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ABSTRACT

Three macroeconomic scenarios were developed as an economic
backdrop for projecting solar technology market acceptance under
various government policies and commercialization programs. These
scenarios assume three levels of future world oil prices--$18, $25
and $32 per barrel (1976 $) ip the year 2000. This range is intended
to encompass the most likely set of énergy futures. The scenarios
are discussed in terms of their underlying assumptions and changes in
fuel and resource consumption by sector of the economy. Estimates of
the future utilization of solar technologies for the mid-price
scenarios are given. These estimates are based on the solar

subsidies and incentive programs in the National Energy Act.
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INTRODUCTION

In developing government programs to‘accelerate the commerciali-
zation of solar energy technolbgies, the effectiveness and costs of
the programs can be measured through estimates of the projected mar-
ket penetration of the solar technologies. MITRE is currently using
computer simulation models to make these projections. The simulation
models require input on energy prices and energy demand by fuel type.
Macroeconomic scenarios have been developed which consist of a con-
sistent set of assumptions on future energy prices, demand and fuel
consumption. This report describes three such scenarios that were
developed to‘support solar energy commercialization planning and the
projected solar market penetration.

These macroeconomic scenarios evolved in the course of two
separate studies. The first is the Domestic Policy Review (DPR) of
Solar Energy conducted by an intergovermmental Task Force with repre-
sentatives of over 30 federal agencies and departmentsl. The
second study is a DOE-sponsored activity to develop a National Plah
for Accelerated Commercialization (NPAC)Aof Solar Energy. -

The DPR dcfined three ecotomic scenarios based on differing oil
prices which were believed to encompass the mostllikely futures. 0il
prices of $18, $25 and $32 per barrel in the year 2000 were chbsen.

The prices of other fuels and the sectorial utilization of fuels

lstatus Report on Solar Energy Domestic Policy Review——-Public
Review Copy. Domestic Policy Review Integration Group, Allan
Hof fman, Chairman. August 25, 1978.




were determined for each of the three scenarios based on the price of
oil. The scenarios were initially developed by a subgroup of the DPR
Impacts Panel based on much discussion, forecasts by the Department
of Commerce, and examination of the results of national models such
as the Brookhaven models and the Gulf/SRI model. The scenarios were
reviewed and revised slightly by other members of the Impacts Panel
and by members of other panels within the DPR,

The NPAC study began in June 1978, shortly after the DPR.
Since both studies are concerned with the commercialization of solar
energy they have been carefully coordinated. It was decided to use
the same basic macroeconomic scenarios in NPAC that were developed
for the DPR. However, since assumptions on-energy demand and conven-
tional fuel prices have a large impact on the projections of solar
utilization under various solar policy options; the scenarios were
subjected to further review. Assumptions on projected energy demand
and fuel prices by sector and fuel type were sent to the following
organizations: o
Arthur D. Little, Inc.
Data Resources, Inc.
Nannvan, Hampster & Rattien, Inc.
Electric Power Research Institute
Exxon Company
Gas Research Institute
Solar Energy Research Institute
SRI Internmational
Standard O0il Company
Stanford University

In addition, comments were solicited from Mr. Martin Adams in

the office of the Assistant Secretary for Energy Technology, from
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Mr. Billy Owens in DOE's Policy Analysis Division, and from
Mr. Michael Maher, Senior Policy Analyst at the Department of
Commerce.

No major inconsistencies were pointed out by those who responded
to these inquiries. Modelers familiar with the SRI International
model felt that our 518 per barrel case was most consistent with the
SRI base case. Other respondents sent reports documenting their
scenarios; these are discussed in a later section on comparisons with
other forecasts.

In order to further verify the scenarios, DOE funded Brookhaven
National Laboratory to perform a comparative analysis of our scenar-
ios with scenarios developed using the Brookhaven National Laborator-
ies/Dale W. Jorgenson Associates combined model system. The price
responsiveness of demand and changes in fuel and resource consumption
patterns were compared. As a result of this analysis, enérgy con-
sumption in the high-price case was modifieq to reflect lower supply
price elasticities. Energy consumption was raised from the 95 quads
(quadrillion. Btus) used by the DPR to 105 quads.

