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ASSESSMENT OF SOLAR AND COOLING FOR AN ELECTRIC UTILITY COMPANY*

BY. G. W. Braun — Research Engineer, Southern California Edison Co.,
P.0. Box 800, Rosemead, California

E. S. (Ab) Davis — Members of the Technical Staff
R. L. French Jet Propulsion Laboratory
A. S. Hirshberg

l. INTRODUCTION

If commercialization of systems for solar heating and cooling of
buildings is to be successful, then consideration of the interaction between
these systems and electric utilities is essential. Widespread use of solar
heating and cooling systems stands to affect utility generation capacity
requirements, fuel reguirements, and load factor. Costs of electricity
will affect customer decisions regarding installation of solar devices.
In the pact, very little thought has been given to how applications of solar
energy in buildings can benefit both the operation of an electric utility
and the energy user. This pape reports results of a study of applications
of solar energy in residential and commercial buildings in the Southern
California Edison company Service area. Econoni ¢ conparison were nade
whi ch considered both the direct costs and benefits to the utility custoner
related to the use of solar equipment and the indirect costs and benefits
related to effects on the electric utility of demands for back-up electrical
energy. Benefits to utility and customer were thus accounted for without any

prejudice based on existing institutional arrangements.

The basic objective of the study was to understand the Interaction

between elements of the heating and cooling energy supply system well enough

*This paper describes results from research sponsored by the Southern
California Edison Conpany by agreement with the National Aeronautics
and Space Administration.
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so that utility objectives and directions for R&D activities in solar heating
and cooling could be defined. In pursuit of this objective, it was neces-
sary to: 1) assess the potential impact of solar usage on the utility in
question, Southern California Edison, and 2) identify conceptual solar
systems having a potential positive societal impact. An a priori assumption
of the study was that the magnitude of the impact of solar usage would depend
on the cost competitive status of solar equipment, its regional applicability,
the number of applicable buildings, and the magnitude of associated loads.
Research and development needs are established in cases where the impact can

be accelerated and made more positive via solar energy system design.

Just as the cost and availability of electricity will influence the
market penetration and design of solar energy systems, solar energy usage
for heating and cooling will influence electricity load growth and cost.
We will show that solar energy systems are optimally designed when they
supply only a fraction, 60-80% of the total heating and cooling energy
requirement. Utility electric systems will be affected differently by a
load imposed by an all electric heating system than by a load associated
with backing up a solar heat source. Since electricity cost is sensitive
to the nature of the demand placed upon the electric system, the impact of
solar usage on electricity costs can be positive or negative depending

upon the design of the solar energy equipment.

Our study was thus a "technology assessment " in that it dealt with
a more complete system than is usually considered in evaluating solar
heating and cooling systems. To achieve an overall societal benefit by
integrating solar devices into this system requires that the total cost

of heating and cooling energy be reduced. This total cost is essentially
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the sum of three components: 1) the cost of the solar equipment, 2) the cost
of conventional fuel, and 3) the cost of conventional energy supply equipment
(e.g. power plants and transmission and distribution systems). Achieving

a reduction in the total cost in general will require that the solar energy
systems be designed to operate so that the utility's peak demand is reduced
as much or more than its average demand, (i.e. its load factor is improved)
and that the proportion of premium fuel usage is reduced. We will have
achieved very little if the aggregate cost of installed solar equipment is
not offset by the sum of the reductions in the cost of the other two

components.

77-495 0- 17 -22
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11 APPROACH TO THE STUDY

Southern California Edison serves 75mllion people in a climtically
divesee area of 50,000 sg.nmiles asindicated in Figure No. 1. The study
confronted a three di mensional problem involving microclimtic zones, build-

ings, and the heating and cooling systens for the buildings. Qur approach
was to treat each dimension In turn. Then, with performance and econonics
calculated for selected systems and selected buildings in selected mcroclimtic
zones, we assessed the market penetration potential of solar energy systems

and the sensitivity of this to incentive and econonic assunptions.

The study was linmited to solar heating and cooling systems for individual
commercial and residential buildings. Solar heating and cooling systens
designed to serve MOrethan one building were not considered, nor did we
consi der concepts which usesolar energy to generate electricity or concepts

usingsol ar total energy Systemswhich provide both electricity and heat.

The first step of the study involved organizing weather data in a way
which woul d allow the estimates of building heating and cooling | oads and
collector performance to be efficiently and accurately calculated. CQur
procedure for organizing and using weather data allowed statistically
wei ghting and ordering of different types of days in each month of the year,
e.g. hot-cloudy, cold-sunny, hot-sunny, etc. This allowed us to deternine
the fraction of the total energy requirenent that could be served by a given
size solar installation. Coat optinum system designs could then be defined.
The approach is commended to others as a cost effective strategy for simula-

ti NQ the operation of solar energy systems in buildings; see Reference 1.
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Baaed on reduction of data from 14 weather stations in Southern California,
five mecroclimatic zones distinct with respect to solar applications were

identified, as indicated in Figure 2.

Applications of solar energy were studied in three of these nicro-
climtic zones: the coastal zone, the inland zone, and the high desert.
The two other zones were not explicitly exam ned. These zones are the |ow
desert and the San Joaquin Valley. Both have |ow population levels within
the SCE service territory conpared to the three zones selected and are

simlar to the high desert zone.

