
D. SOLAR, GEOTHERMAL, AND ADVANCED
SYSTEMS ISSUE PAPERS

1. Setting Criteria for Program Priorities

ISSUE

Decision-point criteria defining measures for evaluating success within a given
solar energy program, choices among programs, and readiness for commercializa-
tion need to be established, quantified, and justified.

SUMMARY

The ERDA Plan does not treat the important question of how decisions will be
made between solar energy technologies, and between solar and other energy
options. Criteria are necessary to evaluate, for each program: (1) the projected
rewards upon success, (2) the total costs to the public and private sectors, (3) the
relative risks of economic or technical failure, and (4) the potential and projected
readiness for commercialization. The decision-point criteria, to be applied at
regular intervals in this process, must be predetermined by making a number of
specific assumptions concerning the potential of all forms of energy generation,
whether conventional or advanced. These assumptions need to be continuously
evaluated and revised in the light of changing conditions during the course of the
program.

QUESTIONS

1. What specific goals will be set (and when]
against which to measure your solar and
geothermal programs; that is, how will ERDA
define success?

2. In the ERDA estimates of the penetration of
solar and geothermal technologies into use by
the private  sector , what  costs  and cost
relationships were assumed for  capi tal ,
i n t e re s t  r a t e , d i s coun t  r a t e ,  f ue l ,  and
operations and maintenance for the solar and
geothermal systems and the conventional
systems that they are to replace?

3.

4.

How does ERDA make evaluations of various
energy technologies  which may have to
compete for limited developmental funds,
such as solar electric and fusion?

Has ERDA conducted cost-benefit and risk
analyses which might help implement the
decisions to accelerate, abandon or delay
available or near-term options, in the expec-
tation that we can make it to the point where
the more advanced technologies can ade-
quately supply our needs?
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BACKGROUND

The lack of definitive program goals in the
ERDA Plan can have two important  conse-
quences: It can distort projections of commercial
acceptance of a technology, and it can increase
the probability that an unsuccessful program
will be drawn out longer than necessary. Criteria
are needed to evaluate the relative rewards and
costs of a research program in order to determine
whether it should be continued, accelerated, or
terminated,

Specific criteria, which may vary from project
to project, are also needed in order to define the
appropriate points at which paper studies move
into component testing, component testing into
pilot  plant  test ing,  pi lot  plant  test ing into
demonstration projects; and demonstration pro-
jects into full commercialization.

An important criterion is the cost goal. For the
different  energy technologies  t reated in  the
ERDA planning documents  these goals  are
represented by vague references to achieving
economic viability (such as ocean thermal energy
conversion), cost-cut t ing by given mult iples
where no present-day costs exist (solar thermal
electric and wind), or specific cost goals in
dollars per kilowatt (photovoltaics). Such goals
have little meaning unless the assumptions and
cri ter ia  that  went  into their  formulat ion are
ava i l ab l e  fo r  commen t  by  po t en t i a l  u se r s .
Furthermore, there is little indication that ERDA
has conducted an analysis of the relative cost and
performance risks, or of the costs associated with
each of its programs in the light of future rewards
of success.
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2. Rationale for Funding of High-Risk Projects

It is important that effective mechanisms be developed by which ERDA can
make rational decisions on solar energy projects having great potential as future
energy sources, but involving large cost outlays, and being subject to major
uncertainties in projected costs and/or technologies.

SUMMARY

The
research
promise

Energy Research and Development  Administrat ion is  undertaking
and development of long-range solar energy projects which offer much
in the future, but which, because they involve new and relatively

unknown technology, suffer high levels of uncertainty,
Examples of such projects are the ocean thermal energy conversion and

satellite solar power station programs in solar energy utilization. Although early-
phase funding levels are not necessarily very large for these projects prior to
reaching the demonstration phase, it is nevertheless very important that a rational
method be established to decide: [a) whether or not to initiate the program (b) at
which level to maintain or accelerate it, and (c) when to implement major and
costly undertakings such as demonstration projects. There appears to be no
effective mechanism now being used to make these decisions.

QUESTIONS

1. How does ERDA determine the relat ive 2 .  Does  ERDA have  a  de f in i t e “plan” for
funding levels for long-term, high-risk pro- continual review of these technologies and
jects? appropriate  mechanisms to factor  these

analyses into its program plan?

BACKGROUND

Evaluation and decisionmaking on large pro-
jects  which involve major  uncertaint ies  are
currently performed by one of several methods,
The most common is that where an in-house
dec i s ion  i s  made  t o  p roceed ,  r eques t s  f o r
proposals on a “zerophase” study program are
issued, and one or more contracts are granted to
the winning bidder or bidders, In projects where
some degree or prior experience is available, even
though the system applications are new (such as
photovoltaic c o n v e r t e r s  o r so l a r  hea t ing
systems), it is possible for ERDA to obtain
competent reviews of early studies and analyses

and make reasonably accurate system perfor-
mance and cost estimates, However, when the
prior technology is in its very early stages, even if
technical  feasibi l i ty  has been demonstrated,
there is no obvious mechanism by which ERDA
can test the conclusions of its study contractor.
No matter how objective he may be, if there is
little or no prior body of knowledge, the contrac-
tor’s estimates are necessarily uncertain, perfor-
mance estimates tend to be optimistic, and cost
estimates are almost always too low. Hence,
some method for  evaluat ion involving both
technology and cost uncertainty forecasting is
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necessary. At the very least, study results must
be subjected to careful and extensive (probably
contracted) review by other sectors of the field.

If uncertainties cannot be narrowed by such
reviews, proceeding to costly demonstrations
could be questionable. P r e m a t u r e
demonstrations can have a far more severe effect
than the simple wasting of funds, Often a project
having great potential can be “turned off” by an
unsuccessful demonstration; whereas a more
measured approach, which allows a somewhat
greater development of the basic technology for
the project, might  have led to success and
subsequent benefits to society. However, it may
be necessary to proceed to a demonstration even
where the uncertainties remain excessive, simply
because there is no other way to reduce them.
This decision clearly can constitute a major
gamble and should be reached only after the
broadest possible interdisciplinary review.

An  example  o f  such  a  p ro j ec t  wh ich  i s
currently under ERDA’s jurisdiction is the ocean
temperature energy conversion program. It has
been subjected to “phase zero” studies, and its
cost/benefit projections appear quite promising.
However, there still remain major cost uncertain-
ties (both capital and operating/maintenance)
because of the lack of experience with the large-
scale specialized equipment needed, biofouling,
and corrosion in long-life metallic marine struc-

tures,  and powerplant  operat ions associated
with offshore locations. Whether these uncer-
tainties should be resolved by further studies and
limited testing, or by an early demonstration
project, is a difficult and vital decision, which
probably is  best  approached (a l though not
necessarily successfully) by extensive multisec-
tor review of study results.

A second example is the satellite solar power
station, a concept which could offer significant
l o n g - r a n g e  p o t e n t i a l  b u t  d o e s  n o t  a p p e a r
anywhere in the plan, despite its identification
by other Federal agencies as a highly promising
future option. The decision processes needed to
initiate the low-cost but essential early studies
and experimental  research efforts  for  such
concepts apparently have not yet been properly
formulated or implemented.

The Congress does retain the ability to critical-
ly review the decisions with which ERDA will be
confronted in the future since all demonstration
projects requiring funding in excess of a specified
amount must be brought to the Congress for
approval. Consequently, the Congress can ask
the appropriate ERDA personnel at that time if
the required cost-benefit-risk analyses have been
made. Furthermore, the Congress can ask that
independent reviews/assessments be made prior
to proceeding with an authorization.
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3. Resource Availability

ISSUE

1.

2.

3.

