” From this perspec-
tive, a polyculture would benefit bioenergy
production. On the other hand, it may be easier
and cheaper to maintain a monoculture and to
harvest, transport, and convert a uniform size

T0Peter Kareiva, “ Diversity Begets Productivity,” Nature.vol. 368, Apr.21, 1994, pp. 686-687; Shahid Nagem et ., “Declining Biodivers-

ity Can Alter the Performance of Ecosystems.” Narure, VOI. 368, Apr. 21, 1994, pp. 734-737; and Y vonne Baskin, “Ecologists Dare To Ask:
How Much Does Diversity Matter'?" Science, vol. 264, Apr. 8.1994, pp. 202-203.
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and type of feedstock.’”l Research in the con-
version of polycultures could be useful, partic-
ularly if it can be coupled with field research on
the habitat and other environmental benefits of
particular combinations of crops.

+ Regional landscape planning. Realizing the
benefits of energy crops as habitat, buffers, and
corridors may in some cases require a level of
regional landscape planning not often seen in
this country. This will require much more
RD&D on regional landscape ecology and its
sensitivity to imperfections. Considerable ef-
fort will also be required to develop new policy
instruments for encouraging participation in
such landscape formation across many public
and private properties. These issues are ex-
amined further in box 2-4.

Finally, once a substantial market develops for
wood fuels, there is the potential risk that owners
will be encouraged to harvest poor-quality tim-
ber—spared up to that point because of its low
commercial value—that is serving as important
wildlife habitat, or to plant energy crops on wet-
lands that are fertile but inappropriate for conven-
tional agriculture. These matters are particularly
important in regions such as the Northeast where
forests are the primary biomass resource. Means
of addressing such unintended side effects maybe
needed.

These many issues form a substantial near-,
mid-, and longer term RD&D agenda. Which of
these issues should be pursued and when depend
on the policy goals that are established.

| Commercialization

As for any new technology, agricultural produc-
tion of energy crops faces a variety of market chal-
lenges that may slow the speed of adoption.™
These challenges include slow technology adop-
tion in the agricultural sector, competitor prices
(low and/or volatile fossil fuel prices), production
scaleup, ways to level the playing field, and infra-
structure development. Energy crops also must
contend with a variety of existing support pro-
grams for other crops (box 2-5). Each of these fac-
tors may play an important role in determining the
pace of market penetration by bioenergy crops. Is-
sues unique to bioenergy crop development and
commercialization are discussed here.

Technology Adoption

Technology adoption in the agricultural sector has
been relatively slow in the past. This is changing,
however, as agricultural production becomes in-
creasingly technology-based and business-ori-
ented,”and because of the competitive pressures
and rigid market fluctuations farmers have experi-
enced in recent years.

Farmers typically make production decisions
within short timeframes while maintaining flexi-
bility, which discourages investments in poten-
tially longer term and less flexible energy crops.
Market prices, support levels, credit availability,
and debt load are critical considerations at the in-
dividual farm level.

71 For example, some species in apolyculture may not be easily converted to ethanol by current enzymatic hydrolysis processes. In the near
term, it maybe more important to verify the cost and performance of these conversion processes by using R&D aready in progress for narrowly
specified (monoculture) feedstocks. For the longer term, it may be useful to begin R&D now to adapt these enzymatic hydrolysis processes to
mixed feedstocks as needed in order to increase habitat benefits. Some research on mixed feedstocks is under way at the National Renewable
Energy Laboratory. It tends to focus, however—and rightly so at this early stage-on a few common farm species that might be mixed with the
primary feedstock by accident, rather than on a much wider range of plants that might be considered on the basis of their habitat value. Arthur
Wiselogel, National Renewable Energy Laboratory, personal communication, Sept. 8.1993.

72The specificissues ©f commercializing transport fuels are addressed in chapter 4 and of commercializing electricity-generation technolo-
gies in chapters 5 and 6. See also U.S. Congress, Office of Technology Assessment, Replacing Gasoline.” Alternative Fuels for Light-Duty Ve -
hicles, OTA-E-364 (Washington, DC: U.S. Government Printing Office, September 1990).

73y § Congress, C) ffice of Technology Assessment, A New Technological Era for American Agriculture, OTA-F-474 (Washington, DC:

U.S. Government Printing Office, August 1992).
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BOX 2-4: Prototype Ecology-Driven Principles for Structuring Energy Crops

Plant species under consideration for use as bioenergy crops are primarily native species that evolved
in the regions where they may be used These crops can provide greater structural diversity on a land-
scape level than typical agricultural crops and thus can enhance wildlife habitat The extent to which such
habitat benefits are realized, however, depends on the careful application of ecological principles, as out-
lined below These principles should be considered merely a starting point, requiring much further re-
search Further, these principles are drawn from studies of natural ecosystems and of highly simplified
agricultural systems there are few or no empirical data for energy crops themselves Conducting dedi-
cated field trial research on the ecological Interact lons of natural systems with energy crops would be use-
ful in guiding the development of large-scale energy cropping Finally, the extent to which these principles
can be pursued Will be highly dependent on the local situation and the economics of the particular energy
crop

Ecology-driven principles for structuring energy crops might Include the following
+ Site. Energy crops should be concentrated on current, idled, or former agricultural, pasture, or other

“simplified” or “marginal’ lands Energy crops should not be grown on naturally structured primary -

growth forest land, wetlands, prairie, or other natural lands *
= Species. Energy crops should combine two or more species in various ways to improve species diver-

sity. This would preferably include the use of leguminous species or others with nitrogen-fixing capabili-

ties to reduce the need for artificial fertilizers, and other comb; nations to reduce potential losses from
disease or Insects and thus reduce pesticide use Noninvasive species that will not escape from culti-
vated plots are also preferred

= Structure. Energy crops should combine multiple vegetative structures to enhance landscape diversity
as needed by particular wildlife species This could include various combinations of SWRCs, perennial
grasses, and other dedicated energy crops, leaving small to large woody debris and other ground cov-
er, as well as Inclusions of natural habitat, as needed These energy crops could also be used to pro-
vide structure to conventional agricultural monoculture through the addition of shelterbelts and fence-
row plantings Similarly, monoculture of energy crops should have shelterbelts or fencerows of other
types of vegetation

= Lifetime. Landscape structure can also be made more diverse by harvesting adjacent stands on differ-
ent rotation cycles, Including leaving some stands for much longer periods if possible.

= Native species. Energy crops should use locally native species rather than exotics to the extent pos-
sible Native species or close relatives will harbor richer insect and other faunas

+  Chemicals. Crops should be chosen to minimize application of agricultural chemicals such as herbi-
cides, insecticides, fungicides, and fertilizers, as discussed earner

* Unique features. Unique habitats and features such as small natural wetlands, riparian or other corri-
dors, ‘“old-growth” inclusions, and shelterbelts should be preserved and enhanced by the energy crop

« Habitat assistance. Artificial nesting structures and other additions to or supplements of habitat fea-
tures should be provided where appropriate

* Research. Energy crops should be studied carefully at all appropriate scales and on a long-term basis
to better understand the means of Improving appropriate habitats for desired species both for the ener-
gy crop itself and for related agricultural, managed forest, and natural lands This should also be done
on a regional basis, as appropriate

' See footnote 37 nths chapter on defining natural habitat

SOURCE U S Corgress Off Ice of Technology Assessment Potential Environmentai Impacts of Bioenergy Crop Production OTA
BP-E-1 18 (Washington DC U S Government Printing Off Ice September 1993)
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BOX 2-5: Existing Farm Support Programs

Most farmers participate in federal farm commodity programs, These programs have a significant influ-
ence on which crops farmers plant and how the crop is managed, Program crops include wheat, corn,
sorghum, barley, oats, cotton, and rice. Depending on how many acres a farmer has planted with such
crops and the crop yield, a farmer establishes “base” acreage and yield over a period of time. Each year,
farmers receive deficiency payments based on the difference between the market price and the target
price (established by Congress and the Administration) and the number of base acres and program crop
yields. Farmers are required to grow the specific program crop on the appropriate number of base acres or
lose a portion of their base acreage (with some exceptions)

Some flexibility has been added in recent years. With flexible base acreage (15 percent mandatory and
10 percent optional), a farmer may plant any crop (with some exceptions) including trees. On the mandato-
ry flexible base, deficiency payments are received; if another crop is planted there are no deficiency pay-
ments, but also no loss of base,

The economic attractiveness of energy crops to the farmer is potentially much greater on the mandatory
flexible base acres than on other base acres Under the 0/85 program for wheat and feed grains (corn,
sorghum, barley, oats), producers with base acres plant 15 percent or more of their maximum payment
acres (base acreage minus conservation reserve acreage—base acres that farmers are required to take
out of production—and mandatory flexible base) to a conserving use. The producers maintain their base
acres and can receive 85 percent of the deficiency payments on land planted with the conserving crop as
if it were planted with the program crop, Energy crops would have to be declared a conserving use for this
to apply

Because soil conserving energy crops would be perennial, farmers would need some assurance that the
0/85 program would continue for a number of years Haying is presently not allowed during the five months of
the principal growing season to avoid competing with forage markets No trees are allowed on 0/85 land,

SOURCE Office of Technology Assessment, 1995

Outside their normal range of cropping prac-
tice, farmers prefer to make changes slowly. Farm
management changes, even relatively minor ones,
are not decisions made overnight. The adoption of
relatively simple, highly profitable technologies
such as hybrid corn has taken as long as nine years
on average. The decision to change farming prac-
tices requires a considerable degree of delibera-
tion, and maintaining new practices frequently
necessitates on-farm experimentation and adapta-
tion beyond that conducted during initial technol-
ogy development.

Some energy crops may reduce the flexibility
of farmers. For example, typical SRWC stands re-

quire 3 to 10 years to mature. Farmers may then be
reluctant to make the investment because of this
long lead time and the need for interim cash flow,
particularly with current low and uncertain prices
for other forms of energy. It may be difficult to
quickly plow under atree crop and plant the land
with something else should crop productivity,
market conditions, or other factors limit the return
on the farmer’'s investment of labor, land, and
capital.

Thus, although the Conservation Reserve Pro-
gram encouraged U.S. farmers to convert 12 mil-
lion hectares (30 million acres)”of marginal

74The total now stands at approximately |5 million hectares (37 million acres). Thyrele Robertson, U.S. Department of Agriculture, Soil

Conservation Service, personal communication, Aug. 26, 1993.
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BOX 2-6: Conservation Compliance Programs

Conservation compliance was enacted under the 1985 Food Security Act as amended in 1990, which
requires all farmers cultivating highly erodible land to fully Implement an approved conservation plan by
1995 or risk losing certain farm benefit programs At the same time, the Conservation Reserve Program
pays farmers with highly erodible or otherwise environmentally fragile or sensitive land to take it out of
production under 10-year contracts At present, some 15 million hectares (38 milllion acres) are enrolled in
the CRP, with annual payments averaging roughly S124~hectare ($50/acre) At the end of the contract, land
that 1s highly erodilble must meet conservation compliance conditions

Failure to comply with the conservation plan results in the potential loss of a variety of benefits, includ-
ing eligibility for price supports and related programs, farm storage facility loans, crop Insurance, disaster
payments, storage payments, certain Farmers Home Administration loans, and several other types of as-
s stance

Conservation compiance affects some 57 milionon hectares ( 140 million acres), more than one-third of
U S cropland A key aspect of about three-quarters of the conservation compliance plans to date is the
use of agricultural residues to control erosion Use of such residues for energy may then confilict with SOil
erosion concerns

SOURCE Jeffrey A Zinn Caonservation Compliance Status and Issues 93-252 ENR (Washington, DC. Congressional Research Ser-
vice fehb 24 1993

corpland to permanent cover during the 1986-89
period, only 1 million hectares (2,5 million acres)
of this was planted with trees (box 2-6).”More
gecnerally, of land planted in tree crops, the major-
ity has been in the southern United States, where
relatively short tree rotation ages and some longer
landowner planning horizons have intersected.”
Conversely, grasses generaly do not reduce flexi-
bility.

On the other hand, farm labor needs are deter-
mined largely by the intense effort required to
plant, harvest. and transport conventional agricul-
tural crops during a narrow window of time, usu-
ally spring and fall. Once planted, however.
perennial herbaceous or woody energy crops may
last 10 to 20 years, and harvesting may take place
over arelatively long period of time. Adding such
energy cropsto the farmer’ s portfolio might then
case the burden during spring and fall, allowing

TSR Neil Sampson. “Biomass Opportunities in the United States To Mitigate the Ef’feet\ of Global Warm »

better use of labor and capital equipment overall
and thus increasing certain aspects of farmer flexi-
bility.

Farmers are most likely to adopt technologies
with certain characteristics. Favored technologies
are those that: 1) have relative advantage over oth-
er technologies (e.g., lower costs or labor, higher
yields): 2) are compatible with current manage-
ment objectives and practices: 3) are easy to im-
plement: 4) are capable of being observed or
demonstrated; and 5) can be adopted on an incre-
mental or partial basis. The complexity of sys-
tems-oriented changes will likely slow their
adoption. which may pose particular problems if
regional Ilandscape planning is pursued to maxi-
mize the habitat benefits of energy crops. Mecha
nisms for incrementally realizing habitat benefits
may be needed should these programs go forward.

Energy from Biomas s and

Wastes XV, Donald 1. Klass (ed. )[Chicago, IL. Institute of Gas Technology). 1991 ).

® Thomas Kroll. Minnesota Department of Natural Resources. personal communication. Apr. 13, 1994,
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Individual and farm characteristics appear to
explain only a small portion of behavior
associated with adopting new crops or farming
practices, institutional factors (e.g., farm pro-
grams, credit availability) are highly influential.
Research on individual farm characteristics (e.g.,
Size, specialization, land tenure) and farmer traits
(e.g., age and education) and their relation to con-
servation adoption has yielded mixed results.
Most researchers consider institutional factors to
be much more influential, but few studies have
been conducted on these to date.

Finally, farmers are a heterogeneous group
with unequal abilities, access to information, and
resources for decisionmaking; different degrees of
willingness to take risks; and a wide range of ob-
jectives in practicing farming. For example, farm-
ers objectives may include the following: making
a satisfactory living (as either an owner-operator, a
tenant, or an employee); keeping a farm in opera-
tion for family inheritance or other personal rea-
sons, perhaps while working at an off-farm job;
obtaining a satisfactory return on investments in
land, labor, and equipment; obtaining tax benefits;
and obtaining recreation or aesthetic enjoyment.
These objectives influence the portfolio of crops,
including energy crops, that a particular farmer
chooses to grow.

Strategies to encourage bioenergy crop adop-
tion might include the following:

.Demonstrations. Local demonstrations would
allow area farmers to observe first-hand what
works and what does not and thus provide some
familiarity with the technology in the loca con-
text. Demonstrations are similarly important
for bioenergy feedstock users such as fuel pro-
ducers (chapter 4) or electricity generators
(chapter 5).

| Long-term contracts. The development of
long-term contracts with local feedstock users,
such as electric powerplants or ethanol produc-

ers, would provide greater market certainty to
the farmer (see below).

| Business plans. The development and demon-
stration of high-quality business plans and re-
lated supporting materials might improve the
credit worthiness of bioenergy cropping and as-
sist farmers in gaining needed financial sup-
port.

Competitor Prices

As noted in chapter 1, fossil fuel prices are very
low and can be quite volatile. These factors make
it difficult to compete against fossil fuelsin the
near term and increase the risk of long-term in-
vestments in alternative energy systems. Strate-
gies for dealing with low fossil fuel prices and
high volatility might include the following:

.RD&D. Maintaining stable long-term RD&D
programs in bioenergy crops irrespective of
low or volatile energy prices might allow more
rapid development of competitive bioenergy
crop and energy conversion technologies.

.Nonmarket values. Recognizing and valuing
the potentia environmental and energy diversi-
ty benefits of bioenergy crops could improve
their competitiveness. Environmental benefits
potentially include reducing soil erosion, im-
proving water quality by reducing sedimenta-
tion and agrichemical runoff or leaching from
adjacent food and feed crops, improving air
quality, reducing the emission of greenhouse
gases, and providing habitat benefits. Energy
crops might be used to help restore degraded
lands, providing some financial incentive to
plant and maintain the land.” Energy diversity
benefits result from increasing the variety of
energy resources that can be tapped and thus
limiting the dependence on any one resource
(see chapter 6). Approximate values for these
benefits might then be incorporated through

| T@ degraded lands, yields are likely to be lower. Remaining €CONOMIcally competitive with low yields may then necessitate valuation Of

some of the environmental or other DENEFitS that the energy crop offers,



various environmental taxes on fossil fuels
and/or credits for biofuels. When even crude fi-
nancia vauations of these benefits (s prove diffi-
cult, technigues such as point systems or
competitive set-asides may be useful (see chap-
ter 6).

n Federal supports. The competitiveness of
bioenergy crops might be improved by includ-
ing a portion of the federal soil conservation
and/or agricultural commodity support pay-
ments that would be offset by producing the
bioenergy crop. Properly structured. it might
then be possible to make the bioenergy crop
competitive, improve farmer income. and re-
duce federal agricultural expenditures. Careful
examination of the potential costs and benefits
of such an approach is needed.

Production Scaleup

As noted in chapter 1, a key difficulty faced by
many new technologies is the chicken-and-egg
problem of developing a market. In the case of
biomass energy, farmers cannot afford to grow
biomass unless electric power or fuel conversion
facilities--g.,., producing electricity and liquid
fuels—are in place to purchase it. Conversion fac-
ilities cannot be built unless the biomass feed-
stock is available at a reasonable price and an
end-use market is ready. An end-use market is dif-
ficult to develop without assured supplies of fuel.

Strategies to enable production scaleup might
include the following:

.Niche markets. Niche markets for bioenergy
crops might include cofiring biomass with coal
in conventional power-plants. Cofiring works
well for perhaps up to 5 to 15 percent wood in-
put into the powerplant fuel mix. Cofiring is
also ameans for utilities to reduce their emis-
sion of SO,. Cofiring can provide an early mar-
ket, begin the development of biomass
infrastructure, and provide electric utilities
with early experience in procuring. transport-
ing, and using biomass. As a substitute for coal
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in a conventional powerplant, however, the de-
livered costs of bioenergy should be roughly
comparable to those of coal. limiting the quan-
tity of biomass that can be tapped economical-
ly. Credits for SO, reduction may improve
these economics. (See also chapters 4 and 5.)

- Partnerships. As noted above, long-term con-

tracts might be developed between farmers and
end users such as electric utilities, ethanol/
methanol producers. or others such as pulp and
paper producers. This would provide greater
certainty to both partners. The high levels of
capital investment required of feedstock users
might dso encourage them to be the prime
movers of such a strategy. Such partnerships
may also help address the e "nuisance” factor of
needing numerous (small) contracts to provide
sufficient feedstock.

« Multiple uses. Bioenergy crops might best

serve a variety of end uses simultaneously. In
particular, the initial establishment of bioener-
gy crops might be assisted by coupling energy
production with higher value uses of the feed-
stock. For example, an energy crop might be es-
tablished initially to serve a higher value
purpose such as the production of pulp and pa
per and only secondarily for energy .78 The ex-
perience gained through such multiple uses
may provide a foundation for further energy
crop development and cost reductions.

Bioenergy crops will naturally move to their
highest value use. This might be as a transport
fuel. as a baseload backup to intermittent re-
newable, for industrial chemicals or fiber, or
perhaps for environmental benefits. Evaluating
more completely the full range of costs and
benefits for each potential use of bioenergy
crops, including budget and trade balance im-
pacts. across the entire production and use
cycle would be an important next step in deter-
mining the potential competitiveness of these
Crops vis-a-vis various competing uses of the
land and other sources of energy.

"8Even if SRWCs are used for pulp and paper, roughly 25 to 40 percent of the harvested biomass would be available for energy use.
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Eight-year old hybrid poplars grown by James River Corp. in
Oregon These fast-growing trees can be harvested
repeatedly and regrow from the stump More than 25,000
hectares (62,000 acres) of these trees have been established
in the Northwest to provide both fiber and energy

Studies of how best to address these issues
might be conducted in parallel with demonstra-

tions.

Leveling the Playing Field

Existing soil conservation and commodity sup-
port programs, as well as other factors. may dis-
courage financial investment in alternatives such
as energy crops. The extent to which this occurs
needs to be examined and is an important area for
further analysis.

Infrastructure Development

A wide range of infrastructure development is re-
quired to support bioenergy programs. This in-
cludes, in particular, harvesting and transport
equipment, energy conversion facilities (electric-
ity generation, ethanol production), energy trans-
mission (high-voltage electric power lines) and
transport (pipelines or tanker trucks) systems, fi-

nancial services, extension services, trained man-
power, and many others.

Much of this infrastructure will develop with
the industry. In some cases, however, existing in-
frastructure—such as electricity transmission sys-
tems or liquid or gaseous fuel pipelines—might
be used effectively if plants can be sited appropri-
ately. Geographic information systems could as-
sist such analysis.

POLICY OPTIONS

Several economic incentives and other supports
of biomass fuels are already law (box 2-1; table
2-1). These supports target primarily the transport
fuel and electricity sectors, however, and tend to
ignore the substantial market challenges at the
crop production stage. As a consequence, a signif-
icant share of the near- to mid-term opportunities
for producing and using biomass energy might not
be realized because of the market challenges de-
scribed above and current resource constraints.
There has been a significant increase in overal
program support for bioenergy in recent years.”
Bioenergy crop development is, however, a small
portion of the total. For feedstock development,
the fiscal year 1995 budget is about $4.6 million in
1992 dollars.

Under current funding levels, the ability to de-
velop and demonstrate energy crops and related
harvesting and transport hardware is quite limited.
Development of high-productivity crop species
currently accounts for about half of the Depati-
ment of Energy (DOE) feedstock development
funding. With total costs for developing a single
feedstock species in a single region of about $1
million per year, feedstock development has been
limited to poplar at three centers®and switch-
grass at two centers™---even with heavy cost-
sharing with the private sector, states, and others.
At present funding levels, detailed feedstock de-
velopment is not taking place on other tree spe-

79Most of this funding is for feedstock conversion processes suchas lignocellulose to ethanol (ch.4)or electricity generation (ch.S).

80Located in [he pacific Northwest, the Midwest, and the Southeast.

8 | Located in the M idwest and the Southeast.



cies, such as silver maple, black locust, sycamore,
and sweetgum, and on grass species, such as big
bluestem and wheatgrass. Funding levels of per-
haps $6 Million to $10 million ( 1992 dollars) over
an extended period (e.g., 10 to 15 years) would
provide adequate to good species development for
the various regions (see below).

Current DOE funding levels provide essential-
ly no support for the development of harvesting
and transport hardware. Since these activities
constitute a significant fraction of bioenergy crop
costs, development of high-performance hard-
ware is essential if costs are to be reduced to more
widely competitive levels. Funding of $1 million
to $2 million per year over an extended period
(five years or more) maybe sufficient to catalyze
private sector interest and cost-sharing to develop
such hardware.

Substantial field demonstration and environ-
mental monitoring of these energy crops will be
needed, at a scale sufficient to demonstrate the
performance and characteristics of a fully func-
tioning crop production, infrastructure, and feed-
stock conversion system. Such demonstrations
may be needed at some level for each species and
region. Asan example, a dedicated 50-MW pow-
erplant will require production from perhaps
20,000 hectares (50,000 acres) of energy crops. At
atypica cost for crop establishment of $740/hec-
tare ($300/acre), this will have a front-end cost of
$15 million, not including the powerplant (see
chapter 5). The private sector would share the cost
of the demonstration, and a portion of the funds
will also be recovered with the sale of electricity
or fuel from the faci lit y. To reduce risk further, ear-
ly demonstrations could be limited to obtaining 15
to 30 percent of their fuel needs from biomass; the
rest could be obtained from natural gas or coal.
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Environmental monitoring of such demonstra-
tionswill also be needed, with costs running into
several million dollars per year, to monitor species
such as birds and mammals, soil quality, ground-
water quality and quantity, and landscape-level
impacts.®

Thus, while the current funding level provides
support for the detailed development of a single
tree and a single grass species; it does not support
significant development of key harvesting and
transport hardware, and it supports only minimal-
ly the field demonstration and environmental
monitoring of these crops. As a conseguence, the
development of energy cropsis likely to be rela-
tively slow and haphazard, and several current or
near-term cost-effective applications of bioenerg y
are unlikely to be captured. These include some
coal cofiring and biomass-fired electricity-gen-
eration opportunities. A significant demonstra-
tion program would give farmers, electricity
sector planners, financiers, and regulators the con-
fidence to move these biomass-fueled systems
forward.

To the extent that current funding fails to fully
capture the cost-effective use of bioenergy crops,
it misses the opportunity of using these crops to
offset federal budget expenditures for soil con-
servation, commodity support, and/or crop insur-
ance.” Maximizing cost-effectiv, production and
use of energy crops could also improve the rural
economy and generate jobs, while reducing envi-
ronmental problems such as soil erosion and emis-
sions of greenhouse gases.

The development and demonstration of these
energy crops can aso reduce farmers' risks by di-
versifying their crop portfolios and providing
more robust crops for flood- or drought-prone re-

82For example, current monitoring of the environment] impacts of several small 400-hectare ( 1.000acresin8tol5plots)sites costs about

$200,000 to $300,000 per year. Scaleup by afactor of 15 to 25 to a demonstration system of 20,000 hectares would not increase costs commen -
surately because only portions of this area would have to be sampled. There would. howev er, be additional environmental monitoring costs
associated with landscape-level impacts on habitat diversity and other factors.

83The extent t. which these budget expenditures actually occur will depend strongly on the impact of trade agreements—the Uruguay

Round of GAIT and NAFTA-and many other factors.
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Harvesting hybrid poplars at the James River Corp. in
Oregon, using a “feller buncher ”

gions. Energy crops may similarly reduce national
energy risks by diversifying the national energy
portfolio. For example, large-scale use of these
energy crops could offer a mid- to long-term alter-
native to imported oil.

To capture high-leverage opportunities to sig-
nificantly expand the production and use of
bioenergy, it would be necessary to increase ex-
penditures to some extent. For example, crop de-
velopment support could be increased to $6
million per year (1992 dollars), providing at least
$1 million per year for harvesting and transport
hardware development, and supporting several
larger scale demonstration and environmental
monitoring efforts. This funding would necessari-
ly be leveraged against private sector supports to
carry out these efforts adequately.

These costs should be balanced against poten-
tial savings in federal expenditures in areas such
as soil conservation, commodity support, and
crop insurance programs. The timing and magni-
tude of these potential costs and savings, however,

.depend on numerous technical, economic, and

institutional factors and remain to be determined.

The 1995 Farm Bill may be a potentially useful
vehicle for addressing many of the policy options
involving higher expenditures than current levels,
which are described below. Among other options,

a title might be included within the Farm Bill that
focuses on energy crop RD&D, planning, com-
mercialization, information, crop insurance, and
other programs. Attention could also be given to
joint programs between associated departments
and agencies, such as DOE, the Department of
Agriculture, and the Environmental Protection
Agency.

Policies that could be considered as part of a
bioenergy development strategy are listed below.
RD&D programs might include the following:

- Collaborative research, development, and
demonstrations. Continuing and expanded
support could be provided for high-leverage
RD&D opportunities across the breadth of crop
production, harvesting, transport, environmen-
tal impacts, and other aspects discussed above.
These efforts may be significantly leveraged to
the extent that they can be conducted in collab-
oration with private organizations, and they
could include the development of multiuse
crops to reduce farmer risk. In addition, this
might include analysis of the potentia infra-
structure development requirements and eco-
nomic impacts of large-scale energy cropping.
Various forms of support, particularly through
cooperative efforts with the private sector,
could be provided for a variety of biomass elec-
tric or transport fuel project demonstrations,

Planning and information programs include:

» Planning. Support, including the devel opment
of geographic information systems and other
tools, could be developed in cooperation with
state and local governments to establish a local
and regional landscape planning capability for
optimal design of energy crops. Support could
also be provided for the development of local
approaches that minimize possible environ-
mental or other impacts of energy crops. Some
work in this areais now beginning and could be
strengthened.

+ Information programs. Information programs,
including extension effortsto farmers, electric
utilities, financiers, and others, might be ex-
panded. Conversely, much information could



be gathered from farmers so as to better design
biocnergy programs. Current funding for in-
formation and a number of other activities
through the Regional Biomass Program is
about $4 million per year. These programs con-
duct regional biomass resource assessments.
facilitate technology transfer to the private sec-
tor, support public-private projects, and assist
other activities. As their scope and outreach ac-
tivities increase, greater support will be needed
for these and related programs. In certain cases,
however, it may be possible to capture some
savings by combining these with other agricul-
tural information and planning programs.

Bioenergy programs might complement exist-

ing agricuitural programs as follows:

» Conservation Rrserve Program lands. Con-
tracts on CRP lands begin to expirein 1995. If
Congress decides to alter the CRP, consider-
ation might be given to achieving a transition
to bioenergy cropping on some of these lands
in order to reduce federal CRP expenditures
while increasing farm income and minimizing
farmer risk. This, together with commaodity
support and insurance program considerations
listed below. represents a key opportunity that
requires further analysis.

Commodity support programs. Energy crops
might be considered as substitutes for program
crops with a modified or transitional payment
schedule so as to reduce federal expenditures
and farmer risk. while allowing the farmer to
maintain or increase income through energy
crop sales. Additiona flexibility in commodity
support programs might also be considered to
alow the growth of energy crops without pen-
alty or risk to the farmer’s enroliment in other
farm programs.

» in.surance programs. Federa crop and other in-
surance programs for flood. drought, and other
natural disasters might be examined to deter-
mine if biocnergy crops offer a lower risk alter-
native to conventional agricultural crops in
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particular areas. If so, growers in high-risk
areas might be encouraged to switch to these
crops.

Finance and commercialization programs

could include the following:
= Partnerships. Mechanisms for brokering or le-

veraging partnerships between bioenergy
growers and users might be examined, includ-
ing modest financial or institutional support
from the federal government in early demon-
stration or commercialization efforts. Partner-
ships are also examined in chapters 4 and 5.
E.xternality taxes and incentives. Mechanisms
for recognizing and valuing the potential envi-
ronmental and energy-diversity benefits of
bioenergy crops might be examined, including
appropriate financial credits,”points or other
value systems for including environmental and
other potential bioenergy benefits when choos-
ing technologies for expanding electricity y
capacity, and green set-asides. These mecha
nisms are examined in chapter 6 for the electric-
ity sector. Such considerations could allow
bioenergy’s range of costs and benefits-in-
cluding environmental—to be considered
more fully in comparison with those of con\’ en-
tiona energy systems.

Energy production credits. The National Ener-
gy Policy Act of 1992 established a 1.5¢/kWh
energy product ion tax credit for electricity y gen-
eration with closed-loop bioenergy crops. This
credit is available only for plants placed in ser-
vice before July 1, 1999. Because of the long
lead times required to establish many energy
crops, such as SRWCs, and powerplants, few
will be able to make use of this tax credit. Con-
gress might consider extending the period of
eligibility sufficiently for such closed-loop
systems to be fully tested and markets to be
initiated.

Federal procurement. The federal government.
including the Power Marketing Authorities,
could establish bioenergy power facilities

84 Alternatively, various combinations of social cost taxes on conventional energy resources might be considered (see ch. 6).
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Wheelabrator biomass electric plant in Mt. Shasta, California.

where cost-effective or near-cost-effective bio-
mass supplies might be obtained. These could
serve as useful demonstrations and provide
valuable design and scaleup data for commer-
cia efforts. Federa procurement complements
the above policy tools by being a more direct
mechanism for initiating bioenergy projects.

A strategy involving higher levels of funding
could include the following elements:

= Financial mechanisms. Innovative financial
mechanisms might be examined that reduce
farmers' risks in shifting to energy crops while
minimizing public costs. These could include
interest rate buydowns, cost-sharing, longer
term farmer-feedstock-user contracts or risk-
sharing agreements, or explicit codevelopment
of bioenergy with the expansion of pulp and pa-
per or other facilities. For utilities, this might
also include safe harbor rules, cofiring of bio-
mass with coal to provide SO, reductions, rec-
ognition of fuel diversity benefits, and
competitive set-asides for biomass energy (see
chapter 6). Many of these would be private ini-
tiatives with modest federal support. Therela-
tive costs and benefits of such mechanisms
need to be evaluated to determine which are the
most cost-effective.

= Competitor pricing. Mechanisms might be
considered to protect an embryonic biomass
energy industry from short-term fossil fuel

price drops below certain thresholds. Effective-
ly, this would be the bioenergy counterpart to
agricultural commodity support programs.
Again, the relative costs and benefits of such
mechanisms would have to be evaluated,
mechanisms to minimize and cap costs ex-
plored, and means developed for ensuring their
phaseout within a reasonable period.

The multiplicity of sectors affected by energy
crops-—-e. g., agriculture, energy, environment,
forestry—poses a substantial and, in some ways,
unique institutional challenge in developing co-
herent policy goals, processes, and effective coor-
dination. For any bioenergy strategy, effective
means of communication and policy coordination
among the many institutional and private-sector
participants are required.

CROSSCUTTING ISSUES

Integrating biomass crops with energy conversion
facilities and end uses requires careful consider-
ation of total fuel cycle cost, performance, envi-
ronmental impacts, and other factors, Current
bioenergy crop and conversion systems already
show considerable promise in simultaneously
providing energy, economic, and environmental
benefits.

In the longer term, additional gains maybe pos-
sible with advanced bioenergy crop and conver-
sion systems, although much research remains to
be done. Compared with monoculture, for ex-
ample, polycultures may provide more wildlife
habitat benefits as well as other possible environ-
mental benefits. If polycultures are pursued, ener-
gy conversion technologies such as gasifiers may
then be preferred for their ability to easily handle a
variety of input feedstocks. In turn, gasifiers are
better suited to the production of methanol than
ethanol, and methanol may allow the use of low-
temperature steam reformers and proton exchange
membrane fuel cells to power transport (chapter
4).

Conversely, advances in solid oxide fuel cells
may encourage the use of ethanol for transport.
Capturing the habitat benefits of polycultures may
then require further research on the enzymatic hy -



drolysis of polyculture feedstocks. Chapter 4 ex-
amines some of these aternative technology paths
for transport, including fuel cells and internal
combustion engine hybrids. At this early stage, it
is important that a broad portfolio of energy crop
and conversion technology RD&D and environ-
mental analysis be maintained.

The extent to which such paths can be pursued
depends strongly on the relative long-term eco-
nomics of bioenergy polycultures versus mono-
culturcs, the value placed on habitat and other
benefits, and the means by which these are
weighed against the economic or environmental
costs and benefits of agricultural crops and/or fos-
sil fuels. These long-term questions should not
obscure the potential benefits of currently con-
ceived monoculture energy crops.

CONCLUSION

Energy crops may help address some of our na-
tional energy, economic, and environmental prob-
lems. Depending on the direction of global
agricultural markets, they can potentialy provide
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a significant amount of energy, perhaps 20 EJ (19
quads) or more---equivalent to one-quarter of cur-
rent U.S. energy usc. The y have potential environ -
mental benefits compared with conventional
agricultural crops. Energy crops are no substitute,
however. for natural habitats on contiguous land-
scapes. The regional impacts of energy crops will
be mixed. Not al crops can be readily grown ev-
erywhere. The overall national economic and job
impacts of bioenergy cropping may be quite posi-
tive, particularly for rural areas.

Energy crops thus show promise to help meet
several national needs---conomic. environmen-
tal, budgetary, and national security. The extent to
which the potentia of bioenergy can be realized
will depend on how well the many compcting eco -
nomic/environmental. rural/urban, and other in-
terests can be balanced. Realizing this potential
will require a long. dedicated effort in terms of
research, development, demonstration, and com-
merciaizaticm of these technologies. Implement-
ing large scale biocenergy programs without such a
foundation could damage the environment and re-
ducc potential economic- or other benefits.
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evidential and commercia buildings in the United States

use about $180 billion worth of energy per year for space

heating and cooling, lighting, water heating, and other en-

ergy services. Passive solar architecture,’daylighting,
and certain other renewable energy technologies (RETS) can cost-
effectively reduce energy use in new buildings by 15 to 20 per-
cent. Together with energy efficiency improvements,’these
technologies can provide roughly 50 percent energy savingsin
new buildings compared with their conventional counterparts
(seefigure 3-1). These RETSs can save money, reduce the need for
new energy supplies, and provide substantial environmental
benefits.

| What Has Changed?

In the early 1970s, energy was not a very important consideration
in building design or operation. Relatively little was known about
building energy flows, market challenges to use of RETS, or effec-
tive policy responses. Following the 1973-74 oil embargo, build-

U sDepartment of Energy, Energy Information Administration, Annual Energy Re-
1ew 1993, DOE/EIA-0384(93) (Washington, DC: July 1994), pp. 55, 77.

2 A more descriptive termis building-integrated solar energy, but the traditional term
passive solar is used here.

3[p comparison, previous work by the Office of Technology Assessment showed that
cost-effective, commercialy available efficiency improvements by themselves could re-
duce new building energy use to two-thirds that of conventional buildings. When the Pro-
visions of the Energy Policy Act of 1992 are fully implemented, a portion of these efficien-
cy improvements will be captured. See U.S. Congress, Office of Technology Assessment,
Building Energy Efficiency, OTA- E-5 18 (Washington, DC: U.S. Government Printing Of-
fice, May 1992); “Energy Policy ACt Of 1992,” Conference Report 102-1018, Oct. 5,
1992.
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FIGURE 3-1: Energy Savings and Additional

Construction Costs of Passive Solar Designs
Compared with Conventional Forms

60

D Energy savings Additional cost

40

30
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NOTE Average energy savings are depicted for 20 residential build-
ings and 12 commercial buildings studied in the United Slates as well
as 40 buildings studied by the International Energy Agency The build-
ings were experimental models use of the data obtained from these
studies now allows better performance and lower costs than those
shown here

SOURCES Solar Energy Research Institute Passive Solar Homes 20
Case Studies SERI/SP-271 -2473 (Golden, CO December 1984), Burt
Kosar Rittelmann Associates and Min Kantrowifz Associates Commer-
cial Vuilding Design Integrating Climate, Comfort, and Cost (NewYork
NY Van Nostrand Reinhold Co 1987) and International Energy
Agency Passive and Hybrid Solar Commercial Buildings Basic Case
Sudies, Task Xl (Washington DC U S Government Printing Off Ice
1992)

ing energy research, development. and demon-
stration (RD&D) was launched in parallel with
supports such as tax credits for commercializing
largely unproven technologies. Much was learned
from both the failures and the successes that fol-
lowed.

“Including either argon or krypton.

Two decades later, we now have a substantial
base of proven technologies and practical policy
experience of what works and what does not.
Many valuable technologies are in the RD&D
pipeline. The design and construction of well-per-
forming passive solar buildings have been conclu-
sively demonstrated. Window technology has
improved dramatically in recent years as multiple
glazings, low-emissivity coatings, and other
technologies have penetrated the market: further
improvements such as gas- filled'glazings are
now appearing. Sophisticated lighting controls
that integrate artificial lights with daylight are
now available commercially. Improved materials
and designs are appearing in solar water heaters.
These are only a few of the many advances. Some
estimate that more than 200,000 residential and
15.000 commercial buildings using passive archi-
tecture have been built"and 1.8 million solar wa-
ter heaters have been produced.’Although there
arc serious market challenges hindering adoption
of these technologies. they are now better under-
stood and policies have been developed to deal
with them (see box 3-1). Many, however, still pri-
marily remember the frequent overselling of the
technology during the 1970s and early 1980s.

| Potential Roles

The residential and commercial sectors use rough-
ly 35 percent of U.S. primary energy and 65 per-
cent of U.S. electricity (see box 3-2). In addition to
potential direct energy and financial savings to the
building owner,” incorporating RETSs for space
heating and cooling, water heating, and daylight-
ing may shift and or reduce peak loads on utilities,
potentially providing important demand-side
management (DSM) benefuts and cost savings for
the utility. Reducing fossil energy use can also
provide environmental benefits.

5] Douglas Balcomb (cd)), Passive Solar Buildings (Cambridge, MA: MIT press. 1992).

5Kenneth G. Sheinkoff, Progress in Solar EnergyTechnologies and Applications: An Authoritative Review (Boulder. CO: American Solar

Energy Society, January 1994).

"Where time-of-use metering is used, the building owner may capture some of the demand-side management peak load reduction benefits.
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BOX 3-1: National Policy Influencing Renewable Energy Use in Buildings

Several federal acts currently Influence the use of RETs in buildings Section 912 of the Housing and
Community Development Act of 1992'established the Solar Assistance Financing Entity (SAFE) to help
finance the use of renewable and energy-efficient technologies in buildings. This law also established the
energy-efficient mortgage pilot program under sections 513 and 914

The Energy Policy Act of 19922 requires consideration of RETs in energy standards for new federal
buildings, in residential energy efficiency guidelines, in lighting, and in the energy-efficient mortgage pilot
program

Many other programs, including Community Development Block Grants and Comprehensive Housing
Assistance Plans, Influence energy use in buildings and might greate greater consideration to RETs in the
future

'U S Congress House of Representatives Housing and Community Development Act of 1992 Conference Report 102-1017
(Washington DC U S Government Printing Off Ice, 1992)

U S Congress House of Representatives, Energy Policy Actof 1992, Conference Report 102-1018 (Washington DC U S Gov-
ernment Printing Off Ice 1992)

| Principal Themes 3. policy options associated with further RD&D
Three broad themes are addressed in this chapter: and commercialization of RETs for buildings.

1. the principles and performance of various
RETSfor heating and cooling, ventilation, ~INTRODUCTION
lighting, water heating, and other energy needs  Renewable energy has been used to heat, cool, and
in new’residential and commercial build- light buildings since humanity first moved in-
ings doors. Clerestories™ were used more than 3,000
2. market challenges in the design, construction,  years ago by the Egyptians to daylight their tem-
sale, and ownership of buildings using RETS, ples at Karnak. The Remans designed their build-
and past experience in addressing these chal- ings with a variety Of passive solar features:
lenges; and windows to capture sunlight for heating in the

8 Although the following discussion emphasizes the potential role of renewable energy in buildings, no distinction should be made in prac-
tice between the contributions of renewable energy and energy efficiency. Buildings should be designed on an integrated basis, considering all
the potential efficiency and renewable energy benefits, and combining them in the most cost-effective and highest architectural- and amenity-

value form nossible
vaiug iorm possivic.

90nly new construction is examined here. Renewable energy retrofits of existing buildings are also possible, but are often not as cost-effec-
tive as designing and building renewable technologies into new construction. Some retrofits, such as cooling load avoidance and ventilation air
preheat, may be cost-effective in some cases.

'ONote that industrial buildings (i.e., where manufacturing takes place) also offer significant opportunities for using RETs to supply space
heating and cooling, lighting, and other energy needs. Many of the RETs used in commercial buildings can be adapted to these industrial build-
ing applications. Industrial buildings, however, are not explicitly included in the discussion here nor in the summary statistics because the Ener-

gy Information Administration separates residential and commercial buildings from industrial energy uses.

Il Clerestories are windows located at the top of high walls and designed to cast light deep into interior spaces.
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Clerestory at the temple of Karnak, Egypt

winter, carefully sized overhangs for shading in
the summer, heavy masonry (therma mass) *
construction to moderate day-night temperature
swings, and clerestories to cast light deep into the
building. At the same time, they developed are-
markable body of law to protect citizens' rights to
access the sun yet not block their neighbors’ ac-
cess. In Iran, Wind towers, the shape of the roof,
evaporative cooling, and carefully placed plant-
ings were used to control overheating. “Many
early Renaissance cathedrals have carefully de-
signed clerestories to provide sufficient light to
define the interior without letting in so much light
as to cause glare or overheating. } °

These same elements—siting, landscaping,
proper placement and design of windows, over-
hangs, clerestories, thermal mass, and others—are
characteristic of solar architecture today (seefig-
ure 3-2), and can be adapted to a wide variety of
architectural styles. With modern materials and
design tools, these solar architectural techniques
have become much more effective.

The processes of solar heating, ventilation,
thermal storage, evaporation, and radiative cool-
ing occur naturally in buildings. The way we de-
sign and position our buildings, size and orient
their windows, and landscape the property al im-
pact these energy flows. Thus, the question is not
whether renewable energy can influence fossil en-
ergy consumption in our homes and offices-it a-
ready does. The question is whether energy flows
are allowed to cause problems such as overheating
and glare or are employed instead to deliver useful
services. Achieving this goa requires careful
tradeoffs between a variety of design parameters.
Thoughtful, balanced design can provide substan-
tial financial, energy, and aesthetic benefits; poor
design or overreaching to reduce conventional en-
ergy use can increase costs and decrease building
comfort and performance.

Historically, buildings were designed for the
local climate and natural daylighting. Many were,
however, uncomfortable and poorly lit due to in-
sufficient design knowledge, lack of insulation,
and low-quality windows. Then, plentiful and in-
expensive supplies of fossil fuels and electricity
provided architects a degree of freedom they had
never before known (and habitants a degree of
comfort never before experienced), Building de-
signs gradually changed to reflect abstract visions
rather than the reality of the local climate. Energy
use for heating, cooling, and lighting buildings in-
creased accordingly. The first oil crisis of 1973 re-

1 2Thermal mass means the heat storage capability of a material multiplied by its mass (weight). A wood frame wall has alow heat storage
53 : ~

capacity. w hereas asolid masonry wal 1 has a high heatstorage capacity.

'3DiiUl~Fayvro, “Roman Solar Legislation.” Passive Solar Journal, vol. 2, No. 2, 1983, pp. 90-98.
14Mehdi N, Bahadori, “Passive Cooling Systems in Iranian Architecture,’” Scientific American, vol. 238,1978, pp. 144-154.
15Richard ¢, Stein. Architecture [Itit/ Energy (Garden City, NY: Anchor Press, 1978).
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BOX 3-2: Energy Use in Building

Energy use in buidings has changed substantially in both form and function during the past several
decades Primary'energy use in residential and commercial buildings totaled 29 exajoules in 1990 (figure
1-11 in chapter 1 ) Of this, about one-half went to space heating and cooling, one-fifth to lighting, and
one-tenth to water heating (figure 3-3) These proportions change significantly with the type of building, its
use, and its occupants Total buiding energy use in the United States has Increased (figure 3-4)—there are
more people, more households, and more offices-while energy use per unit area (commercial) or per per-
son (residential)’has roughly stabilized over the past decade due to a variety of efficiency Improvements
The sources of energy have changed dramatically Use of fuel 011 has dropped since the 1973011 embargo,
and natural gas has largely made up the difference (figure 3-4) At the same time, new loads have ap-
peared Electron/c office equipment has sharply Increased plug loads’in commercial buildings*and pro-
grams such as the “Energy Star Computer” have been launched in response Utility demand-side manage-
ment programs are gaining momentum asthey grapple with peak loads due to air conditioning during
summer heat waves, as well as try to reduce overall consumption Building energy use will continue to
change due to technological advances, population growth, economic growth, demographic changes, and
many other factors, perhaps including global warming

! This breakdown assigns generation transmission and distribution losses Incurred by the electricity sector proportionately to
the end use that actually consumed the electricity

2Residentialenergy use dropped about 20 percent between 1972 and 1982 and has since roughly stabilized

*These are loads on wall outlets due to plugging In computers, printers, photocopiers, fax machines and so forth These loads
are distinct from iighting loads which are wired nto place when the buildingis constructed

“L Norford et al Electricity Use ininformation Technologies “ Annual Review of Energy, vol 15, 1990 pp 423-453

versed that trend and generated a wave of interest
in again using renewable energy to heat, cool, and
light buildings: that reversal lasted little longer
than high oil prices.

ment and fuel. The process of maintaining a com-
fortable environment efficiently is a more subtle
and site-specific undertaking.

Renewable energy technologies for buildings
take several approaches in providing energy ser-
vices. Generaly the most cost-effective RETS for
space heating, cool ing, and lighting are passive ar-

RENEWABLE ENERGY TECHNOLOGIES
The total energy performance of a building is a

complex process, dominated by the continuous in-
teraction among the building’s internal sensible
and latentheat gains and losses, solar inputs,
thermal storage, radiant heat transfer, and air
movement: the external environment; and other
factors. Conventional space conditioning systems
have been designed simply to overpower the natu-
ral forces both heating and cooling our buildings,
resulting in considerable expenditures for equip-

chitecture and daylighting. These strategies use
the building itself—walls, windows. overhangs,
therma mass—to capture. store, and distribute re-
newable energy. This approach requires careful
design but uses little or no additional material—
hence its frequent cost-effectiveness. Active sys-
tems use discrete collectors on the roof or near the
building to capture sunlight and pipe the energy
where it can heat the building (or domestic hot wa-

16Sensible heat is what w e phy sically feel when we touch a hot object: latent heat is the energy required to evaporate @ quantity of W ater. As
used here, latent heat referstothe large amount of moisture or humidity that can be exchanged among a building’s materials, indoor air, and the
outside. High levels of humidity contribute substantially to occupant discomfort and increase building cooling loads.
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FIGURE 3-2: Principal Design Elements of Passive Solar Architecture

Winter sunshine

Thermal mass
Sunspace

Insulation

Wall mass
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Floor mass

NQOTE: A. Solar architecture uses windows to capture sunlight for winter heating, carefully sized overhangs for summer shading, and in some cases,
thermal mass (bricks, masonry) to moderate day-night temperature swings. B. Sunspaces provide passive solar heating and bright living space.

C. Clerestories contribute to lighting and winter heating. D. Trees and other landscaping can shade east and west windows from summer sun.
SOURCE' Adapted from Passive Solar Industries Council and National Renewable Energy Laboratory, Passive Solar Design Strategies: Guidelines

aap assive oola ausirnes L.ou

for Home Builders (Washington, DC and Golden, CO. 1991)
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BOX 3-3: Additional Renewable Energy Technologies

A variety of other renewable energy technologies can provide useful energy services for buildings but
have not been considered in detail in the course of this assessment. These Include wood heating and geo-
thermal heat pumps

Wood Heat

Wood heating can be cost-effective where low-cost, reliable sources of wood are used 117 well-designed
and well-built wood stoves Domestic wood stoves can, however, produce relatively high levels of smoke
that may lead to local air pollution Catalytic combustors have reduced this air pollution problem while gen-
erally Increasing stove efficiencies

Geothermal Heat Pumps

Most heat pumps use air as a heat source or sink. The problem with this s that when heating or cooling
1s needed the most, the air is at its coldest or hottest which makes the air-coupled heat pump work harder
and reduces its efficiency *Geothermal heat pumps, however are coupled to the relatively constant
ground temperature by long pipes in the ground to collect heat for heating or to cool the fluid in the pipes
for air conditioning The moderate ground temperatures allow geothermal heat pumps to run more efficient-
ly typically using about two-thirds as much electricity as standard air-coupled heat pumps and less than
half as much as an electric resistance heater combined with a conventional air conditioner Burying the
pipes does cost more however and simple payback times for this additional cost are typically on the order

of six years.

"It may. in fact, be cul out at times and electric resistarce heating used as backup

ter) or drive a cooling systcm. These systems are
cost-effective only in particular circumstancres be-
cause of the large quantities of expensive add-on
materials required. Of increasing interest sys-
temsthat are integrated into the building shell it-
self, including ventilation air preheat and
photovoltaics. By integrating these systems into
the building, the amount of epensive add-on ma-
terial required can be minimized and the system
made more cost-effective. Othcr RETSs are dis-
cussed in box 3-3.

Because the environment, construction, usage,
and energy demand patterns for buildings differ
(see figure 3-3), renewable strategies tend to be
context -dependent: a strategy designed for a
building used for manufacturing may not be appli-

cable in a comparably sized and built adjacent
warehouse. Similarly, a RET strategy used for a
small office building may not be applicable in a
nearby residence. These energy use patterns have
also changed significantly over time, particularly
with increasing use of electricity (see figure 3-4).

| Passive Architecture”

Renewabl e energy technol ogies to provide space
heating, cooling, ventilation, and lighting energy
services can take many forms in residential and
commercial buildings. Passive heating and cool-
ing technologies use the building itself to capture
sunlight for heat and/or light and to reject heat
from the building. This includes windows to let in

7For reviews of passive architecture, see Bruce Anderson (ed).. Solar Building Architecture (Cambridge, MA: MIT Press, 1990); Jeffrey

Cook (ed.). Passive Cooling (Cambridge. MA: MIT Press. 1989): Balcomb (ed.), op. cit., footnote 5: American Solar Energy Society, “Proceed-

ings of the National Passive Solar Conferences,” various years: and references therein.
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FIGURE 3-3: Energy Services and Supplies in U.S. Residential and Commercial Buildings
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NOTE Energy use by particular buildings varies greatly by the type of building, occupancy region, cimate, and many other factors

SOURCES U S Department of Energy, Energy Information Administration, Annual Energy Review 1992, DOE/EIA-0384(92) (Washington, DC: June
1993); and U S. Congress, Office of Technology Assessment, Building Energy Efficiency, OTA-E-518 (Washington, DC: U.S. Government Printing

Off Ice May 1992)

light for both heating and lighting; overhangs to
block the summer sun and minimize cooling re-
quirements, ventilation to reject unwanted heat or
provide fresh air, and thermal mass such as bricks
or concrete to store heat for use (winter) or to ab-
sorb heat for removal (summer) at some other time
during the day.

Window technology and placement are critical
for capturing solar energy in the winter and reject-
ing it in the summer; improvements in window
technology over the past decade allow this to be
done much more effectively than in the past (see
box 3-4). Once the window captures heat, thermal
mass “and interior air movements determine how

18Thermal Mass can moderate interior temperature swings.

effectively this heat is used. In recent years, pas-
sive design has emphasized “sun-tempering,”
which rearranges windows in the building to im-
prove solar gain and lighting but (over the entire
building) may require little additional window
area and little or no additional thermal mass. This
avoids the cost of adding therma mass; it also re-
duces design complexity by avoiding the difficul-
ty of properly coupling incoming sunlight to the
thermal mass. Most conventional construction, in
fact, has moved toward the use of lighter weight
materials. Even traditional elements such as brick
fireplaces are today commonly made of metal
with arelatively lightweight brick veneer over it

80
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FIGURE 3-4: Total Energy Use in U.S. Buildings, 1950-92, by Energy Supply Type
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SOURCE: U.S. Department of Energy, Energy Information Administration, Annual Energy Review, DOE/EIA-0384(92) (Washington, DC: June 1993)

to provide the appearance of solidity; this type of
construction reduces the usefulness of a fireplace
as thermal mass.

As south-facing window area is increased,
more sunlight is admitted into the space and the
use of thermal mass gradually becomes more im-
portant to minimize overheating and moderate
day-night temperature swings. Overheating and
glare were frequent complaints in early passive
homes, but they can now generally be avoided
with proper design.

These same architectural elements can provide
summer cooling. Overhangs®can shade south-
facing windows from the summer sun, thermal
mass can moderate temperature swings and can be

19Including awnings and trellises.

used to absorb heat during the day for release out-
side at night,”and properly sited operable win-
dows and open floor plans can provide effective
cross ventilation. Other techniques used include
shading by properly placed and selected trees or
other landscaping, night cooling,”and others. In
the dry Southwest, evaporative cooling can be ef-
fective and has long been used;*for the humid
Southeast, desiccant moisture removal systems
are being developed because moisture removal is
a prime problem.”

A key element in cost-effectiveness for these
technologies is to employ the same elements nor-
mally used to construct a building, but configure

20Th;s will generally be accomplished with ventilation at night to circulate cooler night air.

2!This can include ventilation with night air or radiation to the night sky—both coupled to thermal mass (including earth coupling) to re-

move heat absorbed by the thermal mass during the day.

2275 the name implies, evaporative coolinguses [he evaporation of water to absorb heat and cool the air. When the cooler, more humid air is

discharged directly into the living space, the systemis often known as a “swamp chiller. " Alternatively, heat exchangers can be used, with the
humidified air blown outside after it first cools off dry interior air via a heat exchanger. This prevents excessive moisture input into interior

spaces.

23Desiccant removal SYStems yse drying agents to absorb y, ater from the interior air and then use solar energy to heat the agent and drive off

the moisture, releasing it to the outside.
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BOX 3-4: Advanced Window Technologie

|

Approximately 15 exajoules (EJ) of primary energy are used annually to heat and cool buidings; rough-
ly one-quarter of this energy demand due to undesirable heat losses or gains through windows,’When
the first 011 crisis occurred in 1973, approximately 70 percent of new windows sold in the United States
were single glazed with an insulating value of R-1 *If an average building life of 40 years is assumed, such
windows would result in the lifetime loss of more than 100 EJ worth more than $1 trillion *Following the first
energy crisis, changes in building codes and other factors resulted by 1990 in the market shifting largely
(80 percent) to double-glazed windows with an insulating value of R-2 Such windows cut energy loss in
half.

Beginning in 1976, researchers at Lawrence Berkeley Laboratory began work to Improve window perfor-
mance Low-emissivity (low-E) windows with special coatings to reduce heat loss were their first major
focus The $2-million federal Investment leveraged some $100 million in private Investment in low-E film
production technology,*This work produced windows with a thermal resistivity of R-3, and with low-con-
ductivty gases, R-4, with energy savings of two-thirds and three-quarters, respectively, compared with
single-glazed windows The first significant sales of low-E windows occurred in 1984 following a variety of
ongoing federal supports and outreach to manufacturers; they now account for one-third of residential win-
dow sales A number of other technologies have been developed subsequently and are now in various
stages of commercialization, Transparent insulation and electronically controlled coatings’are under devel-
opment and promise substantial further Improvements in window performance,

In parallel, Lawrence Berkeley Laboratory has developed a computer design tool called Window 4.0,
more than 3,000 copies have now been distributed. It 1s used extensively by manufacturers to design more
energy-efficient windows and by Industry for the window rating and labeling system.

'R Bevington and A Rosenfeid, “Energy for Buildings and Homes, * Scientific American, vo! 263, No 3, September 1990, p 80

? R-1 refers 10 the ressistance to heat flow, R-1 I1s a resistivity of 1 square foot-hour-°F/Btu

3 This assumes that 70 percent of the windows of the total building stock are single-glazed, intact. the fraction that was single-
glazed at that time was likely to be significantly higher The dollar vaiue 1s basedon the overall energy costs for buildings, the fraction of
energy use lost by windows, and a 40-year building life

4 Howard S Geller et al “The Importance of Government-Supported Research and Development :n Advancing Energy Efficiency
in the United States Buildings Sector” Electricity Efficient End-Use and New Generation Technologies, and Their Planning Implica-
tions, Thomas B Johansson et al (eds ) (Lund, Sweden Lund Unrversity Press, 1989)

*Electrochromic windows Researchers are also examining thermochromic (responsive to temperature) and photochromic (re-

sponsive to light) coatings

L — —

them in ways that better control natural energy  ful siting and landscaping, and other aids. These
flows. Thus, windows on the east and west side  design techniques are subtle, but effective.

are minimized-they tend to provide little net Passive heating, cooling, and lighting (see be-
winter heat but significant summer overheating—  low) require careful and sophisticated architectur-
and the equivalent window areais moved to the & design; they are design-intensive rather than
south side where it can provide winter heating. A material-intensive. The development, testing, and
fireplace might be positioned so that it receives di-  distribution of effective computer design tools
rect sunlight in the winter and thus can provide  and the provision of additional supports at the de-
some thermal mass benefits. Passive design must  sign stage may therefore be important for effective
be used in conjunction with a full complement of  and widespread use of these technologies.
cost-effective energy efficiency techniques, care-
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In some circumstances, however, the careful
“tuning” of passive design performance may also
cause difficulties. For example, passive solar and
daylit designs may sometimes be less amenable
than conventionally heated buildings to subse-
guent modifications to suit the tastes of new
owners. New owners of passive homes have
sometimes covered interior mass floors with car-
pet, mass walls with wallboard, or made other
changes that reduced the effectiveness of carefully
tuned interior designs. Similarly, offices may raise
existing or build new walls to increase worker pri-
vacy that at the same time disrupt the natural flow
of solar heated air through the building or block
daylight. On the other hand, unlike conventional
structures, passive buildings can often remain
habitable (and are less susceptible to freezing
damage) during power and fuel disruptions in se-
vere cold or hot spells. Further, passive design
features do not generally wear out the way con-
ventional heating, cooling, or lighting eguipment
does.

Properly designed and built, the reduction in
heating and cooling loads made possible through
passive solar design can alow conventiona heat-
ing and cooling equipment to be downsized, in
part offsetting any additional cost of RETs. Over-
all cost and performance results from a number of
case studies of carefully monitored buildings
across the United States are shown in figure 3-1.
These buildings demonstrated significant energy
savings, averaging roughly 50 percent energy sav-
ings for efficiency and renewable energy contribu-
tions combined, compared with conventiona
designs, and at relatively little increase in

construction cost. The overall cost of saving ener-
gy by using these technologies is substantially
lower than current or projected costs of conven-
tional fuels, as indicated in the example supply
curve of figure 3-5. These opportunities can be
found throughout the United States and offer pro-
spective owners of new residential and commer-
cial buildings large cost and energy savings.

| Daylighting™

Daylighting is the process of letting light in from
the outside and integrating it with interior electric
lighting (o provide high-quality, glare-free, lowl-
energy-use lighting for occupants. This includes
adding high windows, clerestories, and skylights
or roof monitorsto cast light deep into the build-
ing's interior: atria to provide lighting in the core
of a large building: and appropriately placed
walls, screens, reflectors, and luminaires to dif-
fuse daylight.

Both direct and diffuse sunlight can be used for
daylighting. Direct sunlight is highly directional,
very intense, and often variable from moment to
moment (e.g., as clouds pass by). It is used for
dayligh only after it has been diffused by pas-
sage through a diffusing window or fixture or after
it has been reflected off an interior (nonmirror)
surface. Direct sunlight may also be used for inte-
rior spaces where light must be “piped” in.”*Dif-
fuse sunlight is light that has been scattered by the
atmosphere and comes from the entire sky. Al-
though it isless intense than direct sunlight, itis
much less directional and variable from moment
to moment. Daylighting strategies often rely more

24See. e.g., J. Douglas Balcomb, “Daylighting,” [SPRA Course on Passive Solar Technologies for Buildings in Mediterranean Climates.
Kefalonia, Greece, Oct. 17-21, 1988; C. Ben[on et a., Lawrence Berkeley Laboratory, “Control System Performance in a Modern Daylighted
Office Building,” LB L-3061 1, October 1990; D. Arasteh et a., Lawrence Berkeley Laboratory, “Cooling Energyand CostSavings w ith Day
lighting in a Hot and Humid Climate,” LBL- 19734, July 1985; and G. Sweitzer et a., Lawrence Berkeley Laboratory, “Effects of Low-Emissiv
ity Glazings on Energy Use Patterns in Nonresidential Daylighted Bui ldings ” 1.BL-2 1577, December 1986. Extensive literature on daylighting
can be found m American Solar Energy Society, op. cit., footnote 17. For practical hands-on guides. see, e.g., Wayne Place and Thomas C.
Howard, North Carolina Alternative Energy Corp., *Day lighting Multistory Office Building s,” 1990; and Wayne Place and Thomas C. How ard.
North Carolina Alternative Energy Corp., “Daylighting Classroom Buildings,” 1991.

251¢ not diffused by a diffusing window, fixture, or reflector, direct sunlight tends to be used sparingly and then primarily to accent Internal

design. In this context, note that simply allowing light in from large expanses of glass on modem office facades can result in glare and require

high levels of artificial light as a counterbalance.
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FIGURE 3-5: Representative Building Energy Supply Curve
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NOTE: Estimated life-cycle cost and energy use are shown for a series (1-24) of renewable energy and energy efficiency im-
provements in a residential building in Albuquergue, NM, using electric resistance heating. Improvements include increases
inwall, ceiling, and perimeter insulation (steps 1-5, 13); higher quality windows (steps 6-7, 14, 24); and increases in window
area, placement, and associated features (8-12, 15-23). Atroughly steps 12-13, iife-cycle costs reach a minimum, with energy
use about half the base case electric resistance heated household. The cost of saving electnicity varies from around 8¢/kWh
at step 2, to 4¢/kWh at step 12, to 75¢/kWh at step 24. A similar analysis for natural gas shows a supply curve that is nearly
flat to steps 12-13—i.e., gas and solar heating cost the same at current low gas prices—and then becomes more expensive
for solar heating after step 13. Inthis case, although solar heating does not have a decisive direct cost advantage over low-cost
natura! gas, it does reduce exposure {0 the risk of future gas price increase, willhimprove building habitability during cotd spells
tgas is cut off, and reduces environmental impacts

SOURCE: Adapted from Robert W. Jones et al , "Residential Energy Standards for New Mexico, " Seventeenth National Passive
Solar Conference, Cocoa Beach, FL, June 13-18, 1992

heavily on diffuse sunlight because of its higher  energy savings from daylighting strategies is
lighting quality and stability. heavily dependent on the relationship between

Because daylight provides more visible light  lighting and cooling electricity saved, or addition-
than heat compared with artificial lighting, it can @ heating energy consumed. This relationship var
also reduce air conditioning loads.”Overall, the

26Diffuse sun] ight is roughly twice as efficient as standard fluorescent bulbs and nearly six times as efficient as incandescent bulbs in terms
of | ighting service per unit thermal input into the building. Thus, admitting | watt of diffuse sunlight can allow a decrease in the fluorescent
lighting load by 2 watts, and also decrease the air conditioning load by 0.5 waitts (if a coefficient performance of 2 is assumed), for anet sav ings
of 2.5 watts of electricity per Watt Of sunlight. This benefit is dleCreasing as artificial lighting becomes more efficient and lighting design reduces
unnecessarily high lighting levels.
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ries widely from region to region and from
building to building within regions.”

Daylighting is of particular interest in office
buildings where lighting is a very large energy de-
mand; internal heat gains predominate so that
cooling is needed over much of the year (and so
daylight can reduce cooling loads); and architec-
ture has already moved toward glass exteriors and
interior atria® Daylighting is alSO oOf great inter-
est for schools. Properly designed, daylighting
can provide 50 to 75 Bercent of the light needed
during daytime hours, P&lighting must be inte
grated with heating and cooling design elements
to achieve optimal overall performance. Windows
used for day lighting can be placed to provide pas-
sive solar heating in the winter and to avoid sum-
mer solar gains. Controls to dim or turn off
artificial lights are usually required to achieve the
full potential savings of daylighting.”

| Solar Water Heaters

Solar water heaters use panels or tanks exposed to
the sun to warm water for domestic or service use
(solar domestic hot water, SDHW)*or for swim-

sEarly adoption was fueled by a

ming pools.
number of forces, including emerging environ-
mentalism, fear of high fuel prices, and govern-
ment tax credits. With the expiration of the federa
tax credit in 1985, the solar thermal (including the
solar water heater) market experienced consider-
able downsizing, from 225 manufacturcrs in 1984
to 98 in 1986 and 45 today.” Overall, an esti-
mated 1.8 million systems have been produced
since the 1970s.34

Solar pool heaters are a low-temperature ap-
plication, typically operating around 80°F (27°C),
and thus can be quite efficient without using an in-
sulating glass or plastic cover, or other insulation.
This alows them to be very low cost with average
wholesale prices in 1992 of $27/m’($2.50/ft%).*
Solar pool heaters are cost-effective over afairly
wide range of conditions and have developed into
a significant market. Sales increased 11 percent
from 1991 to 1992 and accounted for nearly 90
percent of the solar thermal collector market.”

SDHW is a medium-temperature application.
typically operating around 120°F (50°C). These
temperatures require insulating glass or plastic

27The relationship between cooling and heating loads depends dramatically on the Jength and sev erity of the heating and cooling seasons.
The length of these seasons for a particular building depends on the assumed base case amount of heatthatis generated w i thin the bui Iding (e.g.,
by people, lights, and computers) and the degree to which this amount 1s changed by decreasing the lightingload. Thus, daylighting would save
proportionately more energy in a densely packed office building or restaurant, with large internal heat gains and a long cooling season. thanina
warehouse, with little internal gain and a shorter cooling season.

*Balcomb, op. cit.. footnote 24.

“Mike Nicklas, Innovative Design; J. Douglas Balcomb, National Renewable Energy Laboratory; and Mark Kelley, Building Science En-
gineering, personal communication, Apr. 13, 1994.

301y generalhowever daxliehting is desirable where it can Provide superior ighting for alarge portion of the ume. Otherwise, daylighting
does not become the norm and people override the lighting controls too frequently. Nicklas, op. cit.. footnote 29.

3 This refers to hot water used for household purposes (e. g., washing and bathing -

32Solar water heaters can be either passive, in which the flow of water (or other fluid ) is driv en by naturaltemperature differences generated
by solar heating, or active, in which the flow of water (or other fiuid)is driven by an electric pump powered by the utility grid or by an adjacent
photovoltaic system.

?‘Dm\.n.\’iz.Lnn;wmxtl_yheg\an inl 979, but experienced its biggest jump between 984 and 1986, U.S. Department of Energy, Energy [n
formation Adminstration. Solar Collector Manufacturing Activiry 1992, DOE EIA-0 174(92) (Washington. DC”. November1993).

3Sheinkoff. op. cit.- footnote -

xsEncrgylnformution Administration, op. cit., footnote 33.

¥Total solar [hernial collector shipments in 1992 were about 7 million square feet.
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covers, side and back insulation, and other tech-
nigues to reduce heat loss and improve efficien-
cy.”The greater mgaerial intensity and
complexity of these collectors raise wholesale
prices for the collector alone into the range of
$100/m2 ($1 0/ft").* Overall costs are typically in
the neighborhood of $200/m’for all of the hard-
ware, $ 100/m2 for installation, and up to $300/m’
for overhead, profit, and marketing costs.* This
gives atotal installed cost in the range of $300/m’
to $600/m’($30/ft*to $60/ft°).” Typical systems
are 4to 8 m’in area, depending on the climate, and
deliver roughly 30 to 40 MJ/day of energy. Thisis
equivalent to about 8 to 12 kWh of electricity with
avalue of $0.80 to $1.20/day at high electricity
rates." The simple payback may then be as low as

Six years in some select areas compared with elec-
tric water heating,” but it is not generally cost-
competitive compared with natural gas systems at
current prices.”

Large-scale production and installation of solar
water heaters might allow significant price de-
creases through economies of scale and learning
and by reducing marketing and other overheads.
Although there are enough cost-effective uses of
SDHW to justify large-scale manufacturing and
installation, the market has been slow to develop
due to avariety of market challenges.

Sola water heaters may aso sometimes be
made more cost-effective by considering their use

in utility demand-side management (DSM) pro-
grams. Although water heating is a large energy
demand (see figure 3-3), utility DSM programs
must instead focus on the extent to which water
heating contributes to the utility’s peak electricity
demand; this varies by region and time of year. As
an example of it not being cost-effective, studies
by Florida Power and Light found that electric wa-
ter heaters only contributed an average of about
0.2 kW each to the peak load. Overall program
costs and ratepayer impact concerns then made so-
lar water heater DSM investment incentives not
cost-effective (see box 3-5).

In areas with large coincident peaks between
electric water heating loads and utility loads, util-
ity incentives for SDHW systems may be cost-ef-
fective.”In response to this DSM opportunity,
Edison Electric Institute, the American Public
Power Association, and the Department of Energy
established the Utility Solar Water (USH,0) Pro-
gram to assist in the development and expansion
of utility programs for residential and commercia
solar water heating. The intent is both to reduce
utility demand in regions where the SDHW option
is cost-effective and to aggregate markets for
SDHW s0 as to alow manufacturing and installa-
tion scaleup and thus help drive costs down.

As with passive systems, the cost-effectiveness
of SDHW might be assisted by developing de-

¥These include spectrally selective absorber surfaces and vacuum jackets.

38, Information Administration, Op. cit., footnote 33

WHenry (57€9) Peebles 111, American Energy Technologies, Inc...personal communication, May 26, 1994.

401, Comparison, e Manufacturer estimated costs t. pe typically 25 percent for the collector and related hardware, 25 percent for market-

ing and advertisement. | 5 percent for installation, and 35 percent for overhead and profit.

4IThis ignores Storage losses and the value of the electric water heater tank, and assumes a high value of 10¢/kWh for residential electricity.

42This assumes the NIGNET cost of $600/m? for a smaller 4 m2 system installed in afavorable climate, ahigh level of del ivered energy, and

high electricity rates.

43Batch and thermosyphon water heaters are particularly cost-effective, in Some cases even when measured against natural gas.

#Seee.g., Clifford S, Murley and Donald E. Osbom, “SMUD’s Residential and Commercial Solar Domestic Hot Water Programs,” paper

presented at the American Solar Energy Society Solar 94 Conference, San Jose, CA, June 1994. A detailed study across the entire United States
found a wide variation in coincidence between hot water demand and utility loads, ranging from 12 to 78 percent in the summer to O to 36
percent in the winter, depending on the region. See S.F. Ahmed and J. Estoque, Solar Hot Water Manual for Electric Utilities: Domestic Hot
Water Systems, EPRI EM-4965 (Palo Alto, CA: Electric Power Research Institute, December 1986).
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BOX 3-5: Consideration of Solar Water Heaters as a DSM Measure by Florida Power and Light'

Florida Power and Light (FPL) began prowding front-end payments of up to $400 for solar domestic
water heaters (SDHW) in 1982 Installations under this program grew steadily to almost 14000 in 1985
before collapsing to less than 1,000 by 1987 when federal tax credits were withdrawn Overall FPL pro-
vided support for almost 41,000 solar water heaters between 1982 and 1990

In response to the Florida Public Service Commission, FPL developed a demand-side management
plan in 1990 On reviewing the payment for domestic solar water heaters, FPL found that, in fact, there
were benefits of only 75@ for every dollar spent The reason was that few people took hot showers in the
late afternoon when FPL experienced its peak electricity demand, so substituting SDHW reduced the peak
load little and saved FPL little Investment On the other hand during off peak times, electric water heaters
consumed large amounts of power --1 ,500 kWh per year—and so contributed substantially to FPL
revenues

Despite these results, FPL ultimately petitioned the Commission to continue its SDHW Incentive pay-
ment program because of FPLs concern that many of the benefits of renewable (e g , environmental bene-
fits, fuel diversity, continued support for the embryonic solar Industry) were not captured in the cost-benefit
analysis

At the same time, FPL discovered in its review of the SDHW program that swimming pool pumps had a
high load during the late-afternoon peak period Subsequent analysis found that photovoltaic-powered pool
pumps had a benefit-cost ratio of 1 2 (i.e., 20 percent net benefits) An Incentive program for photovoltaic-
powered pool pumps s now under study.

' Steven R Sim Residential Solar DSM Programs at Fiorida Power and Light “ Solar Age September-October 1991 pp 23-25

signs that are integrated into the building shell, re-
ducing overall material and construction
reguirements. Homeowner costs may also be re-
duced by incorporating the costs of the system
into the home mortgage—amortizing SDHW
costs over 30 years and alowing interest charges
to be deducted from tax payments.

| Active Space Heating and Cooling®

Active space heating and cooling systems use dis-
crete solar collectors—large panels glazed with
glass or clear plastic---on the roof or beside the
structure to capture sunlight and pipe the energy

where it can heat a building or drive a cooling
system.

Active space heating and cooling systems are
cost-effective for only a 1 imited range of applica
tions.“The primary difficulty with active sys-
tems is that large costly areas are required to
collect the relatively low-energy-intensity solar
resource. It is difficult to do this cost-effectively
with discrete dedicated material- and labor- inten-
sive collectors. In contrast. the cost-effectiveness
of passive architecture is largely the conseguence
of being able to use elements of the building it-

45For classic descriptions of active gy stems, see John A Duffic and William A. Beckma in, Solar Engineering of Thermal Processes. 2nd Ed.
(New York, NY: John Wiley & Sons.1991); and Bruce D. Hunn et a. (eds.), Engineering Principles and Concepts for Active Solar Systems

(Golden, CO: Solar EnergyResearchlnstitute, July 1987).

46y, s, Department of Energy. ~Renew able Energy Technology Evolution Rationales,” draft, Oct. 5.1990; and American Solar Energy Soci-
ety, Progress in Solar Energy Technologies and Applications: An Authoritative Review (Boulder, CO: January1994).
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self—at little or no additional material or labor
cost—to perform the collection function.

Several recent efforts have focused on reducing
the material intensity of active solar systems by
integrating the collector into the building shell.
For example, solar collectors are being developed
that heat ventilation air before it enters a build-
ing.” These collectors form part of the building
wall. Because ventilation air is a low-temperature
application (roughly 65° to 70°F) and because air
is pulled through the collector to the inside (mini-
mizing heat losses), glass or plastic covers are not
needed for insulation as is common for somewhat
higher temperature applications (such as solar do-
mestic hot water heaters). These factors minimize
the use of additional materials. At the same time,
low temperatures also mean that these systems
can be relatively high inefficiency. This technolo-
gy received one Of the prestigious R& b 100
awards from Research and Development maga-
zine for 1994. Ventilation preheat may become a
more important consideration as new air quality
standards for buildings are implemented,”and
these technologies appear likely to be cost-effec-
tive in some colder climate applications.

| Landscaping and Tree Planting®
The summer and winter temperatures of urban
areas tend to be higher than rural surroundings be-

cause asphalt, concrete, and other construction
materials absorb and hold large amounts of heat,
and because thereis little vegetation for shade or
to transpire moisture and thus lower urban tem-
peratures, SO In some cooling-dominated climates,

shading and reflective surfaces may help cool
buildings. *'For example, the National Academy
of Sciences estimates that planting trees and light-
ening the color of roads and buildings could re-
duce U.S. air conditioning use by about 25
percent. 52 Likewise, absorptive surfaces and
properly designed landscaping can help reduce
heating requirementsin other areas.

In response to this opportunity, several tree
planting programs have recently been initiated or
considered, including utility demand-side man-
agement programs. Little is known at this point
about the overall cost-effectiveness of these ef-
forts.* Balancing the potential energy and peak
electric capacity savings (which require further re-
search themselves) are outreach, planting costs,
maintenance, water use, risk of loss of trees, and
other factors. In addition, there are concerns about
root growth into sidewalks, sewers, and founda-
tions, among other issues. The location of trees
around a house and in any urban environment
must be carefully considered so as to help rather
than hinder passive performance in all seasons.

47 Charles F. Kutscher and Craig B. Christensen, “Unglazed Transpired Solar Collectors,” Advances in Solar Energy, Karl W. Boer (cd.)
(Boulder, CO: American Solar Energy Society, 1992); and Charles E. Kutscher. “Unglazed Transpired Solar Collectors,” Solar Today, August
1992, pp. 21-22.

481n the past, ventilation air heating was generally not a separately identified load. Over the past two decades, however, residential and
commercial buildings have been made substantially more airtight in order to increase efficiency; consequently, ventilation air heating is becom-
ing a more identifiable load. With new concerns over air quality and higher ventilation rates under American Society of Heating, Refrigeration,
and Air Conditioning Engineers's new standards, ventilation air heating is | ikely to become an important energy demand and may account for
roughly 5 to 15 percent of building energy demand.

49y s. Environmental Protection Agency, Cooling Our Communities: A Guidebook on Tree Planting and Light-Colored surfacing (Wash-
ington, DC: 1992).

50Urban heat island effects may, however, benefit winter heating. On the other hand, trees can provide important wind shielding from winter
winds and reduce building heat loss, but winter shading even by bare branches can reduce winter heat gain substantially.

5| care must be taken, however, that light surfaces do not reflect into adjacent windows and increase glare and cooling requirements.

52 National Academy of Sciences, policy Implications of Greenhouse Warming (Washington, DC: National Academy press, 1991).

33E. Gregory McPherson, “Evaluating the Cost Effectiveness of Shade Trees for Demand-Side Management,” The Electriciry Journal,
November 1993, pp. 57-65.
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Much further RD&D is needed to better under-
stand all these issues.