Key Findings

The demand for energy will continue to increase a 1.3, 1.7 and
2.3 percent annual growth rate expected for the high-, mid- and
low-price cases respectively. The total U.S. energy consumption will
reach 105, 115 and 132 quads in the three cases by the year 2000 as

shown in Figure 1.
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The amount of o0il used in the mid- and high-price cases will be
lower than that used today. It wiil be slightly higher in the low-
price scenario. Gas will remain at about the same level it is today
but will decline from 16 to 25 percent of the total energy used. Use
of coal will increase from today's level of 19 percent to 32 to 34
percent in the year 2000. ©Nuclear use will increase from 3 percent
to about 13 percent and the use of energy resources to generate elec-
tricity will increase from 29 percent to about 42 percent.

In addition, the country is expected to increase the use of
renewable energy resources. These include large— and small-scale
hydroelectric, solar and wind energy technologies, the use of biomass
to generate heat and electricity; the conversion of biomass to fuels
and chemicals, énd geothermal energy. Currently these energy
resources account for approximately six percent of the energy used.
Today's primary renewable resources are hydroelectric generation and
biomass used by the wood and paper industries for process heat and
electricity. Under the incentives provided in the National Energy
Act passed in October 1978, this is expected to increase to 7, 13
and 16 percent [ur the low-, mid- and high-price scenarios respec-
tively.

The prices of all conventional fuels are expected to increase
reflecting the higher prices for oil. Both gas and 0il are expected
to be deregulated by 1985 and to reach approximately the world oil

price by that time. Following 1985 the price of gas and oil is



expected to increase at about two, three and four percent per year
for the three scenarios. The price of coal is expected to be
influenced by oil prices but will increase at a lower rate than oil.
The annual rate of coal price increases are about 0.7, 1.5 and 2.4
percent for the three scenarios. Electricity rates are expected to

increase at about the same rate as coal.

UNDERLYING ASSUMPTIONS

Projections of energy futures are always based implicitly or
explicitly on underlying assumptions about the economy in geueral,
about societal attitudes and about federal policy. The premises upon
which the scenarios are based represent our current preception of
likely possibilities. But no one can anticipate with assurance what
will actually happen during the time frame under consideration.
Population |

The c¢urrent U.S. population of 220 million people is expected to
increase to about 264 million by the year 2000 (Figure 2). 'L'he
annual growth rate will decrease to less than 0.7 percent by the turn
of the centdry.

Gross National Product

The Gross National Product (GNP), which measures domestic eco-
nomic activity, is expected to yrow from the current level of about
1.8 trillion 1976 dollars to a range of 3.4 to 3.8 trillion 1976
dolldrs by the year 2000 (Figure 3). In the 1965-1973 period, prior

to the oil embargo, the economic growth rate was 3.7 percent. This
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rate of economic growth is expected to decrease due partly to lower

population growth, higher energy costs, and the increasing costs of
environmental protection.
Inflation

The extremely high inflation rates experienced in the past
decade are assumed to stabilize. In the mid-price scenario average
real inflation rates of five percent are expected, with rates of four
and seven percent assumed for the low- and high-price scenarios
respectively (Figure 4).

Societal Attitudes

Societal attitudes will continue to emphasize improvement of our
environment. Interest in energy conservation will increase slowly
with increased government pressure and higher energy costs. Howéver,
it is not assumed that there will be any méjor shifts in life style.

Federal Energy Policy

The Federal vaernment is expected to pursue, with slowly
increasing success, the philosophy of President Carter's National
Energy Plan toward reducing oil imports and encouraging energy con-
servation. Deregulation of gas and oil prices is expected by 1985.
There will be contiﬁued public pressure against the use of nuclear
power and less support by the Federal Government. Federal policy
will encourage the use of coal and renewable energy resources. ‘There
will be continued pressure Lu enforce compliance with exiscting

envirommental policies at a rate compatible with economic growth.