The ERDA Plan lacks adequate emphasis on the role that critical resources play
in selecting energy alternatives.

SUMMARY

The following major resources are likely to be affected by the various solar
energy technologies:

,. .  Water  ● L a n d  ● M a t e r i a l s ● E n e r g y
● Capi t a l ● M a n p o w e r ● Air quality,

The ERDA Plan does not appear to have addressed adequately the problem of
resource requirements of the various solar energy alternatives. It is essential that
in our preoccupation with our current energy shortage we do not divert excessive
amounts of our critical resources into energy production. Therefore, it is clear that
integration of these impacts across disciplinary lines within ERDA will minimize
the chance for oversight.

QUESTIONS

What steps is ERDA taking to evaluate, on a 4. Are potential multiple uses of land and water
per-unit output of energy basis, the demands being considered for the alternative energy
of their  proposed energy al ternat ives on systems?
water, land, materials, energy, capital, man-

5. What manpower projections, by category,
power, and air quality?

have been made in  connect ion with the
How are the potential environmental impacts Nation’s total energy program?
for the various energy alternatives being
assessed?

What input/output (1/0] balances, including
time-to-repay, have been or will be prepared
for the energy and capital 1/0 of the alter-
native energy systems?

BACKGROUND

In our last environmental crisis, the United The  swi t ch
States took several steps to improve air quality represents  a
wi thou t  adequa t e  conce rn  fo r  ou r  l im i t ed manpower. It

b a c k  t o  c o a l  n o w  i n  p r o g r e s s
waste of  energy,  capital ,  and
is important that we not make

domestic supplies of certain types of energy similar mistakes in t-he future.
resources. For example, the air pollution stand- We are well  aware of  the l imitat ions on
ards that mandated a switch from coal-burning available energy and capital. The potentially
to gas or oil-burning in some electric powerplants large demands on our supplies of other critical
were established without an adequate apprecia- resources should be of equal concern. There are
t ion of the limited national supplies of oil and gas. many competing demands for water which may
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well be the next critical factor in limiting our
choices of life style. Opportunities for multiple
use of water must be explored actively, and
careful planning is needed to avoid exceeding
safe consumption rates in any one region. Land
use, also, must be assigned only after careful
evaluations of all multiuse opportunities and
priorities have been determined,

The reduction of engineering graduates in the
last few years has placed us in a position where
we cannot mount simultaneously an effective,
large development  effort  on al l  new energy
alternatives. Fortunately, a  t u r n a r o u n d  i n
enrollments has occurred; however, there will be
a shortage of engineers and scientists skilled in
solar energy technology for some years to come if
other energy technologies are also expanded
more rapidly. Fo r tuna t e ly ,  many  ene rgy
technologies are supportive and many of the
required personnel will be drawn from existing
manufacturing concerns. A more serious problem
may occur in the skilled trades required for
in s t a l l a t i on  and  ma in t enance  o f  t he  so l a r
systems. The environmental impact of various
solar energy sources and conversion systems is
an important factor which must be considered.

For example, atmospheric disturbance caused by
local heating near large solar collectors could be
significant as solar energy use increases.

Although the subject of materials is touched
upon in the ERDA Plan, it has received inade-
quate attention. A case in point is in the collector
part of the solar heating and cooling program,
where the amounts of materials required to meet
the projected energy contribution do not appear
to have been considered.

The energy required to produce these and other
materials must also be accounted for in the
calculat ion of  the net  energy consumed to
produce 1 Quad of output. For example, the
production a n d  f a b r i c a t i o n  o f  e a c h  t o n  o f
aluminum requires from 20,000 to 90,000 kWh of
energy. Therefore, t he  4 .3  mi l l i on  t ons  o f
aluminum needed to ha; e an installed annual
collection capacity of 1 Quad by 1985, requires
from 0.35 Quad to nearly 1.5 Quads, Thus, the
aluminum alone could cost as much as 7,5 percent
of the energy produced over a 20-year equipment
life. These figures emphasize the importance of
programs to  reduce the amounts  of  cr i t ical
materials  in collectors when large-scale im-
plementation is contemplated,
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4. Organization of ERDA’s Research Program

1.

2.

3.

A major concern with ERDA’s research effort is that the management
distinction between basic and supporting research formerly used in the AEC
continues to polarize the sciences from engineering.

SUMMARY

It appears (ERDA-48, volume I, p. VIII-11) that the polarized research
management policy is being carried over from the AEC into ERDA. The problem
with this management policy is that its tendency to isolate scientific and
engineering research has  not  produced innovat ive advances in  technology
comparable to those, for example, produced by the pacesetting electronics
laboratories where a continuous spectrum of applied and fundamental research
has been carried out under the cooperative leadership of scientists and engineers.
Energy-oriented research is even more complex since it involves social and
institutional problems in addition to the scientific and engineering aspects of
advanced-hardware development. Thus, a nonpolarized institutional mechanism
is needed if rapid solutions are to be found for these complex energy problems.

Creation of a Solar Energy Research Institute (SERI) represents one of several
institutional mechanisms that can be utilized for this purpose, but there is as yet no
indication that it will take the necessary interdisciplinary science/engineering
form.

QUESTIONS

What are some of the specific programs of
bas i c  ma te r i a l s  r e sea rch  tha t  ERDA i s
supporting? How do they relate to ERDA’s
mid-term or long-term goals?

Is engineering work toward these goals being
done in the same laboratory? If so, are the
eng inee r ing a n d  s c i e n t i f i c p r o g r a m s
monitored by the same ERDA manager? Do
they have a common laboratory leader? If
not, what mechanisms have been established
to insure dialogue between the two managers
as well  as  between the engineering and
scientific efforts?

How is ERDA addressing the social, legal,
and institutional problems associated with
solar and geothermal energy?

4. How many dollars have been allocated to the
ERDA laboratories  for  basic research in
nonnuclear energy? How large a fraction of
the total budget for such research does this
represent? How many engineers and how
many scientists are involved? Is this a typical
p r o g r a m ?  I s  E R D A  s u p p o r t i n g  s i m i l a r
research at other institutions? If so, how are
these programs coordinated?

5. Do you think SERI should be established as a
central managerial and assessment office
having regional technical laboratories? A S a
central research laboratory having regional
demonstration projects? Wha t  f unc t i on
would ERDA like to see it exercise? What
relationship does ERDA think it should have
to existing facilities.
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BACKGROUND

The distinction between basic and supporting
research is motivated by the need to preserve
scient if ic  freedom in the research aimed at
developing the conceptual context within which
innovative technology operates. Experience has
shown that  those charged with engineering
responsibilities and constrained by timetables
are not  effect ive managers  of  this  type of
research. However, experience has also shown
that  scientis ts  do not  general ly apply their
insights to the solution of practical problems if
they are isolated from engineers and a participa-
tion in the mission orientation that engineering
provides. Therefore, the optimum solution to
i n n o v a t i o n  i n a d v a n c e d  t e c h n o l o g y  i s
cooperative leadership between scientists and
engineers  and other  individuals  and groups
responsible  for  commercial izat ion. Effective
implementation of mid- and long-term programs
in energy-oriented research requires a continuing
d i a l o g u e  n o t  o n l y be tween  sc i en t i s t s  and
engineers, but also between design, materials
development, materials processing, and system
engineers, and marketing people. This dialogue
can be effect ively carr ied on within inter-
disciplinary teams sharing a common sense of

responsibility. The following elements appear
essential to
development:

●

●

•

●

●

●

A  l a r g e
autonomy

successful advanced-technology

measu re  o f  l oca l  managemen t

A definite, though broadly defined, mission

Full-time, interdisciplinary technical staff
selected by management to implement an
engineering o b j e c t i v e  h a v i n g  a  m u l -
tidisciplinary dimension

Adequate support that allows for program
continuity by committing a full-time staff
engaged in high-risk, high-payoff technical
development

A high degree of interaction with individuals
responsible for commercialization

Intelligence and
for performance
tion.

strong personal motivation
at all levels of the organiza-

Neither management practices nor funding
decisions by ERDA have yet taken adequate
advantage of existing organizations that have
interdisciplinary capabilities.
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5. ERDA Program Management

ISSUE

The use of outside organizations and Federal laboratories by ERDA for some of
its program management functions, particularly in the solar area, could produce an
ineffective organization.