Four buildings were studied: two residential buildings, a 2250 ft*
single famly, a 9-unit multiple famly dwelling, and two comercial
buildings: a 6-story, 50,000 ft* office and a 145,00 ft* 3-story depart-
ment store. The buildings all exist in Southern California, and data is

available on their actual energy consunption for heating and cooling.

In addition to analyzing the buildings as they exist, separate conpu-
tations were made for the sanme buildings as they might be designed in the
future baaed on energy conservation oriented design practice. Energy con-
servation features were specified for three of the four buildings. This
was not done for the departnent store. The departnent store had no windows,
and the heating and cooling loads in such a building are relatively insen-

sitive to the weather.

In total, over 60 combinations of specific solar energy systems for
specific buildings with and without energy conservation features in specific
| ocations within the Southern California area were analyzed. The conbina-
tions of systems and buildings examined are summarized in Figure 3. Per-

formance of the solar energy systens was cal cul ated using a generalized

5
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mul tinodal thermal analyzer program (SINDA). Building heat capacities were
considered in calculating building heating and cooling demands on an

hourly basis. The conputer nodels were calibrated against available heating
and cooling load data. For the single famly dwelling hourly data was used
to calibrate the conputer nodel. For the other buildings nonthly and yearly
data were used. The nodel for calculating the solar energy available from
any of the collector included both the effect ofdirect and diffuse solar
radiation. A sinplified nodel of the solar energy storage subsystem was
used which assumed the storage subsystem to be |ossless except for the Ieas
of energy not used on the day it iscollected. A discussion of our approach
to the use of economic data to assess the potential inpact of solar usage

in Southern California is contained in Section X .
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I11.  DATA AND ASSUMPTIONS

The best base data was used. Al of the thermal pareneters for the
baseline and energy conserving case study buildings are consistent
wi th ASHRAE handbooks. The weather/insolation data developed in Reference
1 were used to drive both building nodels and solar collection system
mdels. Note that the insolation data of Reference 1 could be low by 15%

thereby making the performance cal cul ation sonmewhat conservative.

Costs were estimated in constant dollars with 1974 as the base year.
The 1974 Dodge Manual and the 1974 National Construction Estimator were
used for conventional costs. Costs for unconventional equipnent (like solar
collectors) were estimated on the assunption that comercial scale production
facilities existed for the conponent in 1974. Inplicit in using constant
dollars as a base for conparison is the assunption that inflation will affect
all conponents about the sane. This assunption is better for some cost
factors than others. Specifically, the relationship of electricity cost to
the inflation rate cannot be projected accurately. This was taken into
account by considering three scenarios for gas availability and electricity

price in the market penetration anal ysis.

In order to meke conparisons between solar heating and cooling systens
and conventional systens, certain assunptions have been made concerning both
conventional and solar technology. Only technol ogy which coul d becomercially
available by 1980 was considered. Solar collectors with efficiencies as
good as the beat prototypes currently available were assuned. Heat

actuated and vapor conpression chillers approaching the practical limts of
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performance were assuned. This nmeens that solar energy cooling nust conpete
with electric vapor conpression chillers having a C OP. of about 3.0 (includ-
ing condenser fan power), even though vapor conpression chillers currently
typically fall short of this high performance. Energy was assumed to be
stored as sensible heat in tanks of water. Although It is theoretically
possible tostore energy as the heat of fusion in various salts and waxes,
these storage nedi uns have yet to be proven practical and economical. The
results of thestudywould not be significantly altered if other storage

media were considered.
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Iv. GENERAL OBSERVATI ONS

One way of taking the utility/custoner interaction into account in
econom ¢ anal yses is to conpare solar energy costs with only the conponent
of total electric energy costs that are actually displaced by solar. In
substituting solar energy for electricity, two things can be acconplished.
Both have a positive societal inpact which can be reflected, inperfectly,
in econonic terms. First, solar energy can displace the fuels required to
generate electricity. The costs of these fuels, as reflected in cents per
kilowatt-hour of electricity, can range from a few tenths of a cent per
kil owatt-hour for nuclear fuels all the way to two or three cents per
kilowatt-hour for various grades of oil used for generation. Second, solar
energy end-use systenms, when substituted for electric end-use systems, could
reduce the load on the electric system at peak tinmes. The demand at these
peak tinmes effectively determine the magnitude of the investment in
generating and transmi ssion equi pment an electric utility nust make to
reliably serve its customers. [If the solar devices operate to reduce heating
and cooling related electricity demand during these peak periods, credit can
be taken for the costs of increments of electric system capacity rendered
unnecessary. As a result of the recent dramatic increases in oil prices,
overal| capacity and fuel related cost conponent for the Edison system

now have roughly equal weight in deternmining electricity price.

A solar energy system having no storage associated with it, could NOt
of fset capacity requirenents unless the utility load curve and the solar
availability curves were unifornly coincident. No situation has been found
in which this is the case. Thus, without storage, thevalue of the solar

output i S Sinply the csassociated with the fuel it displaces, which can
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be thought of as the oil which nust be burned to deliver the additional
electricity required during the daylight hours. . This value was once thought
to be insufficient to afford realistic conpetitive prospects to any solar
heating and cooling application. Ve find that now with fossil fuel prices
greatly inpacting the generation cost picture, there are some solar energy
systems which appear to be justifiable on their fuel displacement potential

alone. \Water heating for larger buildings is an exanple.