The potential in urban cores is less clear
because of the density and scale of construction.
Further research and carefully monitored demon-
strations are needed to clarify this potential. Car-
bon sequestration and air quality benefits, as well
as aesthetic benefits, are potentially also provided
by suburban and urban tree planting programs. B y
one estimate, a 5°F (3°C) reduction in the daily
high temperature of Los Angeles by using light-
colored surfaces on roads and buildings and by
planting trees could reduce smog episodes by one-
third .54

| Integrated Design

All of these technologies—passive or active solar
heating and cooling, daylighting, efficiency im-
provements, and others—must be considered in
an integrated fashion. Adding sufficient window
area to heat a poorly insulated building in the win-
ter may require such large amounts of thermal
mass to reduce day-night temperature swings that
it is not cost-effective, whereas adding a small
amount of window area to a well-insulated build-
ing may provide highly cost-effective heating.
Therma mass considered only for its winter heat-
ing benefits may not be cost-effective, but when
considered for its summer air conditioning peak
load shifting as well, it may be quite desirable.
Integrated building design is very important for
achieving high performance in these systems.®
Integrated design considers a wide range of cost
and performance tradeoffs across all aspects of the
building’s design in order to deliver the highest
quality building services—therma comfort,
lighting, clean air, aesthetics—at the lowest pos-
sible life-cycle cost. Adequate consideration of all

these factors is a very design-intensive process.
Consequently, the lack of capable computer de-
sign tools to aid the architect and builder in this
process is an important factor that has limited pen-
etration of these technologies. Improved knowl-
edge of building physics and the widespread
availability of powerful personal computers tire
now opening up, for the first time. the possibility
of sophisticated, integrated building design.

|[RD&D AND COMMERCIALIZATION

For RETSs to make a substantial contribut ion to en-
ergy needs in the buildings sector a variety of
RD&D and commercialization issues must be ad-
dressed. RD& D needs are examined briefly here,
followed by a detailed look at several key com-
merciaization challenges.

| Research, Development,
and Demonstration

Although several of these renewable energy
technologies are moderately mature, further R&D
is needed in areas such as monitoring systems;
computer-aided design tools for integrating day-
lighting, passive solar heating and cooling, and
other attributes in building design; more intelli-
gent lighting controlsto better integrate artificial
lighting with daylighting availability; electroni-
caly adjustable and spectrally selective windows,
and improved materials for active and passive so-
lar heating elements. These and other potential
areas for further RD& D are summarized in table
31

past Experiences”

Research, development, and demonstration of
RETs for buildings has been supported by federal
and state policies and programs for some two dc -

541 gy rence Berkeley Laboratory, ~Heat [slands and How To Cool Them,” Center for Building Science News. spring 1994,
55] Douglas Balcomb. “Integrated Design,” paper presented at the $ymposium on Solar Energy and Buildings, Athens. Greece, Dec.8-10.

11993.

S6The discussion on experience is based on J, Douglas Balcomb., pyssive Renewable Energy: What's Holding Us Up » Whar Should Be

Done? (Boulder, CO: National Renewable Energy Laboratory. July, 1992); and personal communications with contributor aslisted in the front

of this report.
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TABLE 3-1: Research and Development Needs

Materials

Building physics

Whole buildings

Human comfort research

Design tools

Insulants, particularly transparent Insulants such as aerogels
Electronically adjustable spectrally selective windows,

Improved lighting controls for Integrating daylighting and artificial lights
Improved and longer life gaskets and sealants

Phase-change materials,

Desiccants for cooling systems.

Selective surfaces

Improved catalysts for small-scale biomass combustion emissions control
Air-to-air heat exchanger materials

Passive cooling techniques, Incuding radiant cooling

Perimeter daylighting systems, allowing deeper penetration of perimeter spaces

Atria design for better daylighting and thermal performance

Basic heat transfer and natural convection air-flow research to improve perfor-
mance and comfort

Moisture absorption and desorption in building materials

Duct design

Testing advanced concepts in buildings,
Performance monitoring of solar buildings
Model land-use controls to encourage proper subdivision/site design

Determining what makes people comfortable or uncomfortable with respect to
temperature, humidity, lighting, and other factors within a building.

Improved residential and commercial building design tools that perform Integrated
analysis, including daylighting and window design, space heating, space cool-
ing, and utility demand-side management

Development of simplified design tools for the design and construction community.

Validation of design tools

SOURCE Off Ice of Technology Assessment, 1995

cades. This support has led to important develop-
ments in many aspects of passive and active solar
design; a variety of efficient lighting and tip-
pliance technologies;“Iow-emissivity window
coatings® and other window technology im-
provements, including the development of design
tools;*radiant barrier technology; ventilative

and desiccant cooling; and other technologies.
Not al projects were successful, of course, but the
overall track record has been good.

Support has aso been provided for a number of
demonstrations and field monitoring. The Depart-
ment of Energy (DOE) Passive Solar Commercial
Buildings Program supported the design of 21

57 Howard S. Geller et 41 “"The Importance of Government-Supported Research and Development in Ad\ ancing Energy Efficiency in the

United States Buildings Sector,” Electricity: Efficient End-Use und New Generation Technologies, und Their Planning Implications, Thomas

B. Johansson et a. (eds. ) (Lund, Sweden: Lund University Press,1989).

8By one estimate, the retumon [his technology —national savings to federal investment-hus been 7.000to!Sce ibid.

S90f particular note is the Lawrence Berkeley Laboratory Window 4.0 and other window design tools.
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commercial buildings throughout the United
States and monitored the cost and performance of
12 of them.” Energy and operating expenses were
cut in half with, on average, no net increase in
construction costs. Overall, lighting energy was
reduced 65 percent, cooling 65 percent, and heat-
ing 44 percent compared with standard construc-
tion (figure 3-1 ). Detailed surveys found
occupants highly satisfied with the buildings, par-
ticularly the daylighting. Key factors contributing
to success included federa use of private parties to
design, construct, and use the buildings, with the
federal role limited to bringing the parties togeth-
er, absorbing the additional cost of designing the
buildings, and monitoring building cost and per-
formance. This program helped train numerous
architects, engineers, and builders: provided de-
monstrable proof that the concepts worked; and
helped leverage the construction of many other
passive buildings.

Similarly, the Class B Residential Passive So-
lar Performance Monitoring Program conducted
by the Solar Energy Research Institute (SERI—
now known as the Nationa Renewable Energy
Laboratory) took detailed data (about 20 data
points an hour) for about 60 passive houses over
an extended period.” These data showed that the
passive systems provided more than half of the net
heating load of these buildings and gave insights
into how they worked as well as what did not
work. This program provided reliable documenta-
tion and support for these technologies and data to
aid researchers in improving these designs further.
Some believe this to be one of the most valuable
programs of the period because it provided de-

tailed information to designers and engineers on
what worked, what did not work, and why.

Some programs were, however, less success-
ful, particularly those that attempted to push inap-
propriate or immature technology into the market.
For example, a number of active solar cooling sys-
tems using different technologies were designed
and built as demonstrations. A few were techni-
cally successful, but many never operated and
none were ever close to being cost-effective or de-
veloping a self-sustaining market. The develop-
ment of cooling systems is important for much of
the United States, as well as much of the develop-
ing world. Before such technology pushes are at-
tempted, however, redlistic technologies must be
chosen and the research and development (R&D)
must be focused on ultimately providing commer-
cially viable products.

RD&D Funding

Overall federa funding for such RD&D programs
is listed in table 1-4 and has been in the range of $2
million to $5 million per year in recent years. In
comparison, annual private and public expendi-
tures for energy to heat, cool, light, and provide
other energy services for residential and commer-
cid buildings are roughly $180 hillion annually.”
If a 10-percent overall energy savings could be
realized in the longer term by using RETs in build-
ings---one-half to two-thirds the potential—$18
billion would be saved annually, without even
considering growth in the stock of buildings or in-
creases in energy prices. This amount is roughly
4,000 to 10,000 times recent federal expenditures

60gyrt Hill Kosar Rittelmann Associates and Min Kantrowitz Associates, Commercial Bullding Design: Integrating Climate. Comfort, and

Cost (New York, NY: Van Nostrand Reinhold Co., 1987); and U.S. Department of Energy, Project Summaries. Passive Solar Commercial

Buildings Program (Washington, DC 1982).

61Solar Energy Research Institute, Passive Solar Homes: 20 Case Studies, SERVSP-27 | -2473 (Golden, CO: December 1984); and Solar
Energy Research Institute, Passive Solar Manufactured Buildings: Design, Construction, and Class B Results, SERI/SP-27 1-2059 (Golden,

CO: December 1984).
62Energy Information Administration, op. cit.footnote!
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on RD&D in these technologies. A 10-percent
savings in the buildings sector corresponds rough-
ly to reducing total U.S. primary energy use by
about 3.5 percent.”

In comparison, coal currently supplies about 23
percent of total U.S. energy and 54 percent of U.S.
electricity. Fully implemented, the clean coal pro-
gram would reduce U.S. energy use by about 4.3
percent,* as well as substantially reducing emis-
sions of sulfur and nitrogen oxides (SO, and
NO,,.” (RETsin buildings would have a substan-
tially smaller direct impact on emissions of SO,
and NO,.)

While annual appropriations for RETs in build-
ings have been $2 million to $5 million in recent
years, those for the clean coal program have typi-
caly been in the $400 million to $500 million
range, roughly 100 times greater. Although these
calculations are crude and the programs are not di-
rectly comparable in many respects, these esti-
mates do give an order-of-magnitude comparison
of the relative benefits and costs of these pro-
grams. A much more detailed analysis of the rela-
tive long-term value of these and other programs
would be useful.

| Commercialization Overview

A variety of market challenges limits the commer-
cialization of RETs in the buildings sector. These
challenges must be addressed if a significant share
of cost-effective applications of RETs in buildings
are to be devel oped.” Such actions are particular-
ly important in the buildings sector because of
several factors: the large amount of energy con-
sumed and the corresponding environmental im-
pacts of fossil energy use; the very long lifetime of
buildings and the inherent difficulty and cost of
modifying them after construction; and important
interconnections with other sectors, particularly
electricity.

There is a large literature for the buildings sec-
tor discussing the extent to which various chal-
lenges to commercialization and/or observed
consumer behavior actually represent market dis-
tortions and barriers.” For example, studies of en-
ergy efficiency investments consistently find
implicit discount rates of 20 to 800 percent,
compared with market rates of 10 percent real and
less.” Some believe that this discrepancy indi-
cates substantial market distortions and barriers;

3In solar buildings, there ma, be small additional emissions for the production of additional glass, cement, and soforth. A total life-cycle
estimate of emissions is needed, but is not done here.

641y would raise €], it,.....I,efficiencies from the current 35 percent to roughly 45 percent. Since electricity accounts for about 85
percent of coa use and is 23 percent of total national energy use, the improvement in efficiency corresponds to national energy savings of 4.3
percent when fully implemented at today’s rate, without considering future changes in the mix or number of generating plants.

65Emissions reductions of 90 percent are aresearch goal.

56 Although cost-effectiveness as discussed here is based only on market prices for energy, it may be useful to include environmental and
other externalities in this cost-effectiveness criterion to the extent possible. These issues are not addressed in the discussion here for the build-
ings sector but are discussed for electricity in chapter 6.

5"Most of this literature focuses on energy efficiency and related investments. See, e.g., Alan H. Sanstad et al., Onthe Economic Analysis Of
Problemsin Energy Efficiency: Market Barriers, Marker Failures, and Policy Implications, LBL-32652 (Berkeley, CA: Lawrence Berkeley
Laboratory, Energy Analysis Program, January 1993); I.A. Hausman, “Individual Discount Rates and the Purchase and Utilization of Energy-
Using Durables,” Bell Journal of Economics, vol. 10, 1979, pp. 33-54; H. Ruderman et al., “The Behavior of the Market for Energy Efficiency in
Residential Appliances Including Heating and Cooling Equipment,” The Energy Journal, vol. 8, No. 1, 1987. pp. 10 I- 124; Harry Chemoff,
“Individual Purchase Criteria for Energy-Related Durables: The Misuse of Life Cycle Cost,” The Energy Journal, vol. 4, No. 4, October 1983,
pp. 8!-86; Fereidoon P. Sioshansi, * The Myths and Facts of Energy Efficiency,” Energy Policy. April 1991, pp. 231 -243; and Kevin A. Hassett
and Gilbert E. Metcalf, “Energy Conservation Investment: Do Consumers Discount the Future Correctly?’ Energy Policy, vol. 21, June 1993,
PP- 7 10-716. The references In these papers, particularly that@ Sanstad et al., provide a very extensive guide to the literature.

68Hausman, op. cit., footnote 67; and Ruderman et al., op. cit., footnOte 67.
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others believe that this represents legitimate con-
sumer sensitivity to the risk and uncertainties of
investing in energy-efficient equipment.” Re-
gardless of the cause of these investment patterns,
there appears to be a need to find mechanisms that
reduce the gap between what is cost-effective
from the societal perspective and what is currently
invested in by the individual. The focus hereison
the practical ways in which various factors may
limit the commercialization of RETs in the build-
ings sector, rather than a theoretic] discussion of
what does or does not constitute a market distor-
tion.

Market challenges to the use of RETs in build-
in,s occur at every step of design, construction,
sale. ownership, and energy costing.

| Design

Passive solar buildings are general] y more design-
intensive than conventional buildings. Low mar-
g ins on design fees and short time frames for
completing designs, the frequent lack of training,
and the lack of capable design tools and other sup-
ports tend to deter architects from pursuing such
design-intensive options. There may also be little
or no reward to the architect for pursuing an ener-
gy-conscious design.

Decisions on purchasing RETS require compar-
isons across many attributes, such as first cost,
performance, appearance, and convenience.
These attributes often overshadow energy consid-
erations. For example, the builder may redlize a
higher profit margin or quicker sale by adding an
extra bathroom or jacuzzi rather than by investing
in additional insulation or adding passive solar de-
sign features to reduce life-cycle costs and im-

%Hassett and Metcalf, op. cit., footnote 67.

prove overall societal costs and benefits. These
considerations strongly influence design and par-
ticularly the time that is devoted to different as-
pects of design.

Renewable energy technologies may also
change the amenity value of a building. Some may
object, for example, to the appearance of a (nonin-
tegrated) solar water heater on a rooftop. others
may appreciate the warmth and light of a sun-tem-
pered living room. In other cases. passive solar de-
sign may not--or may be (misperceived to
not—fit in with the local architecture and thus be
less desirable to some potential buyers. For exam-
ple, brick colonia houses may be able to incorpo-
rate modest levels of passive solar techniques, but
extensive use would be difficult without changing
appearances. Builders consequently may hesitate
to introduce passive solar features.”However,
some analysts believe that effective passive solar
designs exist for amost any architectural style, in-
cluding brick colonials.’

Strategies to address the design challenge of
passive solar include developing design tools and
guidelines, providing design assistance and sup-
porting information exchange, supporting the
education and training of architects and engineers
in these technologies, and establishing design
competitions and awards.”

Design Tools and Guidelines

The development of capable and user-friendly
computer design tools would address to varying
degrees al of the design challenges noted above,
particularly the lack of time or resources to devel-
op design-intensive passive solar architecture or
adapt it to various architectural styles. This poten-

iRon Nick Jon National Association of Home Builders. personal communication. July 23.1992.

7INicklas. op. cit., footnote 29; Kelley. op. cit., footnote 29.

728 ey eral of those interviewed by th,Office of Technology Assessment also raised concerns about the liability of the architectural firm

should any thing—even unrelated to the RET—go wrong m a building it designed using RETs. as \\ ell as the more general concern that an archi-
tect cannot “experiment’ ona client. A possible response would be to support the dev elopment of standard practice guidelines or standards for
the use of RETs in buildings through an organization such asthe American Society for Heating, Refrigeration, and Air Conditioning Engineer\
whose standards are widely recognized and accepted. This would reduce both the liability and the “experimentation” concerns. Further analy -

sis Of theseissuesis needed.
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Neuffer Construction homes m Reno, Nevada, use passive
design techniques to reduce energy use by 35 to 50 percent
compared with conventional homes

tial is largely untapped. The buildings sector—
architects, engineers, builders, equipment
manufacturers—tends to be highly fragmented,
with relatively few resources devoted to RD&D,
developing design tools, or transferring informa-
tion. Some recent work has begun to focus on this
issue (see box 3-6).

Such passive solar design tools should explicit-
ly interface with the computer-aided design
(CAD) tools now widely used to design commer-
cial buildings. This would ultimately allow a vari-
et y of performance calculat ions and optimizations
to run in the background while the building is de-
signed on CAD. (Such tools are especially needed
for the earliest design stages, when the architect is
just beginning to sketch his/her vision for the
building.) Similar development is needed for the
residential sector. It is important, however, that
design tools be validated on an ongoing basis
against actual building performance.”

Past experience with the development of de-
sign tools has been quite positive. Useful design
tools developed with federal funding and distrib-

uted to the buildings industry include the “Passive
Solar Design Strategies. Guidelines for Home
Building” by the National Renewable Energy
Laboratory and Passive Solar Industries Council,
the Solar Load Ratio Method of Los Alamos,
computer programs such as DOE-2"and Win-
dow-4 by Lawrence Berkeley Laboratory, and the
F-Chart method of the University of Wisconsin.
These tools have been very useful to many design-
ers and researchers in the buildings sector.

Design Assistance and Information Exchange

The ongoing collection of data from actual moni-
tored field demonstrations of technologies and the
conversion of those data to information usable by
practitioners can potentially play akey role in sup-
porting design work and validating various design
approaches. This was shown to be an important
part of past federal support of RET development
for buildings, as discussed above for the DOE Pas-
sive Solar Commercial Buildings Program and
the Class B Residential Passive Solar Perfor-
mance Monitoring Program. Such monitoring ef-
forts virtually ceased in 1982

The federal government has also played a vita
role in supporting valuable information exchange.
For example, 18 Passive Solar Conferences have
been held in the United States. The first was spon-
sored by the U.S. Energy Research and Develop-
ment Agency (ERDA)"and organized by the Los
Alamos National Laboratory solar group in 1976.
Since then, these conferences have been organized
by the American Solar Energy Society with some
funding from DOE and others. Similarly, there
have been international Passive and Low-Energy
Architecture Conferences held annually since
1982 with some federal support. The Passive So-
lar Journal was also launched by a single $85,000

73For example, theoretical models often break down when critical parameters such as air infiltration rates are simply guessed or when prac-

tical construction techniques compromise performance(e.g.. by creating thermal short circuits between the building interior and exterior).

74 Although admittedly user unfriendly, DOE-2 has played an important role in providing a technically oriented design audience with an
important tool for understanding energy flow in buildings. Lawrence Berkeley Laboratory, with funding from the Electric Power Research
Institute and DOE, is developing auser-friendly, interactive version of this energy-simulation software.

TSERDA was a forerunner of the Department of Energy.
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BOX 3-6: Passive Solar Design Strategies: Guidelines for Home Building

The lack of high-quallty user-friendly computer tools for passive building design has been a serious
constraint on more widespread use of these systems In response, researchers at the National Renewable
Energy Laboratory and the Passive Solar Industries Council, in a five-year collaborate effort, have devel-
oped a computer tool, Passive Solar Design Strategies: Gudelines for Home Building, with support from ‘
the Department of Energy It has been distributed widely through the Pass-we Solar Industries Council To
date, more than 100 versions of these guidelines have been generated for different localities, and nearly 50
workshops have been held with more than 3,000 attendees The response has been good with almost 100
known passive homes constructed USING these guidelines or the accompanying software called Builder
Guide A similar program is now under development for small commercial buildings.

Further development and dissemination of these design tools could fill an Important gap in making pas-

sive designs a viable option for designers and builders

= ~——

federal grant.”These efforts were a primary
source of in format ion and a meet ing ground for re-
searchers. architects, builders, financiers, and po-
licymakers.

Education and Training

For RETs to be designed and built into buildings,
architects and engineers must be trained in the
technology. Education and training thus play an
important role if solar buildings industry is to de-
velop.

Past experiences have shown both the benefits
and the risks of depending on federal assistance
for education and training support. For example,
the masters of science (MS) program at Trinity
University in San Antonio is noted by some as
having produced a particularly fine group of well-
educated solar engineers and technologies. This
program received considerable support from the
DOE Solar Program in the late 1970s and early
1980s, but then folded in the mid- 1980s when
funding dried up. In contrast, the School of Archi-
tecture at Arizona State Universit y has maintained
an MS solar design program for more than two de-

SOURCES J Douglas Balcomb National Renewable Energy Laboratory personal communications, March 1994 Helen English
Passive Solar Industries Council personal communications March 1994

cades with essential y no federal support. This has
greatly limited its resources, but has also pro-
tected it from arbitrary shiftsin federal funding.

Design Competitions and Awards

Design competitions can potentially be used to
stimulate interest in RETSs for buildings, and nu-
merous small awards can be given for better de-
signs. Such programs could be structured so that
there are many winners—perhaps half of the en-
trants, while the awards vary from a few thousand
dollars for residential buildings to a few tens of
thousands for commercial buildings. These
amounts would be sufficient to cover a substantial
portion of the additional design costs of including
RETs in the building, while keeping overal pro-
gram costs relatively low.

Past experience with such design competitions
has been positive. DOE and the Department of
Housing and Urban Development (HUD) collabo-
rated in holding three rounds of passive solar de-
sign competitions in the late 1970s and early
1980s. Awards were given to the best designs,
based on performance and architectura quality,

76Support ended, howe cr, before this publication became self-supporting:itisnolonger published.
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and covered the additional cost of designing a pas-
sive home and entering the competition.77 Only a
few hundred awards were given out, but the inter-
est generated led to the construction of thousands
of passive solar homes, ” These competitions also
pushed designers to develop better quantitative
analysis tools for passive design and encouraged
their more widespread use in the private sector. A
number of construction practices now becoming
standard were derived in part from these competi-
tions and related demonstrations, including bet-
ter-insulated walls and roofs, improved windows
and doors, airtightening techniques, and founda-
tion insulation.

|Construction

In 1990, the residential construction industry built
1.4 million new homes, two-thirds of which were
single family. This industry consists of about
100,000 firms with an average of five employees
each. Small firms, however, built only 13 percent
of new housing units; firms that build more than
100 units per year account for two-thirds of new
housing units and may be better able to use new
designs. In general, however, the industry is high-
ly fragmented, which makes the introduction of
new design and construction practices difficult.”
This problem is compounded by the highly frag-
mented local codes and standards to which build-
ings must be constructed. As a trade industry,
practices are generaly learned by experience,
which also contributes to the long times for
change within the industry.

Some have argued that laying out a new subdi-
vision to maximize the potential solar gain may
reduce the number of homes that will fit in a tract,
potentially raising prices and lowering devel oper

revenues. Others note that |ots can be laid out as
desired; those most suitable for passive solar can
have appropriate designs built on them, while oth-
ers can place less emphasis on passive solar and
more on efficiency.”

Construction bidding (by building contractors)
is amost always done on a competitive first-cost
basis rather than alife-cycle cost basis. Higher rea
or perceived upfront costs may then deter invest-
ment in RETs. Construction budgeting (by own-
ers or architect/engineering firms) is usualy done
on a first-cost basis as well, but sometimes is
based on life-cycle cost.

Strategies to address the construction challenge
include supporting the construction of demonstra-
tion buildings and monitoring their performance
carefully; supporting information exchange; es-
tablishing solar equipment rating and certifica-
tion; encouraging utility investment; developing
voluntary or mandatory building energy rating
systems, codes, and standards; and giving “golden
carrots’ to manufacturers.

Demonstrations

Demonstration buildings and detailed perfor-
mance monitoring can provide builders with vis-
ible, physical proof that a technology works.
These demonstrations differ from the RD&D ef-
forts described above in that they would not fea-
ture new or unproven technologies, but instead
would serve as showcases for commercialy vi-
able technologies that builders and potential users
could see and touch.

Information Exchange

Information programs can play an important role
in generating interest among potential builders of

77California Energy Commission, “Solar Gain: Winners of the Passive Solar Design Competition,” February 1980: and Franklin Research
Center, “The First Passive Solar Home Awards.” prepared for the U.S. Department of Housing and Urban Development, January 1979.
78] Douglas Balcomb, National Renewable Energy Laboratory, personal communication, February!994.

790 ffice of Technology Assessment, op. ClI., footnote 3.

8oJeffrey Cook, Arizona State University; Mike Nicklas, Innovative Design; and Mary-Margaret Jenior, U.S. Department of Energy, per-

sonal communications, Apr. 3, 1994. Mark Kelley, Building Science Engineering, personal communication, Apr. 13, 1994.
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passive solar buildings or other RETs in the build-
ings sector and educating them as to what works
and what does not.

Solar Equipment Rating and Certification

Private sector equipment rating and certification
systems have sprung up widely where large mar-
kets exist; establishing such systems where mar-
kets are young or small is more difficult. Such
rating and certification programs can increase
consumer confidence and reduce the risk of
“quick-buck” operations that damage the indus-
try’s reputation; they can help standardize
technology evaluations, and they can provide a
means of comparing technologies. These benefits
can be important to a young and struggling indus-
try.

Several equipment rating and certification sys-
tems have been initiated with assistance from fed-
eral and state governments. A system for rating
windows has been developed by the National Fen-
estration Rating Council and Lawrence Berkeley
Laboratory. Solar water heaters are rated under the
Solar Rating and Certification Corporation, an in-
dependent nonprofit corporation formed in 1980
by the Solar Energy Industries Association and
the Interstate Solar Coordination Council, which
represents state governments and publicly owned
utilities.” Rating and certification could be ex-
tended to other products, particularly those used
in passive applications such as daylighting sys-
tems and integrated lighting controls, and inte-
grated mechanical systems.

Utility Investment

Utilities could potentially benefit substantially
from RETs by reducing overall load, reducing
peak loads, and shifting peak loads to offpeak
hours. The cost-effectiveness of these DSM ap-

plications depends on the location, the particul ar
building load, the utility load, the RET, and other
factors. Utility DSM programs have grown rapid-
ly to exploit the potential for improvements in en-
ergy efficiency. Because of internal procedures,
Public Utility Commission directives, or other
factors, however, many utility DSM programs
may not adequately consider RETSs. Factors such
as the Ratepayer Impact Test may aso play arole
in reducing support for RET DSM programs™
(see box 3-7). To overcome this potentia short-
sightedness requires specific recognition of the
role of renewable asa DSM measure. Thisis pri-
marily a state public utility regulatory commis-
sion issue. Potential federal roles might include
supporting case studies, developing generic mod-
el DSM programs that can be adjusted by region,
and providing information transfer of needed
baseline data.

Building Energy Rating Systems,

Codes, and Standards

Improvements in building energy performance
could be achieved with building energy rating sys-
tems or with codes and standards.

Building energy rating systems could be used
to provide reliable information on the expected
energy costs of a particular building. This would
provide potential buyers or renters with useful in-
formation for making their decision. As a first
step, sellers of existing properties might be en-
couraged (or required) to inform potential buyers
of the building's energy bills for the previous 12
months. For new construction, other methods of
determining energy costs are needed. For exam-
ple, Home Energy Rating Systems are at various
stages of pilot demonstration and are described
briefly in box 3-8.

81-g0lar Rating & Certification Corporation Presents OG-300-89: The Most Comprehensive Guide on Solar Water Heating Systems,” So-

lar Indusiry Journal, fourth quarter, 1990, p. 36.

82For more detailed discussions of this issue, see David Moskovitz et ., Increasing the Efficiency of Electricity Production and Use: Barri-

ers and Srategies (Washington, DC: American Council for an Energy Efficient Economy, November 1991 ); and James F. Deegan, “The TRC
and RIM Tests, How They Got That Way, and When To Apply Them,” The Electricity Journal, November 1993, pp. 41-45.
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BOX 3-7: Consideration of Passive Solar Homes at Sierra Pacific Power Company’

2 The higher cost is due to additional features provided

Codes and standards might be used to mandate
certain minimum building energy performance
standards; these in turn would rely on renewable
and energy-efficient technologies for imple-
mentation. The key to this is developing guide-
lines by region and building type that list
reasonable energy budgets and goals. At least 40
countries now have voluntary or mandatory stan-
dards for energy use in new buildings.*

Whether or not codes and standards are prefera-
ble to market mechanisms depends on many fac-
tors, including the flexibility alowed by the codes
and standards as implemented, the cost-effective-
ness of codes/standards or market mechanisms,
and the influence of market challenges described

' Donald Aitken and Paul Bony, “Passive Solar Productlon Housing and the Utilities, ” Solar Today, March/April 1993, pp 23-26

in this section and the effectiveness of market
mechanisms in overcoming them. For example,
the disjuncture between owner and tenant, or the
consumer’s perception of risk and uncertainty,”
may overwhelm many market mechanisms and
reguire the use of codes and standards or other
nonmarket approaches if there is to be rapid mar-
ket penetration by cost-effective technologies.
Codes and standards are often problematic in
practice. It maybe difficult to properly account for
integrated design, the variability of building types
and orientations, or a variety of other factors with-
in the constraints of prescriptive standards. Per-
formance standards can be difficult to enforce:

X3~ history Of building codes and standards is provided in Office of Technology Assessment, Op. cit., footnote 3, pp. 107-109. These codes

are now being rev iewed and updated under the Energy Policy Act of 1992, sections 101, 102, 104, and elsewhere.
84Kathry n B. Janda and Joh,F, Busch, “Worldwide Status of Energy Standards fOr Buildings,” £,erey, vol. 19, No. 1, 1994, pp. 27-44.

85 Hassett and Metcalf, op. cit.. footnote 67.
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BOX 3-8: Home Energy Rating Systems and Energy-Efficient Mortgages’

Home Energy Rating Systems (HERS) are being developed to provide a reliable tool for predicting the
energy use of residences; Energy-Efficient Mortgages (EEMs) will incorporate consideration of energy
costs when underwriting mortgages. Thus, purchasers of low-energy-use homes will more easily qualify for
a mortgage? or will qualify for a larger loan than those who purchase inefficient homes.

Efforts to develop HERS and EEMs go back to about 1980, but the programs had been relatively inac-
tive. The current nationai effort began in 1990 with the National Affordabie Housing Act and in 1991 with the
National Energy Strategy. In 1992, the Departments of Energy and Housing and Urban Development, and
25 stakeholder groups released “A Blueprint for Action” calling for voluntary HERS and EEMs and provid-
ing a framework for HERS-EEMs programs, including criteria for qualitying for a loan, default rate data
collection and use, lender indemnification, property evaluation, rating system validation, quality control,
pubiic information programs, and builder and iender training. Work to further define each of these and
other issues is proceeding

The National Energy Policy Act, the Housing and Community Development Act.3 and the Veteran Home
Loan Program Amendments,‘all signed in 1992, accelerated the HERS-EEMs effort The Housing and
Community Development Act, in particular, requires the establishment of a five-state pilot EEM program
and work 1s proceeding

HERS and EEMs represent an Important step forward Results from pilot projects should prowde valu-
able Information on how to make them more effective and determine their true potential

' The principal source for this box I1s Barbara C Farhar and Jan Eckert Energy-Efficient Mortgages and Home Energy Rating
Systems A Report 0n the Nation's Progress NREL/TP-461-5478 (Golden, CO Natioral Renewable Energy Laboratory September
1993

2)By one estimate some 250 000 families might guaiify for a first-tme home ‘oar under EEMs who would otherwise be excluded
under todays system, which does not consider energy use inloan gualfication criteria See ibid

*U S Congress Housing and Community Development Act of 1992, Conference Report 102-1017 Oct 5 1992

‘The Veterans Home Loan Amendments (Title 38, section 9) establishes a nat iornwide loar guarantee program—for loans up to
$6000 in some circumstances—for energy efficiency improvements to an existing home owned and occupied by a veteran

officials charged with enforcing building codes,
for example, are generally more concerned with
health and safety—they will not be aware of a
higher energy bill, but if adeadly fire occursin a
building they inspected, they will see and hear
about it on the news and in the office. Officials are
often already overcommitted, and energy codes
and standards tend to be complex, potentially re-
quiring considerable additional attention.” Tech-

nically, codes and standards often significantly
lag best practice and are slow to incorporate tech-
nological improvements. Codes and standards
may nevertheless be an important tool in ensuring
aminimum level of performance.

Where codes and standards are used, state and
local governments generally play the lead role; the
federal government can aso tighten energy-re-
lated codes and standards and work with state or

861 many cases, however, code enforcement depends more on the architect, engineering (A. E) firm than on inspectors. Whenan A’ E sub-

mits a set of construction documents for a building permit, it is representing that the documents are in compliance withall applicable regulations.
Building officials can check only limited aspects of any plan to \ erify code compliance. Therefore, if compliance with an energy standard is
required, A/Es are obligated to comply, just as they are with fire safety provisions. Of course, training isstill needed to prov ide the A E with the
knowledge needed to understand and comply with the requirement. Thisis not intended to minimize the importance of code review or of train-
ing code officials, but one need not rely solely on code officials to achieve compliance. Harry Gordon, Burt Hill Kosar Rittelmann Associates,

personal communication, Apr. 25, 1994.
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local government to improve model building
codes. Providing an overall energy code and al-
lowing substantial flexibility within it can give
designers and builders more opportunities to cost-
effectively and market-effectively meet the stan-
dard; however, such flexibility also increases the
complexity of enforcement, compared with the
use of prescriptive codes with simple checkoffs.
For example, the California Energy Commission
Title 24 Building Standards are noted for their al-
lowance of passive solar design techniques to off-
set heavier use of insulation; however, they also
require complex technical documentation. Title
24 aso lags technically in some areas. For exam-
ple, it has yet to incorporate low-emissivity coat-
ings on windows.

Where codes and standards are pursued, it is
also helpful to provide support for validating and
adopting particular design strategies that meet the
overall energy code requirement. Efficiency and
renewable should be treated equally within codes
and standards. If possible, however, it is generally
preferable to use a carrot to improve building en-
ergy performance rather than the stick of codes
and standards.

Golden Carrots

Manufacturers of RET equipment for buildings
might be given cash awards in competitions to
build the best-performing equipment. This has
proven an effective approach in the devel opment
of efficient refrigerator designs, and would com-
plement design competitions and awards for ar-
chitects and builders.

| Sale

Individuals pursue several goals when making en-
ergy-relaed building investment decisions—for
example, minimizing the time to make a decision,
spending the least amount upfront, minimizing
risk by obtaining the same item that worked be-

870ffice of Technology Assessment, op. cit., footnote 3.

fore, or smply avoiding “hassle.” Few pursue the
goa of minimizing life-cycle costs, which RETSs
can help achieve.”

Individuals often lack a source of credible in-
formation needed to make sound energy-related
investments. Vendors of solar systems may be
viewed with suspicion because of early perfor-
mance problems by some vendors in the field. Re-
liable information on actual field performance of
various RETs s difficult to obtain, and RETs are
often (misperceived as requiring discomfort or
sacrifice, which limits their appeal.

Strategies to address these problems include in-
formation programs, field demonstrations, solar
equipment rating and certification programs, util-
ity encouragement of or investment in building
RETS, building energy rating systems, and ener-
gy-efficient and renewable energy mortgages or
other forms of financial support such as tax cred-
its. Most of these have already been discussed
briefly; the focus here is on various forms of finan-
cia supports.

RET Mortgages

RET mortgages would alow a potential home
buyer to qualify for a higher loan by using ex-
pected future savings in energy costs to cover the
higher mortgage payments. Several pilot pro-
grams for energy-efficient mortigages are now un-
der development or in operation and will provide
useful information to guide future effortsin this
area. Energy efficiency mortgage pilot programs
are described in box 3-8.

Tax Credits
Tax credits reduce the effective cost to an investor
of an investment in an RET technology. There has
been considerable experience with these financia
supports.

Federal solar tax credits were enacted in
1978.%In response, markets for solar equipment

XX E,, Tax Act of 1978, Public [ aw 95.6] 8, Nov. 9, 1978. There are also a number of state tax credits, many of which continue today.

State tax credits were not examined in the course of this assessment, but deserve detailed analysis to determine better what works and why.



Chapter 3 Residential and Commercial Buildings 195

grew rapidly. There were, however, unintended
side effects. Equipment prices were often in-
creased, and some of this solar equipment was
poorly designed, poorly built, and poorly
installed. which resulted in failures. The market
grew so quickly with its intense, artificial fertiliz-
ing by tax credits that it had insufficient time to
weed out poor products and establish reputable
brands or dealers. The tax credits may also have
been somewhat inequitable in that they tended to
2o toward individuals in higher income brackets
that could afford the upfront investment. When
the tax credits were withdrawn in 1985, the market
crashed and numerous systems were left orphaned
in the field. Some manufacturers survived, have
persevered, and today market well-designed,
high-performance systems.

In addition, the tax credits applied only to add-
on equipment, not to passive design features—the
most cost-cffective approach—because it is very
difticult to design tax credits so that they apply to
the marginal investment in passive features. For
example, when is a window a window and when is
it a passive design element? This question indi-
cates the ditficulty of separately identifying what
components of a passive solar design should qual-
ify for a credit when they are intimate components
of the building structure. Consequently. tax cred-
its can be difficult to implement.

Improvements in technology may. in some
cases, sidestep the problem of identifying passive
solar value. For example, advances in window
technology make high-performance windows en-
ergy savers, irrespective of their orientation. Tax
credits might be provided for windows that per-
form better than a baseline standard, according to

the ratings of the National Fenestration Rating
Council.

Finally, the tax credits were expensive, and
there has been considerable debate over their ef-
fectiveness in stimulating investment.~°Recent
work has indicated that tax credits are modestly
effective in stimulating investment, but are
strongly impacted by consumer perception of the
risk of future energy costs versus sunk investment
and other factors.” If targeted on specific, high-
perforrmmce but expensive technologies, tax
credits may be effective in increasing sales, which
in turn should reduce costs of manufacture.

Feebates

Rather than use a broad-based energy tax, a tax/re-
bate might be applied to new construction based
on its estimated energy performance under build-
ing energy rating systems.” For example. build-
ings projected or measured”as requiring more
energy than average might be taxed at a rate that
increases with decreasing performance. These
taxes would provide rebates. again on a sliding
scale, for buildings expected to use less energy
than average. This would avoid the equity issues
inherent in a broad-based energy tax; it would also
help address the praoblem of the sensitivity of buy-
ers to upfront capital costs.

Although feebates have been proposed fre-
quently in various sectors, they have not been used
in the buildings sector. Pilot programs would be
needed to demonstrate that building energy usc
can be estimated reliably in practice and to address
a host of technical. commercial, and institutional

S9T.A. Cameron. "A Nested log 1tModel of Energy Conseryation Act ivit} by Owners of Existing S ingle Family Dwell ings,” Reviewof
Economicyand Statistics, vol. 1 17, 1985, pp.205-2 11, J.A.Dubin and S.E.Henson. “The Distributional Effects of the Federal Energy Tax Act,”
Resourcesand Energy.v ol 10,1988, pp. 191 -212: and M.J. Walsh. .. Energy Tax Credits and Housing Improvement,” Energy Economics, 1989,

pp. 275-2X4.

Y""Hassettand Metcalf, op. cit.. footnote 67; KC\ in A.Hassettand Gilbert E. Metcalf, “Energy Tax Credits and Residential Consery ation

Inv estment.” January 1993,

Y1 Itwould be necessary to ensure the accuracy of building energy rating sy stems through ongoing monitoring of a random sampling of

buildings.

“?Measurements might be made of building airtightness and other factor\ 1o determine overall building performance.
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issues. Although intriguing in concept, feebates
require much more study and demonstration.

| Ownership

Roughly one-third of housing and one-quarter of
commercial building floor space is leased or
rented rather than owned.”Landlords have little
incentive to invest in RETSs for buildings when the
tenant pays for the energy consumed. Tenants
have little incentive to invest in RETs since they
have little expectation of remaining long enough
to recoup their investment.

When trading off first-cost and energy savings,
homeowners will often not invest in RETs unless
they offer very short payback periods. Reasons for
this sensitivity include the following:

« Inability to recoup their investment. Home-
owners typically move every 6 to 10 years, If
the resale market does not value RET invest-
ments, the owner must recoup the investment
within this short ownership period, which en-
courages adesire for a quick payback.

- Perceived high risk and low resale value. In-
vestment in RETS is perceived as presenting
some risk for which the owner must be com-
pensated by a higher return (or equivalently a
shorter payback period). In particular, a resi-
dence is generally the largest purchase a con-
sumer ever makes, and anything that might
conceivably make the dwelling less marketable
or otherwise increase consumer risk may then
require a compensating “risk premium” pay-
ment.

» Large sunk investment, risk, and uncertainty,
Investments in energy savings are sunk invest-
ments, and homeowners must be appropriately
compensated for tying up so much of their capi-
tal in a“risky” illiquid investment. Given the
wide fluctuations in energy costs, the option of

930ffice of Technology Assessment, op. cit., footnote 3.

94Hassett and Metcalf, op. cit., footnote 67.

waiting to invest may be viewed as reducing
their risk. Technologies are also changing rap-
idly; early investment poses the risk of early
technological obsolescence, so there may be
advantages in waiting to invest.”

On the other hand, building owners also face
risks by being so utterly dependent on outside
sources of conventional energy. As witnessed
over the past two decades, energy prices can
skyrocket, subjecting the owner to unexpected
costs over extended periods. This may be a par-
ticular problem for low-income people or
fixed-income retirees. Further, should there be
a disruption in energy supplies, buildings can
quickly become uninhabitable. Such risks are
not commonly considered in building design,
construction, or ownership.

Strategies to address these problems include
building energy rating systems, RET mortgages,
financial supports, possibly including tax credits;
utility encouragement of and investment in RETS;
codes and standards; and feebates. These have
been discussed above.

| Energy Costs
Energy costs, particularly for a business, often
constitute only a small percentage of total operat-
ing costs and are much less than, for example, em-
ployee wages. Few businesses are willing to risk
any disruption in energy-generated services—
such as heating, cooling, or lighting—that might
lower worker productivity. Although this concern
is real, it may often be unfounded. Productivity
studies have found that well-designed passive so-
lar and efficient buildings can actually enhance
productivity. *

The price of energy in the market today may not
reflect the “true” societal cost of energy given the
distribution of goods and services across the cur-

95 walter Kroneretal., Using Advanced Office Technology To Increase Productivity (Troy, NY: Center for Architectural Research, Renssela-

er Polytechnique Institute, Troy, NY, 1992); and Joseph Romm and William Browning, “Greening the Building and the Bottom Line: Increased
Productivity Through Energy Efficient Design,” Asilomar Summer Study, American Council for an Energy Efficient Economy, 1994.
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The Sclar Energy Research Facility at the National Renewable Energy Laboratory in Goiden, Colorado, uses a variety of passive
and other technologies to reduce overall energy use by an estimated 30 to 40 percent compared with conventional buildings

rent population or across generations, the risk of
energy disruptions, uncertain y over future energ y
costs, potential national security impacts, and en-
vironmental impacts.” These issues are dis-
cussed in more detail in chapter 6 in the context of
the electricity sector.

Individually, designers. builders, and consum-
ers are each responding logically within the
constraints that they face; collectively, the net re-
sult is the construction of’ many buildings that
have much higher energy use than is necessary or
cost-effective. This poses a variety of financial,
risk, and environmental costs that are not now ad-
equately incorporated in marketplace decision-
making.

Strategies to address these problems include, in
addition to those is ted above, energy and environ-
mental externality taxes.

Energy and Environmental Taxes

The cost of energy could be raised to more accu-
rately reflect the full costs of using it, including

environmental and other external costs. For this to
have any significant impact, however, it would
best be combined with building energy rating sys-
tems and RET mortgages or other mechanisms.
The overall impact for reasonable tax levels, how-
ever. is likely to be modest and will take a long
time to occur because of the numerous market
challenges noted above. In addition, a broad-
based energy tax would fall more heavily on those
who own or rent older and less well-built housing.
Retrofitting housing can help reduce these costs
and is an important policy in its own right, Retro-
fits, however, are not nearly as effective as incor-
porating RETs in new construction.

| Federal Procurement

The federal government has considerable pur-
chasing power because of its size, and this power
can be used to increase the sales and distribution
of RETsfor buildings. In 1989. for example. the
federal government spent $3.5 billion for energy
used in its own buildings and another $4 billion

96The Price of energy maynotevenreflect the costto deliv er it wi thin the existing accounting framework. Energy prices charged residences

are averages and do not reflect the true cost of, for example, utility-generated power. particularly peak power. Time- of-use metering might better
reflect systemwide costs of” providing power and offer additionalincentives for consumer investment in RETs.
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subsidizing energy use of low-income house-
holds.” This includes the roughly 500,000 office
buildings owned or leased by the federal gover-
nment, 1.4 million low-income housing units
owned by the government, 9 million households
for which the government subsidizes energy hills,
and 422,000 military housing units. Incorporating
RETs in existing or new federally owned or ener-
gy-subsidized buildings may offer an important
opportunity to save taxpayer dollars where RETs
can be cost-effective alternatives to conventional
systems, while simultaneously providing mean-
ingful acknowledgment of the value of these
technologies.

| Lessons Learned

Several other overal lessons can be noted from
the history of past programs and policies. First,
premature termination of many of the federa pro-
gramsin building RETs in the early 1980s resulted
in the loss of valuable data, the disbanding of
highly productive research teams, and an abrupt
halt to the momentum that had been developed.
Second, although well intentioned, severa of the
commercialization programs did not usefully ad-
dress the key market challenges discussed above;
appropriate mechanisms to address these chal-
lenges remain elusive, and further experimenta-
tion is needed. Third, many of the technologies
were initially oversold, promising cost and perfor-
mance that could not be delivered.

An important difference now, compared with
two decades ago when these efforts began, is that
there is a foundation on which to build. Two de-
cades ago, R& D was just getting under way, while
commercialization of unknown technologies was
being pushed at the same time. This led to many
failures as well as many successes. Today, R&D
and detailed field monitoring have shown what
works and what does not. Commercialization ef-
forts, therefore, have a base of proven technolo-

gies on which markets can be built, while RD&D
can continue to provide new opportunities.

POLICY OPTIONS

There is aready considerable experience with a
variety of effective policies as well as some that
are ineffective in developing and commercializ-
ing RETs for buildings. Some of this experience is
discussed above, and a number of policy initia-
tives continue today (see box 3-1).

Current policies have been described through-
out this chapter and in box 3-1. As for funding
support, the total DOE fiscal year 1995 budget for
solar buildings is $4.69 million up from $2 mil-
lion in fiscal year 1992. This can be compared,
however, to a high of $260 million (1 992 dollars)
in 1978. Support will be used to develop solar wa-
ter heater rating and certification procedures, im-
prove their reliability, and demonstrate their use in
utility DSM programs, and to examine afew ad-
vanced technologies, including the integration of
photovoltaics into buildings—with funding of
$500,000%in fiscal year 1995.

Almost no support is provided for high-lever-
age activities such as the development of design
tools for passive solar buildings, and no support is
provided for design competitions, which proved
so successful in the late 1970s and early 1980s.
Similarly, there is little or no support for RD&D in
passive design, daylighting, field monitoring, or
other potentially high-leverage activities dis-
cussed earlier. As a consequence, market penetra-
tion by RETs into the buildings sector is likely to
continue to be slow, and numerous cost-effective
opportunities for using RETs in buildings are like-
ly to belost.

Taking advantage of low-cost, high-leverage
opportunities to greatly expand the devel opment
and use of RETs in buildings could help capture a
significant portion of cost-effective applications
and proportionally reduce the use of fossil fuelsin

97U.S. Congress, Office of Technology Assessment, Energy Efficiency in the Federal Government: Government by Good Example? OTA-

E-492 (Washington, DC: U.S. Government Printing Office, May 1991).

98This is part Of the total request of $4.69 million.
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buildings along with their attendant environmen-
tal impacts. Balanced against these potential
benefits are, of course, some costs and risks, in-
cluding increased direct federal expenditures
(higher than present spending) and the risk of in-
curring unanticipated costs in attempting to fur-
ther the use of RETs.” Federal expenditures
would increase under this strategy but could be
kept modest by targeting the highest leverage op-
portunities.

Policy options that might be considered as part
of such a strategy are listed below. Most of these
RD&D and education/information programs
could be supported through DOE, with commer-
ciaization programs also supported through the
Department of Housing and Urban Devel opment
and other agencies.

RD& D programs might include:

| Collaborative research, development, demon-
stration, and field monitoring. High-1 everage
R&D targets for RETs in buildings could be
supported at significantly higher levels in
cooperation with manufacturers and builders
(see table 3- 1). Collaborative field demonstra-
tions of promising near-commercial technolo-
gies with extensive performance monitoring
could also be supported. Many of the best field
performance data remain those collected under
the DOE Passive Solar Commercia Buildings
and the Class B Residential Passive Solar Per-
formance Monitoring Programs over a decade
ago, as described earlier. Building on this pre-
vious experience could have considerable
value.

.Golden carrots. Increased support for the de-
velopment of manufactured RETS for the build-
ings sector should also be considered. Current
funding is limited to a small solar hot water
heater program and a few others.|”"Such
RD&D can be conducted collaboratively be-
tween the national labs and manufacturers. It
might also be done by using private sector in-
centives such as the “golden carrot” award won
by Whirlpool for the development of the high-
efficiency refrigerator. ™

.Commercial demonstrations for builders and
users. Demonstrations of proven RETS in
buildings could be built, with federal support
for the difference in cogt, if any, compared with
conventiona buildings. In contrast to the above
R&D demonstrations, these buildings would
not be testing new technologies. Instead, they
would provide local builders and users exam-
ples of what is possible within particular mar-
ket segments. Since many of the passive solar
buildings constructed to date have been for an
upscale clientele, these designs might best tar-
get low- and medium-income housing. Recent
examples include the award winning “Esperan-
zadel Sol” development] 02 in Dallas, Texas,
featuring three-bedroom homes for $80,000
and Neuffer Construction’s Homes in Neva-
da. 103

Design and information programs might in-
clude:

| Design tools. Passive solar and other RET de-
sign tools are slowly being developed today. In-

99See. e.g., Linda Berry, TN.Administrative Costs of Energy Conservation Programs, ORNL/CON-294 (Oak Ridge, TN: Oak Ridge Na-

tional Laboratory, November 1989).

100This includes SOME work on unglazed transpired collectors and a small effort to integrate photovoltaics into buildings.

101U S. Congress, Office Of Technology Assessment, Energy Efficiency: Challenges and Opportunities for Electric Utilities, OTA-E-56 |

(Washington, DC: U.S. Government Printing Office, September 1993).

102This development received Edison Electric Institute’s first E-Seal award for environmentally superior design. With estimated overall

annual energysavings of 50 percent at an additional construction cost of 0.2 percent, this design has a payback time of less than one year. See
Burke Miller Thayer, “Esperanza del Sol: Sustainable, Affordable Housing,” Selar Today, May/June 1994, pp. 21 -23.

103Donald Aitkin and Paul Bony, *Passive Solar Production Housing and the Utilities,” Solar Today, March/April 1993, pp. 23-26.
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creased support would enable their more rapid
development, and their integration into com-
mercial CAD tools could provide a high-lever-
age means of encouraging the use of passive
solar and daylighting strategiesin commercial
buildings. Similar development of design tools
for the residential sector could be supported,
building on work already done by the National
Renewable Energy Laboratory, the Passive So-
lar Industries Council, Lawrence Berkeley
Laboratory, and others.

Design cornpelitions. Providing numerous but
small prizes (sufficient to cover the additional
cost of solar design) for the best solar designs
has proven effective in the past, and could be re-
started. This option complements the develop-
ment of design tools and also provides a
high-leverage means of encouraging the use of
passive solar and daylighting designs in build-
ings.

- Design assistance. Design assistance could be
provided to those who are interested in pursu-
ing solar designs but lack sufficient technical
means of doing so. This may be particularly im-
portant, for example, for small residential
builders. A set of region-specific, high-perfor-
mance solar designs for residences might also
be developed, demonstrated (see above), and
distributed as models. This strategy comple-
ments the development of design tools and the
use of design competitions.

Education. Support might be provided for the
development of additional course materials on
RETs for buildings at architecture schools and
for the development of focused RET design
programs such as those described above at
Trinity University or Arizona State University.
Information programs. Broad-based informa-
tion programs might be developed to provide
potential builders and users relevant informa-
tion for encouraging use of RETs in buildings
and for informing their decisionmaking.

Rating and standards programs might include:

1040ffice of Technology Assessment, op. cit., footnote 3.

= Solar rating and certification programs. Cur-

rent solar rating and certification programs,
such as those described earlier, might be ex-
panded and strengthened to include more
RETSs.

= Voluntary standards. Support might be pro-

vided for the American Society of Heating, Re-
frigeration, and Air Conditioning Engineers or
other professional organizations that help es-
tablish industry standards to develop guide-
lines and standards for best practice in solar
design. This wouid give RETs in buildings
higher visibility and credibility at relatively
low cost.

Building codes and standards. Building energy
codes can help ensure that minimum energy
performance standards are met; such codes
have been used extensively in the United
States. ™ Building codes might be further de-
veloped in support of RETS, recognizing the
potential difficulties as discussed above.

Finance and commercialization programs

might include;

n RET mortgages. Energy-efficient mortgages

are now under study in pilot programs (box
3-8). If the results of these efforts are positive,
such programs might be expanded in their tech-
nical scope to more fully consider renewable
and in their geographic scope to include a pro-
gressively larger portion of the United States.

- Federal procurement. All federal construction,

purchase, or rental of residential, commercial,
or other buildings could be based on life-cycle
cost analyses (including external i ties) that con-
sider efficiency and RET options, with man-
dated acquisition of the highest level of
efficiency and RET technology projected to be
cost-effective.

= Utility investment, Utility investment in RETs

for buildings could be encouraged through sup-
porting case studies to determine where, when.
and to what extent RETs can provide DSM
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benefits, including offsetting lighting, heating,
and air conditioning loads. The current effort
and the primary focus of the DOE Solar Build-
i, program is on utility DSM opportunities
using solar water heaters, as described above.

Other types of policies designed to increase
market competitiveness of RETSs could include the
following:

. Tax credits. Although tax credits were used dur-
ing 1978-85 with mixed results, as described
earlier, they might be combined with building
energy rating systems, solar rating and certifi-
cation programs, or other mechanisms to better
target them toward technologies that are cost-
effective over a wide range of circumstances.
The design of these programs should also con-
sider the lessons now being drawn from mod-
ern finance theory concerning the effectiveness
and structure of tax credits. **

| Fecbates. Pilot projects might be considered to
evaluate the potential of feebates as a means of
reducing the upfront capital costs of invest-
ments in RETs in buildings.

CROSSCUTTING ISSUES

Visions of the distributed utility (chapter 5) often
project large numbers of photovoltaic (PV) cells
or fuel cellsinresidential and commercia build-
ings. Integration of PV S into building structures
may significantly lower PV balance-of-system
costs; the use of distributed fuel cells might pro-
vide thermal benefits for space heating or hot wa-
ter but would continue to use natural gas as a fuel
for the near to mid-term with a transition to renew-
able fuelsin the long term. **In both cases, these
early markets might help ramp up production and

105 Hassetrand Metcal f, op. cit., footnotes 67 and 90.

Building-integrated PV system. The PV material in the skylight
serves a multiple purpose: the skylight cffsets interior artificial
lighting as well as cooling to remove heat generated by
artificial ights, the PV matenal coating the skyhight generates
electricity.

allow further economics of scale and learning to
be realized. Such economies might also cventual-
1y help fuel cellsto penetrate transport markets. *”

CONCLUSION

Renewable energy technologies arc available for
residential and commercial buildings but are not
yet widely utilized. As shown in this chapter,

106 A transition to renewable-generated hydrogen might be possible in the long term. Use of natural gas in the near to mid-term could then be

part of a transition strategy to develop the distributed utility, capture cogeneration benefits, and reduce the price of fuel cells tor other applica-

tions. See Joan M. Ogden and Joachim Nitsch, “Solar Hydrogen,” Renewable Encrgy. Sources for Fuels and Eleciriciry. Thomas B. Johansson

et al. (eds.) (Washington, DC: Island Press, 1993).

107N ote that the potential benefits depend on the type of fuel cell used. Chapter 4 describes asarietyof potential paths for transporttechnolo-

gies.some of whichuse particular fuel cells such as the proton exchange membrane ce 11, The choice of technology with m the buildings sector
should. therefore, consider in part the potential synergisms with transport technologies\.
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greater utilization of these technologies could
save money over the building'slife cycle and re-
duce energy use. The indirect benefits of these
technol ogies—particularly reduced environmen-
tal damage from fossil fuel use and reduced sensi-
tivity to power and fuel cost increases or supply
disruptions-could be considerable. There may
also be a significant export market for these
technologies, including spectrally selective and/

or electrochromic window coatings, lighting con-
trols, building-integrated photovoltaics, and
design tools. Past experience provides a number
of lessons that may be used to refine policies in-
tended to move these technologies into the build-
ings sector. A number of policies may offer
significant leverage to move these technologies
more rapidly into the marketplace with relatively
little investment.



enewable fuels and advanced vehicle technologies have
the potential to provide a large portion of our highway
transportation energy needs. These fuels and technologies
could substantially reduce oil imports, urban air pollu-
tion, and the emission of greenhouse gases, while providing jobs
and income to rura areas. To realize this potential, however, will
require a long and dedicated research and development (R&D) ef-
fort in order to achieve cost-effective, high-performance systems.

WHAT HAS CHANGED

IN TRANSPORT FUELS?

In the 1970s, the only renewable fuel considered seriously for
transport in the United States was ethanol derived from corn. *
Corn-to-ethanol production, however, is expensive. In addition,
when all the energy inputs to grow com and convert it to ethanol
are considered, there is—at best—a modest energy gain, with rel-
ative] y 1 ittle room for improvement compared with new technolo-
gies based on lignocellulose.

Advances in biotechnology are enabling researchers to convert
cellulose to sugars that can be fermented to ethanol. These ad-
vances allow use of much cheaper feedstocks (e.g., wood, grass,
and com stalks, rather than com grain) with relatively high yields.
This has lowered the cost of biomass-derived ethanol*from

1In Brazil. ethanol from sugar cane was vigorously pursued.

2As used here, biomass-ethanol refers to ethanol produced from lignocellulose bio-
mass feedstocks.

Transport

1103
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$4. 15/gal in 1980 to $1 .65/gal in 1993.° Advances
in gasification and catalysis are aso lowering the
cost of producing methanol and hydrogen from
biomass. As described in chapter 2, the production
of the biomass itself has improved greatly.

Similarly, advances in energy conversion de-
vices, particularly fuel cells, offer the prospect of
high-efficiency propulsion systems that can use a
variety of renewable fuels. For example, the
amount of platinum catalyst necessary in the pro-
ton-exchange membrane (PEM) fuel cell has been
greatly reduced. Ultimately, with other advances,
this may make it possible to reduce the cost of
such fuel cells with large-scale mass production to
alevel competitive on a vehicle life-cycle basis
with internal combustion engines (ICES).

In addition, reductions in the cost and improve-
ments in the performance of power electronics and
electric motors are allowing the development of
all-electric drivetrains as a substitute for today’ s
mechanical gearbox and drivetrain. This may al-
low substantial increases in efficiency-both
directly and indirectly through the use of regen-
erative braking (recovering the braking energy).
Numerous other advances have occurred across

many aspects of transport fuels and motive power
technologies.

| Potential Roles

The U.S. transportation system plays a centra role
in the economy. “Highway transportation, how-
ever, is dependent on internal combustion engine
vehicles fueled amost exclusively by petroleum.
This has given rise to a number of energy supply
and environmental concerns. Despite substantial
improvements in U.S. transportation energy effi-
ciency in recent decades,’the United States still
consumes more than one-third of the world's
transport energy.” Transportation accounts for
about one-quarter of total U.S. primary energy use
and nearly two-thirds of oil use. About one-half of
this oil is imported, costing the United States
about $45 billion per year. Domestic oil produc-
tion has declined since 1970 and is expected to
continue declining while demand is expected to
increase. With current policies, U.S. imports of ail
are likely to increase dramatically over the next
several decades (see chapter 1).

The U.S. dependence on oil not only makes the
economy vulnerable to the supply and price vola-

~1992 $/gal. s R. Venkateswaran, Energetics, Inc., and John Brogan, U.S. Department of Energy, personal communication, May 12,1994.
This includes approximately 35¢/gal for transport and delivery to the end user. Production costs above are approximately $3.80/gal and

$ 1.30/gal, respectively. This does not include road transport fuel taxes.

4The availability of reliable and efficient transportation systems has historically been an important determinant of economic growth. During
the past 20 years, the demand for transportation goods and services in the United States has generally matched overall economic expansion and
currently accounts for about one-sixth of the gross domestic product. See S.C. Davis and S.G. String, Transportation Energy Data Book: Edi-
[ion 12, ORNL-6743 (Oak Ridge, TN: Oak Ridge National Laboratory, 1992), table 2-19.

S5Aggregate travel energy intensity (energy use per passenger-mile) in the United States has declined about |5 percent since 1973. This drop
was principally due to the introduction of automobile fuel economy standards and higher oil prices. See L. Schipper, “Energy Efficiency and
Human Activity: Lessons from the Past, Importance for the Future,” paper presented at the Annual World Bank Conference on Development

Economics, Washington, DC, May 3-4, 1993.

6y s Congress, Office of Technology Assessment, Changing by Degrees. Steps To Reduce Greenhouse Gases, OTA-0-482 Washington,

DC: U.S. Government Printing Office, February 1991), p. 150.



tility of the world oil market, but also exacerbates
local and global environmental problems. Motor
vehicles currently account for 30 to 65 percent of
all urban air pollution in the United States and up
to 30 percent of carbon dioxide (CO5) emissions.”
Urban air pollution problems have motivated the
development of a substantial body of federal and
state regulations. Although urban air emissions
from highway vehicles are expected to drop sig-
nificantly® in this decade through improvements
in engines, fuel systems, exhaust controls, and
fuel characteristics, after the year 2000, carbon
monoxide (CO) emissions are projected to begin
growing due to increases in the number of vehicles
on the road and total vehicle-miles traveled.”

In addressing the environmental and energy
supply problems posed by our current transporta-
tion system, a number of approaches are possible.
Creating incentives for reducing vehicle-miles
traveled and promoting greater reliance on mass
transit have been central components of recent
federal legislation.!® For the foreseeable future,
however, the strong preference of American citi-
zens ftor personal transport is unlikely to change.
Thus, strategics that revolve around fuels pro-

duced from domestic resources, whose produc-
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greenhouse gascs (mainly CO») and criteria air
pollutants (CO, sulfur oxides. nitrogen oxides.
hydrocarbons, and particulates), are likely to be-
come increasingly important. Renewable energy
resources and technologies could help meet these
objectives over the long term and could make un-
necessary much of the regulatory overhead now in
place for conventional fossil fuels and engine sys-
tems emissions. Indeed, efficiency improvements
may not be sufficient to achieve long-run, deep
cuts in CO, emissions unless there i1s a switch to
renewable transport fuels.

Ethanol and methanol derived from biomass;
diesel oil substitutes derived from oil-producing
plants; electricity generated from renewables
(chapter 5); and possibly, in the much ionger term,
hydrogen produced directly from biomass or elec-
trolyzed from water by renewable-generated elec-
tricity are the principal renewable energy-based
fuels that might substitute for today’s petroleum-
based liquids. If transportation fuels were derived
from renewable sources such as solar, wind, or
biomass energy, emissions of CO; would be large-
ly eliminated (sec table 4-1). Renewable fuels
could also be used in zero- or near-zero-emission
vehicles.!!

tion and use involve minmmal emissions of

7About 45 1o 50 urban areas stil) violate the ozone quality standard, with emissions from highway vehicles—primarily automobiles and
light trucks --contributing 40 to 50 percent of the volatile organic compounds (VOCs) and one-third of the nitrogen oxides that are the precur-
sors of ozone. Evaporative emissions ---as opposed to tailpipe emissions—may be responsible for more than S0 percent of automobile hydro-
carbon emissions. Motor vehicles are estimated to be responsible for about 65 percent of carbon monoxide (CO)emissions. ULS. Environmental
Protection Agency. National Air Pollutant Emission Trends, 1990-1992, No. EPA-454/R-93-03 (Washington, DC: October 1993); National
Research Council, Rethinking the Ozone Problem in Urban and Regional Air Pollution (Washington, DC: National Academy Press, 1992): and
J.G.Calvertetal.. “Achieving Acceptable Air Quality: Some Retlections on Controlling Vehicle Emissions,” Science. vol. 261 July 2. 1993, pp.
37-45.

¥By the year 2000, compliance with the Clean Air Act Amendments of 1990 is expected to reduce CO emissions by 27 percent, nitrogen
oxides by 19 percent, and volatile organic chemicals by 30 percent. See U.S. Environmental Protection Agency, op. cit., footnote 7.

ISce U.S. Congress, Office of Technology Assessment, Improving Automobile Fuel Economy: New Standards, New Approaches. OTA-
E-504 (Washington, DC: U.S. Government Printing Office. October 1991).

The Clean Air Act Amendments of 1990 require the use of “transportation demand management—especially during peak travel times—
as a tool in reducing urban air pollution. The Intermodal Surtace Transportation Efficiency Actof 1991 allows states to shift highway funds to
transit, promotes new high-speed ground transportation systems, and generally establishes energy efficiency as a major goal ot new transporta-
tion investment.

"Some alternative fuels such as methanol and hydrogen can be derived from both renewable (biomass) and nonrenewable sources (natural
gas or coal). Although fuel-cycle emissions of CO; can be dramatically lowered by using renewable energy sources, vehicle tailpipe emissions

of criteria air pollutants will be essentially the same for both renewable and nonrenewable derived fuels.
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TABLE 4-1: Projected CO,-Equivalent Emissions of

Greenhouse Gases, Circa 20002

Fuel-cycle Change in
COz-equivalent  COs-equivalent

emissions emissions
Feedstock/fuel (grams/km)P (percent)
internal combustion engine vehicles (ICEVSs)
Baseline Petroleum/reformulated gasoline* 290 0
Coal/methanol 460 ~58
Coal/compressed H, 440 +52
Corn/ethanol (E85)° 210 to 320 -27t0~ 11
Corn/dedicated ethanol (EI 00) 210 to 320 -27 to +11
Natural gas/dedicated methanol (MI 00) 270 -6
Natural gas/compressed H, 220 -25
Natural gas/dedicated CNG' 220 -26
Biomass/compressed H,’ 70 -75
Solar/compressed H," 50 -82
Biomass/methanol 50 -83
Biomass/ethanol (E85) 35 -88
Biomass/dedicated ethanol (EIOO) 0to 30 -90 to 100

aThe estimates shown here are meanttoillustrate the potential reductions in greenhouse gas emissions that are possible
with a shift to renewable fuels; there is considerable uncertainty in some of the values listed

BThis is the sum of emissions of COp, CHy, NoO, CO, NO,, and NMOCs from the entire fuel production and use cycle
{excluding the manufacture of vehicles and equipment), per kilometer of travel, relative to the total g/km emissions for a
year-2000 hight-duty vehicle running on reformulated gasoline. All vehicles specified have the same total energy con-
sumption. Emissions ot gases other than CO, have been converted to an “equivalent” amount of CO, by multiplying
mass emissions of each gas by the following “global warming potentials™: CHy, 21; N2O, 270; CO, 2, NO,, 4, NMOCs. 5
The resultant CO;, equivalents of these gases have been added to actual CO, emissions, to produce an aggregate
measure of greenhouse gas emissions. The results shown are from unpublished runs of an updated version of the
greenhouse gas emissions mode! documented in M.S. Deluchi, Emissions of Greenhouse Gases from the Use of
Transportation Fuels and Electricity, Report No. ANL/ESD/TM-2 (Argonne, IL: Argonne National Laboratory, Center for
Transportation Research, November 1991)

CProjected greenhouse gas emissions for a year-2000 light-duty vehicle (26 mpg) operating on reformulated gasoline

dAssumes use of 85-percent ethanol mixed with 15-percent gasoline in a “flexible-fuel” vehicle that can burn any mixture
ofalcoholand gasoline. It also assumes that the E£85 flexible-fuel vehicle is 5 percent more efficient than the comparable
dedicated gasoline/ICEV. The dedicated ethanol/ICEV (E100) is assumed to be 12 percent more ethicient than the gaso-
line/ICEV because it can be optimized to run on ethanol, whereas the flexible-fuel vehicle cannot

eHydrogen is made at the refueling site from natural gas delivered by pipeline and then compressed to 8,400 psi for
delivery to vehicles. The compressor uses electricity generated from the projected national mix of power sources in the
United States in the year 2000.

'Natural gas is compressed to 3.000 psi for delivery to vehicles with high-pressure tanks

9Hydrogen is made in centralized biomass gasification plants, then compressed for pipeline transport using electricity

generated at the biomass plant. At the station, hydrogen 1s compressed to 8 400 psi for delivery to vehicles by a com-

YIRS W AT A IR e At P Akt R Al o MY Y VRriuib o Ay WA
pressor using the projected year-2000 U.S. mix of power sources.

PHydrogen 1s produced from water using solar power, delivered by pipeline to the service station, and then compressed
t0 8,400 psi for delivery to high-pressure tanks onboard vehicles. The hydrogen compressor at the refueiing station runs
off electricity generated from the projected national mix of power sources in the United States in the year 2000

'Assumes advanced biomass-to-ethanol conversion technology and electricity cogeneration from corn residue
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TABLE 4-1 (cont'd): Projected CO,-Equivalent Emissions of

Greenhouse Gases, Circa 20002

Fuel-cycle Change in
COs-equivalent  COx-equivaient
emissions emissions
Feedstock/fuel (grams/km)P (percent)
Battery-powered electric vehicles (BPEVS)
Average U.S. power generating mix! 250 -14
Solar powerk 0 -90 to 100
Fuel cell electric vehicles (FCEVs)
Coal/methanol 210 -27
Coal/compressed H» 180 -37
Natural gas/methanol 120 -58
Natural gas/compressed Ho 90 -69
Biomass/compressed Hp 30 -90
Solar/compressed Hp 20 93
Biomass/methanol 17 94
All solar/compressed Hy! 0 -90 to 100

IBPEVs are recharged at might using the extra electricity generated specifically to meet the BPEV demand.

kThis BPEV 1s recharged from 100 percent solar power

'The hydrogen compressor at the station runs on solar power

KEY: CNG = compressed natural gas; CH, = methane; Ho = hydrogen; mpg = miles per gallon, NMOC = nonmethane
organic compounds, N,O = nitrous oxide; NO, = nitric oxide; psi = pounds per square inch

SOURCE: The estimates presented here are drawn from Joan M. Odgen et al., "A Technical and Economic Assessment

ot Ranowahio Trangsnartation Fuelg ang Technoloaies “ra
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Biomass-derived fuels such as ethanol, metha-
nol, or hydrogen could satisfy a significant por-
tion of transportation energy needs if used in
conjunction with high-efficiency vehicle technol-
ogies such as hybrid electric vehicles or fuel cell-
powered vehicles. Some estimates for potential
bioenergy production range up to perhaps 25 EJ
(24 quads) by 2030.”Current transportation en-
ergy requirements are about 24 EJ (23 quads)
annually and are projected to increaseto31 EJ (30
quads) by 2010.13 Thus, unless coupled with very
aggressive efforts to improve vehicle fuel efficien-
cy, biomass-derived fuels will probably not be

rt nrenared for the Office of Technology Assessment May
vl prepared ior the Onice of 1eChnoiegy Assessment, Vay

sufficient to completely displace imported oil
used for transportation. Wind and especially solar
resources are potentially much larger than bio-
mass. Although wind- or solar-derived hydrogen
and electricity would not be resource constrained,
their higher costs will still justify attention to rais-
ing vehicle efficiency. Whether or not the poten-
tial of renewable resources can be realized,
however, remains uncertain and depends on their
cost and performance compared with other fuels
and technologies. The larger context of transport
infrastructure development and accounting for the

12See chapter 2. This does not include conversion |osses for biomass to liquid or gaseous fuels.

13U.S. Department of Energy, Energy Information Administration, Annual Energy Outlook, 1994, DOE/EIA-0383(94) (Washington, DC’

January 1994).
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FIGURE 4-1: Alternatives for Production and Use of Transportation Fuels
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social costs of fossil fuel use and transport are also
very important.

| Principal Themes

In this chapter, a variety of aternative technology
pathways are outlined that would utilize renew-
able fuels and advanced propulsion systems.
Their relative economic, environmental, and tech-
nological performance is analyzed vis-a-vis con-
ventional fossil-fueled systems; key research,
development, and demonstration (RD&D) and
commercilization issues that may impede market

introduction are examined; and various policy
measures that could bring these renewable
technology pathways to fruition are explored.

RENEWABLE ENERGY PATHS
FOR TRANSPORT

There are many possible options for automotive
transportation. Some major options now under
consideration are illustrated in figure 4-1, where
various combinations of primary energy sources,
intermediate energy carriers, and vehicle technol-
ogies are shown. Each fuel-propulsion system

14Eor a detaileddiscussion of the social €osts of transportation, see U.S. Congress, Office of Technology Assessment.Saving Energyin U.S.
Transportation, OTA-ETI-589 (Washington, DC: U.S. Government Printing Office, July 1994).



combination offers a different set of energy re-
quirements, emission levels, and performance
characteristics, as well as a different set of R&D
challenges and commercial hurdles. Some
technologies are relatively mature, whereas others
are only now being explored. There is great uncer-
tainty as to which of these fuel and vehicle
technologies will prove most desirable; the many
possible options, however, increases the likeli-
hood that one or more will be successful.

The development and maturation of one
technology can in some cases pave the way for
more efficient solutions later on. For example, the
use of methanol or ethanol in internal combustion
engine vehicles (I CEVS) could lead to the creation
of a bioenergy crop infrastructure that might later
b e shifted t o b i
s), Similarly, the creation of a natu-
ral gas distribution network for | CEVs—if prop-
erly designed and appropriate materials were
used—might ultimately lay the groundwork for a
hydrogen fuel infrastructure that could be used in
advanced propulsion systems. ‘5 Thus, different
fuel and vehicle technology alternatives are not
necessarily mutually exclusive options but in
some circumstances can serve as complementary
strategies over the long term.

A variety of evolutionary paths can be outlined
that lead from current technologies toward the use
of renewable fuels in low-emission vehicles. One
possible scenario is depicted in figure 4-2. Over
the course of the next decade, for example, ICEV's
operating on compressed natural gas (CNG),
methanol made from natural gas, or ethanol made
from corn might be introduced on awide scale. *
The use of natural gas or acohols in conventional

Fuel economy / emission reductions
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FIGURE 4-2: Transportation Technology Pathway
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NOTE: The evolution toward low-emission. high-efficiency vehicle sys-
tems could take many different directions. Pure electric vehicles or hy-
brid electric vehicles could emerge as important technologies. Hybrid
propulsion systems combine two power sources, potential power
sources include batteries, flywheels, internal combustion engines, gas
turbines, fuel cells, and diesel engines All vehicie technologies will
benefitfromthe introduction of light-weight materials. reductions in drag
androliing resistance, and improvements inmechanical of electric dnve
losses. Both conventional and emerging vehicle technologies can take
advantage of energy carriers such as methanol, ethanol. hydrogen,
and electricity that can be derived from renewable sources

SOURCE U S Department of Energy Off Ice of Transportation Technol-
ogies

vehicles offers a relatively low-risk strategy for re-
ducing petroleum dependence in the short term.
Depending on the particular fuel and vehicle
technology, reductions in emissions of criteria
pollutants could be modest (ethanol and metha-

15Hydrogen can be produced by steam reforming of natural gas. If a network of natural gas service stations were developed, a decentralized
hydrogen infrastructure might be created fairly quickly. Since stationary fuel cell applications are likel y to be commercially available well be-
fore transportation applications, it may be possible to tap into natural gas steam reformers at these stationary sites for refueling of hydrogen
ICEVs or FCVs. Paul Miller, W. AltonJones Foundation, personal communication, Apr. 19, 1994.

16 Hydrogen (from natural gas or biomass) and ethanol ( from cellulosic biomass) are unlikely to be widely available in the next 10 years.

Hydrogen faces infrastructure limitations, and ethanol derived from CEllulose is sitiin the development and early pilor production phase. Com-
based ethanoli\already in use but is unlikely to be more than a transition fuel since other sources are more promising economically.
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no]) to significant (CNG) to dramatic (hydro-
gen ). "Reductions in CO,would similarly vary
widely depending on the fuel and vehicle technol-
ogy. over the long term. more substantial reduc-
tions in greenhouse gas emissions could be
accomplished through the production of metha-
nol, ethanol, or hydrogen fuels from renewable
energy sources such as cellulosic biomass (see
table 4-1 ).

If petroleum use is to be reduced significantly,
propulsion systems with relatively high efficien-
cies arc necessary. Such efficiency requirements
might be met in the mid-term by hybrid vehicles
that, for example. combine a small ICE with a bat-
tery and an electric motor(s) driving the wheels.
Hybrid systems may be able to provide many of
the energy efficiency and emissions bencilts of
pure battery-powered electric vehicles (BPEV s),
while offering greater flexibility with respect to
range and performance. An ICE-based hybrid
could run on avariety of fuels such as hydrogen,
ethanol, methanol. or reformulated gasoline. Re-
search on hybrid systems could also speed the de-
velopment of electric drivetrain technologies and
advancd power control systems. Much RD&D
remains, however, to determine hybrid vehicle
cost and performance.

When cost-competitive, the ICE portion of the
hybrid could be replaced with a fuel cell, gas tur-
bine, or advanced diesel engine. The ICE hybrid
could thus alow a significant decoupling of the
various components of the vehicle system, per-

mitting development of the fuel infrastructure that
powers the | CE to be largely separated from devel-
opment of the electric drivetrain. This could facil i-
tate the introduction of fuel cell electric vehicles
over the long term (e.g., a methanol or hydrogen
infrastructure could be developed first for ICE hy-
brids and then used to supply energy for fuel cell-
bascd hybrids).

The introduction of fuel cell vehicles operating
on methanol or hydrogen from natural gas would
substantially reduce both criteria pollutant and
CO,emissions (because of the higher efficiency
of FCVS). °Fuel cell vehicles running on hydro-
gen produced from biomass or renewably gener-
ated electricity, or acohol (methanol or ethanol)
produced from biomass, are potentially the clean-
est and highest performance systems. A decade or
more of intensive RD&D remains to bc done,
however, before their technological and economic
feasibility can be fully determined.

Many key fuel cell technologies arc still in the
developmental phase. Although some advances
have been made in the area of PEM fuel ccl] per-
formance, much progress is required before a
complete fuel cell system can be commercialy
packaged for an automobile. The reliability y of the
essential components of a fuel cell system has not
yet been demonstrated in an automotive environ-
ment or over a typical automotive duty cycle. Al-
though fuel ccl] costs will likely drop as
economics of scale are achieved in manufactur-

| 7Allholénh alternatiy € fuels such as methanol, ethanol, and natural gas are “inherently” less ozone-forming andless carcinogenic than
gasol INC. new regu latory requ irements for gasol ine could very likely diminishthe environmental adv antage of alternati ve fuels. See D. E. ~u-
Ace. “Alternative Fuels for Automobile:: Are They Cleaner Than Gasoling?” Congressional Research Service Repro 92-235 S, Feb. 27, 1992
alsosee Alan J. Krupnick etal.. Resources for the Future, *The Cost-Effectiveness and Energy Security Benefits of Methanol Vehicles.” Discus-
i ton Paper QEY0- 25, September 1990; and J. Odgen et al., A Technical and Economic Assessmentof Renewable Transportation Fuel\ and
Technol OgieS\, " reportprepared for the Office of Technology Assessment, May 1994,

18The ICE  ould pe used t. generate electricity (o power an electric motor drivetrain, and the battery would prov ide “peak power’” to meet
acceleration or hill-climbing demands. Unlike conventional ICEVs, in which the pow erplant (the engine ) drives the w heels directly, a hybrid OF
pure electric vehicle uses the powerplant (e.g., heat engine. fuel cell, or batter]) to drive electric motors that drive the wheels.

19Fuel cells are electrochemical devices that convertthe chemical energy ina fuel (hydrogen is preferred)and oXidant (usually oxygenin
air) directly Into electrical energy. Unlike batteries. the reactants are supplied continuously from an external source (€. g., a hydrogen storage
tank plus air). The main exhaust product of a fuel celliswater. Over atypical urban driving cycle, fuel cell -propelled vehicles could potentialy
have two to three times the efficiency of ICEVs.



ing, the reductions necessary to make FCVs com-
petitive with other vehicle options will require
intensive engineering and manufacturing devel-
opment in coming years.20

BPEVs have the potential to directly displace
significant amounts of imported oil because just 4
percent of U.S. clectricity is generated from oil,
and most of this is for pcaking power. yet virtually
every trip they make would otherwise have been
made by a gasoline or diesel-fueled vehicle.
BPEVs could offer significant encrgy efficiency
and environmental benefits. BPEV tailpipe emis-
stons would be zero, while the magnitude of CO»
and other emissions would depend on the margin-
al electric power generation mix of a particular re-
gion.2! Emissions would be lower for advanced
natural gas powerplants than for coal, due to their
higher efficiency and the inherent cleanliness and
high-energy content of natural gas. Further reduc-
tions in greenhouse gas emissions could be
achieved through greater use of renewable energy
sources or nuclear power by electric utilities.