SUMMARY

Interposing an additional management level in the development of solar
energy technology is not likely to be efficient because some of the organizations
used by ERDA for this function have not been constrained by cost considerations.
Their management and contractual procedures are highly structural and extremely
detailed, an approach which may not be appropriate—or cost effective—for the
development of new solar energy forms.

Since the new energy technologies are very sensitive to costs, require
innovation, and must interface with commercial energy producers (the utilities),
ERDA’s current reliance on outside management organizations may cause serious
problems with program costs and the cost effectiveness of end-products.

Furthermore, when ERDA delegates complete control of an entire program or a
large part of a program to one of these organizations, it may be too far removed from
the actual research planning to maintain its mandated responsibility for the
Nation’s energy research and development.

QUESTIONS

1.  What  is  the cost  in t ime and money of
interposing an additional management level
in the energy development program?

2. Is  a  highly s t ructured management  s tyle
consistent with the goals of ERDA? What
alternative management systems has ERDA
investigated?

3. What portion of the ERDA budget is used to
support program management and program
p l a n n i n g  b y  o u t s i d e  o r g a n i z a t i o n s  a n d
Federal laboratories?

4. What new responsibilities have the National
laboratories undertaken in the last year?
What staffing levels have these required? To
wha t  ex t en t  have  t he  new s t a f f i ng  r e -
quirements  been met  by new hires? By
internal reassignment?

5. What are the existing guidelines for number
of  contracts  moni tored by each program
manager?

BACKGROUND

The rapid expansion of the Federal agency p r o v i d e  a n intermediate level  of  program
budge t  ha s  fo r ced  ERDA to  con t r ac t  w i th management which has responsibility for the
organizations which have immediately available success of a large research area within which it
management capabil i ty.  Their  function is  to selects ,  contracts  for ,  and monitors  specif ic
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research and development projects. In such a not been a major constraint and in which highly
program, al l  communicat ion with ERDA by structured crash programs have been frequent.
individual  researchers  is  through these in- Such approaches may not be appropriate for R&D
termediate agencies. programs which are aimed ultimately at commer-

To a large extent, the past experience of these cialization.
organizations has been in fields in which cost has
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6. Support for Study of Decentralized Solar Electrical
Generation

.- -

ISSUE

The study of the decentralized production of electricity has received limited
attention, especially because it involves the potential utilization of waste heat.

SUMMARY

One chief advantage of solar energy is its relatively uniform distribution.
Extensive electrical distribution systems are thereby rendered unnecessary, or at
least can be appreciably smaller. The small distances between generator and user,
which are possible with decentralized production, make utilization of the waste
heat more feasible than with central station plants. Since future principal energy
shortages are predicted mainly in the oil and gas supply areas, which have recently
supplied the bulk of the country’s thermal energy needs, there is added reason for
extensive study of onsite production. The technology for solar onsite systems is at
least as well in hand as central station technologies. Fossil-fired total energy
systems are in use in many European countries. With photovoltaics especially
there are no major economies of scale as larger electrical generating stations are
contemplated.

The present ERDA organization establishes the study of decentralized
electrical production as a small part of the central station solar thermal branch. A
recent (and first) total energy symposium had almost no discussion of photovoltaic
total energy systems, and very little on the problems of distributing the waste heat.
The major issue of electric utility acceptance has received little attention.

The first major U.S. solar electrical system has recently been installed at
Sandia, following an extensive survey under AEC sponsorship. No other electrical-
generating facility will be ready for several years according to present ERDA
plans, despite the relative simplicity of the technology and the availability of all
components. The reason for this delay in construction is not clear.

QUESTIONS

1. Is present ERDA solar organization (which
sepa ra t e s  e l ec t r i ca l  and  the rma l  a r eas )
appropriate for undertaking a project which
combines several technologies in a system?

Z . What coordination is now occuring with the
ERDA Conse rva t i on  D iv i s i on  wh ich  i s
responsible  for  fossi l -f i red total  energy
systems?

,

3. Why is no further immediate solar thermal
hardware deployment planned, in light of the
successful Sandia work, and the rapid cost
improvements already obtained?

4. Why has the photovoltaic program not been
more active in placing experimental total
energy systems into the field (the only one is
the very early “Solar One” at the University
of Delaware, which was in large part funded
locally)?
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BACKGROUND

This  topic  is  the subject  of  an extensive quently, little more detail will be provided here,
assessment by the Office of Technology Assess- The interested reader is urged to contact OTA for
ment which will be released at approximately the the report from this additional solar energy
same time as this ERDA Plan review. Conse- assessment.

7. Emphasis on Electric Energy Systems

ISSUE

The program goals of the ERDA Plan appear to emphasize development of
electric power systems to the point where the full potential of solar heating is not
recognized, and the possibility of obtaining synthetic fuels from solar energy is
largely ignored.

SUMMARY

Preoccupation with coal, solar, and nuclear energy for electric power
generation has produced too narrow a view of the alternatives for utilization of our
energy sources and, in selected areas, would commit the Nation—perhaps
prematurely—to a massive change in the infrastructure for energy delivery and
utilization, Much of the Nation’s thermal end-use energy requirements over the
long term may be met by those energy sources, particularly solar and geothermal,
that are well suited to supplying thermal energy directly.

QUESTIONS

1. Since the production of heat from electricity Z. What are ERDA’s plans for the development
is expensive and about half of the end-use of  technologies  which produce synthet ic
energy consumption in the United States is in fuels from solar and nuclear energies? How
the form of heat, why hasn’t more emphasis does ERDA’s basic research program reflect
been placed on utilizing solar energy sources these plans?
for direct thermal end-use requirements?

BACKGROUND

The ERDA Plan is apparently guided by the to be gained by
logic that: (a) because mid-term energy demands sources, and (c)
will be met increasingly by coal and nuclear tion is the best

having interchangeable energy
because electric power genera-
“common denominator” for all

energy (both best  sui ted to electr ic  power sources ( including geothermal ,  fusion,  and
generation), (b) because maximum advantage is solar), it is necessary to begin changing our
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infrastructure for energy conversion, delivery,
a n d consumption to a massive dependence upon
electrification. Thus, top priority in the ERDA
Plan is given to systems that convert primary
energy (coal ,  nuclear ,  solar ,  geothermal)  to
electricity. Lower priority is given to the direct
utilization of thermal sources, whether from
solar energy (a distributed source) or from
geothermal and nuclear  energy (central ized
sources ).

The use of biomass for fuel is regarded as a
possible long-term energy supplement, but no
explicit considerate ion is given to the production
of alternative fuels, such as hydrogen, methane,
and methanol. However, high-temperature elec-

trolysis, photolysis, and pyrolysis for alternate-
fuel product ion from solar or nuclear energy are
attractive options awaiting technical develop-
ment,

These priorities are not consistent with the
present patterns of energy consumption. Ap-
proximately 25 percent of the present energy
demand is for industrial process heating and
direct heat. Moreover, about 25 percent of the
energy demand will probably continue to be for
transportation which is at present totally depen-
dent on fossil fuels. There will be a continuing
need for fuels for heating and cooling as a
supplement to solar energy utilization systems.
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8. Emphasis on Solar Heating and Cooling of Buildings

The importance of solar heating and cooling relative to other programs is not
recognized in the ERDA Plan.