I'n considering solar energy systens that include storage, either
intrinsically or by design, the displacenent of fuel and capacity depends
not only upon the average energy requirenent for a systembut when the
system places the greatest demand on the electric system Loads which rein-
force the overall electric systempeak are | ess desirable than |oads which
have no time dependence. Water heating is what mght be termed a bal anced
load since it is relatively weather and season insensitive. On an aggregated
basis, it contribute both to fuel consunption and the requirements for
additional generating capacity. In this case, it is probably appropriate
to conpare solar costs with the electric billing rate. Electric apace
heating, on the other hand, for summer peaking utilities, such as Southern
California Edison, could be termed a seni-off-peak |oad. Note that
electricity is not presently the dom nant energy source for apace heating in
Southern California. Even if it were, solar usage for space heating woul d
have little effect on capacity requirenent, and the fuel displaced would
be the cheaper fuel involved in utility base |oad generation. Wth storage
and proper control however, solar augmented heat punp systens woul d al | ow
the delivery of electric heating energy in a way beneficial to the electric

system |l oad factor.

10
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Gven the need to analyze solar energy systems from { he point of view
of the utility and custoner combined, it is inportant to realize that there
are anumber of alternative means to incorporate favorable or unfavorable
inpacts on utility econmics into the individual customer's decision-
meking process. Exanples include different rates for peak and off-peak
periods and such incentivea as |easing, installation and servicing of preferred
systems or ot her cost sharing on the initial installation. This will require

serious consideration in the near future as solar devices begin to penetrate

the market.

11
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V. REG ONS

In general, climate affects the optinum size of solar energy system
conponents nore than it does the overall economic status of the system  For
exanple, Figure 4 illustrates the difference in econonic characteristics of
systems sized for the high desert region versus systens sized for the beach
in the case of solar hydronic heat punps. Al though the collector area
differs by a factor of 3 between zones, differences in the effective solar

energy coats are less than 10%

The relative econonic position of solar energy is determned by three
factors which vary between zones: (1) the climte, specifically the amount
of sunshine, (2) the effect of climate on the utilization factor of the solar
equi pment, and (3) the economes of scale associated with the total installed
cost of solar HVAC systems. For space heating and cooling systems this is
seen nore clearly in the smeller buildingg, which have weather sensitive
heating and cooling loads. For exanple, in the case of apace cooling, where
weather in the inland zone and especially in the desert areas results in a
higher utilization factor, economic attractiveness of solar cooling systems

does inprove as the location noves inland.

On the other hand, in the case of solar space heating of a single
famly dwelling, the econonics are slightly nore attractive in the coastal
zone. Although the heating load la lower in the coastal zone, it is also
more uniform The nore uniformload results in a higher utilization factor
on the solar equipment, which nore than of fsets econonies of scale and

better solar availability in the inland and high desert areas.

The fact that economics of solar heating are not particularly weather

sensitive, in spite of significant climtic variations, is encouraging. The

12
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devel opnent of broad regional or national markets for solar hardware need
not be hindered by the need for geographically specific studies of econonic
viability.

Energy conservation neasures which reduce the size and first cost of
solar heating systens also reduce the economc attractiveness of these
systems in residential buildings. It was found that energy conserving
features such as insulation and reduced infiltration had the effect of short-
ening the effective heating seasons and reducing utilization factor on the
solar heating equipnent. These neasures increased payback periods vis-a-vis
conventional alternatives by 25 to 30% By contract, in larger buildings
which are less weather sensitive and which have relatively steady heating
and cooling |oads, energy conserving design tends to have the opposite
effect. It shifts the load toward heating and thus inproves sol ar economcs

byproviding a nore bal anced and effective utilization of the solar equipnent.

13
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VI. APPLI CATIONS IN DI FFERENT BUI LDI NGS

The prospects for successful application of solar cooling were found
to be relatively poor in all of the buildings considered. Based on present
technol ogy of heat actuated chillers, first cost recovery (payback) periods
of greater then fifteen years were required for well insulated single famly
dwel lings and greater than 11 years in larger buildings. In considering
so[ar water and apace heating for the various case study buildings, once
again considerations on the utilization factor of solar equi pment predom -
nated. The nultiple famly dwelling was found to be the preferred building
application for solar heating. The multiplicity of units and the resulting

| oad diversity results in a higher load factor on the solar equipment than

for the single famly dwelling

Cenerally, the nmultiple famly dwelling offers the shortest payback
periods for water heating, ranging from3-1/2 to 5 years based on the choice
between a central system and systems for individual units. Payback periods
for space heating plus water heating range from5-1/2 to 7 years, based on
conparing solar hydronic heat punp systemcosts with the electricity costs
for conventional electric heating systems. Larger nultiple famly duwellings
show nore attractive econom cs based on economies of scale in the solar energy
system

In the case of single fam |y dwellings, water heating offers a payback
period of ten years, while space heating and water heating offers a payback
period of 6 to 8 years conpared to electric resistance heating at the 1974

billing rate.