At present, however, no existing battery
technology would allow a pure BPEV to be fully
competitive with a conventional ICEV.22 In the
near term, BPEVs are most likely to be used as
secondary vehicles for commuting and short trips.
In addition to vehicle performance (determined
primarily by battery technology), the upfront ve-
hicle costs and the life-cycle operating costs of
BPEVs will determine the viability of this
technology option. The economic, technical, and
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environmental characteristics of the more plausi-
ble fuel-vehicle combinations arc examined in de-
tail in the followin: sections.

A RENEWABLE FUEL MENU”

A variety of transportation fuels can be produced
from renewable resources. The discussion here fo-
cuses on the four most promising energy ariers
that could be used in conjunction with low’-cmis-
sion vehicles: methanol, ethanol, hydrogn (H,).
and electricity. Many of the comercilizaeion is-
sues affecting aternative transport fuels have
been addressed previously in the Office of
Technology Assessment (OTA) report Replacing
Gasoline .- Alternative fuel for Light-Duty Ve-
hicles particularl the difficulties inherent in dc-
veloping a new fuel distribution infrastructure.”
The principal technical and economic challenges
facing renewable fuels are described below.

|[Methanol

Methanol is a liquid fuel that can be produced
from natural gas, coa. or biomass. Onc major ad-
vantage of methanoal is that it would requirc fewer
changes in vehicle design than some other alterna-
tive fuels, Flexible-fuel vehicles. which can oper-
ate on methanol, ethanol, gasoline, or a mixture of
these fuels, arc aready being produced in limitcd
numbers in the United States.” The use of such
vehicles could case the transition from gasoline.
Although methanal is frequently discussed as a re-

““A recent study by Allison-GM estimates that the initial purchase costs of a mass-produced FCV could be comparable 1o @ cons entional

ICEV. Life-cy cle operating costs may also be comparable. See Altison Gas Turbine Disvision, “Researchand Developmentof Proton- Exchange
Membrane (PEN!) Fuel Cell S? stem for Transportation Applications: Initial Conceptual DesignReport.”™ EDR 16194, report prepared for the
(. S Department of Energy, Office of Transportation Technologies, Nov. 30,1993.

21 The “marginal mix"1s a measure of the power generation that must come online due to BPEV charging and is aboy e and bey ond the

non- BPEV electricity demand.

22No existing battery technology possesses the necessary energy density (for range), power density (for acceleration performance), longev-

ity, low cost, or quick recharge characteristics that would ailow BPEVs to be comparable to conventional ICEVSs.

23The discussion in this section draws heavily from Odgen et al., op. cit.. footnote 17.

2411.S. Congress. Office of Technology Assessment, Replacing Gasoline: Alternative Fuels for Light-Dury Vehicles, OTA-E-364 (Washing-

ton, DC: U.S. Government Printing Office. September 1990).
251bid., p. 25.
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BOX 4-1: Methanol Production from Biomass

Three basic thermochemical (high-temperature) processes are Involved in methanol production from
biomass, The first step I1s production of a “synthesis gas” via thermochemical gasifcation of biomass, us-
ing oxygen rather than air in order to eliminate dilution of the product gas with nitrogen (in air). Since oxy-
gen plants have strong capital cost scale economies, most proposals for biomass-to-methanol facilities
have Involved large plants (typically 1,500 metric tonnes/day input of dry biomass), Biomass gasiflers de-
signed for methanol production are not available commercially. A number of pilot- and demonstration-scale
units were built and operated in the late 1970s and early 1980s, but most of these efforts were halted when
011 prices fell, *“Work on a fluidized-bed design has been revived, with the construction of a bagasse-fueled
demonstration and now being planned.*More recently, indirectly heated gasifiers have been proposed,’
These would produce a nitrogen-free gas without using oxygen and thus might be built economically at a
smaller scale.

Second, the synthesis gas is cleaned and its chemical composition is adjusted The specific equipment
will vary depending on the gasifier used. Common to all systems is a “shift” reactor, which 1sa commercial-
ly established technology, Other processing maybe required before the shift stage, however. For example,
tars contained in the synthesis gas must be removed or cracked into simpler forms that Will not deposit on
and/or damage the turbine.

Third, the gas i1s compressed and passed through a pressurized catalytic reactor that converts carbon
monoxide and hydrogen into methanol. A variety of commercial processes can be used.

This thermochemical process is Inherently more tolerant of diversity in feedstocks than biological proc-
esses (e g., enzymatic hydrolysis used in ethanol production),

'A A C M Beenackers and W P M van Swaaij, “The Biomass to Synthesis Gas Pilot Plant Programme of the CEC A First Evalua-
tion of Results, " Energy from Biomass, Third European Community Conference (Essex, England Elsevier Applied Science, 1985), pp
120-45, and E D Larson et al , “Biomass Gasification for Gas Turbine Power Generation, " Electricity Efficient End-Use and New Gen-
eration Technologies, and Their Planning Implications (Lund, Sweden Lund University Press, 1989), pp 697-739

’R J Evans at al , Battelle Pacific Northwest Laboratory, “Development of Biomass Gasification To Produce Substitute Fuels, ”
PNL-6518, 1988

°C E Wyman et al , “Ethanol and Methanol from Cellulosic Biomass, " Renewable Energy Sources for Fuels and Electricity, T B
Johansson et al (eds ) (Washington, DC Island Press, 1993), and E D Larson et al , Center for Energy and Environmental Studies,
Princeton University, “Productlon of Methanol and Hydrogen for Vehicles from Biomass,with Comparisons to Methanol and Hydrogen
Product lon from Natural Gas and Coal, ” forthcoming

placement for gasoline, it can also be used to re-
place diesdl.

Methanol is currently produced primarily from
natural gas, but it can aso be produced from coal
and, through a similar process, from lignocellu-
losic biomass feedstocks.” Biomass-to-methanol
plants can convert 50 to 60 percent of the energy
content of the input biomass into methanol, and

some designs have been proposed with conver-
sion efficiencies of more than 70 percent. Box 4-1
describes the basic processes.

Two possibilities are interesting, both involv-
ing feedstocks that are produced today. One op-
tion is the use of residues produced by the forest
products industry, which today is the largest orga-
nized user of biomass energy in the United States.

26C.E. Wyman et al., “Ethanol and Methanol from Cellulosic Biomass,” Renewable Energy: Sources for Fuels and Electricity, T.B. Johans-

son et al. (eds.) (Washington, DC: Island Press, 1993).



Chapter 4 Transport | 113

TABLE 4-2: Estimated Baseline Retail Fuel Prices (1991 dollars), Post-2000

Feedstock/electricity

Feedstock/electricity Delivered cost to

Transport fuel source cost consumer ($/GJ)?
Methanol Biomass $2.50/GJ $1 3-15b
Methanol Natural gas $3/GJ 11-13
Methanol Coal $1.75/GJ 13
Ethanol Biomass $2.50/GJ 10-15
Ethanol Corn $1/bushel 14-19
Hydrogen Biomass $2.50/GJ 14-16
Hydrogen Photovoltaic 6-15 ¢/kWh 25-60
Hydrogen wind 5-8 ¢/kWh 30-40
Hydrogen Natural gas $3/GJ 11
Hydrogen Coal $1.75/GJ 14
Hydrogen Nuclear 5-8 ¢/kWh 26-33
CNG Natural gas $3/GJ 7-8
Reformulated gasoline Crude 011 $26/barrel¢ 9

Utility residential electricity rates for recharging battery-powered electric vehiclesd
Offpeak power 4-6 ¢/kWh
Conventional utility 6-8 ¢/kWh
Renewable-intensive utility 4-10 ¢/kWh

*1 gigajoule (GJ) 109 Joules - O 95 m Il I :on BTUS 278 kilowatt-hours, 1 gallon of gasoline = O 13 GJ 1 gallon of methanol = O 065 GJ 1 gation of

ethanol -0087 GJ $1 gal'on of gasoline = $7 67/GJ

BMetharot ethanol and hydrogen fuels can be burned in ICES with higher compression ratios and thus can operate more efficiently than gasol ne
engines This should be taken nto consideration when comparing alternate fuels with gasoline

‘Based on Department of Energy projections for fossil energy prices (post-2000) in 1991 dollars See U S Department of Energy Energy | r? formation
Administration Annual Energy Outliook 1994. DOE-EIA-0383(94) (Washington, DC U S Government Printing Off Ice, January 1994)
daithough thecost Of electricity (410 6 ¢ kWh 0,$11 to $1 7/Gyis relatively high compared to gasoiine ($9/GJ), the actual Operating electricity costs for

BPEVS are likely 10 be substantially lower than for gasoline vehicles, due principally to the efficiency advantage of electric vehicles

SOURCES The estimates presented here are drawn principally from Joan M Odgen et al “A Technical and Ecoromic Assessment of Renewable
Transportation Fuels and Technologies, " report prepared for the Off Ice of Technology Assessment, May 1994, and U S Department of Energy Bio-

fuels Program 1994

Forest residues associated with annual wood har-
vests for the industry contain some 1.3 EJ.”A
second feedstock stream is municipal solid waste
(MSW). This source, amounting to about 1.8 EJ
per year (after recycling), is especialy attractive
because of its negative cost (e.g., it costs money
to dispose of it). The gasification technology
needed for MS W is essential y the same as that re-
quired for biomass.

Since biomass-to-methanol plants are not yet
commercialy available, costs are uncertain (table
4-2 gives one estimate of baseline aternative fuel
production costs for the post-2000 timeframe).
From scattered cost data, it is estimated that meth-
anol from biomass could be produced for about
$14/GJ, equivalent to $1 .85/gal gasoline, with
commercially ready technology in a plant with a
capacity of about 10 million GJ/yr (about 500 mil-

27 Anthony F. Turhollow and Steve M. Cohen, Oak Ridge National Laboratory, “Data and Sources: Biomass Supply,” draft report, Jan. 28,

1994,
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lion liters/year or 130 million gal/year). Methanol
derived from natural gas costs about $11/GJ
($1 .45/gal gasoline), while production of metha-
nol from coal costs about $ 13/GJ ($1.70/gal gaso-
line). Compared with reformulated gasoline (even
at $26/barrel for crude ail), methanol—regardiess
of the primary energy source—is marginally com-
petitive at best. As discussed below, however,
methanol can potentially be used at much higher
efficiency than gasoline, e.g., in FCVs, offsetting
its higher cost.

Capital represents the largest fraction of the to-
tal cost of methanol produced in small plants,
whereas feedstock is the dominant cost in large
plants. Thus, capital cost reductions will be most
important in reducing methanol costs from small
plants, while increases in biomass conversion effi-
ciency will be most important on a large scale. As
a liquid fuel, methanol would carry distribution
and retailing costs that are approximately the
same per unit volume as gasoline. The volumetric
energy density of methanol is roughly half that of
gasoline, however, resulting in a reduced range for
methanol-fueled vehicles (for a given storage tank
volume and engine type) and higher distribution
and retailing costs on an energy-equivalent basis.

The use of pure methanol could reduce air
pollution, particularly urban smog. As with other
aternative fuels, methanol has a number of attrib-
utes that appear superior to gasoline.28 In particu-
lar, methanol:

= has lower volatility than gasoline, which
should reduce evaporative emissions.

= has a lower photochemieal reactivity than gas-
oline. As a consequence, emissions of un-
burned methanol, the primary constituent of
methanol vehicle exhaust and fuel evaporative
emissions, have less ozone-forming potentia

than an egual weight of organic emissions from

gasoline-fueled vehicles.
= has higher octane and wider flammability lim -

its than gasoline. This allows a methanol en-
gine to be operated at higher (leaner) air-to-fuel
ratios than similar gasoline engines, promoting
higher fuel efficiency and lower CO and organ-
ic emissions.

In addition, if produced from biomass feed-
stocks grown on a renewable basis, methanol
would provide a substantial CO,benefit over gas-
oline. However, any benefits are highly dependent
on the feedstock. Methanol from coal, for exam-
ple, would result in higher CO,gas emissions.”
Methanol does have some environmental disad-
vantages, particularly greater emissions of form-
aldehyde, which could require special emission
controls. The liquid fuel itself is toxic,” moder-
ately corrosive, and highly flammable; thus, some
modifications to the existing fuel distribution sys-
tem are expected to be required.

It should also be noted that, under pressure
from both state and federal regulation, gasoline is
being improved to reduce its emissions and new
emissions control technologies are nearing com-
mercialization. These developments could effec-
tively eliminate the exhaust emission advantages
of alternative fuels such as methanol and ethanol.
On the other hand, new formulations of gasoline
must contain oxygenates such as ethanol or deriv-
atives of either methanol (e.g., methyl tertiary-
butyl ether, MTBE) or ethanol (e.g., ethyl
tertiary -butyl ether, ETBE). The addition of oxy-
genates to gasoline can reduce CO formation but
appears to offer little benefit in terms of reducing
atmospheric ozone levels.

28 5 g anadditive to gasoline, however, methanol provides little or no air quality advantages except for the reduction of carbon monoxide.

There are significant evaporative emissions that can affect ozone formation when alcohol fuels are blended with gasolinc. See Calvert et al., op.

cit., footnote 7.
290ffice of Technology Assessment, op. cit., footnote 24, p. 71.

30Methanol, however, lacks the toxics (e.g., benzene) found in gasoline and thus can reduce levels of carcinogenic emissions.



In the longer term, a potentially important ad-
vantage of methanol fuelsistheir possible usein
fuel cell vehicles (see below). Since methanol can
be derived from a variet y of different sources and
can be used in both conventional and advanced
propulsion systems, it could play an important
role in moving away from a fossil fuel-based
transportation system.

| Ethanol

Ethanol, like methanol, is a liquid fuel that can be
used in internal combustion engines. It can be pro-
duced from biomass—about one-third of Brazil
automobile fleet, for example, runs on straight
ethanol produced from sugars The vehicle-re-
lated technical issues for ethanol are essentially
the same as for methanol-it requires only minor
modifications for use in gasoline engines, but
more involved changes are required for use in die-
sel engines.

Generally, emissions from ethanol vehicles are
expected to be similar to those from methanol ve-
hicles, except that acetaldehyde, rather than form-
adehyde, will be elevated. Ethanol, like
methanol, is inherently less ozone-forming and
less carcinogenic than gasoline.™~

As previously noted, new controls on gasoline
are likely to reduce or even eliminate the exhaust
emission advantages of ethanol and methanol.
Ethanol can be used either as an additive to gaso-
line or directly. As an additive, its primary envi-
ronmental benefit is a reduction of CO. However,
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gasoline-ethanol blends that contain low percent-
ages of ethanol (e.g., 10 percent) increase the vola-
tility of gasoline, thus increasing the mass
evaporative emissions that can react with sunlight
to form ozone. By using ETBE, an ethanol deriva-
tive, instead of ethanol itself, the volatility prob-
lem can be avoided.” This is also true when
100-percent ethanol (E100) is used. E85 (85 per-
cent ethanol, 15 percent gasoline) has evaporative
emissions comparabl e to gasoline.

The emissions of CO,from the full fuel cycle
for ethanol vehicles vary greatly depending on the
feedstock from which ethanol is produced. With
corn, the emissions have been estimated to range
from modestly lower to dlightly higher than those
of gasoline, due to the need for fossil fuel usein
the production of the corn and ethanol.* On the
other hand, if ethanol is made from cellulosic bio-
mass, CO,emissions could be reduced dramati-
caly (table 4-1).

The overall energy balance for corn-based etha-
nol is only modestly positive, at best. If the by-
products of ethanol production (e.g.. CO,and
distilled grains for cattle feed) and the energy in-
puts required to grow corn (e.g., fertilizers, herbi-
cides, and machinery fuel) are incorporated into
an overall energy balance, the net energy gain of
corn-based ethanol is estimated to range from -2 to
+34 percent (i.e., there can be a fuel-cycle-wide
net energy loss of 2 percent or anet energy gain up
to 34 percent) compared with fossil*energy in-
puts.* This energy balance does not take account

31World Bank, **Alcohol Fuel\ from Sugar In Brazil,” The Urban Edge, October 1990, p. 5.

32Ethanol is however, somew Nat more photochemically reactive than methanol and thus can giveriseto slightly higher concentrations o

ozone than methanol. Gushee, op. cit., footnote 17.

33ETBE has 4 lower vapor pressure than MTBE, but because ethanol costs more than methanol as a feedstock, MTBE had been the ether of
choice. How ever, on June 30. 1994. the Environmental Protection Agency promulgated a rule that, beginning in 1995, 15 percent of gasoline
oxygenates must come from “‘renewable” sources. which in practicemeans ethanol or ETBE. In 1996, the renewable-based oxygenates would
increase to 30 percent. This FUl€ was overtumed Dy @ U.S. Court of Appeals on April 28, 1995.

34Some estimates ¢ow that Cum-diEd ethanol can slightly reduce overall CO emissions. FUrther research 1s needed to clarify thisissue.

35There may be some nuclear- and hydro-generated electricity inpUtS as well.

36John Bailey, Institute for Local Self Reliance, personal communication, June!.1994.
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At the National Renewable Energy Laboratory, a pilot-scale production plant converts cellulose to ethanol. Lett: Biomass
feedstock is washed and pretreated before conversion. Right: Four 9,000-liter fermentation tanks allow scale-up of promising

converston processes

of the corn stover (field residue).” The stover
contains more than enough energy to operate a
corn-to-ethanol plant, so the net energy fraction
might improve considerably if a portion of the
stover were collected and used to replace externa
energy SOUrces.

Another major issue with ethanol is the cost of
production. It is heavily dependent on the cost of
the feedstock (corn in the United States, sugar in
Brazil) and the market value of the byproducts.
Among potentially renewable fuels, ethanol (pri-
marily from corn) is the only one that is produced
commercially on alargc scale in the United States.
It is used principally as a 10-percent blend with
gasoline in Conventional icevs about 3 bittion
liters of ethanol arc made annually in the United
States, almost all from corn. Ethanol from corn is

not cost-competitive with gasoline, so federal
subsidies (currently about 54¢/gal) are necessary
to support continued production.

Ethanol from Lignocelluiose

The high cost of corn-based ethanol has motivated
efforts to convert lower cost biomass, primarily
woody and herbaceous materials. into ethanol.
These feedstocks are less costly than corn because
much larger quantities can be produced per land
area and fewer agricultual chemical or other in-
puts are required. In addition, they do not directly
compete with food crops.® They are, however,
more difficult-and to date more costly-to con-
vert into ethanol. Advances in biotechnology may
change this outlook. Research by the National Re-

Y7G.0. Benson and R.B. Pearce, “Corn Perspective and Culture,” Corn; Chemistry and Technology, American Association of Cereal

Chemists (St. Paul, MN: 1987).

380f course. they may compete with food crops indirectly in terms of land use, sce chapter 2



newable Energy Laboratory (NREL) and others
into cellulose-to-ethanol processes is promising
and, if successful, could offer a cost-effective
means of producing ethanol in very large quanti-
ties.™

Woody and herbaceous biomass, referred to
generally as lignocellulosic material, consists of
three chemically distinct components: cellulose
(about 50 percent), hemicellulose (25 percent),
and lignin (25 percent).”Most proposed proc-
esses involve separate processing-either acid or
enzymatic hydrolysis-of these components. In
the first step, pretreatment, the hemicellulose is
broken down into its component sugars and sepa-
rated out. The lignin is also removed. The cellu-
lose is then converted into fermentable glucose
through hydrolysis. After fermentation, the prod-
ucts are distilled to remove ethanol. Byproducts of
the separation process, such as lignin, can be used
as fuel.

Acid Hydrolysis

A number of variants on the basic process of acid
hydrolysis have been proposed, each typically in-
volving use of a different acid and/or reactor con-
figuraﬁon_ 41 One system incorporates two Stag es
of hydrolysis using dilute sulfuric acid. In the first
step, the acid breaks the feedstock down into sim-
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ple sugars. The acid also degrades some of the
product sugars, however, so that they cannot be
fermented, thus reducing overall yield. R&D has
been aimed at improving the relatively low yields
(55 to 75 percent of the cellulose) through the use
of other acids.”Low-cost recovery and reuse of
the acids are necessary to keep production costs
down but have yet to be commercially proven .43
The estimated total cost of producing ethanol
by different proposed acid hydrolysis processes is
high ($15 to $20/GJ or $2.00 to $2.60/gal gaso-
line) .44 The potential for cost reduction is limited
because the maximum overall efficiency of con-
verting energy in the biomass feedstock by acid
hydrolysis is only about 30 percent. The sale of
chemical byproducts (e.g., furfura) improves
economics, but the potential market is much
smaller than production by a large-scale fuel etha-
nol industry.45 Byproduct electricity could also
offset ethanol costs, but the amounts of exportable
electricity coproduced in process configurations
to date have been relatively small. This situation
might change if more advanced cogeneration
technologies are considered (see chapter 5).
Unless world oil prices rise considerably (to
$40/barrel or more), ethanol from acid hydrolysis
appears to be an unpromising technology, particu -

390ne recent €cOnometric study estimated that the agricultural sector could support the production of roughly 10 EJ (current national trans-

portation energy consumption is about 22 EJ) of delivered ethanol from cellulosic biomass (not from, e.g., grain or sugarcane). Of course, this
will also depend on export opportunities for agricultural commodities and other factors (see chapter 2). Randall A. Reese et al., “*Herbaceous
Biomass Feedstock Production: The Economic Potential and Impacts on U.S. Agriculture,” Energy Policy, July 1993, pp. 726-734.

40percentages vary for different species. Wood consists of about 50 percent cellulose and 25 percent hemicellulose. Grasses have roughly
equal amounts of cellulose and hemicellulose (between 30 and 35 percent). J.D. Wright, “Ethanol from Lignocellulose: An Overview, '’ Energy
Progress.vol. 8. No. 2, 1988, pp. 71-78; and Anthony Turhollow. Oak Ridge National Laboratory, personal communication, Apr. 22, 1994.

41y, manetal.. op. cit., footnote 26.

42See ].D. Wright et al., Evaluation of Concentrated Halogen Acid Hydrolysis Processes for Alcohol Fue! Production, SERI/TR-232-2386

(Golden, CO: Solar Energy Research Ingtitute, 1985).
43bid.

44E0 1 greon et al. “Biomass-Gasifier Sream- Injected Gas Turbine Cogeneration for the Cane Sugar Industry,” Energy from Biomass and
Wastes XIV, D.L.Klass (cd. ) (Chicago, IL. Institute for Gas Technology, 1991),

#3See P.W.Bergeron et al., “Dilute AcidHy drolv sis of Biomass for Ethanol Production, ” Energy from Biomass and Wastes X1I (Chicago, IL:
Institute for Gas Technology’, 1989), pp. 1277- 1296; and M.M.Bulls et a., “Conversion of Cellulosic Feedstocks (o Ethanol and Other Chemi-
cals Using TVA's Dilute Sulfuric Acid Hydrolysis Process,” Energy from Biomass and Wastes XIV,D.L.Klass (cd.) (Chicago, IL: Institute for
Gas Technology, 1991).
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larly in light of developments in enzymatic hydro-
lysis.

Enzymatic Hydrolysis

Enzymatic hydrolysis of cellulose has been under
development for about two decades. Advances
that have been made in this technique specifically,
and in biotechnology more generally, suggest that
economically competitive commercial systems
could be developed by early in the next century.

Biological enzymes typically break down only
the cellulose and do not attack the product sugars.
Thus, in principle, yields close to 100 percent can
be achieved from cellulose. A feedstock pretrest-
ment step is typically required since biomass is
naturally resistant to enzyme attack. The most
promising option appears to be a dilute acid, in
which the hemicellulose is converted to xylose
sugars that are separated out, leaving a porous ma-
terial of cellulose and lignin that can be attacked
more readily by enzymes.”

A number of bacteria and yeasts have been
identified and tested as catalysts of cellulose hy-
drolysis. Three process configurations have re-
ceived the most attention from researchers:

.In the separate hydrolysis and fermentation
(SHF) of cdlulose, three distinct operations are
used to produce enzymes, hydrolyze cellulose,
and ferment the glucose.

.A promising modification of the SHF process
involves simultaneous saccharification and fer-
mentation (SSF) in a single-reaction vessel,
permitting higher product yield and improved

economics. “ Projected total biomass energy
conversion efficiency to ethanol with improved
xylose fermentation is about 64 percent.“The
projected costs for ethanol produced by this
method range from $10 to $15/GJ ($1 .30 to
$2.00/gal gasoline) (roughly similar to the cost
for biomass-derived methanol) delivered to the
consumer. “Research lowered the cost of bio-
mass-derived ethanol from $4. 15/gal in 1980 to
$1.65/gal in 1993, including the cost of deliv-
ery.”

| Single-reactor direct microbia conversion
(DMC) combines enzyme production, cellu-
lose hydrolysis, and glucose fermentation in a
single process. In limited efforts to date, how-
ever, DMC ethanol yields have been lower than
those from the SHF or SSF processes, and a
number of undesired byproducts have resulted.

A potential complication for ethanol produc-
tion is that the enzymes currently used in the most
promising conversion process---ezymatic hy-
drolysis—may require relatively homogeneous
feedstocks to achieve projected performance.”
Although researchers have been able to convert
wastepaper and agricultural and forest product
wastes into ethanol using enzymatic hydrolysis.”
it may prove easier and less expensive to harvest
and process a monoculture. From an ecological
perspective, however, the ability to draw on bio-
mass polycultures would be preferable in the
longer term (chapter 2). If polyculture feedstocks
are pursued, they may require the development of
improved enzymes and processing technologies.

46J.D. Wright, “Ethanol from Biomass by Enzymatic Hydrolysis,” Chemical Engineering Progress, August 1988, pp. 62-74.
473 p. Wright etal., Smultaneous Saccharification and Fermentation of Lignocellulose: Process Evaluation (Golden, CO: Solar Energy

Research Institute, 1988).
#$Wyman € al.. OP. Cit., footnote 26.
490gden ¢ al., op. cit., footnote 17-

501997 $/gallon. Venkateswaran and Brogan, op. cit., footnote 3.

51 Research on enzymatic hydrolysis at NREL is now broadening its focus to include research on common farm species that may be inter-

mixed with the primary species grown.

52Robert H. Walker, Director, Planning and Evaluations, Alternative Feedstock Development Department, Amoco Corp., personal commu-

nication, May 1994.



| Hydrogen
Interest in hydrogen as an alternative fuel for
transport has grown rapidly in recent years. Hy-
drogen is an extremely clean fuel that can be
burned in ICES or electrochemically converted to
generate electricity in fuel cells. Hydrogen can be
produced from natural gas or coal: however, a
more environmentally appealing idea from the
perspective of CO,and other emissions is the pro-
duction of hydrogen from biomass via gasifica-
tion or from the electrolysis of water by using
electricity generated from renewable energy.
Fuel-cycle emissions of CO,and other green-
house gases can be reduced significantly or per-
haps eliminated, depending on the source of
energy used to produce hydrogen. Fuel cell ve-
hicles that use hydrogen have essentially no tail-
pipe emissions apart from water vapor. The
tailpipe emissions from hydrogen ICEVs are
much lower than those from a comparable gaso-
line-powered vehicle. Emissions of CO, hydro-
carbons (HCs), and particulate are essentially
eliminated (traces of these gases may be emitted
from combustion of lubricating oils in the engine).
The only pollutants of concern are nitrogen oxides
(NOx), which are formed, as in al ICES, from ni-
trogen taken from the air during combustion. Hy-
drogen vehicles probably will be able to meet any
NO, standard that a gasoline vehicle can meet. In
principle, an ultralean hydrogen engine could pro-

530gden et )., op. cit, footnote 1 7.
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duce very little NO,, and some recent work by
Daimler-Benz has demonstrated near-zero emis-
sions of NO, in hydrogen-powered test vehicles.

Environmental benefits can also be achieved by
blending hydrogen with other fuels. Dual fuel op-
eration with hydrogen and gasoline or diesel fuel
can substantial] y reduce emissions of all regulated
pollutants. The addition of relatively small
amounts of hydrogen—as little as 5 to 10 percent
by mass--can reduce CO, HC, and NO, emis-
sions53 By adding’per cent  hydrogen to natural
gas (the blend is called "hythane”), NOx emis-
sions from ICEVs can aso be substantialy re-
duced.™

The principal barriers to widespread hydrogen
use include difficult storage requirements, high
production costs, and lack of adistribution infra-
structure.

Hydrogen Storage

Hydrogen has a very low energy density. Typical
volumetric energy densities for hydrogen are 5 to
15 percent that of gasoline when stored in pressur-
ized tanks or metal hydrides.” Therefore, a hy-
drogen-fueled vehicle requires either large
on-vehicle, high-pressure storage tanks.” cryo-
genic storage, *'or storage in another medium. *
Factors at play in the development of hydrogen
storage systems include energy densities in terms
of weight and volume. safety during refueling and

S4Congressional Research Service, “Hydrogen asa Fuel.” Mar. 22,1993

S3Hvdrides are specialmaterials that absorb and hold large quantities of hydrogen. When heated, they release hydrogen gas.

56 The jze of h.h-pr.~.re tanks may pe reduced somewhat with the introduction of ad\ anced lightweight materials. Carbon-fiber-

wrapped, aluminum-1 ined tanks allow storage at 8.000 psi, high enough for energy densities competitiv e with other storage methods. Carbon
fiberis currently quite expensive at $50 per pound but is expected to drop in cost. The crashworthiness of such tanks. how ever, has not been fully

determined.

57Storage of liquefied hydrogen would provide high energy densities. Howe er, insulated, crashw orthy tanks would have to be developed.

aswellasaspeci a infrastructure for handling | iqu id hydrogen. A Iso, hydrogen | iquefactionis an energy - intensiv € process.
S8As an example, hydrogen can be stored i th.form of powdered iron. Steam from a fuel cell. for example, could be used to oxidize pow-
s . I4

dered iron m atank onboard the chicle, releasing hydrogen to be used as fuel. When the entire tank of iron has turned to rust. itis exchanged for
freshiiron, and oxidized material could be reduced back to iron at a central facility. This is a potentially inexpensive and compact storage ap-
proach. H-Power Corporation of New Jersey is developing this technology.
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in case of accidents,”and cost of materials and
construction. Hydrogen storage requirements
could be eased if vehicle propulsion systems with
high efficiencies were developed. For example, by
one estimate, a hybrid electric vehicle that uses a
small ICE fueled by hydrogen to generate electric-
ity could reduce hydrogen storage requirements
by 50 to 65 percent compared with a pure ICEV."
The high efficiencies of fuel cell-based vehicles
would further ease hydrogen storage problems
(see discussion below). In the near term, onboard
hydrogen pressure tanks could build on the expe-
rience of compressed natural gas vehicles.

Costs of Hydrogen Fuelel

As shown in table 4-2, the cost of hydrogen pro-
duced from renewable sources varies consider-
ably. On a large scale (for plants producing 50
million standard cubic feet of hydrogen per day),
biomass hydrogen could cost perhaps $8 to
$1 1/GJ to produce (assuming biomass costs of $2
to $4/GJ), with delivered costs of about $14/GJ
(or $1.85/gal gasoline equivalent), making it the
least expensive method of renewable hydrogen
production. “Renewable electrolytic hydrogen—
hydrogen produced from, e.g., wind- or photovol-
taic-generated electricity-could cost anywhere
from two to four times as much as hydrogen from
biomass ($20 to $60/GJ), depending on advances
in photovoltaic, wind, or other renewable technol-
ogies (see chapter 5). Because of their modular na-
ture, however, electrolytic hydrogen systems
could be employed at a much smaller scale than
biomass gasifiers. On small production scales—
which one would expect at the beginning of atran-

sition to hydrogen or if environmental constraints
limited the size of any one production area—the
cost advantage of hydrogen from biomass
compared to photovoltaic- or wind-powered elec-
trolysiswould likely be reduced.

On a large scale, hydrogen from steam reform-
ing of natural gas could cost $5 to $10/GJ (with
natural gas prices of $2 to $6/GJ) or 65@ to
$1.30/gal gasoline equivalent. On asmaller scale
(0.5 million standard cubic feet/day or 200 GJ/
day), hydrogen from steam reforming could cost
about $11 to $17/GJ ($1 .45 to $2.25/gal gasoline
equivalent). Coal gasification plants would also
exhibit strong scale economies. For large plant
sizes, hydrogen from coa could cost about $10 to
$14/GJ (for coa costing $1.50/GJ) or $1.30 to
$1.85/gal gasoline equivalent. For a given plant
size, the cost to generate hydrogen from biomass
via gasification would probably be somewhat
lower than the cost from coal because biomass can
be gasified more quickly and at lower tempera-
tures than coal, allowing the plant to be smaller
and less capital intensive for a given output.

Developing a Hydrogen Infrastructure

One of the key issues for development of hydro-
gen as atransportation fuel isthat no large-scale
hydrogen delivery system exists. This is unlike
the situation for gasoline, electricity, or natural
gas, where widespread distribution systems are al-
ready in place. Moreover, developing an infra-
structure would be more difficult for hydrogen
(which must be transported as a compressed gas,
as a cryogenic liquid, or by pipeline) than for lig-
uid fuels, such as methanol or ethanol, which can

59Many questions have also been raised about the safety of hydrogen. Although these concerns should not be dismissed, the dangers of
hydrogen use have probably been overstated. With regard to flammability, hydrogen is not much different from other fuels such as gasoline and
methanol. Although hydrogen would leak through mechanical fittings at a higher rate than other fuels, it disperses much more quickly and thus
is less likely to form a flammable mixture. See Joan Ogden and Robert Williams, Solar Hydrogen.. Moving Beyond Fossil Fuels (Washington,

DC: World Resources Institute, October 1989).

60Glenn Rambach, Lawrence Livermore National Laboratory, personal communication, Jan. 26, 1994.

61Cost datain this section are drawn from Ogden et &., OP. cit., footnote 1 7.
62 delivered cost of $10/GJ for hydrogen has a gasoline equivalent price of $ 1.30/gal. Some recent WOrk indicates that hydrogen might be
produced from municipal solid waste for $6 to $8/GJ or 78@ to $ 1.04/gal gasoline. J. Ray Smith, Lawrence Livermore National Laboratory,

personal communication, Apr. 25, 1994.



be transported and delivered to the consumer by
using systcms similar to that for gasolinc.

The components of a hydrogen energy infra-
structure have aready been dc~'eloped. Technolo-
gies for storing. compressing. and transporting
hydrogen are well known and are used in the
chemical industry. The present hydrogen distribu-
tion system in the United States consists of afew
hundred miles of industrial pipeline plus fleets of
trucks delivering liquid hydrogen or compressed
hydrigrn gas. Although about 1 EJ of hydrogen is
produced in the United States per year, most of
this is produced and used onsite for petroleum re-
fining and methanol or ammonia production.
Merchant hydrogen (hydrogen that is distributed)
amounts to only about 0.5 percent of the total hy-
drogen produced and used.

Ultimate] y, the large-scale use of rewable hy-
drogen as a fuel would require the development of
much larger hydrogen transmission and distribu -
tion systems. In the near term, hydrogen is likely
to be produced from natural gas, which is present-
ly the least expensive source. There are several
ways in which the existing natural gas infrastruc-
ture could be used to bring hydrogen to consum-
ers. First, it is possible to produce hydrogen from
steam reforming of natural gas. even on arelative-
ly small scale. Hydrogen for fleet vehicles might
be produced onsite by using small-scale reform-
ers. Alternatively, hydrogen might bc blended at
concentrations up to 15 to 20 percent by volumc
into the existing natural gas system and rcmoved
at the point of use. At greater than 15 to 20 percent
concentrations of hydrogen, changes in the dis-
tribution and retailing systems would be required
because of the differing physical characteristics of
hydrogen compared with natural gas.”
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Another option for onsite hydrogen production
is eletrolysis. Here. the electricity distribution
system coud bc used to bring offpeak power to
elcctrolyzer equipment. Alternatively, stand-
alone photovoltaic (PV) hydrogen systems could
be used if the costs of PV-generated electricity de-
cline sufficiently (chapter 5). In the longer term, as
the demand for hydrogen fuel increased, central
hydrogen production plants might be built. with a
gaseous pipeline distribution system similar to
that for natural gas.

| Electricity

Electricity may be one of the principal energy car-
riers for future transportation systems. Electricity
has the important advantages of having an avail -
able supply infrastructure (except for home charg-
ing stations ) that is adequate now-if recharging
takes place at night—to fuel several million ve-
hicles and of generating no vehicular air emis-
sions.®4 The latter attribute is particularly
attractive to regions with severe ozone problems.
Also, with the exception of some electricity im-
ports from Canada,” the electricity needed to run
afleet of BPEVs would be produced domestically.

Despite virtuallly zero vehicular emissions,
electric vehiclcs will have air pollution impacts
because of the emissions associated with electric-
ity) production. These impacts will vary from re -
oion to region, since the power generation fuel
mix varies greatly across the country. California
and the northeastern United States. the two re-
gions with the most serious pollution problems
and therefore the most attractive regions for elec-
tric vehicle use. have different fuel r-nixes.
Cdifornia's power is generated mostly from natu -

53t higher percentages of hydrogen were 1o be used in pipelines. steps would have to be taken to prevent “embrittlement”” problems. When

hydrogen diffuses into pipe metal. the pipes can become brittle and crack. Embrittlement can be avoided by choosing proper pipe materials. but

at a cost. Congressional Research Service. op. cit.. footnote 54.

040ver the short term, existing baseload capacity of electric utilitics should be adequate to meet the demand arising trom new BPEVs, If

electric vehicles capture a signiticant share of the automobile market. however, electric utilities will be faced with significant load management

challenges. See “Charging Up for Electric Vehicles,” EPRI Journal, vol. 18, No. 4, June 1993.

63Some natural gas and oil imports may also be used to generate electricity
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General Motor's prototype two-seat electric vehicle (EV), the
Impact, combines high performance (0 to 60 mph in 8
seconds) with high EV range (over 100 miles on the Federal
Urban Driving Cycle).

ral gas, nuclear, and hydropower, whereas the
Northeast depends more on coal. In comparison to
coal-generated electric power, electricity gener-
ated from natural gas powerplants can reduce
emissions of CO,, sulfur oxides, and nitrogen ox-
ides.

Although the cost of electricity ($17/GJ at
6¢/kWh) appears high relative to gasoline ($9/GJ
or $1.18/gal), the actual fuel costs for BPEVs are
likely to be substantially lower than for gasoline
vehicles. This savings is due principally to the ef-
ficiency advantage of electric vehicles. For exam-
ple, a typical BPEV might consume about 0.25
kWh/mile. At 6¢/kWh, the operating fuel cost of
the BPEV is then 1.5¢mile.66 In practice, electric
utilities are expected to offer low, offpeak electric-
ity rates (3¢ to 4¢/kWh) to consumers for night-
time recharging of BPEVs. Thus, a typical BPEV
could have operating fuel costs of less than
1 ~/mile. In comparison, the operating fuel cost for
the two-seater Honda Civic del Sol is 3.7¢/mile.”
The initial purchase cost of BPEVS, however, may
be considerably higher than conventional vehicles

(but may be offset by lower maintenance costs and
longer lifetimes for electric vehicles; see discus-
sion below).

With BPEVS running on renewable electricity,
it would be possible to produce and use energy
with very low emissions of criteria air pollutants
and CO0,. Electricity can be produced from a vari-
ety of renewable sources such as biomass, wind
energy, solar energy, and hydropower. As dis-
cussed in chapter 5, the cost of producing electric-
ity in a “renewables-intensive utility” in the
post-2010 timeframe may be comparable to that
for a conventional utility (4¢ to 6¢/kwh). The pri-
mary technical issues involved in atransition to-
ward renewable electricity-based transportation
are the development of renewable electricity-gen-
erating technologies, their integration into a util-
ity grid, and the development of BPEVsS (see
discussion below) and their recharging systems.

Where and when recharging takes place would
influence the delivered cost of electricity for trans-
portation. It is likely that many electric vehicles
will be recharged at home during offpeak (night-
time) hours. In this case, the type of generating
system used to meet offpeak demand will deter-
mine the cost and types of emissions.

Another option for electric vehicle recharging
is stand-alone solar PV charging that would oper-
ate while a car was parked, for example, at work or
at a commuter station. In this case, some battery
storage may be needed at the PV charging station
for use on cloudy days, which would add to the
cost of PV electricity. The cost of electricity from
stand-alone PV recharging stations would likely
be higher than the cost of residential electricity
from a renewables-intensive utility. Stand-alone
systems might be used in settings where non-grid-
connected daytime recharging is desirable or
home charging is not feasible.

66The California Air Resources Board projects that in the year 2000, a typical electric vehicle will consume about 0.24 kWh/mile. The Gen-
era Motors Impact electric vehicle uses about 0.2 kWh/mile. See California Air RESOUrces Board, ‘*Emission Benefits of Electric Vehicles Rela-

tive (0 ULEVS,” draft, February 1994.

67This 1S based on 34 miles/gal{city) and a price of $ 1.25/gal for gasoline. Venkateswaran and Brogan, Op. cit., footnote 3.



| Some Nonrenewable Competitors

In the near term, fuels that are derived from nonre-
newable sources could also offer environmental
benefits. Internal combustion engine vehicles that
use reformulated gasoline or compressed natural
gas are likely to be formidable competitors with
renewable-based ethanol, methanol, hydrogen, or
electricity y. This is primarily because reformulated
gasoline and CNG will likely be substantially
lower in cost than renewabl e fuels for the near to
mid-term.

Reformulated Gasoline

Reformulated gasoline is gasoline that has been
modified to have lower emissions of hydrocar-
bons (to reduce ozone formation), benzene, heavy
metals, and other pollutants. By law, reformulated
gasoline must have a 2-percent oxygen content to
ensure compliance with regional CO standards. It
has the advantage of not requiring engine modifi-
cation or a separate fuel infrastructure. Thus, re-
formulated gasoline can reduce the emissions of
cars aready on the road.

Reformulated gasoline was first proposed as an
aternative fuel in the United States in 1989 in re-
sponse to the growing pressure for cleaner burning
fuels, particularly the proposal by President Bush
to require the sale of alternative fuel vehiclesin
the nine most polluted U.S. cities.” Subsequent-
ly, the mgjor oil and automobile companies in the
United States initiated ajointly funded multimil-
lion dollar study to analyze the emission impacts
of various reformulated blends (later expanded to
include methanol and CNG) from current and fu-
ture motor vehicles. Results released to date sug-
gest that gasoline reformulation could provide
modest to fairly significant emission benefits (for
criteria air pollutants only; there would be virtual-
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ly no reduction in greenhouse gases) at a cost of
around 15¢/gal more than conventional gaso-
line.”

Natural Gas

CNG can be burned in internal combustion en-
gines with minor modifications and in diesel en-
gines with more substantial modifications.
Natural gas is a cleaner fuel than gasoline, with
lower emissions of most pollutants. A dedicated
CNG vehicle could have an energy efficiency
about 10 percent greater than a gasoline vehicle
because of its higher octane number. Natural gas
ICEV's have a much shorter driving range or re-
duced trunk space than gasoline-fueled vehicles,
however, because CNG’s volumetric energy
density is much lower than gasoline (about one-
quarter the energy density of gasoline when com-
pressed to the standard pressure of 3,500 psi).
The use of liquefied natural gas (LNG) could in
theory overcome this range limitation. LNG is
natural gas that has been liquefied by cooling it to
-161 “C. The advantage of LNG over CNG isits
energy density—a given volume of LNG provides
about three times the vehicle range between re-
fueling as the same volume of CNG. At least in
the near term, the practical difficulties of main-
taining these low temperatures, along with the
high cost of containers capable of storing LNG,
make LNG less promising as a fuel for light-duty
vehicles. Fleet operators of heavy-duty vehicles
are, however, showing increased interest in LNG.
Another major drawback of CNG as a transport
fuel is the difficulty of transporting. storing, and
delivering it. Because the refueling and storage
systems would be similar, however, CNG vehicles
might provide a bridge toward the eventual use of
hydrogen, afuel that ultimately could be derived

68Considerable interest in alternative fuels had already been expressed by the state of California and industry had begun responding to this

interest with the development of reformulated gasoline.

69Some analyses indicate thatif reformulated fuels were used in conjunction with electiically heated catalysts and advanced engine control
technologies, CO and No, might be reduced by as much as 50 percent. The emissions benefits would be much more Modest without these
vehicle modifications. See the series of technica reports produced by the Auto/Qil Air Qua] ity improvement Research Program and published
by the Coordinating Research Council, Atlanta, Georgia, from 1989 to 1993.
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completely from renewable sources. At present,
no analysis has been undertaken to evaluate the
costs and benefits of such a transition from natural
gas to hydrogen.

One current incentive for switching from gaso-
lineto natural gasislower fuel cost, but thisincen-
tiveis likely to diminish as demand for natural gas
grows. The present retail price of CNG from do-
mestic sources is about $7/GJ (in gasoline equiva-
lent terms, about 91¢/gal without taxes or roughly
comparable to gasoline when taxes are included).
CNG vehicles also may have slightly lower main-
tenance costs than liquid fuel vehicles. The use of
CNG in gasoline vehicles requires the installation
of gas cylinders, high-pressure piping, and ap-
propriate fittings to the engine. To take full advan-
tage of CNG, the compression ratio should also be
raised to about 12 to 1.70 An automobile designed
for CNG would cost about $800 to $1,000 more
than a comparable gasoline-fueled vehicle, due in
large part to the expensive high-pressure fuel stor-
age equipment. This higher upfront cost is com-
pensated partially by lower back-end costs: the
storage systems probably will have a high salvage
value, and the use of natural gas may increase the
life of the engine and hence the resale value of the
vehicle.

Natural gas will reduce HC emissions that con-
tribute to urban smog, although it may increase
N O, emissions somewhat.” If natural gas ve-
hicles gain greater market penetration, they
should contribute less to greenhouse gases than
vehicles using petroleum- or coal-based transport
fuels (see table 4-1 ). Although natural gas pres-

ents some special handling problems, it is neither
toxic nor corrosive, unlike methanol and gasoline.

EMERGING VEHICLE TECHNOLOGIES

Several technological options for improving ve-
hicle energy efficiency and emissions are now be-
ing explored, including advanced ICEV designs
and the use of new fuels in ICEV's, battery-pow-
ered electric vehicles, fuel cell electric vehicles,
and hybrid vehicles (various combinations of the
above).

Each of these propulsion system options could
potentially play arole in bringing about a transi-
tion from the present fossil fuel transportation sys-
tem to one that depends primarily on renewable
energy resources.

| Advanced ICEV Designs

At present, the vast mgjority of light-duty vehicles
on the road use gasoline-powered internal com-
bustion engines. In recent decades, federally man-
dated fuel efficiency and clean air requirements
have resulted in significant refinements of con-
ventional internal combustion systems.” Several
additional advances are likely to be introduced in
coming years, including improved vehicle design
and alternative fuels such as reformulated gaso-
line, compressed natural gas, and perhaps ethanol
or methanol.

Many vehicle characteristics could be modified
to improve vehicle energy efficiency :73

| a shift to lightweight body materials such as
carbon fiber or other composites;

70R.Moreno, Jr.,and D. Bailey, Alrernative Transport Fuels from Natural Gas, World Bank Technical Paper No. 98, Industry and Energy

Series (Washington, DC: World Bank, 1989), p. 7.

71CNG vehicles can emit less carbon monoxide (perhaps 30 to 50 percent less) than gasoline or methanol vehicles, because CNG mixes

better with air than do liquid fuels, and it does not have to be enriched (as much) for engine startup. The magnitude of CO reduction (and, per-
haps, whether there is any reduction at all) will be determined by NOx control: if the engine has to be run slightly rich to control NO,, there will
belittle or no reduction in CO; if it can be run slightly lean, there will be areduction.

72Since 1978, fuel economy specifications have been dictated principally by federal Corporate Average Fuel Economy (CAFE) require-
ments. CAFE standards have been met by decreasing vehicle drag and weight, reducing engine size, and introducing fuel injection and other

energy-efficient technologies.

73This material is drawn from and discussed in Office of Technology Assessment, Op. Cit., fOOtnOte! 4.



n areduction in the vehicle aerodynamic drag co-
efficient;

- high-pressure, low-rolling-resistance tires;

+ an advanced super-efficient engine with four or
more valves per cylinder, adjustable valve lift
and timing, and other low-friction or lean-burn
measures, an advanced two-stroke engine; or
advanced diesdl;

- extensive use of aluminum and other light-
weight materials in the vehicle suspension and
other components (e.g., brake rotors and cali-
pers, sway bars, wheels);

= advanced transmissions (e.g., a five- or six-
speed automatic); and

n automatic engine turnoff at stops.

General Motors' new Ultralite prototype dem-
onstrates both the potential and some of the limita-
tions associated with a radical redesign of today’s
automobile. The Ultralite weighs 1,400 pounds
(630 kg) despite being comparable in interior vol-
ume to a 3,000-pound (1,360-kg) Chevrolet Cor-
sica; is powered by a 1.5-liter, three-cylinder,
two-stroke engine that weighs 173 pounds (78 kg)
yet generates 111 horsepower at 5,000 revolutions
per minute (rpm); has a drag coefficient of only
0.19; and rolls on high-pressure, low-resistance
tires that need no spare because they are self-seal-
ing. Although its fuel economy at 50 mph (80 km
per hour) is 100 mpg (42 km/liter), the Ultralite’s
Environmental Protection Agency (EPA) fuel
economy rating is only 56 mpg (24 km/liter), or
about 48 mpg (20 km/liter) when adjusted for on-
road conditions, Given the sports-car-like per-
formance characteristics of the vehicle (zero to 60
mph in 7.8 seconds), this fuel efficiency is quite
exceptional. Regardless, vehicle size and perfor-
mance generally require tradeoffs with efficiency.

74General Motors Co., brochure, n.d.
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Vehicle energy efficiency might also be
constrained by existing or new emissions and
safety requirements. The need to meet certain
emissions levels could affect engine performance
specifications, while safety standards affect a
number of design parameters including choice of
materials.”If tractive loads (e.g., vehicle mass,
aerodynamic drag, tire rolling resistance) can be
safely reduced. however, engine power require-
ments will decline, potentially leading to a corre-
sponding decrease in engine emissions. In this
sense, there is a technical synergy between energy
efficiency and emissions objectives.

To meet the new emissions standards of the
amended Clean Air Act (see table 4-3), vehiclesin
the year 2000 will likely require onboard refueling
controls, improved fuel metering and ignition, a
larger or additional catalytic converter with elec-
tric heating to reduce cold-start emissions, and a
larger evaporative-emissions canister. If the strict-
er “'Tier 2* standards are imposed by EPA, the cost
of vehicle modifications may range from $200
(Cdlifornia Air Resources Board estimate) to
$600 (Sierra Research Institute estimate) up to
$1,000 (estimate of automobile manufacturers)
per vehicle.”

To meet the ultra-low emissions vehicle
(ULEV) standards established by the California
Air Resources Board, gasoline vehicles may have
to use dual oxygen sensors, adaptive transient
control, sequential fuel injection. improved fuel
preparation, improved washcoats on catalytic
converters, more catalyst material (mainly palla-
dium), double-wall exhaust pipes, air injection,
and either electrically heated catalysts or close-
coupled catalysts. These additions and modifica-
tions could increase vehicle cost beyond what
would be required to meet federa standards.”

75The safety implications of vehicles thatuse advanced lightweight materials have not yet been fully explored.

76The cost of MEENG federal Tier | standards could range from $150 to $275 per vehicle. See Sierra Research, Inc. and Charles River
Associates, “The Cost-Effectiveness of Further Regulating Mobile Source Emissions.” Report No. SR94-02-04, Feb. 28, 1994.

77The California Air Resources Board estimates that the cost of meeting ULEV requirements would be about $200 per vehicle (above and
beyond the cost of meeting federal Tier | requirements). Sierra Research estimates that the cost could exceed $1.300. Ibid.
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TABLE 4-3: Emissions Standards for Light-Duty Motor Vehicles (grams/mile)

Emissions standard

Federal Federal
Federal CAAA, CAAA, CARB CARB CARB
1993 Tier 1 Tier 2 TLEV LEV ULEV
Pollutant standard 1994 MY (if needed) 1994 MY 1997 MY 1997 MY
HC 0.41 0.25 0.125 0.125 0.075 0.040
CO 3.40 3.40 1.70 3.40 3.40 1.70
NO, 1.00 0.40 0.20 0.40 0.20 0.20

KEY: CAAA = Clean Air Act Amendments of 1990; CARB = Calfornia Air Resources Board; HC - hydrocarbons {California regutates nonmethane
organic gases, not hydrocarbons); LEV = low-emissions vehicle; MY = model year; TLEV - transitional low-emissions vehicle; ULEV = ultra-low emis-
sions vehicle

SOURCES: S.C Davis and S G. Strang, Transportation Energy Data Book: Edition 13. ORNL-6743 (Oak Ridge, TN- Oak Ridge Nationa! Laboratory,
March 1993). and Sierra Research, Inc. and Charles River Associates, The Cost-Effectiveness of Further Regulating Mobile Source Emissions, Report

No SR94-02-04 (Sacramento CA February 1994)

The effectiveness of proposed emissions con-
trol equipment for gasoline ICEVs is till not well
known. It is not clear how far gasoline ICEV
technology can be pushed to reduce emissions. In
lowering emissions to meet future standards,
however, ICEVs will likely become somewhat
more complex and costly.

| Alternative Fuels in ICEVs:
A Comparative Analysis

Conventional and advanced ICEV designs can
take advantage of a number of different alternative
fuels, such as reformulated gasoline, compressed
natural gas, ethanol, methanol, and hydrogen.
Ethanol, methanol, and natural gas vehicles are
commercialy available today, athough in limited
guantities. Demonstration hydrogen ICEV's have
been built by Daimler-Benz, BMW, and Mazda
and have been tested in small fleets.

Although it is difficult to project costs for
technologies and fuels that have not reached large-
scale production, it is nonetheless instructive to
estimate these costs. The findings of one such

analysis are presented here. This analysis
compares the operating costs of different alterna-
tive fuels that are used in ICEVs.”

The reference gasoline vehicle is a year-2000
version of the 1990 Ford Taurus (26 mpg). The
other vehicles are “built” hypothetically from this
baseline vehicle. The travel range of these ICEVs
varies from a high of about 600 km (370 miles) for
the gasoline vehicle to 320 km (200 miles) for the
compressed hydrogen gas vehicle. The volumet-
ric energy density of methanol is roughly half that
of gasoline but can be partially compensated by a
larger fuel storage volume and the greater fuel
economy (through higher compression ratio)
achievable with methanol. The net result is a
20-percent lower range (485 km, 300 miles) for
the methanol vehicle relative to gasoline. The
range for the ethanol vehicle (565 km, 350 miles)
is greater than for methanol because ethanol has
an energy density about 25 percent greater than
methanol. The CNG range is assumed to be less
than that of the methanol vehicle because CNG at
3,000 psi has roughly half the energy density of
methanol.

78The reader Should not view this analysis as an attempt at a definitive cost projection, but rather as a scenario analysis—an “if-then” state-

ment. The analysis was performed by and detailed in Odgen et a., op. cit., footnote 17.
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TABLE 4-4: Analysis of Baseline Cost Results for ICEV Systems (1991 dollars)2

Liquid Hydride Compressed

Item Gasoline MeOH EtOH CNG Hy H, H,

Fuel retail price. exclud-
ing taxes ($/gal gaso-
line equivalent)® 118 185 152 0.96 363 1.54 179

Full retail price of vehicle

including taxes ($)°¢ 18,000 17900 17,900 19,500 20,200 24,200 24550
Levelized annual mainte-

nance cost ($/year) 396 392 392 370 392 392 392
Total life-cycle costd

(¢/km) 21 223 214 205 263 244 246
Break-even gasaline

price ($/galye na. 204 164 126 369 291 297

aTh e cost esti mates for the gasoline ICEV aredetai led in M A De LuchiHydrogen Fuel CellVehicles UC D- ITS-RR-92- 14 (Davis CA Institute of Trans-
portation Stales University of Cal forn a al Davis September 1992) The cost estimates for the alternative-fue! ICEVs are based primarily or data
summarized in D A Sperling and M A De Luchi Alternative Transportation Fuels and Air Pollution, report to the OECD Environment Directorate (Paris
France Organization for Economic Cooperation and Development March 1991)

BDollars per gasollne-equivalent galloniscalculated as the price of the fue' to the motorist (dollars per miliion Btu), excluding federai state andlocal
taxes (31 ¢ galinthe Unted States) multiplhed by O 125 milior Btu gal of gaso':ne Note that this gasoiine equivalence s defined in terms of energy
delivered 10 the veh icle and hence does not account for the effic ercy with which the vet.cle uses that energy The estimate of the cost of gasoline
assumes a world 011 price (post 2000 timeframe) of $2640, per barrel and reformulated gasoiine of 15¢ ‘gal more than conventional gasoline

‘I ncluding sales tax deaier costs and sh ipp:ng costs

Yincludes federal state and local taxes of O 78¢ km fOr all veh cles

‘Theretai' price of gascline (1ncluding federa | and state taxesi n the U nited States) at which thelife-cycie consumer cost perkilometer of thealterna-

tive fuei vehicle would equal that of the gasoline vehicle

KEY EtOH etharo' MeOH methanol n a rot applicable

SOURCE JoanM Odgenetal A Technical and Economic Assessment of Renewable Transportation Fuels and Technologies * report prepared for
the Off Ice of Technology Assessmert May 1994

The lifetimes for all vehicles are assumed to bc
the same, except for the CNG vehicle. A CNG ve-
hicle's lifetime is assumed to be slightly longer
than that of a gasoline vehicle because some evi-
‘V’vegacf ;*gr?e;;ﬁ eCN GG eRusy S Fude
fueled vchicles (gasolinc. methanol, ethanol, and
liquid H,) are all comparable—about 1,400 kg
(3,000 pounds). The gas-fueled vehicles (CNG
and compressed H*) arc somewhat heavier be-
cause of the weight of compressed gas cylinders.
The drag coefficients arc assumed to be the same
for all vehicles except the hydrogen-fueled sys-
tem. The very low energy storage density of the

latter demands a more streamlined design in order
to achieve a reasonably acceptable driving range,
Because their engines would have higher com-
pression ratios, the fuel efficiencies of the metha-
nol, ethanol, CNG, and hydrogen vehicles would
be higher than that of the gasoline vehicle (about 7
percent higher for CNG and 15 percent higher for
methanol, ethanol, and hydrogen).

Table 4-4 shows the projected retail vehicle
price, fuel price, and total life-cycle costs per kilo-
meter for the ICEV-fuel combinations considered
here. The retail fuel prices correspond to those
shown in table 4-2. The ethanol, methanol. and
hydrogen fuel costs assume production from bio-

7The relationship between engine lifetime and vehicle lifetime, however, is complex.
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mass, although it is unlikely that large quantities
of fuel from biomass will be available before2010
under current policy. The full retail prices of all
liquid-fueled ICEVs are comparable. The CNG
vehicle cost is about $1,500 higher. The hydrogen
ICEV (compressed gas or hydride storage) is
about $6,000 higher. The hydrogen and CNG ve-
hicles are more costly principally because of the
relatively expensive storage equipment involved.

Ownership and operating costs can be com-
bined and expressed as a total cost per kilometer
over the life of a vehicle by amortizing the initial
cost at an appropriate interest rate, adjusting for
salvage values and vehicle life, and adding period-
ic costs such as maintenance, fuel, insurance, and
registration. Table 4-4 projects this total levelized
life-cycle cost per kilometer of travel for each fuel
category. (Externality costs, such as the costs of
emissions, are not included in this analysis.) The
baseline gasoline vehicle costs 21 ¢/km. Among
ICEVs, the CNG vehicle has a slightly lower cost,
whereas ethanol and methanol have slightly high-
er costs. The hydrogen ICEV would be the most
expensive, at 17 to 25 percent higher than the gas-
oline ICEV.

In addition, table 4-4 provides life-cycle costs
in terms of the break-even gasoline price. Thisis
the retail price of gasoline (including taxes) at
which the life-cycle cost per kilometer for the
gasoline ICEV would be the same as that for the
alternative vehicle under consideration. The
break-even price ranges from $1 .30/gal
($9.86/GJ) for the CNG vehicle to about $2/gal

800Qdgen et al., op. cit., footnote 17.

($15/GJ) for the methanol vehicle and nearly
$3/gal ($23/GJ) for the compressed H,vehicle.

Again, many of the important cost parameters
are very uncertain, particularly the costs of deliv-
ered fuel from biomass (or fossil fuels), some fuel
storage technologies (e.g., hydrogen storage), and
some vehicle technologies. A sensitivity analysis
of the basic assumptions use'd in these calculations
indicates that if one of several important cost pa-
rameters is overly optimistic, the life-cycle cost
and break-even gasoline price could increase sub-
stantially. ®

| Battery-Powered Electric Vehicles

Interest in electric vehicles has surged and ebbed
several times during this century. In the past few
years, there has been increasing awareness of the
potential for advanced BPEV's to provide sub-
stantial air quality and petroleum conservation
benefits. A cost-effective, high-performance bat-
tery-powered electric vehicle, recharged quickly
by solar or biomass-derived power, would be an
attractive transportation option.

At present, however, no existing battery
technology would allow apure BPEV to be com-
petitive with petroleum-based vehicles. The ener-
gy densities of all battery systems available even
in prototype form today are on the order of 100
times lower than those of gasoline.” This means
that a given amount of gasoline contains enough
energy to propel a car much further than the same
weight or volume of batteries. The greater effi-

8!The energy density of gasoline is 340 times greater than that of a lead-acid battery system per unit of weight and 120 times greater per unit
of volume (energy density for gasoline= 12,000 Whkg; and for lead-acid batteries 35 Wh/kg). For an electric vehicle (EV) powered by lead-acid
batteries to have a 300-mile (480 km) range (assuming the EV uses 0.24 kWh/mile), more than 4,500 pounds (2,000 kg) of lead-acid batteries
would be required. If the projected energy densities of some advanced batteries can actually be achieved, however, this weight figure could be
reduced by afactor of three or four (e.g., lithium polymer battery). It should also be noted that specific energy (watt-hours per kilogram) (ends to
have an inverse relationship to specific power (power density determines top speed and acceleration). Thus, it is not now possible to maximize a
battery’s energy and its power simultaneously, a limitation that may require an EV (o have two power sources to achieve acceptable range and
acceleration (e.g., either two batteries or a battery and an ultracapacitor). See “The Great Battery Barrier,” |EEE Spectrum, November 1992, pp.

g-101.



ciency of an electric drivetrain compared with an
ICE drivetrain compensates only partialy for this
energy density disparity®(see figure 4-3).

Batteries are also expensive, and thus battery
characteristics are the principal determinants of
both the initial and the life-cycle operating costs
(total cost per mile) of BPEV's. These costs maybe
offset somewhat by the relatively high efficiency
of electric drivetrains. In addition, some analyses
of BPEV's assume that the use of an electric drive-
train will result in lower maintenance costs and
longer vehicle life”If true, BPEV life-cycle
costs would decrease further, perhaps alowing
them to become economically competitive with
ICEVs.” There is, however, much uncertainty re-
garding these assumptions. For example, because
of battery life limitations, particularly in frequent-
ly cycled systems, electric vehicle maintenance
and battery replacement costs may turn out to be
higher than currently assumed.

Mass production may bring down battery costs,
but many of the more advanced batteries under de-
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velopment incorporate expensive materials, as
well as sophisticated engineering techniques in
their construction. Lead-acid batteries for the ex-
perimental electric vehicle that General Motors
expects to produce are likely to cost at least $2,000
and last for 15,000 miles (24,000 km), probably
less that two years. This would mean spending
more than $12,000 on batteries over a
100,000-mile ( 160,000-km) vehicle life. The
nickel-iron battery packs for the Chrysler electric
minivan (the TEVan) cost more than $6,000 but
are projected to last up to 75,000 miles (120.000
km).*The nickel-metal hydride battery under de-
velopment by Ovonic Battery is projected to cost
$5,000, with a life of more than 100.000 miles
(160,000 km).”

The principal R&D challenge for BPEVsisto
develop a battery that has high energy density for
range, high power density for acceleration perfor-
mance, reasonable longevity, and low cost*and
is quickly rechargeable,”safe, and readily recy -

820ther advances such as regenerative braking (electric motors on the wheels are used torecov er braking energy) will further improve
electric drivetrain efficiency. It should be pointed out, though, that the actual in-use efficiency of electric drivetrains has some areas of uncertain-
ty. Thus far, there has been little real-world testing. The greatest uncertainty is battery cycle efficiency, which could vary anywhere from 60 to 90
percent. “Smart” charging could help ensure high battery efficiencies. See “’Batteries Charged Quickly, Electric Truck Set\ Record,” New York
Times, Feb. 16, 1994, p. D2.

83See, e.g.,M. Delucchi, Ingtitute of Transportation Studies, University of California-Davis, « Hydrogen Fuel-Cell Vehicle\.” Sept. 1, 1992.

84Because of the energy density limitations of current battery technology, however, BPEVswould probably not be competitiv einterms of
range; they could have acceleration characteristics comparable to ICEVs.

85 A recently announced improved lead-acid battery design could greatly extend battery life. Electrosource. Inc. has developed a lead-acid
battery that uses a “woven lead mesh” instead of heavy lead plates. A lead wire grid is wrapped around a fiberglass core. This construction
apparently enables the battery to withstand more charge-d if charge cycles. Electrosource believes that the battery might be able to last about
80,000 miles ( 130,000 km), but this has not been demonstrated. The battery is currently being tested by Argonne National Laboratory. See
“Producing the Near-Term EV Battery,” EPR/! Journal, April/May 1994, pp. 6-13.

86Chrysler Corp., brochure, May1992.

87The potentially long operating li f,of th.nickel-metal hydride battery has not yet been demonstrated. Venkatesw aran and Brogan, op. cit.,
footnote 3.

88The mid-term cost goal of the Department of Energy-U.S. Advanced Battery Consortium R&D programis S 150 kWh. Thisimplies a cost
of $6,000 for a40-kWh battery pack for atypical electric vehicle. Achievement of these cost goals can bev a idated only in pilot production,
which is still several years away.Ibid.

894 “quick” recharge gy stem (e.g..1 s minutes) could be quite costly because of the requirement for ahigh energy inputin a short Period of
time. One recently announced quick recharge system requires about 440 volts and 160 amperes. whichis currently not available to homes or
marry businesses. Such a recharge requirement raises a number of peak capacity and infrastructure issucs. See Roberta Nichols, “The United
States Advanced Battery Consortium: Making Longer Life Batteries Affordable.” in Proceedings of the International Conference onthe Urban
Electric Vehicle (Stockholm, Sweden: Organization fOr Economic Cooperation and Development, May 1992), pp. 347-354.



FIGURE 4-3: Drivetrain Efficiencies
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NOTE: An electric drivetrain can be three to four times as efficient as a mechanical ICE drivetrain (e.g., 52 percent for electric vehicles (EVs) versus 12 percent for ICEVs). This efficiency differential
drops substantially when the overall fuel chain efficiency for ICEVs and EVs is taken into consideration (16.6 percent for coal-powered EVs versus 10.3 percent for gasoline-powered ICEVs). The
tue! chain efficiency for EVs could be much higher if new power generation technologies are deployed. Advanced coal plants might achieve efficiencies close to 50 percent, while efticiencies of 60
percent are possible for advanced natural gas plants. With an advanced natural gas plant the overall fuel chain efficiency for EVs could rise to 27 percent

SOURCE John Broganand S Venkateswaran, “Diverse Choices for Hybrid and Electric Motor Vehicles," in Proceedings of the International Conference on Urban EV's (Stockholm, Sweden: Organiza-
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TABLE 4-5: Technical Objectives of the U.S. Advanced Battery Consortium@
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Mid-term Long-term

Specific energy (Wh/kg) 100P >200
Energy density (Wh/liter) 135 >300
Specific power (W/kg) 150 >400
Power density (W/liter) 250 >600
Life (years) 5 10
Life {cycles to 80% discharge) 600 1,000
Cost ($/kWh) <$150¢ <3100
Operating temperature range (°C) -30 to 65 -40 to 85
Recharge time (hours) 6 3

2 Some of the battery technologies being pursued include nickel-metal hydride. lithium polymer. nickel-zinc, nickel-iron,

zinc-air. thium-ron disulfide, and sodium-sulfur

O Current lead-acid batteries have a specific energy density of 35 to 45 Wh/kg

€ Agoalof $150/kWh implies a cost of $6 000 for a 40-kWh baltery pack for atypical electnc vehicle. Ifthe typical electric
vehicle consumes 0 2 kWh/mile, then a 40-kWh battery pack would provide a range of 200 miles (320 km)

SOURCE U S Advanced Battery Consortium

clable. No battery yet exists that meets all these
criteria. As a consequence, the federal govern-
ment is leading a public-private sector consortium
to address fundamental battery technology barri-
ers. Table 4-5 lists the technical objectives of the
Department of Energy -U.S. Advanced Battery
Consortium.

Motors and control systems have improved
greatly in recent years with advances in materials
technology and power electronics,”so that the
energy efficiencies of many electric drivetrain
components are well over 90 percent. Total effi-
ciency is much less, however, when components
must be used together. Therefore an R&D pro-
gram must include components and systems in-
tegration.

Asdiscussed earlier, electric vehicles have es-
sent i ally no direct emissions and therefore may al-
leviate urban air quality problems. Widespread
use of BPEVs could greatly reduce CO and hydro-
carbon emissions in particular. The overall con-
tribution to pollution depends on the nature of the
electricity generation process. Electricity gener-
ated from a coal-fired powerplant will contribute
significantly to local and global pollution.” If ve-
hicles were powered by electricity from renew-
able energy sources, however. both CO,and
criteria pollutant air emissions could be largely
eliminated. In any case, electric vehicles may con-
tribute less to urban air pollution since power-
plants are frequently located outside urban areas.

YFor example, advances in microelectronic have resulted in low-cos[, lightweight direct current (de) to alternating current (ac)inverters,
which make it attractiv e to use ac (or brushless d¢) rather than conventional dc motors. With the improved inverters the entire ac system is
cheaper, more compact, more reliable, easier to maintain, more efficient, and more adaptable to regenerative braking than the dc systems used in

virtually all BPEVs (o date, Ogden et dl., op. cit., footnote 17.

91t should also be pointed out that upstream emissions associated with gasoline refining can be considerable. For example, emissions of
VOCs associated with gasoline production are much greater than those associated with electricity production for EVs. See M.A. Delucchi,
“Emissions from the Production, Storage, and Transport of Crude Oil and Gasoline,” Journal of the Air and Waste Management Association,
v01.43, 1993, pp. 1486- 1495:and Q. Wang et a.. “Emissions Impacts of Electric Vehicles,” Journal of the Air and Waste Management Associa-

nion,vol. 40,1990, pp. | 275-] 284.



132 | Renewing Our Energy Future

Battery-powered electric vehicles may pose an
environmental hazard unique among the alterna-
tive fuels. The batteries required by electric ve-
hicles typically have short lifetimes and may
present a disposal problem. The battery technolo-
gies under development also require specia dis-
posal procedures for production wastes as well as
for spent batteries. Battery recycling and disposal
issues have been incorporated into the program
objectives of the U.S. Advanced Battery Consor-
tium.

| Fuel Cell Vehicles

Among the many propulsion systems in existence
or under development, fuel cell-powered vehicles
could perhaps take the most advantage of’ a well -
developed renewable fuel supply. Spurred in part
by the emerging market for zero-emission ve-
hicles, and partly by recent advancesin fuel cell
technology, fuel ceil-powered vehicles have been
the subject of growing at tent ion. Fuel cell vehicles
are of particular interest because they could poten-
tially combine the best attributes of BPEVs—zero
or near-zero vehicle emissions, high efficiency,
quiet operation, and long life—with the long
range and fast refueling time of ICEVs.

Like batteries, fuel cells arc electrochemical
devices. In a battery, the electricity-producing
reactants are regenerated during recharging: in a
fuel cell, the reactants are supplied continuously
from an external source (e.g., a hydrogen storage

tank plus air). Fuel cells convert the chemical en-
ergy in afuel (e.g., hydrogen or a hydrogen carrier
such as methanol) and oxidant (usually oxygen in
air) directly into electrical energy. Since fuel cells
produce electricity without combustion, higher
energy efficiencies are possible, and air pollution
is virtually eliminated.

The efficiency of afuel cell (electrical output
divided by fuel input) can be higher than that of
heat engines. Practical efficiencies of 40 to 60 per-
cent are possible for fuel cells, which is consider-
ably higher than an internal combustion engine in
the sizes appropriate for vehicles (the typical gas-
oline engine achieves peak efficiencies of about
30 percent). When integrated into vehicle sys-
tems. the efficiency differential between fuel cells
and ICES will change somewhat depending on the
type of vehicle technology employed.

For example, if an ICE is used in a hybrid con-
figuration with a battery and an electric drive train,
the intrinsic efficiency gap between fuel cells and
engines may be reduced by about half.”Fuel cell
vehicles could, however, have 2 to 3 times the
overall energy efficiency of conventional gaso-
line-powered ICEVs for a typical urban driving
cycle.*The efficiency of an ICEV over the EPA
urban driving cycle ranges from 12 to 15 per-
cent .* FCV's should be capable of achieving over-
all systems efficiencies of 30 to 40 percent.”

Several types of fuel cells are now under de-
velopment. These include the proton-exchange

*See J. Ray Smith, “The Hydrogen Hybrid Opt ion,” paper presented at the Workshop on Advanced Component\ for Electric and Hybrid
Electric Vehicles, Gaithersburg, MD, Oct. 27-28.1993.

931n contrast to an ICE, the fuel cell system has higher efficiency at the lower end of its load range. This is particularly favorable for urban
driving conditions. Some estimates indicate that the per-mile energy usage of passenger fuel cell vehicles (FCVs) would be about half that of
comparable conventional vehicles. Variablevaly eand cylinder deactivation technolog ies nowunder dev elopment by some manufacturers may
reduce low power inefficiencies in conventional ICEVsand narrow this FCV advantage. For FCV performance and cost projections, see All ison
Gas Turbine Division, op. cit., footnote 20.

94Some estimate that this 12 to 15 percent range could be pushed to more than 20 percent with the use of an optimized drivetrain, which
would not be prohibitively expensiv e. John DeCicco. American Council foran Energy-Efiicicnt Economy, personal communication, June 16,
1994, Onthe highw 4y where an engine can operate at constant speed, a 25-percent energy efficiency can be achieved. Smith, Op. cit., footnote
92.

*The 301040 percent figure assumes a fuel cell efficiency of 45 to 50 percent, a fuel reforming efficiency of 8010 90 percent (for the
conversion of methanol to hydrogen), and an efficiency of 80 to 90 percent for the controller and electric motor. Regenerativ ¢ braking is not
assumed here.



membrane cell (PEM), the phosphoric acid cell,
the alkaline cell, and the solid oxide cell. Among
these options, many researchers believe that PEM
fuel cells are the best suited for use in highway ve-
hicles in the mid-term. Compared with other types
of fuel cells, PEM cells are relatively light and
compact and have the advantages of high power
density, quick startup time, low operating temper-
ature (80° to 100°C or 176° to 212°F) and po-
tentially greater longevity. Phosphoric acid cell
technology is perhaps the most mature, but it is
too bulky for light-duty vehicle use.*Alkaline
fuel cells perform comparably to PEM cells and
have lower material costs, but they have extreme-
ly long startup times (up to 2 hours) and require a
CO,-free air supply to prevent poisoning of the
cell electrolyte. Solid oxide cells potentialy offer
the greatest power densities but operate at very
high temperature (800° to 1,000°C or 1,500° to
1,800°F), require extremely sophisticated fabrica-
tion techniques, and are far from commercializa-
tion. Thus, most light-duty vehicle demonstration
programs today are planning to use PEM fuel
cells.

In a PEM fuel cell, hydrogen is delivered to the
anode and oxygen (or air) to the cathode. The
anode and cathode are separated by a thin polymer
membrane that conducts protons (hydrogen ions)
but not electrons.” At the cathode, hydrogen sep-
arates into hydrogen ions and electrons in the pres-
ence of a platinum catalyst.” The electrons move
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through an external circuit, driving the motor. Hy-
drogen ions are conducted through the membrane,
where they combine with the returning electrons
and oxygen to form water, which is removed from
the cell. Overall, the fuel cell combines hydrogen
and oxygen to produce electricity y, heat, and water.
In addition to the engineering of the cell itself,
an important challenge to designers of fuel cell
propulsion systems is the means of storing the hy-
drogen fuel. As discussed earlier, hydrogen could
be stored directly onboard the vehicle in high-
-pressure tanks, released in reaction with sponge
iron, or produced onboard via reforming of a
hydrogen carrier such as methanol, ethanol, or
methane. Although onboard reforming adds com-
plexity and weight to a fuel cell propulsion sys-
tem, it probably represents the most viable fueling
option since it allows the greatest vehicle range.
Methanol is perhaps the easiest to reform
onboard the vehicle, because relatively modest
temperatures are needed (300°C (570° F) or
less) .99 Reforming of ethanol requires tempera-
tures around 500°C (900°F) and some analysts
suggest that will be a major disadvantage. It is not
clear, however, whether an ethanol-fueled system
would be prohibitively more complex than a
methanol-fueled system. ” Because the energy
density of ethanol is about 25 percent higher than
that of methanol (allowing greater vehicle range)
and because ethanol is less corrosive and toxic, the

96The phosphoric acid fuel cell is considered a near-term option fOr heavy-duty vehicles. A phosphoric acid cell is currently being used in
the Department of Energy's fuel cell bus demonstration program.

97A sing le membrane-electrode sandwich is about four-hundredths of an inch thick. A fuel cell stack is assembled by placing one mem-
brane-electrode sandwich on top of another.

Y% Because the platinum catalyst is poisoned by CO, hydrogen for PEM fuel cells must contain no more than afew parts per million of CO.
Thisimposes stringent cleanup standards on hydrogen produced via natural gas reforming.

“DRescarchers are also investigating the direct use of methanol in fu€l cells i.e., introduction of methanol fuel directly to the fuel cell anode).
This would eliminate the need for an onboard reformer and could substantially reduce system complexity and cost. The technical challenges
facing direct methanol fuel cells appear, however, to be significantly greater than those for hydrogen fuel cells. Michael Krumpelt, Argonne
National Laboratory, personal communication, January 1994.

100Both methanoland ethanol are reformed at temperatures well above the operating temperature of the PEM cell. In either case. the refor-
mate must be cooled and treated to remove CO. Thus the higher temperature of the ethanol reformer may not add much to the complexity and
cost of the system. Romesh Kumar, Electrochemical Technology Program, Argonne National Laboratory, personal communication, Jan. 31,
1994,
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Energy Partners of West Palm Beach, Florida, is developing a
prototype PEM fuel cell vehicle dubbed the “Green Car” The
prototype s fueled by compressed hydrogen

reforming of ethanol for fuel cell vehiclesis cur-
rently the subject of an R& D program funded by
the Department of Energy (DOE). Methane re-
forming requires temperatures around 800°C
(1 ,500°F). In the future, if solid oxide fuel cells
are developed for transportation. methane or etha-
nol could be readily used because of the high op-
erating temperature of the cells (800° to 1,000°C
or 1,500° to 1,800" F).

A number of experimental PEM fuel cell ve-
hicles are now under development. * The fuel
cell vehicle is an electric drive vehicle that uses a
fuel cell systemin place of (or, in some designs, in
parallel with) a rechargeable storage battery (see
figure 4-4). The fuel cell system consists of a fuel
cell stack, which produces the electricity; an air

compressor to provide pressurized air to the fuel
cell; a cooling system to maintain the proper oper-
ating temperature; and a water management sys-
tem to keep the PEM membrane saturated and
remove water as it is created at the cathode. If the
fuel is stored as methanol or ethanol, a reformer is
needed on the vehicle to convert the fuel to hydro-
gen.

In theory, all the power demandsin an FCV can
be provided by a fuel cell alone. The most practi-
cal implementation of fuel cells in vehicles, how-
ever, might involve designing a fuel cell to meet
the “baseload” power requirement and using a
peak power device to meet demands for quick ac-
celeration. The peak power device could be a stor-
age battery, an ultracapacitor, “or a flywheel. **
Such a design approach could be quite important
since methanol reformers cannot follow rapid
load changes (unlike a fuel processor, batteries or
ultracapacitors can more readily follow the load
profile). Such a storage device could provide ini-
tial power during the fuel cell system warmup and
also allow energy to be recovered from regenera-
tive braking. Since most vehicles spend the vast
majority of the drive cycle at low load where the
fuel cell alone would be adequate, the peak power
device could have a low storage capacity coupled
with a high power density.