SUMMARY

There is abundant evidence that solar heating and cooling applications offer a
larger potential for energy savings in the immediate and near term (to 1985), and
beyond this to 2000, than any other solar applications, Indeed, ERDA’s figures
(ERDA-48, volume I, table 6-1) verify this statement; yet, solar heating and cooling
is categorized at the third level of priorities as an “under-used mid-term
technology“ and one which may “provide an energy ‘margin’ in the event of R, D&D
failure in other areas.” These statements in the ERDA document project a
significant potential for solar heating and cooling, yet underemphasize the
development and actual impact of solar heating and cooling on our energy
economy.

QUESTIONS

1. How does ERDA reconcile the inconsisten- 2. How
cies between the statements made concerning than

does ERDA justify lower 1985 goals
those put forward by FEA in Project

priorities and emphasis on solar heating and Independence as being attainable with - a n
cooling in ERDA-48 and the projected fuel “accelerated government program?”
savings shown in ERDA-48?

3. How does ERDA define the interface between
solar “demonstration” and solar “commer-
cialization”?

BACKGROUND

Solar  water  heaters  are used extensively
abroad (Israel, Japan, and Australia) and to a
lesser extent in the United States (Florida and
California). In excess of 100 solar space heating
systems have been installed in the United States,
most of which were not Federally funded. There
is no similar foundation of existing technology
in use to serve as a point of departure for other
solar technologies,

The existing base for solar heating and cooling
provides an opportunity for rapidly accelerating
its growth through governmental action, in-

cluding: (a) government-funded demonstration
program intended to accelerate consumer accep-
tance;  (b)  more government-funded R&D to
accelerate development of more efficient and
lower cost systems; and (c) an incentive program,
needed temporarily to enhance production and to
br ing down costs . The ERDA priori t ies in
funding do not appear to recognize adequately
this opportunity,

ERDA-48 (volume II, p. 40) projects energy
saving objectives for solar heating and cooling at
0.2 to 0.6 Quad in 1985, The maximum objectives
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projected in 1985 for other individual solar
technologies are small compared to the 0.2 to 0.6
Quad range projected for  solar  heat ing and
cooling. Further, the 1985 goals may be too low.
The accelerated program of FEA’s Project In-
dependence projects 1.5 to 2.0 Quads per year in
1985. Although the 2-Quad level may seem large,
it is only 2 percent of anticipated total energy use

projected by FEA in 1985 compared to almost 25
percent  of  total  energy use for  heat ing and
cooling of buildings.

In view of the above, it seems reasonable to
anticipate that ERDA would assign high priority
to solar heating and cooling programs needed to
capture this potential. The statements quoted in
the Summary to ERDA-48 suggest otherwise.
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9. Purposes of the Solar Heating and Cooling
Demonstration Program

ISSUE

The size, scope, and purposes of the solar heating and cooling demonstration
program need specific definition.

SUMMARY

The prime objective of the demonstration program should be to accelerate
consumer acceptance of solar energy as a heat source so that substantial fuel
savings can be achieved at a considerable earlier date than would otherwise result,
The plans set forth in ERDA-48 do not appear to be oriented to achieve these
purposes. In particular they do not appear to place as much emphasis on
demonstration programs as (Public Law 93-409), The Solar Heating and Cooling
Demonstration Act, does.

The manufacture and sale of solar energy systems for heating buildings and hot
water has commenced on a small scale, while solar cooling is still in the
development stage. Principal immediate emphasis in solar cooling should be
research, development, and testing, whereas the thrust in the solar space and water
heating effort should be demonstration.

QUESTIONS

1. Does ERDA agree that acceptable solar water
and space heating systems are now commer-
cially available?

2. Does ERDA agree that there is a disparity
between the emphasis placed on demonstra-
t ion of solar heating and cooling in ERDA-48
and in (Public Law 93-409), the Solar Heating
and Cooling Demonstration Act?

3. What should be the principal purpose of the
demonstration program in the solar heating
of buildings?

4.

5.

6.

Is the suggested 400 solar-heated residential
installations over a 4-year period sufficient
for a vigorous demonstration program? If
not, how many should there be?

Should solar-heat ing demonstrat ions  be
concentrated in the present year and next
year, or should they be approximately evenly
distributed over a 4- to 5-year period?

If solar heating is expected to grow in the
p r i v a t e sect o r w i t h o u t g o v e r n m e n t
demonstration, is there justification for a
demonstration program?

BACKGROUND

Commerci ally acceptable equipment for solar in several sections of the country. The primary
space and water heating is available in today’s objective of the solar heating demonstration
market and has already experienced limited sale program is to stimulate a large increase in the
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rate of application of the technology and thereby
a reduction in fuel consumption. By providing
funds for a significant number of solar-heated
buildings, ERDA’s Plan could stimulate ad-
ditional solar installations. The solar-heating
demonstrate ion program is designed to show to
the public at large (users; designers; builders;
financiers; and tax, insurance, and regulatory
a u t h or i t i es ) t h e e x tent t o w hich solar heating can
be applied successfully and economically to a
variety of buildings in wide areas of the country.
Legal, institutional, environmental, and social
deterrents to adoption should be assessed and
dealt with as part of the demonstration.

Another p u r p o s e  o f the solar-heating
demonstrat ion program is  the integrat ion of
various available components and subsystems
into effective heating systems, and the deter-

minat ion of  performance and cost  of  such
systems, This program should demonstrate the
benefits attainable by use of various subsystem
and system improvements resulting from
research and development.

The overall goal of the program should not be
the development of technology or of hardware,
but rather the development of consumer markets.

Research on and development of solar cooling
and advanced solar-heat in g c o m p o n e n t s  a n d
systems are important activities which should be
conducted under a well-funded R&D effort, but
this should be dissociated from the demonstra-
tion programs. Whenever such developments
reach the stage at which available solar-heating

systems have now reached,  they should be
inc luded  i n  t he  demons t r a t i on  p rog ram a s
outlined above.
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10. Role of User Incentives in Solar Heating and Cooling
of Buildings

A well-structured user incentive program would accelerate the solar heating
and cooling of buildings (SHACOB) and accelerate development of the infrastruc-
ture to support large-scale applications.

SUMMARY

Properly structured user incentives are perceived as having the potential to
substantially accelerate the growth of solar energy utilization. Although incentive
programs should probably not be developed nor administered by ERDA, they have
potential impact on ERDA’s program. The important interfaces and distinctions
between the various Federal agencies with regard to solar incentive responsi-
bilities, have not been delineated in ERDA-48,

Incentives may be looked upon as temporary. Economics are less favorable for
solar heating and cooling systems now than they will be in the long term because:
(a) mass production savings in producing solar equipment have not yet been
attained, (b) cost reduction engineering accompanying volume production remains
to be done, and (c) it is probable that costs of competing fossil-based energy forms
will be higher relative to solar in the near future.

However, there is a clear need for equitable treatment of the solar energy user.
The individual user, turned energy producer, does not now receive the benefits of
investment tax credits, depreciation allowances, depletion allowances, and other
incentives provided to corporate producers of fossil energy forms. No incentive
recognizes his contribution to society in reducing pollution, preserving fossil
resources or reduci ng the Nation’s dependence upon imported oil,

QUESTIONS

1. Why, as stated in ERDA-23, does ERDA 2. What agency, or agencies, should develop a
propose to delay study of incentive programs structured incent ive program, and what
until 1979?

The development of
s o l a r  e n e r gy f o r  t h e
buildings requires that

should be the nature of ERDA’s interaction
with it?