The climate control systems for the large commercial buildings such

as the six story office building considered in our study are largely used

14
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for cooling. Because the maximum possible economes of scale are achieved
in such applications, solar cooling systems with optimally sized storage
cone closest to showing attractive economics for these large buildings, i.e.

a tan to 15 year payback period can be achieved.

Unfortunately, from the point of view of optimizing the cooling energy
supply system it would be better if the preferred application for solar
cooling were s smell building. Since smell buildings are the key factors in
the weather sensitive conponent of a utility load curve, solar cooling for
such buildings with appropriate storage woul d reduce the weather sensitivity
and thus inprove the load factor.

It was hoped that solar cooling system without thermal energy
storage could reduce the demand for electricity during peek demand periods.
Figure 5 chows quite clearly why this will typically not be the case. The
peek cooling load, and thus the electric systemload, continues beyond the
period of solar availability into the evening hours. Because of this, the
addition of energy storage, i.e. "coolness" storage, in connection with the
cooling system greatly enhances the conpetitive status of the end-use system
Systems for solar heating and cooling and cool ness storage in these build-
ings my afford the flexibility required to reduce the weather sensitivity
in the utility load curve to the benefit of the electric system load factor
and to the ultimate benefit of the utility custoner. However, cool ness
storage alone appears to be far more cost-effective then solar cooling.

This will be discussed further in Section X

15
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VIT.  COLLECTOR TECHNOLOGY
COLLECTOR  COSTS

The issue of collector cost has |ong doninated sol ar econonics
di scussions. W conclude from our analyses that the cost of the solar col-
lectors will probably not dominate the budget for solar heating and water
heating systems installed on Southern California hones. If collectors can
be produced for $2.77/ft® (1974 $) f.o.b. the factory and installed for an
additional $2.93/ft? then the non-collector costs exceed the collector
cost for systems with leas than 1000 ft’of area. Detailed cost estimates
for non-collector costs based on accepted 1974 data are plotted in Figure 6 and
show that non-collector costs increase to 70%of the installed cost for
systens as small as 100 ft®  These 100 ft’systens would be adequate to

serve an energy conserving single famly dwelling in the coastal zone of
Southern California and will cost in the nei ghborhood of $2,000 if

collector cost goals are realized.

COLLECTOR  DESI GN

A collector with two cover glasses and a sel ective coating has been
found to be economically justified for the water heating and space heating
applications if the cost of a durable selective coating is |ess than
.15 $/ft?(f.0.b. the manufacturer). For solar augmented heat punp systens
an unglazed col l ector is adequate. Collector currently being used for
swinming pool heating may be suitable in this application. The evacuated
tubular col l ectors show considerabl e pronise for inproving the coat effec-

tiveness of solar cooling applications.

16



361

VITT.  SOLAR COOLING TECHNOLOGY

The load on the Southern California Edi son system reaches its maxi mum
during the summer nonths. The daily load on the Edison systemis
typified by the curves in Figure 7. Thedifference between summer and
winter load characteristics is attributable to an increase In demand rel ated
to apace cooling in residential and commercial buildings during the sumer
mont hs. Approxi mately 25% of the Edison load is weather sensitive. In
extreme climtic regions the air conditioning inpact is striking. For exam
ple, the sumertine daily demand peaks in sonme desert areas can exceed the
tinter peaks for these areas often by as nuch as a factor of three. All
prospects for curbing the growth of this sumer peak are of great interest

to affected electric utilities.

Qur careful look at solar cooling technology baaed on various thermo-
dynamc cycles was very discouraging. The noat significant technical barrier
to the econonic application of solar cooling using thernodynanic cycles is
the low coefficient of performance (C.OP.) of heat actuated chillers. The
single stage LiBr absorption machines have a practical COP. of .65 and the
organic rankine cycle vapor conpression heatpunp solar cooling schenes have
an overall C.QP. of under .40 for collector tenperature in the range of
200 to 250°F. Since the cost of the thermal energy from the solar collector
is roughly conpetitive with electricity, a COP. for the heat actuated
chiller in therangeof1.5t03.0wi |l be needed to make sol ar cooling
economi cal |y conpetitive (fromthe owner’s point of view) with electricity
driven vapor conpression machines. Even at 1400°Fa 50 to 200 hp. water
rankine cycle expander only has an efficiency of 24% resulting in an effec-

tive C.OP. of .72. Oganic rankine cycle prima novers are limted to

17
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tenperature below 650°F and C. O P. of leas then .75. Therefore there is

little prospect that concentrating collectors with rankine cycle prime

movers will conpete with conventional air conditioning with economc con-

dition. projected for the next decade. A prototype double effect Iithium bronide
chiller has been operated with steam at 250°F with a C.OP. of 1.33. Use of this
chiller could reduce solar cooling system payback periods by 30% However,
research is clearly needed on heat actuated chillers with even higher C.OP. if
solar cooling is to conpete in the near term with electric  vapor conpression

chillers.