The overadl environmental impact of a fuel cell
vehicle will depend on the means of production
and delivery of the hydrogen or hydrogen carrier

101DOE is now operating 3 demonstration fuel cc]] bus with onboard methanol reforming. DOE isalso involved in a joint project with Gen-
eral Mators and other industrial partnersto demonstrate a PEM fuel cell automobile (with onboard methanol reforming) by the turn of the centu-
ry. Daimler-Benz recently unveiled a prototype PEM fuel cell vanusing high-pressure hydrogen storage. Energy Partners in Florida has recently
unveiled its prototype “Green Car, " a hydrogen-powered PEM fuel cell automobile. Mazda and Seimens are also developing PEM fuel cell
vehicles. However, commercial production of these prototypes is still many years away.

102Capacitors store electric charge on metal surfaces separated by thin layers of insulator. Recent developments in materials technology.

including the creation of aerogels—very | ight porous solids—allow the creation of substances with very large surface area compared with their
volume, which makes them suitable for the construction of capacitors capable of storing and quickly delivering particularly large amounts of
charge. Such devices are called ultracapacitors.

103Flywheels are i essence “electromechan i]” batteries. A rapidly spinning rotor is used 10 store energy, which is then tapped electro-
magnetically. The principle of storing energy in a rotating wheel is an old one—potters use it, and many combustion motors employ a flywheel
to smooth out fluctuations in their output-but new technology allows rotation speeds far greater than that possible with conventional steel-
rimmed wheels. Modem flywheel rotors use advanced composite materials that are light and strong, and have very high energy densities be-
cause they spin so fast (up to 2,000 revolutions a second). See Michael Riezenman, “A Different Spin on an EV Battery,” IEEE Spectrum, No-
vember 1992, p. 100.
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FIGURE 4-4: Advanced Fuel Cell Vehicle Power Train Configuration
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sharing between the fuel cell and the battery, depending on the driving reguirements and state of charge of the batteries

SOURCE: Aliison Gas Turbine Division, "Research and Development of Proton-Exchange Membrane (PEM) Fuel Cell System for Transportation Ap
piications: Imtial Conceptual Design Report,” EDR 16184, paper prepared for the Otfice of Transportation Technologies, U S Department of Erergy

Nov 30 1993

used. Just as BPEVs can offer significant environ-
mental benefitsif they are recharged by using re-
newably generated electricity, FCV's could have
very low overal emissions if hydrogen or hydro-
gen fuel carriers were derived from renewable
sources. If FCV's were to use hydrogen. methanol,
or ethanol made from biomass, CO,emissions
could be reduced by more than 90 percent
compared with a gasoline ICEV (see table 4-1). It
should be noted that fuel reforming does produce
CO0,, but if renewably grown biomass is the fuel
source, the globa carbon budget would not be af-
fected. The use of hydrogen produced from elec-
trolysis of water using solar-generated electricity
would virtually eliminate CO,emissions for the
entire fuel cycle.

Despite their promise, large-scale commercial
production of fuel cell vehicles is still many years

or even decades away. 104 Many key Vehicle

technologies are till in the developmental phase.
Although some advances have been made in the
area of PEM fuel cell performance, much progress
is required before a complete fuel cell system can
be packaged for an automobile. The integration of
different system components will be a formidable
engineering Undertaking. For example, if an on-
board reformer is used, sophisticated thermal con-
trol equipment is required. The long-term
reliability of the essential components of a fuel
cell system has not yet been demonstrated in an
automotive environment or over a typical automo-
tive duty cycle. **

The costs of PEM fuel cell components must be
reduced, in some cases, by orders of magnitude.
Although fuel cell costs will likely decrease as

104The PEM f,J cell prototype vehicle being developed jointly by DOE and General Motors (Allison Gas Turbine) will not be completed

until 1999 or 2000. Ev en if the protoyping effort is successful, it will take years of engineering refinement before mass production can begin.

105See Philip J. Haley, Chief Project Engineer, Vehicular Engines, Allison Gas Turbine Engine Division, testimony at hearings before the
House Committee on Science. Space, and Technology, Subcommittee on Energy, July 20, 1993.
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| BOX 4-2: Fuel Cell Vehicle R&D Challenges

Many technical and economic barriers need to be overcome before the fuel cell vehicle becomes a
viable competitor with other vehicle technologies. The main R&D issues facing fuel cell vehicles are:
= Development of proton-exchange membrane (PEM) fuel cells

I, Reducing the cost and ilmproving the performance of the polymer membrane without compromising
its mechanical properties or making it more sensitive to impurlhes in the gas streams. At present, the
cost of the membrane s the single largest contributor to the cost of the PEM fuel cell. Current costs
for the membranes are about $1 ,000/kg, largely because these materials are custom manufactured
in small quantities, Membrane costs need to be brought down to around $1 O/kg,

2, Mass producing large-area fuel cell stacks with low platinum catalyst loadings, Platinum require-
ments have been greatly reduced (by fortyfold) in small-area laboratory fuel cells These advances
need to be achieved for large-area fuel cell stacks as well

3. Finding a simple and effective way to keep the membrane moist, while still removing product water
at the cathode

4, Developing a membrane that withstands temperatures of 150°C (300° F), This would allow methanol
to be oxidized directly, thus obviating the need for a platinum catalyst.

5. Reducing the size and energy consumption of the air compression system

6 Reducting the weight, bulk, and cost of the fuel cell stack components and assembly

= Development of low-cost, compact, simple, and reliable fuel cell system auxiliaries.

= Development of electric drivetrains designed for long-range, high-efficiency, high-power, and rapid tran-
sient operation.

= Development of control systems for fuel cell vehicles, which can coordinate the use of fuel cell and
peak power devices.

= Development of batteries or other peak power devices suitable for use in fuel cell vehicles, The charac-
teristics required differ from those for battery-only powered electric vehicles.

= For hydrogen fuel cell vehicles, development of lightweight, low-cost, high-pressure compressed gas

cylinders for onboard hydrogen storage.
» For methanol fuel cell vehicles, the development of onboard reformers with rapid response time, Metha-
nol reformers today have long warmup times and cannot follow rapid load changes

SOURCES Joan M Odgen et al , “A Technical and Economic Assessment of Renewable Transportation Fuels and Technologies, "
report prepared for the Office of Technology Assessment, May 1994 and Michael Krumpelt, Argonne National Laboratory, personal
commumcation, January 1994

economies of scale are achieved in manufactur-  4-2. If mass production is able to bring down com-
llls, 7 UIC ITUUL UIVLID HIeLOddaly (U LIanc 1'w vy VUllClll LUDdLd alu 11 lllaJUl dyosiulil 1111c51auuu Liiar-
competitive with other vehicle options will re-  lenges are met, some estimates indicate that it may
quire intensive R&D in coming years.!07 Some of  be possible for FCVs to have life-cycle operating
the major R&D challenges are enumerated inbox  costs comparable to conventional gasoline ve-

106 o ¢ manufacturing ramps up, many products typically follow a “learning” ¢ “experience” curve, where costs decline 20 percent with
each doubling of production. See Linda Argote and Dennis Epple, “Learning Curves iN Manufacturing,” Science, vol. 247, Feb. 23, 1990, pp.
920-924.

107A recent study estimates that a mass-produced FCV power system could cost as little a5 $50/kW. See Allison Gas Turbine Division, Op.

cit., footnote 20.



hicles.!%® This is due principally to the high effi-
ciencies and longer lifetimes possible with
FCVs.'99 Many essential technologies, including
the fuel cell itself, are still many years away from
commercialization, however, and thus cannot be
firmly costed. Consequently, such estimates
should be treated cautiously.

1 Hybrid Vehicles

Given the technical difficulties confronting both
battery-powered clectric vehicles and fuel cell
electric vehicles, researchers have been exploring
the possible advantages of hybrid electric ve-
hicles. Hybrid systems could provide many of the
energy efficicncy and emissions benefits of pure
BPEVs, while offering greater flexibility with re-
spect to range and performance. In the broadest
sense, hybrid propulsion systems combine two
power sources. The range of potential sources in-
cludes batteries, flywheels, internal combustion
engines, gas turbines, fuel cells, and diesel en-
gines.

One emerging hybrid concept is to use electric
motors to drive a vehicle’s wheels, with the mo-
tors powcred by an electrical storage system that is
recharged by a low-power internal combustion en-
gine (the ICE drives an electric generator).'10 The
combustion engine would run only when the elec-

Chapter 4 Transport 1137

trical storage device needed recharging and would
operate at a constant speed to maximize cfficien-
cy.'" The electrical storage device could be a bat-
tery, ultracapacitor. or advanced flywheel. and
could be used to recover energy currently lost dur-
ing the braking cycle, thereby reducing total fuel
consumption. Because the ICE would be small
(about half the size of conventional ICE power-
plants) and would run at one design speed. the hy-
brid could be quite clean and efficient.!!?
Ultimately, the ICE powerplant could be replaced
by a fuel cell or gas turbine.'!3

Initially, ICE hybrids would probably run on
gasoline, but by taking advantage of a proven pro-
pulsion technology such as the ICE, hybrid sys-
tems might generate early market demand for
various renewable fuels and facilitate the devel-
opment of an alternative fuel infrastructure.
Although conventional ICEVs powered by alter-
native fuels could offer near-term petroleum con-
servation benefits, ICE hybrids perhaps offer a
transitional pathway to advanced BPEVs and
FCVs.

An ICE-based hybrid could run on a variety of
tuels such as hydrogen, ethanol, methanol, refor-
mulated gasoline, or natural gas. Rescarchers at
Lawrence Livermore National Laboratory have
projected the vehicle efficiencies that might be

MRECVS could still have a higher initial purchase price. See Deluccht, op. cit., footnote 91.

109

An electric drivetrain is expected to result in lower maintenance costs and extend vehicle hite. Ibid.

HUSee Smith, op. cit.. footnote 92; and A. Burke and D. Sperling, “Hybrid Vehicles: Always Second Best?” Future Drive: Eleciric Vehicles
and Sustainable Transportation (Washington, DC: Island Press, 1994).

"1 The typical urban driving cycle, with its varying speed and load demands, greatly reduces engine conversion efficiency. Some estimate
that a hybrid design that would allow the ICE to operate at a single speed and load point, might double engine efficiency in comparison with
current designs. See Smith, op. cit.. footnote 92: and Amory B. Lovins et al., Supercars and Nega-km: The Coming Light-Vehicle Revoluiion
(Snowmass, CO: Rocky Mountain Institute, Feb. {1, 1993).

I2INote, however, that the efficiency of ICEs does decrease, all clse equal, as size decreases. Also, even with arelatively small range of 40 to
50 miles, such a hybrid could meet a large traction of the daily driving needs of many urban drivers in the electric mode (i.c.. without using the
heatengine). If the ICE were sized in the 25- to 40-kW range, the hybrid could travel much fonger distances (i.e., the hybrid would operate inali
electric mode in the city and use the [CE tor highway driving). See Burke and Sperling, op. cit.. footnote 110.

13 The use of a small gas turbine as an automotive powerplant could offer a number of benefits. Gas turbines can use a number of alternative
fuels, including methanol and hydrogen, and can have low emissions of criteria air pollutants. However, automotive gas turbines are still in the
development stage. Reliability and efficiency are uncertain. See U.S. Department of Energy, Conservation and Renewable Energy Technolo-
gies for Transportation (Washington, DC: 1990); and Robert Harmon, “*Altemative Vehicle Propulsion Systems,”” Mechanical Engineering,
March 1992, p. 58. An upcoming OTA study will provide a detailed review of automotive gas turbines.
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TABLE 4-6: Estimates of Series Hybrid Vehicle Efficiencies?

Overall vehicle efficiency
for a typical urban driving cycle

Vehicle type (percent)
Conventional Internal combustion engine vehicle (ICEV) 12-15
Battery-powered electric vehicle (BPEV) 20
Gasoline internal combustion engine (ICE) hybrld* 24
Compressed natural gas ICE hybrid 28
Proton-exchange membrane fuel cell hybrid 30-40
Hydrogen ICE hybrld’ 30-40

aThe comparisons are done on abasis of equal vehicle weight, drag, and rolling resistance
bThe BPEV 1s assumed to be charged by a powerplant operating at 36-percent efficiency, with a power transmission efficiency Of 92 Percent The
BPEV tself has an efficiency of about 50 percent, resulting in an overall efticiency of about 20 percent

‘The electrical storage dewce is assumed 10 be an advanced flywheel having a turnaround efficiency of 95 percent
dipis assumed that the compression ratio for a hydrogen ICE can be raised to about 15 (conventional[(CEVs have compression ratios of about 10) This

would result in an engine having 48-percent efficiency

SOURCE J Ray Smith “The Hydrogen Hybrid Optlon,” paper presented at the Workshop on Advanced Components for Electric and Hybrid Electric

Vehicles Gaithersburg, MD, Oct 27-28, 1993

achieved using different fuels (see table 4-6). In
comparison to a conventional ICEV, they estimate
that a gasoline hybrid might add an additional 10
percentage points to overall vehicle efficiency for
atypica urban driving schedule (24 versus 13 per-
cent). *“Such a vehicle would effectively double
the urban mileage that could be traveled for a giv-
en quantity of gasoline. A CNG hybrid would
have dlightly better efficiency (28 percent), be-
cause of the higher compression ratio possible for
CNG engines. Efficiencies similar to CNG would
be expected when acohol fuels are used. Perhaps
most interesting, a hydrogen ICE hybrid might
achieve efficiencies comparable to afuel cell hy-
brid (30 to 40 percent). Thus, the hydrogen hybrid
has the potential to be the “mechanical equivaent
of the fuel cell.” Asnoted before, however, these
projections are subject to considerable uncertainty

in terms of the efficiency of individua compo-
nents and overall integrated system efficiencies.
Much further research is needed to better quantify
performance and to develop working demonstra-
tion vehicles for these various options.

Although tailpipe emissions from a hydrogen
ICE hybrid would not be zero as from afuel cell
vehicle with onboard hydrogen, the emissions of
C0,, hydrocarbons, and nitrogen oxides could be
significantly lower than for conventional
ICEVS.115 A hydrogen-fueled engine is potential-
ly a near- to mid-term (10 to 15 years) technology
option since prototype hydrogen ICEV's have a-
ready been developed. Because of the efficiency
associated with a hybrid configuration, hydrogen
storage requirements might be reduced by 50 to 65
percent compared with a hydrogen ICEV."In

114There would pe essentially no improvement for highway driving, because an ICEV runs basically at one speed on the highway. ICEVs

can achieve highway efficiencies of about 25 percent.

115No ICE electric hybrid, however, has yet been built to compare emissions with pure BPEV'S under real driving conditions.

116Rambach. op. cit., footnote 60.



addition, hydrogen fuel costs over a 300-mile
(480-km) operati ng range would not be prohibi-
tively expensive. "If the difficulties associated
with creating a hydrogen infrastructure can be sur-
mounted, development of a such a hybrid might
provide an important pathway to a hydrogen-
based transportation systcm.

The most plausible hybrid candidates in terms
of cost and technical difficulty, however, are likely
to be gasoline- or alcohol-based vehicles. It
should be stressed that them are serious engineer-
ing chalenges confronting hybrids. For example,
a hybrid vehicle will require a complex power
control system that coordinates heat engine (e.g..
an ICE or gasturbine) and electrical storage sys-
tem operation. In addition, much must be learned
about hybrid performance, efficiency, emissions,
reliability, complexity, and cost. In 1993, DOE
initiated a $ 138-million, five-year program with
General Motors, and a $122-million program with
Ford, to design and develop prototype hybrid ve-
hicle systems.

POLICY ISSUES

The evolution of the U.S. transportation system
toward full use of renewable energy sources in ad-
vanced vehicles could take very different direc-
tions depending on the market response and on the
relative importance placed by policymakcrs on
key energy and environmental issues, including
urban air quality, greenhouse gas emissions, and
energy security. The evolution and development
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of specific technologies, and of the policies that
support those technologies, will be driven princi-
pally by the prospect of cost, energy security, or
environmental benefits.

Although some of the propulsion technologies
and alternative fuels discussed here could eventu-
aly be commercialized through the operation of
normal market forces, it is not likely that such
commercialization will happen in the near to mid-
term, given the low prices of gasoline now avail-
ableto consumers. | Policymakers determine
that it is necessary or desirable to introduce high-
efficiency, low-emission vehicle technologies in
the near to mid-term. then some level of govern-
ment intervention will continue to be required.™

Federal policy is starting to play a major rolein
developing and commercializing these technolo-
gies, especially with the recent increases in federal
funding for RD&D in alternative fuels and ad-
vanced vehicle technologies.

There exists abroad array of policy instruments
that could affect either the supply of vehicles that
use alternative fuels or the demand for them. Sup-
ply-side instruments can include increased public
R&D funding and coordination, higher fuel effi-
ciency standards, and stringent emissions regula-
tions. Some of these options, however, do not
guarantee that consumers will actually purchase
vehicles that use aternative fuels. Thus, demand-
side instruments might also be required. These
could include lower tax rates for alternative fuels
relative to gasol ine, "feebates’ for energy efficien-

1170ne study estimates thata hydrogen hy brid that carried five passengers would consume about 1.5 M) mile (2.4 MJ/km). If the delivered

cost for hydrogen ranges from $30 to $50 GJ. the fuel operating cost w ould range from $13 to $23 per 300 miles (480 km). This is comparable to
the operating cost of many conventional gasoline ICEVs. If advanced lightweight materials and streamlined aerodynamics were incorporated,

hybrid operating costs would drop even further. Ibid.

118The market challenges associated with a shift to high-efficiency vehicles that use alternative fuels will be substantial. Such a shift will

require extensive and expensive development of anew fuel infrastructure, retooling of portions of the automobile industry, and additional fi-
nancial considerations for consumersif thenew vehicles have higher upfront capital costs (even if competitive on alife-cycle basis).

119For example. if 1t is determined that national lev els Of greenhouse gas emissions need to be reduced below current targets, energy effi-

ciency improvements Will probably not be sufficientto achiev ¢ Jong-run, deep cuts in CO; emissions unless there is aswitch to renewable
transport fuels. Such a transition aw ay f1om apetr oleum-based transportation sy stem would likely take many decades even with aggressive

government intervention (see chapter | ).
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BMW has developed a compact electric vehicle dubbed the
“E1." The concept car has been designed as an all-electric
vehicle, or as an electric hybrid that uses a small ICE for
long-distance travel and to recharge the vehicle's batteries.

120

¢y, tax incentives for the purchase of advanced

vehicles, pollution-based registration fees for
automobiles, * exemptions from transportation
control measures, “ and government procure-
ment of advanced vehicles that run on aternative
fuels.

As illustrated in earlier sections, there are sev-
eral plausible transition pathways that could result
in greater reliance on renewable fuels. Both con.
ventional and emerging vehicle technologies can
take advantage of energy carriers such as metha-
nol, ethanol, hydrogen, and electricity. Many eco-
nomic and technical factors are, however, likely to
make a transition to a renewable-based transporta-
tion system difficult.

for the rebates.

In the short term, accelerated commercializa
tion of ICEVs that use alternative fuels could
create the groundwork for a renewable fuel infra-
structure. Although many of these vehicles would
bum fuels derived from nonrenewable sources
(e.g., methanol from natural gas), in the near term,
markets would be created that could encourage in-
vestment in renewable energy sources and tech-
nologies.

Several important policy measures for promot-
ing the development of alternative fuels have al-
ready been taken at the federal and state levels.
These are: 123

.CAFE (Corporate Average Fuel Economy)
credits are available to automakers who pro-
duce alternative fuel vehicles, permitting them
to treat the vehicles as very-high-mileage cars
that can be averaged into their fleets and allow
fuel economy standards to be met more easily.
These credits, however, are unlikely to provide
much incentive to most automakers unless fuel
economy standards are raised.

.The Clean Air Act Amendments (CAAA) of
1990 established three clean fuels programs:
section 249 establishes a pilot test program in
Cdlifornia; section 246 establishes a centrally
fueled-fleet (10 or more vehicles) program in
air quality nonattainment areas; and section
227 requires gradually increasing sales of ur-
ban buses that use clean fuels. Perhaps more

120Under afeebate™ system, car buyers Would either receive arebate or pay afee based on the vehicle’s fuel economy, with the == paying

|z.Asaummob“esag&mwemissiqnscharacteristics frequently deteriorate, while their registration fees Often are reduced. If registration

fees were based on the emissions performance of cars, the environmental costs of driving older or underperforming cars could be partialy ac-
counted for. Such smog fees might range from $20 (for cars that use clean fuels) to $1,000 per year (for cars that emit large quantities of criteria
pollutants). The fees could be used to offset the costs for low-income drivers. Some researchers believe that pollution fees could be an extremely
cost-effective approach for lowering emissions. See Deborah Gordon, “Alternative Fuels Versus Gasoline: A Market Niche?' Forum for Ap-
plied Research and Public Policy, spring 1994, pp. 5- 12: and Winston Barrington and Margaret Walls, Resourcesfor the Future, “ Shifting
Gears: NEW Directions for Cars and Clean Air,” No. 115, spring 1994, pp. 2-6.

122 or example, consumers who purchase alternative fuel vehicles could be given permission to travel in high-occupancy-vehicle lanes.

Such exemptions from transportation control measures, however, could increase congestion. See U.S. Congress, General Accounting Office,
Alternative-Fueled Vehicles: Potential Impact fromTransportation Control Measures, GAO/RCED-93- 125 (Washington, DC: U.S. Govern-

ment Printing Office, April 1993).

123The following points are drawn from and discussed more fully in Office of Technology Assessment, op. cit., footnote 4.



importantly, the CAAA requires that gasoline
be oxygenated if a city is out of compliance
with CO standards. As a consequence, by the
turn of the century more than 70 percent of all
gasoline sold could contain oxygen and thus
ethanol, methanol, or their derivatives. * For
the same mass (weight) of emissions, alterna-
tive fuels produce less ozone than gasoline be-
cause their exhaust emissions are less
photochemically active. California is moving
toward emissions standards that correct for this
difference in the reactivity of emissions. Thus,
gasoline-fueled vehicles would have to achieve
lower (mass) emissions than vehicles fueled by
ethanol, methanol, or their derivatives. The
California Air Resources Board (CARB), how-
ever, believes that reformulated gasolines will
satisfy CAAA’s clean fuels requirements,
which would limit the extent to which the act
will actually promote aternative fuels. 25 The
act Phase 11 emissions standards, set to begin
in model year 2001 (if deemed necessary by
EPA), are much more stringent (see table 4-3),
so estimates that relatively low levels of alter-
native fuels will be promoted by the CAAA
should be considered preliminary.

| The State of California’ s pilot test program un-
der the CAAA, caled the Low Emission Ve
hicle Program (LEVP), requires minimum
sales of vehicles in different emissions catego-
ries, ranging down to zero emissions (e.g., 2
percent of vehicles sold in 1998 must be zero-
emission vehicles). New Y ork and Massachu-
setts have decided to adopt the Cdlifornia
LEVP. Aswith the CAAA clean fuelsrequire-

‘24See footnote 33.
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ments, CARB believes that reformulated gaso-
line, perhaps in conjunction with modified
emission control systems, will satisfy most and
perhaps all of the emission categories except
the Zero-Emission-Vehicle (ZEV) require-
ment, which probably can be satisfied only
with an electric vehicle or a fuel cell vehicle
that uses onboard hydrogen as fuel. Some ob-
servers have criticized the ZEV requirement
because it fails to consider total fuel-cycle
emissions and thus might place promising
technologies such as ICE-electric hybrid ve-
hicles at a disadvantage. *26 The next most
stringent category, for Ultra Low-Emission Ve-
hicles, may generate alternative fuel use even
if reformulated gasoline can satisfy its require-
ments, because of cost considerations. Current
assessments of reformulated gasoline’ s ability
to meet stringent emissions standards should.
however, be treated cautiously.

. The Energy Policy Act (EPACT) of 1992 estab-

lishes anational goal of 10-percent alternative
fuel use by 2000 and 30 percent by 2010.
EPACT provides tax incentives for vehicle pur-
chasers and for service station operations. Spe-
cific acquisition requirements are placed on
federal fleets, with potentia requirements for
fleets run by state and loca governments. Half
of these nonpetroleum replacement fuels
would have to be produced domestically. Thus,
EPACT could encourage the development of
methanol or ethanol from biomass sources. Re-
cent analyses of the projected market penetra-
tion of aternative fuel vehicles suggest,

125p E. Gushee, Congressional Research Service, ~Alternative Transportation Fuels: Are They Reducing 011 Imports?” CRSIssue Brief,
updated Mar. 8.1993.
126Depending on the assumptions, some believe that certain proposed hybrid configurations could resultin zero tailpipe emissions ‘" he
=]
city, where they would run in a pure electric mode, and have ultralow emissions on the highway. Depending on the fuel used in the ICE, the

overal fuel-cycle emissions of hybrids could well be less than BPEVs when electricity powerplant emissions are taken into consideration. This
might be especiallytrue for the cas,of ICE hvbrids that run on hydrogen. Pure BPEVs may be much cleaner on a fuel-cycle basis than gasoline

ICE hybrids. No ICE-electric hybrid has yet been built to compare emissions with all-electric vehicles under real driving conditions. See Deluc-
chi, op. cit., footnote 91.
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however, that these goals will not be achieved
easily. ' Without pet r ol eum price increases,
subsidies, or tax credits to quicken the pace of
product commercialization, or increased feder-
al support of R&D activities, EPACT goals will
likely not be attained in the timeframes estab-
lished. Only 3 to 4 percent of the light-duty
fleet in 2010 will likely be alternative fuel ve-
hiclcs.™

In addition, the EPACT goals established by
Congress may not be achieved unless inconsisten-
cies with other federa policies are addressed. For
example, widespread adoption of some alterna-
tive fuels such as methanol might be discouraged
bocauss they are taxed pt e faigs per unit o
energy than gasolinc.
policy docs not appear to take full account of the
unique characteristics of alternative fuels. Fuel
taxation rates seem to bear no relation to energy
conservation or environmental goals. Policy mak-
ers may wish to examine the possibility of taxing
each alternative fuel at the same rate in dollars per
unit energy. The rate could be equal to current gas-
oline taxes, reflecting the government’ s desire to
alow the market to decide, or lower to favor alter-
native fuels over gasoline. Consideration could
also bc given to differential taxation rates that re-
flect each fuel's “nonrnarket” characteristics such
as environmental and energy security impacts, in
so far as they can be calculated, given the many
uncertai nt ics.

Even if arapid increase in alternative fuel use
occurs in coming decades, markets for renewable
fuels still might not emerge. It is quite possible
that methanol and hydrogen, for example, would
be derived from coal before biomass. This could
happen if natural gas supplies become scarce be-
fore bioenergy systems are commercidized. From
an environmental perspective. such a scenario

would not be desirable (production of methanol
and hydrogen from coa would result in relatively
higher emissions of CO,in particular and possi-
bly other air pollutants). Therefore, policy makers
might want to consider how biomass fuel path-
ways could be specifically encouraged. One strat-
egy, for instance, would be to intensify R&D
support of enzymatic hydrolysis efforts (for the
production of ethanol from woody and herba-
ceous crops). This could serve as an interim mea
sure to develop a crop production and fuel
transport infrastructure. Eventually, with further
development of biomass gasification technology,
this infrastructure could be used for the produc-
tion and delivery of methanol and hydrogen. Eco-
nomically competitive gasification processing
would permit a greater diversity of biomass feed-
stocks to be exploited.

Vehicles that run on ethanol or methanol from
biomass feedstocks, or on hydrogen produced
from biomass or renewably generated electricity,
offer the possibility of extremely clean and high-
performance transportation. However, consider-
able R&D is necessary to bring down production
costs of these alternative fuels, and in the case of
hydrogen, to develop adequate storage technolo-
gies. If funding for biomass conversion programs
were to be significant 1 y reduced, this would likely
prove to be quite damaging to biofuel commer-
cialization efforts. Because there are a number of’
challenges associated with the production and use
of hydrogen as a fuel, government support is prob-
ably necessary to ensure that some types of R&D
are carried out.

| Vehicle Technologies

In terms of vehicle technology, multiple R&D op-
tions exist, including R&D tax credits; direct fi-
nancing of R&D through government labs,

127U.S. Department of Energy, Energy Information Administration, Assumptions for the Annual Energy Outlook, 1993, DOE/EIA-

0527(93) (Washington, DC: January 1993).
128]bid.

129D E. Gushee and S. Lazzari, Congressional Rescarch Service. ““Disparate Impacts of Federal and State Highway Taxes on Alternative

Motor Fuels,”” Mar. 12, 1993.
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TABLE 4-7: DOE Funding of Advanced Batteries,

Electric Vehicle Systems, and Fuel Cells ($ millions)

FY 1993 FY 1994 FY 1995
Advanced batteries $312 $358 $286
Fuel cells 119 193 230
Electilc vehicle systems 167 188 382
(primarlly hybrid vehicles)
Total $598 $73.9 $899

SOURCE U.S Departmentof Energy. FY 1996 Congressional Budget Request. vol. 4, DOE/CR-0030 (Washington, DC

“ebruary 1995)

university research grants, or private contracts;
and joint public-private partnerships. Successful
development and domestic production of high-
performancc vehicles could allow the large U.S.
trade imbi.dance for vehicles and parts, currently
at about $45 billion per year, to be reduced. ‘30
Many of the vehicle technologies receiving
federal R&D support offer the promise of im-
proved energy efficiency and environmental qual -
ity. As discussed earlier, the fuel cell vehicle is the
technology that potentially offers the most bene-
fits, but a number of serious cost and engineering
barriers must bc surmounted before commercial-
ization can occur. If system integration challenges
can be met, ICE-hybrid vehicles could potentially
offer a mid-term solution until FCV technologies
are fully developed. Battery -powered electric vc-
hiclcs are also an attractive option, but major
breakthroughs in battery technology will prob-

ably be needed if they are to expand beyond niche
markets.

Department of Energy R&D support of these
technologies amounted to nearly $60 million in
FY 1993. *' Research on fuel cells, hybrids, and
advanced batteries increased 25 percent in FY
1994 (see table 4-7). As part of the Partnership for
a New Generation of Vehicles program, “total
spending on fuel cell technologies for light-duty
vchiclcs could total more than $440 million
through 2003.133

The strategy of pursuing several different
technology options is advantageous for a variety
of reasons. First, emphasizing one particular fuel-
vehicl technology combination is extremely
risky. There is no guarantee that any particular
technology will ever satisfy the cost constraints
required for large-scale cornmcrcialization. Al-

1300.S. Department of Commerce, International Trade Administration. U.S. Indiestry Outlook 1994 (Washington, DC: U.S. Government
Printing Office, January 1994), p. 35-1.

13 n addition to DOE, the Departiment of Transportation (DOT) and the Advanced Research Projects Agency (ARPA) sponsored electric
vehicle research. In FY 1992, DOT s appropriation was $12 million for electric vehicle R&D, while $25 million was appropriated tor ARPA
programs in FY 1993, In FY 1994, ARPA announced a $2.4 million program to advance the state of the art in PEM and solid oxide fuel cell
technologies. ARPA funding is set up on a cost-sharing basis with the private sector.

1321n September 1993, the White House announced the signing of an agreement between the federal government and the three domestic
automakers designed to create a public-private partnership to develop anew generation of vehicles up to three times more efficient than conven-
tional vehicles.

133§ee Mary Good, Undersecretary of Technology, U.S. Department of Commerce, testimony at hearings before the House Committee on

Science, Space, and Technology. Subcommittee on Technology, Environment. and Aviation, May 19, 1994
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though more expensive in the short term, a federal
R&D portfolio that explores many different
technologies increases the likelihood that a low-
emission, high-efficiency vehicle technology will
actually be introduced to the market. ‘34
Secondly, a diverse R&D portfolio can take ad-
vantage of synergies that cut across technologies.
For instance, load reduction is central to al ve-
hicle technologies; thus, reductions in aerody-
namic drag or vehicle mass could be applied to
ICEVSs, hybrids, FCVs, or BPEVs. Advances in
hydrogen storage technology could benefit corre-
sponding FCVs, hybrid vehicles, and ICEVs.
Similarly, advances in electric drivetrain technol-
ogies can be applied not only to BPEVs, but also
to fuel cell and hybrid systems. Given the exis-
tence of such complementary relationships
among different technologies. a multipronged
R&D effort-if properly designed-can ensure
that promising fuel-vehicle pathways are not
abandoned prematurely. Parallel development ef-
forts could focus on energy storage technologies
(e.g., battery storage or fuel storage), electric drive
technologies, and powerplant systems such as fuel
cells, gas turbines, or advanced internal combus-
tion engines. Extensive interaction between these
development teams would be needed. Key ele-
ments from these modules could then be com-
bined in prototypes for different vehicle systems.
Still, some focused R& D efforts could accelerate
the introduction of particularly promising tech-
nology pathways. For example, a hydrogen hy-
brid demonstration program could expedite the
development of hydrogen engine and storage sys-
tems and thereby create momentum for the devel-
opment of a hydrogen fuel distribution system.

Should there be substantial cutbacks in govern-
ment R& D programs, introduction of less mature
alternative vehicle technologies, such as FCVs
and some types of hybrid vehicles, could be
delayed. For instance, DOE now has significant
cost-sharing arrangements with industry that
could be affected by cutbacks in funding. Regula-
tory pressures and competition from foreign coun-
tries could keep up some of the momentum that
has been building in the private sector for develop-
ment of these technologies, but perhaps not at the
same scale that exists now. For example, it is rea-
sonable to expect that electric vehicle R&D will
continue and production will increase as Califor-
niaZEV requirements take effect.

CONCLUSION

Even if economic and technical barriers can be
overcome, the successful introduction of ad-
vanced automotive propulsion systems that use
renewable fuels will be only a partial solution to
our society’s transportation problems. The issues
of congestion, highway safety, and the overal ef-
ficiency of the transportation system will still
need to be addressed. Settlement patterns and the
role of mass transit must be considered as part of
any policy strategy that seeks to modify the way in
which people travel. '35 For the foreseeable future,
however, the strong preference of American citi-
zens for personal transport is unlikely to change.
Thus, the evolution of vehicle technologies that
utilize renewable energy sources will bean impor-
tant element of the nation’s effort to improve ener-
gy efficiency, reduce oil imports, and minimize
disruption of the environment.

134This is the present strategy of the DOE Advanced Vehicle Propulsion Program. Venkateswaran and Brogan, Op. cit., footnote 3.

135For adetailed discussion of these issues see Office of Technology Assessment, op. cit., footnote | 4.
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enewabl e energy technologies (RETS) have the potential

to contribute significantly to electricity supplies in a cost-

effective and environmentally sound manner. More than

one-third of al U.S. energy goes to producing electricity,
so the market for generating technologies is huge. ' Bioenergy,
geothermal, hydropower,’photovoltaic (PV), solar thermal, and
wind RETs are discussed in this chapter. The cost of these
technologies over time, their potential environmental impacts,
and the nature and degree of their respective contributions will
vary with the particular RET and its relative maturity, the locally
available renewable energy resources, the specific application,
and the effectiveness with which a variety of market challenges
are met. Other technologies, such as ocean thermal energy con-
version and solar ponds, appear to have less potential and have
been dropped from federal research, development, and demon-
stration (RD& D) efforts; they are not discussed here.

This chapter examines four themes: 1) the status and role of
RETs applicable in the electricity sector, and their associated in-
dustries, 2) the integration of these RETS into remote applications
and electricity grids, 3) RD&D challenges that need to be over-
come in order to commercialize these technologies, and 4) techni-
cal and policy issues associated with further development of

I The eectricity sector share of U.S. energy consumption has increased from 25 per-
cent in 1970 to 36 percent in 1990.

2Hydropower, of course, has long been a major low-cost contributor to U.S. and
world electricity supplies. In 1992, hydropower provided 8.5 percent of U.S. electricity.
See U.S. Department of Energy, Energy Information Administration, Annual Energy Re-
view, 1992, USDOE/EIA Report 0384(92) (Washington, DC: U.S. Government Printing
Office, June 1993).
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BOX 5-1: Fossil-Fueled Electricity: The Baseline

Fossil fuels currently power most electricity generation in the United States. Steam boilers, gas tur-
bines, and diesel engines are the primary fossil-fueled technologies today New technologies becoming
available Include fluidized bed systems for more efficiently and cleanly burning coal, gasification systems
for gasifying coal as a fuel for gas turbines, various combinations of gas turbines and steam turbines in
“combined cycles” so as to Improve overall system efficiency, and advanced gas turbine cycles such as
the combined cycle or the intercooled steam-injected gas turbine Efficiencies of advanced cycles are
expected to reach 60 percent and above within two decades. |

Costs of electricity from various fossil-fueled systems typically range from roughly 4¢ to 6¢/kWh for
baseload systems and higher for load following and peaking power These costs depend strongly on the
availability and price of fuel. Fossil-fueled systems have relatively low capital costs, high reliabilities, and a
well-developed base of experience, this makes them formidable competitors to renewable energy technol-
ogies (RETs). Technical advances will allow fossil-fuel technologies to continue to be formidable competi-
tors with RETs for some time to come.

"Douglas J Smith, “Advanced Gas Turbines Provide High Efficiency and Low Emissions Power Engineenng, March 1994, pp
23-27, and Paolo Chiesa et al , “Predicting the Ultimate Performance of Advanced Power Cycles Based on Very High Temperature
Gas Turbine Engines, ” paper presented at the American Society of Mechanical Engineers, Gas Turbine Congress, Cincinnati, OH,

1993

RETSs for electricity generation. Chapter 6 com-
plements this chapter by exploring many of the fi-
nancial and institutional issues associated with
RETs in electric power applications.

The cost of electricity generated by severa of
these RETS has dropped sharply over the past two
decades with technological advances and modest
commercialization efforts. For example, the cost
of PV-generated electricity decreased by a factor
of three and the cost of wind-generated electricity
decreased by a factor of five between 1984 and
1994. Substantial field experience has been
gained with several of these RETSs as well. For ex-
ample, some 8 GW of bioenergy, 2 GW of geo-
thermal, 1.7 GW of wind, and 354 MW of solar
thermal electricity-generating capacity were
installed in the United States, and some 190 MW
of PV capacity was installed globally between
1980 and 1990.

RETs such as biomass, geothermal, hydro, and
wind can be cost-competitive with conventional
energy technologies today (see box 5-1 ), depend-
ing on resource availability andlor cost. (Their use
may be limited, however, by a variety of financial,
tax, and institutional challenges, as described in

chapter 6.) Other RETS, such as PVS and solar
thermal, are generally more expensive and are cur-
rently limited to higher value applications, but
have the potential to be widely competitive in the
mid-term.

Electricity generation costs for several of these
RETSs are widely expected to continue to decline
with further RD&D and as markets continue to de-
velop and allow larger scale production and
associated economies of scale and learning. This
will make these technol ogies cost-effective in an
increasingly wide range of applications even
without considering their environmental benefhs.
Cost, performance, and market advances for each
of these technologies and their applications are
discussed below.

RENEWABLE ENERGY TECHNOLOGIES
AND INDUSTRIES

Renewable resources in the United States are very
large, with one or more resources available almost
everywhere. As discussed in chapter 1, site speci-
ficity, availability, and resource intensity need to
be addressed in any particular application. The
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status and potential of these renewable energy re-
sources and technologies,’and the industries that
are developing and applying them, have changed
significantly in the past two decades.

| Biomass
Biomass residues have long been burned by the
forest products and other industries to generate
process steam and electricity. As discussed in
chapter 2, a growing awareness of the potentia of
dedicated bioenergy crops to improve the environ-
ment (including offsetting sulfur oxides (S OX) and
greenhouse gas emissions (carbon dioxide) by
fossil fuels), aid the rural economy, and reduce
federal agricultural expenditures have prompted
renewed interest in this resource. Biomass re-
sources and technologies are described in box 5-2.
Roughly 8,000 MW of bioelectric’ capacity is
currently grid connected in the United States,
compared with less than 200 MW in 1979. Addi-
tional bioelectric capacity is operated off-grids
Steam turbines are now used. but a variety of new
fuel handling and energy conversion technologies
such as whole-tree burners and integrated gasifi-
cation advanced gas turbine systems (including
combined-cycle turbines and steam-injected gas
turbines) promise to nearly double current effi-
ciencies and substantially reduce costs (see box
5-2).

Asbiomassis “stored solar energy, ” it can be
used as needed to provide power in baseload or
load following applications (see box 5-3). This
makes biomass a very important complement to
intermittent renewable such as wind and solar,
which provide electricity only when the wind
blows or the sun shines. Biomass can also be co-
fired with coal, a potentially important near-term
application for reducing SO, emissions, among
other benefits, and thus may stimulate the market
for biomass production. Of course, the relative
value of biomass for electricity generation must
be compared with its use for producing liquid or
gaseous fuels (see chapter 4), for pulp and paper,
or for other applications.

The bioelectricity industry®is among the most
diverse among RETS. It includes forest products
companies, such as Weyerhauser, which have long
cogenerated electricity at pulp and paper plants, as
well as nonutility generators (NUGS) such as
Wheelbrator and Thermo Electron. Equipment
manufacturers include those that produce convey-
ing equipment, boilers, electrical machinery, and
controls. The industry aso includes a number of
biomass-specific equipment manufacturers such
as Morbark Industries or Hallco Manufacturing.
The transition to advanced gas turbines will in-
clude manufacturers such as General Electric and
Pratt & Whitney. Engineering and construction

3RETs have been extensively reviewed elsewhere and so are only briefly examined here. RETs not examined here include ocean energy
technologies (ocean thermal energy conversion, wave energy, tidal energy), additional bioenergy technologies (e.g., anaerobic digestion to
produce methane, municipal solid wastes), fuel cells (chapter 4), energy storage technologies, and new transmission and distribution technolo-
gies. For further information, see World Energy Council, Renewable Energy Resources: Opportunities and Constraints /990 -2(?20 (London,
UK: World Energy Council, 1993); Thomas B. Johansson et al.(eds.), Renewable Energy: Sources for Fuels and Electricity (Washington, DC:
Island Press, 1993); U.S. Department of Energy, Office of Conservation and Renewable Energy, “Renewable Energy Technology Evolution
Rationales, "’ draft, Oct. 5, 1990; California Energy Commission, Energy Technology Status Report (Sacramento, CA: June 1990); John Doyle et
al., Summary of New Genera(ion Technologies and Resources (San Ramon, CA: Pacific Gas and Electric Co., 1993); and American Solar Ener-
gy Society, Progress in Solar Energy Technologies and Applications (Boulder, CO: January 1994).

4 Most of this capacity is based on burning wood from the forest products industry. Roughly 2,000 MW of municipal solid waste electricity-
generating capacity is also included in this estimate. Agricultural residues and landfill gas account, very roughly, for about 500 MW of capacity.

S American Solar Energy Society, op. cit., footnote 3, p. 36.

6 FOr 3 more complete listing of companies active in developing bioenergy equipment and powerplants, see “The 1995 Intemnational Com-
petitive Power Industry Directory,” Independent Energy, December 1994; and Susan Williams and Kevin Porter, Power Plays: Profiles of
America’s independent Renewable Electriciry Developers (Washington, DC: Investor Responsibility Research Center, 1989).
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BOX 5-2: Biomass Energy Resources and Technologies'

Biofuels—primarily from forest, agricultural, or municipal solid waste residues—currently provide
about 3 EJ (2.9 Quads) or 3.5 percent of U.S. primary energy (see table 2-2 in chapter 2) These
resources are now increasingly committed in some areas. For example, spot market prices for bio-
mass in northern California have sometimes reached $250 to $3.75/GJ ($2,60 to $3 90/MMBtu)
—as much as twice the normal cost, prompting the hauling of wood in from as far away as Idaho,’
Consequently, interest in growing dedicated energy crops has developed (see chapter 2),

The physical and chemical composition of biomass feedstocks varies widely, potentially requir-
ing some tailoring of fuel handling and/or conversion technologies to specific biofuels, The relatively
low bulk densities of biomass and large required collection areas limit the amount of biomass at any
given site, with implications for the choice of generation technology, system efficiencies, and econo-
mies of scale.

Technologies

To generate electricity, biomass can be cofired with coal in conventional coal plants, separately
burned in steam plants, or gasified to power gas turbines, fuel cells, or internal combustion engines,
among others,’All of these uses of biomass are analogous to their fossil-fuel counterparts,

Virtually all biomass electric plants use steam turbines, which are generally small scale (typically
10 to 30 MW, with few over 50 MW) due to the limited amounts of biomass typically available at
particular sites. Thus, they usually do not incorporate certain heat recovery equipment common to
larger systems, and their efficiency tends to be low—I 7 to 23 percent in California, for example,®At
larger scale sites, efficiency is higher. For example, the 50 MW plant in Burlington, Vermont, has an
efficiency of 28 percent, In comparison, modern coal plants are much larger and typically run at 35
percent efficiency,’Very-large-scale biomass steam plants would likely have efficiencies roughly
comparable to coal, but these scales may be limited by the large collection areas required and the
corresponding problems of land availability and transport cost,

Steam turbine technology is fairly mature and few advances are foreseen for biomass improve-
ments are possible, however, in biomass handling Whole-tree burners, for example, are under de-
velopment and may reduce the required handling, increase net energy efficiencies silghtly, and
avoid the cost of chipping the wood before burning It This might save about one-third of the cost of
harvesting and delivering the biomass to the powerplant.®

'Bioenergy resources, technologies, and environmental impacts are discussed at greater length in Thomas B Johansson et al
(eds ), Renewable Energy Sources for Fuels and Electricity (Washington, DC Island Press, 1993), U S Department of Energy, “Elec-
tricity from Biomass National Biomass Power Program Five-Year Plan (FY 1994-FY 1998), " draft, April 1993,Blair G Swezey et al , The
Potential Impact of Externalities Considerations on the Market for Biomass Power Technologies, NREL/TP-462-5789 (Golden CO
National Renewable Energy Laboratory, February 1994), and Antares Group, Inc “Electricity from Biomass An Environmental As-
sessment and Strategy, " draft, January 1993

*George A Hay Il et al Summary of New Generation Technologies and Resources (San Ramon, CA Pacific Gas and Electric
Co, Jan 8, 1993)

3 Biomass canalso be converted to ethanol, methanol, hydrogen, or pyrolysis oils, among others or burned for Space heat in the
residential/commercial sector or for process heat in Industry

“Jane Turnbull, Electric Power Research Institute, personal communication. August 1993 In comparison Williams and Larson
estimate these efficiencies at 14 to 18 percent See Robert H Williams and Eric D Larson “Advanced Gasification-Based Biomass
Power Generation, ” in Johansson et al (eds ), op cit, footnote 1

5See, e g Electric power Research Institute, TAGTM Technical Assessment Guide Electricity Supply— 1989 EPRI P-6587-L, vol
1, Rev 6 (Palo Alto, CA September 1989)

6 Leslie Lamarre "Electricity from Whole Trees, ” EPR/ Journal, January/February 1994, pp 16-24 and Stephen A Johnstonetal

Whole Tree Energy Design, Report TR-101564, 2 vois (Palo Alto, CA Electric Power Research Institute December 1993
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BOX 5-2 (cont'd.): Biomass Energy Resources and Technologies'

A potentially higher efficiency and more economic alternative to the steam turbine is to gasify the
biomass and then use the gas generated to fuel a high-efficiency gas turbine system. Gasification/
gas turbine technologies are now being developed, primarily for coal. Biomass gasifies at lower
temperatures and more quickly than coal, reducing relative gasification costs After the biomass is
gasified, the gas products are cleaned of particulate and other contaminants before being burned
in a steam-injected gas turbine, a combined cycle, or other configuration.” There appears to be a
basic understanding of the means for adequately cleaning gases for gas turbine applications with
either fluidized bed gasifiers’or updraft gasifiers, although there has been no commercial demon-
stration of, in particular, alkali removal

Relatively small (5 to 100 MW,) biomass gasifier/gas turbine systems are expected to have much
higher efficiencies and lower unit capital costs (dollars per kilowatt hour) than steam turbine sys-
tems.’The upper end of this range is probably near the practical upper limit on the size of a bio-
mass Installation due to the cost of transporting large quantities of biomass long distances.

Some have also proposed to use fuel cells with biomass gasification systems in the longer term.
The relatively small scale of fuel cells might allow such systems to be located on a single farm, re-
ducing some of the transport and handling costs and benefiting farm income. ™ There remain, how-
ever, significant technical, logistical, managerial, and other challenges in realizing such systems

Biomass systems are now cost-competitive in many areas where a low-cost waste feedstock is
available. Higher cost dedicated energy crops used with these higher efficiency systems are pro-
jected to be cost-competitwe in the future across a wide range of conditions. The cost of biomass-
generated electricity is expected to be in the range of roughly 5¢ to 7.5¢/kWh in the year 2000 with
the introduction of advanced gasification-gas turbines or other high-performance systems. ' Costs
Will thereafter decline modestly with Incremental improvements in crops and equipment. The Electric
Power Research Institute recently estimated that biomass-generated electricity could cost as little as
4.6¢/kWh in the near term using whole tree burners

12

Environmental Impact

Burning or gasifying biomass in a powerplant generates much less sulfur oxides (SO,) than coal,
but—as with any combustion process—does produce nitrogen oxides (NOx), depending on the
combustion chamber temperatures It also generates particulate, volatile organic compounds, and
various toxics. Criteria pollutants such as carbon monoxide, NO,, SO,, and particulate are reason-
ably well understood, and emissions should meet air quality standards.

13

"Hot gas cleanup avoids cost and efficiency penaloyords, and pressurization gasification avoids energy losses associated with
compressing the fuel gas after gasification It is necessary, however, to remove trace amounts of alkali vapor from the gas before It
enters the gas turbine

°E Kurkela et al , “Removal of Particulates, Alkali, and Trace Metals from Pressurized Fluid-Bed Biomass Gasification Products—
Gas Cleanup for Gas Turbine APPICRNIONS. » Biomags ang Wastes v Donald L Kiass (ed ) (Chicago, IL Institute of Gas Technology,
1991)

°This also holds true even for much larger steam systems
10 See’egRoyal Resources Corp “Electro-Farming, ” Jan1.1994

11 S Department of Energy, “Renewable Energy Technology Evolution Rationales, * draft, October 1990
12 “NARUC Hails Low-Cost Potential of Electricity from Biomass, PV " Solar Letter, Jan 6, 1995, p 3

13 Antares Group,Inc Op cit footnote !
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BOX 5-3: Utility Opera®

There are significant daily, weekly, seasonal, and annual variations in power demand that a utility must
meet. The utility operates a range of different equipment so as to meet this variable demand in the most
cost-effective manner possible. This equipment is conventionally divided into three categories baseload,
Intermediate (or load following), and peaking. Operation of this equipment is determined In part by equip-
ment costs and efficiencies, operating hours and part-load operation performance, fuel costs, and ramp
times (i.e., the time required to warm up the equipment for operation or to cool It down between operational
times). Potential equipment failure or other problems are met by reserve capacity.

Baseload. Baseload plants are used to meet the largely nonvarying round-the-clock load ' These are
typically large (hundreds of MWs), relatively high capital cost ($1,500/kW) plants that use low-cost coal or
nuclear fuels, Their high capital cost’'is in large part a consequence of being designed to use low-cost
fuels, Because they are operated for much of the year, their high fixed costs can be spread over many
hours of operation,

Intermediate or /oad fo//owhg. As the name implies, intermediate plants fall between baseload and
peaking plants in terms of the amount of time they are operated, their capital cost, and their fuel cost, They
are operated to meet much of the normal daily variation in power demand

Peaking. Peaking plants are run for short periods of time In order to meet utllity peak loads, such as
summer air conditioning peaks or winter heating peaks. As these plants are operated for short periods
over the year, there are few hours of operation to spread the fixed capital costs over. Consequently, much
effort s made to minimize their capital cost. Low capital cost equipment requires premium fuels such as
natural gas and so fuel costs for these plants tend to be high, Utilities have Invested substantial time and

lower fuel costs

effort in limiting peak loads due to the expense of generating this power.

! Although there will likely be some variation in output depending on the use of other generation units
2Notethat ‘high” Capital costhereisinthe contextof conventional powerplants RETs may have a similar or higher capital COst. but

firms that develop these powerplants include Bab-
cock & Wilcox and Foster Wheeler. By one esti-
mate, some 40 to 50 companies were involved in
or investigating developing bioenergy projects in
the mid- to late 1980s; that number has decreased
to perhaps 20 or fewer with recent consolida-
tions,’increased competition from natural gas,
tightening bioenergy suppliesin some areas, and
other factors.

Significant expansion of bioenergy use for
electricity will require the development of dedi-
cated feedstock supply systems, perhaps through
cooperative agreements between agricultural in-

terests and biomass powerplants (see chapter 2).
The long lead time and logistics of growing such
feedstocks is likely to be a more significant
constraint on the development of the bioenergy in-
dustry than manufacturing the equipment and
building the powerplant systems.

Research, Development, and

Demonstration Needs

RD&D needs include further developing: high-
productivity crop varieties (chapter 2); equipment
for feedstock harvesting, transport, and handling

"Jan Hamrin and Nancy Rader, Investing in the Future: A Regulator’s Guide ro Renewables (Washington. DC: National Association of

Regulatory Utility Commissioners, February 1993).
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(chapter 2): feedstock drying; gasification and hot
gas cleanup technologies (one of the most impor-
tant and challenging needs); slagging controls;
compl ete biomass gasification advanced gas tur-
bine systems; whole tree burner or other minimal
fuel preparation technologies, pyrolysis systems,
and biomass fuel cell systems. Some of these
technologies are ready for scale up and demonstra-
tion in pilot plants.

Successful development of these technolo-
gies—for example, improved crops, harvesting,
transport, and biomass gasification advanced gas
turbine systems-could lead to a viable industry
with considerable benefits for rural communities.
Further, if 50 GW of biomass electricity -generat-
ing capacity were realized by 2020,°savings, for
example, of 1¢/kWh by these RD&D investments
would correspond to $3 billion (1995 constant
dollars) of annual savings in 2020.° Discounted to
the present at a government rate of 5-percent redl,
the savings over the 30-year lives of these power-
plants would have a present value of more than
$14 billion. *There would be additional potential
benefits to rural communities and to the environ-
ment (chapter 2). These savings are roughly 500
times the current annual federal investment in
bioelectric RD&D. Although this hypothetical
calculation is quite crude, it does suggest the po-
tentially very significant leverage these RD&D
investments could have.

| Geothermal

Geothermal electricity-generation systems ex-
tract heat from the ground to drive turbines. Mod-

Powerplant No 18 a The Geysers geothermal field m
northern Calffornla This plant consists of two 55-MW
single-flash units.

ern day use of geothermal energy beganin 1913
with a 250-kW turbinein Italy, followed in 1923
by installation of a 250-kW turbine at The Gey-
sers, California, and other units at locations rang-
ing from lceland to Zaire. Geothermal resources
and technologies are described in box 5-4.

Geothermal systems are typically operated as
baseload power; substantial variation in output
may damage the underground resources in some
cases. Geothermal systems can potentially aso be
operated in hybrid configurations with natural gas
to improve overall output and economics of
both. * Direct use of geothermal energy for space
heating is possible as well.

Some 170 geothermal powerstations in 21
countries with 5,726 MW of electricity y generation
capacity are in operation.” The United States has
the largest installed capacity with about 2,500

8This much could be achieved by 2(.1 10 according to Electric Power Research Ingtitute, Strategies for Achieving a Sustainable, Clean. and

Cost-Effective Biomass Resource (Palo Alto, CA: 1993). This level of deployment is unlikely undercurrent conditions. See chapter 2 for details.

9Assuming a 70-percent capacity factor, All costs are in 1992 dollars. Of course, higher cost bioelectric systems would probably not be

made use of aswidely as lower cost bioelectric systems.

10Ata market rate of | ()-percent real, this would have a present value of $3 billion, or 100 times the current annual rate of investment.

11Electric power Research Institute, Narural Gas Hvbrid Power Plants for Geothermal and Biomass Resources. EpRI Rp 1671-07 (Palo

Alto, CA: December 1992).

12Johanssonetal e opcr, footnote 3; and U.S. Genera] Accounting office, Geothermal Energy, GAO RCED-94-84 (Washington,

DC. June 1994).

13Lynn McLarty, D¥ncorp., persong] communication, June!3.1995.
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BOX 5-4: Geothermal Energy Resources and Technologies'

Geothermal energy s heat energy inside the Earth—either remaming from the original formation of the
Earth or generated by the decay of radioactive isotopes inside the Earth. Only in particularly active areas,
such as in volcanic zones or along tectonic plates, s geothermal energy sufficiently concentrated and near
the surface that it can be used economically,

Geothermal energy comes in four forms 1) hydrothermal fluids, 2) geopressured brines, 3) hot dry
rocks, and 4) magma. Hydrothermal fluids—the only commercial geothermal resource—are hot water or
steam in porous or fractured rock at depths of up to 4.5 km, and with temperatures ranging from 90°C to
360°C (190°F to 680°F), figure 5-1 maps their location,

Geopressured brines are hot, salty waters containing dissolved methane that lie at depths of 3 to 6 km
trapped under sediment layers at high pressures, with temperatures of 90°C to 200°C (1900F to 390°F),
Proposed systems to tap geopressured brines are generally hybrid systems, using both the geothermal
heat and burning the methane to generate power. Texas and Lousiana gulf coast areas hold the only major
geopressured resources identified to date (figure 5-1). Difficulties in extracting this resource include scal-
ing (depositing minerals on equipment), its relatively low temperature (150°C or 300°F in test wells), and
disposal of the brine produced, An experimental 1 -MW hybrid geopressured system at Pleasant Bayou,
Texas, has demonstrated the technical feasibility of using geopressured resources for power generation,
but the technology snot yet cost-effective.

Hot dry rock (HDR) resources are regions of exceptionally hot rock, above 150°C (3000 F), that have little
or no water in them Geothermal temperature gradients mapped in figure 5-1 Indicate the areas with the
greatest potential for generating electricity the higher the temperature gradient, the greater the potential,
Hot dry rock sa very large potential resource, but needs further RD&D for it to become a cost-effechve
and commercially viable technology,

Magma is molten rock with temperatures of roughly 700°C to 1,200°C (1 ,300°F to 2,200°F) and typically
occurs at depths of 6 to 10 km Magma energy is the largest of all geothermal resources, but salso the
most difficult to extract—for example, exposing the drilling equipment to extremely hot conditions and the
possible explosive release of hot pressurized gases, Cost-effective use of this resource appears unlikely
for the forseeable future.

Although commonly termed a renewable resource, geothermal energy can be depleted if oversub-
scribed. At The Geysers in Northern California, for example, typical pressures have dropped from the initial
level of 500 psi in 1960, at the start of development, to 200 psi by 19892 due to the more rapid removal of
underground water and vapor resources than the rate at which they were being naturally replaced, One
response in this particular case was to reinject water into the geothermal field. Whether this can bring the
field back to full productity remains to be seen Extraction of heat may also decline for other reasons. For
example, hot brines can leave mineral deposits (scale) on equipment or plug the pores of rocks as they are
removed, impeding further flow

' For a more detailed discussion, see H Christopher H Armstead and Jefferson W Tester, Heat Mining (New York, NY E &F N
Spon Publishers, 1983), M Economides and P Ungemach, Applied Geothermics (New York, NY John Wiley & Sons), Thomas B
Johansson et al (eds ), Renewable Energy Sources for Fuel/and Electricity (Washington, DC Island Press, 1993), L Y Bronicki et al
World Energy Conference, “Geothermal Energy Status, Constraints and Opportunities ” draft, April 1992, U S Department of Ener-
gy, Energy Information Administration, Geothermal Energy in the Western United States and Hawaii Resources and Projected Elec-
tricity Generation Supplies, DOE/E 1A-0544 (Washington, DC September 1991 )

2 JohnEMock, testimony at hearings before the California Energy Conservation, Resources, and Development Commission,

Sept 21, 1989
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BOX 5-4 (cont'd.): Geothermal Energy Resources and Technologies

Resource exploration and development requires identifying, characterizing, and tapping the resource ‘
through well driling These technologies are similar to, but often more demanding than, those used in 011
and gas well driling Recent development of slim-hole driling may substantially lower costs for exploration
and characterization of the resource °

Technologies

Technologies for utilizing geothermal resources for electricity production®include direct steam, single-
flash, double-flash, and binary systems The simplest technology Is the piping of hydrothermal steam di-
rectly from underground reservoirs to drive turbines According to the U S Geological Survey, high-quallty
steam resources are found in the United States only at The Geysers, Yellowstone National Park,’and
Mount Lassen °About 1,700 MW of capacity is based on direct steam and is located at The Geysers

Single-flash units are similar, except that they make use of the much larger and more widespread re-
source of underground hot water instead of steam When this hot water 1s pumped to the surface and the
deep underground pressures are reduced, it partially ‘ flashes” into steam in a flash-tank The steam then
drives the turbine

A double-flash system uses a second flash-tank that operates at pressures Intermediate between the
pressure of the first flash-tank and air pressure Double-flash systems are typically 10 to 20 percent more

efflcient than single-flash systems, but at the additional capital cost of the second flash-tank and related
equipment A little over 600 MW of capacity in the United States sbased on single- or double-flash steam
units

Binary systems pump hot water to the surface and then use a heat exchanger to transfer the heat to a
working fluid This working fluid 1s vaporized by the heat and then drives the turbine the cooled geother-
mal water sreturned underground via an injection well Binary systems can use lower temperature fluids
than 1s economically possible with flash technologies Binary systems also have minimal atmospheric
emissions and reduced scale and corrosion of critical parts Binary plants tend to be small (5 to 10 MW)
and modular, and can often be quickly built and Installed Their primary disadvantages are higher capital
cost and some efficiency loss due to the heat exchanger Direct flash and binary systems are becoming
relativly mature technologically About 200 MW of capacity in the United States is based on binary sys-
tems

These technologies generally need either air or water cooling for efflcient operation, just as for coal or
nuclear steam plants Water may be limited in some areas, using geothermal fluids for coollng—which are

3Hs0lsonElectnc Power Researchinstitute, “Geothermal Reservoir Assessment Based on SlimHole Dr {ling Volume 1Analyt -
ical Method Volume 2 Appl icationinHawai, EPRI TR-103399 December 1993

‘Geothermal energy can of course be used for directbeat applications as we!l ranging from district heating systems to low-f em-
perature industrial process heat

5There is considerable concern that development of geothermal energy in the vicinity of Yetlowstore National Park could damage
such ratural wonders as Old Faithful This has led to several legislative intiatives to limit such development See e g “Old Faithful
Protect lon Act of 1991 hearing before the Senate Committee on Energy and Natural Resources Subcommittees on Public Lands
National Parks and Forests and on Mineral Resources Development and Product{on Feb 25 1992, as well as subsequent debate

6 Anaddlional dry steamresourcesreportedly located near Cove Fort UT See Susan Will.ams and Kevin porter Power Plays
Profiles of America's Independent Renewable Electricity Developers (Washington DC Investor Responsibility Research Center
1989) p 203

(continued)
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BOX 5-4 (cont'd.): Geothermal Energy Resources and Technologies

then lost by evaporation—rather than reinfect- Cost Projections for

ing them into the ground may affect the geo- Geothermal-Generated EIectricity
thermal resource.’ This has been a factor in

the decline of geothermal power output at The Cost of electricity ($/kwWh)

Geysers in California, Air cooling costs more 0.1
and, in the summer, higher air temperatures i
reduce the powerplant generating capacity 0.08 -
compared with the winter. T

The cost of generating electricity from geo-  0.06- o TT——

thermal resources includes the cost of ex- Ir

ploration for good resources, drilling wells, 0.04+~

capital equipment, and operations and main- 3
tenance, usually including rejecting water 0.02-

0 1 1
2000 2010 2020 2030

Into the geothermal reservoir, Costs can be

competitive today compared with coal where
good-quallty hydrothermal resources are
available.”Cost projections are shown in the
NOTE The cost of geothermal energy Is expected to be inthe range of
about 4¢ to 7¢/kWh in the year 2000, declining moderately in following
Identifying, characteriaing, and tapping geo-  years, depending on the geothermal resource tapped and the technol-
thermal resources—will expand the range of ogy used The shaded range encloses most of the expert estimates re-
viewed, with all estimates in constant 1992 dollars and, where neces-
sary, capital cost and other estimates converted to ¢/kWh using
discount rates of 10 and 15 percent (with 3 percent inflation) High and
low values developed by the Department of Energy are shown as *

figure; improved technologies—particularly for

geothermal resources that can be tapped at
these costs,

Environmental Impact

The environmental impact of geothermal
SOURCE Off Ice of Technology Assessment, based on U S Depart-

ment of Energy, “Renewable Energy Technology Evolution Rationales, "
technology used. Direct steam and flash sys- draft, October 1990, and Science Applications International Corp., “Re-
tems generally release gases to the atmos- newable Energy Technology Characterizations, " draft, March 1990

power varies with the resource and the

phere; methods have been developed to first

remove pollutants such as hydrogen sulfide before these gases are released. Small quantities of brines
may also be released, Binary systems generally reinject all gases and brines back into the reservoir so
have few or no emissions. Overall sulfur and carbon dioxide emissions for geothermal plants are typically
less than 4 percent of those by coal- or oil-fired powerplants.’Large quantities of cooling water may be
needed in some cases, just as for fossil plants, Where geothermal resources occur in scenic areas, partic-
ular attention to siting and landscaping may be necessary if they are to be developed, Land requirements
for geothermal units are generally quite small (see table 1-2 in chapter 1), but land may also be needed in
some cases for disposal of waste salts from geothermal brines, There may also be some subsidence of
land overlying wells.

7 Condensate from flash steam plants can be used in a cooling tower t0 evaporate and provide cooling for the Power cycle This
typically results in 80 percent of the geothermal fluid being lost and only 20 percent being available for reinjectionin the reservoir
Reinjection, however, must be done carefully in order to prevent excessive cooling of the reservoir and lowering the quality of the
available geothermal resource See Gerald W Braun and H K “Pete” McCluer, “Geothermal Power GenerationinUnited States, ”
Proceedings of the IEEE, VOI 81, No 3, March 1993, pp 434-448, see table 1

° Ibid

9 Ibid
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MW net”(up from about 500 MW in 1979)
spread among some 70 plants in operation with
contracted power costs as low as 4.6¢/kWh. As of
1993, about 1,700 MW of this net capacity was at
The Geysers, Cdlifornia, and 800 MW of capacity
was located elsewhere in California, Nevada, and
Utah. In addition, some 300 MW of capacity was
under construction or announced. *

The geothermal industry has changed consider-
ably over the past 10 to 15 years. Several major oil
companies and their affiliates were active in geo-
thermal development in the early 1980s due to
their expertise in underground resource explora-
tion and development—the most difficult part of
geothermal energy development; all but Unocal
have now ended their geothermal activities,"and
Unocal—the largest developer—has recently sold
some of its geothermal properties. Most devel-
opers now are small- to medium-size firms such as
California Energy, Calpine, and Ormat.

Until the mid- 1980s, private companies gener-
ally developed the geothermal field and sold the
steam/hot water to public utilities, which were the
primary owners and operators of geothermal
plants for power generation. Most recent geother-
mal projects have been built, owned, and operated
by nonutility generators that developed both the
geothermal field and the powerplant and sell the
electricity to utilities. NUGs now account for

more than one-quarter of total %eqthermal capac-
ity. © Currently, fewer than 10 firms account for
most of the activity in geothermal energy. Sup-
porting firms include well drilling and geoscience
companies and equipment suppliers.”

Geothermal development in the United States
has slowed in recent years due to low growth in the
demand for new generating capacity by many util-
ities in areas with good geothermal resources; dif-
ficulty in funding capital-intensive and risky
geothermal development; and low natural gas and
other fossil fuel prices. In addition, opportunities
may, in some cases, be limited by subsidies for
competing technologies. For example, the U.S.
Department of Energy (DOE) plans to spend $135
million to help build and operate a 100 MW coal-
fired powerplant in Nevada under the Clean Coal
program, reducing the need for other new capac-
ity.” As a result of slower U.S. growth, geother-
mal companies are becoming more active in
overseas markets. California Energy, for example,
is developing or negotiating projects in the Philip-
pines, Indonesia, and elsewhere.”

Research, Development, and
Demonstration Needs

Additional technology development could be use-
ful in a number of areas, including: improving the

14 Capacity of The Geysers has declined in recent years due to overdrawing of the underground water resources, leaving a net operating

capacity of about 1,700 MW out of about 2,000 MW installed capacity.

15Gerald W. Banand H.K_ “Pete” McCluer, “Geothermal p,,e, Generation in the United States,” Proceedings of /he IEEE, March 1993,

pp. 434-448.

16 Some ~edium.size independent oil company affiliates, such as Freeport-McMoRan Resource Partners, continue to be involved in geo

therma  development.

17 For the sale of Unocal’s geothermal leaseholds to Magma, see, e.g.. Jeannie Mandelker, “Geothermal’s Hot prospects,” Independent

Energy, November 1993, pp. 16-19.

18 California Energy Company took over Magma Power Company in December 1994 in part due to the need for greater operational re-
sources to compete effectively in international markets. See Harriet King, “Magma Agrees to $950 Million Offer,” New York Times, Dec. 6,
1994; and “Cal. Energy Hot for Magma But the Latter Is Resisting,” Electricity Journal, November 1994, pp. 5-6.

19 C) ffice of Conservation and Renewable Energy, op. cit., footnote 3.

20 Hamrin and Rader, op. cit., footnote 7.
21y.S. General Accounting office, op.cit., footnote 12.

22Mandelker, op. cit., footnote 17. See also footnote 8.
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FIGURE 5-1A: Hydrothermal and Geopressured Geothermal Resources in the United States

i{ Temperature above 90°C (194°F)
| 3‘?»’?-‘&' Temperature below 90°C (194°F)

Geopressured Resources

SOURCE U S Geological Survey, as cited in U S General Accounting Off Ice, Geothermal Energy, GAO/RCED-94-84 (Washington, DC. June 1994)

ability to identify and characterize suitable geo-
thermal fields; developing down-hole instrumen-
tation and other equipment for geothermal
characterization and real-time monitoring that can
survive high temperatures and corrosive geother-
mal brines; improving well drilling—particularly

3

for hard rock”—and related technologies; en-
hancing geothermal field permeability; reducing
scale and corrosion of equipment by hot geother-
mal brines and improving materials for operating
at high temperatures, improving the performance

23The rock overlaying geothermal resources is often harder and more abrasive, and the temperatures are higher, than that for oil and gas

Wells.
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FIGURE 5-1B: Hot Dry Rock Geothermal Resources in the United States

Geothermal Gradient

50 85 145
20 30 50

200°F/Mile
70°C/xm

SOURCE: U S. Department of Energy. as cited in U.S. General Accounting Office, Geothermal Energy. GAO/RCED-94-84 (Washington, DC: June

1994).

of the various prime mover—single or double
flash, binary, or others—technologies; and devel-
oping the capability to exploit geothermal hot dry
rock and other resources. 24 Analysis of various
types of hybrids, such as natural gas-geothermal
hybrids, would be useful to identify opportunities

where the efficiency and cost-effectiveness of
both geothermal and fossil systems can both be
improved simultaneously. The existing geother-
mal industry is too small to support a reasonable
level of RD&D in these areas at this time and
technologies, such as hard rock drilling for hot dry

24 See 1.Y. Bronicki et a, World Energy Council, “Geothermal Energy: Status, Constraints, and Opportunities,” draft, April 1992.
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rock geothermal resources, are of relatively little
interest to the well-capitalized oil and gas indus-
tries due to the different nature of the rock strata
overlying oil and gas deposits.

| Hydroelectricity

Hydroel ectric generation systems use the energy
in flowing water to turn a turbine. As of 1988, the
United States had about 88 GW of hydroelectric-
generating capacity—64 GW of conventiona
large-scale hydro, 7 GW of small-scale hydro, and
17 GW of pumped storage—with net generation
of about 8.5 percent”of total U.S. electricity sup-
ply. Globally, hydropower currently provides
about 20 percent of world electricity supplies.”
Hydropower resources and technologies are de-
scribed in box 5-5.

The primary change for hydropower in recent
years has been increasing concern over its poten-
tial impacts on, for example, aquatic habitat, the
land it inundates, and recreation. In turn, these fac-
tors have increased the time required and cost of
meeting regulatory reguirements.

In its conventional form (with dam storage),
hydropower can provide base, intermediate, or
peaking power. Because it can be rapidly dis-
patched as needed, it can serve a particularly valu-
able role in backing up intermittent power from
sources such as solar and wind.

Before the 1930s, most hydropower was devel -
oped by industry or utilities. During and follow-

ing the Depression, a large share of U.S.
hydroel ectric power was developed through fed-
eral support, including the Tennessee Valley Au-
thority and the Columbia Basin Project. By 1940,
some 3,100 conventional hydro sites were in op-
eration. A variety of factors cut the number of op-
erating projects to just over 1,400 by 1980,27
although net capacity continued to increase,
roughly tripling between 1950 to 1975.28 The two
oil crises, enactment of several tax credits,”and
regulatory changes—particularly the passage of
the Public Utility Regulatory Policies Act—
spurred independent development of hydropower
during the 1980s. Independents have developed
many more, but smaller, sites than utilities, while
utilities have developed more MWS of capacity.
More recently, environmental and regulatory con-
cerns have strongly impacted hydropower reli-
censing as well as new licensing.

Hydropower developers generaly include in-
dividuals and small partnerships for mini-hydro
projects (up to 5 MW); independent development
companies such as Consolidated Hydro, Indepen-
dent Hydro Developers, Synergics, and others for
small-hydro projects (5 to 50 MW); and utilities
for medium (50 to 100 MW) or large (>100 MW)
projects. *There has been relatively little devel-

opment of hydr%power by the federal government
in recent years. 1 construction follows a similar

pattem, ranging from small local construction
firms for small projects, to firms such as Morrison

25() S. Department of Energy, Energy Information Administration, Annual Energy Review, DOE/EIA-0384(90) (Washington. DC:May

1991 ), table 90.

26(; 5 .Congress, Office of Technology Assessment, Energy in Developing Countries, OTA-E-486 (Washington, DC:U.S. Government

Printing Office, January 1991 ).

27 Nan Nalder, “Fixing Hydro—The Forgotten Renewable, « g|ectricity Journal, April 1992, pp. 12-21.

28 Keith Lee Kozloff and Roger C. Dower, A New Power Base: Renewable Energy Policies for the Nineties and Beyond (Washington, DC:

World Resources Ingtitute, 1993).

29 These tax credits, including an energy tax credit under the Crude Oil Windfall Profits Tax Act, an investment tax credit, and accelerated

depreciation, have been phased out.

30 The types of ownership and the size of projectsindicated here are illustrative only. Ownership and project size may vary considerably

from these values.

31Among porable €xceptions were five Bureau of Reclamation hydro facilities brought onlinein 1 993. Maria J. Barnes and Laura Smith-

Noggle. ‘. Hydropower '93: The Year in Review,” Hydro Review, vol. 12, No. 8, 1994, pp. 12-20.
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BOX 5-5: Hydropower Resources and Technologies

U S hydropower resources are fairly well developed. More power, however, could potentially be ob-
tained from existing facilities, including capturing reservoir spill,"upgrading equipment, and Installing
equipment at dams not now used for power *

By one estimate, a potential of about 76 GW of conventional hydro and 19 GW of pumped storage ca-
pacity were untapped in the United States as of 1988 (see figure),’The U.S. Department of Energy esti-
mates that about 22 GW of this potential could be developed economically at current prices and 19 GW
more could be developed with a price premium of 2¢/kWh. As much as 13 GW of the remainder might be

developed with appropriate attention to environmental and safety Issues, further development of technolo-

U.S. Conventional Hydroelectric Generation Capacity, Developed and Undeveloped

o

By geographic
divisions

Middle
Atlantic

Million kilowatts "'.'A/ South Atlantic
I Developed
___1 Undeveloped

The hydro potential of Hawaii is relatively small
and thus is not shown.

SOURCE Federa Energy Regulatory Commission Hydroelectric Power Resources of fhe United States, Developed and Undevel-
oped FERCOO0070 (Washington DC January 1992) cited in U S Department of Energy Energy Information Administration “Renew-
able Resources in the U S Electricity Supply DOE/EIA 0561 February 1993

'U S Army Corps of Engineers Institute for Water Resources “National Hydroelectric Power Resources Study Volume | “ May
1983
2 Marc Chupka and David Howarth Renewable Efectric Generation An Assessment of Air Pollution Prevention Potential,

EPA/400 R-92 005 (Washington DC U S Environmental Protection Agency March 1992) citingthe Federal Energy Regulatory Com-
m ssion

3 Federal Energy Reguiatory ComMissior  Hydroelectric Power Resources of the United States * January 1988

(continued)
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BOX 5-5 (cont'd.): Hydropower Resources and Technologies

gy, and the above price premium. In addition, there are an estimated 12,5 to 17.5 GW of run-of-river and
other capacity, of which perhaps 10 GW could be tapped with further development of low-head technolo-
gles.*

Technology

Hydroelectric  technologies—dams,’run-of-river, “and pumped storage’—are generally considered to
be mature. Turbine efficiencies are typically in the 75 to 85 percent range. Nevertheless, there have been
evolutionary technological developments in a variety of areas, These include better understanding of both
soils and manmade materials in designing and constructing dams and related equipment, Improvements in
dam constrution techniques and materials, use of devices such as inflatable weirs to raise upstream wa-
ter levels, and electronic controls of turbine speed and electronic power conditioning.’

The capital costs for new U.S. hydropower facilities range widely around a median price of about
$2,000/kW, operations and maintenance costs at large facilities typically average roughly 0.5¢/kWh, oper-
ating lifetimes are usually assumed to be 45 years, and operational capacity factors are 36 to 45 percent.
Together, these parameters give costs of roughly 6¢/kWh Hydropower costs often range between
4.5¢/kWh to 7.5¢/kWh, with considerable varilation above and below this range. No significant cost reduc-
tions are forseen.’These costs are generally competitive with fossil-generated power.