BACKGROUND

large-scale application of decisions is the economics of the choice as
heating and cooling of perceived by the potential user, Each has his own
a very large number of perception of the relationshi p between first cost

individua1 favorable decisions be made. In the and annual savings required-to elicit a favorable
majority of cases these decisions will be made by decision, and the rate at which conventional
individua1 consumers, and a major factor in these energy costs will escalate, Thus, a properly
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structured incentive program which reduces the
users first cost and operating cost will increase
the number of individual favorable decisions. By
subs id i zing equipment cost to the user, the cost
savings effected by increased production can be
made available to the consumer. On the basis of
present equipment costs, the current payout time
on solar  systems, resulting from savings in
conventional energy costs, is satisfactory to a
significant but moderate number of consumers,
mainly if the user’s current alternative is electric
energy. Because heating oil and gas prices are
lower than electricity prices, for home heating,
present  costs  of  solar  equipment  current ly
represent an attractive investment only to a
minority of consumers.

In a very real sense, the user of solar energy
becomes an energy producer. His costs, which are
largely investment related, must be competitive
with those of producers of competitive forms of

energy. Many of these are also capital-intensive.
The corporate producer of competing energy is
assisted in recovering his investment by invest-
ment tax credits which provide for immediate
recovery of a portion of the investment from
pretax income. Also, he can recover the balance
of his fixed investment over time with pre-tax
income through depreciat ion al lowances.  In
addition, in some cases he also receives tax-free
depletion allowances. I f  t h e  s o l a r  e n e r g y
producer  is a n  i n d i v i d u a l  h o m e o w n e r ,  h e
receives none of these tax benefits, and must pay
for  his  product ive facil i t ies with after-tax
income, As an owner of commercial or rental
property, h e  r e c e i v e s on ly  dep rec i a t i on
allowances, Therefore, under present tax laws,
the individual (noncorporate) producer of solar
energy is subjected to discrimination and faces a
disincentive to use solar energy.
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11. Standards for the Measurement of Solar Heating and
Cooling Equipment Performance

ISSUE

For consumer protection, standards are needed to provide comparative
performance ratings, to allow comparison of durability, and assure proper
installation of solar equipment.

SUMMARY

In order for the consumer or builder to intelligently compare solar equipment
produced by competing manufacturers, it is necessary that all equipment be rated
according to realistic and consistent standards. In order for the owner, builder, or
architect to properly size equipment to the load, the equipment performance as
determined from a standard measurement procedure must be specified. At present,
many equipment manufacturers omit rating data or rate their own equipment in
different terms so that it is very difficult to make comparisons or to size
installations. Thus, it appears that standards are required not to protect the
consumer. It is particularly appropriate that proposed incentive programs be tied
to standards so as to discourage fraudulent or mistaken practices.

QUESTIONS

1. What are ERDA and/or other agencies doing 3. Will future standards be so written as to
to accelerate development of adequate stan- enab l e  t he  consumer  t o  make  h i s  own
dards? comparisons on life cycle cost effectiveness

2. Is it intended that standards be written so
and energy conservation potential?

that they consciously avoid stifling innova-
tion?

BACKGROUND

It is generally true in the development of an
industry that some of those who enter it seek to
capitalize on the consumer’s lack of knowledge
by marketing products which are either un-
suitable for their intended purpose or which do
not perform as claimed. Significant commercial
sale of solar heating equipment is now emerging
and volume will grow, particularly if sales are
s t i m u l a t e d  b y  t h e  g o v e r n m e n t t h r o u g h
demonstration programs and user incentives.

There is evidence that unscrupulous suppliers
have already entered the market.

For the consumer to intelligently compare the
solar  equipment  of  different  manufacturers ,
realistic and consistent ratings are necessary. To
select equipment for a particular application,
valid performance data are also required. At
present, the performance of much equipment is
unspecified or is presented in a manner unique to
the particular manufacturer, and it is difficult to
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make comparisons or to size installations, This is
true even of manufacturers whose reputation is
such  t ha t  t he r e  i s  no  s e r i ous  ques t i on  o f
fraudulent  c laims. T h e r e  a r e  o t h e r s  w h o s e
performance claims are at least suspect.

Standards intended to  establ ish equipment
durability and life are also required to protect the
user’s investment ,  Although manufacturers’
warranties are important, they are not a sub-
stitute for standards at this stage in industry
development. Many equipment producers do not
have the financial strength required to back up
meaningful  warrant ies ,  and therefore val id
equipment ratings are essential.

Standards intended to assure adequate in-
stallation practices are also needed in lieu of
nonexistent local codes and regulations. It should
be expected that in time, such standards will be
replaced by local codes and regulations.

I t  appears  that  the industry is  s t i l l  in  a
formative stage of development and that Govern-
men t  a s s i s t ance  i s required to accelerate
development of standards, It is paramount to
rapid consumer acceptance of solar energy that
the credibility of this industry be guaranteed by
industry self-regulation and government
vigilance.
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12. Impact of Solar Energy on Utility Peak Demand

ISSUE

Onsite solar energy sources (most immediately solar heating and cooling),
unless developed properly, will cause a significant utility peak demand problem.

SUMMARY

The economics of solar heating and cooling show that much of a building’s
energy requirements can be met by solar energy, The remainder must be supplied
from an auxiliary source— for example, electricity or natural gas from a public
utility or a stored onsite source, such as fuel oil. As the use of solar energy becomes
more extensive, it may contribute to an increased peak demand problem for the
utilities (particularly the electric utilities), because such energy supply systems
could need auxiliary power simultaneously. Expensive standby electricity rates
for solar energy uses could result, If auxiliary energy is supplied by a public utility,
the solar energy systems should be carefully designed to minimize regional
standby capacity. An alternative is onsite, self contained auxiliary energy storage
(such as fuel oil], which makes the consumer independent of the utility or which
will ensure his utilization of auxiliary sources at offpeak times.

QUESTIONS

1. At what levels of implementation (percen-
tage of solar homes) will a peak demand
problem for utilities become serious?

2. What standby energy and/or capacity (peak
or off peak) rate structuring can be an-
ticipated or recommended in the future for
buildings using onsite solar energy?

3.  What  methods appear at t ract ive for  self-
con t a ined  ons i t e  supp l emen ta ry  ene rgy
storage?

4. How best can an onsite solar energy system
be designed to minimize the impact on the
utility system while simultaneously max-
imizing the benefit to the solar consumer?

5 .  Wha t  coo rd ina t i on  i s  p l anned  w i th  t he
Conservation Division of ERDA for storage
s c h e m e s  u n i q u e l y  a p p l i c a b l e  t o  s o l a r
systems?

BACKGROUND

At present, solar energy represents a negligible utility standby capacity is used, then the solar
contribution to any region’s energy economy and energy system should be designed to demand
therefore has little effect on a utility’s load supplementary energy at off peak hours and store
distribution. As onsite solar energy use makes a it until needed, thereby minimizing the peak
greater impact, it in itself will cause an in- demand problem and possibly even enhancing
creasing peak demand problem for  ut i l i t ies the relation between peak and baseload for the
unless these systems are designed wisely. If the utility. Another option is onsite, self-contained
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auxi l iary energy s torage (such as  fuel  oi l , seriousness of this problem should be studied by
replenished as needed). This makes the user FEA in conjunction with the utility industry,
independent of a utility, but provides a long-term FPC, and citizen energy groups.
demand for onsite fuel (fuel oil). The extent and

13. Biomass Energy and Food

ISSUE

Biomass energy generation may conflict with food production.

SUMMARY

In a world in which hunger is an ever-present concern, the use of arable land in
the U.S. explicitly for energy production may be seen as irresponsible and may
conflict with out own capacity to produce food. For this reason, it is important that
the biomass program should not have an adverse effect on the production of food,
either in fact or perception.