U*-Factor modulation appears t0 offer an attractive alternative to
solar thermodynanic cycle cooling. The technology is conceptually sinple.
It involves controlling absorption of solar energy and radiation of heat
fromthe building surface. An intuitive interest in this concept has emerged
from the discouraging outlook for solar cooling using thernodynanic cycles.
However, the economics are not easily established, the application of Ufactor
modul ation integrate traditionally separate disciplines of nechanical engineer-
ing and architectural, and the concepts denonstrated to date are radical departures
from conventional construction. None the less the idea la only a few years old,
and it has been demonstrated to work to stabilize internal tenperature. Harold
Hay's "Skyt herm' house and the "Drum VWall", "Sky Lid", and "Bead Vall" designed
by Steve Baer al | appear to work. Hones based on these principles, if not these
specific designs, would contribute less to the cooling | oads on an electric
utility. Wrk is needed to optimze these systems making better use of backup
energy sources. Innovation on the basic ideas are needed to nake them |ess

architecturally constraining.

*uy . the overall heat transfer coefficient of the building.

18
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IX. SIZING BASED ON ECONOMIC CRITERIA

Sol ar energy systems should not be sized to carry 100% of the heating
load if capital is to be used efficiently. The use of marginal cost analysis
for sizing is inportant if capital Is to be efficiently deployed. The use of
average cost for sizing would suggest a broad range where the size of the
system makes little difference economically. The narginal cost approach

shows the inefficiency ofoversizing solar energy systens.

As en exanple of the marginal cost approach to sizing a solar energy
system consider a solar water heating and space heatlng system for a
2250 ft’single famly dwelling in the inland valley region. The auxiliary
energy saved and the system coat is first calculated as a function of the solar
collector size. The marginal coat of solar energy* is then calculated as a
function of system size. The results of this analysis are plotted in Figure 8.
Two scales are supplied for capital recovery factors (crf) of 0.2 and 0.1. For
example, using the crf = .2 scale a solar energy system shoul d notbeinstalled to
produce solar energy unless the (average coat) price of the auxiliary fuel is
045 $/Kwh. If the price of auxiliary fuel is .055 $ Kwh, the marginal cost
anal ysis suggests a collector area of 20 nf(215 ft*. This collector area will
supply about 66% of the heating and water heating |oad of the building used in
this exanple. 66%is typical of the percentage associated with optimal

collector sizes for all ofour case studiesfor residential buildings. The

proper share is higher in commercial buildings.

* : _ d(cost)
Marginal Coat = crf «x d(auxiliary energy saved)
Where crf = the capital recovery factor.

19
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X. PROM SING APPROACHES TO SOLAR HEATING SYSTEM DESI GN

As noted earlier, solar space heating systens appear to have the
potential of becoming econonmically attractive from a building owner's present
point of view  Use of off-peek-power cooling can inprove the economc
attractiveness of sol ar heating when the inpact of off-peak power usage
on electricity costs is accounted for in the analysis. I'n the southwest,
solar heating systens will only need 100 to 200 ft’of collector area in
an energy conserving home. In this size range a water storage tank, heat
exchanger, and the plunmbing needed totransfer solar energy heat to a forced
air duct is approximately 1/2 the total cost of the solar heating system
These conponents can al so be used in connection with an electric air
conditioner operating at night for off-peak-power cooling. The payback period
on the incremental cost of adding a solar heating systemto an of f-peak power
cooling systemis thus reduced by a factor of two. Therefore even though
solar heating with electric back-up only saves fuel, it comes close to being
attractive when coupled with off-peak-power cooling. Solar heat is stored

in winter and electrically produced ‘coolness’ isstored in summer. This

conbined system can displace both fuel and peak load on the utility.

One sol ar energy heating system has been identified which is attrac-
tive on the basis of fuel caved even without an off-peak-power cooling
function. This system is the solar augnented hydronic heat punp in |arger
apartment and comercial buildings. This systemis inexpensive because
useful energy can be collected at 700P. The required solar collector need
not have any glazing to be affective. The conplete solar hydronic heat punp
system is illustrated in Figure 9. It nay be possible to elininate the
cooling tower in sone |ocations where nocturnal radiation is adequate to
handle the cooling Ioad.

20
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sol ar system was assunmed to be a commodity substitution investnent decision.
The investment analysis involves calculation of the rate of return on the
investment in a solar energy system from saving electricity or natural gas.
As conventional fuel prices increase conpared to the cost of solar energy
systems, solar energy systems because nore conpetitive with electricity and
natural gas. Once the return on investment reaches a mninum acceptable

level, solar energy systems begin to penetrate the market.

The minimum acceptable rate of return was assumed to be different
for different building Industry submarkets reflecting the relative conser-
vatism of respective submarkets. For examplé, the commercial submar ket
was assumed to have rate return requirenent equal to the cost of noney
(8-12% whereas the single family submarket required rates of return equal
to 18-20%reflecting the higher first-cost sensitivity of the single famly
submarket (see Figure 10). These assunptions were identical to requiring
a 5 to 5-1/2 year payback before solar energy systems would be used in the

single famly subnmarket and 8-10 years before use i N the comwercial narket.*

Penetration rates for the new and retrofit markets ware chosen to reflect
the historical resistance of the building industry to innovation. Hstorical
statistics on the penetration rates of nobile hones, heat punps, central air
conditioners, and others were considered in selecting penetration rates for

solar energy systens.

Ener Scenari 0s

The second set of factors influencing market penetration are the

future prices and availability of natural gas and electricity. One of the

*a survey of the adoption of new products in the building industry indicates
that payback periods of 5-7 years are often required by potential new users.