PERCENT

10 10

sl I
High Price

6— —1 6
Mid Price

6l Low Price 4

) 12

1965 1970 1975 1980 1985 1990 1995 2000

FIGURE 4

INFLATION RATE

10

LNHOddd



New Technologies

New energy technologies that generate cleaner energy more
efficiently and that utilize a wider resource base will continue to
be developed by both the government and industry. These include more
efficient burners for oil and gas, gas and electric heat pumps, solar
and wind energy conversion systems, more efficient ways of generating
electricity from high sulfur coal without degrading the environment,
coal gasification and liquefaction, and the use of shale o0il and geo-
thermal energy. It is assumed that as new technologies become eco-
nomically competitive, they are developed and marketed by industry at
a rate consistent with historic experience of technology innovation.
It is further assumed that major non—finaneial barriers to adoption
are overcome through normal market forces with a level of Federal

intervention consistent with past experience.

ENERGY CONSUMPTION

One of the primary factors that affects estimates of the future
market acceptance of solar technologies is the size of the potential
market and the mix of competing fuels.

Energy Supply by Resource

In the mid-price scenario, the overall demand for energy
increases at a moderate rate with coal and nuclear substituting in
ever greater amounts for oil and gas. In addition there is an

increased reliance on renewable energy resources such as biomass,
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hydro, solar, wind and geothermal.1 These changes are illustrated
in Figure 5.

Energy consumption is expected to be inversely proportional to
fuel prices ranging from 105 quads in the year 2000 in the high-
price scenario to 115 quads in the mid-price case to 132 quads in the
low-price case (Figure 6). Higher fuel prices result in lower con-
sumption through a reduction in economic activity (GNP), a more effi-
cient use of resources, and through moderately decreased demand. In
each scenario, fuel prices are keyed to the price of oil. The oil
price differences of $18, $25 and $32 per barrel are due primarily to
differences in the availability of oil. Thus, the consumption of oil
changes most dramatically between the three scenarios. U.S. 0il con-
sumption, currently at 37 quads, is expected to be 25 quads in the
high-price case, 29 quads in the mid-price case and 42 quads in the
low-price case. Even though the total consumption of o0il is expected
to decrease, oil imports will probably continue to rise or remain at

the current level of about 17 quads.

Energy Supply by Market Sector

' A look at the energy consumption by market sector, Figure 7,
shows that the greatest growth is expected in the industrial sector.
Industrial demands for energy, which includes petrochemical feed-
stocks, are expected to respond to higher energy prices by conser-

vation and interfuel substitution. The reduced rate of population

IThese resources are measured in terms of fossil fuels displaced
rather than energy produced.
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growth, in addition to energy conservation, will contribute to the
dramatic decrease in the growth rate of energy use in the next two

decades in the residential/commercial and transportation sectors.

ENERGY PRICES

Different assumptions on the price of o0il have been used in
defining the three scenarios. It is expected that gas and coal
prices will rise in proportion to oil (Figure 8). Gas priccs should
rise rapidly approacliiug those of oil by 2000 while coal prices are
pvpected to cocalate at o« wmuch lowet rate. Fuel prices will rise
rapidly between now and 1985 due to assumed phased deregulation of
gas and oil although not as rapidly as in the period immediately
following the oil embargo. The rate of price escalation for fuels
will slow down substantially after 1985 as shown in Table I.
Electricity prices are expected to continuc to rise wilh an annual
growth rate of between 0.6 and 2.5 percent depending upon the
scenario. This vorresponds to the rise in the price of coal.