A variety of development strategies are available to satisfy this requirement,
including:

 Improved plant genetics to emphasize biomass production with low water and
fertilizer demands

● Changes in cattle-feeding methods and a reduction in the United States
demand for beef

• Development of lands unsuitable for food crops

● Integrated food and energy production systems.

Unless such approaches are successful (and are also perceived as being
successful), a large-scale biomass energy program will probably be unacceptable.

QUESTIONS

1.

2.

Have studies been made of the comparable
economic value of organic materials when
used for food, lumber, and energy?

What support is ERDA giving to genetic
studies for the improvement or development

of plants with high energy yield—and with
low water and nutrient demands?

3. Is ERDA undertaking
ensure the long-term
u s e d  f o r  i n t e n s i v e
farming?

studies or research to
productivity of land
agriculture or  tree-
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BACKGROUND

Biomass energy production has a number of
at tract ive features. A s i d e  f r o m  b e i n g  e n -
vironmentally benign, the organic products may
be burned for energy or converted to liquid,
gaseous, and solid fuel forms, They may be used
for either peak- or baseload electric-generating
capacity in central power systems, or may be
used as transportable fuels.

This flexibility y of end-use extends to construc-
t ion (lumber), food (cellulose), and the farms
themselves (green belts and recreation), The
specific way in which the organic farm product is
used will depend on need and economics rather
than on rhetorical choices between food and

energy. Food and biomass energy are not mutually
exclusive, and such implications may foreclose
an attractive option, unless viable development
strategies are pursued which do not seriously
affect food production,

In addit ion the relat ively low conversion
efficiencies may mean  t ha t  s i ng l e -pu rpose
energy plantations are not economically com-
petitive. Energy biomass as a by-product from
food production, however, may be economically
a t tract iv e. R e o r i e n t a t i o n  i s  n e e d e d  i n
agricultural R&D to maximize food/energy
production cost effectiveness,

*
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14. Legal and Institutional Constraints in Geothermal
Energy

ISSUE

Geothermal energy implementation is not so much constrained by technology
as by legal and institutional restraints.

SUMMARY

Federal, State, and local agencies are inexperienced and inconsistent in dealing
wit h leasing, exploration permits, and licensing of geothermal resources. For
example, geothermal resources are variously classified as water, minerals, or fossil
fuels by regulatory agencies. Furthermore, unlike oil and gas exploration,
extensive licensing and environmental analyses are required prior to exploratory
drilling,

ERDA sponsorship  of  innovat ive legal  and inst i tut ional  s tudies may
determine the best methods of resolving these and similar problems to ensure the
orderly development of the resource.

QUESTIONS

1. What can ERDA do to expedite the leasing 3 .  Wha t  s t eps  can  be  t aken  t o  ensu re  t he
and explorat ion of  potent ia l  geothermal efficient development of the total geothermal
resources? resource ?

2. Can the Environmental Impact Statement
(EIS) requirements be modified to stimulate
exploration without damage to the environ-
ment?

BACKGROUND

Current exploration for and development of
geo the rma l  r e se rvo i r s  i s  be ing  s l owed  by
problems with the licensing, permitting, and
leasing process. The  p r e sen t  pace  and  r e -
quirements of the Bureau of Land Management’s
(BLM) procedures for leasing Federal lands,
which con t a in much of the Nation’s resources,
hinder exploration. Experience shows that leas-
ing without exploration will not encourage the
resource industr ies  to  expand the data  base
required for valid resource evaluation.

Requirements for a complete Environmental
Impact Statement prior to exploratory drilling
may be an unnecessary burden. A complete EIS is
not required for exploratory oil and gas drilling.
Perhaps a better plan would be to allow ex-
ploratory activities to be initiated with limited
initial environmental analysis, but subject to
minimum standards. Upon discovery and con fir-
mat ion of a resource, a master plan, including a
complete EIS, would then be filed for approval
before development of the field,
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The various states with geothermal resources
define the material in different ways—that is, as
water, as a mineral, as a fossil fuel, or not at all—
and no ownership is defined for the dissolved
minerals and gases, These ownership quest ions
can only hinder development, since the problems
of leasing large areas with multiple ownership of
wa te r  and  mine ra l  r i gh t s  a r e  su f f i c i en t  i n
themselves to prevent utilization of the resource,
To encourage geothermal  development ,  the
resource will have to be uniformly defined as
water, as a mineral, or as a unique resource. It
may be in the interest of rapid utilization to
cons icier innovative solutions, such as defining
geothermal fluids and all associated minerals,
gases (methane, carbon dioxide, etc.), and thermal
energy, as a unique resource. Furthermore, to
conserve the avai lable  resources,  i t  may be
necessary in some cases to consider legislation
which would prevent exploit a t ion of the resource
solely for the recovery of the mineral or methane
content while wasting the thermal energy (heat)
which is also available. A situation could develop

similar to the one which existed when it was
considered uneconomical to recover natural gas
and it was wasted (flared),

Jurisdiction o f  r egu l a to ry  agenc i e s  o f t en
overlaps and, in many cases, results in conflicts
which can almost totally prevent utilization of
the resource. An elimination of multiple permits
for the same steps and unnecessary multitiered
regulation may be one approach to the solution of
this problem.

The use of water from geothermal reservoirs
presents similar problems. In most cases, it will
be necessary to reinject the spent fluids into
either the reservoir or some adjacent geological
formation to prevent subsidence and to dispose
of any undesirable fluids. In some cases, water
usable for irrigation must be wasted because
current regulation may prevent its use simply
because the composition of the geothermal fluid
is different than that of the underlying fresh
water aquifiers. Such restraints  may be un-
necessary in many areas,
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15. Environmental Constraints on Geothermal Energy
Development

ISSUE

Environmental problems, which have been inadequately stressed by ERDA, can
place constraints on the potential development of geothermal energy resources.

SUMMARY

Geothermal energy development will have environmental constraints because
of the disposal of gaseous and liquid pollutants, the potential for large-scale
subsidence, and the potential for fault movement and earthquake generation. The
implementation document of ERDA’s Energy Plan does not adequately define the
necessary environmental evaluation problem for geothermal development.

QUESTIONS

1. To what extent is land subsidence a potential
problem with geothermal energy develop-
ment, and how large a geographical area will
be affected?

Z .  What  types  and degrees  of  exhaust  gas
treatment  wil l  be required to minimize
po ten t i a l  a i r  po l lu t an t  emi s s ions  f rom
geothermal energy development, and what
will be the resultant costs?

3 .  Wha t  chemica l s c a n  b e  e c o n o m i c a l l y
recovered from geothermal brine streams
prior to reinfection, and what  addi t ional
eff luent  t reatment  may be required for
above-ground disposal?

4. What magnitudes of earthquake intensities
may occur from varying levels of geothermal
energy development, and how might  this
constraint affect future utilization?

BACKGROUND

Geothermal energy results from the heating of
ground water in the Earth’s crust by proximity to
its molten core, The four basic types of geother-
mal energy developments are the hydrothermal
brine, geopressurized water, geothermal steam,
and molten magma systems. Potential environ-
mental impacts from major producing fields and
potential major fields are as follows:

● The Geysers, California. Geothermal steam
production for electric-power generation at
the Geysers releases hydrogen sulfide to the
atmosphere in small  quanti t ies  with the
noncondensable gases, whereas the major
portions are precipitated as a sulfide sludge

to constitute a potential solid waste problem.
Mercury vapor is  a lso released in t race
quantities from the exhaust gases from the
geothermal steam fields.