Environmental Impact

Although hydro has long proven to be a reliable and cost-effective resource, and once constructed,
does not release carbon dioxide,”” a number of environmental concerns have been raised. These include
Inundating wildlife habitat; changing aquatic ecosystems and water quality—including temperature, dis-
solved oxygen and nitrogen, and sediment levels, causing high mortality among fish passing through the

“Solar Energy Research Institute, “The Potential of Renewable Energy, An Interlaboratory White Paper, ” March 1990

5 Most hydropower facilities use dams to raise the water level and thus Increase the potential energy, and o provide storage of
water so as to smooth out seasonal fluctuations in the amount of water available for generating power

6 Run-of-river systems do not use a dam but may use other structures reducing, but not eliminating, associated costs and envi-
ronmental Impacts Lack of dam storage Increases susceptibility to seasonal fluctuations in output

7 pumped storage systems are not a RET, but could be used to store power generated by RETs or to complement RET Power
output Pumped storage systems use electricity (usually from a baseload powerplant—typically coal or nuclear powered) to pump
water to an upper reservoir, this water 1s later dropped through a generator back to the lower reservoir to generate needed peak
power Typical pumped storage systems are now 70 to 80 percent efficient over the entire cycle Limited suitable sites for pumped
storage-near both cities and large electric generating plants—have led some to consider use of underground caverns for the lower
reservoir See John Dowling, “Hydroelectricity,” The Energy Sourcebook A Guide to Technology, Resources, and Policy, Ruth Howes
and Anthony Fainberg (eds ) (New York, NY American Institute of Physics 1991)

*Geoffrey P Sims, “Hydroelectric Energy, ” Energy Policy October 1991, pp 776-786, and Eric M Wilson, “Small-Scale Hydro-
electricity,” Energy Policy, October 1991, pp 787-791

9 Allan R Hoffman, "DOE's Approach to Renewable Energy in the Utility Sector, " presentation at the Workshop on Generation Of
Electricity from Renewable Sources, American Physical Society, Washington, DC, Nov 6-7, 1992

10 Constructing hydro plants usually entails extensive earth moving using diesel-powered equipment and use of large amounts of
concrete, both resulting in emissions of carbon dioxide In addition, the Inundation of large amounts of biomass by the dam may result
in the emission of significant amounts of methane as the biomass decomposes See, e g John W M Rudd et al , “Are Hydroelectric
Reservoirs Significant Sources of Greenhouse Gases?” Amble, VOI 22, No 4, June 1993, pp 246-248
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BOX 5-5 (cont'd.): Hydropower Resources and Technologies

turbine and affecting fish migrations.'! Large and/or rapid variations in hydropower output may also dam-
age aquatic habitats, streambeds, or cause other problems.’?
The history of federal, state, and court considerations in balancing the many competing interests in the
h

thn Eadnral O
[

hvAra arena ic lana and mnlay 13 1n recent years, the Federa

~ ~o 3 ihatary CAmmiccinn
HyUirv arciia 1o oy aliu CUIlipIicA. i Ui

ergy Regulatory
cently begun to revamp its hydropower licensing procedures to both better meet environmental concerns
while reducing the burden on developers. 4

T 1his 1sthe focus of another ota assessment, Technologies To Protect Fish at Darns, forthcoming The risk of a dam failure and
the potential impact on people and towns downstream Is also of primary concern, but is not addressed here

12 Because of such longstanding environmental concerns, a large body of legisiation has directed attention toward the environ-
mental impacts of hydropower development including the Water Resources Planning Act Public Law 89-80, the Wild and Scenic
Rivers Act, Public Law90-542, the National Environmental Policy Act, Public Law91 -190 the Clean Water Act, Public Law92-500 and
the Endangered Species Act, Public Law96-205 In 1986, the Electric Consumers Protectlon Act of 1986 directed the Federal Energy
Regulatory Commission to give equal consideration to environmental concerns inits hydroicensing procedures
Journal,vol 14 No 1, 1993, pp 127-151, Amy Koch, “The Battle for One-Stop Shopping, " Independent Energy, February 1992 pp
38-40, George Lagassa “The Exemptlon Dilemma, " Independent Energy, July/August 1993. pp 52-56 and Nan Nalder FixingHy -

dro—The Forgotten Renewable “ Efectricity Journal, April 1992, pp 12-21
14~feRC Revamps Its Procedures for Hydro, ” Electricity Journal, October 1993, pp 15-16

Knudsen, Dillingham, Ebasco, and Stone& Web-
ster for larger projects. Financing likewise ranges
from limited partnerships or small business loans
for small projects to large institutional investors in
big hydro projects. Producers of hydro turbines
include Voith,”Kvaerner (Norway), Sulzer
(Switzerland), Ossberger (Germany), American
Hydro, STS Hydropower, and Hydro West.
There has been little new development of hy-
dropower in the past four to five years. An impor-
tant reason for the sowdown is the substantial and
increasing front-end development cost and time
for permitting and licensing. The long lead times
for development—perhaps three years for permit-
ting, three years for licensing, and two to three
years for construction-do not well match short-
ening utility planning horizons in the increasingly
competitive electricity market, particularly with

low natural gas prices and short lead times for gas
turbine installations. As a result, many hydro
power companies are concentrating on opportuni-
ties for rehabilitating and upgrading plants. *?
Contributing to this effort has been the Federal
Energy Regulatory Commission’s Efficiency Up-
grade Program, introduced in 1991, which stream-
lines the approval process for such changes.™
Some, including both independents and utility
subsidiaries, are also looking overseas for new op-
portunities.®

RD&D Needs

Although hydro technologies are relatively ma-
ture, considerable interest is developing in sys-
tems that reduce the impact on aguatic species and
habitats. This includes turbines that safely pass

32 Voith (Germany) Purchased Allis Chalmers turbine business but continues to manufacture in York, Pennsylvania.

*George Lagassa, “Repowering Hydro,” Independent Energy, October 1992, pp. 46-50.
34Edward Fulton, “Gaining Capacity Through FERC's Efficiency Upgrade program,” Hydro Review, August 1994, pp. 36-42.

*George Lagassa, “Small Hydro Goes International,” Independent Energy, November 1992, pp. 71-73.
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fish and aerate the water. Other research and de-
velopment (R&D) needs include variable speed
and pitch turbine systems, improved wear-resis-
tant materials, and better forecasting.”

| Photovoltaics

Photovoltaics (photo for light, voltaics for bat-
tery), or solar cells, convert sunlight directly into
electricity. Unlike wind turbines or solar thermal
systems, PV'S have no moving parts; “they use
solid-state electronics instead. Solar resources are
described in box 5-6 and applies to solar thermal
as well as PV. PV technologies are described in
box 5-7.

Over the past two decades, PV efficiencies and
reliability have increased significantly, manu-
facturing capabilities have improved, and other
system components have advanced. As a conse-
guence, the cost of PV modules has decreased by
nearly 10 times since the mid- 1970s. PV'S are now
cost-competitive in numerous market niches and
their continuing drop in price is making them cost-
competitive in an ever broadening range of ap-
plications. World production of PVsin 1993 was
about 61 MW, more than double that in 1987.*

Because of the small scale and low-mainte-
nance characteristics of many PVs*they are
widely used in remote applications such as com-
munications relays or water pumping stations.
Electric utilities are also beginning to consider
PVs for numerous applications, and more than 60
classes of potentially cost-effective applications
have been identified.”In grid applications, the
extent to which PV power can offset other electric-
ity-generating capacity depends on its match with

the electricity load and potential complementary
combinations with other generation resources
such as wind.

PVs may also have a substantia role to play in
building-integrated systems. This application is
expected to reduce installed PV system costs by
several means including:

1. The dual use of PV modules for power genera-
tion and as part of abuilding’ s roof or exterior
walls will offset capital costs by displacing
roofing or wall materials.

2. A separate support structure for the PV system
will be unnecessary since the building itself
will serve this function.

3. No additional land will be required for the PV
array (thisis a significant bonus in crowded ur-
ban areas and of particular interest to the Japa-
nese).

4. Utilities may offer attractive rates for this de-
mand-side management strategy according to
its ability to reduce the need for additional cen-
tral generating capacity.

The PV industry ranges from small entrepre-
neurial startups to subsidiaries of Fortune 500
giants. Following the oil crises, a number of large
companies entered the PV industry, many of
which subsequently exited due to falling fossil en-
ergy prices, long technology and market develop-
ment times for PV's, and higher near-term returns
from other investments. For example, Atlantic
Richfield sold its Arco Solar subsidiary to Sie-
mens (Germany) in 1989 and Mobil Oil Compa-
ny" sold its Mobil Solar subsidiary to ASE
GmbH (Germany) in July 1994. Other recent sales
of U.S. PV firms to foreign companies are de-

36For a more complete listing of possible areas for R&D, see North American Hydroelectric Research and Development Forum, Repower-
ing Hydro: The Renewable Energy Technology for the 21st Century (Kansas City, MO: HCI Publications, September 1992).
371f mounted on atracking collector, however, there will be moving parts associated with the collector.

38paul D. Maycock, International Photovoltaic Markets, Developments and Trends Forecast 102010 (Casanova, VA: Photovoltaic Energy

Systems, Inc., 1994).
39 And, of course, they do not need fuel transported to thesite.

4F ¢ KoM, I, Early, Cost-Effective Applications of Photovoltaics i, the Electric Utility Industry, EPRI TR-100711 (Palo Alto, CA: Elec-

tric Power Research Institute, December 1992).

41 Aqpress time, jt wasnotknown how substantiala holding Mobil retained in its former solar subsidiary.
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scribed in chapter 7. Major firms that have with-
drawn from PV manufacturing also include
Boeing, Exxon, General Electric, Honeywell, Ko-
dak, Martin Marietta, and Standard Oil of Ohio.”
This has shifted the PV industry toward smaller
firms,“athough large firms such as Amoco
(through its subsidiary Solarex) continue to be ac-
tive.

In the past several years, afew larger firms have
again expressed interest in PVs. For example,
Coors (through Golden Photon) has entered PV
development and manufacturing. Amoco/Solarex
and Enron, the largest U.S. natural gas company,
recently proposed a venture to build a 100-MW
PV powerplant in Nevada with a cost of electricity
at 5.5¢/kWh. This very low cost, years earlier than
expected, may be possible due to the relatively
large scale of production in this proposal, use of
government land, federal renewable energy tax
break, and financing with tax-free industrial de-
velopment bonds.* Several other large firms are
carefully examining potential partners or acquisi-
tions.

Factors driving this new-found interest include
substantial technological and manufacturing ad-
vances in PVs, the recognition that there are many
higher value niches where PV's are already cost-
competitive, a rapidly growing international mar-
ket, and the expectation that environmental
technologies will be increasingly important.

Some 19 firms currently manufacture PVs in
the United States,”but Siemens (Germany) and
Solarex alone account for about 80 percent of this
production (see table 7-3). PV manufacturing
equipment is produced by companies such as
Spire, power conditioning equipment is produced

42 Williams and Porter, op. cit., footnote 6.
43 lhid.

by companies such as Omnion Power Engineer-
ing, and system integrators include Photo-
comm.”

Two overall strategic perspectives are influenc-
ing the direction of the PV industy. Many have
long viewed utility bulk power markets as the goal
and saw large-scale manufacturing to dramatical-
ly lower costs as the key to getting there. Scaling
up manufacturing to that level, however, is a sub-
stantial challenge. The Electric Power Research
Institute (EPRI), for example, has demonstrated
in the field the technica potential of an integrated
high-concentration PV technology—winner of a
1994 R&D 100 Award-built by AMONIX, Inc.,
and estimates that at a production scale of 100
MW/year, the cost of electricity from this system
can be lowered to 8¢/kWh. EPRI believes that vol-
ume production is a key to further cost reduc-
tion.”

At this scale of production, comparable or low-
er costs are also expected for various thin film PV's
such as CIS, CdTe, and &Si as well as certain oth-
er PV technologies. However, 100 MW/year is a-
most twice the current world market, which is now
spread among some 14 large (>1 MW/year) pro-
ducers and a host of smaller producers (see table
7-3). Further, the long lead time to develop mar-
kets seriously restricts the possibility of building,
for example, a 100-MW production plant and
forcing prices down with volume production;
most producers simply do not have the capital to
absorb several years of product output at these
scales while they develop a sufficiently large mar-
ket for their output. So far, even PV firms with
deep-pocketed parents have not been willing to

44 Allen R. Myersen, “Solar Power, for Earthly Prices” New York Times, Nov. 15, 1994, p. D].
45"Total Solar Collector Shipments Dip as Imports Soar, Exports Climb: EIA,” The Solar Letter,vol.4,No.18, Aug.19,1994,pp.197-200.

46 For 4]i sting of companies involvedin photovoltaic manufacturing, system integration, and related activities, see, e.g., “Membership Di-

rectory,” Solar Industry Journal,vol. 5, No. 1, 1994, pp. 54-76.

‘$ 7Electric POwer Research Institute, “Integrated High-Concentration Photovoltaic Technology,” Technical Brief RP2948,3256, December

1993.
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BOX 5-6: Solar Resources and Collector Geometries

The solar resource varies hourly, daily, seasonally, geographically and with the local climate. Under-
standing this variation is important in choosing the best location and orientation for solar electric (photovol-
talc or thermal) systems, for determining the optimum size of the solar system and of the associated (if
any) storage system, and/or for matching the system output to the needs of the local utility, Detailed long-
term records of insolation are needed for such evaluations

Sunlight at the Earth’s surface has two components direct or beam radiation coming directly from the
sun, and diffuse radiation that has been first scattered randomly by the atmosphere before reaching the
ground. Together, these are known as the total or global radiation. In general, direct radiation smore sensi-
tive to atmospheric conditions than diffuse radiation heavy urban smog might reduce direct radiation by 40
percent but total radiation by only 20 percent Direct solar radiation is shown in figure 1 and total radiation
in figure 2,

Average Daily Direct (Beam) Solar Radiation, 1961-90
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BOX 5-6 (cont'd.): Solar Resources and Collector Geometries

There are three general classes of solar collectors fixed, one-axis trackers, and two-axis trackers (fig-
ure 5-2) Fixed collectors are mounted in a fixed position and generally left there (although some may be
adjusted seasonally) The amount of light Incident on the collector then changes over the day and season

| with the position of the sun relative to the orientation of the collector The specific orientation of the fixed
collector sadjusted to optimize the energy received-for example, to maximize winter or summer after-
noon energy collection.

One-axis tracking collectors have one direction of movement—from east-to-west, for example—and so
can roughly follow the sun’s motion during the course of the day, but are not adjusted for the change in the
suns position during the course of the year (or wee-versa for collectors adjusted north-south) Two-axis
trackers can precisely follow the sun across the sky during the day and from one season to the next

Tracking collectors allow more direct sunlight to be captured per unit area of collector, but at a cost because
of the moving parts and more complicated mounts Whether or not a tracking collector is worthwhile depends
on engineering and climatic factors, trading off the additional cost versus the value of the additional energy

collected
Average Daily Total Solar Radiation, 1961-90
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BOX 5-6 (cont'd.): Solar Resources and Collector Geometries

Concentrating collectors must use tracking because the optics need careful orientation wtih respect to
the sun. Use of concentrators, however, limits energy collection to direct radiation. Concentrators are there-
fore of greatest Interest in low humidity regions with relatively little scattering of direct sunlight, such as the
U S Southwest. Some light I1s also lost by absorption in or scattering by the concentrating mirror or lens.

Although the solar resource is diffuse, the land areas required for electricity generation are similar to
those for coal when mining Is included (see table 1-2 in chapter 1), and are modest compared to the total
U S land resource. For example, total U.S. electricity needs could be produced from less than 10 percent

of the land area of Nevada. *

! John Thornton and Linda Brown, Photovoltaics The Present Presages the Future, " The Electricity Journal, April 1992, pp 34-41

take this risk. The Amoco/Solarex-Enron venture
is an intermediate step that would both scale pro-
duction up to 10 MW/year by 1997 and rely on a
variety of tax supports to reach its cost goals. The
leap in scale to achieve low-cost manufacturing is
avery significant obstacle for PV manufacturers.

There are, however, a variety of high-value
niche markets, such as remote or distributed util-
it y applications (see below), for which PV's can ef-
fectively compete today. This provides near-term
markets that can help scaleup manufacturing to
the levels ultimately needed to compete for longer
term bulk power markets. This perspective is be-
coming a key element of the PV industry strategy
for scaling up manufacturing.

Research, Development, and

Demonstration Needs

RD&D needs include further development in
many areas. current PV materials and designs, in-
cluding multiple junctions and composite materi-
as, new materials and PV device structures;
building-integrated PV's and other techniques to
lower support structure and other costs; advanced
manufacturing equipment; improved encapsula-

tion technologies; lower cost and higher perfor-
mance balance of system components; and better
grid-integration technologies. Advanced manu-
facturing processes are an important element of a
balanced RD&D portfolio. As demonstrated by
the past 15 to 20 years of high-technology com-
petition with Japan, manufacturing processes are,
in many cases, as important as innovative devices.
Continued R&D is an essential component of any
PV development and commercialization strategy.

The PV industry, with total 1994 revenues of’
roughly $150 million,” would not be able to fund
RD&D at the $75 million amount that it received
from the federal government in FY 94. Further,
the record has shown very few deep-pocketed
U.S. firms willing to support the long-term
RD& D needed, despite the enormous potential of
PVS. Foreign firms, however, have aready pur-
chased a number of U.S. PV firms (chapter 7) and
are likely to purchase other important U.S. PV in-
novations and firms should the opportunity arise.

Estimates of the net present cost to bring PV
technology to a competitive status versus conven-
tional baseload equipment on an accelerated
schedule (over the next 15 to 20 years) range

48 A ssuming $6.000/kW ang 25 MW of PVs produced. See “Worldwide PV Shipments Top 60 MWp: U.S. in Lead But Europe Catching

Up,” Solarletter,vol. 5, No. 6, Feb. 17, 1995, p. 53.
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BOX 5-7: Photovoltaic Technologies'

A PV cell smade by depositing layers of various materials so as to create an intrinsic (and permanent)
electric field inside When light strikes the material, It can free an electron from weak bonds that bind it
Once freed, the electric field then pushes the electron out of the PV and sends it through an external wire to
do work—for example, to power a light, refrigerator, or an industrial motor—before returning to the PV cell,
completing the circult

The development of PVs presents difficult engineering choices between making the cell more efficient
while keeping costs down. A number of technologies are used including thin-film flat plates, single crystal
and polycrystalline flat plates, and concentrator systems These follow a progression from lower efficiency/
lower cost to higher efficiency/higher cost. At Efficiency of Photovoltaic Cells, 1954-94
the current state of technology, all these ap-
proaches provide electricity roughly the 30 Efficiency (percent)

‘I /| GaAs

same cost

Thin film PVs use little PV material—typical
thicknesses of the film are 4/100,000 of an
inch thick or 1/1 00 of a human hair—on a low- 20 !
cost substrate such as glass, metal, or plas- |

tic Thin-film materials such as amorphous sili- 15 ‘A,_”%i—» >
con (a-Si), copper indium dilselenide (CIS), ,/‘ f/ /‘/
and cadmium telluride (CdTe) potentially offer 10- Y v
relatively high efficiency and easy fabrication e //
) - 5 ~ g
(see figure 1) The efficiency of CIS scurrent- * cds
ly at 164 percent, the highest of any thin film, 3 [ i
and stabilized large-area a-Si has reached 1950 1960 1970 1980 1990 2000

102 percent,A joint venture between Energy
NOTE: Shown here are the efficiencies of laboratory cells of single

srystal silicon (x-Si), gallium arsenide (GaAs), indium phosphide
Canon of Japan sconstructing a manufactur-  |npP), cadmum sulfide (CdS), amorphous siicon (a-Sij, cadmum tel-
ing plant in Virginia to produce this high-effi- unde (Cd-Te), and copper indium diselenide (CIS). The wide range of
ciency a-Si, for which costs are expected to >V materials manu!actunngp{roceSSE? collector configurations, and

. . systems designs provide confidence that some paths will succeed Iin
be 16¢/kWh in 1995, eventually dropping to Y onsp P

‘eaching low-cost goals
12¢/kWh °
) ) 3OURCES: Paul Maycock, PV Energy Systems. Inc.. personai com-
Crystalline and polycrystalline flat-plate nunication, December 1993, Ken Zweibel, National Renewable Ener-
PVs of silicon are the most common and the Jy Laboratory. personal communication, January 1994. George
most mature type of PV Nonconcentrating cells Cody, Exxon Corporate Research Laboratory, personal communica-
jon, January 1994; and Masafumi Yamaguchi, "Present Status and
“uture Prospects of InP Solar Cells," paper presented at the 20th IEEE
>hotovoltaic Specialists Conference, 1988, Las Vegas, NV. Sept
nide (GaAs) have reached 295 percent.’ 26-30, 1988.

Conversion Devices of Troy, Michigan, and

of silicon are now at 235 percent efficiency and
nonconcentrating cells based on gallium arse-

' An excellent overview of photovoltaic issues Is provided by Ken Zweibel, Harnessing Solar Power The Photovoltaics Challenge
(New York NY Plenum Press, 1990) a more recent and somewhat more technical review can be found in Thomas B Johansson et al
(eds ), Renewable Energy Sources for Fuel and Electricity (Washington, DC Island Press, 1993) Atechnical introduction to PV sci
ence Is given by Martin A Green Solar Cells Operating Principles, Technology and System Applications (Englewood Cliffs NJ Pren-
tice-Hall Inc 1982) For more detailed technical information on photovoltaic technologies, see IEEE Photoveltaic Speciahists Confer- ‘
ence European Community F’hotovoltaic Solar Energy Conference, and the Photovoltaic Science and Engineering Conference Each \
of these is held roughly every 18 months

2 Anthony Catalano National Renewable Energy Laboratory personal communicationMay 3,1994

*Jerry Bishop New Sil con Cell Can Halve Cost of Solar Energy, ” Wali Street Journal Jan 19, 1994 p 85

“Catalano op cit footnote 2

(continued)
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BOX 5-7 (cont'd.): Photovoltaic Technologies

Concentrator systems use low-cost mirrors or lenses’to focus light on a small, high-efficiency (but ex-
pensive) PV. Concentrator systems are more complex and are only able to use the direct component of
sunshine. On the other hand, sufficiently low-cost lenses can compensate for the higher cost and complex-

ity of tracking systems; sufficiently high-efficiency concentrator PVs can compensate for the loss of diffuse
radiation and losses of light passing into and through the lens. Together, these can lower the overall cost of

electricity from PVs. Because concentrator systems are more complex, they generally will need to be
deployed in somewhat larger units than flat-plate PVs, which can be made use of in units as small as desir-

able.

Projected costs for photovoltaics are
shown in figure 2. In the near to mid-term,
these costs would make PVS competitive in a
variety of niche markets, gradually expanding
to important utility markets as costs continue
to decline in the longer term, There are sever-
al factors that suggest that PVs will be able to
meet these cost projections:

. High efficiencies, PV cells under devel-
opment have demonstrated efficiencies
sufficiently high to make these costs po-
tentially achievable. Good progress has
also been made in translating laborato-
ry advances into commercial products,
although the lag time is often five years
or more.

« Alternative paths. There are numerous

alternative PV materials and manufac-

turing processes, as well as many sys-
tem designs, providing confidence that
at least some technology and engineer-
ing paths will prove successful in reach-

ing these goals.

*Lenses are generally used with PVs while mirrors are
generally used with solar thermal systems The reason for
this difference in approach s that concentrating cells
need to be cooled m order tomaintain their high efficiency
Passive cooling technologies are preferred due to their
simplicity, but these require large heat fins to allow effec-
tive convective heat transfer With a mirrored system,
these large heat fins would naturally lie between the sun
and the mirror, blocking some of the incoming sunlight
With lenses, these heat fins naturally lie behind the cell

00 ] L
0.0 \

0.0

Cost Projections for
Photovoltaic-Generated Electricity
0 ;ost of electricity (MWh)
0.08

0 T U
2000 2010 2020 2030
NOTE: The cost of PV-generated electricity is expected to drop to the
range of 10¢ to 20¢/kWh by the year 2000, and continue to decline rap-
idly in following years depending in large part on the scale of manufac-
turing. Longer term cost reductions also depend on lowering the costs

of other system components and installation methods. Some recent
projections indicate costs could be lower by the year 2000. The shaded
range encloses most of the expert estimates reviewed, with all esti-
mates in constant 1992 dollars and, where necessary, capital cost and
other estimates converted to ¢/kWh using discount rates of 10 and 15
percent (with 3 percent inflation). High and low values developed by the
Department of Energy are shown as *.

SOURCE: Office of Technology Assessment, based on: U.S. Depart-
ment of Energy, "Renewable Energy Technoiogy Evolution Rationales,”
draft, October 1990; Thomas B. Johansson et al. (eds.), Renewable £n-
ergy: Sources for Fuels and Electricity (Washington, DC: Island Press,
1993); John Doyle et al., Summary of New Generation Technofogiesand
Resources (San Ramon, CA: Pacific Gas and Electric Co., 1993); and
Bechtel Group, Inc., Engineering and Economic Evaluation of Central-
StationPhotovoltaic Power Plants, EPRI TR-101255 (Palo Alto, CA: Elec-
tric Power Research Institute, December 1992)

and thus do not cause any shading. In addition, PVs are sensitive to hot spots—where the light is more highly concentrated—due to
imperfections in the mirror or lens. Such imperfections are more easily controlled with lenses than with mirrors
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BOX 5-7 (cont'd.): Photovoltaic Technologies

- Low-cost materlas. Both thin-film and concentrator PVs use very small amounts of active elec-
tronic materials This minimizes the cost of production

* Design studies Detailed engineering design estimates for the near to mid-term show that dra-
matic cost reductions are possible with just modest improvements in commercial products and
the advantages of mass productlon,’

+ Additional manufacturing cost reductions Will include Improvements in polycrystalline ingot cast-
ing, improved sawing for slicing ingots; the development of ribbon technologies to improve han-
dling of wafers and reduce silicon waste, Innovations to allow continuous deposition of thin film

PV layers; and various strategies for reducing the cost of solar-grade silicon

Environmental Impact

A variety of toxic chemicals are used in the manufacture of PVs, but emisslon of these toxics are rou-
tinely minimlzed’and PV production facilities pose little risk for their surroundings Although some toxic
materials such as arsenic and cadmium are contained within some types of PVs, studies indicate that they
are well Immobilized within the cell and pose very little threat to the environment °PVs also generate no
greenhouse gas emissions during operation, Overall, PVs are perhaps the most enbotonmentally benign of
all the renewable energy technologies

6 w J Stolte,"EngineeringandEconomic Evaluation of Central-Station Photovoltaic Power plants, * EPRIf+@ TR-101255 De-
cember 1992 Daniel S Shugar et al Pacific Gas & Electric Co, Comparison of Solar Thermal Troughs withPhotovoitaics as a PG&E
Central Statlon Resource inthe 1990s " 1991 YutakaHayashietal 'DesignOption for a Crystalline Silicon Solar Cell "Technical
Digest of the international PYSEC-5 (Kyoto Japan 1990), G Darkazalli et al "Sensitivity Analysis and Evaluation of Manufacturing
Cost of Crystalline Stlicon PV Modules paper presented at the 22nd IEEE Photovoltaic Specialists Conference Las Vegas NV, Octo-
ber 1991, D E Carlson. Low-Cost Power from Thin-Film Photovoltaics “ Johansson et al (eds ) op cit footnote 1 J Wohlgemuth et
al Solarex Corp ‘Cost Effectiveness of High Efficiency Cell Processes as Applied to Cast Polycrystalline Silicon ‘ n ¢ and Paul D
Maycock, personal communications, 1992 and 1993

P D Moskowitz et al Safety Analysis for the Use of Hazardous Productlon Materials in Photovoltaic Applications Advances in
Solar Energy vol 8, Morton Prince (ed ) (Boulder CO American Solar Energy Society, 1992), pp 345-396

8Kenneth Zweibel and Richard michell "CulnSe, and CdTe Scale-up for Manufacturing, ” Advances in Solar Energy, voi 6 Karl

W Boer (ed ) (Boulder Co American Solar Energy Society 1990) pp 485-579

around $5 billion to $9 hillion (globally) for both  specifically have not been possible, however, giv -
additional RD&D and commerciaization sup-  en currently available data.* Although this is a
ports.® Such estimates are based on rough extrap-  sjgnificant expenditure, it is just one-fifth to one-
olations of the observed learning curve for PV and  tenth that projected for the U.S. investment alone
other industries. Estimates of the return on R&D

49G.D.Cody and T.J. Tiedje. “The Potential for Utility Scale Photovoltaic Technology in the Developed World:1990-20 10, ” Energy and the
Environment, B. Abeles et al. (eds. ) (River Edge, NJ: World Scientific Publishing Co., 1992); World Energy Council, Renewable Energy Re-
sources, Opportunities and Constraints 1990 -2020 (London, England: September 1993); and Robert H. Williams and Gregory Terzian, A
Benefit/Cost Analysis of Accelerated Development of Photovoliaic Technology, Report No. 281 (Princeton, NJ: Center for Energy and Environ-
mental Studies, October 1993).

50 Kenneth Richards, Dynamic Optimization of the Photovoltaic Commercialization Process (\Washington, DC: Battelle, pacific Northwest
Laboratories. June 30, 1993). p. 51 and following.
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The Solar One Central Receiver test facility in California. This
10-MW facility provided much valuable data over six years of
testing and is now being upgraded o test improved receivers
and thermal storage, heliostat design, and other
technologies

to develop a prototype fusion reactor and deter-
mine the technical and commercial feasibility of
that energy resources.™

| Solar Thermal

Solar thermal electric plants use mirrors to con-
centrate sunlight on a receiver holding a fluid or
gas, heating it, and causing it to turn aturbine or
push a piston coupled to an electrical generator.”
Solar resources are described in box 5-6 and solar
thermal technologies are described in box 5-8.
The basic forms of solar thermal collectors are
shown in figure 5-2.

Some 354 MW of solar parabolic trough ther-
mal powerplant capacity were instaled in Cali-
fornia’'s deserts between 1984 and 1991, and
demonstrated increasing reliability and perfor-
mance and decreasing costs with each generation.
The levelized cost of electricity for the most recent
generation of plant dropped to roughly 10¢ to
12¢/kWh, with expectations that the next genera-
tion plant could reach costs as low as 8¢/kwWh.*
Further development of this type of solar thermal
electric system has been significantly delayed by
the bankruptcy of Luz, Inc., in 1991 (see chapter
6).” This experience showed, however, that solar
thermal is a technically viable option and could
potentially be cost-competitive with many fossil
systems.

The Solar One Central Receiver”similarly
performed well, achieving 99 percent heliostat
availability and 96 percent overall availability for
the entire powerplant. 56 Its energy production was
somewhat lower than predicted, however, and the
next generation system now in planning and de-
velopment, Solar Two, has been designed to side-
step this problem.” Advances have been made
and tested on direct-absorption receivers, helio-
stat design and material's, and other components.

Parabolic dish systems have also seen consid-
erable advances, including the development of
stretched membranes dishes, advanced receivers,
and long-lived stirling engines. Small 7 kW sys-
tems are now being developed by Cummins Pow-

S1U.S. Congress, Office of Technology Assessment, The Fusion Energy Program: Next Steps for TPX and Alternate Concepts, OTA-BP-
ETI-141 (Washington, DC: U.S. Government Printing Office, February 1995).
52]p some cases. the solar heated fluid or gas may pass through a heat exchanger and heat a separate fluid or gas that actually turns the

turbine.
53 Thjs includes cofiring with natural gas.

54 For ahistory of why Luz went bankrupt, see Michael Lotker, Barriers To Commercialization of Large-Scale Solar ~It' CtIV' City: Lessons
Learned fromthe Luz Experience, SAND9 | -7014 (Albuquerque, NI Sandia National Laboratory, November 1991); and Newton Becker,
“The Demise of Luz: A Case Study,” Solar Today, January/February 1992, pp. 24-26.

55 This system was commissioned in 1982 and shut down in 1988.

s6 Richard g _Diver, “Solar Thermal Power: Technical Progress, * in Progress in Solar Energy Technologies and Applications: An Authorita-
1ive Review (Boulder, CO: American Solar Energy Society, January 1994).
$7Power generation by Solar One was lowered in large part due to passing clouds causing the generator 10 trip off-line. In Solar Two, this is

being avoided primarily through the use of molten salt thermal storage, which will provide energy through disruptions by passing clouds.
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er Generation, a subsidiary of Cummins Engine
Company, in ajoint venture with DOE/Sandia Na-
tional Laboratory and are slated for commercial-
ization in 1996.

Parabolic trough and central receiver systems
are generally large-scale systems, typically 50 to
200 MW, and so will be operated much as conven-
tiona large-scale fossil plants are today. Parabolic
dish systems can be operated in small units and
can then be used in remote or distributed utility
applications (see below); larger dishes could be
operated in large-scale grid connected systems.
All of these systems can be operated as hybrids.
most often using natural gas to supplement and
extend the solar energy that is collected. Thisis
particularly important for extending power output
into evening peak hours.

The solar thermal electric industry consists of a
mix of large and small firms. Luz, a relatively
small independent firm, was the primary develop-
er of parabolic trough systems until its bankrupt-
cy. Unable to interest utilities in buying turnkey
projects, * L uz turned to manufacturing, develop-
ing, and operating parabolic trough systems itself,
with financing from large institutional and corpo-
rate investors. Following the bankruptcy of Luz,
the investors formed or contracted separate oper-
ating companies to maintain and operate the
plants at Kramer Junction, Daggett, and Harper
Lake, California. Although much interest has
been expressed around the world in developing
additional parabolic trough systems, with a num-
ber of feasibility studies under way, no firm com-
mitments have yet been made.”

Central receivers have been primarily sup-
ported by large firms such as Bechtel and Rock-
well International, although some small firms
such as Advanced Thermal Systems have aso
played roles. Currently, central receiver develop-
ment is proceeding through the 10-MW Solar Two
project, cost-shared between DOE and a number

58 Hamrin and Rader, op. cit., footnote 7.

of utility and other partners, including Southern
California Edison, Sacramento Municipal Utility
District, Los Angeles Department of Water and
Power, Idaho Power Company, Pacific Gas and
Electric, Electric Power Research Institute, and
Bechtel. At least three firms-Bechtel, Rockwell
International, and Science Applications Interna-
tional—are developing a joint business plan for
commerciaizing 100- to 200-MW central receiv-
ers in the late 1990s.

Dish stirling systems are now receiving consid-
erable support from large companies such as
Cummins Engine, Detroit Diesel. and Science
Applications International, as well as by small
firms such as Solar Kinetics, Accurex, and Indus-
trial Solar Technology. There is a significant in-
dustry commitment, cost-shared with the federal
government, to commercializing this technology.
Cummins Power Generation, a subsidiary of
Cummins Engine, has been developing a small-
scale (7-kW) parabolic dish system since 1988;
commercialization is planned in 1996. Under the
Utility-Scale Joint-Venture program, Science Ap-
plications International and others are developing
a 25-kW dish system that is expected to produce
power at 6~/kWh; commercialization is planned
for 1997. Some 56 dish systems will be manufac-
tured and demonstrated at U.S. utilities under this
program.

Research, Development, and
Demonstration Needs

RD&D needs include better materials and life-
times for stretched membrane mirrors and other
optics, improved selective surfaces, advanced re-
ceiver designs, long-lived and high-efficiency
stirling and other engines, and improved control
systems. Much of this RD&D is focused on basic
materials issues beyond the scope of individua
firms now developing solar thermal systems.

59Countries currently examining the feasibility of installing parabolic trough plants, with some already applying for Wor kl Bank support,

include: India, Iran, Israel, Mex ice, Morocco, and Spain. David Keamey, Kearney and Associates, personal communication, Au:. 24, 1994,
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BOX 5-8: Solar Thermal Technologies

Solar thermal systems are typically categorized by the type of collector used parabolic trough, central
receiver, parabolic dish, and solar pond, ’

Parabolic trough systems currently account for more than 90 percent of the world’s solar electric capac-
ity. These systems have long (100 meters or more) trough-shaped mirrors with a tube at the focal line along
the center The trough tracks the sun’'s position in the sky. The tube is clear glass with a black metal pipe
carrying heat-absorbing fluid down the middle. To minimize heat loss from the black absorbing pipe back
to the outside, the pipe has special coatings (selective surfaces) that reduce the amount of heat it radiates
and the space between the absorbing pipe and the glass tube is evacuated to prevent heat conduction by
air molecules. The fluid heated in the pipe sthen pumped to where it can either indirectly (through a heat
exchanger) or directly expand through a turbine to generate electricty. The potential of solar troughs s
limited by the relatively low concentration ratios and receive temperatures (400°C or 750°F) that can be
realized, leading to relatively low turbine efficiencies,

Central receivers have a large field of mir- L
rors,known as heliostats, surro?mding a fixed Cost Prolectlons for Solar Thermal

receive mounted on a tower. Each of the he- L
Cost of electricity ($kWh)

liostats Independently tracks the sun and fo- 0.1

cuses light on the receiver where it heats a * i

fluid or gas This fluid or gas is then allowed @ gs-

to expand through a turbine, as before, Key

technical developments have been the devel- 0.06+‘\\ * Hr

opment of stretched membrane mirrors to re-

place the glass and metal mirrors previously . 04-

used.”The stretched membrane consists of a

thin sheet of highly reflective material (plastic) (.02-

held in a frame and curved to the desired

shape.’They weigh much less than the glass 0 ~
2000 2010 2020 2030

and metal mirrors used previously, saving ma-
terials and reducing the weight on and the
cost of the supporting frame. Stretched mem-
branes have been developed that hold up well

NOTE. The cost of solar thermal—parabolic trough, central receiver,
and parabolic dish—generated electricity is expected to drop to the
range of 7¢ to 12¢/kWh by the year 2000, with long-term costs of 4.5¢ to
9¢/kKWh for the more efficient central receiver and parabolic dish sys-
tems, depending on the particular technology, the use of storage or nat-
ural gas backup, and other factors. The shaded range encloses most of
the expert estimates reviewed, with all estimates put in constant 1992
dollars and, where necessary, capital cost and other estimates con-
verted to ¢/kWh using discount rates of 10 and 15 percent (with 3 per-
centinflation). High and low values developed by the Department of En-
ergy are shown as *

! Solar pond systems use a large shallow pond with a
high density of dissolved salt to absorb and trap heat at
the bottom, they do not use concentrating mirfors An ex-
tensive network of tubes then circulates a special fluid 10
absorb this heal The fluid then expands and turns a tur-
bine Because of the very low temperatures revolved, typ-
ically around 90°C, solar pond systems are necessarily
very low efficiency and require extensive piping networks

SOURCE: Office of Technology Assessment based on' U S Del
Svunuol UnCe OF 1 eCNNGICEY ASSESSMENT, Based OGN <

to capture the heat absorbed Solar @rids also use huge
amounts of water, perhaps 30times that of a conventional
powerplant Their costs are likely toremain high for the for-
seeable future and their applications are fikely to be lim-
ited; tf oy will not be considered further here DOE funding

for solar ponds was terminated in 1983

ment of Energy, “Renewable Energy Technology Evolution Rationales,"
draft, October 1990, Thomas B. Johansson et al. (eds.), Renewable En-
ergy: Sources for Fuels and Electricity (Washington, DC: Island Press,
1993); and John Doyle et al., Summary of New Generation Technologies
and Resources (San Ramon, CA: Pacific Gas and Electric Co., 1993).

*Some are examining mirror systems consisting of, for example, plastic membranes and glass reflecting elements
°*The space behind the stretched membrane s typically partially evacuated, 1 e held at a lower air pressure, so that the air pres-
sure outside pushes the membrane into a curve that focuses the light
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BOX 5-8 (cont'd.): Solar Thermal Technologies

to gusty winds, but overall lifetimes are still short (5 to 10 years), the reflective coating seasily scratched, '
and effective low-cost cleaning techniques could use further refinement The design of the receiver is also
undergoing extensive research, with much of the emphasis on molten salts as the working fluid. The molten ‘
salt would provide thermal storage to allow better matching of system output to utility needs and to carry
system operation through brief passing clouds Central receivers achieve temperatures of typically 650°C
(1,200°F)

Parabolic dish systems use a large dish or set of mirrors on a single frame with two-axis tracking to
reflect sunlight onto a receiver mounted at the focus, Most commonly, a free piston stirling engine is
mounted on the receiver, but hot fluids can also be piped to a central turbine as in the parabolic trough and
central receiver systems Current research s focusing on lowering the cost of the mirror systems through
the use of stretched membranes and to Improve the reliability and performance of the stirling engine.*

Stirling engine lifetimes of 50,000 hours (about 10 years) with little or no maintenance are needed and are
being developed.’In comparison, the typical automobile engine must have minor maintenance every 250
hours or so, and a major overhaul perhaps every 2,500 hours. °Parabolic dishes can achieve the highest
temperatures (800°C or 1,500°F) and thus the highest efficiencies of concentrating solar thermal systems |
Parabolic dish systems currently hold the efficiency record of 31 percent (gross) and 29 percent (net) for
converting sunlight into electricity ’

All of these systems concentrate the sunlight to increase the operating temperature of the absorbing
fluid and thus increase the efficiency of the turbine or engine that is driven, Concentration works only with
the direct beam component, so regions with clear, dry air—such as the American Southwest—are prefera-
ble, although operation in other climates is possible *

Central receiver and parabolic dish systems have higher concentration ratios than solar troughs, and
therefore the potential to achieve higher efficiencies and lower costs for generated electricity Projected
costs for solar thermal technologies generally are shown in the figure and are expected to be competitive
with fossil systems in a variety of applications in the mid- to longer term.

Environmental Impact

Solar thermal technologies can potentially impact the environment in several ways, including affecting
wildlife habitat through land use, using large amounts of water in arid regions, or releasing heat transfer
fluids or other materials into the environment, Proper siting and controls can minimize these potential im-
pacts Natural gas cofiring produces nitrogen oxides and carbon dioxide emissions, but these emissions
would be proportionately less for a solar thermal hybrid than for conventional fossil fuel use alone Overall
environmental impacts appear to be quite low

‘Charles W Lopez and Kenneth W Stone, “Design and Performance of the Southern Caiifornia Edison Stirling Dish, " Solar Engi-
neerning, vol 2 1992, pp 945-952, and Graham T Reader and Charles Hooper, Stiriing Engines (New York, NY E & F N Spon 1983)

°*Pascal De Laquil lll et al *Solar Thermal Electric Technology, ” Renewable Energy Sources for Fuels and Electricity, Thomas B
Johansson et al (eds ) (Washington DC Island Press, 1993)

6 For an automobile, an 011 change every 7,500 miles corresponds to 250 hours of operation, assuming an average operating
speed of 30 mph Similarly a major overhaul every 75,000 miles corresponds to 2,500 hours of operation

7 William B Stine, Progress n Parabolic @ Technology, SERI/SP-220-3237 (Golden, CO Solar Energy Research Institute, June

1989)
8 For example @ dish stiring project has been operatedinLancaster Pennsylvaniato pump water See "Solar Thermal Power

Generation Is Viable in the Northeast Solar Industry Journal, vol 3, No 4, 1992, pp 14-15
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FIGURE 5-2: Solar Thermal Collectors
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SOURCE: Office of Technology Assessment, 1995.

| Wind

Wind energy systems use the wind to turn their
blades, which are connected to an electrical gener-
ator. Wind energy resources and technologies are
described in box 5-9.

Wind technology improved dramatically dur-
ing the past decade. Costs for wind-generated
electricity were reduced from over $ I/kwWh in
1981 to 5¢ to 6¢/kWh today, with the best plants
now coming in as low as 4.3¢/kWh on areal level-
ized basis in areas with high-quality wind re-
sources, 60A number of factors contribute to these
gains, including: advances in the design of wind
turbine blades (15 to 30 percent energy gain); ad-
vances in and cost reductions of power electronics
(5 to 20 percent energy gain); improved designs
and materials to lower operations and mainte-
nance costs; and better understanding of wind en-
ergy resources and siting needs. More than 1,700
MW of wind capacity were installed in Cdlifornia,
where more than 1.5 percent of al electricity con-
sumed is now generated by the wind---enough
electricity to supply all the residential needs of
one million people. Worldwide, a wind capacity
of 3,200 MW is now connected to electricity
grids. ® wind ssemsare NOw poised to enter
large-scale markets in many areas. Recent U.S.
commitments include Northern States Power for
425 MW, Lower Colorado River Authority for
250 MW, and Portland General Electric for 100
MW.

Wind systems provide intermittent power ac-
cording to the availability of wind. Small, stand-
alone wind systems, often backed up with battery
storage, can be used in a variety of remote applica-
tions. Large wind turbines can be sited individual-
ly, or more commonly in “wind farms,” and
connected to the electricity grid. The extent to
which wind power can offset other electricity-
generating capacity then depends on its match

60The Northern States Power 25-MW p,j.( now online costs 4.7¢/kWh and the Sacramento Municipal Utility District system 4.3¢/kWh.
Randy Swisher, American Wind Energy Association, personal communication, May 1994.
61Gerald W. Braun and Don R Smith, “Commercial Wind Power: Recent Experience in the United States,” Annual Review Of Energy and

[he Environment, vol. 17, 1992, PP. 97-121.



Three key factors distinguish wind energy
resources the variation in the power of the
wind with its speed, the variation in available
wind speeds at a given site over time periods
ranging from seconds to months, and varia-
tions in wind speed with height above the
ground. These have Important implications for
wind turbine design and operation.

The power available in the wind Increases
with the cube, i.e. V*, of the wind speed Be-
cause of the factor V°, wind turbines must
handle a huge range of power. From the
speed at which the turbine reaches its rated
power to the speed at which the turbine is
stopped (cut-out speed) to prevent damage,
the power in the wind Increases by typically
more than sx times This variation in wind
power with wind speed has led to the devel-
opment of a variety of techniques to aid effi-
cient collection of power at low speeds and to
lilmit and shed excess wind power from the
turbine blades at high speeds. Because the
wind rarely blows at very high speeds, build-
ing the wind turbine strong enough to make
full use of high winds is not worthwhile,
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BOX 5-9: Wind Energy Resources and Technologies

Cost Projections for Wind Energy

Cost of electricity ($3/kWh)

o
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NOTE The cost of wind-generated electricity has dropped from over
$1/kWh in 1981 to as low as 4.3¢/kWh in 1994, andsiexpected to contin-
ue to drop to 3¢ to 4¢/kWh for a large range of wind resources by 2030
The shaded range encloses most of the expert estimates reviewed, with
all estimates put in constant 1992 dollars and, where necessary, capital
cost and other estimates converted to ¢/kWh using discount rates of 10
and 15 percent (with 3 percent inflation) High and low values devel-
oped by the Department of Energy are shown as *

SOURCE Off Ice of Technology Assessment, based on U S Depart-
ment of Energy, “Renewable Energy Technology Evolution Rationales *
draft, October 1990, Thomas B Johansson et al (eds. ), Renewable En-

ergy Sources for Fuels and Electricity (Washington, DC Island Press
1993), and John Doyle et al Summary of New Generation Technologies
and Resources (San Ramon, CA Pacific Gas and Electric Co , 1993)

The sensitivity of wind power to wind
speed also requires extremely careful pros-
pecting for wind sites. A 10-percent differ-
ence in wind speeds gives a 30-percent difference m available wind power.

Wind speeds can vary dramatically over the course of seconds and minutes (turbulence), hours (diur-
nal variation), days (weather fronts), and months (seasonal varilatlons), The best locations are those with
strong, sustained winds having little turbulence Finding such locations requires extensive prospecting and
monitoring

Although the power output of any particular wind turbine will fluctuate with wind speed, the combination
of many wind turbines distributed over a geographic area will tend to smooth out such fluctuations. This
“geographic diversity” s an Important factor in system Integration. On the other hand, in a large array of
wind turbines—a “wind farm"—the Interference of one wind turbine with its neighbors must be taken into
account by carefully spacing and arranging the turbines.!

Winds also vary with the distance above ground level, this is known as “wind shear” Typically, winds at
50 meters will be about 25 percent faster and have twice the power as winds at 10 meters. The cost-effec-
tivess of tapping these higher winds isthen a tradeoff between the cost of the higher tower and the
additional power that can be collected.

' Michael J Grubb and Niels | Meyer “Wind Energy Resources Systems, and Regional Strategies Aenewable Energy
Sources for Fuel and Efectricity, Thomas B Johansson et al(eds ) (Washington, DC Island Press, 1993)

(continued)
— P
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BOX 5-9 (cont'd.): Wind Energy Resources and Technologies

Wind shear places great stress on turbine blades. For a rotor with a diameter of 25 meters and its cen-
ter (hub) 25 meters off the ground, the variation in wind speed with height above the ground will result in a
nearly 50-percent variation in wind power between the top and bottom of the rotor arc. This, plus the effects
of gravity, wind turbulence (gusts), the “tower shadow” on down-wind turbines, and other factors, severely
flexes and thus stresses the rotor during every revolution. Over a 20- to 30-year lifetime, the rotor will go
through perhaps 500 million such stress cycles.’This is a level of stress that is virtually without equal in
humanmade systems, and poses severe requirements on rotor materials and blade design,’

Locations with favorable wind resources in the lower 48 states are shown m figure 5-3. The plains states
have a particularly large available wind resource, with the potential to generate 1.5 times as much electric-
ity as is currently consumed in the United States. Large wind resources have also been found in many
other countries.”

Technology

Wind turbines take two primary forms defined by the orientation of their rotors the familiar propeller
style horizontal axis wind turbine (HAWT) and the less common vertical axis wind turbine (VAWT).”The
HAWT accounts for over 93 percent of the Installations in California.

Turbine blades must manage the very high levels of stress, described above, while efficiently collecting
energy; they must do so with long lives and at low installed cost. To meet these demanding criteria, de-
signers have turned to innovative designs®and materials for the turbine blades. Researchers at the Nation-
al Renewable Energy Laboratory, for example, have developed a new family of blade designs that produce
an overall 30-percent annual energy gain compared to conventional blades and are relatively unaffected by
roughness due to dirt and bugs, yet automatically limit rotor peak power at high winds much more effec-
twely than conventional blades.” Composite materials such as fiberglass and wood/epoxy now account for
most rotor blades currently in use in California,’and researchers are looking to advanced materials for
blade construction.’

2 Based ona4,000-hour Operation per year, a rotational speed of 35 or 70 rpm For example, N “(70 rpm)*(60 minutes/
hour) *(4,000 hours/year)* (30 years) = 500 million

3 National Research Council, Assessment of Research Needs for Wind Turbine Rotor Materials Technology (Washington, OC
National Academy Press, 1991)

‘Strategies Unlimited, “Study of thePotential for Wind Turbines in Developing Countries, " March 1987 Thedentified countries
Include Argentina, Brazil, Chile, China, Colombia, Costa Rica, India, Kenya, Pakistan, Peru,Sri Lanka, Tanzania, Uruguay, Venezuela,
Zambia, and Zimbabwe; California Energy Commission, “Renewal [sic] Energy Resources Market Analysis of the World, " CEC
P500-87-015,nd , p 34

°FloWind s currently working on an advanced VAWT with DOE and has prototypes under test at Tehachapi, CA

6 Rotor blades typically take a variety ot forms They maybe rigid with a fixed pitch (fixed orientation), but with a specially designed
blade shape tolimit how much energy they capture fromthe wind They may have a variablepitch, inwhich the blade:s rotated along
its long axis in order to change the blade orientation with respect to the wind and thus limit energy capture They may be teetered, in
which the rotor hubis allowed to rock up or downslightly in order to reduce stress on the drivetrain They may have ailerons built m, like
flaps on an airplane wing, to control them More advanced forms may use small holes in the surface of the blade through whichar can
be blown to control the aerodynamics of the blade Each of these has certain advantages and disadvantages in terms of complexity,
cost, performance, stresses, excess vibration, and other factors Alfred J Cavallo et al , “Wind Energy Technology and Economics, ”
in Johansson et al (eds.), op cit , footnote 1, and National Research Council, op cit footnote 3

75 Tangier etal, Measured and Predicted Rotor Performance for the SERI Advanced Wind Turbine Blades (Golden, CO National
Renewable Energy Laboratory, n d ), and J Tangier et al SER/ Advanced Wind Turbine Blades (Golden, CO National Renewable
Energy Laboratory, February 1992)

8 Gerald W Braun and Don R Smith, “Commercial Wind Power Recent Experience inthe United States, " Annual Review of Energy
and the Environment, VOI 17,1992, pp 97-121

9 National Research Council, op cit, footnote 3
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BOX 5-9 (cont'd.): Wind Energy Resources and Technologies

A particularly Important development isthe use of advanced electronics to convert variable frequency
power0* into a constant voltage and frequency for the electricity grid. Developed and marketed for large-
scale wind turbines in the United States by Kenetech-U. S. Windpower—they received an R&D 100 award in
1993 for this technology—and others,” such systems reduce the cost of wind-generated electricity in two
ways Variable-speed systems have a higher conversion efficiency at a lower wind speed and maintain it
over a broader wind speed range, allowing more wind energy to be captured. They also greatly reduce the
stresses on the rotor and drivetrain---allowmg them to be downsized and cutting their capital costs and
maintenance requirements.

The capital and operations and maintenance costs for large grid-connected wind turbines have been
dropping steadily throughout the 1980s. The capital cost of large turbines has already dropped to as low
as $850/kW *The best wind turbines in California achieve a 97-percent availability Capacity factors de-

pend on the wind at the site, but some are as high as 40 percent.” Projected electricity costs are shown in
the figure; *these are potentially highly competitive.

Environmental Impact 1
Large land areas are required for siting wind farms, but the turbines, access roads, and related equip-
ment rarely take more than 5 percent of the actual land area. The remainder can continue to be used for
farming, ranching, or other purposes with little or no change Land values have substantially Increased in
Altamont pass in California due to the additional income generated by royalties from the wind turbines

Noise was a problem with some early windmill designs. For the current generation of windmills, the
noise problem soften no longer significant, in Denmark, for example, regulations limit windmlll-generated
noise at the nearest dwelling to less than that found inside a typical house during the day A single 300-kW
wind turbine can meet this standard when sited just 200 meters from the home, 30 such machines would
need to be sited 500 meters away. *

Bird kills due to hitting the rapidly turning rotor blades have been a problem in some areas, including
Altamont pass where raptors have been killed Some studies have concluded that these bird kills are sub-
stantially less than those from high voltage transmission lines, radio and TV towers, highway collisions with
cars, or other such hazards.” Nevertheless, bird kills are of ongoing concern and efforts to understand
and reduce this problem are under way

In some areas, particularly those with a high scenic value, the visual impact of wind farms may also be
a concern

10 Current turbine designs fix the rate of rotation of the rotor to a specific speed corresponding to the 60-cycle frequency of the
utility grid

11Suchsystems have been used in Europe for several years and have been used on Small wind turbines in the United States and
elsewhere for more than a decade Paul Gipe "Windpower's Promising Future, ” independent Energy, January 1993 pp 66-72

12Dale Osborne, Kenetechinc , personal commurication, Mar 22,1993

13 The Whitewater Hill site outside Palm Springs reportedly has a capacity factor of 40 percent Randy Swisher, American Wind
Energy Association, personal commumcation, May 23, 1994

14 Al Cavallo, in Johansson et al (eds ), op cit footnote !

15 Michael J Grubb andNieisiMeyer, “wind Energy Resources, Systems, and Regional Strategies, ” in Johansson et al (eds )
op cit footnote 1

16 A J M van Wijk et al World Energy Council, Study Group on Wind Energy, “Wind Energy Status, Constraints and Opportuni-

ties," sixth draft, July 1992, and Paul Gipe, Paul Gipe and Associates, “Wind Energy Comes of Age m California“n d
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FIGURE 5-3: Average Annual Wind Resources
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SOURCE D L. Eliott, Pacific Northwest Laboratory, “Wind Energy Resource Atlas of the United States,” Nov. 8, 1994.

with the utility load and potential complementary
combinations with other generation resources. Se-
lecting wind sites with good matches to the utility
load and gathering wind over a wide geographic
area or combining it with other intermittent RETS
(IRETS) such as solar may substantially smooth its
variability.

The wind industry was strongly driven during
the early to mid- 1980s by the Public Utility Regu-
latory Policies Act, federal and state tax credits,
and by California Standard Offer 4 contracts. Ini-
tially, with extensive tax benefits available, proj-

ects were often financed through third-party
limited partnerships; following the reduction in
tax benefits, support has been provided more by
institutional investors in non-recourse project fi-
nancing (see chapter 6).

By one estimate, more than 40 wind energy de-
velopers installed turbines between 1982 and
1984.%The number of developers has gradually
decreased over time, with about two dozen now
active at some level, and six--Cannon Energy,
Flowind, Kenetech-U.S. Windpower, New World

62 williams and Porter, op. cit., footnote 6. Note that some estimates of the number of manufacturers and developers active at some level

vary widely and are generally much higher. For example, some estimate that more than 50 manufacturing companies and 200 devel opment
companies were involved in wind development in the early 1980\. See Hamrin and Rader, op. cit., footnote 7, p. B-27.
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Power, SeaWest, and Zond—accounting for about
three-quarters of total installed wind capacity in
the United States.”

The number of manufacturers has also de-
creased over time, with just one large U.S.
manufacturer—Kenetech-U .S. Windpower—and
several smaller manufacturers/project develop-
ers—including Zond, Flowind, Cannon Energy,
and Advanced Wind Turbines—now producing or
developing utility scale turbines.” Small stand-
alone turbines are produced by firms such as
Bergey Windpower, Northern Power Systems.
and World Power Technologies.”

Of all the wind turbines installed in the United
States as of 1990, some 40 percent were im-
ported. ” The decline in the value of the dollar,
however, is making it more difficult for European
and Japanese firms to compete in the U.S. market.

Several large firms such as Boeing and General
Electric participated in the early development of
very large turbines (up to 4.5 MW) sponsored un-
der DOE, but then left the industry as these tur-
bines encountered significant technical problems,
federal support was cut back, and energy prices
dropped. Some large firms, such as Westinghouse,
are now becoming active again in the wind indus-
try, and considerable interest has been expressed
by the aerospace industry. Kaiser Aerospace, for
example, recently entered an agreement to
manufacture turbines for Advanced Wind Tur-
bines, Inc.

With increasingly competitive electricity mar-
kets and the shift toward competitive bidding
(chapter 6), wind turbine manufacturers and de-
velopers require much greater capitalization and
marketing depth/skill to survive. Many in the in-
dustry, such as Kenetech-U.S. Windpower, Zond,

Flowind, and Cannon Energy, have responded by
becoming increasingly vertically integrated, with
the same firm manufacturing turbines, and devel-
oping and operating projects. Others. such as
SeaWest and New World Power, have more exten-
sively tapped outside sources of capital.

Research, Development, and
Demonstration Needs

RD& D needs have been identified and discussed
above, including ongoing wind resource assess-
ment and improving the ability to forecast winds:
improved materials for turbine blades: advanced
airfoil design: improved towers; advanced com-
puter models of wind turbine aerodynamics, par-
ticularly of wind turbulence and unsteady flows:
and smart controls. The required expertise in basic
materials and aerodynamic modeling is beyond
the scope that is currently feasible by the wind in-
dustry.

The DOE wind R&D program is focused on
joint ventures with industry to improve existing
installations, develop advanced wind turbines,
and upgrade the technology base through applid
research. Initiatives include: the Advanced Wind
Turbine (AWT) Program, a collaboration with
utilities to evaluate state-of-the-art hardware and
facilitate its deployment; the Utility Integration
Program, which addresses concerns of grid in-
tegration; the Collaborative Wind Technology
Program, which provides for cost-shared research
with industry in the design, development, testing,
and analysis of operationa problems of current
turbine technology; the Vaue Engineered Turbine
Program, which focuses cost-shared efforts with
industry on re-engineering or remanufacturing of
conventional turbine configurations: and the Ap-

63 Randall Swisher, American Wind Energy Association, persona] communication, Aug. 25, 1994.

64 Others include Atlantic Orient, Wind Eagle, and Wind Harvest.

65 FOr 3 more complete listing of wind industry firms, see American Wind Energy Association, Membership Directory (Washington, DC:

1 994).

66 Edward T.C.Ing, Attorey at Law, inletter to Deborah Lamb, Trade Counsel, Senate  Committee on Finance, May 24, 1991. Note thatthis

percentage has not significantly shifted since 1990.
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TABLE 5-1: Examples of Cost-Effective Remote Applications of RETs

Agriculture
Pumping water for livestock or agriculture
Electric fences
Instrumentation

Rural homes or communities

Powering llihts, appliances, and communications equipment

Water heating system circulation pumps

Communications

Telephone systems, including cellular phones and emergency call boxes

Remote fiberoptic Installations
UHFA/HF radio and TV repeaters

Infrastructure
Parking lot and street lighting

Highway and railroad sign and signal lighting
Cathodic protection of e.g., bridges, pipelines

Navigational aids e.g., beacons, buoys, lighthouses, tower warning lights
Environmental monitors e g , meteorological, water level, and environmental quality

Transmission and distribution equipment for electric and gas utilities

Sectionalizing switches

End-of-feeder support

Dynamic thermal rating sensors
Pipeline flow meters and valve actuators

Medical and health care (remote medical clinics)
Refrigerators and freezers for vaccines and other medical supplies

Equipment for sterilizing medical Instruments

Improved lighting

Backup power and emergency communications

SOURCE Off Ice of Technology Assessment, 1995

plied Research Program, to develop the funda-
mental design tools for advanced wind turbines.

RENEWABLE ENERGY SYSTEMS

Three different renewable energy systems are ex-
amined here. These are systems for remote ap-
plications, utility applications where large-scale
renewable energy plants are integrated into the
grid, and distributed Utility applications of small-
scale RETs.

| Remote Systems

Even relatively expensive renewable energy
technologies can be cost-effective today in a vari-
ety of remote—at a distance from the existing
electricity grid—applications (table 5-1 ). Their
cost-effectiveness in particular applications is de-

termined by the extent to which they reduce the
use of fossil fuels that have to be hauled in at con-
siderable expense or avoid the installation of cost-
ly transmission lines to provide power from the
electricity grid.

These remote applications are a high-value use
that is beginning to provide an important early
market for RETs. Remote applications provide
manufacturers a means to develop a distribution
and maintenance infrastructure, important in-
formation about how best to design and market
products for a particular area and application, and
a network of contacts and loyalties. Similarly, re-
mote applications provide users the opportunist y to
test these technologies, train personnel; gain early
technical, managerial, and operational experi-
ence; and build confidence in the technology. For
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example, remote app ications have been the pri-
mary market for developing the PV industry and
have provided much valuable experience for both
producers and users.

Improved understanding of the structure of the
market for remote applications is very important
in order to map an evolutionary path for the devel-
opment of corresponding renewable technologies.
For example, for a particular RET at a specific
price: how large is the market and what are the key
market opportunities; what factors determine the
purchase of a particular RET (such asaPV light-
ing system); and what productivity gains and fi-
nancial returns might be realized by using a
particular RET (such as for agricultural water
pumping)? Increased analytical effort is necessary
for these factors to be adequately understood and
an effective national strategy for remote applica-
tions—particularly in developing countries—to
be developed. Given the limited resources of most
renewable energy firms, public-private collabora-
tion may offer a useful means of proceeding.

Remote applications require complete energy
systems, which provide eectric power (and ener-
gy services) when it is needed and in the form
needed—at the specified voltage, current, and
quality” of power required by the application. In
contrast, many of the individual technologies de-
scribed above, particularly the solar and wind
RETS, provide aternating current (ac) or direct
current (de) at some voltage-depending on the
particular technology—when the resource is
available. The form of power and the time when it

isavai able may not match the application re-
quirements.

Renewable energy systems typically consist of:
1) aRET to gather the energy resource and gener-
ate electricity; 2) a power conditioning unit to
convert the electricity to the desired current (dc or
ac), voltage, and quality needed for the applica-
tion: 3) backup equipment (i.e., storage such as
batteries or a generator such as a diesel engine™)
to provide power when the renewable resource
(such as wind or sun) is not available; and 4) con-
trol equipment to do al of this safely and efficient-
ly.

The design and cost of these system compo-
nents depend on the specific application. A PV
water pumping system may need little or no back-
up whilea PV lighting system may operate com-
pletely off battery storage.

Three primary considerations determine the
relative size of the backup (storage or other) ca-
pacity: 1) the timing and size of the powerdemand
(the load curve); 2) the availability-day-night,
weather-related (cloudy or windy days), or sea-
sonal-of the resource (intermittence); and 3) the
acceptable risk of not having power (the reliabil-
ity). These factors are interrelated.

Remote loads can be served either by extending
transmission and distribution (T&D) lines from
the existing electricity grid or by onsite genera-
tion.”Grid extension is a large fixed investment
that is relatively insensitive to the load and that in-
creases with distance .70 In contrast. the cost of re-

67 H,h.,.lit, power has a nearly sinusoidal single-frequency (i.e., 60 Hz) waveform (with few harmonic freguencies); little variation in

average voltage; no voltage spikes or switching transients (sudden changes in the voltage waveform due (o the switching of certain power elec-
tronic devices in the power conditioning unit); or other deviations. High-quality power is important to prevent damage to equipment; to prevent
interference with communications, computer, or other equipment; and to ensure efficient operation.

68 Renewabl e systems coupled with conventional engine generators are usually called hybrid systems.

69See,e.g.. ] E. Bigger and E.C. Kern, Jr., *“ Earl y, Cost- Effective Photovoltaic Appl i cations for Electric Utilities,” paper presented at Soltech
90, Mar. 21,1990, Austin, TX; and M. Mason, “"Rural Electrification: A Review of World Bank and USAID Financed Projects,” background

paper for the World Bank, April 1990, p. 27.

70 Most of the costin Putting the system into placeis in the power poles, labor, right-of-way, and so forth. In a particular case, typically less

than roughly 10 percent of the total costis determined by the wire or the transformers-i. e., the load-carrying capability.
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FIGURE 5-4A: Cost-Effectiveness of T&D
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NOTE: At a given distance from the utility grid, a RET such as PV is the
lowest cost source of power at relatively low electricity demands, anen-
gine may be the lowest cost generator at intermediate demands, and
grid extension will be the Jowest cost source of power at high demands.
As PVs drop in price, they are cutting into the market for engine genera-
tors (the horizontal line for PVs shifts down), prompting some manufac-
turers of engine generators to develop RETs such as dish stirling in or-
der to protect their market in the future. The calculation illustrated here
assumes a 1-km line extension at a cost of $15,000 with 4-percent annu-
al maintenance, a 30-year lifetime, a 10-percent cost of capital, and
7¢/kWh for electnicity. The engine is assumed to cost $700/kW, 2¢/kWh
for operations and maintenance (O&M), 15¢ to 23¢/kWh for fuel (de-
pending on the size), and has a 66-percent capacity factor, a 10-year
litetime, and a 10-percent cost of capital. The PV system is assumed to
have an installed cost of $10,000/kW, O&M costs of 5¢/kWh, and a ca-
pacity factor of 20 percent. Actual values inthe field can vary consider-
ably from those assumed here

SOURCE: Office of Technology Assessment, 1995.

mote generation is little affected by distance from
the grid and scales directly with the load. For a
particular load, at some distance+ ailed the
break-even distance—the cost of grid extension
exceeds that of remote generation.

Onsite generation is most commonly done
today by a small diesel or gasoline engine coupled
to a generator. This technology has a relatively
low initial cost, is widely available, can be
installed anywhere, and uses afamiliar technolo-
gy. It is dependent on fossil fuel, however, which
may be difficult and expensive to transport to the

site. Consequently, for a range of conditions a par-
ticular RET will have lower total costs to generate
electricity y.

In many cases, hybrids consisting of a RET and
battery storage system backed up with an engine
generator can be considered. This can reduce the
need to oversize the RET and battery storage to
handle extended periods without any renewable
energy input, improves reliability, and reduces the
high cost and unreliahility of transporting large
quantities of fuel to the site for a generator alone.

These alternatives-T&D extension or on-site
generation by engines or renewable systems--can
be compared in several ways, as shown generical-
ly in figure 5-4. The cost and performance tradeoff
between these aternatives is determined by the
load, the distance to the site, and a host of other
factors. Estimation of the cost and performance of
specific remote power projects must include site-

FIGURE 5-4B: Cost-Effectiveness of T&D
Extension and PVs, by Length of Grid Extension

.ost ($/kwWh)
T&D extension
1
7 R Renewable
0.1
1 10

Distance of T&D extension (km)

NOTE: Atan intermediate level of power demand (20 MWh/year), corre-
spondingto avillage power system, extending the T&D grid will be most
cost-effective over short distances (up to about 5 kmy), while PV-gener-
ated electricity will be most cost-effective at longer distances from the
grid. The crossover point shown here is quite sensitive to the power de-
mand. Lower power demands, for example, make the PV system cost-
effective at distances closer to the gnd. Parameters are the same as in
figure A

SOURCE: Office of Technology Assessment, 1995.
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specific factors and current RET costs using one
of the many computer packages or design hand-
books available.” System reliability depends on
the local renewable energy resources, the RET,
and its backup, compared to the likelihood of
T&D lines being downed, or to the reliability of
both the engine generator and the fuel transporta-
tion infrastructure.

Industry

The PV industry relies almost exclusively on re-
mote applications for its sales (chapter 7). Seg-
ments of the windpower industry, such as Bergey
Windpower, Northern Power Systems, and World
Power Technologies, also concentrate on remote
markets and have numerous turbines in the field.
Similarly, some solar thermal firms see remote ap-
plications as an important market opportunity and
are specifically developing RETSs for this market.
An example is the 7-kW dish stirling system being
developed by Cummins Power.

| Utility Systems

RETs have unique characteristics that present
both problems and opportunities when integrated
into an electricity grid. These include intermitten-
ce, power quality, site specificity, and modularity.

Intermittence

Use of intermittent renewable resources—such as
solar and wind energy-offsets fuel use by con-
ventional generating technologies. In addition,
iRETSs can reduce the need for conventional gener-

FIGURE 5-4C: Cost-Effectiveness of T&D

Extension Versus PV Systems as a Function of
Power Load and Distance from the Utility Grid

Load (kWh/year)

10,000 [ 7

T&D extension costs less

1,000

Renewable system costs less

100

--0.05 05 5
Distance of T&D extension (km)

NOTE At high levels of power demand and ‘or relativelyshort distances
from the utility grid, T&D grid extension can be the lowest cost option
conversely at low levels of power demand and/or longer distances from
the utility grid a stand-alone RET such as a PV system can be the lowest
cost option The upper line assumes a high cost of grid extension
($1 5,000/km) and a low Installed cost foraPVsystem($6000/kW), the
lower line assumes a low cost for grid extension ($7,500/km) and a high
Installed cost for a PV system Parameters are the same as in figure A

SOURCE Off Ice of Technology Assessment 1995

ating capacity. The factors that determine how
much reduction is possible include:”

| The match between the renewable resource and
the local utility peak loads. Good matches,
such as PV or solar thermal matching summer
air conditioning demands,”have higher capac-
ity vaue.

71 See o g Photovoltaic Design Assistance Center, Stand-Alone Photovoltaic Svstems: A Handbook of Recommended Design Practices,
SANDS87-7023 (Albuquerque, NM: Sandia National Laboratories, November 1991 ). The National Renewable Energy L aboratory, Golden,

CO, \ also developing such tools.

72 See, e.g., Yih-huei Wan and Brian K. Parsons, Factors Relevant to Utility Integration of Intermittent Renewable Technologies, NREL/
TP-463-4953 (Golden, CO: National Renewable Energy Laboratory, August 1993); Michael J. Grubb and Niels |. Meyer, “Wind Energy: Re-
sources, Systems, and Regional Strategies, ” in Johansson et al. (eds. ), op. cit., footnote 3: Henry Ken y and Carl J. Weinberg, **Utility Strategies
for Using Renewable,” in Johansson et a. (eds.). op. cit., footnote 3: Adrianus Johannes Maria Van Wijk. Utrecht University, “Wind Energy
and Electricity Production,” 1990; and M.J.Grubb, “The Integration of Renewable Electricity Sources,” Energy Policy, September 1991, pp.

670-688.

73 As structures and their surroundings tend to warmup over a period of time, peak air conditioning loads occur in the afternoon, generally

after the peak solar resource, and also depend on the humidity.



PAUL GIPE

184 | Renewing Our Energy Future

Zond, Inc. wind farm at Tehachapi, California, using wind
turbines manufactured by Vestas of Denmark.

m The level of iIRET penetration into the grid.
High levels of penetration may tend to saturate
their potential capacity value.

= Geographic diversity. Gathering renewable en-
ergy over alarge area can moderate local fluc-
tuations and increase capacity value.

» The match between different renewable energy
resources. Wind and solar, for example, may
complement each other in some areas and pro-
vide capacity value that individualy they could
not.

The extent to which an iRET can offset conven-
tional capacity helps determine its economic at-
tractiveness. Some utility planning models and
policies, however, may not fully credit the iIRET
with potential capacity savings. Although further
study of the capacity value of iIRETS is needed,
there are many cases today where a reasonably ac-
curate value can be determined.

The variability of intermittent renewable may,
in some cases, complicate utility operations by re-
quiring greater cycling up and down of conven-
tional generation equipment (load following) in

74 Wan and Parsons, op. cit., footnote 72.

75Kelly and Weinberg, op. cit., footnote 72.

order to meet demand. (See box 5-3 for a discus-
sion of utility operations.) This may require op-
eration of conventional equipment at lower (and
less efficient) loads in some cases and may in-
crease wear and tear. The same factors as above—
the match with the load, penetration level,
geographic diversity, use of complementary re-
sources, and others-can all influence the amount
of cycling necessary. Experience with wind farms
in California has shown that the electric utility
system can operate normally when 8 percent of the
system demand is met by wind.” Further, some
modeling suggests that intermittent could pro-
vide much higher fractions of utility capacity
without causing difficulties. 7> Improved under-
standing of these factors will be very important.

The intermittence of wind and solar can be
moderated or circumvented by using natural gas
or other fuels or stored resources (such as hydro-
power, compressed air, and batteries) to provide
backup power. Solar thermal parabolic trough
plantsin California, for example, use natural gas
backup to provide dispatchable peaking power.”
Other combinations include natural gas hybrids
with biomass or geothermal, biomass cofired with
coal, and wind coupled to compressed-air energy
storage or pumped hydro. The feasibility and cost-
effectiveness of these or other hybrids depends on
the particular case.

At high levels of penetration, the intermittence
of some RETs may complicate utility planning
and operations, but it is a challenge that utilities
are familiar with in form if not in degree. Utilities
now deal with a variety of plants using different
resources—such as coal, oil, gas, nuclear, hydro,
and municipal solid waste—with varying availa-
bilities—for example, from baseloaded nuclear to
gas peaking. Utilities have well-developed proce-
dures for ensuring system reliability and efficien-
cy with the current wide mix of resources and
generation technologies.

76 The amount of natural gas that can be used is limited by Public Utility Regulatory Policies Act regulations.
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Power Quality

Concerns have been raised that renewable energy
equipment could disrupt the quality of power pro-
vided by the electricity grid. These problems have
largely been overcome. For example. some older
RETS, particularly wind turbines, used induction
generators, resulting in large reactive power” that
can create problems on the electricity grid if not
adequately corrected.” The current generation of
variable-speed wind turbines avoids this problem
and can actually reduce the amount of reactive
power on the grid.

Some RETS, particularly PVS and advanced
variable-speed wind turbines, use electronic pow-
er conditioners to convert dc or variable frequcncy
ac to 60 Hz ac power. Early generations of equip-
ment to do this could cause unwanted harmonics,
switching transients, or other power quality
problems that could reduce efficiency, shorten
lifetimes of equipment, or interfere with com-
munications and computer equi pment. Extensive
experience af a number of sites in the United
States and other countries has shown that well-
designed equipment can avoid these problems.”

With a large penetration of RETS into the grid,
particularly small distributed units, power flow
could be reversed in some segments from the
direction originally intended. This can potentially
cause problems with equipment protection de-
vices; these may need to be modified or replaced
over time.

In some cases, RETs distributed throughout a
electricity grid can continue to generate power
even when the primary power from the central sta-

tion islost (such as when apower lineis down).”
This poses potential safety problems to utility
workerstrying to repair downed power lines that
they do not expect to be energized (or raises costs
if they have to work on live lines), and it poses po-
tential equipment problems when the downed
lines are reconnected.

Site Specificity

Renewable have mixed impacts on electricity
transmission and distribution requirements due to
their highly diverse nature. Renewable installa-
tions such as geothermal, biomass, solar thermal,
and wind are often tens of megawatts to 100 MW
or more in size and are often located at a distance
from populated areas. To transport the power they
generate to load centers may require a long trans-
mission line extension just to reach an existing
transmission line as well as upgrading the trans-
mission system. Developing T&D systems for
RETSs can significantly raise overal costs. In con-
trast, although coal or nuclear plants may be lo-
cated at a distance from their load center, they can
often be located to minimize additional T&D
costs.

Further, for iRETs such as wind or solar ther-
mal, the T&D system will operate at arelatively
low-capacity factor-carrying little power for ex-
tended periods when there is little wind or sun-
shine. but sized for the full rated power generated
when winds or sunshine are strong. These low-ca-
pacity factors raise the relative T&D costs for
these systems. In some cases, backup with other

77 Reactive power, in this case. is caused by the creation and collapse of magnetic fields in the induction generator as It generates 60-cycle

power.

78 Correction s readily done, for example, by using large banks of capacitors. Thereisa cost associated with this. however.

79 John J. Bzura. “Residential Photo\ oltaies.« iy by iovoltaics: New Opportunities for Utilities, DOE. CH 10[)93- 1 13 (Washington, DC:

U.S. Department of Energy, July 1991).

80 In [he longer term, this mav be a desirable characteristic as it could improv e the reliability of providing power to customers in that area,

even with the main power cut off.
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generation systems or with energy storage sys-
(ems’may be cost-effective in raising these low
T&D capacity factors.

In contrast, small-scale renewable such as
small wind, PVs, and dish stirling can be widely
dispersed within the utility service area and may
then be able to reduce peak loading on the T&D
system, increasing reliability and reducing T&D
investment and other costs (see below).

Reliability

Renewable may have mixed impacts on system
reliability. The often smaller size of renewable
generating units, such as biomass, geothermal,
and wind, compared with conventional coal, nu-
clear, or other units, could increase reliability be-
cause loss of asmall unit poses less of athreat to
the system. Similarly, very small units distributed
throughout the utility service area (see below) can
potentially increase reliability. On the other hand,
iRETs may, in some cases, increase cycling of
conventional equipment and thus raise the likeli-
hood of reliability problems, at least until these re-
sources and their integration into the electricity
grid are better understood and until automatic dis-
patch incorporating intermittent renewable is
well developed.

The relatively small, modular size and rapid
installation times for many RETs also means that
capacity can be added as needed rather than in
large lumps as with conventional powerplants.
This can reduce the risk of building a large power-
plant, beginning many years in advance, that may
or may not be needed when the plant is compl eted.
Advanced gas turbines and fuel cells, however,
also provide the advantage of modular, relatively

small units and are substantially eroding this ad-
vantage of renewable.

IDistributed  Utility ~ Systems

In the conventional utility, power is generated at
central locations and is transmitted to users
through long-distance transmission lines, substa-
tions, and distribution lines. In recent years, utilit y
systems have increasingly included smaller scale
( 10s of MWs) generation by nonutility generators.

The distributed utility (DU) concept®would
take this trend substantially further, spreading
very small generators (kWsto MWS) throughout
the utility T& D system. In the DU, the central util-
ity is still likely to provide a large share of the
power as well as ensure overall system integrity.
The distributed generation equipment will pro-
vide important supplemental and peaking power.
Potential generators include PVS, dish stirling,
wind systems, and other RETSs at sites-depend-
ing on the technology—such as rooftops, local
substations, and transmission rights-of-way. En-
gine generators or fuel cells, perhaps fueled with
natural gas, may be strong competitors for these
DU applications.

The DU concept is based on several simple, but
important issues:

. T&D isagrowing share of the total cost of util-
ity systems due to increasing costs such as for
rights-of-way and construction, and declining
construction of baseload plants.

| T&D systems are often substantial] y underuti-
lized most of the time, operating only briefly at
high loads® (see figure 5-5). Sizing T&D sys-
tems to handle these brief periods of high de-
mand is expensive. Locating small generators

81 A yCavalloetal.,Center fo Energy and Environmental Studies, Princeton University, “Baseload Wind power from the Great Plains fOr

Major Electricity Demand Centers,” March 1994.

82 The distributed utility concept has been examined extensively in Electric Power Research Institute, National Renewable Energy Labora-
tory, and Pacific Gas and Electric, “Distributed Utility Valuation Project,” August 1993; P.R. Barnes et a., The Integration of Renewable Energy
Sources in/o Electric Power Distribution Systems, 2 vols., ORNL-6775 (Oak Ridge, TN: Oak Ridge National Laboratory, June 1994); and Elec-
tric Power Research Institute, Advancements in Integrating DMS and Distributed Generation and Storage into T&D Planning: Proceedings
fromthe Third Annual Workshop, EPRI TR-104255 (Palo Alto, CA: September 1994).

83 |, part, thismay be due to zonin, regulations as they tend to concentrate similar loads—residential, commercial, industrial-in the same

areas.
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close to demand may reduce peak loads on the
T&D system, improving capacity utilization.
This is particularly important where peak loads
are approaching T&D capacity limits. In this
case, investment in local generation might
cost-effectively allow a delay in upgrading the
T&D system.

» Most (perhaps 95 percent) customer service
problems-outages and power quality--occur
not at the generating plant but in the distribu-
tion system. Distributed generation may reduce
these problems with substantial economic
benefit. *

= Environmental and other regulatory constraints,
such as siting, are increasingly significant for
conventional powerplants in some areas. These
constraints may be less for many small, envi-
ronmentally benign RETS.