The oil pricesl of $18, $25 and $32 per barrel in 2000 used in
defining the scenarios are the prices delivcred to industry. The
correspoudiug world oil prices1 in 2000 are $13.00, $19.20 and
$25.45 per barrel respectively. Following deregulation the world vil
and the domestic wellhead prices will be approximately the same, The
fossil fuel supply prices are shown in Table II along with the

assumptions on price markups to each market sector. The prices of

LA11 prices in this report are in 1976 dollars.
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ANNUAL GROWTH RATES FOR ENERGY PRICES

(perc

TABLE I

ent per year)

1965-1973 1973-1978 1978-~1985 1985-2000
Electricity Mid (3.6) 3.3 1.5 1.5
High 2.5 2.5
Low 5.1 2.0
Gas Mid (105) 11.8 7.4 301
High 7.6 4.2
Low 2.9 1.2
0il%* Mid (0.4) 12.5 6.3 2.5
High 7.1 3.9
Low 1.3 0.7
Coal Mid 4,2 13.7 5.7 1.5
High 6.4 2.4

* . .
Growth rates on oil given for

wellhead prices

18
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FOSSIL FUEL SUPPLY PRICES AND SECTOR

TABLE II

(1976 $/MMBtu)

MARK-UPS IN 2000

FUEL supPLY PRICE! REFINING AVERAGE MARKUPS
EFFICIENCY
Low Mid High Resid. Comm. Indus. Utility
0il 2.24 3.41 4.39 0.92 1.84 1.22 0.77 0.70
Gas 2.34 3.49 4.27 0.92 1.34 0.76 0.58 0.64
Coal 0.68 1.25 1.57 0.995 - - 1.25 0.38

10i1 and gas prices are at the wellhead and coal is at the minemouth.



coal, gas and o0il as delivered to utilities and industry reflect the
new-contract or marginal price rather than the average price. New-
contract prices are used because this is the price against which a
new solar energy technology must compete. For example, suppose an
industry is building a new facility and is considering solar versus
coal for generating process heat. It is assumed that a new coal
contract will be necessary if the coal-fired boiler is used; there-
forc the ecuunuvumlc comparison of the two systems will be based on the
new=gontract price ul cvual.

Supply price elasticities are of interest to assess the rea-
sonableness of the scenarios. The supply price elasticities (shown
in Table III) reflect the percentage change in energy consumption for
each percent change in supply price. These are within the typical
range of elasticities unsed with thc Breokhaveu Natlounal Labofatory/
Dale W. Jorgenson Associates Model.

Iu addition. to sectorial differences, fuel prices also vary
cousiderably by region of the' country. Regional solar market pene-
tration analyses have heen done for cach‘of the U.S. Census regions,
These nine regions are depicted in Figure 9 and the regional fuel
prices are shown in Figure 10, The regional price variations (but
not the actual prices) were taken from a computer run of the American

Gas Association Demand/Market Place Model (TERA-II)!.

lThe scenario used is labecled "Reference Scenario 6/22: House/
Senate May Compromise,. 1978." It is assumed that gas is deregula-
ted by 1985.. Price variations. in the year 1990 were used.

20
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TABLE IIT

AVERAGE SUPPLY PRICE AND ENERGY CONSUMPTION IN THE YEAR 2000

FUEL LGW PRICE MID PRICE HIGH PRICE
Supply Price Consumption1 Supply Price Consumption1 Supply Price Consumptionl
($/MMBtuy) (GQuads) ($/MMBtu) . (Quads) ($/MMBtu) (Quads)

0il C 2424 45.7 3.41 36.’6 4,39 32.6
Gas 2.34 21.0 ' 3.49 18.2 4.27 17.1
Coal 0.68 48.3 1.25 39.0 1.57 4273
Nuclear 0.50 17.0 : 0.70 15.0 0.78 13.0
U.S. 1.46 132 2.15 115 2.78 105

SUPPLY PRICE ELASTICITIES2

Scenarios Elasticity
Low price to mid price -.36
Mid price to high price -.35

lgeothermal and solar are included with oil; biomass and hydro are included with coal.

2Supply price elasticity = In (ratioc of energy consumption)
In (ratio of average supply price)
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Sectorial differences are based on the current fuel and elec-
tricity price variations and projections from TERA-II and the DOE

PIES model.

COMPARISON WITH OTHER FORECASTS

In order to assess the reasonableness of the MITRE price/demand
scenarios, it is useful to compare them with other forecasts. The
forecasts chosen for comparison all reflect to some extent the
provisions and philosophy of the National Energy Plan proposed by
President Carter in April 1977. Different approaches and methodo-
logies were used including two well known national energy models.