● Imperial Valley, California. Hydrothermal
brine development in the Imperial Valley
necessitates the disposal of highly saline
brine streams through either deepwell rein-
jection or surface disposal. The potential for
land subsidence and the activation of earth-
quakes are environmental constraints that
can deter future development. The release of
hydrogen sulfide in significant quantities
constitutes a potential odor problem, while
trace element releases of arsenic, boron, and
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mercury also pose possibl
problems.

●  G u l f  C o a s t ,  T e x a s ,  T h e

e environmental tion, but also provide for potential natural
gas recovery, This energy source is still in the

geopressurized- developmental stage where technical and
geothermal water sources along the Gulf economic feasibility has not yet been fully
C o a s t s  o f  T e x a s  a n d  L o u i s i a n a  p o s e established. There is an additional need to
problems, relating to water quality, land provide for a detailed environmental assess-
subsidence, fault activation, and air pollu- ment of this energy resource.
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16. Nonelectric Uses of Geothermal Energy and Geother-
mal Goals

ISSUE

The ability to approach ERDA’s presently unrealistic 1985 goal for geothermal
utilization will require a substantial increase in emphasis on nonelectric use.

SUMMARY

A realistic maximum prediction for electric generation by 1985 is 4,000
Megawatts of Electric Power (MWe). To reach the objective of 10,000 to 15,000
Megawatts (MW) stated by ERDA, however, will require a large amount of
nonelectrical uses. Since a significant portion of the resource base is low
temperature, the most important use of geothermal resources in the United States
may be for nonelectric applications. Indeed, the principal impact of geothermal
resources on worldwide energy needs, to date, has been through nonelectric
utilization.

The thermal energy from a geothermal reservoir can be used to replace
electricity or fossil fuels in low-grade industrial heat applications and space
heating. Geothermal water, because of its temperature, can also be used for
solution mining, agricultural enhancement, and mariculture.

Of additional consideration in reaching the ERDA goal is the development of
the number of wells needed for production and reinfection of 10,000 MW of
geothermal fluids. This will require a significant fraction of the drilling rigs,
material, and manpower presently being used for oil and gas exploration.

The ERDA Plan may not have assigned enough significance to the potentially
important nonelectric uses of geothermal energy, By doing so, ERDA could much
more realistically expect to reach their 1985 goals of geothermal utilization.

QUESTIONS

1.

2.

3.

What portion of the 10,000 to 15,000 MW of
geothermal energy projected by ERDA for
1985 is expected to come from nonelectric
uses?

Is a process heat survey being planned to
determine what  fract ion of  the total  in-
dustrial heat could be supplied by geother-
mal sources?

Would a person or firm who was interested in
using geothermal process heat be eligible for
the Federal  Geothermal  Loan Guarantee
Program?

4. Does ERDA feel that as part of its dissemina-
tion and implementation function it should
encourage the locat ion or  relocat ion of
industries u s i n g  l o w - g r a d e  h e a t  n e a r
geo the rma l  r e sou rce s?  Wou ld  t he  l oan
program apply?

5. Does ERDA plan to use geothermal resources
to develop central systems for the space
heating and cooling of buildings in populated
areas?
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BACKGROUND

A problem in interpretat ion of  the ERDA
document arises since it does not specify what
fraction of the total utilization is, to be electric.

By 1985, the Geyser’s vapor-dominated
geothermal field may be producing l,550 MWe.
T h e  m o d e r a t e  t e m p e r a t u r e , l o w  s a l i n i t y
hydrothermal demonstration plants (100 MWe
total capacity] will not be operational until 1979-
82. Pilot plant programs to test other geothermal
sources are not scheduled to be operational until
1978-80. When the time required to advance from
operation of a pilot plant through completion of a
significant number of commercial plants (greater
than or equal to 50
difficult to conceive
be on line by 1985.

Where geothermal

MWe) is considered, it is
that over 4,000 MWe could

energy is available, how-
ever, it can readily be used to replace electric or
fossil fuels as sources of heat, Much of the energy
expended in this country is used to provide heat
for industrial processes, space heating, and for
processes which depend on a supply of moderate
temperature fluids. These include control of
chemical reactions i n  p e t r o c h e m i c a l  a n d
chemical plants, drying of agricultural products,
processing of  foods,  paper  product ion,  and
mineral extraction and purification. Geothermal
water could be used for food production enhance-
ment processes that use temperature control to

generate maximum crop yield, such as field and
greenhouse heating. Protein supplies could be
expanded by algae growth in ponds heated year-
round by geothermal sources.

Geo the rma l  f l u id s  may  con t a in  va luab l e
minerals that are recoverable. In many cases, the
thermal energy in the fluids is sufficient to effect
this recovery.

These nonelectric uses of geothermal resources
can expand the def ini t ion of  a  geothermal
resource because a low-temperature reservoir,
which is not usable for electric generation, can be
used for some of these nonelectric applications.
Note, however, that nonelectric uses will, in
general, probably be site specific. The ERDA
Plan includes a pilot plant to investigate “multi-
ple nonelectric uses of thermal waters.” It is
difficult to determine whether or not multiple
uses will be practical at a given geothermal
reservoir .  Support  for  “demonstrat ions” a t
different locations for different purposes may
prove to be more desirable.

To achieve the goal of extensive nonelectric
use, a greater emphasis is needed, especially in
the area of dissemination of information and in
the technology of conversion of existing in-
dustr ial  heat  processes from fossi l  fuels  to
geothermal heat.
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17. Variability of Geothermal Reservoirs

ISSUE

Each geothermal reservoir has its own unique characteristics, which affect the
research strategy and demonstration portion of the ERDA program.

SUMMARY

Each geothermal  reservoir  has unique parameters ,  such as  s ize,  f luid
characteristics, and location. Furthermore, the nature of its energy source (heat)
requires that it be used at or near where it is found. Thus, the design of equipment
and energy conversion technology must be tailored to the characteristics of the
fluid in each reservoir; consequently, different power cycles may be used. If the
ERDA pilot/demonstration program were to concentrate on a single type of power
cycle, multiple demonstrations of the same cycle would not aid the expansion and
use of this resource. Furthermore, the most useful cycle for a given reservoir may be
determined by the availability of cooling water near the well site. Thus, the
equipment and power conversion research strategy will have to consider a wide
variety of possible utilization systems to ensure high efficiency.

QUESTIONS

1. What cycles has ERDA identified for its 3. To what extent will the pilot/demonstration
pilot/demonstration program in geothermal p r o g r a m  b e  c o n c e r n e d  w i t h  p r o b l e m s
energy? associated with integrat ing a  geothermal

How will advanced power cycles be demon-
source with an existing power grid?

2.
strated?

BACKGROUND

The Energy Research and Development Ad-
min i s t r a t i on  has  i den t i f i ed  two
temperature (about 20 0

0 C), low-sal
voirs for demonstration and may
binary cycle (or a version thereof)
these reservoirs, A variety of canal:

moderate-
inity reser-
choose the
for both of
date power

cycles are possible,  but  they have not  been
included in the current demonstration program.

The ERDA program also includes pilot power
plants  for  a  high-temperature,  high-sal ini ty
reservoir, a geopressured reservoir, and a dry
hot-rock reservoir. The best choice of power
cycle for these pilot plants may be other than
binary.
tempera

S ince  mos t o f  t h e  k n o w n high-
ure reservoirs are located in the South

and Southwest where water is scarce the most
appropriate cycle for a given reservoir should be
determined by both the reservoir characteristics
and the availability of cooling water.