For these and other reasons, interest is growing
in the distributed utility as a potentially useful tool
for improving overall utility cost and perfor-
mance. Following analysis of the potential of dis-
tributed generation,”Pacific Gas and Electric
(PG&E) installed a 500-kW PV plant near Fresno,
California, as part of the PV for Utility Scale Ap-
plications (PVUSA) project. The plant was in-
tended to generate energy, contribute capacity
value, delay investment in substation equipment,
and improve system reliability. Initial field data
have confirmed a value of at least $2,900/kW of
installed PV capacity. ” Other utilities have calcu-
lated values for DU equipment ranging from less
than $2,000/kW to more than $ 10,000/kW at vari-

FIGURE 5-5: Capacity Utilization of a

Typical Local T&D System
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NOTE A typical local T&D system carries a high load for only very short
periods of the year For example, the figure here shows that the local
T&D system may carry a load 60 percent or more of its maximurn capac-
ity for just 10 percent of the year corresponding to rare peak demands
such as due to air conditionmg loads during summer heat waves In
contrast, the overall generation system carries a much higher load
throughout the year The low capacity factor of the local T&D system
opens the opportunity of using distributed generation to meet the rare
peak loads and thus reduce the investment necessary in the T&D sys-
tem

SOURCE Joseph J lanucci and Daniel S Shugar, “Structural Evoltion
of Utlity Systems and Its Implications for Photovoltaic Applications, " pa-
per presented at the 22nd IEEE Photovoltaic Specialists Conference,
Las Vegas, NV, 1991

,,,,,,,,, In comparison, a typical coal-fired

central station powerplant has a capital cost of
roughly $ 1,500/kW.88 Thus, the value of distrib-

84 Narain G Hingoraniand Karl E, Stahlkopf, “High Power Electronics,” Scienific American, NOvember 1993, pp. 78-85; and A.P.Sangh-
vi, Electric Power Research Institute, “Cost-Benefit Analysis of Power System Reliability: Determination of Interruption Costs,” Report

EL-6791, 3 vols., April 1990.

85 D.S. Shugar, “Photovoltaics in the Utility Distribution System: The Evaluation of System and Distributed Benefits,” paper presented at

the 21st IEEE PV Specialists Conference, Kissimmee, FL, May 1990.

86 Preliminary data show a plant peak power availability of 82 percent, annual and peak load reductions in power output losses of 5 Percent

and 8 percent, a four-year extension of transformer life, and a 12-year extension of transformer load tap changer life. Other potential benefits
now being evaluated have a predicted value of an additional $3,000/kW. See Paul Maycock, “Kerman Grid Support Plant Provides Twice the

Value of Central PV,” PV News, vol. 13, No. 6, June 1994.

87Economic Evacuation of pV-G,d Support is Changing,” Solar Industry Journal, 3rd quarter,1994.
%8 Note that this cost is not exactly Comparable asit does not include fuel costs and certain other factors.
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A grid-connected PV powerplant in California.

uted generation equipment can be much higher
than that of central station powerplants. This
creates a potential high-value market niche for
technologies such as PVS that can be used in dis-
tributed generation applications.

PG&E and others have done subsequent analy-
ses to identify promising areas for installing PVS
for DU grid ggort and the potential appears to
be quite large. For example, the Utility Photo
voltaic Group estimated the market for distributed
PV capacity at more than 8,000 MW at an in-
stalled price of $3,000/kW.”

Many questions remain, however, about how to
plan, build, interconnect, and operate such a sys-
tem while maintaining reliability and perfor-
mance. Similarly, little is known about the range
of conditions for which the DU might be econom-
ic, or how to find and evaluate such opportunities.
Screening, planning, and evaluation tools need to
be developed, particularly with sufficiently fine
detail to capture the technical and financial bene-
fits and costs of DU technologies on the local level
while still providing a sufficiently broad scale to

evaluate systemwide effects. Much technical
development is also needed, such as hardware,
software, and communications equipment for au-
tomating the DU. Field demonstrations are need-
ed to validate these analyses and technologies.

It may also be possible to use intelligent con-
trols to integrate PV or other RET power genera-
tion with the use of household appliances such as
air conditioners and with the local electric utility.
Some household appliances might be controlled
by how much renewable energy was being sup-
plied. If a passing cloud cut off PV output, certain
appliances could also be shut down temporarily.
Such devices could be easily integrated at low cost
into adjustable-speed electronic drives now enter-
ing the household appliance market.” The devel-
opment of standard protocols among appliance
and other manufacturers is needed for such control
systems to be developed and widely implemented.
Such intelligent controls would also provide valu-
able demand-side management (DSM) capabili-
ties to the local utility.

Recent work on the DU concept has been moti-
vated, in part, out of interest in the potential of
RETSs. Space at urban substations is at a premium,
however. RETs such as PVS maybe less practica
at some of those sites than compact energy storage
and generation systems—particularly if these sys-
tems are only operated for short periods during the
year to reduce T&D system peak loading. Rooftop
PV systems scattered throughout the area maybe
desirable for high-penetration levels of DU systems.

OVERCOMING BARRIERS

The use of RETs for the generation of electricity is
growing, but further action is needed to bring

89 Power distribution areas were examined, first to determine where there was a good match between the local load and the local solar re-
source and, second, to determine which of those areas are at or near their T&D capacity limits. These screens selected areas in PG&E’s service

territory with some 120 MW of load. Daniel S. Shugar et al.,
tember/October 1993, pp. 2| -24.

“*Photovoltaic Grid Support: A New Screening Methodology,” Solar Today, Sep-

90 “DOE and Utilities,” NREL: PV Working with Industry, fall 1994, p.1.

91Samuel F Baldwin, “Energy -Efficient Electric Motor Drive Systems, “in Thomas B. Johansson et al. (eds. ), Electricity: Efficient End-Use
and New Generation Technologies, and Their Planning Implications (Lund, Sweden: Lund University Press, 1989).
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RETs into widespread use and must be tailored for
particular classes of RETs.” This section dis-
cusses ways to make RETs more cost-effective
and to encourage their use.

| Research, Development, and

Demonstration Needs
Opportunities for RD&D in individual technolo-
gies as well as in remote, utility, or distributed
utility systems are briefly sketched above. Over-
al, no insurmountable technical barriers have yet
appeared that might prevent RETs from maturing
into broadly competitive energy resources, but
much RD&D remains to be done.

Federal RD& D funding for RETS has increased
over the past several years, after a decade of declin-
ing and/or low budgets. Most of this support is fo-
cused on developing the technologies themselves
and, in a few cases, improving associated manufac-
turing technologies. Additional support for high-
priority RD&D of these technologies, balance of
systems equipment, and manufacturing technolo-
gies could allow more rapid development.

Few utilities have been actively involved in the
RD&D or commercialization of RETs.” The total
RET R&D budget for the Electric Power Research
Institute was just $9 million in 1993—2.8 percent
of its budget.” EPRI did, however, provide im-
portant continuity in funding for RETS during the
1980s when the federal government cut back.
More recently, pressure to generate near-term re-
sults has forced EPRI to reduce its longer term
RD& D portfolio in areas such as PV.

Demonstration programs have often been one-
of-a-kind and generally limited to very low-cost
systems. Necessarily larger scale systems. such as
integrated biomass gasification advanced gas tur-
bine systems, solar thermal central receivers, and
others have had a difficult time obtaining private
or public support due to their size and cost. For ex-
ample, development of advanced bioelectric sys-
tems might typically progress from the R&D
phase to a $1 O-million pilot demonstration unit, to
a $50-million engineering development unit, to a
$200-million pioneer plant, followed by commer-
cidization. The level of public support could be
reduced at each stage, but would still be substan-
tial even for the pioneer plant. However, such
demonstrations are essential to eventual commer-
cialization.

Private cofunding of such demonstrationsis a
key element to their eventual success. Utilities,
however, may be discouraged by state regulators
from trying new technologies as this could risk
ratepayer funds. In response, some have proposed
that a “safe harbor” be provided utilities that
choose to experiment with and invest in RETs so
that they can be assured of recovering their costs
as long as they have acted responsibly. Currently,
utilities face numerous risks—technical, finan-
cial, regulatory—in developing RETs. Even with
the most careful management of a new technology
program, the utility may face cost disallowances.
Such risks may serioudly constrain a utility’s abil-
ity and willingness to try new technologies. Safe
harbor rules would provide a mechanism to allow
such experimentation .95

92 Technologies that are relatively immature primarily require RD&D. Premature commercialization might fail to reduce costs sufficiently
to attract a large market, and strand the technology at high costs with insufficient revenue to adequately support further development.

93 Detailed reviews of difficulties in considering renewables within the utility framework are provided by National Association of Regulato-
r-y Utility Commissioners, Committee on Energy Conservation, Subcommittee on Renewable Energy. “Renewable Energy and Utility Regula-

tion,” April 10, 199 1; and Hamrin and Rader, op. cit., footnote 7.

94 Electric Power Research Institute, “Research, Development & Delivery plan 1993- 1997, January 1993.

95 David Moskovitz, Renewable Energy: Barriers and Opportunities; Walls and Bridges,” paper prepared fOr the World Resources Insti’

tute, July 1992.
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Increasingly competitive electricity markets,
particularly the possibility of retail wheeling,”
may make such alternatives as safe harbors more
difficult to develop (see chapter 6). For example,
some argue that ratepayer-funded RD& D may be
anticompetitive because it may strengthen utili-
ties vis-a-vis independent power producers that
have no such access to ratepayer funds.” Indepen-
dent power producers, however, are investing
very little in RD&D. Electricity sector restructur-
ing also appears to be significantly reducing
RD&D. The Cdlifornia Energy Commission, for
example, estimates that RD& D in advanced-gen-
eration technologies by California Investor
Owned Utilities will decline 88 percent in 1995,
compared with 1993; overall RD&D will decline
by 32 percent compared with 1992.” Alternative
RD&D funding mechanisms may therefore be
needed to ensure the long-term technological
vitality of the electricity sector.

Regardless of how they are supported, demon-
strations of these technologies are very important.
Relative to conventional technologies, data on cost

and performance, experience, and siting of RETs is
not adequate. For example, there are no commer-
cial-size, advanced biomass gasification pkmts on
which utility executives can “kick the tires. ” They
are not necessarily biased against these technolo-
gies, they simply have no experience.

R&D is also needed on full-fuel-cycle energy
efficiencies and environmental impacts for vari-
ous conventional and renewable technologies (see
chapter 6). Some of this has been done™and could
be usefully extended.

B Manufacturing Scaleup

A key challenge to large-scale RET production
and use is needing alarge market to scaleup pro-
duction and thus lower costs, but needing low
costs to develop a large market. Manufacturing
scaleup and the resulting economies of scale and
learning have been widely observed to reduce the
cost of new technologies. | *

Several recent analyses of PV production for
various periods between 1965 and 1992, for ex-

96 Retail wheeling is the theoretical process of allowing individuals the opportunity to purchase their electricity frOm particular utilities or
independent power producers, thus allowing them to shop around for the lowest price or for other features that they value. This is often crudely
characterized as similar to the individual customer’s ability to shop around for along-distance telecommunications company. In fact, retail
wheeling of electricity is not well defined and cannot be described by so simple an analogy. For a discussion of these issues, see, e.g., The Elec-
tricity Journal, April 1994, entire issue; Richard J. Rudden and Robert Homich, “Electric Utilities in the Future, ” Fortnightly, May 1, 1994, pp.
21 -25; and Public Utilities Commission of the State of Cal ifomia, Order /nstituting Rulemaking and Order Instituting Investigation (San Fran-
cisco, CA: Apr. 20, 1994).

97 See. e.g., Public Utilities Commission of the State of California, Division of Ratepayer Advocates, “Report on Research, Development,
and Demonstration for Southern California Edison Company General Rate Case,” Application No. 93-12-025, March 1994, pp. 3-3 to 3-4.

98 California Energy commission, Restructuring and the Future of Electricity RD&D, Docket No. 94-EDR- | (Sacramento, CA: Jan. 31,
1 995).

9 See, e.g.. Marc Chupka and David Howarth, Renewable Electric Generation: An Assessment of Air Pollution Prevention Potential.
EPA/400/R-92' 005 (Washington, DC: U.S. Environmental Protection Agency, March 1992).

100 See, e.g., Ernst R. Berndt, The Practice of Economerrics: classic and Contemporary (Reading. MA: Addison-Wesley publishing Co.,
199 1); and Linda Argote and Dennis Epple. "Leaming Curves in Manufacturing,” Science, vol. 247, Feb. 23, 1990, pp. 920-924. Indeed, failure
to realize expected economies of scale and learning in new coal and nuclear plants during the past several decades has been a significant source
of difficulty for the electric utility industry. P.L.. Joskow and N.L. Rose, “The Effects of Technological Change, Experience, and Environmental
Regulation on the Construction Cost of Coal-Burning Generating Units,” Rand Journal of Economic. i, vol. 16, No. 1, spring 1985, pp. ! -27;
George S. Day and David B. Montgomery, ‘’Diagnosing the Experience Curve,” Journal of Marketing, vol. 47, spring 1983, pp. 44-58; and
Martin B. Zimmerman, “Learning Effects and the Commercialization of New Energy Technologies: The Case of Nuclear Power,” The Bell
Journal of Economics, vol. 13, No. 2, autumn 1982, pp. 297-310.
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ample, found that every cumulative doubling of
production reduced real costs to roughly 80 per-
cent of the previous vaue. * This effect could
have a significant impact on PV markets. For ex-
ample, if projected business-as-usual PV market
growth rates of about 15 percent were realized, the
global PV market would be about 1 GW/year in
2010, [f the 80 percent progress ratio continued
over this period. the cost of PV-generated electric-
ity would then be about 10¢kWh. In contrast. if
the market were to grow at an accelerated rate of
35 percent per year, the global market in 2010
would be 18 GW and, with the same 80 percent
progress rétio, the cost of PV electricity y would be
6.5¢/kwWh. By one estimate, the additional cost of
such an accelerated development strategy would
be about $5.4 billion (1992 dollars) for additional
RD&D and market support.”” Other estimates
range from $5 billion to $9 billion (see above).
Such a strategy might have significant environ-
mental, international competitiveness (see chap-
ter 7), and other benefits.

Simply producing more PVs, however, will not
necessarily lower costs at an 80 percent progress
ratio. RD&D in technologies, systems, and
manufacturing to achieve such cost reductions
would be fundamental to any accelerated develop-
ment strategy.

The PV Manufacturing Technology Project, a
joint venture between DOE and industry, is in-
tended to reduce PV manufacturing costs. DOE
support for PV manufacturing improvements is
$19 million in fiscal year 1995.

| Resource Assessment

Renewabl e resources have several defining char-
acteristics, including site specificity, intermitten-
ce, and intensity. These factors. their implications,

and strategies for dealing with them are discussed
above and in chapter. **

Although resource data are being developed.
additional efforts could provide valuable informa-
tion for potential users. Of particular interest is
more detailed information on site-specific re-
sources, geographic variation for individual re-
sources. and regional correlations between
resources. Further development and dissemina
tion of analytical tools that can make effective use
of this data may also be of great interest to those
considering using RETS, particularly for deter-
mining the capacity value of iRET resources, and
the impacts of iRETSs on utility system operations
and on T&D requirements. Analytical tools for
forecasting renewable resources are also needed.

| Commercialization

Several strategies for helping develop marketsin
parallel with manufacturing scaleup were listed in
chapter 1, including developing market niches,
aggregating purchases across many potential cus-
tomers, and more aggressively pursuing interna-
tiona markets (chapter 7). One perspective of the
market opportunities for PVs is shown in tigure
5-6, developing gradually from remote systems,
to grid support, peaking, and finally bulk power.
Market development paths for other RETSs could
differ.

Remote markets are of particular near- and
mid-term importance for severa RETS, including
small wind systems, PVs, and small solar thermal
powerplants. Developing these markets offers the
opportunist y for substantial scale up in manufactur-
ing volume and thus will significantly influence
the evolution of these technologies. Additional re-
search is needed to better understand the remote
power market, including specific applications,

101 The yalues o f thisprogress ratio were 80,8 1, and 81 .6 percent, depending on the period examined. See Richards, op. cit., footnote 50;
Cody and Tiedje. op. cit., footnote 49; and Williams and Terzian, op. cit.. footnote 49.

102 Williams and Terzian, op. cit.. footnote 49.

103For E.wsite specificity requires €X1€nsive Jong -term resource evaluation and the development of appropri ate analytical tools such
as geographic information systems. Intermittence} can be addressed by collecting the energy over a larger geographic area, combining the re-
source with other complementary resources, or forming hy brids with other generation technologies (e.g., fossil, hydro, biomass) and or storage.
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FIGURE 5-6: Market Evolution Model for PVs

1a.
Grid support

1. 2b.

Villages and
islands

Small,
stand alone

2c.
Customer-sited

Peaking
power

4.
Bulk power

T167

NOTE: One model for the market evolution of the PV industry is a gradual movement from high-value stand-alone proj-
ects to somewhat lower value grid support, and village-size systems, to medium-value peak power applications, and
ultimately to bulk power. The potential production volume grows rapidly as these new markets open up.

SOURCE: Joseph J. lanucciand Daniel S. Shugar, "Structural Evolution of Utility Systems and its Implications for Photo-
voltaic Applications,” paper presented at the 22nd IEEE Photovoltaic Specialists Conference, Las Vegas, NV, 1991
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their number and value, and how to best develop
them.

Grid support (distributed utility) also offers a
substantial near- to mid-term opportunity, but re-
mains poorly understood. Better analytical tools
are needed that can screen for such opportunities,
and more detailed analysis is needed to determine
the full value of these applications. RETSs such as
PVs arelikely to face significant competition for
these grid support markets from fuel cells, diesel
engines, and other fossil-fueled technologies.

Peaking and bulk power represent huge mar-
kets, but are also more competitive. Fossil power
technologies are advancing and will remain strong
competitors (box 5-1). To be competitive, RETS
may need to be appropriately credited for their ac-
tual capacity value, environmental benefits, abil-
ity to lower fuel cost risks, and other advantages,
as well as charged for their disadvantages

oltalc ope ce, Las

compared with fossil fuels. Electricity sector
planning models currently in use may not be easi-
ly adaptable to these or other aspects of RETS,
such as their often small capacity increments or
T&D requirements. Case-by-case inclusion of
these considerations for RETs in the planning
process may carry high overhead; better analytical
tools are needed to allow consideration of these
factors with minimal cost and effort.

Many of DOE’'s market conditioning initiatives
are implemented through joint venture project ac-
tivities. Joint ventures, as well as project activities
with decision makers and organizations represent-
ing PV target market sectors, are the major focus
for translating RD&D activities into market im-
pact. Through its joint venture activities, DOE has
demonstrated willingness to share risk with those
that invest in current technology at present-day
prices while committing to high-volume, lower
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cost product purchase in the future. Developing
relationships with stakeholdersin thisway is an-
ticipated to lead to significant cost reductions
while strengthening the market base for suppliers.

In 1992, the Electric Power Research Institute,
the American Public Power Association, the Edi-
son Electric Institute, the National Rural Electric
Cooperative Association, and approximately 40
utilities formed the Utility Photovoltaic Group
(UPVG) to promote early commercialization of
photovoltaics. In September 1992, DOE agreed to
provide up to $800,000 for the first 18 months of
UPVG's activities. UPVG and DOE have started
TEAM-UP (Technology Experience To Acceler-
ate Markets in Utility Photovoltaics), a $500-mil-
lion (two-thirds privately financed) joint venture
to purchase 50 MW of PV over six years.

The PVUSA project is afield test of large PV
installations intended to demonstrate the viability
of PV systemsin a utility setting. PV-BONUS is a
DOE program that was recently funded as a pub-
lic-private effort to develop cost-effective PV
products, applications, and product-supply and
product-user relationships in the buildings sector.
This sector is expected to be another stepping-
stone to the bulk power market and holds promise
of becoming a substantial market in its own right.
Phase | is a concept development stage, requiring
a minimum 30-percent cost share by the private
participant, and up to $1 million is expected to be
provided for preliminary market assessment and
product development tasks and evaluation in this
phase. Phase Il will include product development
and testing, and Phase I11 will be field demonstra-
tion and performance verification. Overall pro-
gram funding will require 50-percent cost-sharing
by private participants. Total DOE support for
market conditioning activities is $35 million in
fiscal year 1995.

Many people, including policy makers at the
state and federal level, are unaware of how rapidly
the performance and cost-effectiveness of many
RETSs are improving, the magnitude of the locally

Solar thermal-natural gas hybrid electricity-generating system
in the Mojave desert, California.

available renewable resources, or the practical as-
pects of system design, integration, and finance.
For rapidly advancing technologies such aswind
or PV, data two or three years out of date may be of
little value. The lack of information has been a
particularly serious problem at the state regulatory
level where the embryonic renewable energy in-
dustry has not had the resources to present its case.
Most public utility commission staffs tend to be
small and have often not been able to collect and
keep current the necessary information. ~ Equal-
ly important is providing a credible independent
source of information to balance the excessive
claims of some renewable energy advocates. The
decline in federal support for renewable energy
during the 1980s reduced the dissemination of
relevant information in an appropriate format.
Initiatives to support RET commercialization
must take into account change occurring in the
electricity sector (see chapter 6). Restructuring
and greater competition may entail unbundling of
services, thereby opening a variety of market
niches such as grid support. On the other hand,
separation of generation from transmission and

104 National Association of Regulatory Utility Commissioners, Committee on Energy Conservation, Subcommittee on Renewable Energy,
Renewable Energy and Utility Regulation (Washington, DC: Apr. 10,1991 ).
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distribution may impede identification and use of
such distributed applications. The net effects of
these opposing forces are unclear.

POLICY OPTIONS

Support for the technical development of RETS in
the electricity sector has been provided for some
two decades and has contributed significantly to
the dramatic improvements in the cost and perfor-
mance of many RETSs over this period.

Federal RD&D in RETS has increased in recent
years (seetable 1-4 and figure 2 in appendix I-A)
after declining in the 1980s. The focus of present
RD&D efforts is primarily mid- to longer term
RD&D, with some support for public-private,
cost-shared commercialization activities. This
will allow more rapid technical development of
RETSs than would occur without federal support,
but RET contribution to U.S. electricity supplies
(now about 11 percent, mostly from hydropower)
is likely to remain a relatively small proportion of
the total over the next 15 years. During this period,
however, this support will help provide the techni-
cal foundation for more rapid expansion of RETS
after 2010. Total nonhydro RET electricity gen-
eration is projected by the Energy Information
Administration (EIA) to increase from about 46
billion kWh in 1993 to 112 billion kWh in
2010. ™ Such estimates are highly uncertain,
however, and could be far too optimistic or pessi-
mistic depending on the public policies chosen in
the next few years. For example, a focused public-
private effort to develop bioenergy crops in order
to offset farm supports could encourage the devel-
opment of perhaps two to three times as much gen-
eration capacity as is currently projected by EIA
for 2010.

Reductions in RD&D supports for RETs could
save some federal outlays in the near term, but are
likely to significantly reduce the rate of develop-
ment of these technologies. As noted above, the
RET industry istoo small to support this level of

RD&D itself, and many potential outside partners
are reducing their RD&D investments, particular-
ly for longer term, higher risk technologies such as
many renewable. Slowing these programs signif-
icantly risks both losing important international
markets to foreign competitors and the sale of in-
novative U.S. RET firms and technologies to
these foreign concerns. If RD&D supports must
be reduced, it will be important to protect core
RD&D activities including public-private part-
nerships to demonstrate technologies.

Strategies that would allow additional cost-ef-
fective applications of RETS to be captured sooner
are outlined below. Adoption of such strategies
could help strengthen U.S. manufacturers in in-
ternational markets (chapter 7), allow a more rap-
id transition to nonfossil forms of energy should
global warming or other factors make this neces-
sary, and diversify energy supplies and reduce ex-
posure to the risk of any future fuel cost increases
(chapter 6). However, these strategies would re-
quire greater federal outlays, depending on the
particular policies pursued. Many of these activi-
ties are relatively low cost and have potentially
high leverage. These include resource assessment,
much R& D, the development of design tools and
information programs, and standards. Demonstra-
tion programs are generaly higher cost, but
should be leveraged—as should many other acti-
vities—with public-private partnerships. The ac-
tivities discussed below, for which DOE would
have prime responsibility at the federal level, are
likely to be particularly effective: whatever strate-
gy or budget level is selected, ensuring the maxi-
mum contribution from RETSs in the future will
depend on choosing policies with the greatest lev-

erage.

B Resource Assessment

» Renewable resource assessment and the devel-
opment of appropriate analytical tools is essen-
tial for potential users to identify attractive

105y, 5. Department of Energy, Energy Information Administration, Annual Energy Outlook, /995, DOE/EIA-0383(95) (Washington, DC:

January 1995).
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opportunities. The FY 1995 appropriation for
solar resource activities is $3.95 million—up
from the FY 1994 level of $2.2 million. Thisin-
crease in funding will allow an expansion of the
resource monitoring network, the development
of a more comprehensive database, and support
dataintegration and geographic analysis.
Additional monitoring sites could improve un-
derstanding of how large the resources are, how
they vary at specific sites and between different
sites, and to what extent different resources—
such as sun and wind—may be complementa-
1y. “*In turn, this data and appropriate
analytical tools might be used to determine
iRET capacity values, improve utility planning
and operations with iRETS, and provide other
benefits.

Research, Development, and
Demonstration Programs

R&D. Overall program budgets for RD&D are
listed by RET in table 1-4. These supports have
increased from the low in 1990 of$119 million

NOUWIDOSSY SIHLISNANI ADH3INT HY10S

to aFY 1995 level of about $331 million. ' 07

A parabolic dish stirling engine system under test. A variety of

(Half of this increase occurred in 1991 and
1992 following the Bush Administration’s de-
velopment of the National Energy Strategy. )
When this funding is spread across the full
range of RETS, however, these programs con-
tinue to be substantially constrained. Support
for high-leverage R& D opportunities could be
directed to particular RET technologies, bal-
ance of system components, hybrid systems,
system integration, and RET manufacturing
technologies, as discussed above.

Demonstraticns. Demonstrations of larger
scale systems, particularly bioenergy, geother-
mal, and solar thermal central receiver systems,
have not been possible even though they would
have been smaller than many fossil fuel sys-
tems that have been funded in recent years.

dish stirling designs have been developed and tested and a
joint DOE-Cummins Power Generation venture is in the final
stages of developing a 7.5 kW system for commercialization.

Such demonstrations have been and must con-
tinue to be driven by private sector interest in
commercializing these technologies, but feder-
a involvement maybe necessary to get projects
under way.

- Safe harbors. While the federal government

does not have direct authority to create safe har-
borsfor utility or independent power producer
RD&D, it could encourage states to provide
them, provide useful information, or perhaps
provide seed money or tax considerations for
doing so. Consideration might also be given to
other mechanisms to encourage private sector

106 That is, t. what extent oneresource increases when the other decreases, thus compensating in part for each others’ natural variability.

107 This overall funding level also includes SOMeE support for solar building and other activities. Note that a number of activities listed in the

DOE Solar and Renewable Energy budget are not specifically related to renewable energy and are not included in these budget numbers here.
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RD&D in electricity sector technologies, such
as sectorwide kWh or emissions taxes to sup-
port RD& D and focused tax credits.

and equipment that will allow smart controls to
adjust appliance power demand as needed by
utility demand-side management or distributed
utility programs.

| Design, Planning, and
Information Programs
| Design and planning tools. Support, leveraged

| Finance and Commercialization
Programs

with private sector funds, might be provided for
the development of electricity sector design
and planning tools that adequately incorporate
consideration of renewable resource availabili-
ties, RET capacity factors, T&D requirements,
distributed utility benefits, environmental ben-
efits, fuel cost risk reductions, and other fac-
tors. " This includes geographic information
systems that enable long-term planning of en-
ergy infrastructure—such as T&D systems or
gas pipelines—to consider potential future sit-
ing of RETs so as to minimize costs of future
infrastructure access. These tools would be of
considerable value to utilities, non utility gener-
ators, public utility commissions, federal poli-
cymakers, and others.

«Information. Support could be provided for in-

formation programs to develop data, particular-
ly from field studies, and to put it into an
appropriate format for use by policy makers and
others at both the state and federal level. As
noted above, this can encourage use of rapidly
advancing RETs as well as check the excessive
claims of some RET advocates.

| Standards Programs

. Support might be provided for the development
of technical standards for some equipment.
This might include helping to support the es-
tablishment of control and communications

Market aggregation. Public-private partner-
ships can increase market volume so that
manufacturers can scale up production proc-
esses. Severd initial efforts of this type have
been launched, such as the Utility Photovoltaic
Group. More importantly, a longer term
technology development, manufacturing sca-
leup, and market development strategy is need-
ed, perhaps along the lines of what has become
known as "Sustained Orderly Develop-
ment.”’** This would help provide manufac-
turers the assurance that there would be
markets for them to compete for in the future,
and would help them attract capital and scaleup
manufacturing facilities in order to capture
economies of scale and learning. If such a pro-
gram is begun in the near term, additional RETs
will be ready for large-scale commercialization
as the large number of aging U.S. powerplants
retire over the next decade or more.

| Market analysis and development. Overseas

markets for RETs are potentially large, but are
not yet well understood or developed. Support
to analyze these markets and to develop them
through trade missions, trade shows, resource
assessments, technology demonstrations, and
technical assistance could enhance exports and
U.S. production.

.Power marketing authorities. The federal gov-

protocols for use in home and office appliances ernment could direct the Power Marketing Ad-

108 Relatively little has been don,in this area. DOE recently supported, however, the development of such tools for policy-level analysis.

See, e.g., U.S. Department of Energy reports. Panel on Evaluation of Renewable Energy Models, Office of Utility Technologies, “Evacuation of
Tools for Renewable Energy Policy Analysis: The Ten Federal Region Model,” and “Evaluation of Tools for Renewable Energy Policy Analy-
sis. The Renewable Energy Penetration Model,” April 1994.

109 See, e.g., Donald W. Aitken, “Sustained Orderly Development,” Solar Today, May/June 1992, pp. 20-22.
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ministrations to develop all cost-effective ™
RETs where practicable.

= Federal procurement. The federal government
could more vigorously pursue its mandate to
use cost-effective RETs where practicable..™

CROSSCUTTING ISSUES

The importance of electricity throughout the U.S.
€conomy opens numerous opportunities for cross-
sectoral benefits from the use of RETSs. For exam-
ple, RET electricity could provide an early and
important high-value market for bioenergy pro-
duced by the agriculture and forestry sector, be in-
tegrated with building demand-side management
programs. be integrated with building structures,
power electric transport, or provide an important
niche market for fuel cellsto be later used in the
transport sector. Smart controls within buildings
and within electric-vehicle recharging stations
might allow much better integration of intermit-
tent RETs into the electricity grid. These opportu-
nities may offer important high-value market
niches for earl y use of RETS that can help leverage
manufacturing scaleup and cost reductions.

CONCLUSION

The development and integration of renewable en-
ergy technologiesinto the electricity grid poses a
variety of technical, economic, planning, opera-
tional, and institutional challenges. Many of the
technical challenges are being overcome, but
much work remains. The cost-effectiveness of
these systems varies widely. Some technologies
are competitive in bulk power markets today: oth-
ers are competitive only within higher value niche
markets (without crediting their environmental or
fuel diversity benefits). Costs are highly site- and
resource-specific and must be evaluated on a case-
by-case basis. Improved models and methodolo-
gies for evaluating the cost-effectiveness of these
technologies would facilitate this evaluation and
provide better decision making tools for determin-
ing the best use of RETs in the electricity sector.
Development of these technologies will also play
an important role in international markets. in
which competition is becoming increasingly
intense, as countries around the world have begun
to focus on RETSs as a key market for the 2 1st cen-
tury.

110Including, e.g., environment], fuel diversity, and other costs and benefits.

111For example under the Department of Defense PV Implementation program formed in 1985 some 21.000 cost-effectiv e applicati On\ Of
PVS were identified in [he Navy aone which, if fully implemented, would provide net annual savings of about $175 million. The majority of
these have reportedly not yet been implemented, with some 3,000 systems installed to date. See, e.g., Sandia National Laboratories, Photovolia -
ics for Military Applications: A Decisions-Maker’s Guide, SAND 87-7016 (Albuquerque, NM: May 1988); Sandia National Laboratory, Photo-
voltaics Systems for Government Agencies, SAND 88-3149 (Albuquerque, NM:May1989); and John Ryan and Richard Sellers, “*Overcoming

Institutional Barriers.”’ Solar Today, March April 1992, pp. 18-20.
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large amount of electricity-generating capacity will have

to be built over the coming years to replace retiring units

and meet new demand. Renewable energy technologies

(RETS) are already competitive for some of this capacity,
and further technical development and commercialization sup-
port (see chapter 5) could expand their share. However, the rate of
growth for RETs will also depend on factors such as economic
and regulatory changes within the electricity sector, availability
of financing, taxes, perceptions of risk, and the rate of change in
conventional technologies. This chapter discusses those factors
and approaches for further commercializing RETSs for electricity
generation.

ELECTRICITY SECTOR CHANGE

Structural and regulatory changes in the electric utility industry
have, in the past, encouraged the development of today’s renew-
able energy industry and are likely to play akey rolein how the

renewable energy industry develops in the future. Many of these
"hanges were set in motion by increasing strains on the utility in-

lustry in the 1970s.
Utilities generally enjoyed stable growth and declining costs
of electricity production until the early 1970s. Then these histori-

I'The Energy [nformation Administration estimates that utilities will build a total of

about 110 GW (and retire 60 GW) and nonutility generators (not including cogenerators)

will build 72 GWe by 2(1 10. See U.S. Department of Energy, Energy Information Admin-

istration, Supplement to the Annual Energy Outlook, /994, DOE/EIA-0554(94) (Wash- 1199
ington, DC: March 1994), p.183.
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ca trends were reversed due to reduced economies
of scale’for new large coal-fired plants,’the oil
shocks, inflation and high apparent costs of capi-
tal, sharp reductions in demand growth, increased
environmental regulation, and problems with ad-
vanced technology such as supercritical boilers
and nuclear plants.'These and other problems led
state regulatory agenciesto disallow (i.e., not in-
clude in the rate base) more than $10 billion worth
of utility investment during the 1980s.’ Regula-
tors and utilities became interested in alternative
approaches in order to avoid heavy capital invest-
ment in new generation facilities.

One such approach was to encourage indepen-
dent entrepreneurs and companies other than util-
ities to generate power. Another was to tap
alternative resources, renewable in particular.
Federal policy addressed these issues through the
Public Utility Regulatory Policies Act (PURPA)
of 1978. Title Il of PURPA established a class of

(QFs)—based on cogeneration and renewable,
and outside conventional profit regulation. It re-
quired utilities to purchase power generated by
QFs at a rate based on the utility’s incremental
cost*---more commonly termed avoided cost--of
power.’

For avariety of reasons, the response to PUR-
PA was mixed, especially for RETS, as described
in box 6-1. Price was a key factor. Where the
avoided cost level was high, the industry was del-
uged with offers; where low, no offers were made.
Another factor was the terms under which elec-
tricity was to be purchased. Some states simply set
tariffs for electricity purchase depending on the
current avoided cost level. Since these could
change frequently, private investors were unwill-
ing to risk their capital on long-term projects
whose return could vary dramatically. Other states
allowed long-term contracts, which provided the
more certain financial climate developers needed

electricity  suppliers—"qualifying  facilities’

2L aurits R. Christensen and William H. Greene, “Economies of Scale in U.S. Electric Power Generation, " Journal of Political Economy, vol.
84, No. 4, pt. 1, 1976, pp. 655-676; Thomas G. Cowing and V. Kerry Smith, “The Estimation of a Production Technology: A Survey of Econo-
metric Analyses of Steam-Electric Generation,” Land Economics, vol. 54, No. 2, May 1978, pp. 156- 186; Edward Kahn and Richard Gilbert,
Universitywide Energy Research Group, University of California, Berkeley, “Competition and Institutional Change in U.S. Electric Power
Regulation,” Report PWP-011, May 2, 1993; Richard F. Hirsh, Technology and Transformation in [he American Electric Utility Industry (Cam-
bridge, England: Cambridge University Press, 1989); and David E. Nye, Electrifying America: Social Meanings of a New Technology,
1880-1940 (Cambridge, MA: MIT Press, 1990), p. 32.

30ne study found that going from a 400 MW to an 800 MW unit reduced cost per kW installed by just 5 percent (or 10 percent on the addi-
tional kW). See “How Much Do U.S. Powerplants Cost?" Elecirical World, March 1985, reporting on a study of 491 recently completed and
commercialy operating fossil and nuclear plants by University of Tennessee's Construction Research Analysis group for Edison Electric Insti-
tute.

4PaulL. Joskow and Nancy L. Rose, “The Effects of Technological Change, Experience, and Environmental Regulation on the Construc-
tion Cost of Coal-Burning Generating Units, " Rand Journal of Economics, vol. 16, No. 1, spring 1985, pp. 1 -27; and Martin B. Zimmerman,
“Learning Effects and the Commercidization of New Energy Technologies: The Case of Nuclear Power,” Bell Journal of Economics, vol. 13,
No. 2, autumn 1982, pp. 297-310.

50ak Ridge Nationa] Laboratory, “Prudence Issues Affecting the U.S. Electric Utility Industry.” 1987, and “ Prudence Issues Affecting the

U.S. Electric Utility Industry: Update, 1987 and 1988 Activities,” 1989; and Ed Kahn, University of California, Berkeley, personal communica
tion, May 1994.

6See Section 210 of the Public Utility Regulatory POliCies Act of 1978.

TTheterm i___tcost of power has been interpreted in different ways by various utilities, leading to varying payments to QFs. See,

e.g., Daniel Packey, “Why Does the Energy Price Increase When Cheaper-Than-Avoided-Cost DSM |s Added,” Urilities Policy, vol. 3, 1993,
pp. 243-253.
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BOX 6-1: Lessons Learned in State Renewable Energy Development

States vary dramatically in their development of renewable energy technologies (RETs) in the
electricity sector California has more than 6 GW of installed RET capacity, Maine is second with about 850
MW, and Florida is third with about 820 MW The top 10 states account for nearly three-quarters of U S
RET development This development is often largely unrelated to state renewable resource endowments
For example, the Midwest has very large wind energy resources but litle wind energy development
Instead, most wind development has taken place in California where wind resources are relatively limited
although there are a few particularly good sites

Key factors determining RET development include the planning, contracting, and procurement policies
of the states These were well described in a recent report published by the National Association of Regu-
latory Utlity Commissioners Of particular value were the following

Standard contracts with (or guidelines for) the terms and conditions for capacity and energy sales to utilityies This
greatly reduces the expense and delay of negotiations, reducing transaction costs and the time required to obtain a
I financeable contract

Long-run contract price based on avoided new utility plants. Long-run contracts (extending for 15 to 30 years)
based on the cost of new resources are more likely to provide a sufficient revenue base for nonutility generat ion devel-
opment than contracts based on short-term energy and capacity.

Both capacity and energy values paid. It is difficult for new projects to recover costs unless they receive payment
for their capacity value

Fixed or predictable payment stream This is critical for any nonutility developer to obtain financing

Availability of /evel/zeal or front-loaded payments This allows developers of capital-intensive renewable energy
projects to pay debt service on the loan, which is generally 10 to 15 years, compared to 30 years for utilities

No dispatchability or minimum capacity factorscreens This meant that renewable resources having an irtermit-
tent/low capacity factor (hydro wind, solar) and nondispatchable resources (geothermal) were not excluded from
participating Regulatory mechanisms reflected the benefits that these resources provide to the consumer

Special rates set for renewab/es Two of the states created special rates through legislation (New York for all quali-
fying facilities and Connecticut for municipal solid waste)

SOURCE Jan Hamrin and Nancy Rader Investing in the Fufure A Regulators Guide to Renewables (Washington DC National
Association of Regulatory Utility Commissioners February 1993)

to raise capita and develop a project. Standard of-  substantial development of several RETS. includ-
fers, or contracts, contributed to this confidence  ing biomass, geothermal, solar thermal, and wind,
and also reduced the transaction costs of develop-  beginning in the early 1980s.

ers.’In California, the combination of PURPA, PURPA introduced a degree of competition
federal and state tax credits, and/or standard offers  into the electric ity sector. In the mid- 1980s, rcgu-
together with favorable renewable resources led to  lators and utilities investigated competitive bid-

8Standard offers define the terms and conditions+. g., energy and capacity payments, dispatch ability, and reliabil ity —under which utili-
tieswill buy power. They set the transaction price at the avoided cost determined by the state regulatory authority. Some of the standard contracts
entered into in the early 1980s resulted in prices for QF power that were above utilities” actual avoided costs when oil and gas prices crashed in
the mid- to late 1980s. On this basis some argue that it wasinappropriate to provide long-term—e.g.,10-y ear—standard contracts. That energy
prices might decline was. of course, a risk when these contracts were entered into. At that time, however, energy prices were expected to nse and
contracts reflected that expectation. Investment in natural gas-fueled powerplants today similarly faces risks should natural gas prices escalate
more rapidly than expected in a decade. These fuel cost risk issues suggest the need for resource diversity and f'or proper alocation of risk and
reward. This is discussed below.
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ding as a way to control costs of new plants.
Utilities in some 25 states have conducted com-
petitive bidding. Nonutility generators (NUGS)
responded to these opportunities by building
about 57 GW of generation capacity through
1992, including some 16 GW of RET capacity.’
The record of low cost, rapid construction, and
reliability of many of these projects has encour-
aged further opening up of the electricity sector to
competition.

The Energy Policy Act of 1992 (EPACT) con-
tinued this policy direction by creating a new class
of power producers known as Exempt Wholesale
Generators that are exempted from certain tradi-
tiona utility requirements. “EPACT aso ad-
dressed a variety of related transmission access
issues (see below). Finaly, California and severa
other states are considering an investigation of the
possibility of “retail wheeling” to determine the
feasibility of creating an even more competitive
market. “ Whatever form these varied actions ulti-
mately take, it is likely that there will be substan-
tial further structural changes in the electricity
sector, in particular, higher levels of competition
in electricity generation.

The impact of increased competition on RETS
is uncertain. Greater competitive pressures may
reduce investment in research, development, and
demonstration (RD&D) and could diminish inter-
est in capita-intensive, long-term generating
technologies such as RETs. The low cost and high
performance of combustion turbines fired with

natural gas have great appeal in a competitive
market. To the extent that market competition ig-
nores benefits such as lower environmental im-
pact or reduced exposure to fossil fuel cost
increases, RETs may be disadvantaged. Further-
more, separation of generation from transmission
and distribution (T&D) could increase the diffi-
culty of implementing applications that benefit
the system as a whole, such as the distributed util-
ity. On the other hand, increased market competi-
tion may help differentiate energy markets by
value, potentially opening up new higher value
market niches for which particular RETs can ef-
fectively compete.

Competitive bidding for electric power supply
typically proceeds in three steps. First, the utility
projects the need for new electricity supply, in-
cluding how much new capacity (MWS), what
kind (baseload, load following, peaking), and
when it will be needed. Second, a solicitation for
competitive bids is made. Third, the tendered bids
are screened and/or ranked on the basis of severa
factors, usually beginning with price and followed
by operational issues, cost structure, and environ-
mental impacts.

In practice, there has been less development of
renewable energy under the competitive bidding
approach than had occurred under earlier PURPA
avoided cost/standard offer methods. As of 1990
(before a significant number of competitively bid
projects came online), renewable fueled 6.6 GW
out of atotal of 9.1 GWNUG noncogeneration ca-

9u.S. Department of Energy, Energy Information Administration, Annual Energy Review,1993, DOE/EIA-OB:{ngmgton’ DC:
July 1994). p. 251. About 32 GW were under PURPA and 25 GW under competitive bidding and other means.

10 ¢ governed by the Public Utility Holding Company Act of 1935.

I' Retail wheeling IS proposed t- allow individuals the opportunity to purchase their electricity from any utility or indegragent power pro-

ducer—thus allowing them to shop around for the lowest price or for other features that they value. This has been characterized as similar to the
individual customer’s ability to shop around for a long distance telecommunications company. In fact, retail wheeling of electricity is not well -
defined and cannot be described by so simple an analogy. For a discussion of these issues, see, e.g.. The Electricity Journal, April 1994, entire
issue; Richard J. Rudden and Robert Homich, “Electric Utilities in the Future,” Fortnight/y, May 1, 1994, pp. 21 -25; and Public Utilities Com-
mission of the State of California, “Order Instituting Rulemaking and Order Instituting Investigation,” Apr. 20, 1994. In addition to California,
Nevada has a limited program in place, and Michigan and New Mexico have called for rulemaking on more limited programs to introduce
greater competition. See, e.g., Peter Fox-Penner, “Critical Trends in State Utility Regulation, '’ Natural Resources & Environment/, winter 1994,

pp. 17-19,5 1-52.



pacity (73 percent) .12 In contrast, just 12 percent
of successful competitive bids to date have been
based on renewable, totaling a little over 2 GW. *

Several factors may have contributed to this
difference. QFswere limited to RETs and cogen-
eration, unlike competitive facilities that can use
any fuel. In addition, fossil fuel prices have
dropped to near historic lows, reducing the incen-
tive for choosing RETs. Some have also sug-
gested, however, that the low rate of adoption of
renewable under competitive bidding practices
may in part be due to the screening/ranking factors
not adequately reflecting the substantial benefits
of renewable. *

These changes are exposing what some per-
ceive to be a fundamental conflict between two
different philosophies for utility regulation: 1) us-
ing regulatory interventions in the utility sector to
advance socia goals such as a cleaner environ-
ment through greater investment in and use of effi-
cient and/or renewable energy technologies, and
2) reducing and/or changing regulation in the util-
ity industry to alow greater competition in gen-
eration and consequently more efficient and lower
cost provision of electricity. *These are not nec-
essarily conflicting goals, and means of realizing
both are discussed below.

12Energy Information Administration, Op. cit., footnote 1.
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Other changes will also affect RETS. Increasing
concern over the environmental impacts of fossil
fuel use has led to consideration of RETs in policy
initiatives such as the Clean Air Act Amendments
of 1990,"EPACT, and the Climate Change Ac-
tion Plan. Half the states now incorporate environ-
mental externalities in their electricity sector
planning and operations either qualitatively or
quantitatively, and other states are considering
this. Such environmental concerns are likely to in-
crease over time, and will generally benefit most
RETS.

Some RETSs may also have asignificant influ-
ence on the structure of the electricity sector. In
particular, as photovoltaics (PVs—or other small-
scale technologies such as fuel cells) are devel-
oped, they may be distributed throughout a T& D
net work. That could lead to substantial] y different
T&D requirements and might affect the technical
and financial structure for the electric utility. *7
Accommodating this change will require much
better models and understanding of actual power
flows so that the corresponding costs can be un-
bundled and assigned appropriately to ensure effi-
cient use of the T&D system. *

13B)air G. Swezey, National Renewable Energy Laboratory, “The Impact of Competitive Bidding on the Market Prospects for Renewable

Electric Technologies,” draft, January 1993.
14bid.

I5Thisissue has recently been highlighted by the California order instituting an investigation and rulemaking on retail wheeling. For aflavor

of some of the debate, see The Electricity Journal, April 1994, entire issue.
16See, ¢.g., U.S. Environmental Protection Agency, Energy Efficiency and Renewable Energy: Opportunities from Tisle IV of the Clean Air

Act, EPA 430-R-94-001 (Washington, DC: February 1994).

17For example, who might own rooftop PV Systems: utilities, homeowners, or third parties?1f distributed power is a significant fraction Of

the system, the answer to this question could influence the structure of the electricity sector.

18A variety of different means are being explored to achieve better understanding of and workable models and contracts for unbundling
transmission services. Steven L. Walton, “Establishing Firm Transmission Rights Using a Rated System Path Model, " The Electricity Journal,
October 1993, pp. 20-33; W. Hogan, “Contract Networks for Electric Power Transmission,” Journal of Regulatory Economics. vol. 4, No. 3,

1992, pp. 21 | -242; and Kahn and Gilbert, op. cit., footnote 2.
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FIGURE 6-1: Capital Carrying Charg

Costs for Conventional and Capital-Intensive
Renewable Energy Projects

. Cost (current) $/kWh

lo- Gas, fuel costs

Wind, capital charges

Gas, capital charges

0 5 10 15 20 25 30

NOTE: The capital carrying charges for the utility-owned wind power-
plant modeled here are initially about four times those of the modeled
natural gas combined-cycle powerplant, and drop to about three times
after the period of accelerated (five-year) depreciation for the wind
equipment. This illustrates the high front-ioaded costs for capital-inten-
sive RETs. In contrast, the natural gas system has high fuel costs and
operates more in a "pay-as-you-go" manner. Overall, the wind system
modeled here has a slightly lower lifetime levelized cost of electricity at
5.22¢/kWh than the natural gas system at 5.47¢/kWh.

The capital carrying charges include the return on debt, the return on
equity, federal and state income taxes, book depreciation, property
taxes, and insurance. The methodology used here followed that of the
Electric Power Research Institute. All costs are in current dollars in order
to appropriately value tax benefits. Parameters used are wind capital
costs of $900/kW, capacity factor of 28 percent, and natural gas com-
bined-cyclecapital costs of $650/kW, capacity factor of 70 percent, and
heat rate of 7,700 Btu/kWh. Other parameters are as indicated in tables
6-1106-3.

SOURCE: Office of Technology Assessment, 1995.

POWERPLANT FINANCE®

A typical fossil fuel project—such as a natural
gas-fired combined-cycle powerplant-will have
arelatively low capital cost per unit power output
compared with a typical nonfuel-based” renew-
able project, but faces continual (and potentially
increasing) fuel costs. A typical renewable energy
project will have high capital costs but little or no
fuel cost (see figure 6-1 ). Over the lifetime of the
project, the low operating (fuel) costs of the RET
can more than make up for its high capital costs—
depending on factors such as the cost of capital,
fuel, operations, and plant life. Nevertheless. the
RET can cost more than the fossil plant during the
first years of the project under common financial
accounting methods.

Effectively, the RET power is paid for in ad-
vance through the capital charges, in contrast to
the pay-as- you-go nature of fossil fuel. The higher
front-end cost of the renewable poses the risk of
overpaying for power should the project fail pre-
maturely (see figure 6-2). Conversely, costs of the
non-fuel-based RET could be lower in the future
than for a fossil fuel system, particularly if fuel
prices escalate as projected (figure |-A-4).

| Utility Finance®

Electric utilities are monopolies regulated primar-
ily by states. The retail price at which the utility
sells electricity is set through a regulatory review
process that alows the utility to recover all operat-
ing expenses, including taxes, and to earn a“fair
return for its prudent investments. The review
typically consists of two stages. 1) a review of
utility capital investments that can be a lengthy,
arduous process (especidly if questions are raised

1]

19 Analysis of the financial situation of the electricity sector more broadly, including market-to-book value ratios, price/earnings ratios, and
other measures of financial health are beyond the scope of this study; they can be found elsewhere. Seg, e.g., Edward Kahn, Electric Urility
Planning and Regulation (Washington, DC: America nCouncil for an Energy Efficient Economy, 1991); Leonard S. Hyman, America’s Electric
Utilities: Past, Present, and Future (Arlington, VA: Public Utilities Reports, Inc., 1983); and Harry G. Stoll, Least-Cost Electric Utility Planning

(New York, NY: John Wiley and Sons, 1989).

20Biomass-fueled renewable energy projects are likely to have capital and fuel costs similar to those of fossil fuel projects, unlike capital-in-

tensive nonfuel-based RETs such as geothermal, hydro, solar, and wind.

210nly investor-owned utilities will be discussed here, as public utilities are exempt from federal taxes and tax incentives.



FIGURE 6-2: Potential Rate-Payer Exposure with
Front-Loaded Cost Structures

A Utility avoided costs
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NOTE The front loaded cost structure resulting from typical carrying
charges shown in figure 6-1 can result in" rate-payer exposure" in that

they pay for the plant upfront but run the risk that the plant does not op-

erate for as long or al the performance level expected Proper structur-
ing of the contracts can reduce this risk

SOURCE Ed Kahn et al Lawrence Berkeley Laboratory, Evaluation
Methods in Competive Bidding for Electric Power, ' LBL-26924 June
1989

over the prudence of investments); 2) and much
less detailed reviews of automatic adjustment of
fuel costs.

The cost of owning and operating a utility-gen-
erating plant is affected by a variety of federal and
state/local tax provisions as discussed below. Cur-

rent federal tax policy variously provides inves-
tor-owned utilities (I0Us) 5-, 15-, and 20-year
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accelerated depreciation, and a 10-year 1.5¢/kWh
renewable electricity production credit (REPC)
according to the particular technology, as listed in
table 6-1. State and local governments may also
levy income, sales, property, and other taxes.

The impact of federal and state/local taxes at
the generating plant (not including, for example,
fuel mining and transport) can be calculated using
standard financial models .23 Representative taxes
carried by different powerplants are shown in fig-
ure 6-3, based on the parameters in tables 6-1,6-2,
and 6-3. (A more detailed analysis of taxes over
the entire fuel cycle for two specific regions in the
United Statesis given in the following section.)

Current law (which provides five-year acceler-
ated depreciation for many RETS) sets the federa
tax burden per kwWh of generated electricity for
RETs and most fossil technologies in the range of
roughly 0.1 ¢- 1.0¢/kWh, depending on the partic-
ular technology, its capital cost, and other factors.
This does not include the REPC*or upstream
taxes from, for example, fuel mining or transport
(see below). Within this range there is consider-
able variation between technologies in taxes paid
per kWh generated. Coal-generated electricity
(which receives 20-year tax depreciation) carries a
federal tax burden in this scenario of about
0.4¢kWh, as illustrated in figure 6-3a.

If capital-intensive RETS instead had the same
depreciation schedules as coal-fired plants, they
would generally pay significantly higher taxes per
kWh generated than fossil fuel plants (for the gen-
erating plant itself, not including fuel mining and
transport costs—see below). The reason is that
federal taxes are based on income, utility income
is based in part on capital investment—for exam-
ple, the rate base, and RETS require a higher capi-

221nvestor-owned utilities generate about three-quarters of U.S. electricity and will be the focus of this discussion. Other types of utility

ownership include public utilities, cooperatives, and federally owned facilities. These other types are not discussed here as they are generally

exempt from federal and state taxation.

23This analysis was done by OTA using a model similar to that of the TAGT™ method of the Electric Power Research Institute. This spread-
sheet model was also compared with and validated by several other standard methods such as those in: U.S. Congress, Office of Technology
Assessment, New Electric Power Technologies: Problems and Prospects for the 1990s, OTA-E-246 (Washington, DC: U.S. Government Print-
ing Office, 1985); and Harry G. Stoll., Least-Cost Electric Utility Planning (New York, NY: John Wiley & Sons, 1989).

24The REPC, part of EPACT, credits wind and closed-loop biomass facilities placed in service between 1994 and 1999 with 1.5¢/kWh.



TABLE 6-1: Current Tax Factors for Selected Electricity Sources

Investor-owned utilities Nonutility generators
Hc REPC® ITC REPC

Book life Tax life Method  percent ¢/kWh Book life Tax life Method percent ¢/kWh
Coal 30 20 150YODB — 30 20 150%0B . -
Gas turbine 30 15 150%DB — — 30 15 150%DB
Nuclear 30 15 150%DB — 30 15 150%DB -
Biomass-plantation 30 20 150%DB 1.6 30 20/5° 150/200%DB 15
Biomass-waste 30 20 150%DB — 30 20/5 150/200YoDB -
Geothermal 30 5 200%DB — — 30 5 200YODB 10C
Hydro 50 20 150YODB — — 50 20 150%DB -
Solar-PV 30 5 200%DB — 30 5 200%DB 10 -
Solar thermal 30 5 200%DB - 30 5 200%DB 10 -
Wmd 30 5 200%DB — 1.5 30 5 200%DB - 15

AThis credit was enacted by eact section 1914 The REPC of 15¢/kWh s limited to wind and closed-loop biomass facilities placed in service during the period 1994 to 1999:1t1s provided only during
the first 10 years of plant operation, itis phased out linearly as costs increase from 8¢/kWh to 1 1¢/kWhit1s adjusted for inflation and # is reduced by other grants and credits

bFNe-year 200%DB tax depredation 1S available only for qualifying facilities under the Public Utility Regulatory Policies Act

cThe 10 percent ITC fOr solar ana 9eothermal property was Made permanentby EPACT, section 1916 Itapplies only tononutility generators, however. as utilities were previously made ineligible fOr the

credit

NOTES DB=declining balance ITC-investment tax credits for 10 percent of cost of qualified solar and geothermal property and was permanently extended under the Energy Policy Act of 1992
(EPACT); REPC = renewable electricity production credit of 1 5¢/kWh for energy produced by wind and closed-loop biomass facilities

SOURCES E Bruce Mumford and Blake J Lacher. “The Equity Stake “ Independent Energy, March 1993, pp 8-10, 16 Stanton W Hadley et al Report on the Study of the Tax and Rate Treatment of
Renewable Energy Projects, Report ORNL-6772 (Oak Ridge, TN Oak Ridge National Laboratory December 1993), and Internal Revenue Service, IRS Code, Sec 168(e)(3) Rev Proc 88-22, 1988-1
CB 785, IRS Code Sec 168(b)(l)
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FIGURE 6-3A: Levelized Federal Tax Burdens on

Various Technologies Owned and Operated by an
Investor-Owned Electric Utility
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FIGURE 6-3B: Levelized State Tax Burdens on
Various Technologies Owned and Operated by an
Investor-Owned Electric Utility

FEDERAL

41

mm_ AR -

Coal Bio- Geo- Hydro- Photo Solar Wind
mass thermal power voltaic thermal

STATE AND LOCAL
Cents/kWh

Photo Solar Wind
voltaic thermal

Coal Bio- Geo- Hydro-
mass thermal power

NOTE: On a per kWh basis, the federal tax burden carried by vanous
technologies under utility ownership varies considerably between
technologies. Without accelerated depreciation for RETs, their tax bur-
den would generatily be significantly higher than that for conventional
coal- or gas-fired powerplants. The calculations used a reverue re-
quirement methodology following that of the Electric Power Research
Institute. and were based on the parameters histed in tables 6-1, 6-2,
and 6-3. The analysis includes the effect of accelerated depreciation;
itdoes not include the impact of energy production credits as provided
by the Energy Pol.cy Act of 1992

SOURCE: Office of Technology Assessment, 1995

tal investment per power output than fossil
plants. “Accelerated depreciation for capital-in-
tensive RETs only partially compensates for bas-
ing taxes on capital investment rather than kwh
generated.

Although further reducing federal taxes—
which total less than 1 ¢/kWh (not considering the
REPC)—might correspondingly provide a small
competitive boost for technologies such as bio-

NOTE On a per kWh bass state and local taxes carried by various
technologies also vary significantly of these, property taxes can be
particularly significant determinants of overall tax burders. The calcula
tions used the same methodology and parameters as figure 6-3A The
bass for calculating property taxes can vary significantly befween
states and localities depending on how the cap [al 1s assumed to de-
preciate in value over time how inrflation in capital values is treated and
other factors The scenario modeled here assumed that the property
bass would Increase with inflation the share of that property on which
the tax s levied 1s assumed to deprecate at a straight- me book life rate

SOURCE Off Ice of Technology Assessment 1995

mass, geothermal, hydro, and wind that are now
competitive or nearly so, it would have little com-
petitive benefit for solar thermal or photovoltaics
(chapter 5).

This analysis shows a gap in policy instruments
between RD&D and tax policy to support largc-
scale commercialization. RD&D is often the first
factor that reduces the cost of a technology. As
commercial manufacturing increases with ncar-

251n practice, utility rate regulation s far more complex than this. and utii it ies have incentives for choosinglow total cost, rather than high

capital cost options.
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TABLE 6-2: Assumed Financial Parameters

for Investor-Owned Utility Powerplant
Financial Analysis

Global parameters Rate
Inflation 3%
Insurance 1
Property tax 3
State sales tax on fuel 5
State sales tax on equipment 5
State income tax 62
Federal income tax 35
Rate Share
Debt 5% real 45%
Preferred stock 5 10
Common stock 8 45

Agtate tax is deductible from the federal return
SOURCE: Office of Technology Assessment, 1995

competitiveness, economies of scale become the
primary factors in driving costs down further, and
tax credits can expedite this process. Before a
technology can get to this stage, however, it must
establish a manufacturing base while it is yet un-
competitive except for niche markets. Mecha
nisms to support manufacturing scaleup may be
an important intermediary step in some cases if
costs are to be reduced to more widely competitive
levels. The TEAM UP proposal discussed in
chapter 5 is such a step. It isimportant to assure
that any such policies actually stimulate invest-
ment in large-scale manufacturing, or manufac-

turers could simply use this assistance to prop up
prices for products from existing capacity.

State and local property taxes can impose a
heavy tax burden on capital-intensive RETS be-
cause they are levied as a percentage of capital®
and because they are levied annually. Sixteen
states exempt some renewable energy equipment
from property taxes (see table 6-4) and some pro-
vide tax credits; this can reduce the state tax bur-
den. The basis for such property tax exemptionsin
part depends on how taxes are viewed—as atax on
“wealth” or to pay for “benefits,” serving effec-
tively as a user’s fee. Viewed as a benefits tax, for
example, property taxes provide on average
roughly three-quarters of local tax revenues and
serve to cover the costs of roads, schools, and oth-
er public services for the employees of the facility
being taxed. The level of such public servicesre-
quired, however, varies significantly with the type
of powerplant. Conventional powerplants may re-
quire substantial infrastructures for fuel transport
and water supply, as well as schools and hospitals
for many employees. In contrast, some RETS may
require little or no transport of fuel and may
operate with relatively fewer personnel at the
powerplant per unit of capital investment than
conventional powerplants.” Detailing these dif-
ferences would be a useful next step for making
decisions about taxing RET property at the state
and local level.

| Nonutility Generator Finance

NUGs typicaly finance generation expansion
through project finance in which the lender is re-
payed and the loan secured through the cash flows

26 H,, capital isdetermined varies from state to state, depending on how the capital is assumed to depreciate in value over time, how infla-

tion in capital values are treated, and numerous other factors. The scenario modeled assumed that the property basis would increase with infla-
tion; the share of that property on which the tax islevied is assumed to depreciate at a straight-line book life rate.

27This does not necessarily imply that the renewable energy system might generate less employment. In fact, several studies suggest that
some RETs may generate more employment. The difference, however, is where this employment is distributed across the fuel cycle. Capita-in-
tensive RETs may have more employment associated with manufacturing and less associated with fuel production or power-plant operations

and maintenance than do fossil fuel systems.



Coal

Gas turbine
Biomass-plantation
Biomass-waste
Geothermal

Hydro

Solar-PV

Solar thermal
Wind

TABLE 6-3: Baseline Cost and Performance Parameters for Utility Powerplant Financial Analysis

10
13
10
10

70
15
70
70
80
40
25
25
28

1,500

400
1,500
1,500
2,400
2,000
6,000
3,000
1,000

1.6
2.5
2,5
2.0

1,0
3.0
0.0
0,5

10
10
1.0
1.0
2.0
0.5
0.5
2,0
1.0

05
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

NOTE All values have been rounded off reflecting uncertainties due to substantial technological advances taking place and uncertain future fuel prices Values represent 1994 technology status and
current fuel cost projections, and do not incorporate the projected performance improvements indicated in chapter 5.

aBoth fixed and variable operating costs are combined here as capacity factors are assumed to be fixed.
SOURCE: Office of Technology Assessment, 1995.
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Sales tax Property tax Industry
Tax credit exemption exemption recruiting Loan Grant Other
Arizona — v — p @ d — —
California 10% — — — D < -
Hawaii 35%5 — 7€ - — — —
"daho — — — — T — Income tax9
ndiana — — P — — — —
owa — p— il — L — —
Massachusetts 15%' V Vv — — » Corporate tax
™Minnesota — %4 [ — — — Accelerated
depreciation
Mississippi — — —_ — K — —
viontana — pun Zd — — — —
Nevada _ ‘ Lol s Ii
‘ New Hampshire — I, — o - — N “. —
| New Jersey — | P — — - v [ Permit _ fee
exemption
New York — — % — — —_ —
(North Carolina 25%0 \ — — P — — —
North Dakota 5% [ — I — — — \ _
Ohio — \ — ” — _ — _
Oregon 35% \ — \ »a — P — \ —
| ’ennsylvania — | — [ - — — S ‘
| Rhode Island — ¢; v 5\' — — — | —
South Dakota — I — i v — P — 1 —
| Tennessee ‘ — [ — — I — I —
Texas - — v — — U Accelerated
depreciation
Jah 25%" — - — — — —
virginia — — W X — — —
Nisconsin — — I — — Y _
Wyoming - - e

‘Offers a 10-percent tax credit for construction costs of “qualifted enwronmental technology facilities, ” including renewable energy plants
boffers 5-percent loans to small businesses.
“ardris 10 10Cdl governmerns, scnoois, ang nospitais.
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dMaximum credtt of $1750 for Single family homes and $350 for multifamily units

eFor systems installed between 1976 and 1981

'Offers loans of Up to $50000 for six years at 5 percent Interest

9The entire cost of residential solar system can be deducted up to a maximum of $20000

hExempt for five years

‘Maximum credit of $1,000

IPhotovoltaic (PV) systems are exempt

kMaximumloanis $200,000 and term I1s seven years

IDeferred up to five years

‘Offered at the discretion of individual towns

‘Grants of up to $10,000 for up to 100 percent of innovative projects

°Residential and commercial active or passtve solar systems with a maximum credit of $1 000

POffers 20-percent tax credit to any PV manufacturing facility

AFor passive and active solar water and space heating

‘Maximum loan 1s $20 million over 10 to 15 years at 7 to 10 Percent Interest

‘Up to $100000 for residential, commercial, and institutional solar projects

tL pans at 3 percent interest for RETs with a payback of less than 10 Years

UMatching grants

vMaximum credit of $1,500

‘Offered at the discretion of individual towns

‘Credit of 75¢/W for PV modules manufactured in Virginia and sold between 1995 and 1999

YGrants of 10 to 20 percent of the cost of solar projects with a payback of less than 10 years, up to $75,000
‘Up to $2,500 for PV projects

NOTE Many of these state incentives apply to residential and/or commercial use of passive architecture, solar thermal space or water heating, and other such building applications
SOURCE Larry E Shirley and Jodie D Sholar, “State and Utility Financial Incentives for Solar APPlications, » solar Today, July/August 1993, pp 11-14
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and the assets of the individual project.*Thisis
the form of financing used in many wind (see box
6-2) and solar thermal projects (see box 6-3), for
example. In contrast, utilities typically finance
generation expansion through corporate finance
in which the loans are secured by all the corpora-
tion’s assets.”NUGs also typically carry higher
debt,”in part because of overall lower perception
of risks * These differences in financial structure
and taxes affect NUG investment in RETs in sev-
eral ways.

First, NUG project finance istypically limited
by lenders to 15 years or less-compared with
project lifetimes of perhaps 30 years—and may
have reopener clauses that require renegotiation of
terms if utility avoided costs or other factors
change sufficiently. This may make it more diffi-
cult for NUGs to invest in long-term, capital-in-
tensive RETS.

Second, lenders must be assured the economic
viability of the NUG project, including that the
cash flow will always cover debt service pay-
ments. Project finance loans then often require fi-
nancial reserves to ensure that debt service can be
covered and may have a variety of other restric-
tions on cash flow.* These requirements may be

particularly stringent for capital-intensive RETS,
and may result in NUGS being required to post
additional financial security or have greater de-
mands placed on other components of the project
bid.”

Third, asfor utilities, NUG finance may be in-
fluenced by a variety of tax considerations (see
table 6-1 ). The impact of accelerated depreciation
and state/local taxes is similar to the case of utili-
ties, as discussed above. In addition, recent analy-
ses for the U.S. Department of Energy suggest that
the 10-year 1.5¢/kWh REPC for closed-1oop bio-
mass and wind has the potential to improve NUG
rate-of-returns, and may thus encourage invest-
ment in these technologies. The Alternative Mini-
mum Tax (AMT)*may, however, limit a NUG
from taking full advantage of these tax incentives.
While the Office of Technology Assessment
(OTA) has not analyzed this issue, at least one
study found that “if a NUG is subject to the AMT,
... [it] becomes a barrier to the adoption of renew-
able technologies. " Such factors may be par-
ticularly important for renewable; as a fledgling
industry, it is viewed as having higher risk and can

28 Edward p. Kahn et al., Lawrence Berkeley Laboratory, Energy and Environment Division, “Analysis of Debt Leveraging in Private Power
Projects,” Report LBL-32487. August 1992.

29y isting debt covenants, however, limit management’s ability to obligate ex isting assets further. Coverage ratios, fOr example, help pro-
tect existing bondholders.

30A project may have as much as 80 percent debt, 16 percent subordinated debt, and just 4 percent equity in the project. See, ¢.g., Daniel A
Potash, “For What I1t's Worth . . .,” Independent Energy, September 1991, pp. 37-40.

3 The financial cOMmunity recognizes that NUGs have strong incentive to SUcceed because otherwise they do not get paid. In addition,
NUG projects usually begin with long-term power purchase agreements with utilities, so they do not face demand risks. In such a case, the utility
bears the demand risk and may have to buy its way out of an expensive contract if demand is lower than expected. Therefore, even though the
NUG pledges only the assets of the specific project, it can carry higher levels of debt than a utility.

32E PKahn etal. op cit foognote 28; Roger F.Nailland William C. Dudley, “IPP Leveraged Financing: Unfair Advantage?” Public f-Jllli-
ties Fortnightly, Jan. 15, 1992; and Roger F. Naill and Barry J. Sharp, “Risky Business? The Case for Independents,” Electricity Journal, April
1991, pp. 54-63.

B3Blair G. Swezey, National Renewable Energy Laboratory, “The Impact of Competitive Bidding on the Market Prospects for Renewable
Electric Technologies,” Report No. NREL/TP-462-5479, September 1993.

34F, 3 discussion ©f how th.AMT works, see Stanton w. Hadley etal.. Report on the Study of Tar and Rate Treatment of Renewable Energy
Projects, ORNL-6772 (Oak Ridge, TN: Oak Ridge National Laboratory, December 1993), p. 1-12.

351bid.
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BOX 6-2: Wind Energy Development in California

Until recently, the development of the U.S. wind Industry had taken place primarily in California due to
particularly favorable tax and rate treatment there in the early to mid-1980s In addition to the federal
10-percent Investment tax credit, a 15-percent business energy investment tax credit,’and five-year accel-
erated depredation for wind systems,’this included a state energy Investment tax credit of 25 percent,’
and favorable power purchase agreements with California utilities under the Public Utility Regulatory Poli-
cies Act. In particular, California Standard Offer 4 locked in escalating energy prices for a period of 10
years,‘based on the expectation that conventional energy prices were also going to escalate The advan-
tage of this form of contract was that 10-year debt financing could then be obtained from various instltu-
tional investors who were assured of the necessary income stream to retire the debt This price lock-in
reduced Investor uncertainty and led to a “stampede of potential power producers signing contracts with
utilities

These tax benefits were generous. By one estimate, “most Investors could recover about two-thirds of
their Investment through the reduction of their taxes in less than three years, even with no sales of electric-
ity
velopers of varying capabiliies and motivations, By one estimate, more than 40 wind energy developers
installed turbines between 1982 and 19847 In 1980, the California Energy Commission set a goal of having

16

Consequently, these returns attracted a wide range of manufacturers, financiers, and wind farm de-

500 MW of wind capacity online by 1987, 1,436 MW were actually online in that year.

There was, however, relatively little base of supporting wind technology research, development, and
demonstration (RD&D), much of the previous federal technology RD&D had been focused on very large (1
MW or larger) systems and little on the relatively lower risk and lower cost Intermediate scale (50 to 250
kW) systems that were put in by private developers Consequently, many early wind systems failed to per-
form as expected. For example, wind systems produced just 45 percent of industry electricity generation
projections in 1985 This poor performance of many U. S.-made turbines opened the door for the entry of
large numbers of Imported turbines, totaling some 40 percent of the cumulative Installed capacity as of
1990 These foreign turbines—Ilargely Danish in origin—were noted for their heavier and high-quallty
construction and their high reliability.

' The business investment tax credit for certain energy properties was enacted under the Energy Tax Act of 1978 (Pubiic Law
95-61 8)

*This was estabiished under the Economic Recovery Tax Act of 1981

3 As state taxes are deductible the effect of this tax credit 1S reduced

4 This was followed b,a drop to perhaps 90 percent of avoided cost over theremaining(20) years of the contract Atthe *“*he
10 years avoided cost payments covered operations and maintenance and other costs and returns

°Alan J Cox et al Wind Power in California A Case Study of Targeted Tax Subsidies, ” Regulatory Choices A Perspective on
Developments 1 Energy Policy, Richard J Gilbert (ed ) (Berkeley, CA University of California Press 1991), p 355

6 Ibid p 349

"Susan Wilhams and Kevin Porter, Power Plays Profiles of America 's Independent Renewable Electricity Developers (Washing-
ton DC investor Responsibility Research Center 1989) Estimates of the number of manufacturers and developers active at some
level vary widely and are sometimes much higher For example some estimate that more than 50 manufacturing companies and 200
development companies were invoived n wind development in the early 1980s See Jan Hamrin and Nancy Rader, Investing in the
Future A Regulator's Guide to Renewables (Washington, DC National Association of Regulatory Utility Commissioners, February
1993) p B-27

(continued)
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BOX 6-2 (cont'd.): Wind Energy Development in California

Federal and state tax credits were significantly reduced beginning in 1986, This led to a winnowing of
wind system manufacturers and developers and sharply slowed the rate of installation. Just eight develop-
ers Installed wind turbines in 1988, for example, and about two dozen are now active at some level. Six of
these—Cannon Energy, Flowind, Kenetech-U.S. Windpower, New World Power, SeaWest, and Zond—ac-
count for about three-quarters of total installed wind capacity in the United States.’Manufacturers went
through a similar winnowing process, with just one large U.S. manufacturer—Kenetech-U.S. Windpower—
and several smaller manufacturers/project developers—including Zond, Flowind, Cannon Energy, and Ad-
vanced Wind Turbines—now producing or developing utility-scale turbines.Work continued throughout
this period, however, with continuing gains in cost and performance, Federal RD&D support, in partnership
with private firms, have enabled U.S. wind companies to take the global lead in wind turbine technology,
cost, and performance, but these firms continue to struggle in international markets, where most sales are
now occurring.

Overall, the history of the development of the wind power industry has both negative and positive as-
pects. On the negative side, at least one detailed analysis Indicates that more was spent to develop wind
technology during this period than was necessary or efficient.”” Using tax and rate incentwes, in effect, to
support RD&D, and Installing many poor performing machines was not an efficient means of developing
and commercializing wind energy technology. Tax-based financing also sometimes resulted in year-end
Investment decisions, making planning and manufacturing difficult, On the positive side, a cost-effective
and environmentally friendly technology has been developed and a viable industry is beginning to take
shape, in part due to favorable tax and rate treatment that allowed the industry to get started,

8Randall Swisher, American Wind Energy Association, personal communication, Aug 25, 1994

°Others include Atlantic Orient, Wind Eagle, and Wind Harvest
10 Cox €t al Op cit footnote 5

have more difficulty attracting capital than well-
established competitors.

secondary industries were not separately consid-
ered. This analysis included modeling of the fi-
nancial structure of each of these entities and

UTILITY FULL FUEL-CYCLE
TAX FACTORS

An analysis done for OTA examined taxes—in-
cluding both federal and state income taxes, sales
taxes, fuel taxes, property taxes, and taxes on la-
bor—across the entire fuel cycle of fuel extraction
and supply, fuel transport, and utility genera
tion.” It included the embedded taxes on capital,
labor, and land directly involved within each of
these activities. Capital, labor, and land taxes in

consideration of construction costs and how they
areincluded in the ratebase.

Two utilities were modeled using data provided
by specific east and west coast investor-owned
utilities. Table 6-5 summarizes the results of this
analysis for each of the fuel cycles. This table
highlights several issues. First, taxes on upstream
coa and the development and transport of the nat-
ural gas supply are arelatively small portion of the
total fuel-cycle taxes, most of the taxes occur at

36Thjs Section primarily draws on the work of Dallas Burtraw and Pallavi R. Shah, Resources for the Future, *'Fiscal Effects of Electricity

Generation Technology Choice: A Full Fuel Cycle Analysis,” report prepared for the Office of Technology Assessment, March 1994.
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BOX 6-3: The Rise and Fall of Luz International, Ltd.

Between 1984 and 1991, Luz International. Ltdl installed 354 MW of parabolic trough solar thermati elec-
tric-generating capacity in Californias deserts. The technology demonstrated increasing ret.ability and per-
formance and decreasing cosls with each generation. For example. the ievelized cost of electricity
araholc

dronned bv rauahly a factor of three betweoen the firat anc last
aropped by rougnly a factor ot three petween the firgt S

trough systems are not cost-competit-ve given the drop in energy prices beginning in the mid-1980s. par-
ticularty compared to using natural gas i advanced gas turbines,

Financing of solar therma! plants was possible due to a combination of federal and state tax ircentivess
and tavorable utility power purchase rates (just as for wind power; see box 6-2). Tax benefits for solar
thermal investment consisted of a 10-percent {ederal investment tax credit. a 15-percent federal business
energy investment tax credit, and five-year accelerated depreciation: and a 25-percent California energy
investment tax credit! and exempiion from property taxes. Power purchase rates were initially under
Califorma Standard Offer 4 (SO4) contracts and included 10-year fixed rates at hugh levels based on the
expectations for conventional fueis

Luz developed, manufactured. and operated (through subsidiaries) the paraboi:c trough systems. with
support from large institutional and corporate investors through project tinancing. As a conseguence. Luz
financing was nighily leveraged—it cwned little of tne powerplants: most of the funding came from outside
This made it vulnerable to small changes in the investment chimate. For example, when the attractive SO4
contracts were suspended by the California Public Utlites Commussion, investors in the Luz plants de-
manded an increase in their projected aftertax internal rate of return fronm anout 14 1o 17 percent

Energy prices dropped in the mid-1980s. at the same time, the federal investment tax credit of 10 per-
1510 10 per

ent tax credit was r od from

cent was phased out, the fec ent, and the

managed to keep up with these tax changes. which were imposed independently of the neads of technolo-
gy development or to counterbalance swings in the price of energy. Annual extension of the tax credits
severely constrained planning and construction schedules for the plants. recuring Luz to wait untif the tax
credits were extended and then rush 1o construct the powerplant within the year This also sigruficantly
raised the cost of obtaining finance and building the plants. Extension of the Califcrnia property tax exemp-

Ay Ao Aals

tor Ly, int 1001 Aorimes e e
uli Wwas Geiay [Rao ¢ il

d ;
extension of tax credits subsequently prevented other potential investors from entering and ultimately con-
tributed to the bankruptey of Luz in 1891, The plants Luz built continue to be operated under separate
operating companies

Thus, federal and state policy created the conditions necessary to launch cemmercialization cf solar
thermal electric generation but were then withdrawn independently of the needs of deve:oping a commer-

cially viable technotogy

U As state taxes are deductib e the net effact of this credit was reduced 1o rough v 13.5 percert

ans Learned from the Lz Experience,

SOURCES Michae! Lotker Barrers tn Cormmerciahzaion of Large-Sceaie Solar Electricity Les
Report SANDI1-70 14 (AlbLaueraue, NM SanchaNat onal Laboratory. Movember 19971 ard Newton D Beower, ' The Demise of Luz

A

ALase /

T Cotme Terdoy |-y v 1OO7D ey DA D8
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TABLE 6-5: Full Fuel-Cycle Taxes

Location
west | 540 | 0.16 108 1.24
east | 643 | 006 127 133
Gas west 438 | " 016 054 070
east 352 | 007 044 o051
Renewable energy technologies o o * -
Biomass west 6.01 039 108 147
east 469 052 100 151
Hydro west?d 13.43 000 384 384
east 907 | . 000 208 208
Solar thermal westb 14.33 0.00 168 168
east 16.06 ~ 0.00 305 305
wind west® 616 | 000 128 128
T east 855 000 111 111
| Renewable énergy technologies a - [ o o '
with the renewable electricity pro-
duction credit (REPC)“
| Biomass/REPC west 475 ] 039 033 072
' . east 344 052 025 077
Wind/REPC C west® 491 000 049 049
I " east 404 000- 023 023
L-.

aThe hydro west plant had an except:onally high cap.tal cost i data provided by the utihty, wh:ch led to the high levelized cost of energy and higher
taxes listed here

BThe solar thermal west plant does rot irciude naturai gas cobnng; the solar thermal east plant is for a natural gas hybrid

€The or:iginai ublity-provided data for the wind west case was significantly outdated. Consequently, the vaiues presented here are updated with cur-
rent cost data

dThe difference in taxes between the no-REPC ard with-REPC cases is not the same as the difference in the levelized cost of electricity. The cause of
this is that the reguiated utihty receives a fixed rate of return, providing a tax credit reduces the overall revenue requirement and the cost of electncdy
even more

NOTES. This aralysis stould be considered prenminary. Values listed are based on utility-provided data and may vary significartly from other proj-
ects. For details of the assumed parameters. see table source. Values have been rounded oft to two decimal places. Fuel costs include state fuel
taxes. and embedded mining and transpart taxes directly on the corporation as well as on capital and labor income. Plant taxes include federal and
state income taxes, state sales taxes. and property taxes directly on the corporation and on capital and labor income

SOURCE Dallas Burtraw and Paliavi R Shah. ‘Fiscal Effects of Electricity Generation Technology Choice: AFull Fuel Cycle Analysis,” report prepared
for the Office of Techrno'ogy Assessment, June 1994

the powerplant either directly or as embedded  for closed-loop biomass and wind are reduced to
taxes on, for example, labor. Second, RETSs gener- levelsin the range of those now enjoyed by natural
aly face somewhat higher taxes per kWh of elec-  gas (see table 6-5). The REPC, however, is sched-
tricity generated than either coal or gas,. if the uled to end in 1999, after which facilities will
benefits of the REPC”for wind and closed-loop ~ again face higher taxes. Renewable such as hydro
biomass arc not included. With the REPC. taxes  and solar thermal also face much higher taxes per

37There are no AMT limitations in these cases.




kWh than coal or natura gas in some cases. (Pho-
tovoltaics would face much higher taxes than con-
ventional systems as well. but were not modeled
here. ) Third, there is considerable variation be-
tween the eastern and western cases in individual
tax components and the overall tax rate, and be-
tween particular technologies.