A comparison of energy demand forecasts is illustrated in
Figure 11. Except for the EPRI (Electric Power Research Institute)
projections, there is a good consensus among the studies chosen. The

EPRI low-demand scenario is "based primarily on the objectives and

policies described in President Carter's National Energy Plan.” This
scenario assumes 146 quads of energy consumption in the year 2000 as
compared with the MITRE high-demand scenério of 132 quads.

Energy price comparisons are summarized in Figures 12 and 13.
Gas and oil prices are expected to continue to rise rapidly through
the end of the century in all studies shown. The MITRE scenarios
assume that coal prices will also continue to increase although at a
lower rate than gas and oil. Both the PIES and ;he BNL/DJA models
indicate a rige in coal prices similar to that of MITRE, The FPRT

projections are only slightly lower.
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FIGURE 11
A COMPARISON OF U.S. ENERGY CONSUMPTION PROJECTIONS
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FIGURE 12
COMPARISON OF FOSSIL FUEL PRICES
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FIGURE 13
A COMPARISON OF ELECTRICITY PRICES
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Other studies, however, indicate that the price of coal will
stabilize. The Energy Model Forum published the results of a study

in 1978 entitled Coal in Transition which looks at the results of ten

different energy models. In a scenario which uses 50 quads of coal
in the year 2000, 25 percent more than the mid-price scenario, the
median average price of coal is not projected to rise significantly
over what it 1s today. There appears to be a great deal of uncer-
tainty in how the rise in gas and oil prices will affect the price of
coal.

The greatest discrepancy in fuel prices is in the projections
for electricity prices. In the future, electricity will be generated
primarily from coal and nuclear fuels. In MITRE's scenarios, elec-
tricity price increases follow those of coal. This gives
residential/commercial electricity prices in the year 2000 between
$10 (Pacific Region) and $20 (Mid Atlantic Region) per MMBtu for the
mid-price case. Industrial prices are over 15 percent lower. These
estimates are considerably higher than those made by Electrical World
in their "28th Annual Electrical Industry Forecast" and by EPRI.
DOE's PIES Model also projects electricity prices considerably lower
than those of the MITRE scenarios even though their coal prices are

similar.

MARKET SECTOR ASSUMPTIONS

The macroeconomic scenarios are presented at a rather general

level. In the analysis of accelerated commercialization of solar
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energy for which these scenarios were developed, further detail was
required in many areas. In particular, further dissaggregration of
energy demand is needed in order to estimate future market penetra-
tion of solar energy technologies. Expected energy consumption in
the year 2000 is broken out for each scenario by market sector and
fuel tybe in Tables IV, V and VI. (Similar tables for the years 1978
and 1990 can be found in the Appendix) It is further disaggregrated
in the building sector by energy needed for hot water and for space
heating and cooling. In the industrial sector, energy needed for
process heat applications is broken out.

Additional information developed on each scenario for the solar
impacts analysis is summarized below for the buildings! industrial
and utility sectors.

Building Sector

The expected number of residential and commercial buildings
(Figure 14) is taken from a General Electric study1 and is assumed
to be the same for all scenarios. The energy demand for hot water
and space heating and cooling changes, however, because of varying
levels of conservation, conventional system efficiency and fuel
mixes. The increases in the number of buildings with conservation

and the conservation savings are indicated in Figure l4.

lGeneral Electric. Solar Heating and Cooling of Buildings: Phase
O Feasibility and Planning Study Final Report. Vol. 3: Book 3,
Document No-745D4219. General EKlectric (Space Division). Valley
Forge, PA. 1974,
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TABLE IV