The demonstration of power cycles will not
solve al l  the potential  operat ional  problems
assoc i a t ed  w i th  w idesp read u t i l i za t ion  o f
geothermal  energy for  e lectr ic i ty .  Dynamic
c o n t r o l  o f the production/power/injection
system is important, particularly if the electric
load is lost, Any interruption of electric load on
the generator creates control problems for the
well since
conversion
the system.

the f luid must  bypass the power
equipment until load is returned to
With a steam geothermal reservoir, it
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is safe and environmentally acceptable to vent the hot fluids would have to bypass the power
the s team. However , with saline hot water conversion equipment and be immediately rein-
systems, the fluid can not be dumped because of jected. All of these control, grid interaction, and
environmental considerate ions. Thus, an artificial switching problems need to be considered when
load (storage system) might have to be applied or optimizing a geothermal electric installation,

.
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E. COMMENTARY ON ERDA PLAN

This sect ion is devoted to several comments or
short issue statements concerning the ERDA
solar and geothermal programs. The nature of the
issues addressed by these comments is such that
a short exposition is all that is required to
adequately express them. They should not be
considered to be less important than the several
issues developed in length in Section D.

1.

2.

3.

Has proper  a t tent ion been given to  the
neces sa ry in t r aagency coo rd ina t i on
mechanisms to ensure the cross-fertilization
of information and technology between solar
programs and necessary auxiliary efforts in
other divisions?

There are many aspects  of  the ERDA
program which cut across divisional boun-
daries, and which, although assigned to one
division, are of vital concern to the solar-
geothermal  programs.  Examples of  such
areas are:

●

●

●

●

●

●

●

Energy storage
H y d r o g e n  g e n e r a t i o n ,  d i s t r i b u t i o n ,
storage, and utilization
Advanced power conversion cycles
Combined s torage/conversion systems;
e.g., fuel cells or thermal “batteries .“
Superconductivity y
Electric power conditioning (e.g., d.c, to
a.c, conversion)
Resource availability, particularly fresh
water.

Which research programs in the solar and
geothermal areas are budget limited? If more
funds were provided, what would be done
with them, and how would they assist the
research effort?

What are the differences between a test bed
facility, a pilot plant, and a demonstration
plant?

In ERDA language, a test bed is a facility
used to test components of and ideas for a
total system. A pilot plant is a complete
system assembled t () show technical
feasibi l i ty and to gain construct ion and
operating experience. A demonstrate ion plant

4.

5.

6.

7.

8.

9.

10.

is a near commercial scale facility used to
show economic feasibility y although the plant
itself may not be economically competitive at
that  t ime.  Another  but  total ly  different
concept of “demonstrations” is illustrated in
connection with solar heating and cooling of
buildings (see Issue Paper 9), where the
objectives are to generate a user market.

Does ERDA’s patent  pol icy enhance or
impede development and application of solar
and/or geothermal energy?

Should ERDA research funding include
requirements that  access to background
proprietary information and patent positions
be granted to the Federal Government?

How does withholding of “proprietary infor-
mation” by industry affect ERDA’s state-of-
the-art reviews and data-bank usefulness’?

What should be the nature of incentives to
use windpower systems and geothermal
heating systems?

The issue of incentives related to solar
heat ing and cooling has been discussed
previously (see Issue Paper 10). Many of the
same points also apply to wind power and
geothermal heat utilization,

Would it be appropriate for ERDA to fund
t r a ineesh ips  i n solar a n d  g e o t h e r m a l
technology?

The discipline requirements for the utiliza-
tion of these resources is such that some
incen t ive ,  s imi l a r  t o  t he  fo rmer  NASA
traineeships, may be required to encourage
pursui t  of  these special ized educat ional
backgrounds. The need for  these hybrid
scientists/engineers is immediate,

What is the reason for the apparent emphasis
on the central tower solar electric concept to
the exclusion of solar electric approaches?

Should the Plan make a specific commitment
of allocating a portion of the solar heating
and cooling demonstration projects to the
retrofitting of existing residential and com-
mercial buildings?
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11.

12.

13.

14.

15.

‘ 16.

A l t h o u g h  s o l a r  h e a t i n g  a n d  c o o l i n g
systems will be more cost effective in new
buildings designed with the systems, the
approximately 65 million existing buildings
p re sen t  an immense potential  for  solar
heat ing and cool ing,  with  a  subsequent
significant potential fuel savings. This is
particularly true in the case of solar-heated
domestic water.

Wha t  i s  t he  s t a tu s  o f  t he  Gua ran t eed
Geothermal Loan Program?

The Geothermal Guaranteed Loan Program
will be impossible to implement without
appropriate ions avai lable  to  back up the
guarantee.

W h y  d o e s  a  s o l a r thermal total-energy
system demonstration appear in the plan, but
no photovoltaic total energy system?

Pho tovo l t a i c s  ( a t  l e a s t  ons i t e )  wou ld
appear to be at least as well suited for total
energy systems.

How does ERDA plan to verify and supple-
ment the estimate of geothermal resources
indicated in the USGS Assessment Program?

USGS cannot drill exploratory geothermal
wells, but in order to determine the potential
reserves, geothermal exploratory wells must
be drilled. Such exploratory drilling will
allow for better planning of resource utiliza-
tion and determine the resource for which
conse rva t i on t e c h n o l o g y s h o u l d  b e
developed.

Why is little emphasis placed on alternative
solar-cel l  materials  (other than si l icon)
considered in the ERDA Plan?

A number  of  other  mater ia ls  (such as
gal l ium arsenide, cadmium sulfide,  and
i r i d i u m  p h o s p h i d e )  a r e  r e c e i v i n g  c o n -
siderable attention from the private sector,
and some of them appear quite interesting.

Does the potential for the export of solar,
wind, and geothermal technology and equip-
ment have any impact on R&D strategies?

Will geothermal resources benefit only cer-
tain segments of the country?

Even though geothermal  resources  are
regional in occurrence and nontransportable,
this does not make it a regional resource
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17.

18.

19.

20.

21.

which will benefit only a small segment of the
population. Because of the nature of the
resource (heat), it must be used near the well
site. However, when geothermal energy is
used in one portion of the country to replace
fossil fuel heat sources, the fossil fuel saved
is available to the country as a whole in the
form of high value liquid fuel,

What is the role of ERDA in the development
of geothermal exploration methods?

The development of advanced geophysical
exploration techniques is needed to ensure
full and rapid development of geothermal
resources, If ERDA agrees that it is within the
scope of their mandate to do this type of
work, such a statement should be made with
details provided.

Has ERDA given adequate attention to the
use of international research efforts to solve
common energy problems?

The solar energy field is a particularly
attractive area for cooperation.

Why hasn’t  the use of  wind energy for
nonelectric applications been considered;
e.g., water-pumping, with pumped-storage
capability?

It is possible that significant capital cost
and energy savings might be realized by
exploiting all possible avenues for these
applications.

Has ERDA considered establ ishing test
facilities, pilot plants, and demonstration
plants on Federally controlled rather than
privately controlled lands?

This  approach, with the assistance of
pr ivate  industry, would al low the rapid
testing of technology without many of the
long delays associated with licensing and
restraints on private land. This approach
should be considered for cases where early
testing of a resource or technology is man-
datory.

What is the nature of ERDA’s interaction
w i t h  t h e  E P A  p r o g r a m  i n  u r b a n  w a s t e
disposal? How do you integrate the use of
agricul tural  and forest  wastes  with your
program of energy from biomass?

T h e  u s e  o f ’  o r g a n i c  w a s t e s :  u r b a n ,
agricultural, and tree farming, can make a



22.

modest contribution to the fuel supply while marine biomass cultivation? Is this area large
reducing an adverse environmental problem. enough to allow a significant impact? What is

What ocean areas have you identified that
your estimate of the net energy-gain per acre

have  su i t ab l e  upwe l l i ng  cond i t i ons  fo r
of marine biomass and the cost to harvest?

! 1’
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