22
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most difficult problemin trying to assess the inpact of solar energy in
the next twenty-five year sisthe uncertainty regarding the price and
supply of fossil fuels. Inorder to deal with this uncertainty, three
scenariosare devel oped which bound the maxinum and ninimum penetration
rates for solar energy: 1) The Gas Curtailment Scenario 2) The Historical

Gowh Scenario and 3) The Retarded Energy Gowh Scenario.

The gas curtailment scenario postulates a continuing reduction in the
supply ofnatural gas so that by 1978 there is an embargo on all new natural
gas hookups; existing firm customers at that time are postulated to continue
to buy natural gas. The result is a switch in fuel use for new buildings to
100% el ectric (all electric residential buildings conrise about 10-15% of
the new market as of 1974). The price of electricity rises fromthe current
$.035 per Kwh at a 4%annual rate above inflation (that is, a 4%growth rate
in constant 1974 dollars); gas prices rise at the rate of inflation in this
scenario. This scenario will produce the highest solar energy penetration
since solar conpetes beet with electricity, and this scenario postulates run-
ning out of natural gas for new hookups end noderately high growth rate for

the price of electricity.

The "historical growh" scenario postulates a constant price of
electricity at $0.035 per Kwh.* The price of natural gee ispostulated to
double by 1978 end thereafter increase ata5% per year rateaboveinfla-
tion. With thisgrowth in the price of natural gas, no embargoes on new

hookups occur in this scenario.

*1974 Dol lars
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The third scenario, the “retarded energy growth" scenario postulates a
constant residential electricity price at $0.035 per Kwh (in 1974 dollars)*
unt{l 1985, after whi ch time the price declines in real temsslowy (-.33% per
year). After doubling at 1978, natural gas price remains constant (in real

terms) through 2000 according to this scenario.

A summary of these three scenarios is given in Figure 11. Each
scenario has four conponents; one for energy price, one for energy use mx
on existing buildings, one for energy use nix on new buildings and one for
energy conservation. Each energy scenario assunes that all buildings built
after 1975 will be energy conserving (have additional Insulation in the

walls end reduced infiltration).

Sol ar _Energy System Coat

The third major factor which affects the inpact of solar energy concerns
the assunmed cost of solar energy conponent and system The primary analysis
of inpact was perforned assuning a solar collector cost of $2.77 f.o0.b. the
factory. This la estimted to bethemass production price for a double
glazed flat plate collector with a selective coating but no netal parts.

Installation on the roof of a building is estimated to bring the installation

cost to $5.11 per ft®. (This does not include the costs associated with

non-col I ector conponents such as storage tanks and manifold plunbing).

Financial _Incentives
The anal ysis included the possibility of financial incentives which

reduce the effective first-cost of solar energy systems. The incentives

* . .
Prices for other rate classes are assumed to vary in proportion w
residential prices.
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could take a variety of forns - low interest loans, tax credits, accelerated
depreciation allowances, tax exenptions. Each type of incentive can be
interpreted as a reduction in the initial coat of the solar energy system
From our analysis of proposed and pending legislation at the Federal Ievel,
sone form of incentive appears to be likely. (For exanple, HR5860,which
provides a 25%incentive to residential usersof solar energy, has passed

the House andis in conference). The inpacts ofsolar energy werestudied
using three different incentive levels; 1) no incentive, 2) 25% incentive

and a 50% incentive.

The Single Fanily Market

Scenarios for the future solar energy share (percentage) of the total
energy used for heating and cooling andwater heating by single famly hones
are tabulated in figure 12. Thepercentagein figure 12 arethe aggregation
of all estimated adoptions in both the new and retrofit markets in each of
the three nmost significant mcroclimtic zones of the Southern California

Edi son Conpany service territory.

The buyer decision criterion stated as a required payback period before
he will buy is related to the level of incentive. For exanple, if a buyer
requires 5 year payback period with a 25% first cost reducing incentive, this
is identical in economic terms, tO requiring a longer payback period of 7 years
with no incentive. Using this relationship it is possible to exanine the

energy savings fromthe use of solar energy considering different decision

criteria and incentives as well as under different energy scenarios.

The gas curtailment scenario produces the greatest penetration of

solar energy systems. |f potential buyersare willing to accept a 5 year
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payback a nd r eceive no first cost incentive, then solar energy displaces 10%
ofthe projected electrical energy needed for heating, cooling and water
heating in the year 2000. If, however, potential buyers are willing to

accept a 7 year payback with no first cost incentive (or equivalently a 5%
year payback made possible by a 25% incentive) then solar energy displaces 25%
in the year 2000. Sinilarly, if potential buyers are willing to accept an 11
year payback with no first coat incentive (or equivalently a 5% year payback
made possible by a 50% incentive) solar energy displaces 36% of the proj ected
electrical energy for apace and water heating and cooling in the year 2000

under the gas curtailnent scenario.

As can be seen from Figure 12, no penetration occurs prior to the year
2000 under the other scenariosunless potential buyers will accept 11 vyear
paybacks (or require 5% year payback but receive a50% incentive). If this
criterion is net then solar energy will achieve a 12% penetration in the
hi storical growh scenario and a 6% penetration in the retarded energy growh

scenario by the year 2000.