SCENARIO: LOW PRICE

U.5. ENERGY DEMAND DATA FOFE THE YEAR 2000
QUADS - PRIMARY FIJEL

USES END-USES IN'ﬁERMED]lA'EE IJSES
ReEigential Incustrial ggg:z‘f PERCENT
FUELS Commercial i Tracsportation Electriz Synthetic USE
L Frocess P Utility Frels
Heat Other Heat Other
PRIMARY
cil 3.9 - 4,2 7.8 22.1 4.9 - 42.0 32
Gas 7.0 - 6.3 4.8 1.C 1.9 - 21.0 16
Coal - - 10.7 5.8 - 25.7 0.9 42.7 32
Nuclear - - - - - 7.0 - 17.0 13
Hydro = - - 0.1 - 3.4 - 3.5 2.5
Solar 1.0 0.1 1.3 - - 0.9 - 3.3 2.5
Geothermal - - - - - 0.4 - 0.4 0.5
Biomass 0.4 - 1.9 - - - 0.1 2.4 2
INTERMEDIATE
Electricity 16.7 1.5 2.8 22.2 0.€ 54.2
Synthetic Fuels 0.2 = 0.3 0.2 0.z
TOTAL 28.3 it.3 27.5 40.9 24.C 132.3

lSpace heating/cool=ag and wa:er hea:ing
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TABLE V SCENARIO: MID PRICE

.S. ENERGY DEMAND-DATA FOF. THE YEAR 2000
QUADS - PRIMARY FUEL

USES END-USES INTERMEDIATE USES
ReSige"tial . gggrsigi PERCENT
Industrial USE
FUELS Commercial Transportation Electric Synthetic
1 Process A Utilicy Fuels
Hdeat Other - Heat Other
PRIMARY
0il 2.0 - 2.0 5.0 18.2 2.0 - 29.2 25
Gas 6.1 - 6.8 4.0 0.8 0.5 - : 18.2 16
Coal - - 4.4 4.9 - 24.8 3.8 37.9 33
NHuclear - - - - - 15.0 - 15.0 13
Hydro - - - 0.2 - 3.8 - 4.0 3.5
s Sola: 2.0 0.5 2.1 0.1 - 2.4 - 7.1 6
Geothermal - - - - - 0.5 - 0.5 0.5
Biomass 0.6 - 2.2 - - -
IN?ERMEDIATE
' Electrizity 16.1 192.5 1.9 19.7 0.8 49.0
Synthetic Fuels 0.5 = 0.6 1.1 2,2
l TOTAL 27.3 11.0 20.0 35.0 22.0 100.0

lSpace heating/cooling

"and water heating
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TAELE VI

SCENARIO:

.S. ENERGY DEMAND JATA FOR THE YEAR 2000
QUADS -~ PRIMARY FUEL

HIGH PRICE

USES END-USES INTMDIATE USES
RESi:e"tial Industrial (E;ggxszéy PERCENT
Commercial . Electric Synthatic USE
FUELS X Trocess Transportation Utility Fuels
Eeat Other Heat Other
PRIMARY
0il 1.1 - 1.3 L.6 16.7 1.5 - 25.2 24
Gas 6.0 - 6.2 3.9 0.7 0.3 - 17.1 16
Coal - - 3.3 3.3 - 21.5 4.8 32.9 31.5
Nuclear - - - - - 13.0 - 13.0 12.5
Hydro - - - 0.2 - 3.9 - 4,1 4
Solar 2.4 . 0.6 2.3 ¢.2 - 2.5 - 8.0 7.5
Geothermal - - - :; - - 0.6 - 0.6 0.5
Biomass 0.7 - 2.4 - - 0.1
INTERMEDTIATE
Electricity 14.1 9.3 1.1 17.8 1.1 43.4
Synchetic Fuels 0.9 - 1.1 1.5 2.5
TOTAL 25.2 | %939 17.7 3L.5 21.0 105.3 | 100.0

lSpace heating/cooling and water heating
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FIGURE 14
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Building end-use demand, that is, the fuels and electricity
purchased, is expected to decrease over time as shown in Figure 15.
This is so in spite of the expected increase in the number of build-
ings and the increase in primary energy demand. Two main factors
account for the decrease in purchased fuels. The first and foremost
is the increased performance of conventional heating systems, partic-
ularly the heat pump. By the year 2000, the average winter—time
coefficient of performance (COP) of the heat pump is expected to be
about 2.5 and it is assumed that over half of the electric space
heating load will be satisfied by heat pumps. Today's electric
heating loads are serviced primarily by electric resistance.heaters
with a COP of 0.98. Gas and oil furnaces which today are assumed to
operate at about 0.55 COP are expectea to show improved efficiencies
in the mid- and high-price scenarios primarily because of higher
etficiency turnaces and the introduction of gas heat pumps. Current
and expected energy demand and average COP's can be found in the
Appendix. Building demand, end-use demand and primary energy
consumption are given for eaéh scenario.