DIRECT AND INDIRECT SUBSIDIES

Two recent studies of direct and indirect federal
and state subsidies of the energy industry are sum-

marized in table 6-6.” The studies agree on most

subsidie§.3£Many of the disagreements result

from differences in defining a “subsidy,” as noted
in table 6-6. “Subsidies may influence the choice
of generation technology in the short term and
over the long term.”

The direct and indirect federal supports across
all energy systems. including electricity, may total
somewhere between $10 billion to $20 billion per
year. On a unit energy basis these levels of support
may make a difference in the choice of technology
only within a narrow range of costs. For example.
the Alliance To Save Energy estimates that about
60 percent of their total listed in table 6-6 goes to
the electricity sector or—assuming a median val-
ue of $20 billion—roughly $12 billion. Dividing
by the 2.8 trillion kWh generated in 1992%gives a
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total of about 0.4¢/kWh. “or about 10 pcrcent or
less of the cost of electricity generated by new gas
and coal units (see table 6-5 ). This subs id} may af-
fect the choice of generation technology within
this narrow band of costs, but will probably not
have much direct impact on the choice of t echnol -
ogies that are outside this range.

The single-year snapshot of supports shounin
table 6-6 does not reflect the historical importance
of such supports in creating an industry over time.
It also ignores the high leverage that RD& D-spc-
cific supports can have on technological develop-
ment. Such supports have a cumulative impact.
encouraging a host of private as well as other pub-
lic investment and contributing to a cycle of in-
creasing performance and decreasing unit costs.
This strengthens a technology’ s compctitive ad-
vantage. Cumulative direct supports for conven-
tional energy technologies are in the hundreds of
billions of dollars,” Over time this has had and
could continue to have a substantial influcncc on
the course of the energy industry.

RISK AND UNCERTAINTY

There are many risks and uncertainties in powcr-
plant finance, construction, and operation. Some
of these are explicitly considered as part of the
powerplant financing process and arc incorpo-

38U S Department of Energy. Energy [n formation Administration, Federal Energy Subsidies: Direct and Indirect Interyeniions i Energy
Markers. Report SR EMEU92-02 (Washington, DC: November 1992); and Douglas N. Koplow, Federal Energy Subsidies: Energy. Environ-
mental.and Fiscal Impacts (Washington, DC: Al | iance To Save Energy, April 1993). Earlier reports include Battelle Pac i fic Northwest Labora-
tory, An Analysisof Federal Incentives 1'seal To Stimulate Energy Production. Report PN’L-2410 REV.I1 (Richland, W' A February 1982).

3VNote how ever [hat d] fferent base years arc used.

“TFhere i much debate a5 [, hether accelerated depreciation i s a subsidy. Regardlessof how 1t1s defined. 11 does represent 4 large tax

expenditure. Section 3015 of EPACT directed the National Academy of Sciences to analy ze energy subsidies, but action has been delay edand
altern ativ ¢ efforts arc being cons idered. Thiswork w il hopefully resols e some of these lingering differences.

41whether , particular factor1s defined to be a subsidy is not of concern here.

42U S Department of Energy Energy Information Administration, Annual Energy RevI€. 1997 Report DOE E1A-0384(921 (Washington,

DC: June 1993).

43This may be substantially more significant if. in fact, most of the subsidy goes to anarrow setof fuelcyclesor If the particular fuetey cle

supported has captured little of the market—such as the embryonic photovol taics industry. In fact, how ever. most of this support goes to con-
ventionalfossi | and nuclear fuel cyc les which generate most of the power. Consequently, thisis arcasonableaveragesaluetorthediscussion
here, without resorting to differentiating the specific fuel cycles to which funding is applied.

#4For example, one detailed analy sis found directsupports alone for coal. oil, natural gas. nuclear, and electricity to be S440 billion (19925)
between 1918 and 1978. See Battelle Pacific Northwest Laboratory, op. cit., footnote 38.



TABLE 6-6: Direct and Indirect Federal Supports of the Energy Sector

EIA, 1992 ASE, 1989

1ype o1 support $billions $billions Principal disagreements?

Accelerated depreciation NA 2.8-9.6 Not considered to be a subsidy by EIA as the Accelerated Cost Recovery System
is available to ail business

Price-Anderson Act 3.0 0.8-2.8 ElA estimated the value listed from the literature but included it separately as a
regulatory cost rather than a subsidy. Several other regulatory costs such as
unleaded gasoline and oil storage tank safety are not included in this table, nor
are their health or other benefits.

JUE energy H&U 2y 20-2.1

Strategic petroleum reserve NA 1.7-21 EIA considered it a security measure rather than an energy subsidy

Investment tax credits NA 3.8-2.0 Not included in EIA estimates as most were eliminated in 1986. They were contin-
ued for business investment in solar and geothermal property, however, and this
was made permanent by the Energy Policy Act of 1992.

_Ow-Income nome energy assistance 14 15

and DOE conservation assistance

Tax-exempt bonds for public power -7 11-14

Rural electrification administration 18- 2 11-12 EIA values are based on the differences between government and market Interest
rates

Jranium enrichment enterprise 03- A° 0.3-1.0 =IA used current outlays and quantified, but did not include in their summary

:ables, amartization of historic investment. Federal outlays in 1992 were
$200,000, but amortizing historic investment raises the level of subsidy to
$0.3 billion to $1.5 billion, as listed here

JUIITy normatizauon or excess NA 00-1.0 Not Included by EIA
Jeferred taxes

Social Security and Department of 03 1 1-13 =IA includes only current outlays in excess of trust fund receipts from taxes on

Labor Black Lung Trust Fund coal production. Roughly $600 million of black lung disability payments is
sollected as a production tax on coal: between $300 million to $400 million comes
rom general Treasury revenues and is included here.

Jmce ot Surtace Mining Heclamation 0.1 09
ind Enforcement

BLM and Minerals Management 03 NA
Serwce
Army Corps of Engineers CMI 05 06

program

8:137
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Bureau of Reclamation power projects 01 NA

DOE waste management NA 06

Power Marketing Administrations/TVA 08-42 04-06 EIA estimate of $800 million sfor current outlays over receipts the value $42
billion corresponds to recapturing historic investment at market rates of interest

Tax exclusion for electric coops NA 04-06

Tax-exempt bonds for pollution control NA 05-06

equipment

Percentage depletion benefits 07-10 04-05

Alternative fuel credit (methane from 07 NA

coal seams)

Alcohol fuels excise tax exemption 05 03-05

Alcohol fuels tax credits 01 NA

Passive loss restriction exemptions for 01 01-03

011 and natural gas

Tax-exempt pubilcly owned utlities 01-02 03

Total for those listed here 129-197 177-321 The total listed here for EIA does not subtract excise taxes in excess of
current liabilities as done by EIA in their summary total They are Included here
because these can be thought of as prepayments of future liabilities. Also, several
categories, such as the Price-Anderson Act and Uranium Enrichment Services
Investment costs are included here but are not Included in the EIA total EIA
summary estimates of subsidies are $5 billion to $10 billion, which is
approximately the same as that listed here when the Price-Anderson Act, Uranium
Enrichment amortization, and other subsidies are subtracted and when excise
taxes m excess of current liabilities are subtracted

Adjusted total 5-10 212-360 The EIA estimate of $5 billion to $10 bilion does not Include amortizing historic

uranium enrichment or other investment, the Pnce-Anderson Act, and others as
noted above, and subtracts excise taxes going to general revenue

aPrincipal disagreements are primarily the result of defining what 1s andwhatis not a subsidy
bValues that were quantified, butnotincludedin | he overall estimate of subsidies by EIA

KEY ASE Alliance To Save Energy, BLM - Bureau ofLand Man] gement DOE U S Department of Fnergy FIA Energy Informaton Administration NA “notavailable or not considered a sub sidy
withinthe report R&D research and development TVA Tennessee Valley Authority

NOTE Export-import Bank supports for the exportofenergytechnologies were Included by ASE bul F 1A considered them tobea trade measure Althoughthese help support U S energy technology
manufacturers they were not included hereFor other differencesseethe source materials Also note that no estimate of the energy subs idy component of M iddle East military dPlomatic or aid
support 1Sincluded No COStS for the regulatory controls associated with public health and safety are Included Fstimates of these valuesrange widely

SOURCES U S Department of Energy Energy Information Admiristration Federal Energy Subsidies Direct and Indirect Interventions in Energy Markets SR EMEU/92-02 November 1992 and
Douglas N Koplow Alliance To Save fnergy' Federal Energy Subsidies Energy Environmental and Fiscal Impacts April 1993
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rated in the cost of capital and various financial ar-
rangements. These include the risks of not
completing construct ion on time or on budget, and
poor technologica performance. These arc con-
sidered in the financial packages negotiated by
NUGs and affect their access to and cost capi-
tal .“ For utilities, cost overruns may not he recov-
ered if the investment is not deemed prudent and
can affect their cost of capital.

Certain other risks and uncertainties, however,
may not be fully considered in utility planning or
electricity costs. These inciudc the risk of fuel cost
incrcascs, which arc largely passed through to
ratepayers by fuel adjustment clauscs;”long-
term liabilities for waste disposal or large-scale
accidents;” and the risk of capacity not matching
demands. The utility planning process and elec-
tricity markets can be distorted in favor of generat -
ing options that entail risks passed directly to
ratepayers and taxpayers rather than being incor-
porated in powerplant planning or the cost of gen-
erated electricity. Conversely, to the extent that
other technologies—such as certain RETs—are
not credited for their ability to avoid these risks,
the planning process and electricity markcts can
be distorted against them.

RETs aso face various risks. depending on the
technology. These include premature technical
failures due to the relative immaturity of the
technology, day-to-day variability in wind find so-
lar resources, and rare but significant shortfallsin

resources dueto natural disasters. Technological
risks and the day-to-day variability of the renew-
able resource arc generaly fully considered in the
design, construction. and financing of renewable
energy plants. These risks, however, are generally
born by the technology developer (if a NUG) rath-
er than being passed through to the ratepaycr or
taxpayer.

Rare events may not be adequately accounted
for, however. For example, the volcanic eruption
of Mt. Pinatubo injected large quantities of sulfur
dioxide into the atmosphere, reducing beam radi-
tition to the Earth. Coupled with other weather ef-
fects, overall power production from the solar
trough thermal power-plants at Kramer Junction in
southern California was reduced by 30 percent in
the winter and spring of 1992. Total insolation (di-
rect plus diffuse) such as would be used by non-
concentrating flat plate photovoltaics, however,

was affected much less---declining roughly 5 per-
cent.“El Nifios or other weather events may simi -

larly change wind patterns apd reduce the output
of wind powerplants. qﬂeamd%vdesct floods (EII'-

ing the summer of 1993 might likewise have re-
duced the harvesting of biomass energy crops.
And, of course, droughts may affect hydropower
plants or biomass growth.

Such events are rare and the maximum impact
in these cases occurred over no more than a year or
so0. In the most sensitive cases. they r-educed pow-

4SFor a detailed discussion, see Kahn and Gilbert, op. cit., footnote 2: Edward P. Kahn, “Risks in Independent Power Contracts: An Empiri-
cal Survey,” The Electricity Journal, November 1991, pp. 30-35: Mason Willrich and Walter L. Campbell, "Risk Allocation in Independent
5 N e e e VG0 S @2 AT Qe p L L s
FOWET SUpply COMIACIS,  7a¢ CIeCiricidy Jorndt, Mdicn 1YYL, pp. o9-030 and INdli and >narp, op. Cit., 100note sz,

460n the other hand, that fuel cost risks are passed through may lower the cost of capital to utilities somewhat, in part compensating for this
risk.

4TRisks of nuclear accidents are explicitly covered under the Price- Anderson Act. See table 6-6.

481 3. Michalsky et al.,“Concentration System Performance Degradation in the Aftermath of Mount Pinatubo.” presented at the 1993 Annu-
al Conference of the American Solar Energy Society, Washington, DCLApr. 25-281993: J.J. Michalsky etal., "Mount Pinatubo and Solar Pow-
er Plants,” Solar Today, July/ August 1993, pp. 21-22: and Roland Hulstrom, National Renewable Encergy Laboratory, personal communication,
April 1993,

#See, e.g.. Cutter Information Corp., “Pinatubo, Weird Weather Challenges California’s Wind and Solar Thermal Electric Industries,” En-
ergy, Economics. and Climare Change. July 1992, pp. 2-5. Very few prospective windpower sites have sufficient detailed data 1 evaluate such
variations. For a discussion, see R.W. Baker et al.. "Annual and Scasonal Variations in Mcan Wind Speed and Wind Turbine Energy Produc-

o LR - PoAS N S L0y e QS QY
uon, dolar rLnergy, vol, 4, NO. O, TYYY PP. £A80-L8Y,



er output by just 30 percent over a few months. If

long-term climate change due to the use of fossil
fuels occurs, however, these shifts in weather pat-
terns could persist and interfere with the operation
of RETs located according to current weather pat-
terns. In contrast, fossil fuel prices have varied
much more-—by roughly three to eight times®? in
real terms over the past three decades—than re-
newable resource availability, and price increases
can remain for years.

Techniques developed for analyzing the value
of risks in financial markets are now being applicd
to evaluate risks in the clectricity sector. Develop-
ing such analytical tools would help determine
how RETSs should be valued compared with con-
ventional technologies.

| Fuel Cost Risks

Fuel costs will continue to be variable.” Gas
prices may bc strongly influenced in coming years
if there is an economy wiclc-electric utilities, in-
dustry, buildings. transport---move toward gas as
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a clean fuel. Fossil fuel costs might also be af-
fected should certain environmental taxes—such
as on carbon emissions—be established.

The Capital Asset Pricing Model (CAPM)??
his been the principal analytical tool considered
for determining the value of the risk of fuel cost
variability.? It guides the sclection of a diversi-
tied portfolio which reduces risks. While the ap-
plication of CAPM to fuel cost risks is intriguing,
it may require a stronger analytical foundation it it
is 1o provide detailed quantitative guidance.™
Other techniques being examined include options
valuation® and arbitrage pricing theory. ¢ Fuel
cost risks may become important in the future. but
additional work 1s needed on the analytical tools
to value these various risks.

| Liability Risks

Although explicit labihty-related policies (such
as the Price-Anderson Act) provide important
benetits to their respective industries. there are
many other liabilitics that may be implicitly as-

SMCoal has varied from 60¢/MMBuu ¢million Btu) in 196% to ST.7HMMBtu in 1975, oif has varied from SELSO'MMBw in 1972 to
S6.94MMBtuin 1981, and natural gas has varied trom 30¢/MMBtuin 1951 10 $2.65'MMBtu in 1982, Thisignores the impact of various regu-

latory and price controls. See Energy Information Administration. op. cit., footnote 42
SThinle oil is now used in the electricity sector. so fluctuations inits price are of less direct intereat,

SEmst R, Berndt, The Practice of Econometries: Classic and Contemporary (Reading. MA© Addison-Wesley Publishing Co., 19913 and

Richard A. Brealey and Stewart C. Myers. Principles of Corporate Finance, $th Ed. (New York, NY: MeGraw-Hhill Ine., 1991).

S3Shimon Awerbuch, “Risk- Adjusted IRP: IUs Easy,” presented at the NARUC-DOE Fitth National Conference on Integrated Resource
Planning. Kalispetl, MO, April 1994: Shimon Awerbuch, "New Utility Thinking Creates Opportunities for Solar Energy.” Solar Industry Jour -
nal, 3rd quarter, 1992, pp. 21-26; Shimon Awerbuch, “Tesumony Betore the Public Udlities Commitssion, State of Colorado.” Docket No.
9IR-642FG. Feb. 14, 1992; Shimon Awerbuch, “Mcasuring the Costs of Photovoltaies i an Electric Utihty Planning Framework.” Progressin
Photovoliaies, vol. 1. No. 30 April 1993 pp. 153-164.

MEor reviews of some of the analytical difficultics of the CAPM model, especially swhen discount rates are negative., see. e.g.: William L.
Beedles. "Evaluating Negative Benefits,” Journal of Financial and Quannitatve Analvsis, vol. 13, 1975 pp. 1741760 RUHL Berry and R.G.
Dyson. ~On the Negative Risk Premium for Risk Adjusted Discount Rates.” Journal of Businesy Finanee and Accounting. vol. 7. 1930, pp.
427-436. Moshe Ben-Horim and Narayanaswamy Sivakumar, “Evaluating Capttal Investment Projects,” Managerial and Decision Feonom-
ey, voll 901988 pp. 263-268: Timothy J. Gallagher and J. Kenton Zumwalt, "Risk-Adjusted Discount Raves” The Financial Review, vol. 26,
1991 pp. 105- 114 and Bermard Schwab, “Conceptual Problems in the Use of Risk- Adjusted Discount Rates with Disaggregated Cash Flows,™

Journal of Business Financing and Accounting, vol. 5. 1978 pp. 281-293,

S3Robert S. Pindyck. “Irreversibility, Uncertainty, and Investment,” fournal of Fcononiic Literamre, vol. 29, September 199t pp.

PTTO- 1148 and Avinash K. Dixit and Robert S. Pindyck, Investment Under Uncertainiy (Princeton. NI Princeton University Press, 1994).

3] Fred Weston and Thomas E. Copeland, Managerial Finance, 9th Ed. (Fort Worth, TX: Dryden Press, 1992)
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sumed by taxpayers but are largely unrecognized.
These include the potential liabilities from site
contamination and the associated cleanup Costs.”

Since these concerns affect conventional fossil
and nuclear fuel cycles to a much greater extent
than most RETSs. taking them into account could
benefit RETs when energy technology choices are
made.

|Demand Risks

Demand risk is that associatedi. with constructing a
powerplant that turns out to be unnecessary for a
long time after completion due to slower than pro-
jected demand growth. This risk is particularly
significant when constructing large, long lead-
time powerplants. Unless the investment is
deemed imprudent, the costs to the utility (even if
the plant is built by a NUG) are largely passed
through to ratepayers.

A variety of analytical methods are being de-
veloped to determine the value of demand risks.
Of these, options valuation appears to be one of
the best suited at this time. ™ Some leading utility
executives expect it to be an important planning
tool.” Options valuation is an analytical tech-
nique used to value the costs and benefit of wait-

ing to make a large irreversible investment.
During the delay, additional information on the
need for capacity expansion, fuel costs, technolo-
gy performance, and other important variables
may change the economics of a particular choice.

Including these costs may significantly alter
the choice of generation technology. RETs benefit
from such considerations as they tend to be small,
modular, and quickly installed. They can therefore
be added as needed to meet demand growth.

Conventional technologies and strategies are
also being adapted to such demand risks. For ex-
ample, gas turbines tend to be relatively small
(100 MW), modular, and quickly installed. Fur-
ther, construction can be phased, in which asim-
ple-cycle gas turbine is first installed, followed by
construction of a combined-cycle system as de-
mand grows. Ultimately, an integrated gasifica-
tion system may be added so that low-cost coal or
biomass can be used.

ENVIRONMENTAL COSTS AND BENEFITS

Crediting the environmental benefits of RETS
compared to fossil fuels in energy planning and
pricing could better reflect some advantages of
RETs compared to fossil fuels. Recent efforts to

$7For example 3 reportby the Subcommittee on Oversight and investigations, House Committee on Natural Resource\ found that tens of
thousands of” sites—including mine sites, oil and gas wells, and waste disposal sites (many not energy -related)—do not now comply with env i-
ronmental standards and may be contaminating surface and/or groundwater. The federal government may carry the risk of cleanup if the opera-
tor defaults or declares bankruptcy. U.S. Congress, House of Representatives, Committee on Natural Resources, Subcommittee on Oversight
and Investigations, “Deep Pockets: Taxpayer Liability for Environmental Contamination,” Majority Staff Report, July 1993.

S8For demand-Side applications. see Eric Hirst, -p,, Utility DSM Programs Increase Risk’?  Electricity Journal,May 1993, pp. 24-3 |; and
Eric Hirst, “' Flexibility Benefits of Demand-Side Programs in Electric Utility Planning,” The Energy Journal,vol. 11, No. 1, January 1990. For
supply-side appli cations, see Enrique O. Crousillat, World Bank, “Incorporating Risk and Uncertainty in Power System Planning,” Industry and
Energy Department Working Paper, Energy Series Paper No. 17, June 1989; Enrique Crousillat and Spires Martzoukos, World Bank, “Decision
Making Under Uncertainty: An Option Valuation Approach to Power Planning.” Industry and Energy Department Working Paper, Energy Se-
ries Paper No. 39, August 1991.

$9-New England Electric CEO Calls for Competitive Measures, Environmental EA8¢.™ r, ... porer Alers, Jan. 5, 1994, p. 26.
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TABLE 6-7: Estimates of the Value of Environmental Externalities for the Electricity Sector (1989 $/1b)

SO, NO, CO, CH4 Particulates
Energy Power
Research Institute $0.20-$1.30 $0.02-$0.23 — - —
California Energy
Commission 5.80 5.80 $0.01 — $3.90
Chernick 0.90 1.60 0.042 $0.37 2.60
Hohmeyer 0.20-0.90 0.30-1.50 0.010 0.35 020-1.20
Ottinger 2.00 0.80 0.007 — 1.20
Schilberg 0.50-9.20 1.40-12.30 0.03 020 —

NOTE: Allvaiues have beer rounded off Theranges tisted depend in part on the regior considered withinthe particular study. typicaly urban vers,s
rural

SOURCE: Jonathon Koomey, Lawrerce Berkeley Laboratory, "Comparative Analys's of Monetary Estimates of External Environments Coeits
Associated with Combustior of Fossil Fue's, " LBL-28313, July 1990 (orginal sources are cited - this report) ard Rcrard L Qttinger etal £ rvw-
mental Costs of Electricity INew York, NY: Oceana Publications, 1990}

qguantify some of these environmental costs (see
table 6-7) have been examined by OTA in a sepa
rate report.”

Some 25 states now consider environmental
costs in their electricity sector planning and opera-
tions either qualitatively or quantitatively, and
other states are considering doing So.” At the fed-
eral level. section 808 of the Clean Air Act
Amendments of 1990 requires the Federal Energy
Regulatory Commission and the Environmental
Protection Agency to quantify and report to Con-
gress the net environment] benefits of RETS
compared to nonrenewable energy and to model
regulations for incorporating such benefitsin the
regulatory treatment of RETs.”

Federal policy has established minimum stan-
dards to protect species and ecosystems. Recently,
interest has developed in the use of market mecha-
nisms to most efficiently allocate resources to
meet these standards, even creating mtirkcts—
such as SO, tradeable emissions permits under tht
Clean Air Act Amendments of 1990---wherc nec-
essary. Such approaches may also be applicablc to
other environrnental costs associated with energy
use.

Global warming. however, presents additional
difficulties. Although there is growing scientific
consensus that global warming will occur. it is not
known with precision when the impacts will oc-
cur, what form they will take, or how they will be

0These i ssues are explored separately in a background report done with in thisassessmentof RET\ U.S. Congress, Office ot Technolosy
Assessment, Studies of the En\ironmental Costs of Electricity, OTA- ETI - 134 (Washington, DC: U.S. Government Printing Office. September
1994). See also: Oak Ridge National Laboratory and Resources for the Future, “U.S.-ECFuelCycleStudy Background Documentto the Ap-
proach and Issues.” ORNL M-2500. November 1992; D.E.Jones, Environmenial Externalities: An Overview of Theory and Practice EPRI
CU EN-7294 ( Palo Alto. CA: Electric Power Research Institute, May 199 | ); Richard L. Ottinger et d.. Environmenial Costs of Electricin (New
York, NY. OceanaPublications, Inc.. 1990); Olav Hohmeyer, Social Costs of Energy Consumption (New York, NY: Springer-Verlag. 198X} . J,
Koomey, Lawrence BerkeleyLaboratory, .’ Comparative Analysis of Monetary Estimates of External Environmental Costs Associated with
Combustion of Fossil Fuel\,” LBL.-283 13, July 1990; and Andrew Stirling, “Regulating the Elcctricity Supply Industry by Valuing Env iron
mental Effects How Muchls the Emperor Retiring’)” Futures, December 1992, pp. 1024-1047.

61Office of Technology Assessment, ibid.

62See, e.g.. Federal Energy Regulatory Commission, Report (m Section 808: Renew able Energy and Energy Conservation Incentiv s of the
Clean Air Act Amendmenis of 1990 ( Washington, DC: December 1992); and Mar-k Chupka and Dayid Howarth, Renew able Eleciric Genera
tion: An A\ ses sment of Air Pollution Prevention Potential (Washington. DC, U.S. Environmental Protection Agency,March 1992).
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distributed at the local and regional level. Global
warming thus represents the kind of environmen-
tal externality that policy makers are least able to
deal with: it is very long term---occurring over
many decades to hundreds of years; the impact is
very uncertain even though potentially severe; ™
and it involvcs things that are difficult to value,
such as the survival of particular species.

For the most part, RETs are benign environ-
mentally. In particular, their operation does not
emit regulated pollutants or greenhouse gases.”
Development of RETs might be viewed as a low-
cost policy against serious environmental uncer-
tainties, especially since many RET applications
will aso be economically beneficial.

APPROACHES TO
COMMERCIALIZING RETS

A variety of supports has been provided over the
past two decades to accelerate commercial adop-
tion of RETSs. These have contributed to the rela-
tively rapid increase in the use of certain
technologies such as biomass, geothermal, and
wind (see box 6-2). Federal commercialization
supports for RETs currently include accelerated
depreciation, investment tax credits. and the
REPC. These are summarized in table 6-1. These
supports can help relatively mature technologies,
but have much less impact on the commercializa-
tion of technologies that are higher cost. Even
with these supports, RETSs are not expected to
make a major contribution to U.S. electricity sup-
plied in the next two decades if present trends con-
tinue. For example, the Energy Information
Administration projects RET electricity genera-
tion will increase from 11 percent of the total in
1990 to 13 percent in 2010 (see chapter 1 ).”If
commercialization of RETsisagoal, the follow-

ing steps could help deal with some of the chal-
lenges discussed above.

Competitive bidding and

green competitive set-asides

As generation markets continue to open, competi-
tive bidding is likely to play a more important role
in these markets. As currently practiced, however,
bid selection criteria may not fully credit some of
the benefits of renewable. All-source bidding
selection criteria could be modified to value more
carefully such factors as the risk of fuel cost in-
creases and environmental impact.

In evaluating some of these factors, however, it
may not be possible to assign precise values that
are widely accepted, or to design asingle set of all-
source bidding selection criteria that fairly cons id-
ers all technologies. It may therefore be preferable
for utilities to solicit bids specifically for certain
technologies.

Such technology-specific set-asides could be
designed to provide an increasing market demand
for each set of technologies over a period of years,
providing developers a more certain market and
allowing them to scale up manufacturing and re-
duce prices. The growth in such set-aside capacity
could be chosen to bring a particular RET down its
cost curve to a fully competitive market position.
It would be necessary to ensure that such technol-
ogy and manufacturing improvements and price
reductions actually occurred, however, and that
the set-aside did not simply provide higher mar-
gins to manufacturers.” It is @so necessary to en
sure that utilities are not encumbered with a large
number of high-cost contracts, especialy if retail
wheeling isintroduced. Thus, technol ogy-specif-
ic set-asides can support commercialization of
even less mature RETSs without excessively bur-

6‘Scc.c,g,.u,s, Congress, Office of Technology Assessment, Preparing for anUncertain Climate, OTA-O-567, OTA-O-568 (Washington,

DC:U.S. Government Printing Office, October 1993).

%4The combustion of biomass does release carbon dioxide, but that is balanced by the uptake of growing plants. Thus, the full biomass cycle

can be operated on asustainable basis.

05This does represent, however, anincrease in nonhydro generation from roughly 50 billion kWhin1990 to 170 billion kWhin 2010.

66 Donald w, Aitken. “Sustained Orderly Development,” Solar Today, May/June 1992, pp. 20-22.



dening ratepayers and utilities. Both will benefit
in the long term as RETS become fully competi-
tive.

Technology-specific set-asides could also pro-
vide experience to regulators and utilities in pre-
paring/evaluating future proposals and bids for
renewables and would help balance their long ex-
perience and comfortable familiarity with con-
ventional systems. It would also offer developers
and utilities alike the opportunity to train person-
nel and to establish effective regimens of commu-
nication and interconnection supports.

There are several initial efforts with competi-
tive sct-asides. California, tor example, has man-
dated rencwable energy capacity purchascs by
utilitics. Technologies. however, are not specified
and this initiative is not likely to provide support
for less mature technologies. The bidding and bid
sclection processes have also been controversial
and the future of the program is in doubt.%” The
New England Electric System made a “green re-
quest for proposals™ in 1993, but all seven of the
selected bids were rejected by the Rhode Island
Public Utilitics Commission (PUC) in April 1994
as too expensive.%® Nevertheless, various options
to move this program forward are being consid-
ered. Other competitive set-asides for RETs
include those by the Bonneville Power Adminis-
tration and the New York State Energy Plan.®?

Congress could consider directing the Depart-
ment of Energy to work with the states to establish
appropriate levels of technology-specific set-
asides for RETs. This could be done first as pilot
projects and then on a larger scale—coordinated
on a national basis—in order to best capture fuel
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photovoltaic plant 1s installed at the site of the now closed
Raricho Seco nuclear powerplant

diversity and environmental benefits while sup-
porting the manutacturing scaleup of their respec-
tive industries and thus reduce costs as rapidly and
etficiently as possible.

Green pricing

Green pricing’? proposals to support RETS typi-
cally place a surcharge of perhaps 10 percent on
the monthly utility bill of voluntarily participating
customers. The surcharge funds are then used to

STThis approach is a component of a larger strategy that has become known as Sustained Orderly Development. “Wind Receives Large

Share of BRPU Preliminary Bid Auction.” Wind Energy Weekly, vol. 12, No. 577, Dec. 20. 1993, pp. 1. The set-aside has been called into gues-

tion by the California Public Unlities Commission (PUC) and the Federal Energy Regulatory Commission (FERC). Underits call 1o investigate

retail wheeling, PUC asked the legislature to explicitly reconsider the requirement placed on them to establish set-asides for renewables. In a

February 1995 draft decision, FERC ruled that California cannot set avoided costs for QFs above the cost of uny source of power, including

low-cost purchases. This decision could preclude any preferential treatment of RETs.

58Danie] Kaplan, ~State Regulator, Renewables Proponents Clash,” The Encrgy Daily, Apr. 13,1994, p. 3.

OYFor details on these and other programs, see Jan Hamrin and Nancy Rader, National Association of Regulatory Utility Commissioners,

“Investing in the Future: A Regulator’s Guide to Renewables,” February 1993,

Mavid Moskovitz, © *Green Pricing': Customer Choice Moves Beyond IRV The Electricin Journal. October 1993, pp. 42-50.

GOOWS Y3NYNL 304039
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pay the difference in cost between the renewables
and conventional utility power. This provides
greater choice to consumers and fits in well with
the structural changes now taking place in the
electricity sector. Several efforts of this sort have
been launched, including the PV Pioneer” pro-
gram by the Sacramento Municipal Utility Dis-
trict with a 15-percent price premium for PVs,”!
Public Service of Colorado,” Traverse City Light
& Power,’3 and a program by Southern California
Edison (SCE).

The SCE program is with Kenetech-U.S.
Windpower, Inc. They recently announced a pre-
liminary agreement for 500 MW of wind power,
the first 250 MW of which would be contingent on
sufficient utility customers enrolling in a green
pricing plan.”* This wind capacity would fill
about 60 percent of SCE’s renewable energy pur-
chases mandated under the California renewable
energy set-aside, if that program moves forward.

Green pricing is attractive because it is volun-
tary, but it is unlikely to achieve the level of sup-
port for RETS that sct-asides could. In addition,
ratepayers who volunteer will be paying for the
environmental and risk benefits gained on behalf
of everyone in the region.

Incentives to purchase RETs

Most utilities have little or no incentive to pur-
chase RETs or to purchase RET-generated elec-
tricity from NUGs rather than conventional fossil
power: whatever source of power is used, the util-
ity earns the same return. Regulatory changes to
allow aslightly higher rate of return for the use or
pur-chase of reasonably cost-effective rcnewables
would provide incentive and help utilitics gain ex-
perience with RETs while reducing fuel cost risks

to ratepayers and environmental impact.”As an
example, the Wisconsin Public Service Commis-
sion recently granted regulated utili ties the right to
provide their shareholders an additional return of
0.75¢/kWh for power generated by wind, photo-
voltaics. or solar thermal plants over 20 years for
projects brought online between 1993 and 1998."
Although this is primarily a state regulatory issue,
federal policy might play a supporting role.

Although they appear to have significant po-
tential to support RETS, these strategies—green
competitive set-asides. green pricing, or stock-
holder incentives---arc too new for any significant
conclusions to be drawn as to their effectivenessin
practice.

Federal taxes

Current federal tax incentives for RETS, such as
accelerated depreciation, investment tax credits,
and pduction credits, reduce federal tax burdens
on RETSs depending on the particular incentives
and RET. As discussed above, however, the tax
burden per kwWh on many RETSs remains higher
than that for coal- or gas-powered electricity gen-
eration. For wind and biomass, which are compet-
itive or near-competitive with fossil systems, tax
incentives may have a significant influence on
their market viability. However, the REPC of
1.5¢/kWh is limited to facilities in operation by
1999, which does not allow time for most biomass
systems. with their 3- to 7-year growth cycles (for
woody crops) to get established.

Tax policy has had a significant influence on
the development of RETSs such as wind (see box
6-2). Government incentives intended to help re-
newables, however, have also on occasion had the
perverse effect of hurting them. For example, un-

T1Sacramento Muni Aims To Have 50 MW of Photovoltaics on System by 2000, Elecrric Utility Week, June 27, 1994, pp. 16-17.

71pSCO “Green Pricing” To Fund Renewable Energy Projects,” Wind Energy Weekly, Dec. 6. 1993, pp. S.

" Michigan Muni Turns to “Green Pricing”™ To Finance Wind Turbine,” Wind Energy Weekly, May 30, 1994,

T4Daniel Kaplan, “SCE. Kenetech Announce Wind Power Deal, Green Pricing Plan,” The Energy Daily, vol. 22, Mar. 17, 1994, p. 1.

3See. e.g.. David Moskovitz, Renewable Energy: Barriers and Opportunities; Walls and Bridges (Washington, DC: World Resources Insti-

tute, July 1992).

70-Minnesota Utility Eligible To Receive Wisconsin Incentive,” Wind Energy Weekly. Nov. 8, 1993, pp. 4-5.



certainty over incentives raises risks for private
developers and makes financing more difficult, as
in the bankruptey of the fargest solar thermal com-
pany (sce box 6-3). Ways to reduce the impact of
this uncertainty are to make proposed incentives
retroactive and to increase their duration.

Front-loaded capital costs of RETs

High investment costs for RETs can result in a
NUG paying as much or more for debt and other
costs than it receives from the sale of its power
during the first critical years of a project. Ways to
mitigate this problem might include: 1) innova-
tive financial mechanisms to redistribute Toan re-
paymients over the project lifetime so as to better
meet the cash tlow constraints of the developer: 2)
changes in the schedule for energy and capacity
payments (i.e.. to front-load payments); 3) interest
ratc buydowns (in which public entities provide a
one-shot upfront payment of interest to reduce this
front-loading):”” and 4) longer contract periods to
put NUG financing on a more level basis with the
financing utilitics implicitly receive from rate-
payers.

For example, the senior debt of some recent
NUG projects has been divided into two separate
components. one with a shorter term and a vari-
able interest rate. the other with a longer term and
a fixed interest rate. Such financing structures
have arisen because banks have increasingly been
unwilling to lend for periods longer than 15 years,
while insurance companies and other institutions
are sometines willing to lend for terms of 20 years
or more. In addition. banks and other institutions
increasingly prefer to diversity their portfolio and
prefer to not underwrite an entire project alone.”®
Such mechanisms may allow some restructuring
of the front-loaded cost structure of RET projects
but also require caretul negotiation to properly al-
locate risk among the participants, particularly for
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the longer term debtholder. A detailed analysis is
needed of mechanisms to assist development of
long-term loans for RETS through private capital
markets. There may be a federal role in match-
making and/or leveraging such arrangements.,

Changing contract payment schedules to better
match the cash flow requirements of RET devel-
opers raises the risk of paying in advance for a
powerplant that later fails. It however, payments
are structured so that they are always sufticient to
cover operating and other costs and also provide a
be profitable for someonce to keep the plant operat-
ing. This can reduce the risk of premature fatlure
and abandonment.

reasonable margin for the operator. it will always

Transaction costs

High transaction costs can be a significant barrier
for small renewable energy developers. Among
the lessons drawn from past expericnces (see box
6-1) is the value of standard contracts. Providing
standard contracts is usually a state regulatory
Issue.

Direct and indirect subsidies

To improve the competitiveness of RETS, a more
detailed and ongoing accounting of subsidies and
related supports such as tax expenditures in the
electricity sector might be made for cach fuel
cycle. Explicitly identifying subsidies and related
supports for cach fuel eyele on an ongoing basis
could provide policymakers with a better sense of
federal tax and budget expenditures so they could
determine if taxpayers are getting their money’s
worth, and it any change is warranted.

Risk and environmental costs

Potential fuel price changes and environmental
liabilitics may not be adequately accounted for in
the planning of new electricity-generation capac-

Cnterestrate buydowns may often be preferable to such public finance instruments as loan guarantees. as buydowns leave the commercial

lender at risk and thus maintain marketincentives to pertorm, while minimizing federal exposure. On the other hand, interest rate buydowns do

require specitic federal outlays.

TJohn H. Kenney. “Financing with a Dual-Tranche.” Independent Energy, September 1992, pp. 16-22.
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ity or in the cost of electricity, Therefore, the po-
tential of RETsto offset these risk pass-throughs
may not be adeguately valued by planners, reduc-
ing the likelihood that these RETs will be chosen
when new capacity is planned. More analysis
could help understand these risks, determine
means of valuing them, and understand how risk
pass -throughs influence financial markets and the
choice of generation technologies.

The federal government could work with states
to examine fuel adjustment clauses in particular
and the impact these have on the choice of genera-
tion technol ogies. Mechanisms to adequately ac-
count for the risk of future fuel price increasesin
generation capacity planning could be developed
and implemented. Initial work on this is under
way in Colorado”and elsewhere. Environmental
cleanup bonds, trust funds, or other funding mech-
anisms could be examined to determine their abil-
ity to recover long-term environmental cleanup
costs from energy industries and companies.”
Tax benefits that could affect the choice of afuel
cycle could be based on minimizing environmen-
tal impact.

State governments could incorporate environ-
mental externality costs in their utility planning
efforts or direct] y in electricity y costs, and state reg-
ulators could encourage utilities to consider envi-
ronmental impacts when deciding which
generating units to operate.” Although these are
primarily state issues, the federal government
could support such efforts through information
programs, the development of appropriate analyt-
ical tools, and further analysis of the social costs
of energy use. Proposals to base state and/or feder-
al electric sector taxes on emissions. potentially

including greenhouse gas emissions, rather than
profits or sales could be examined for potential ef-
fectiveness, costs and benefits. equity impacts, or
other consequences. Some studies have indicated
that shifting from corporate income taxes may
have positive benefits in the longer term.”

Structural change

The potentially negative impact of changes in the
electric power sector on RETS, discussed at the be-
ginning of this chapter, might be addressed by the
use of sectorwide policy tools, rather than utility-
specific regulatory interventions. For example,
the valuation of fuel cost risks and environmental
costs, and corresponding use of technology-spe-
cific set-asides for both utilities and NUGs, may
ease some of the conflict inherent in limiting such
costs or controls to regulated utilities alone. Such
electricity sectorwide policy tools could be con-
sidered at both the state and federal levels.

CONCLUSION

This chapter has outlined a variety of chal-
lenges—structural, financial, tax, risk, and com-
petitive-—that face commercialization of RETsin
the electric sector. These challenges will likely
preclude many cost-effective applications of
RETs under current policies. A significant RET
industry is beginning to develop with a portfolio
of maturing as well as immature but promising
technologies. The considerable experience that
has been gained builds confidence for the indus-
try’s future. Policy experience is also developing.
More effective commercidization, if done wisely,
can lead to increased growth and widespread
benefits.

- Awerbuch, "Direct Testi N . .
79Shimon " Testimony. Investigation Into the Development Of Rules Concerning Integrated Resource Planning, Colora-

do Public Utility Commission Docket 91R-642EG. February 1992.

80See, e.g.. House Committee on Natural Resources, op. cit., footnote 57.

81Steve Bernow et 1. ~Full-Cost Dispatch: Incorporating Environmental Externalities in Electric System Operation,” The Electricity Jour-

nal, March 1991, pp. 20-33.
82Moskos itz, op. cit.,

footnote 75; Robert Repetto et al., Green Fees: How a Tax Shift Can Work for the Environment and the Economy

(Washington, DC: World Resources Institute. November 1992); and Dale W. Jorgenson and Kun-Young Hun, “The Excess Burden of Taxation
in the United States.” Journal of Accounting, Auditing, and Finance, vol. 6. No. 6, fall 1991.
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| nter national
Competition

S.-owned and U.S-based manufacturers have led the

world in the rescarch, development, and commercializa-

tion of many renewable energy technologies. Today. these

manufacturers arc facing strong competitive challenges
both at home and abroad. Compared with U.S. firms. forcign
competitors are often more strongly supported by public research.
development, and demonstration (RD&D) and commercializa-
tion programs, protected by tariff or nontaritt trade barriers, and
assisted in their drive to enter foreign markets. At stake is a poten-
tially large international market and the U.S. jobs and other ¢co-
nomic benefits that might come from serving it.

| What Has Changed?
International interest in renewable energy technologies (RETS)
has increased over the past decade. Environmental conccrns-
due to acid-rain damage to forests in Europe. the Chernobyl nu-
clear accident in the former Soviet Union. and possible global
warming, as well as ongoing concerns about future fossil fuel
prices and supply reliability—have generated a strong push in
Europe to find alternatives to nuclear- and fossil-based elcctricity
generation. Recently, the “Declaration of Madrid” called for
RETs to provide 15 percent of primary energy demand in the Eu-
ropean Union by 2010.!

At the same time, many power markets in Europe are going
through substantial structural change. Some utilities in Europe
(e.g., in the United Kingdom) have undergone large-scale priva-

'European Commission, Directorates-General X1, X111, XV1I and European Parlia-
ment, STOA Programme et al.. "Declaration of Madrid,” Conference on an Action Plan
for Renewable Energy Sources in Europe, Madrid. Spain, Mar. 16-18. 1994,

1229
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FIGURE 7-1: World Electricity Consumption, 1987

@
L

Annual per capita consumption (1,000 kWh)

V) U.S.and Canada

n Western Europe and Japan

Eastern Europe and the Former Soviet Union
Upper middle-income developing countries
| Lower middle-mcome developrrg countnes

- Lower income developing countries

The distribution of electricity use among different population groups around the world is shown. Lower income
developing countries have very fow fevels of electricity consumption and are likely to be an important and rapidly
growing market for renewable energy technologies over the next several decades

SOURCE Adopted from United Natiors. Energy Statistics Yearbook 1990 (New York, NY 1992)

tization: others arc searching for ways to cooper-
ate across many aspects of their operations. What-
ever form European utilities take’there are likely
to be additional opportunities for using RETs
within them.

In developing countries, current levels of elec-
tricity use are very low (figure 7-1 ) and the de-
mand for electricity is growing rapidly.’
Estimates of the market for power generation
equipment in developing countries are typical] y in
the $1 -trillion range over the next 10 years, or an
average of $100 billion per year;"the market
could grow much larger in the longer term. Invest-

ment and operational expansion at this level poses
great difficulties for many inefficient or heavily
subsidized state-owned electric utilities. In re-
sponse, many developing countries are opening
up their electricity sectors and beginning to
encourage private investment. Use of RETSs in
distributed utility applications may offer opportu-
nities to improve power sector performance.
Despite large investments. many people in
many rural areas of developing countries are un-
likely to be served by conventional electric utility
grids for many years; the cost of transmission and
distribution grid extension is too great. Similarly,

?Andrew Holmes, “E\ olution and De-Evolution of a European Power Grid,” Electricity Journal, October 1992, PP. 34-47. See also Edward
Kahnand Richard Gilbert, “International Comparisons of Electricity Regulation.” 17th International Con ference of the International Associa-

(iOﬂ 0! Energy Economists, Stavanger, Norway, May1994.

3For a detailed review of energy use in developing countries, see U.S. Congress, Office of Technology Assessment, Fueling Development:

Energy Technologies for Developing Countries, OTA-E-516 (Washington, DC: U.S. Government Printing Office, April 1992).

*The market is likely to be smaller in the near term and grow larger with time. See, e.g.. Edwin A. Moore and George Smith, “Capital Expen-

ditures for Electric Power in the Developing Countries in the 1990s,” World Bank, Industry and Energy Department Working Paper No. 21 for

the Energy Series, February 1990.
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transport of fuel for dicsel electric systems is ex-
pensive and often unreliable. In many cases. the
choice is either to purchase remote RET systems
or continue to do without electricity. RETS have
the potential to cost-cffectively provide electricity
to people in areas outside the utility grid. The
benetits of electricity, such as lights. water pumps.
and modern communications, can help transform
these traditional societies. This can contribute to
political stability as well as provide trade benetits
and jobs for the United States.

Both within Europe and in developing coun-
trics. RETs are thus increasingly seen as key pow-
ertechnologies in the future, with potentially huge
markets. These tactors have resulted in much

more aclivist government policies in support of

RETS in recent years and pose a significant com-
petitive challenge to U.S. firms.

| Potential Roles

Foreign markets otfer a promising opportunity for
using RETs. Many of these applications are higher
value uses, for example, remote applications
where RETs such as photovoltaic (PV). small so-
lar thermal, and small wind have strong competi-
tive advantages. These markets thus offer the
potential to scaie up manufacturing and drive
down prices through economies of scale and
learning.

The United States is now doing well in some
RET export markets. For example. about 70 per-
cent of ULS. photovoltaic production was shipped
abroad in 1993: about 37 percent of world produc-
tion of PVs was in the United States.” Nearly two-
thirds of U.S.-based PV production. however, 1s
by firms recently purchased by foreign interests,
Tolose forcign market share could then greatly re-
duce U.S. firms’ cconomics ot scale and learning:
ultimately. this could lead to a loss of competitive-
ness even in our own markets.

As discussed elsewhere in this chapter, sever:

countrics appear 10 have carmarked the PV indus-
try for special support. Such support could threat-
en US. firms in both domestic and export
markets. especially since the PV industry is one
where cconomies of scale and rapidly improving
technology. along with steep technical and finan-
cial barriers to entry, give the first in the field a
strong advantage.

I Principal Themes

Rather than a broad overview of U.S. and foreign
RD&D. commercialization, and trade programs
—-such reviews and related policy discussions are
well covered clsewhere®—this chapter makes a de-
tailed comparison of international activities in two
specific arcas—photovoltaies and wind. Other re-
newables. such as biomass energy technologies.”

3=US. PV Shipments Climb Sharply as Thermal Collector Numbers Drop.” Sofar Leiter, June 10, 1994, p. 134

“Interagency Environmental Exports Working Group, Enviranmental lechnologios Exporis. Sirategic Framework for 1.8, Leadcrship
(Washington, DC: US Department of Commerce, US. Department of Energy, and Environmental Protection Agency. November 1993) U8,
Department of Energy, National Energy Strategy. Technical Annex 32 Analysis of Options To Increase Exports of U.S Enerey Technology  US-
DOE/S-0096P (Washington, DC: National Technical Information Service, 1992 Trade Promotion Coordinating Committee. “Toward a Na
tional Export Strategy.” Report to Congress, September 1993 Ottice of Technology Assessment. op. cit., footnote 3. U.S. Congress, Ottice ot
Technology Assessment, Indusiry, Technology, and the Environment: Competitive Chailenges and Business Opportunities, OTA TTE-380
(Washington, DC: U.S. Government Printing Ottfice. January 1994) U.S. Congress. Ottice of Technology Assessment. Development Assi
ance. Export Promotion, and Environmental Technology -Background Peper. OTA-BP-ITE-107 (Washington, DC:ULS, Government Printing
Otfice, August 1993); and Andrew Bamett. “The Financing ot Electric Power Projects in Developing Countries,” Energy Policv vol. 200 April
1992, pp. 326-334.

TFor a review of biomass energy technology development. financial support, and its relationship to agriculture in Europe. see Furopean
Parliament. Scientific and Technological Options Assessment. Directorate General for Research, Energy and Biomass: Porential tor Cultiva-
tion and Prospects for Utilization from the European Community's Perspective, Project Paper No. T (Luxembourg: Aprib 19930 Lnergyv and
Bromasys: Country Profiles: Agriculture and Forestry Biomass Production—Operations Achieved. Project Paper No. 2 (L.uxembourg: August

1993); and Enerey and Biomass: Liquid Biofuels, Project Paper No. 3 (Luxembourg: August 1993),
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have recently been® or are currently being re-
viewed elsewhere.?

This comparison of PV and wind programs
shows a wide range of supports among various
nations of the Organization for Economic Coop-
eration and Development (OECD), including
government-supported RD&D: direct funding of,
or tax credits for, investments in RET equipment:
supports for the purchase of generated renewable
energy; and a variety of legislative—including en-
vironmental—supports for renewables.

The bulk of this chapter is focused on national
PV and wind programs in Japan, Europe, and the
United States. Following this discussion is a brief
crosscutting summary and discussion of possible
policy options to respond to this competitive chal-
lenge. How U.S. firms do in this international
competition will depend on the groundwork that
1s laid today.

Finally, it should be noted that PV and wind
technologies are advancing rapidly and govern-
ment programs arc changing quickly in response
to new opportunities and shifting public concemns.

INTERNATIONAL ACTIVITIES IN

PV AND WIND TECHNOLOGIES'?
Competition in RETS is increasing rapidly as in-
dustrial countries recognize the growth potential
of these environmentally friendly and currently or
potentially cost-effective cnergy technologies.
The PV and wind energy technology activities of
nine OECD countries are reviewed and compared
here.

All of the renewable energy programs reviewed
have three complementary strategies: 1) RD&Dto
increase the cost-effectiveness of the technology
and thus broaden its scope of economically attrac-

tive market applications: 2) market development
to accelerate acceptance of RETs in currently cost-
cffective or newly emerging applications; and 3)
market priming to support the usc of RETs where
they are not yet cost-effective but could become so
with further development and large-scale manu-
facturing.

The link between increased cost-etfectiveness
and market development is critical. The potential
market relies heavily on price (without consider-
ing risk or environmental costs, see chapter 6),
particularly compared with the mature encrgy
technologies that RETs compete against. Prices
for RETs are determined by technical perfor-
mance as determined by RD&D, economies of
scale and learning realized by mass production,
and the requirement to recoup certain fixed
RD&D. manufacturing, and marketing costs
through sales. Thus, costs can be reduced if sales
volumes are increased, but sales volumes may not
increase unttl prices are reduced. This “chicken-
and-egg” problem is a central challenge for RETs.

B RD&D for Increased Cost-Effectiveness

Photovoltaics

The general routes to improved PV cost-effective-
ness are increased energy conversion efficiencies,
improved balance of systems, and reduced
manufacturing and installation costs. Incrcasing
conversion cfficiencies will make cach square
centimeter of PV surface more productive, in-
creasing the utilization of available solar energy

whila maalbimagtha ~all lace aoenotlas v o emantaniale g
WHHU THARTHZ LT CUTTICSS LUSLLY Ul a HHdCT1d S Ud-

sis per unit output. A reduction in manufacturing
costs per unit of cell area makes each square centi-
meter of cell less costly. The combination of re-
duced cost and increased efficiency is expected to

SFor a broad review, see James & James Science Publishers, European Direciory of Renewable Energy Suppliers and Services, 1992 (Lon-

don, England: 1992).

YA detailed competitive assessment of international renewable energy technology, policy, und activities is currently under way at Sandia
A detailed tit tof international bl technol 1 d activit tl 1 v at Sand

National Laboratory for the Department of Energy. It covers biomass, geothermal, ocean, photovoltaic. solar thermal. wind. and advanced bat-

teries.

"This section is drawn primarily from Ted Kennedy and Christine Egan, Meridian Corp.. “International Activitics Supporting Wind and

Photovoltaic Energy.” report prepared for the Office of Technology Assessment, Nov. §, 1993,
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TABLE 7-1: Publicly Funded Photovoltaic R&D, by Country (current U.S. dollars in millions)

European United

Year United States Japan Germany Italy  France Union Switzerland Kingdom

1979 118.8 13

1980 1486 35 6 9

1981 1516 32 10 9

1982 616 40 33 9

1983 579 U 30 9 6.3

1984 50.2 41 30 9 52

1935 545 46 31 20 6.1 6

1986 378 48 31 20 4.6 6

1987 400 38 32 20 38 6

1988 346 37 35 20 3.1 ©

1989 351 42 50 20 28 4

1990 347 54 65 27 4.4 4 5.2

1991 46.3 54 65 L 4.5 4 60 0.5

1992 60.4 62 65 41 4.5 4 8.6 1.0
SOURCE Morton Prnce: O ceof Salir Panrgy Coovers or LS Departroent of Encayy Pro Maycock, Photovolta o Energy Systerns 0o and Fred
J Sooine. Congress ora fecearch Sery ne "Renewabio Erergy A New Natioras Conmmatmeet, " 1ROZ063 “oby 1), 1004

result in dramatic declines in system capital costs
aswellasenergy costs per kilowatt-hour produced
(see chapter 5). Most countries with PV programs
include a variety of activities to improve pertor-
mance and reduce manufacturing costs.

Incorporation of PVs into building structures is
aconcept that is being pursued by most ot the ma-
jor programs. including those of the United States
(PV-Bonus Program). Japan (superhigh-cfticien-
cy cellapplications), Germany (1,000 Roof™ pro-
gram), and Great Britain  (Study of PV
Applications in Buildings).

Improvements in balance of system (BOS)
components and system reliability and lifetime
arc two additional arcas addressed by most pro-
grams. BOS components include batteries, power
conditioning equipment. system  interconnec-
tions, and support structures. The Japanese, [tal-
ian. and Swiss programs specifically target BOS
components cither as budget line items or as dis-
Crete program arcas.

System reliability and litetime research is di-
rected at several critical areas. including subsys-
tem components such as the PV modules,
batteries. and inverters: system configurations

and interconnections: and operations and mainte-
nance requirements. These concerns are ad-
dressed either as specific program arcas or as
components of broader program initiatives by
virtually all countries examined.

Table 7-1 provides data on national annual PV
RD&D budgets. and table 7-2 lists production lev-
cls by country from 1976 to 1993.

Wind

Improvements in the cost-effectiveness of wind
energy technologies (see chapter 5) have been
pursued through advanced engineering and manu-
facturing improvements. For example. improve-
ments in blade design through public-private U.S.,
ctforts are now resulting in rotors that increase en-
crgy capture by 10 to 30 pereent, while reducing
inctticicncies caused by fouling duc to insects and
airborne particles (sce chapter 5). Virtually all of
the country programs addressed in this report are
investigating such improven
provements in power system components—in-
cluding variable-speed operation with advanced
power clectronics and expert control systems to

S T TUR TR ) TR TS
ICHI,\, dN WOITT dN HITT-
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TABLE 7-2: Photovoltaic Production, by Region

World United States
Year Mw MW )
1976 0.42 0.32 76
1977 0.45 0.42 a3
1978 096 0.84 88
1979 1.46 1.24 85
1980 330 250 76
1981 540 3.50 65
1982 840 520 62
1983 2170 1310 60
1984 2500 11.50 46
1985 22 80 770 34
1986 26.00 710 27.3
1987 2920 870 29.8
1988 33.80 11.30 351
1989 40.20 1410 351
1990 46.50 14.80 318
1991 55.30 17.10 309
1992 57.90 18 10 313
1993 60.69 22.44 369

Japan Europe Rest-of-World
MW A0 MW 0 MW %0
050 15 030 9
110 20 080 15
1.70 20 1.40 17 010 1
5.00 23 330 15 030 1
8.90 36 360 14 080 3

10.60 45 340 15 140 6
12.60 485 400 154 230 9
13.20 45..2 450 154 280 10
12.80 353 670 197 300 9
14 20 353 790 197 400 10
16.80 361 1020 219 470 10
19.90 360 13.40 242 500 9
18.80 325 1640 283 460 8
17.30 285 1655 273 440 72

MW megawatts

NOTE World total for 1976-79 does not add up, because data from those years was not broken out by region

SOURCE Morton Prince O*:ce of So ar Enerqy Corversion, U'S. Department of Energy, and Paul Maycock, Photovoltaic Energy Systems, Inc

increase power output, improve power uality,
and reduce mechanical loads.

The development of large-scale turbines to re-
duce unit costs per kilowatt and address siting
constraints i1s being pursued by the European
Union (EU), Danish. Italian, and German pro-
grams with specific budget iine items or discrete
program arcas. The development of offshore tur-
bines—Iland-use restrictions such as the location
of population centers may prevent wind cnergy
development in some prime areas—is being in-
vestigated in many of the country programs, par-
ticularly Denmark and the Netherlands, as a
mid-term option.

Increases in system reliability and lifetime are
addressed in most national programs. In the

United States, for example, design improvements
and better operations and maintenance regimes
have resulted in availabilities of up to 97 percent,
compared with 20 percent in 1981 (see chapter 5).
Turbines have been simplified and the numnber of
moving parts has been reduced. This has cut down
on maintenance requirements and has enhanced
lifetimes while reducing manufacturing costs.

overal, Europe appears to be gearing up for
largc-scale deployment of wind turbines in the
war term. Plans for installing some 4,000 MW of
wind capacity by the year 2000 have been an-
nounced. *The large-scale deployment of tur-
bines will permit further economics of scale in
manufacturing and operations.

N1.C. Chapman. Enropean Wind Technology, EPRITR-101391 (Palo Alto. CA: Electric Power Research Institute. March 1993).
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I Market Development Initiatives

Various OECD nations have undertaken activities
to support the commercialization of RETS. By en-
couraging commercialization of RETS, larger
scale production can be initiated. allowing econo-
mices of scale to be realized. In turn, these econo-
mies lower the costs of RETs and allow still larger
market opportunities to be tapped. This cyele will
ultimately allow the creation of a large and cost-
effective RET industry. Commercialization strat-
cgies now in use for wind and PV technologies
include removing regulatory and institutional bar-
riers: information programs to better inform key
decisionmakers regarding renewables: demon-
strating technically appropriate and cost-cttective
applications of the technology; and stimulating
market demand through market conditioning
demonstrations, government  pur-
chases, subsidies, low-interest loans, tax incen-
tives, and other supports.

large-scale

Photovoltaics

i
the U.S. photovol )
element. Activities include education: technical
assistance and training: market, cconomic, and fi-
nancial analyses: technology characterizations;
regulatory and valuc analyses: and codes and stan-
dards assessment and development. Eftorts to im-
prove the policy and regulatory framework
include evaluation of transmission issues  af-
fecting PVs, development of integrated resource
planning methodologies. and integration of envi-
ronmental considerations into utility planning.
There are similar market conditioning activitics in
other countrics, including efforts by the Photovol-
taic Power Generation Technology Rescarch
Association in Japan and the Future Encergics Fo-
rum in Germany.

Demonstrations are intended to encourage
market participation through example, proving a
new technology application in the critical areas of
appropriateness, reliability, cost-etfectiveness.
casc of maintenance, intcgration with existing
systems, and so forth. The major PV evaluation
program in the United States is the PV-USA proj-
cct. Major demonstration projects in other coun-
trics include the ~1.000 Roof™ PV program in
Germany, promoted with the use of subsidies:
“model” facilities in Japan, which are supported
through subsidies: and the PLUG modular
100-kW grid-connected PV systems in Ttaly.

Market subsidies!? are intended to foster mar-
ket development and growth to the point at which
the market can operate without them.? In the
United States, supports are limited to tax incen-
tives, including five-year accelerated depreciation
and a 10-percent investment tax credit for nonutil-
ity generators. At the current state of cost and per-
tormance in PVs, thesc provide only modest
incentive for additional investment.

[talian subsidies support up to 80 pereent of
installation costs or provide buyback rates for
peak periods of up to 28¢/kWh. In Japan they
range up to two-thirds of the cost of residential
systems, and buybacks rates for PV-produced
electricity are reported to be as high as 24¢/kWh.
Japan also offers a 7-percent tax credit for PV sys-
tems and low-interest loans with rates as low as
4.1 percent. Germany offers subsidics for system
capital costs of up to 70 percent.

Wind

For wind energy development, the U.S. experi-
cncc in the 1980s was with targeted investment tax
credits. In effect, these favored installation of tur-
bines over the production of power. They were
phased out in the mid-1980s. The Energy Policy

'2An important note with regard to subsidics is that they can translate into significant additional government support of PV technology

beyond RD&D budgets. Determining the level of this support ranges from difficult to nearly impossible. Since most of the budgets described

here include only on-budget line items, subsidy expenditures for hardware installation and power production (whether they take the torm of

cash support or tax reliet) may provide a signiticantly higher level of support than could be fully described in this report.

PROf course. programs may take on a life of their own and live on after their intended purpose has been met.
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Act of 1992 provides a 1.5¢/kWh production tax
credit for wind-generated electricity, Subsidies
have been used by Denmark and Germany in the
form of stable power purhase prices, paying 85
and 90 percent of the retail price of electricity, re-
spectively. In England. power purchase rates have
been set at very attractive levels for certain peri-
ods, which has accelerated installations dramati-
caly.

| Country Programs and Market Share

Photovoltaics
The market tor PV modules has been rapidly in-
creasing and is expected to continue to do so for
the foresecable future (see table 7-2). Global mar-
ket share trends indicate that U.S.-based produc-
tion, after expericncing a decline through the
mid-1980s, remained at 30 to 32 percent during
1990-92 and then jumped to nearly 37 percent in
1993.14 Japan, which had 15 percent of the market
in 1980, rose to 49 percent in 1986, and declined to
28.5 percent in 1993. The gains during 1980-86
were largely related to expanded sales of amor-
phous silicon technologies introduced through a
number of consumer products. After 1986, the PV
market began to shift from consumer product op-
portunitics to power scctor applications. Euro-
pean producers gained more of the market
between 1986 and 1992, largely at the expense of
Japanesc tirms. The combined market share of
producers in the rest of the world has remained rel-
atively constant since 1986.

Some of these PV firms have an international
presence, with RD&D. manutacturing, sales, and

1994,

other activities taking place in many countries. A
number of foreign firms have also recently pur-
chased U.S. PV producers. In March 1990, for ex-
ample, Siemens A.G. of Munich purchased
Atlantic Richfield Company’s ARCO Solar.
This gave Siemens nearly 50 percent of U.S. pho-
tovoltaic shipments in 1992. In March 1994, Eba-
ra Corporation of Japan purchased majority
control of Blue Ridge Industrial Development
Group, a spinoff from Westinghouse Electric that
was commercializing dendritic web silicon PV. *
In July 1994, Mobil Solar Energy Corporation, a
Massachusetts-based producer of ribbon silicon
PV cells, was sold to Angewandte Solarenergie
GmbH of Germany, a joint venture whose parent
companies include Daimler-Benz A.G. and the
largest electric utility in Germany, “In November
1994, Solec International] was purchased by Sumi -
tomo and Sanyo of Japan. °*Together, these com-
panies accounted for about 63 percent of the PVs
manufactured in the United States in 1993 (see
table 7-3).

The issue of “who is us’ has appeared repeated-
ly in discussions of international competitiveness.
Closely related is the question of the extent to
which benefits-jobs, earnings, training, intel -
lectual property-of federal assistance go abroad.
whether transferred by a U.S. firm operating or
sourcing offshore or by a foreign firm operating in
and receiving benefits from the United States. *
Maintaining U.S.-based production of PVs will
likely require significant RD&D and investments
in advancd automated production facilities, par-
ticularly as PV-production increasingly becomes
a commodity production process.

14Paul D. Maycock. Photovoltaic Energy Systems. Inc., “International Photovoltaic Markets, Developments, Trends: Forecast to 2010,”

| SThe ae reement w as announced In mid 1989, See Richard MeCormack. ~giemens Snare\ Arco Solar,” New Technology Week. Aug. 7.

1989.

10 Japanese Firm, Westinghouse, Investors To Commercialize Dendritic Web PV, Solar Letter, vol. 4, No. 7, Apr. 1. 1994, pp. 76-77.

17Mobil Announces Sale to ASE Americas. Venture of Deutsche Aerospace Nukem,” Solar Letter, vol. 4, No. 17, Aug. 5. 1994, p. 186.

18Sumitomo. Sanyo Acquire Solec: Financing and Marketing Aid Set,” Solar Letter, vol. 4, No. 25, Nov. 11, 1994, p. 284.

19For a detailed discussion of these issues. see U.S. Congress, Office of Technology Assessment, Multinationals and the National Interest:
Playing by Different Rules, OTA-ITE-569 (Washington, DC: U.S. Government Printing Office, September 1993).
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TABLE 7-3: Photovoltaic Cell and Module Shipments, by Company (megawatts)

Company 1987 1988 1989 1990 1991 1992 1993
United States
Siemens Solar 42 55 65 70 90 90 125
Solarex 29 32 50 54 56 57 65
Solec International 03 06 09 09 12 13 13
Advanced PV Systems 02 08 05
Astropower 01 02 04 045 06 0.9
Ussc 03 04 05 06 02 03 05
Mobil Solar/ASE GmbH 005 01 005 005 02 03 02
Entech 03 003 003 005 001
Other (Chronar) 09 12 065 042 02 01
Total 865 11.3 141 148 171 182 22-1
Japan
Sanyo 48 48 48 49 60 65 62
Kaneka 165 22 24 25 31 30 22
Kyocera 13 17 25 45 58 51 48
Talyo Yuden 12 13 15 16 16 16 16
Sharp 15 08 10 10 10 10 10
Hoxan 15 08 10 08 08 06 04
Fuiji 05 05 01 01 01
Matsushita 06 08 10 10
Other 07 07 09 08 06 oil 00
Total 132 128 142 168 198 188 173
Europe
Deutsche Aerospace 08 13 12 17 21 26 26
BP Solar Systems 13 13 14 14 22 35 45
Naps France 10 07 06 10 06 0.5
Cnronar Wales 09 07 06 02 00 01
Photowatt (France) 10 08 08 15 18 20 17
Eurosolaire (Italy) 04 04 08 10 15 26 32
Helios (ltaly) 03 03 08 12 15 20 10
Isophoton (Spain) 02 02 03 05 05 06 05
Siemens (Germany) 02 02 04 06 08 06 05
RES (Netherlands) 04 05 05 0.8 05
Other 03 04 04 06 13 11 12
Total 45 67 79 102 134 164 166
Rest-of-World
CEL (Indua) 12 13 13 14 1.4 15 18
Sinonar (Taiwan) 06 0.4 04 NA
Heliodinamica (Brazil) 05 05 06 06 10 05 05
Reil (India) 05 05 05 05 NA
Bharat (India) 04 04 04 04 04 08 10
UDTS/HCR Algiers - 03 0.3 03 03 NA
Venergia (Venezuela) 03 03 03 NA
Other 07 08 08 08 10 10 NA
Total 28 30 40 47 50 46 4.4

NA not avaiable

SOURCE Pa.l Maycock, Protovoltaic Energy Systems, Inc.. Photovoltaic News, vol. 12 No. 2. February 1993, and
Pau. Maycock. Photoveltaic Energy Systems, Inc , “International Photovoltac Markets, Developments and Trends
Forecast to 2010," 1994
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il *

Six 10-kW wind turbines from Bergey Windpower, an 11.2-kW
piotovoltaic array from Siemens Solar. and a diesel power
backup provide power for 150 homes in the village of Xcalac
in Quintana Roo province, Mexico.

In general, the major PV RD& D programs have
similar goals. all of which are aimed at producing
PV modules and equipment that are cost-effective
in the broadest array of' applications. In addition,
activitits that facilitac PV tcchnology and market
development have been adopted. many of which
arc not included in a country RD&D budget.
These include demonstrations. government pur-
chases, market subsidies. low-interest loans, and
tax incentives. Such facilitating support activities
differ widely among countries and are examined
below. Japan, Germany, Italy, and others offer
more aggtrddivr supports than does the United
States in many respects.

Wind

In 1992, European utilities and developers
installed some 225 MW of wind capacity, while
only 5 MW was instulled in the United States.”

Europeans, either privately or through electric
utilities, are investing $300 million to $500 mil-
lion per year in wind cquipment and associated
services, not including research and development
(R&D).*More recently. several U.S. utilities
have shown increased interest in wind energy.

In general, the goals of the wind RD&D pro-
grams are sSmilarly focused on cost-efective
wind turbine development and deployment, but
emphases vary. Japan, Sweden, Canada, Italy, and
Belgium have financially supported exploitation
of the wind resource primarily as an R&D activity.
In contrast, the United Kingdom, Dcnrnark, the
Netherlands. and Germany have attcmpted to
stimulate the market by subsidizing turbine instal-
lations and paying a premium price for power pro-
duced. The U.S. program is balanced between
both approaches. Wind energy RD&D budgets arc
listed in tuble 7-4.

It is now useful to examine country-specific
programs in more dctail. u.S. programs arc dis-
cussed in chapter 5.

JAPAN*

Japanese R&D of new and atermative sources of
energy has taken place under the framework of the
Sunshine Project initiated in response to the first
oil crisis. In 1993, the Sunshine Project was com-
bined with, among others, the Moonlight Project.
which focused on energy conservation technolo-
gies, and the Research and Development Project
on Environmcntal Technology, which focused on
reduction of carbon dioxide (CO,) and other emis -
sions, to form the New Sunshine Project.

The New Sunshine Project includes three ini-
tifatives®:

W American Wind Enerey Association, 1993 Wind Technology Status Report: Wind EnergyonVerge of Expansion in U.S. (Washington. DC:

1994).

2P European Wind Generation To Top Billion KWp Mark in 1993, Wind Energy Weekly, Sept. 28, 1992, p. 5.

2IThis section is primarily drawn from Kennedy and Egan, op. cit., footnote 10.

¥ Environment Agency, Government of Japan, Establishing a Basic Law on the Environment (Tokyo, Japan: Oct. 20, 1992): and Jacob M.

Schlesinger. “In Jupan, Environment Means an Opportunity for New Technologies,” Wall Street Journal, June 3. 1992, p. Al
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TABLE 7-4: International Government-Funded Wind Energy RD&D?2

Year United States Japan  Germany Italy CECP  Denmark Netherlands  United Kingdom
1983 31.4 15 18.0 15 62 1,0 3.3 53
1984 265 15 160 19 8.5 45 76 7.1
1985 316 1.5 129 23 96 8.0 12,0 90
1986 25.8 20 12,9 53 97 8.0 177 95
1987 167 32 12,9 96 13,0 80 236 95
1988 85 20 135 155 13.0 80 236 10.0
1989 8.8 20 250 245 155 8.0 236 100
1990 91 29 29.5 304 200 80 258 195
1991 11 31 295 30.4 20,0 76 27.3 255
1992 21.4 65 168 330¢ 19,6 6.0 289 15.8
1993 240 7.7 222 330 19.6 6.0 326 15,8

alncluding test stations for Germany the Netherlands the United States, Italy, and Denmark

BCEC . Commission of the European Communities Includes budgets for both the Directorate General for Science, Research and Development and
the Directorate Generalfor Energy

CAccord:ing to Dan Ancona o! the U S Department of Energy, these figures may include some double counting of funds due to projects falling behind
schedule Thus, the actual budget may be overstated for 1992 and 1993

SOURCE Ted Kennedy and Christne Egan International Activities Supporting Wind and Photovoltaic Energy, " report prepared for the Office of
Technology Assessment Nov 8 1993

1. the Action Plan for the Prevention of Global
Warming-focused on CO,reduction and an
increase in the pace of development and ap-
plication of alternative energy technologies;?*

2. research under the New Earth 21 Program—fo-
cused on technological development and in-
ternational cooperation on energy and
environmental issues;2> and

3. the Applications in Neighboring Developing
Countries Program—focused on collaborative
research and application, including support for

feasibility studies, design, installation, opera-
tion, and evaluation of renewable energy and
environmental technologies in less developed
countries.2®
The total budget for the New Sunshine Project
through 2020 is $11.5 billion.2’

Photovoltaics have been a major focus of Japa-
nese efforts. Although, the budget for PV S under
the New Sunshine Project declined from $53.5
million in 1991 to $51.8 million28 in 1992, the

24New Sunshine Program Headquarters, Agency of Industrial Science and Technology, “Comprehensive Approach to the New Sunshine
Program Which Supports the 21 st Century—Sustainable Growth Through a Simultaneous Solution of Energy and Env ironmental Constraints,”
Sunshine Journal, No. 4, 1993; and Hisao Kobiyashi, “PV Status and Trends in Japan,” paper presented at Soltech 1992, Albuquerque, NM,

Feb. 10-12, 1992.
I5New Sunshine Program Headquarters, op. cit., footnote 24.

26Nobuaki Mori, “Collaborative R&D Program on Appropriate Technologies—Contribution To Reducing Constraints on Energy and En-
vironmental Technologies in Developing Countries,” Sunshine Journal. No. 4, 1993,

“Yoshihiro Hamakawa, “New Sunshine Project and Recent Progress in Photovoltaic Technology in Japan, " UNESCO Solar Energy Sum-
mit, Paris, France, July 1993; and Ichiro Tansawa, “Broad Area Energy Utilization Network System Project—Eco Energy City Concept,” Sun-

shine Journal, No. 4, 1993.

28(0)ne reviewer reports a separate estimate of $48.1 million, based on a budget of 6.1 hillion yen for “‘solar power” quoted in Joint publica-

tions Research Service, Foreign Broadcast Information Service, JPRS-EST-92-037-L, May 7, 1992, p. 46. and a conversion rate of $0.007888
per yenin 1992. LindaBranstetter, Sandia National Laboratory, personal communication, April 1994.
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overal PV budget will increase as a result of new
spending by the Agency of Natural Resources and
Energy of $9.7 million on initiatives to facilitate
“public use.” In recognition of the importance of
reducing balance of system costs, roughly 16 per-
cent of the 1992 budget is aimed at systems-level
development, including BOS components such as
inverters, batteries, and mounting systems. The
world’s most comprehensive dedicated testing fa-
cility for grid interconnection of distributed sys-
tems-consisting of at least 100 small (2-kW)
arrays-is at a site on Rokko Island.”

The New Energy and Industrial Technology
Development Organization (NEDO), funded by
the New Sunshine Project, established a Photo-
voltaic Power Generation Technology Research
Association (PVTEC) in November 1991. This
semigovernmental agency has 26 members repre-
senting a broad range of Japanese industries.
PVTEC encourages collaborative R&D among
member companies as well as with other private
sector, government, and academic institutions.
PVTEC's programs focus on production technol-
ogy of advanced PV cells; production technology
of amorphous PV cells; superhigh-efficiency PV
cells; research and analysis on commercialization;
and investigation of the trends of industry and
technology in photovoltaic power generation,

supporting research, and other activities. PVTEC
also seeks to be a major base of effective R&D
overseas, working in close cooperation with for-
eign organizations.’1

Japan has implemented major financial subsi-
dies for photovoltaics. A 7-percent tax credit has
been established for enterprises installing PV sys-
tems . MITI had a fund of $3.7 million in ry
1993 for individuals installing home PV systems
to obtain loans at a rate of 4.55 percent for 5- or
10-year terms.” An installer of a “model plant”
(interpreted to mean power installations, not
manufacturing facilities) may receive a subsidy of
up to 50 percent of the installation cost. In 1992,
the government set up an institution to finance PV
installations at public facilities such as schools at
two-thirds of the total project cost. A budget of
approximately $6.5 million was reported for FY
1992*and $3 million for FY 1993.* Japan has
also announced a plan to install four model plants
in developing countries.”

MITI is aso planning to support up to two-
thirds of the cost of residential systems. The pro-
gram goal is 1,000 homes the first year and up to
70,000 by the year 2000.” Some $39 million of
the MITI FY 1994 budget was requested for this
program. The 3-kW systems will be grid con-

*Dan Shugar, Pacific Gas and Electric Co., personal communication, 1993.
30NEDO Was initiated in 1980 i,response to the second Oil Crisis. It is responsible for intensive and effective promotion of, and is subsidized

by, the Sunshine Project. In 1991, NEDO’S responsibilities were expanded from a strict energy security focus to include environmental security.
See Takashi Goto, *Photovoltaic R&D Program in Japan (Sunshine Project),” paper presented at the Sixth International Photovoltaic Science
and Engineering Conference Proceedings, New Delhi, India, Feb. 10-14, 1992, p. 521.

31Photovoltaic power Generation Technology Research Association, “Aiming at a Major Base of Research and Development of Solar
Cells,” Summary Sheet, n.d.; Seiji Wakamatsu, Photovoltaic Power Generation Technology Research Association, slide presentation, n.d.

32. \NEDO Supports Field Test program,” NEDO Newsletter, August 1992.

33Kiyoko Matsuyama, New Energy and Industrial Technology Development organization, personal Communication to Ted Kennedy and

Christine Egan, Meridian Corp., June 1993.
34NEDO Supports Ficld Test Program, Op. cit., footnote 32-

35 Matsuyama, op. Cit., footnote 33.

36paul Maycock, “Japanese Plan for Global Warming Stimulates Major PV Initiatives,” PV News, vol. 11, No. 5, May 1992.
3Foreign Broadcast Information Service. MIT] To Subsidize Household Solar Power Generation Systems,” Pacific Rim Economic Re-
view,vol. 2, No. 18, Sept. 8, 1993, p. 7. citing Nihon Keizai Shimbun, Aug. 22, 1993.
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nected, with excess energy sold back to the utili-
ties.*If the 70,000-home goal is achieved, it
would represent four times current worldwide
annual production. Firms with access to this mar-
ket would benefit hugely from economies of scale
and learning.

Beginning in April 1992, utility companies
were directed by the Japanese government to al-
low grid interconnection®of
systems such as photovoltaics, wind turbines, and
fuel cells and to purchase their excess power. Pri-
vately generated renewable energy is purchased
by the utility at the highest marginal price paid by
the user for power. This ranges from approximate-
ly 16¢ to 24¢/kWh.” Utility companies have set a
goa of 2.4 MW and 150 sites, including rooftops,
offices, and technical centers, by 1995.

Japanese development of wind systems has not
been as aggressive as that for PV. About 23 wind
turbines, totaling 3.2 MW, were designed and
installed from 1982 through 1991 in Japan. Total
capacity additions for the country are expected to
be about 3 MW by 1995, and another 7 MW be-
tween 1996 and the year 2000, for a total of 10
MW. Practical R&D is conducted by NEDO and
more theoretical research is performed by the Me-
chanical Engineering Laboratory. Resource as-
sessment work has identified more than 20 prime
wind resource sites within the country. Mitsubishi
has, however, exported about 700 of its 250-kW

machines to the United States, most of which were
installed in Cdifornia.