Impact of Incentive

Anot her way of presenting theseresultsfor scenariolis given in
Fi gure 13 which shows the energy displaced by solar systems on single fanily
dwel lings from 1975 to the year 2000. The lower curve in figure 13 is the
growt h of energy displaced by solar energy assuming no incentive and a 5%
year payback 'requi rement before potential users buy solar systems. The niddle
curve shows the energy displaced by solar energy if a 25% incentive is given.

The third curve presents the energy displaced with a50% incentive. The upper
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curve in Figure 13 is the total energy used. The other dashed curves represent

50% 10% and 1% of thetotal energy use.

These dashed curves provide a neans for evaluating the inpact of incentive.
upon the use of solar energy. Exanining the dashed curve called 10% of total
energy use, it is apparent that there is a significant tine difference between
the times at which solar energy displaces this anount of energy at each
of the incentive levels. The difference between the tine at which crossover
for no incentive and 25% i ncentive curves occurs is about 7 - 9 year., which
indicates that a 25%incentive till speed the adoption of a given level of
solar energy use by about 7 - 9 years. Simlarly by exanining the tine of
crossover for 25% and 50% incentive curves, the difference between a 25% and

a 50% incentive can be seen to be 5 - 7 years.

Conparison between M croclinatic Regions

The market penetration of solar energy systems in each mcroclimtic
zone for single famly buildings was perforned to determine difference
between zones. The resulting energy displaced in the year 2000 in the gas
curtailnment scenerio is given in Figure 14. The results show that solar
energy will achieve the highest percentage penetration in the beach zone with
the high desert zone a close second. These results may seem counter-intuitive
because the beach area often has fog and cloud cover particularly in the
morning. several factors cause thisresult. First the temperate climate at

the beach causes solar space heating equipment to have a higher utilization

factor making the economics of solar heating slightly better at the beach.

In addition space heating is a larger share of the total HVAC energy budget
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at  the beach. Since solar air conditioning doesn’t penetrate the inland and
high desert markets until after 1990, the percentage oftotal HVAC energy

di splaced by solar is less in these regions.

Ofice Buildings
The potential of solar energy was al so examned for office buildings.

Figure 15 presents the energy displaced for office buildings as a function

of tinme forthegas curtailment scenario. Ascanbeseenfromthis figure
mar ket penetration of solar energy reaches a minimum of 10% in the year

2000. The lower penetration in office buildings compared to single family
buildings is due to the relatively |1 arger cooling requirement for offices.
Because near term technol ogy for solar coolingis notexpected to be as
econom cal as heating for single folly buildings, the percent penetration

in office buildings is expected to be lower even though the adoption criteria

are |eas severe.
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X, SUMVARY OF FI NDI NGS

The use of solar energy for apace heating, water heating and cooling
has been investigated in the residential and comercial markets of Southern
California. Inportant conclusions have been reached concerning: the
design and application of systens; the best submarkets, the growth of solar

energy usage in buildings.

Five nmicroclimtic zones have been defined in Southern California Edison's
service territory. Wile the size of solar heating systens varies by a
factor of three between these zones, the payback periods vary by less than
0% The coastal zone has the lowest heating load and the shortest payback
period for a solar heating system Solar water heating and solar cooling

systems |ook better in the high desert region than along the coast.

Larger buildings are nore attractive for solar energy systens
because of economies of scale, and this is one reason why nultiple fanily
dwel I'ing applications are more econonically attractive than single famly
applications. A solar water heater with a 36 ft.”collector is estimted
to cost over $850 ($23/ft.”)*. A solar apace heating and water heating
system with 200 ft. 2 of collector for a large single famly home is estimted
to cost $3000 ($15/ft. Z)T while a solar water heater for a multiple fanily
bui | di ng which requires a 1000 ft.* collector is estimated to coat $8000
($8/ft.5.* A systemwith 12,800 ft.”of collector to heat and cool a 50,000 ft.*

office the coat is estimted to be $100,000 (under $8/ft.?).*

The shortest payback periods have been found in the nmultiple famly

and comercial markets. Solar water heating can have a payback period as

*ventual mass production cost in 1974 dollars.
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short as 3% years vs. electric water heating at the 1974 billing rate. The
solar augnented hydronic heat punp for space heating in multifamly dwellings
is estimted to have a 3% year payback. These systems can be economically
justified on the basis of the fuel savings by the utility conpany. Conbined
wat er heating and space heating systems have a 5% year payback period.

In the single famly market, conbined solar water heating and space
heating systems are projected to have a payback period in the range of 6-8
years conpared welectric resistance heating. Longer payback periods
are estimated for the solar augnented heat punp; however the accuracy of
this estimate is nuch poorer. A payback period of 5% years is felt to be
needed to make a system attractive to the single famly market.

Solar cooling can be used to reduce utility peak loads. However, the
payback periods for solar cooling conpared to electric vapor conpression
cooling are extrenely long except when conbined with solar heating systenms.
Even when conbined with solar heating systems the payback period is
optimstically estimated to be greater than 11 years in all applications.
The mejor technical barrier to solar cooling is the low COP. of the
thernodynamic cycles currently being investigated.