The second factor contributing to thé decréase in end-use
demand in residential and commercial buildings is the shift from gas
and oil to electricity. Currently less than 15 percent of the'energy
purchased for hot water and space heating and cooling for buildings
is electricity (Table VII). This is expected to increase to about 35

percent by the year 2000. Since electricity is used over twice as
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efficiently as gas and oil in end-use, the amount of energy purchased
on a Btu basis is considerably less. This reduction in end-use
demand does not carry over to primary demand, however, because of
conversion, transmission, and distribution losses associated with

electricity.

TABLE VII

PERCENTACE OF FUELE PURCHASED IN BUILDING SLECTOR

FUEL 1976 2000

LOW PRICE A MID PRICE HIGH PRICE
Gas 60 46 48 55
0il 26 19 14 9
Electricity 13 35 38 36

Federal colar commercialization activities are Ll musl lotense
in the building sector. In addition to RD&D, there are programs to
reﬁove legal and institutional barriers, promote ihformation
exchange, and improve customer confidence. These programs are spear--
headed by energy tax credits. In the residential sector, the tax
credit is 30 percent of the first $2000 énd 20 percent of the next
$8000 for a maximum of $2200. This tax credit expires at the end of
1985. The commercial tax credit for solar equipment of ten percent
of the installed price is good through 1982. These tax credits apply
to passive and active thermal, wind and photovoltaics but not to wood

stoves.
36



The Industrial Sector

Solar technologies are used in the industrial sector to produce
* heat (air, water and steam) for process heat applications and to
generate electricity. The process heat demand is disaggregrated by
temperature range as shown in Figure 16. This was necessitated
because significantly different solar technologies are used in each
temperature range-—-from a solar pond for low temperature water to
tracking concentrator collectors for steam. Assumptions on the
regional demand for process heat based on the nine census regions are
-shown in Figure 16. This represents the expected use in 1990 and
indicates a shift of industry to the south.

Certain financial parameters are of importance when computing
life cycle costs of solar systems. The before-tax weighted cost of
capital varies between scenarios reflecting the general inflation
rate. Inflation is assumed to be four, five and seven percent in the
low-, mid- and high-price scenar‘ios, respectively. In addition, the
National Energy Act allows an additional ten percent investment tax
credit, over the usual ten percent, tor solar process heat equipment
including equipment using biomass as a fuel. This tax credit expires
at the end of 1982,

The E1e¢triq_§gg§or

The demand for electricity is expected to grow at a faster rate
than the overall demand for energy. Central utility solar techno-

logies are configured differently--for example with varying amounts
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Process Heat Demand* Regional Breakout
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*Service Demand or Demand tc Process:; not Demand for Primary Fuel Weighted

Cost-of-Capital
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High Price 18.0%
o FIGURE 16 )
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of storage-—-to operate at different éapacity factors. Therefore, it
is necessary to specify how much of the total electric demand will be
generated by plants at varying capacity factors. These assump-
tions, as well as the regional breakouts, are given in Figure 17.

The weighted cost of capital for centralized electric utili-
ties, shown in Figure 17, incorporates common and preferred equity as
well as straight debt. This includes the return on investment to
share holders. There are no solar tax credits for electric utilities

in the National Energy Act.