EUROPEAN UNION®

The European Commission (EC) programs for
RD&D in renewable energy are conducted by the
Directorate General for Science, Research, and
Development (DG XII) and the Directorate Gen-
eral for Energy (DG XVII). The mgor programs
arc JOULE Il (focused on R& D and emphasizing
photovoltaics, wind, and biomass with atotal al-
location of $70.8 million“for 1991 -94) and
THERMIE (focused on demonstration and with a
budget allocation of $424 million from 1990 to
1992 and a proposed budget of $181.8 million
from 1993 to 1994). The Commission provides
direct financial support on a cost-shared basis of
up to 50 percent of project costs for R&D and up to
40 percent for demonstration.”ALTENER is a
recently proposed program under the direction of
DG XVII intended to focus on barriers to the de-
velopment of renewable energy .44

U.S. industry competition within the European
Union has in the past been constrained by EU
directives that allow public purchasers in four
sectors (water, energy, transport, and telecommu-
nicate ions) to reject bids that have less than half EU
content by value. Furthermore. if purchasers con-
sider non-EU bids. they are required to give a

3¥Paul Maycock, “Japan Mount\ 27 Year Consersationand Energy Plan.” PV News,vol. 11, No. 10, October 1992.

¥Kobiyashi, op. cit., footnote 24.

4 Matsuyama, 0p. €It o500 33

4 IFormerly the European Economic Community. the name w as changed in Nov ember 1993. This sectionis primarily drawn from Kennedy

and Egan, op. cit., footnote 10.

42Commission of the European Communities, Directorate General XII for Science, Research and Development, “Non-Nuclear Energy
(JOULE 11) 1991- 1994, Information Package, pp.10-11; and Wolfgang Palz. “The European Community R& D program on Photov oltaics.”
paper presented at the 10th European Photovoltaic Selar Energy Conference. Lisbon, Portugal. Apr. 8-12, 1991, p. 1369.

43-The European Community and Wind Energy.” Wind Directions.vol. 11, No. 3. winter 1991-92.

44-Renewables Could Benefit from EC TaxonCO, Output, ” Wind Energy Weekly.Aug..24 1992;"European Carbon Dioxide Target Needs
To Triple Renewables Use.” Solar Letter, vol. 2. No. 18, Sept. 4, 1992: and “Europe Gets Clean Away,” Wind Pow er Monthly,vol.8, No. 9,

September 1992.
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A photovoltaic pumping system near Ziniare, Burkina Faso.
This system provides clean drinking water, reduces the labor
of lifting and hauling water, and can help break waterborne
disease cycles.

g R T
Agreement on Tariffs and Trade (GATT) address-
es some of these issues and commits signatories to
follow a set of rules specifying open, nondiscrimi-
natory procurement practices. It should be noted
that EU directives do allow for equal treatment to
be negotiated bilaterally or multilaterally.”

DG VIII (Development Fund) implements an
international development program with activi-
ties in developing countries. The projects have
included photovoltaic water pumping and electri-
fication with $1.7 million in funding from the
EC."Donor country contributions, primarily
from Germany and France, have increased the val-
ue of this program to U.S. $10 million to $20 mil-

lion. In 1989, a project was initiated within the
THERMIE framework to install PV pumping sys-
tems and other small-scale applications for use in
the Sahel region of Africa More than 1,300
pumps powered by 600-W to 3.5-kW PV arrays
with atotal PV capacity of nearly 2 MW were to be
installed beginning in 1992. The EC contributed
$39 million for this program.”

The EC RD&D objectives with regard to wind
energy are to identify the Union’s resources and to
develop design and testing methods with a focus
on large machines. Current expenditures are about
$4.85 million per year.

The EU is considering a Europe-wide carbon
tax on fossil fuels in order to reduce CO,emis-
sions. Thus far, only Denmark has passed legisla-
tion enacting this type of tax, although several
other countries such as Germany, the Netherlands,
and Italy have considered similar measures. The
renewable energy industry in Europe could bene-
fit from a tax on CO,emissions. It should be
noted, however, that European prices for electric-
ity are often substantially higher than those in the
United States without any carbon tax. For exam-
ple, the price for electricity in the industrial sector
in 1991 was 8.8¢/kWh in Germany compared
with 4.9¢/kWh in the United States.” This allows
RETSs to be fully competitive at a somewhat earlier
point in their development path.

To preserve competition within the European
Union, implementation of a carbon tax is contin-
gent on the introduction of similar tax measures
by other OECD member countries.50 Oil export-

45U.S. International Trade Commission, The Effects of Greater Economic Integration Within the European Community on the United Sates,

usITC Publication 2204 (Washington DC: July 1989).

4U.S. International Trade Commission, The Effects of Greater Economic Integration Within the United States: Second Follow-up Report,

usITC Publication2318 (Washington DC: September 1990); U.S. Interational Trade Commission, The Effects of Greater Economic Integra-
tion Within rhe European Community on the United States: Fifth Follow-Up Report, USITC Publication 2628 (Washington DC: April 1993).

47palz, op.Cit., fOOtNOteE 42.

48\ S. Imamura et al., Photovoltaic System Technology: A European Handbook (Brussels, Belgium: Commission of the European Com-

munities, 1992).

49U.8. Congress, Office of Technology Assessment, Industrial Energy Efficiency, OTA-E-560 (Washington, DC: U.S. Govemnment Printing

Office, August 1993).

5@ Renewables Could Benefit from EC Tax on CO; Output,” op. cit., footnote 44.
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ers to the EU have threatened retaliatory trade ac-
tion if the community pushes ahead with this
proposal.”

DENMARK®

In 1973, Denmark was 99-percent dependent on
imported energy supplies, mainly oil. As aresult
of new energy policies, Denmark’s annual gross
energy consumption is lower now than in 1972,
and its dependence on imported ail is less than 50
percent of the energy supply.”The Energy 2000:
Plan of Action for Sustainable Development now
serves as the foundation of Denmark’s energy
policy.”Its goal is to reduce energy use and at-
mospheric emissions by 2005 by reducing energy
consumption by 15 percent, CO,emissions by at
least 20 percent, sulfur dioxide (SO, emissions
by 60 percent, and nitrogen oxide (NO,) emis-
sions by 50 percent. Use of renewable energy is
expected to double. As part of this goal, the gov-
ernment has committed to further promotion of
wind power. The plan estimates an installed ca-
pacity of 1,500 MW in 2005, corresponding to 10
percent of the expected electricity consumption .55

Installed wind power capacity in Denmark is
currently between 670 and 730 MW; wind power

supplies approximately 2.3 to 2.6 percent of its to-
tal electricity.” Wind energy development *"

Denmark has followed two paths: the develop-
ment of small wind turbines through private ini-
tiatives on an individual or collective basis, and
the development of large wind turbines and wind-
farms by Danish utilities.” PV is not amagjor fo-
cus of the Danish renewable energy program.

The Danish wind energy program was initiated
in 1977. Government support for R& D has been
limited. The RD&D program is funded by both
the Ministry of Energy at $1.6 million/year and
the Ministry of Industry at $2.4 million/year. Most
of the support has gone to the Riso Test Station,
with asmall portion allocated to universities and
miscellaneous RD& D projects. The overal Dan-
ish wind program during the 1980s cost about $95
million.* The Danish government has opted to
pursue direct market stimulation in the form of
subsidies rather than implement an extensive
R&D program.

The private sector has contributed significantly
to the development of wind technology, and rough
estimates suggest that total private contributions
toward wind development are of the same order of
magnitude as government programs .59 Additional
support is provided by the utilities.” In December
1985, Danish utilities entered an agreement with
the government to develop 100 MW of wind pow-
er capacity by the end of 1990; the 100-MW goal

s!European Official Raps U.S. Stance on Carbon Dioxide,” Wirid Energy Weekly, vol. 11, No. 493, Apr. 13, 1992, p. 4.
52This Section is primarily drawn from Kennedy and Egan, op. cit., footnote 10.

53Finn Godtfredsen, “Wind Energy Planning in Denmark, ” paper presented at the European Wind Energy Association (EWEA) Special
Topic Conference on [he Potential of Wind Farms in Denmark, Denmark, Sept. 8-11, 1992.
54Danish Ministry of Energy, “Energy 2000--A Plan of Action for Sustainable Development,” April 1990: and ibid.

55Jens Kr. Vesterdal, . EXpe” €NCEe with Windfarms in Denmark,” paper presented at the EWEA Special Topic Conference ON the Potential of

Wind Farms in Denmark, Denmark, Sept. 8-11, 1992.

56Birger T, Madsen, “The Danish Wind power Industry, ” paper presented at the Wind Power 199 | Conference, 1991, p. 82; Godtfredsen,

op. cit., footnote 53; and ibid.

57Vithem Morup-Pedersen and Soren Pedersen, “Wwindfarm Projects Joint Ventures Between a Danish Utility and Private Cooperatives,”
paper presented at the EWEA Special Topic Conference on the Potential of Wind Farms in Denmark, Denmark, 1992.

58Renewable Energyis KeyPart of Global policy, Danes Say,” Wind Energy Weekly, vol. 1 1, No. 480, Jan. 13, 1992, pp. 3-4.

59Danish Ministry of Energy Wind Energy in Denmark: Research and Technological Development (Copenhagen, Denmark: 1990).

60[bid.; Danish Ministry of Energy, “Development of Wind Energy in Denmark,” paper presented at the World Renewable Energy Congress

11, Reading, England, Sept. 13-18, 1992.
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was achieved by the end of 1992.In March
1990, the Danish Parliament asked the utilities to
develop an additional 100 MW of installed capac-
ity by the end of 1993.

Until the end of 1990, Danish utilities bore 30
percent of the cost of grid connection for private
wind turbines with a ceiling of $54.50/kW
installed.” A new approach requires that the
sometimes substantial costs of reinforcing the
grid due to connection of new windmills be paid
by the electric utility companies, while the cost of
connecting to the grid be covered by the wind
powerp| ant Owner_6 This has been controversial.
For atime it appeared that the utilities would be
successful in shifting more of the cost of grid con-
nection back onto wind turbine owners, and re-
quiring them to pay 65 percent of the costs of
strengthening the grid, if necessary. It appears that
the owners' association has prevailed in this battle
since reports indicate that the cost of grid connec-
tion has been made the responsibility of the utili-
ties.”

Danish wind energy incentives were intro-
duced approximately 10 years ago. Initialy each
wind turbine erected by private companies re-
ceived a government payment of 30 percent of
capital costs. This subsidy was reduced gradually
as the costs of wind energy declined, and it was
discontinued in 1989. Under this payment pro-
gram, approximately 2,500 wind turbines with a
total capacity of 205 MW were installed.”In late
1992, a new subsidy program to stimulate invest-

ment inwind power was initiated. The program
guarantees private turbine owners a buyback rate
equivalent to 85 percent of the pre-tax price at
which local electricity companies sell power to
customers, and it obligates utilities to purchase the
power. 66 Th.wind power purchase price ‘ill av-
erage 6¢/kWh.”

Denmark has an energy tax levied at 4.9¢/kWh.
Until May 1992, this tax was refunded to renew-
able energy power producersin the private sector
at alevel of 4¢/kWh. The tax relief was structured
0 as to reflect avoided costs.” The value of the
electricity tax was added to the payment that own-
ers of wind turbines received for supplying wind-
generated electricity to the grid.” Electricity
produced by wind turbines owned by electric utili-
ties was not exempted from taxation.

A private individual or group of individuals
pays taxes only on income from the sale of those
wind power kilowatt-hours generated in excess of
domestic consumption of electricity with a
10-percent margin_70 Private turbines receive a
grant amounting to 4.3¢/kWh as part of a CO,tax
package, replacing the refund of a standard elec-
tricity tax described above. According to a press
release of the EC, the combined guaranteed buy-
back rate and the grant “will give windmill opera-
tors an average subsidy of around 55 percent of
building and operating turbines.” Altogether,
$19.7 million was channeled to turbine operators
by the program in 1992."

61]nternational Energy Agency, Wind Energy Annual Report (Paris, France: 1992).

62 Andrew Garrad, European Wind Energy Association, “Time for Action: Wind Energy in Europe,” October 1991.

63 European Commission, “Commission Approves Price Support fOr Wind Power,” press release, Sept. 30, 1992.
64 Minister Rules AgainstSingle Turbinesand for Grid connection Charges,” Wind Poswer Monthly, vol. 8, No. 3, March 1992.

65 American Wind Energy Association, « European Wind Energy Incentives,” Feb. 19, 1992.

66 European Commission, op. cit., footnote 63.

67, Developers Wait Anxiously for Brussels Approval Of New Regulations,« Wwind Power Monthly, vol. 8, No. 8, August 1992.

68Garrad, op. cit, foOtnote 6*.

69 Danish Ministry of Energy, Op. Cit., footnote 54.
To] bid.; and Garrad, op. cit., footnote 62.

7| European Commission, 0p. cit., footnote 63.
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Shareholders in wind plants also reclaimed the
value-added tax (VAT) paid on their power of 22 to
25 percent in 1992. Private owners of turbines
supplying power directly to their properties could
not reclaim the VAT.”

In 1990, the Danish government, in coopera-
tion with Danish wind turbine manufacturers and
two Danish financing companies, created a pri-
vate company called Danish Wind Turbine Guar-
antee to offer long-term financing of large projects
using Danish wind turbines. Financing periods
depend on project value and run from 85 to 12
years. The Danish program will guarantee repay-
ment of loans on Danish wind turbine projects for
a 2.5-percent premium added to the interest on the
debt, for up to 20 percent of the financed amount.
The price of the guarantee is built into the cost of
the wind project. The guarantees are underwritten
partially by the government and partialy by the
limited-risk shareholder company set up to ad-
minister them. The company’s share of the capita
is $6.38 million, and is supported by a guarantee
of U.S. $110 million from the Danish government
and income from sale of the guarantees and in-
terest earned on investment of the shareholder
capital .73

This loan guarantee program significantly re-
duces the risk in selecting Danish units for a wind
plant. If the units should become uneconomical to
operate in the future, a company could shed the
added debt service burden. It is an attractive tool
to boost export sales and has been used by the
American company Zond on a recently completed
project in California.” This financing is not avail -
able within the EU, however, due to the EU deci-
sion that it was a form of unfair competition .75

In the early 1980s. wind turbine sales were
based primarily on a subsidized home market.
During this time, the Danish wind industry was
characterized by more than 20 small companies
producing 55-kW wind turbines. As of 1989, there
were six significant manufacturers of wind tur-
bines (see table 7-5). In the mid-1980s, exports
became important. Danish wind turbines have
been installed in 30 countries around the world.
The market distribution of Danish wind turbine
exports in 1990 was California, 64 percent; Ger-
many, 19 percent; Spain, 5 percent; India, 4 per-
cent; Netherlands, 3 percent; Sweden, 2 percent;
and others, 3 percent.76 By the end of 1991> ‘ore
than 8,300 Danish wind turbines with a total ca-
pacity of approximately 840 MW had been
installed abroad.” Development assistance for
wind energy projects, usualy tied to Danish
equipment, has been offered by DAN IDA (Danish
International Development Agency) to various
developing countries including India, Egypt, Chi-
na, and Somalia.

FRANCE™

RD&D in renewable energy is the responsibility
of the Agency for Energy and Environment Man-
agement (ADEME), which funds and coordinates
R&D with programs undertaken by industrial
partners and other public organizations. For ex-
ample, in collaboration with the state-owned util-
ity, Electricity de France (EdF), ADEME is
sponsoring a program for 20 isolated homes to
generate electricity from photovoltaic panels and/
or wind turbines. The FY 1993 renewable energy

72" Danes Use Carbon Tax To Pay for Wind,” Wind Power Monthly,vol. 8, No. 6, June1992.

73Madsen. op. cit., footnote 36-

M1bid.

75Gee | bl

d, and “If You Can’t Beat ThemJoin Them,” Wind Power Monthly,vol.8.No.1, January 1992.

76 Madsen, op. €it-- footnote 56: Danish Ministry of Energy, Op cit.. footnote 59-

"Godtfredsen, op. cit., footnote 53.

78This SECtiON jg primarily drawn from Kenned,and Egan. op. cit., footnote 10.
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TABLE 7-5: Principal Manufacturers of Grid-Connected Wind Turbines

Turbines produced

Manufacturer Country through end of 1989
US Windpower United States 3,500
Mitsubishi Japan 500
Vestas/DWT Denmark 2,800

Micon Denmark 1,600

Bonus Denmark 1,250
Nordtank Denmark 1,100

Danwin Denmark 300
Windworld Denmark 102
HMZ/Windmaster Belgium/NL 269
Nedwind-Bouma Netherlands 58
Nedwind-Newinco Netherlands 68
Lagerwey Netherlands 125

Holec Netherlands 19

MAN Germany 321

Enercon Germany 35

MBB Germany 29
Elektromat Germany 15

HSW Germany 9

WEG United Kingdom 27

WEST Italy 35 (end of 1991)
Riva Calzoni Italy 50 (end of 1991)
Ecotecnia Spare NA

Voest Austria NA

NA = not available

SOURCE A J M van Wik et al , W/rid Energy Status, Constraits and Opportunities (LOndon,England World Energy

Council, Study Group on Wind Energy, July 1992), sitxth draft

budget was $18.7 million, a 15-percent increase
over the 1992 level of funding.

In France, PV is considered among the more
promising of the renewable energy alternatives for
rura electrification and remote offgrid applica
tions. The year 1991 was a turning point for the
French photovoltaic R& D program with the start
of “PV20,” anew R&D program that has the fol-
lowing goals for the year 2000: a 20-percent con-
version efficiency for crystalline silicon solar
cells; $3.50/W (20 francs) as the installed price of
a 100-kWw grid-connected plant that is assembled
and installed by the utility; a system lifetime of 20

years given basic maintenance; and 20 MW per
year manufactured in France. Under the frame-
work of PV20, an R&D program was initiated for
the 1992-96 period.

France has some excellent wind resources, but
its program is small. France expected to reach 5
MW of wind generation capacity by the end of
1993 and 12 MW by the end of 1994, and has set a
target of 500 MW by the year 2005.” France has
approved construction of the country’s first com-
mercial wind powerplant. Electricity de France
has agreed to buy wind-generated electricity from

79paul Gipe, “The Race fOr Wind. “ |dependent Energy, July/August 1093, pp. 60-66
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independently owned turbines. EdF will now pay
an average of 6¢/kWh. EdF will also assist
ADEME in mapping the country’ swind resource
aswell asidentifying sites for future plants.

GERMANY™

Germany spends more on renewable energy than
any other country in Europe. In 1992, its federa
budget for renewable energy was approximately
$216 million; this does not i include spending by
the states, which is substantial for some technolo-
gies such as wind energy, The national renewable
program is focused on solar, wind, and biomass
energy technologies, with a strong bias toward
PV. In 1992, the government spent $65.4 million
on RD&D in PVs™compared with $17.6 million
on wind. The government program is supplement-
ed by substantial state (up to 30 percent of a proj-
ect’s total cost in Bavaria®) and utility support, as
well as other financial support. This financia sup-
port includes credits/loans through the Energy
Savings Program and the Credit Program To Pro-
mote Community Investment: and the "Law on
Supplying Electricity to the Public from Renew-
able Energy Sources,” which requires public pur-
chase and compensation for electricity generated

by small wind or solar systems at a rate of at least
90 percent of the consumer price.”

The Law on Supplying Electricity has had the
effect of raising the nationa tariff for wind and PV
paid by the utilities, from 7¢~ to 11 ¢kWh.* Com-
pensation at these rates is not required if it can be
proven to cause ”.. . undue hardship or prevent the
electric companies from meeting their federally
mandated obligations. Undue hardship exists if
the electric company must raise its prices signifi-
cantly above the market rate.”®

In November 1990, the federal government es-
tablished a goa of decreasing CO,emissions by
25 to 30 percent from the 1987 level by the year
2000, which could stimulate the use of renew-
ables.™ A proposal has been introduced to initiate
a CO,tax on conventional energy sources, this has
been postponed pending development of related
initiatives by the EU.”

The German PV program is strongly R& D-ori-
ented but has begun to focus more on demonstra-
tion projects, which increased from 5 percent of
the PV budget in 1989 to 16 percent in 1991. The
“ 1,000 Roof" program, initiated in 1990, is a dem-
onstration project that is expected to result in
2,250 systems of 1 to 5 kW capacity on roofs of

80This sectionis draw n primarily from kennedy and Egan, op. cit., footnote | 0.

81 A Rauber and K. Wollin, *Photov oltaic R&D in the Federal Republic of Germany,” paper presented at the 6th International Photov oltaic
Science and Enginecring Conference. New Delhi, India, Feb. 10- 12, 1992, p. 529.

82+ Bavaria Takes Up the Challenge..

* Wirid Power Monthly,vol. 8, No. 7, July 1992.

83Compensation for hydropow er. municipal solid waste. and agricultural and forestry residues must be at least 75 percent of the average rate

per kilowatt-hour paid by consumers.

84German Federalm inistry of Researchand  Technology, [ 4w on Supplying Electricity to the Public from Renewable Energy Sources
(Electricity Supply Law),” translation in summary of German Go\ ernment Document No. 66090, Oct. 5, 1990: American Wind Energy
Association, op. cit., footnote 65; and P. Mann et al.. “The 250 MW Wind Energy Program in Germany,” paper presented at the Wind Energy
Technology and Implementation European Wind Energy Conference, Amsterdam, The Netherlands, 1991.

85German Federal Ministry of Research and Technology, op. cit.. footnote 84.

86The citizens group Germanw atch (established to monitor German\ s action on env ironment and dev elopmentissues ) released @ study on

April 7,1992. that stated that the country would fall short of stated goals for reduction of CO;emissions and predicting that Germany will
achieve COjz emission cuts of only 10 percent bythey ear 2005. See “Germany Won't Achieve Goal Environmental Group Says,” Wind Energy

Weekly, vol. 1 1. No.494, Apr. 20,1992, pp. 5-6.

X7 ArminRauber, Fraunhofer Institute of Solar Energy, personal communication to Ted Kennedy and Christine Egan, Aug.18.1992.
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private homes. Participants receive a direct feder-
al subsidy of 50 percent in the western states and
60 percent in the new eastern states. Approximate-
ly 20 percent of the cost of the system is subsi-
dized by state govemments.® A limit has been set
to atotal subsidy of 70 percent of the system cost.
This grid-connected application also alows own-
ers to sell unused power to the utility at 12¢/kWh.
The program is accompanied by a comprehensive
measurement and evaluation program. The budg-
et for the “1,000 Roof’ program from 1990 to
1995 is approximately $55 million. This figure is
incorporated in the Federal Ministry of Research
and Technology (BMFT) annua budget figures.
As of January 31, 1992, this program was opened
to non-German manufacturers within the EU with
the appropriate business permits.” Interest in the
program was very high, but reportedly moderated
in 1993.

The development of wind power has been sup-
ported by BMFT since 1975 through cost-shared
wind-related RD&D. Germany has a national goal
of 1,000 MW of installed wind power capacity by
2000. The installed wind power capacity at the
end of 1991 was 110 MW, which had increased to
333 MW by January 1994."BMFT provides

approximately 50 percent of the total cost of all
wind-related RD&D projects, with additional
funding provided by the states and the EU.”
These figures exclude the 250-MW demonstra-
tion program, which was reportedly allocated a to-
tal budget of$215 million.*Wind also receives a
10¢/kWh incentive for grid-connected machines
and additional subsidies from several states. Other
initiatives are expected.”

Under the “250-MW” demonstration program,
wind install ations are subsidized either through a
price incentive of 3.7@ to 5¢/kWh*or a one-time
capital investment grant of up to 60 percent of the
facility cost.”By May 1991, more than 2,300 ap-
plications for 4,200 systems with a total capacity
of 520 MW had been submitted.” By the end of
July 1992, 545 turbines representing an installed
capacity of 89 MW were operating under the gov-
ernment program. Some 690 turbines had been
installed as of December 1992 under the program,
with a capacity of approximately 110 MW.” As of
March 1993, expenditures for the 250-MW pro-
gram totaled $24.6 million.”

Special low-rate bank loans from two central
pools contribute significantly to wind power’s fi-

88German Federal Ministry for Research and Technology, “Extension of Deadline for Applicants from the New German States for the
1000-Roof s Photovoltaics Program,” pressrelease, Jan. 31, 1991; and Rauber and Wollin, op. cit., footnote 81.

891bid.

90 Randy Swisher, American Wind Energy Association, personal communication, May 1994.

91International Energy Agency, Wind Energy Annual Report (Paris, France: 1991).

92International Energy Agency, op. cit., footnote 61; “Guidelines for the Promotion of Wind Turbines Under the 250 MW Program and
Within the Framework of the Third Program for Energy Research and Technology,” translation in summary of the German Government docu-

ment, Feb. 22, 1991.

93-New Program in the Pipeline,« \\ing power Monthly, vol. 8. No. 7, July 1992.
944 operator of a stand-alone machine receives 5¢/kWh for power consumed by the Operator, and operators of grid-connected turbines

receive 3.7¢/kWh, as well as the compensation paid by the utility equal to 10¢/kWh. Payment of this incentive ceases when the sum of the
avoided electricity costs, electricity sales, and public subsidies (including those of the EC) reaches double what it cost to build the wind energy

facility.
95Mann et al., op. it footnote 84.

%1bid.

97German Federal Ministry of Research and Technology, “Promotion of Wind Energy by the Federal Ministry of Research and Technolo-

gy,” trandation in summary of the German Government document, March 1993.

9%8ibid.



Chapter7 Government Supports and international Competition

nancial support. Kredistanstalt fur Wiederaufbau
and Deutsche Ausgleichsbank operate behind the
scenes to offer credit schemes for wind power de-
velopment, resulting in interest rates as low as 8
percent® compared with standard rates of around
15 percent (as of July 1992; assumed to be the
nominal rate) or arate subsidy of nearly half. Bor-
rowing procedures are simple, and loans often
come through faster than planning permission.
The bank assumes the risk in exchange for the 1
percent interest rate it levies. 'm

International development is supported under
the five-year Eldorado Program initiated in Octo-
ber 1991, which provides for wind and PV energy
projects in developing countries through invest-
ment subsidies with a maximum of 70 percent of
the equipment price. German-based manufactur-
ers and suppliers of plants and systems are eligi-
ble. * The subsidies are granted directly to the
manufacturer of the equipment rather than the
project operator, with the hope that the manufac-
turer will be more likely to protect its reputation,
and the reputation of the technology, by making
sure the project succeeds. ** Transportation from
Germany to the site is subsidized 70 percent, and a
scientific measuring and evaluation program is
supported. ““As of February 1993, six Eldorado
Wind projects with a total capacity of 4.5 MW had
been contracted with Chinese, Brazilian, Russian,
and Egyptian counterparts and one Eldorado Sun
project was supported in the Peoples Republic of
China, including four PV pump systems of 4.8
kW, four battery chargers without inverters (1.1

1249

In the state of Ceara in northeast Brazil, the village of
Cardeiros has been the site of early PV deployments. The
photo shows the village school with individual PV power
systems for lighting and TV, refrigeration, street lighting, and
water pumping.

kW), and 16 battery chargers with inverters (43.8
kW)

ITALY™

In 1988, al the existing nuclear powerplants in
Italy were shut down and all plans for the
construction of new nuclear facilities were
halted. " Renewable energy is viewed as the
most plausible option for decreasing dependence
on imported fossil fuels and protecting the envi-
ronment. The Italian National Energy Strategy
(PEN) sets national goals for the installed capacity
of renewable energy. For PVs, goas of 25-MW
installed capacity by 1995 and 50- to 75-MW

99Rates are ypically 7 to 7.5 percent, with a 1 -percent loan origination fee.

190-Financial Packaging.” Wind Power Monthly, vol. 8, No. 7, July 1992.

101German Federal Ministry of Research and Technology, “Guideline for the Promotion of Piloting Wind Power Plants Under Various Cli-
mactic Conditions, " translation in summary of the German Government document, Oct. 23, 1991.
102+Seeking N&W Horizons,  Windpower Monihly, vol. 8, No. i, January !992.

193German Federa] Ministryof Research and Technology. “The Eldorado Test and Demonstration of Wind and Photo\ oltaic Systems Un-
der Different Climactic Condition\,” n.d.: “Staying Power Needed To Reach El Dorado,” Wind Power Monthiv,v 01.8. No. 9, September 1992;
and “German Wind Power in Brazil,” Solar Energy Intelligence Report, vol. 19, No. 3. February 1993.

104This section is drawn primarily from Kennedy and Egan, op. cit., footnote 1 0.

!05The moratorium ended in December 1992, but it is unclear whether the industry will be revived. Branstetter, op. ¢it.. footnote 28.
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installed capacity by 2000 have been outlined.
When the goals were established in 1991, the
installed capacity was 3 MW. For wind power,
PEN has established atarget of 300 to 600 MW by
the year 2000, with an interim goal of 60 MW
of installed capacity by 1995. *In December
1992, Italy’s wind generating capacity was
approximately 6 MW, another 14 MW were under
construction, and nearly 20 MW were expected to
be in operation by the end of 1993. *

The Italian renewable energy program is a joint
effort of the Agency for Research and Develop-
ment on Nuclear and Alternative Energies
(ENEA) and the National Electricity Board
(ENEL). In 1989, ENEL launched a demonstra-
tion program including two major initiatives; test-
ing of Italian turbines and foreign turbines side by
side in a marine environment at the Alta Nurra test
site and in mountainous terrain at the Acqua
Spruzza test site; and development of two full-
scale windfarms (each equipped with 40 machines
supplied by Italian manufacturers), onein Monte
Arci in Sardinia and another at Acqua Spruzza.
ENEA carries out the bulk of the PV R&D activi-
ties, with a focus on research into innovative ma-
terials and devices. ENEL works with ENEA on
systems development and demonstration pro-
grams.

RD&D initiatives are supplemented by Law
No. 10 passed on January 9, 1991, which deter-
mined the use of renewable energy to be in the
“public interest” and provides for grants to public
authorities, private companies, and state organiza-
tions. For wind turbines or windfarms with a ca-
pacity of 3 MW, investment subsidies of up to 30
percent of the capital expenditure are available.
For PVs, subsidies of up to 80 percent of the capi-
tal expenditure are available for isolated houses.

106 American Wind Energy Association, op. cit., footnote 65.

Demonstration plants in both technologies are eli-
gible for a 50-percent subsidy. A similar subsi-
dy, limited to rural residences inhabited by those
engaged in agriculture, was contained in a pre-
vious law instituted in 1982. Significant results
came of this support, including the electrification
of 4,100 rural dwellings and a total installed ca-
pacity of 1,850 kW of PV systems.

In June 1992, the Interministerial Committee
on Prices passed a new law on the price paid by
ENEL for electricity produced by renewable ener-
gy. New PV equipment can now receive 20@ to
28¢/kWh, and new wind equipment can receive
14@ to 17¢/kWh. Payment is determined by
whether the power is dedicated to the grid or
whether only excess capacity is provided, and is
adjusted further for peak or offpeak production
and capacity factors.

NETHERLANDS™

The wind energy program in the Netherlands in-
cludes RD& D supported by the Ministry of Eco-
nomic Affairs through the Netherlands Agency
for Energy and the Environment. It also includes
direct funding of research institutions such asthe
Netherlands Energy Research Foundation.

The Integral Wind Energy Plan (IPW), which
was in existence from 1986 to 1990, was the first
government program to engage in direct market
stimulation in the form of capital cost incentives
based on installed kilowatts. In 1989, the invest-
ment subsidy was between 37 and 45 percent of
the project cost, with a maximum of $600 to
$740/kW installed. In 1990, the subsidy was re-
duced to 35 to 40 percent, with a maximum of
$545 to $600/kW. In both cases, the percentage
depended on the nonprofit or for-profit status of

107Italian Federal Wind Program Begins To Gather Momentum,” Wind Energy Weekly, vol.ll, No. 525, Dec. 7, 1992, pp. 2-4.

1081bid.

109G, Ambrosini et &., “Programs for Wind Energy Exploitation in Italy: A Progress Report,” paper presented at the Windpower 1991 Con-
ference, Palm Springs, CA, Sept. 24-27, 1991, “Renewable Energy Incentive Gets Approval,” Wind Directions, winter 1991.
110This section is drawn primarily from Kennedy and Egan, op. cit., footnote | 0.



Chapter 7 Government Supports and International Competition 1251

the company. An environmental/low-noise-pollu-
tion subsidy was offered in the amount of $55/kW
installed in 1989 and $27/kW installed in 1990. In
1990,$25 million was available through the IPW
program. " atotal of 127 MW of wind power Ca-
pacity was installed under this program: 58 per-
cent by utilities, 24 percent in commercial
applications (including farming), 14 percent by
private investors, and 4 percent by family coop-
eratives. ™ Total wind capacity in 1992 was ex-
pected to be 130 MW.

In January 1991, the Application of Wind Ener-
gy in the Netherlands (TWIN) program was initi-
ated. TWIN is based on the official government
position developed in the Energy Conservation
Policy Paper and the National Environmental
Policy Plan, which together set ambitious goals
for energy conservation and supply diversifica-
tion. These include the development of 1,000 MW
of wind power by the year 2000, with $300 mil-
lion allocated to the first 400 MW, to be followed
by additional support for the remaining 600 MW.
A goal of 2,000 MW of installed wind power ca-
pacity by 2010 is outlined. Most of the funds for
wind power development are provided by the
Ministry of Economic Affairs ($22.29 million in
1992), and the Ministry of Housing, Physical
Planning and the Environment ($820,000 in
1992).

Technological development is conducted under
TWIN to ensure continuing product development,
with a goal of a 30-percent improvement in the
price performance ratio and an electricity cost of
14¢/kWh. Wind turbine owners in the TWIN pro-
gram receive a capital cost subsidy of up to 40 per-
cent as determined by the rotor swept area. A
bonus payment from the Environment Ministry is
offered for low-noise wind turbines ™ and for tur-

bines sited in specially approved, less environ-
mentally sensitive areas. Additionally, 50 percent
of the cost of feasibility y studies can be covered, up
to $31,250. Information dissemination, outreach/
education, assessment of the existing program
against international and market developments,
and promotion of international cooperation are
also conducted under TWIN.

The utility sector has developed an Environ-
mental Action Plan to install 250 MW of wind
power in the Netherlands in 1991-95. The eight
power distribution companies combined to form
an organization called the Windplan Foundation
with plans to construct most of the 1,000-MW
goa of the TWIN program. The objectives of
Windplan are the coordination of a combined in-
vestment program of 250 MW of windfarms with-
in the next five years, coordination of a purchasing
program for wind turbines, and support of the de-
velopment of wind turbine technology.]'4 In addi-
tion, the utilities pay tariffs to turbine owners
ranging approximately from 6.8@ to 10.6¢/kWh
depending on the province. **

The power distribution company for the Neth-
erlands provinces of Gelderland and Flevoland,
PGEM, has more than doubled the tariff it pays for
wind power to private owners of turbinesup to 3
MW. Beginning in 1993 for a period of 10 years
the utility will pay new installations 8.8¢/kwh.
The new policy of PGEM apparently offers sup-
port to the Association of Private Wind Turbine
Owners (PAWEX). PAWEX isin the midst of a
drawn-out conflict with the Association of Dis-
tribution Companies (VEEN) over the tariffs paid
for wind power in the Netherlands. VEEN claims
that 3.5@ to 3.7¢/kWh, the equivalent of the cost of
fuel saved by the use of wind power, is afair rate.

111joe Beurskens, “Wind Energy in the Netherlands,” compiled for the 1990 Annual Report of the International Energy Agency, Large-

Scale Wind Energy Conversion Systems Executive Committee, 1990.
112ZAmerican Wind Energy Association, op. cit., footnote 65.

113Private Developers Granted Larger Share of Subsidy Cake.” Wind Power Monthly, vol. 8, No. 2, February 1992.

I 1 30TA has received w ord that the Windplan program had been substantially cut back, but details are not available.

115One Thousand Extra TurbinesinFour Years,” \wind D irections, winter 1991.
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Kenetech Windpower, Inc., 33M-VS wind turbines on Cowley
Ridge in Alberta, Canada.

PAWEX wants the utilities to also pay for the
avoided cost of environmental damage and claims
that a tariff of 10.6¢/kWh would be more reason-
able. The conflict is now in arbitration. Until De-
cember 1991, PGEM followed the VEEN
guidelines, but it has changed its policy to “ex-
press its appreciation for the environmental ad-
vantages of wind power. ” Members of VEEN in
Friesland and PEN in Noors pay 6¢ and 8¢/kWh,
respect ivel y.

An estimated 25 MW will also beinstalled by
private investors in 1991-95.117 Opportunities for
wind turbine installation by private individuals
were significantly improved in 1992, following
changes in the regulations governing wind power
subsidies.

Of the 250 MW of wind capacity Windplan in-
tendsto install, it invited non-Dutch manufactur-
ers to bid for only 80 MW, providing Dutch
companies a significant advantage. It is not clear
how this action—with more than 2,600 turbines
installed in the Netherlands, none imported as of
1991—fits within the framework of EU regula-
tions.'*

Kenetech-U.S. Wind Power, a privately held
American company, has signed a contract to build
and operate 25 MW of wind energy turbines for a
utility in the Netherlands. U.S. Wind Power will
finance, install, and operate the turbines and, un-
der a power purchase agreement, will sell its out-
put of 60 million kWh of electricity ayear to NV
Energiebedrijf, which serves the provinces of
Gronigen and Drenthe. The machines are sched-
uled to be online by the end of 1994. Actual
construction may be performed by a Dutch com-
pany rather than Kenetech’s construction subsid-
iary, but no transfer of technology is presently
planned. ™

SWITZERLAND ™

In September 1990, Switzerland's citizens voted
for athree-pronged energy policy: a moratorium
was declared on the construction of new nuclear
plants for 10 years; existing nuclear plants were to
continue to operate; and the Federal Ministry of
Energy and the states (cantons) were given a man-
date to pursue a more intensive energy policy pro-
moting conservation and renewable. As a result,
an action plan, “Energy 2000,” was initiated. As
of early 1993, funds had not been allocated specif-
ically to the Energy 2000 program, and it is not yet
clear what initiatives will be developed for PV or

116+Utility Doubles Rate of Pay.” Wirid Power Monthly,vol. 8. No, 1, February 1992.
117E Luke,and R de Bruijne, Netherlands Agency for Energy and the EN\ ironment, «1ne Netherlands Wind Energy Stimulation Program:

The Success of a Continuous Effort,” paper presented at the Wind Energy Technology and Implementation European Wind Energy Conference,

Amsterdam, 1991.

118-One Thousand Extra Turbines in Four Years,” op. cit., footnote115.

n9-ysw T. Supply Windpower to Netherlands Utility,” Solar Energy Intelligence Report, vol.18,No.14, July 13,1992,

120Thjs section is drawn primarily from Kennedy and Egan, op. cit.. footnote 10.
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wind power. The budget will be allocated annually
by Parliament, and the necessary funding is esti-
mated to be approximately $777 million. Thisis
expected to be covered by the federal government
in the form of incentives, as well as by the private
owner. Subsidies of 30 to 50 percent of the capital
cost of systems would appear to be necessary.

Switzerland stated goal is for renewable ener-
gy to provide 3 percent of the thermal energy and
0.5 percent of the electric energy the country
needs by the year 2000. A complementary goal of
50 MW of installed PV capacity by the year 2000
has also been set. Photovoltaic R& D expenditures
have risen from $5.2 million in 1990 to $8.64 mil-
lion in 1992, but were expected to decrease to
$5.05 million in 1993.

As aresult of the energy utilization resolution
passed by the Swiss Parliament in December
1990, public power companies are obliged to pur-
chase the electrical energy produced by inde-
pendent power producers using PV, wind,
cogeneration. and micro-hydroelectric power sta-
tions and to reimburse them at an “appropriate
rate. ” For renewable energy power generation, the
purchase price is based on the margina cost of
new domestic installations. Remuneration of be-
tween 21@ and 29¢/kWh “is possible. ’* 121 Scat-
tered canton support in the form of attractive
buyback rates and installation incentives has been
reported, although there does not appear to be a
uniform policy,

The government parties have reached a verbal
agreement to impose a resource or energy tax to

encourage the use of renewable. However, the
rapid introduction of a CO,-energy tax is restricted
by the need to find a consensus with the EU. Con-
sequently, it is unlikely to be introduced soon.

A fund exists for PV installations in govern-
ment-owned buildings, such as military camps,
railway stations, and post oftices. Since Septem-
ber 1992, the Swiss government has supported PV
grid-connected installations for schoolswith a

payment of $4,000/kW. *

UNITED KINGDOM™

The British Department of Trade and Industry has
a series of regional planning studies under way to
assist local authorities in identifying the renew-
able energy potential. Although the United King-
dom is considered to have the best wind resource
in Europe, relatively few wind turbines had been
installed until recently. High taxation on indepen-
dent power production and low buyback rates
throughout the 1980s hindered large-scale wind
power development. - The completion of Eng-
land’s first commercial wind powerplant, a 2-MW
installation at Delabole in the southeastern county
of Cornwall, brought total wind capacity in the
United Kingdom to 12 MW.* Proposals for 16
large-scale windfarms amounting to 130 MW
were granted power purchase contracts and plan-
ning permission in mid-1992.126 By the end of
1992, 30 MW of wind power capacity were ex-
pected to be in operation,” and an additional 100
MW were under development, to be operational in

I2IT. Nordman, “ Photo\ voltaics Applications in Switzerland, " paper presented at the 11 th European Photovoltaic Solar Energy Conference,

Montreux, Switzerland, Oct. 16, 1992.
1221bid.

123Thjs sectionis primarily drawn from Kennedy and Egan, op. cit., footnote !0

124Peter Musgrove and David Lindley, “Wind Farm Developments in [he U.K..” paper presented at the European Wind Energy Conference.
Y

Amsterdam, The Netherlands\, 1991,

125 British Renewables Budget Frozen,” Wind Power Monthly, vol. 8, No. 3, March 1992.
126~Great Oaks from NFFO Acorns,” Wind Power Monthly,vol. 8, No. 5, May1992.

127 Andrew Garrard of Garrad Hassan, persona] communication with Ted Kennedy and Christine Egan, Meridian Corp..1993.
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1993, making the British market the largest in
the world in 1992."

Photovoltaic efforts have not fared as well. A
budget of about $4 million is dedicated to solar en-
ergy overal, but there is no official budget for PV.
In 1989-90, an assessment of the prospects for PV
power generation in the United Kingdom was un-
dertaken by the Energy Technology Support Unit
(ETSU). In response to this action, a number of
leading authorities on PV's have setup the British
Photovoltaic Association.

In 1990, the British power industry was privat-
ized, and the government developed the Non-Fos-
sil Fuel Obligation (NFFO), which required the
purchase of specified amounts of power from non-
fossil sources. This was done in part to ensure that
the industry continued to buy output from the nu-
clear stations (despite their higher costs compared
with fossil fuels), but it has also provided an impe-
tus to the development of some renewable energy
technologies such as wind.” At present costs,
PV projects are not considered supportable under
the obligation. The additional costs incurred by
the regional distribution companies to satisfy the
nonfossil fuel obligation are met by atax on the
electricity supplier (which is passed on to the con-
sumer) of 10 to 11 percent on all revenue from
coal-, oil-, and gas-generated power sales. ™

Since NFFO was introduced, three calls for
proposals have been made. The first phase of proj-
ect solicitations took place in 1990 and resulted in

75 contracts totaling 152 MW of installed renew-
able energy Capamty 132The 1991 call resulted in
122 contracts for 472 MW. By far the largest por-
tion of the proposals were based on waste burning
to generate power. Wind projects totaling more
than 400 MW were submitted, and nine projects (a
total of 28.4 MW) were selected. ** Of these, four
were existing prototype projects, and the remain-
ing five were windfarm proposals each of greater
than 1 -MW rated capacity. ™ The most recent call
reguires the purchase of an additional 300 to 400
MW of renewable power in contracts that run 15
to 20 years. ™

Originally, power was to be purchased at
11 ¢/kWh, but by 1991 the price for wind was
21¢/kKWh.™ After 1998, payment will fluctuate
and be based on a “pool price” of approximately
4.6¢kWh. This expiration date has been reflected
in the availability of financing for this truncated
period. Because of the planning, permitting, and
construction time of 1 %2 to 2 years, the preferred
rate will be available for only 6 to 7 years, and
lenders have insisted on recovering their invest-
ment during the fixed price period. * British
wind powerplants cost $2,300/kW installed ca-
pacity to build, with power costing about
18¢/kWh, as of 1992.

Throughout the 1990s, NFFO orders are ex-
pected to total about 1,000 MW, expanded from an
original obligation of 600 MW. Wind is expected

Iz~""u,td Kingdom To Pass U.S. in the New Wind Installations.” Wind Energy Weekly, vol. 11, No. 500, June 1, 1992, pp. 4-5.

129-Great Oaks from NFFO Acorns,” op. cit., footnote 126.

130Musgrove and Lindley, op. cit., footnote 124.

13t+United Kingdom Mo, To. §jowly onRenewables Government panel Says,” Solar Letter, vol. 3, No. 2, Jan. 22,1993; D.I. Page and

H.G. Parkinson, Energy Technology Support Unit, Harwell Laboratory, Didcot, U. K., “The Development of Wind Farms in England and

Wales,” n.d.
132page and Parkinson, op. cit., footnote ! 31.
133Musgrove and Lindley, op. cit., footnote 124.
134page and Parkinson, op. cit., footnote 131.
(35Branstetter, op. cit., footnote 28.
136page and Parkinson, Op. Cit., footnote 131.

137-UK Expected T- Expand Renewable Energy Program,” Wind Energy Weekly,vol. 1 No. 499, May 18, 1992, p. 1.
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FIGURE 7-2A: Total Federal RD&D in
Photovoltaic Technologies, 1992
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SOURCE Otice of Technology Assessment, 1995 based on table 7-1

to comprise about half of this amount. 138 By Sep.
(ember 1992, f“Inal permission had been acquired
for 49 percent of the NFF0.1* Monitoring of
these projects will be carried out by ETSU. A few
projects will be singled out for more detailed mon -
itoring by independent consultants, including two
windfarrns under a three-year, $4.4-million, co-
funded R&D program between National Wind
Power and the Department of Trade and Indus-
try. *“

According to the American Wind Energy
Association, several U,S. companies have placed
bids through the NFFO program, including the
Wind Harvest Company and a 4-MW project of
Carter Wind Turbines. SeaWest Power Systems is

the most active U.S. firm in the United Kingdom
and is developing 40 MW of capacity there.

COMPARISONS

The preceding descriptions of national programs,
and those of the United States as discussed in
chapter 5, offer a snapshot of the wide array of
supports that PV and wind technologies are re-
ceiving. It is useful here to briefly compare these
supports.

Federal RD&D support for PVS is shown in to-
tal current dollars and in dollars per capita in fig-
ure 7-2. As noted in chapter 1, U.S. support for
PV'S has risen considerably since 1992, but that

FIGURE 7-2B: Per Capita Federal RD&D in
Photovoltaic Technologies, 1992
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FIGURE 7-3A: Total Federal RD&D in Wind Energy Technologies, 1992

Total investment (million 1992$)
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Kingdom

Japan

Total RD&D investment in wind energy technologies is shown for various OECD countries. By this measure, the
United States ranked third in investment, well behind Italy and the Netherlands.

SOURCE: Office of Technology Assessment, 1995, based on table 7-4

year was chosen for comparison because more re-
cent data for several countries were not available
on a consistent basis. The United States has a pro-
gram roughly comparable in terms of total invest-
ment to those of Japan and Germany, and
somewhat larger than that of Italy. In terms of per
capita investment, however, the United States
ranks far behind the leading countries.

Total and per capita federal RD&D support for
wind technology is shown in figure 7-3. In terms
of total investment, the United States ranks well
behind Italy and Holland, and is roughly compara-
ble to Germany. In terms of per capita investment,
the United States ranks near the bottom of the list,
for example, spending less than one-twentieth per
capita of the amount spent by the Netherlands.

To encourage PV commercialization, the
United States supports several major initiatives
including the PV Manufacturing Technology
Project and the PV for Utility Scale Applications,
which are discussed in chapter 6. In addition, the
United States provides five-year accelerated de-
preciation for PV systems as well as 10-percent in-
vestment tax credits for PV investments by

nonutility generators. PV power must be pur-
chased at the utility’s avoided costs, but these are
typically in the neighborhood of 3@ to 7¢/kWh,
well below current PV costs.

In comparison, Japan variously provides 7-per-
cent investment tax credits, loans at interest rates
of 4.55 percent, and subsidies of up to 50 percent
on model plants, and it plans to subsidize up to
two-thirds of the cost of residential systems. Fur-
ther, the purchase price for privately generated
power in Japan is 16@ to 24¢/kWh.

Germany provides 50 to 60 percent federal sub-
sidies and roughly 20-percent state subsidies, with
alimit of 70 percent, for PVs installed under its
“1,000 Roof” program. Utilities purchase PV
power at 12¢/kWh.

In Italy, remote houses can receive a PV subsi-
dy of up to 80 percent of capital costs; grid-inte-
grated PV systems receive 20@ to 28¢/kWh for
power sold to the grid.

RD&D and commercialization strategies
might rely on "deep-pocket” firms that can carry
PV programs over the long term. ARCO and
Mobil are large oil companies that were expected
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FIGURE 7-3B: Per Capita Federal RD&D in Wind Energy Technologies, 1992
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to fill such arole in U.S. photovoltaic develop-
ment. but both sold their PV division to German
companies.

U.S. PV producers themselves, though techni-
cally strong, tend to be small firms. Other than
U.S.-based production by Siemens (Germany)
and Solec International (Japan), the United States
has only one firm that produced 1 MW or more of
PV power in 1992, compared with six Japanese
firms,* five European firms,**and one firm in
India

The difficulties faced by small U.S. firms in
accessing long-term financial resources are | ead-
ing to arrangements with foreign producers in
some cases. A recent example is the Energy Con-
version Devices agreement with Canon (Japan) to
build a production facility in Virginia (box 6-2).

This leads naturally to the question of the extent to
which PV manufacturing might move offshore as
it becomes more like a commodity production
process. As discussed above. maintaining U. S.-
based production of PVs will require maintaining
alead in RD&D as well as developing and invest-
ing in advanced automated production facilities.

POLICY OPTIONS

Given the rapid change in technol ogies and gov-
ernment programs, more current data and anal ysis
are needed for effective decisionrnaking. Thus,
Congress could direct both the Departments of
Energy and of Commerce to expand recent work
examining competitiveness, 143 Such work migh
include a more detailed examination of the sup-

141Notincluding U. § - based productionbySolec International, now owned by Sumitomo and Sanyo.

142Notincluding U.S.-based production by Siemens-Solar.

143Work is currently D€ING done at Sandia National Laboratory at the request of the Office of Intelligence, Office of Foreign Intetligence.

U.S. Department of Energy.
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Above the arctic circle on Spitsbergen Island, Norway, this

port provided by foreign governments to their in-
dustries, including RD&D, tax. financial, and
export assistance. This analysis could compare
the effective level of subsidy provided to different
technologies and firms within each country’s ac-
counting framework. It could also examine the
firm-or industry-specific impact of these supports
in terms of profitability, access to capital, ability
to expand and capture market share, and other
measures of vitality. Such analysis would seem
particularly important in terms of small entrepre-
neurial U.S. firms, which may have difficulty
adequately accessing capital even to match cost-
shared R& D programs. Finally, the effectiveness

of these supports could be compared on the basis
of their long-term impacts on competitiveness;
particularly important may be support for early
scaleup of manufacturing that captures significant
economies of scale and learning.

Correspondingly, specific strengths and weak-
nesses of the U.S. system could be examined to
determine where it might be improved with re-
spect to the international challenge. This analysis
might include an examination of:

» RD&D and commercialization to develop ado-
mestic industry (see chapters 5 and 6);

= the effectiveness and means of improving in-
dustry consortia and public-private partner-
ships for RD& D and market development;

» how RD&D can support U.S. exports,

m the access of small entrepreneuria firms to cap-
ital markets; *and

= gaps in support for developing export mar-
kets—particularly the lack of technology-spe-
cific knowledge or support, and weak market
development support (especialy public-pri-
vate export project finance)-on the part of
trade agencies.”

CONCLUSION

Renewable energy technologies could become a
major growth industry in the 21st century. Com-
petition in global renewable energy markets is
likely to become increasingly intense, and the
winners stand to dominate a lucrative internation-
al market. Several countries are vying for the lead
in the world PV and wind markets with very
aggressive programs. The U.S. is dtill a major
player in the international marketplace and, given
the opportunity, U.S. firms can continue to be
competitive in international markets for renew-
able energy technologies. This may provide sub-
stantial long-term economic and environmental
benefits at home and abroad.

'44Michael g, Porter, “Capital Disadvantage: America's Failing Capital Investment System,” Harvard Business Review. September-

October 1992, pp. 65-82.

145For an analysis and discussion of U.S. export programs, see the references in footnote 6.



CONVERSION FACTORS

Area

1 square kilometer (knt) =
0.386 square mile
247 acres
100 hectares

1 square mile=
2.59 square kilometers (km?)
640 acres
259 hectares

| hectare = 2.47 acres

Length
| meter= 39.37 inches
| kilometer= 0.6214 miles

Weight

1 kilogram (kg)= 2.2046 pounds
(Ib)

1 pound (16)= 0.454 kilogram
(kg)

1 metric tonne (ml) (or “long
ton”) =
1,000 kilograms or 2,204 Ibs

1 short ton = 2,000 pounds or
907 kg

Appendix A:

Scales, and
Conversion

Energy
1 Exajoule = 0.9478 quads

1 Giggjoule (GJ) = 0.9478
million Btu

1 Megaloule (MJ) = 0.9478
thousand Btu

1 quad (quadrillion Btu) =
1.05x 10”Joules (J)

1.05 exgjoules (EJ)

4.20x 107 metric tonnes, coal
1.72x 10°barrels, oil
2,34x10" metric tonnes, oil
2.56x10" cubic meters, gas
5.8x10" metric tonnes dry wood
2.92x 10" kilowatthours

1 kilowatthour =
3410 British thermal units (Btu)
3.6x10° Joules (J)

1 Joule=
9.48x10-*British thermal unit
(Btu)
2.78x10_"kilowatthours (kWh)
1 British thermal unit (Btu) =

2.93x10-"kilowatthours (kWh)
1.05x 103 Joules (J)

Units,

Factors A

Volume
1 1 liter (1)=
0.264 gallons (liquid, U. S))
6.29x 1 0-°barrels (petroleum,
Us.)
1x 10-*cubic meters (m’)
3.53x1 0-cubic feet (ft’)
1 gallon (liquid, U.S)=
3.78 liters (1)
2.38x 10-*barrels (petroleum,
Us.)
3.78x 10-*cubic meter (m’)
1.33x10_' cubic feet (ft)

1 barrel (bbl) (petroleum, U. S) =
1.59x 102 liters (1)
42 gallons (liquid, U. S))
1 cord wood=
128 cubic feet (ft°) stacked
wood

3.62 cubic meters (m’) stacked
wood

Temperature

From Celsius to Fahrenheit:
((9/5) x (“ C))+ 32 =°F

1259
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From Fahrenheit to Celsius: 9/5 x (change in *C)= change
(5/9) x(F-32)= “C In'F
| To convert a Fahrenheit
Temperature changes: change to a Celsius change:
.To convert a Celsius change to |5r/1 9 x (change in ‘F) = change
°C

a Fahrenheit change:

Example: a3.0'C risein
temperature = a5.4 ‘Frise
in temperature



A
Accelerated depreciation, 15,205,207,213,215
Acid hydrolysis, 117-118
Action Plan for the Prevention of Global Warming,
239
Active space heating and cooling, 71,73,81-82
Advanced Wind Turbine Program, 179
Agency for Research and Development on Nuclear
and Alternative Energies, 250
Agricultural energy crops
advances in development of, 33-35
bioenergy supplies, 36-40
commercialization, 54-60
crosscutting issues, 64-65
ecology principles, 55
economic impacts, 45-49
federal incentivesfor, 36
growing regions, 34
key issues and findings, 3
national policies that influence the use of, 35
policy options, 60-64
potential environmental impacts, 40-45
potentia rolesfor, 36
research, development, and demonstration, 49-54
Agricultural Resources Interregional Modeling
System, 41
Air quality
impact of energy crops, 52
motor vehicles and, 104-105
pollution reduction from methanol use, 114
Alkaline cell, 133
All-electric drivetrains, 104
Alliance To Save Energy, 217
Alternative fuels, 126-128
Alternative Minimum Tax, 15,212
Alternative Motor Fuels Act, 35
American Public Power Association, 80, 193
American Society of Heating, Refrigeration, and Air
Conditioning Engineers, 100
American Solar Energy Society, 88
AMONIX, Inc., 163
Amorphous silicon, 167

| ndex

Applied Research Program, 179-180

Arco Solar, 7

Arizona State University, 89

Association of Distribution Companies,251 -252

Association of Private Wind Turbine Owners,
251-252

Avoided cost of power, 200

B
Backup systems, 181, 184
Bagasse-fueled demonstration unit, 112
Baseload plants, 150
Battery-powered electric vehicles
drivetrain efficiencies, 128-130
energy efficiency, 111
projected emissions of greenhouse gases, 107
technical objectives of the U.S. Advanced Bat-
tery Consortium, 131-132
Bid selection criteria, 224
Binary systems, 153
Bioelectric industry, 147, 150
Bioelectricity, 47-48
Bioenergy
advances in development, 33-35
key issues and findings, 3,6
national policies that influence the use of, 35
Biofuels, 38,48
Biological diversity, 43
Biological enzymes, 118
Biomass
bioelectric capacity, 147
energy resources and technologies, 148-149
federal incentivesfor, 36
gasifiers, 112
methanol production, 112
potentia rolesfor, 36
RD&D needs, 150-151
site specificity, 6-8
uses, 3
Bonneville Power Administration, 225
Builder Guide, 88, 89

1261
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Buildings
active space heating and cooling, 81-82
assistance and information exchange, 88-89
building energy rating systems, 91
changes in energy use, 67-68
commercialization, 86-87
construction, 90-94
cost-effective renewabl e energy technologies, 71
crosscutting issues, 101
daylighting. 77-79
design competitions and awards, 89-90
direct solar use, 4
education and training, 89
energy costs, 96-97
federal procurement, 97-98
integrated design, 83
landscaping, 82-83
lessons learned, 98
national policy influencing use, 69
ownership, 96
passive architecture, 73-77
policy options, 98-101
potentia roles for renewable energy

technologies, 68-69

research, development, and demonstration, 83-86
sde, 94-96
solar water heaters, 79-81
tools and guidelines, 87-88
tree planting, 82-83

Business energy investment tax credit, 213

C
CAFE. See Corporate Average Fuel Economy
Cdlifornia Air Resources Board, 125, 141
Cdifornia Energy Commission, 14,94, 190,213
Cadlifornia Investor Owned Utilities, 190
California Public Utilities Commission, 215
California Solar Energy Tax Credit, 215
Cdlifornia Standard Offer 4, 178, 213,215

energy investment tax credit, 215

pilot test program, 141

wind energy development, 213-214
Capacity value, 9-10, 183, 184, 191, 192, 195
Capital Asset Pricing Mode], 221
Carbon dioxide

BPEV emissions, 107

carbon tax, 242

FCEV emissions, 107

motor vehicle emissions, 105, 106

from natural gas powerplants, 122
Cellulose, 117, 118
Céllulosic biomass, 42
Central receivers, 171, 172
Centrally fueled-fleet program, 140

Chrysler electric minivan, 129
Class B Residential Passive Solar Performance
Monitoring Program, 85, 88
Clean Air Act, 4, 125
Clean Air Act Amendments of 1990,29,35,45,
140-141, 203,223
Clean Coa program, 86, 155
Clerestories, 69
Climate Change Action Plan, 35, 203
Closed-loop basis for growing bioenergy crops, 41
Coal gasification plants, 120
Codes and standards, 92-94
Cofiring fuels, 59,61
Collaborative Wind Technology Program, 179
Collectors, 165
Commercialization
agricultural energy crops, 54-60
building design, 86-87
competitive bidding, 224-225
direct and indirect subsidies, 227
federa taxes, 226-227
front-loaded costs, 227
green pricing, 225,226
incentives to purchase renewable energy
technologies, 226
policy options, 17-18,22-23
programs, 196-197
risk and environmental costs, 227-228
strategies, 191-194
structural change, 228
transaction costs, 227
Commodity support programs, 63
Community Development Block Grants, 69
Competitive bidding, 224-225
Competitive set-asides, 225
Comprehensive Housing Assistance Plans, 69
Compressed natural gas, 123-124
Computer-aided design tools, 88, 89
Concentrating collectors, 165
Conservation compliance programs, 57
Conservation Reserve Program, 41,49,56-57,63
Conversion efficiencies, 10,232
Corn-based ethanol, 103, 115
Corn stover, 116
Corporate Average Fuel Economy, 140
Credit Program To Promote Community |nvestment,
247
Crop insurance, 49
Crops. See Agricultural energy crops

D

Dams, 160

Daylighting, 4,77-79
Declaration of Madrid, 229



Deficiency payments, 56
Demand risks, 222
Demand-side management programs, 80,81,91
Demonstration projects
agricultural energy crops, 50-51
buildings, 90
Denmark, energy technology programs, 243-245
Department of Energy
Clean Coa program, 155
energy-efficient mortgages, 93
ethanol reforming program, 134
funding of vehicle technology R&D, 143
Passive Solar Commercial Buildings Program,
84-85,88
passive solar design strategies. 88-90
PV-BONUS program, 193
PV Manufacturing Technology Project, 191
RD&D funding, 15, 21
solar buildings program funding, 4, 98
Solar Program, 89
U.S. Advanced Battery Consortium, 131-132
Utility Photovoltaic Group, 193
Utility Solar Water Program, 80
wind energy R&D program, 179
Department of Housing and Urban Development
energy-efficient mortgages, 93
passive solar design competitions, 89-90
Developing countries, 1, 22, 181, 230, 231,239,
240, 24], 245,249
Development Fund, 242
Diesal engines, 146
Diffuse radiation, 164
Diffuse sunlight, 77-78
Direct microbial conversion, 118
Direct radiation, 164
Direct steam systems, 153
Direct sunlight, 77
Dish stirling systems, 171
Distributed utility systems, 186-188
DOE-2, 88
Double-flash systems, 153
Double-glazed windows, 76
Drive trains
al-electric, 104
efficiencies, 130
DSM. See Demand-side management programs

E

Earth Summit, 35

Ecology principles, 55

Econinic impacts, 29-31,45-49
Edison Electric Institute, 80, 193
EEMs. See Energy-efficient mortgages
Efficiency Upgrade Program, 161
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Electric Power Research Institute, 51, 163, 189, 193
Electricity
approaches to commercialization. 224-228
biomass, 147-151
changes in industry, 199-203
commercialization, 191-194
design, planning. and information programs, 196
direct and indirect subsidies, 217-219
distributed utility systems, 186-188
economic impact of energy crops, 47-48
environmental costs and benefits, 222-224
finance and commercialization programs.
196-197
fossil-fueled, 146
geothermal energy, 151-158
hydroelectricity, 158-162
key issues and findings, 6
manufacturing scaleup, 190-191
overcoming barriersin use of renewable energy
technology, 188-189
photovoltaics, 162-170
policy options, 194-197
RD&D needs, 189-190
RD&D programs, 195-196
remote systems, 180-183
resource assessment, 191, 194-195
risks in powerplant financing, 217, 220-222
share of U.S. energy consumption, 145
solar thermal technologies, 170-174
standards programs, 196
structural change in sector, 14
total fuel-cycle emissions for generation of, 32
usein transportation systems, 121-122
utility finance, 204-208
utility full-fuel-cycle tax factors, 214-217
utility systems, 183-186
wind energy, 174-180
world consumption, 230
Electricity buyback rates, 7
Electricity intensity, 28-29
Electrolysis, 121
Electrolytic hydrogen systems, 120
Emissions reduction, 44
Emissions standards, 126
Energy 2000,243,252
Energy Conservation Po] icy Paper, 251
Energy consumption, 27-29
Energy Conversion Devices, 167
Energy crops. See Agricultural energy crops
Energy efficiency, 28
Energy-efficient mortgages, 93
Energy Information Administration, 12, 30, 194,
224
Energy investment tax credit, 215
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Energy markets, 12-15
Energy Policy Act of 19924, 14,35,63,69,93,
141-142,202,203,235-236
Energy production credits, 63
Energy rating systems, 91
Energy Savings Program, 247
Energy Star Computer, 71
Energy taxes, 97
Energy use, buildings, 71
Environmental Action Plan, 251
Environmental issues
biomass impact, 149
commercialization and, 227-228
costs and benefits, 222-224
effect on national energy use, 29
geothermal energy impact, 154
hydropower impact, 160
photovoltaics impact, 169
potential impact of agricultural energy cropping,
40-45
renewabl e energy technologies impact, 31-32
research, development, and demonstration, 50,
52-53
solar thermal technologies impact, 173
wind energy impact, 177
Environmental Protection Agency, 125,223
Environmental taxes, 97
EPACT. See Energy Policy Act of 1992
EPRI. See Electric Power Research Institute
Equipment rating and certification, 91
Ethanol
comparative analysis, 126-128
projected production levels, 48
reforming, 133-134
use in transportation systems, 115-118
European Union, energy technology programs,
241-243
Evaporative cooling, 75
Exempt Wholesale Generators, 14,202
Externality taxes, 63

F
Farm support programs, 56
Federal agricultural expenditures, 48-49
Federal Energy Regulatory Commission, 161,223
Federal investment tax credit, 215
Federal procurements, 63-64
Federal subsidies, 218-219
Federal taxes, 226-227
Feebates, 95-96
Feedstocks
energy crop development, 60
methanol production, 112-114
Field monitoring, 20

Finance programs, 196-197
Financing. See Commercialization
Fixed collectors, 165
Flexible-fuel vehicles, 111
Florida Power and Light, 80,81
Flywheels, 134
Ford Flexible Fuel vehicle, 5
Foreign markets. See International programs
Forest residues, 112-113
Formaldehyde, 114
Framework Convention on Climate Change, 29,35
France, energy technology programs, 245-247
Front-loaded costs, 13,227
Fuel Adjustment Clauses, 22
Fuel cell electric vehicles
efficiency, 110-111, 132
projected emissions of greenhouse gases, 107
proton-exchange membrane, 132-136
R&D challenges, 136-137
reforming fuels, 133-134
types of, 132-133
Fuel cells
advancesin, 104
thermal benefits, 101
Fuel cost risks, 221
Fuel-cycle taxes, 214-217
Fuel economy ratings, 125

G

Gas turbines, 146, 149

Gasification, 120, 149

Gasifiers, 112

Gasoline
comparison with methanol, 114
comparison with ethanol, 115
oxygenation, 141

General Agreement on Tariffs and Trade, 39,242

Genera Motors, 125

Geopressured brines, 152

Geotherma energy
electricity-generation capecity, 151, 155
key issues and findings, 6
RD&D needs, 155-158
resources and technologies, 152-154
site specificity, 6

Geothermal heat pumps, 73

Germany
energy technology programs, 247-249
photovoltaic RD&D, 7

The Geysers, California, 151-155

Global radiation, 164

Globa warming, 43,223-224

Grassy crops, 33-34

Green pricing, 225,226



Greenhouse-gas-neutral energy, 43
Greenhouse gases

impact of energy crops, 53

projected emissions of ICEVs, 106-107
Grid support, 188, 192

H
Heat pumps, 73

Heating and cooling systems. See Active space heat-

ing and cooling; Passive solar buildings
Heliostats, 172
Hemicellulose, 117
Herbaceous biomass. See Lignocellulose
Herbaceous energy crops, 37
High-productivity crop varieties, 50
Home Energy Rating Systems, 91,93
Horizontal axiswind turbine, 176
Hot dry rock resources, 152

Housing and Community Development Act, 69,93

Hybrid electric vehicles, 137-139
Hybrid systems, 110
Hydroel ectricity

generating capacity, 158

RD&D needs, 161-162

resources and technologies, 159-161

site specificity, 6
Hydrogen

comparative anaysis, 126-128

use in transportation systems, 119-121
Hydrogen ICE hybrid vehicle, 138
Hydrolysis, 117
Hydropower. See Hydroelectricity
Hydrothermal fluids, 152
Hydrothermal resources, 6

|
|CE-based hybrid, 110
Incremental cost of power, 200
Information programs, 90-91
Infrastructure development, 15
Insurance programs, 63
Integral Wind Energy Plan, 250
Integrated building design, 83
Intermediate plants, 150
Intermittence
impact on conventional generating capacity,
183-185
resource characteristics, 8-10
Internal combustion engine vehicles
advanced designs, 124-126
dternative fuels in, 126-128
hybrid vehicles, 137-138
hydrogen fuel, 119
projected emissions of greenhouse gases, 106
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International programs
changes in, 229-231
comparisons, 255-257
cost-effectiveness, 232-234
market development, 235-236
market share, 236-238
for photovoltaics, 232-238
policy options for competitiveness, 257-258
potentia roles, 231
for wind energy, 233-238
International trade, 30-31
Interstate Solar Coordination Council, 91
Investment tax credit, 213
Investor-owned utility powerplants, 208
[taly
energy technology programs, 249-250
photovoltaic subsidies, 7

J

Japan
energy technology programs, 238-241
photovoltaic RD&D, 7

K
Kenetech-U.S. Windpower, Inc., 177,226,252

L

Law on Supplying Electricity to the Public from
Renewable Energy Sources, 247

Lawrence Berkeley Laboratory, 76,88,91

Lawrence Livermore National Laboratory, 137-138

Lead-acid batteries, 129
Liability-related policies, 221-222
Life-cycle processes, 51-52
Light-duty motor vehicles, 126
Lignin, 117
Lignocelluose, 116-117
Liquefied natural gas, 123-124
Liquid fuels
economic impact of energy crops, 48
potentia rolesfor, 36
Load following plants, 150
Low Alamos National Laboratory, 838
Low Emission Vehicle Program, 141
Low-emissivity windows, 76
Luz International, Ltd., 170, 171,215

M

Magma, 152

Manufacturing scaleup, 13-14, 190-191
Marginal lands, 49

Market aggregation, 196

Market conditioning, 235
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Methanol
comparative analysis, 126-128
projected production levels, 48
reforming, 133-134
use in transportation systems, 111-115
Mobil Solar, 7
Modularity, 186
Monoculture crops, 42-43
Mortgages, energy-efficient, 93,94
Multiple cropping, 53
Municipa solid waste, 112-113

N
National Affordable Housing Act, 93
National Association of Regulatory Utility
Commissioners, 201
National Audubon Society, 51
National Biofuels Roundtable,51
National Energy Strategy, 15,93, 195
National Environmental Policy Plan, 251
National Fenestration Rating Council, 91,95
National Renewable Energy Laboratory, 85,88,89,
116-117, 176
National Rural Electric Cooperative Association,
193
National security, 32
Native species, 55
Natural gas
comparative analysis, 126-128
hydrogen from, 121
use in transportation systems, 123-124
Natural habitat, 43,51,52,55
Netherlands, energy technology programs, 250-252
Neuffer Construction, 92,99
Nevada Solar Enterprise Zone, 7
New England Electric System, 225
New York State Energy Plant, 225
Nickel-iron battery packs, 129
Nickel-metal hydride battery, 129
Night cooling, 75
Nitrogen oxides, 122
Nonutility generators
bioelectric, 147
financing for, 208-214
increasing role of, 14
North American Free Trade Agreement, 39
NREL. See National Renewable Energy Laboratory
NUGs. See Nonutility generators
Nutrient cycling, 52

0

Oak Ridge National Laboratory, 33

OECD. See Organization for Economic Cooperation
and Development

Oil embargo, 2

Oil imports, 30

Oil market, 104-105

One-axis tracking collectors, 165

1,000 Roof PV program, 235,247-248

Onsite generation, 182

Organization for Economic Cooperation and Devel-
opment, 232

Organization of Petroleum Exporting Countries, 1,2

Overhangs for summer cooling, 75

Ovonic Battery, 129

P
Pacific Gas and Electric, 187
Parabolic dish systems, 171, 173
Parabolic trough systems, 172,215
Partnerships, 63
Passive solar buildings
aternative renewable energy technologies, 73
construction, 90-94
cost-effective renewabl e energy technologies, 71
design, 87-90
direct solar use, 4
energy costs, 96-97
federal procurement, 97-98
national policy influencing use, 69
ownership, 96
passive architecture, 73-77
potential roles for renewable energy
technologies, 68-69
principal design elements of, 69-71,72
sale of, 94-96
Passive Solar Commercial Buildings Program,
84-85
Passive Solar Design Strategies: Guidelines for
Home Building, 88,89
Passive Solar Industries Council, 88,89
Passive Solar Journal, 88-89
Peak power device, 134
Peaking plants, 150
Perennial crops, 42
Phosphoric acid cell, 133
Photovoltaic hydrogen systems, 121
Photovoltaics
building-integrated systems, 162
in buildings, 101
cell and module shipments, by company, 237
comparison of international programs, 255-257
cost reductions, 9
European Union program, 242
exports, 231
French program, 246
German program, 247-248
government supports for, 7
international competition, 7, 232-238



[talian program, 249-250
Japanese program, 239-241
key issues and findings, 6
perspectives influencing direction of industry,
163
production, by region, 234
publicly funded R&D, by country, 233
RD&D needs, 166, 169-170
solar collectors, 165-166
solar resources, 164
Swiss program, 253
technologies, 167-169
Platinum catalyst, 104
Policy options
agricultural energy crops, 60-64
building design, 98-101
commercialization, 17-18, 22-23
development, 15-22
transportation systems, 139-144
Polycultures, 53-54
Pool heaters, 79
Poplar crops, 34
Power Marketing Administrations, 196-197
Power Marketing Authorities, 63-64
Power quality, 185
Powerplant finance, 204-214
Price-Anderson Act, 221
Price lock-in, 213
Primary energy, 71
Property taxes, 208
Proton-exchange membrane cell, 104, 132-136
Public Service of Colorado, 226
Public Utilities Commission, 91,225
Public Utilities Regulatory Policies Act, 158, 178,
200,213
Pumped storage, 160
PURPA. See Public Utilities Regulatory Policies Act
PV. See Photovoltaics
PV20, 246
PV-BONUS program, 193
PV for Utility Scale Applications project, 187, 193
PV Manufacturing Technology Project, 191
PV Pioneer program, 226
PVUSA. See PV for Utility Scale Applications
project

Q
Qualifying facilities, 200-201

R

Ratepayer Impact Test, 91
Ratings and standards, 17,20,22
Reactive power, 185
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Reformulated gasoline
comparative analysis, 126-128
uses, 123
Regenerative braking, 104
Regional Biomass Program, 63
Regional landscape planning, 54
Remote markets, 191-192
Remote systems, 180-183
Renewable Electricity Production Credit, 15,205
Renewable electrolytic hydrogen, 120
Renewable energy technology mortgages, 94
Renewables-intensive utility, 122
Research, development, and demonstration
agricultural energy crops, 49-54
biomass, 150-151
building design, 83-86
DOE funding, 15,21
electricity technologies, 189-190, 195-196
funding for, 24
geothermal energy, 155-158
hydroelectricity, 161-162
photovoltaics, 166, 169-170
policy options, 16,20
solar thermal technologies, 171
wind energy, 179-180
Research and Development Project on Environmen-
tal Technology, 238
Resource assessment, 16,20, 191, 194-195
Resource intensity, 10-12
Resources Conservation Act, 38-39
Retail fuel prices, 113
Retail wheeling, 202
Riparian zones, 52
Run-of-river systems, 160
Rural economies, 45-46

S

Sacramento Municipal Utility District, 226
Scaleup, 13-14

Sedimentation, 52

Separate hydrolysis and fermentation, 118
SERI. See Solar Energy Research Institute
Shift reactors, 112

Short rotation woody crops, 37

Sierra Pacific Power Company, 92
Simultaneous saccharification and fermentation, 118
Single-flash systems, 153

Single-reactor direct microbia conversion, 118
Site specificity, 6-8, 185-186

Soil erosion, 42

Soil quality, 52,53

Solar Assistance Financing Entity, 69

Solar cells. See Photovoltaics

Solar domestic hot water, 79-81
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Solar energy. See aso Photovoltaics; Solar thermal
technologies
intermittence, 8
key issues and findings, 4
site specificity, 6
Solar Energy Industries Association, 91
Solar Energy Research Ingtitute, 85
Solar Load Ratio Method of Los Alamos, 88
Solar One Central Receiver, 170
Solar pond systems, 172
Solar Program, 89
Solar Rating and Certification Corporation, 91
Solar thermal technologies
key issues and findings, 6
Luz International, Ltd., 215
state incentives for, 210-211
technology development, 170-174
Solar water heaters, 79-81
Solarex, 7
Solec, 7
Solid oxide cell, 133
Southern California Edison, 226
Space heating and cooling systems. See Active
space heating and cooling; Passive solar buildings
Stand-alone PV recharging stations, 122
Standards. See Ratings and standards
Standards programs, 196
State taxes
incentives for solar technologies, 210-211
property taxes, 208
for wind energy development, 213-214
Steam reforming, 120
Steam turbines, 146, 148
Storage batteries, 134
Subsidies, 217-219,227
Sulfur oxides
from natural gas powerplants, 122
reduction from bioenergy use, 44
Sun-tempering, 74
Sunlight, 77-78
Sustained Orderly Development, 196
Switchgrass crops, 34
Switzerland, energy technology programs, 252-253
Synthesis gas, 112

T
Tax credits

effect on wind industry, 178

for electric utilities, 206

incentives for renewable energy technology use,

226-227

policy options, 19,23

renewable energy technology homes, 94-95

for wind energy development, 213-214

Taxes, fuel-cycle, 214-217
T&D. See Transmission and distribution systems
TEAM-UP. See Technology Experience To Acceler-
ate Markets in Utility Photovoltaics
Technology adoption, 54,56-58
Technology Experience To Accelerate Marketsin
Utility Photovoltaics, 193
Tennessee Valley Authority, 158
TEVan, 129
Therma mass, 70,74,75
Thermochemical processes, 112
Title 24 Building Standards, 94
Tracking collectors, 165
Trade balance, 49
Transaction costs, 227
Transmission and distribution systems, 8, 181,
185-186
Transportation systems
advanced ICEV designs, 124-126
advances in transport fuels, 103-104
aternative fuelsin ICEVs, 126-128
battery-powered electric vehicles, 128-132
electricity use, 121- )22
ethanol use, 115-118
fuel cell vehicles, 132-137
hybrid vehicles, 137-139
hydrogen use, 119-121
key issues and findings, 5
methanol use, 111-115
nonrenewable competitors 123-124
policy issues, 139-144
potential roles of renewable energy technology,
104-108
retail fuel prices, 113
technology pathways, 108-111
Traverse City Light & Power, 226
Tree planting, 82-83
Trinity University, 89
Turbines, 6, 146, 148,234

u

Ultra-low emission vehicles, 125, 141

Ultracapacitor, 134

Ultralite, 125

United Kingdom, energy technology programs,
253-255

United Nations Framework Convention on Climate
Change, 35

University of Wisconsin, 88

Unocal, 155

Urban air pollution, 105, 114

Urban buses, 140

U.S. Advanced Battery Consortium, 131-132

U.S. Energy Research and Development Agency, 88



Index 1269

USH,0. See Utility Solar Water Program Wind energy
Utility demand-side management programs, 80, 81, British programs, 253-255
91 cost reductions for, 9
Utility finance, 204-208 Danish program, 243-245
Utility Integration Program, 179 development in California, 213-214
Utility operations, 150 French program, 246-247
Utility Photovoltaic Group, 188, 193, 196 German program, 248-249
Utility powerplants, 209 intermittency, 8
Utility-Scale Joint-Venture program, 171 international competition, 233-239
Utility Solar Water Program, 80 [talian program, 250
Utility systems, 183-186 key issues and findings, 6

manufacturers of grid-connected turbines, 246
Netherlands program, 250-252

v RD&D needs, 179-180

Value-added tax, 245 resources and technologies, 175-177

Value Engineered Turbine Program, 179 site specificity, 6-7

VAT. See Value-added tax wind capacity, 174

Vehicle efficiencies, 138 wind farms, 174, 175

Vehicles. See Transportation systems Window technologies, 74,76

Ventilation, 74, 75 Wisconsin Public Service Commission, 226

Vertical axis wind turbine, 176 Wood heat, 73

Veteran Home Loan Program Amendments, 93 Woody biomass. See Lignocellulose
Woody crops, 33-34

W

Water heaters, 79-81 Z

Water quality, 52 0/85 program, 56

Wildlife, 51-52 Zero emission vehicles, 105, 141

*U.S.G.P.0.: 1995- 387-789: 47404
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