An of f-peak- power cooling system conbined with solar space heating
provides a technically attractive option for reducing peak load in both
the residential and commercial narkets. The off-peak-power cooling systems
justify the cost of an on-site thermal energy storage tank. Since the tank
can also be used to store solar energy for heating, the incremental cost for
adding a solar heating system is reduced. Wile solar heating using
electric auxiliary only displaces fuel, the conbined system displaces both

fuel and capacity.
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Al of the solar HVAC system concepts Investigated require auxiliary
energy if capital is to be deployed efficiently: Solar cooling systems whi ch
carry over 50% of the cooling energy load only reduce the peak demand on the
auxiliary electrical systemby |ess than2s% The peak auxiliary demand occurs
on days which are hot and cl oudy, whereas current Edison maxi num peak | oads
occur on hot, sunny days. Inthe caseof solar spaceand water heating systems,
electrical energy nmay be needed every day for extended periods i n the cool er
months. A utility with a sumrer peak could supply thisenergy directly and via

heat pumps and thus improve its system load factor.

Significant market penetration of solar water and apace heating in

the nultiple famly and commercial markets only requires the devel opment of

mar ket s adequate to justify mass production tooling for currently understood
technology. In the single fam |y market significant penetration can occur if:
1) mass production prices are achieved, and 2) new hook-ups of natural gas are
curtailed and electric rates tend to escalate faster than Inflation,
alternatively If: |)consumers are willing to accept an n-year payback onthe
solar equipment, or 2) incentive are provided at a | evel equivalent to a 50%

first coat reduction.

Of perhaps greatest significance, we have found that there are ways of
conbi ning heating and cooling concepts such that use of solar energy and
electrical energy is nore econonical for theutility and itscustomersthan
use of either alone. This suggests an optimistic view toward the near-and
long-term prospectsfor comercial utilization of solar energy in buildings.

It iswiththis viewthat the Southern California Edison Conpany will continue

to support devel opnent of such attractive systens.

31



375

XTI, REFERENCES

1. E S. Davis, L. C Wn, andR.L. French, “A new Coat
Saving Method for Cal culating the Long Tern Performance of Sol ar
Heating and Cooling Systems," Paper presented at 1975 International
Sol ar Energy Society Congress and Exposition, UCLA, Los Angeles,
July 28 - August 1, 1975.

2. Schoen, Richard, Jerome \eingart and Alan S. Hrshberg,

New Energy Technol ogies for Buildings: Institutional Problens and

solutions, Ballinger Publishing Co., Canbridge, Mss., 1975.

32



376

ACKNOWLEDGEMENT

Special thanks are dueDr.L.C.lienforhi s large
contribution to the success of the thermal modeling effort
involved in this project. Al so, considerable information,
advice and time was made available to us by many people at
Sout hern California Edi son and theJet Propulsion Laboratory.
We are most grateful to them for theirgenerous contribution

to the work.

33



377

CMOEN

5/

. .
0100 H
| g Hv1lAa

,
/

LR L E IO

PoONIKOAM

VHVAal

VNYENON

Ad oli¥d3l IDIAYIS
ANVAWOD ~OSIA: VINJOHITVD NIIHLINOS

*( 3aunbi4q

34



Figure 2.
SOUTHERN CALIFORNIA WEATHER ZONES
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Figure 3.
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Fi gure 12. Solar Energy Savings Scenarios i n t he
Single Famly Market.

Adoption Criteris and

Incentive Level Solar Energy Savings, percentage

Payback Period, yrs. 5-1/2 5-1/2 5-1/2
Incentive 0 25 50%
or - or - - or -
Payback Period 7 I1
Incentive o 0
Gas Curtailment Y 1980 0.0 0.0 3.3
Scenario E 1985 0.0 2.1 11.2
A 1990 0.7 7.0 20,8
R 1995 3.7 15.7 29.4
2000 10.2 25.2 36.1
Historical Growth { ¥ 1980 0.0 0.0 0.5
Scenario E 1985 0.0 0.0 1.9
A 1990 0.0 0.0 4.4
R 1995 0.0 0.0 7.8
2000 0.0 0.0 12,1
Retarded Energy Y 1980 0.0 0.0 0.4
Growth Scenario E 1985 0.0 0.0 1.3
A 1990 0.0 0.0 2.6
R 1995 0.0 0.0 4.0
2000 0.0 0.0 5.5

*New and retrofit installations are accounted for. Payback periods
refer to new installations. Retrofit payback periods are about 10% Iess.
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Figure 13.

ENERGY DISPLACED BY

SOLAR SYSTEMS
GAS CURTAILMENT, SCENARIO, ALL ZONES, SINGLE FAMILY
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MARKET PENETRATION FOR SINGLE FAMILY

Figure 14.

SCENARIO 1, EACH ZONE, YEAR 2000
(PERCENT PENETRATION)

No 25% 50%
INCENTIVE] INCENTIVE |INCENTIVE
BEACH 44
2530 x 10* 14 32
kwh
INLAND
8400 x 10° 8 23‘ 34
kwh
HIGH DESERT
2140 X 10° 13 24 30
kwh
ALL ZONES
13880 x 10° 10 25 36
kwh

TOTAL ELECTRICAL ENERGY FOR HEATING. COOLING AND

WATER HEATING IF SOLAR ENERGY IS NOT USED

06€
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Figure 15.

ENERGY DISPLACED BY SOLAR ENERGY

SYSTEMS IN OFFICE BUILDINGS
SCENARIO 1, ALL ZONES
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