PRELTMINARY SOLAR PROJECTIONS

Projections of solar utilization to the year 2000 have been
made for the mid-price scenario. These projections and associated
impacts are based on the solar commercialization incentives in the
National Energy Act (Table VIII) and are breifly summarized here.
For further detail, the reader is referred to two MITRE documents
which report the results of the first phase of the solar commerciali-

zation study. The first is titled Toward a National Plan for the

Accelerated Commércialization of Solar Energy-—-Phase One: The

Implications of a National Committment, MTR-79W00004, Volume I and

contains national and regional impacts of accelerated levels of solar
utilization. The second report is directed toward regional planners
and contains detailed regional impacts and guidelines for regional

implementation planning. It is titled Toward a National Plan for the
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Accelerated Commercialization of Solar Energy-—Guidelines for

Regional Planning, MTR-79W00004, Volume II.

TABLE VIII

SOLAR TAX INCENTIVES OF THE NATIONAL ENERGY ACT

SECTOR TAX CREDIT

Residential - 30% of the first $2000; 20% of the next $8000;
maximum of $2200; through 1985.

Commercial 10%; through 1982

Industrial 10%; through 1982

Utility None

Conceptual Framework

A broad definition of solar technologies is used which includes
wind, hydroelectric and the use of biomass for heat, fuels and elec-
tricity. The technologies and the applications to which they can be
used are summarized in Table IX.

The projections were devel&ped, for the most part, from compu-
ter market penetration models! which simulate on a year-by-year
basis market decision to purchase solar and conventional technologies
in each market sector to satisfy a given energy demand. The market
peuetration models require data (both current and futurc) on the

following:

lRebibo, K., et al. A System for Projecting the Utilization of
Renewable Resources: SPURR Methodology. MTR-7570. The MITRE
Corporation, Mclean, VA. September 1977,

41



TABLE IX

SOLAR TECHNOLOGIES BY MARKET SECTOR
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s

e size of the potential market

e solar technology costs and expected cost reductions
(learning curves)

e competing technology costs
e regional fuel prices

e mix of competing fuels

e regional climate data

e '"suitability" (orientation of existing buildings, land
availability, etc.) :

e energy load profiles

e market lags reflecting initial . resistance to new
technologies

Clearly there is a great deal of uncertainty in these data which
carries over into the solar market penetratioh estimates. However,
these estimates are useful in improving our understanding of the
solar commercialization process and in providing information for mid-
and long-range planning. Because a consistent analytical frame-
work is used, the sensitivity of the market penetration projections
to various levels of commercialization can easily be compiled.

The estimates of solar market acceptance ;iscussed here are
based on the current level of national commitment and do not assume
accelerated levels of commercialization.

The annual energy savings from solar technologies in the year
2000 are expected to be’about 14.5 quads. This includes 4.9 quads of
hydréelectric and biomass combustion currently in place. This is a

success-oriented scenario based on the following:
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e existing federal and state financial incentives including
those of the recently enacted National Emergy Act

e current technology development programs, program cost goals,
and commercial availability dates

e the current level of non-financial commercialization
programs directed toward obtaining public visibility,
information exchange and dissemination, and the removal of
legal and institutional barriers extended to each technology
as it matures

¢ a williugness by industry to producc and market the systems
in a timely fachion

® marker acceptance of solar technolugies bLased on the compe-
titive economic position of the technologies tempered by a

market lag function

Current State of Solar Industry

In terms of energy savings, hydroelectric is today's largest
solar technology. It is supported by a maturé industry with
considerable federal assistance (approximately $1 hillion in 1977
including pro-rated electricity subsidies). The other major solar
technology today 1s the uée of biomass by industry for process heat.
Almost all of this occurs in the pulp and paper industry, where
existing wood residues within the industfy are used.

Although still small in terms of national energy savings, new
solar industries are beginning to establish commercial markets for
solar hot water and space heating systems, buildings designed with
passive solar systems, and small-scale wind machines. There are
currently approximately 60,000 buildings with active solar thermal
systems (excluding swimming pool heaters), about 90 percent of which

are hot water systems. Passive solar design in new buildings is used

b4



in an estimated 1,000 buildings today and is doubling each year.
Small-scale wind machines, a solar technology which ﬁas enjoyed
commercial success in the past, is showing a comeback. There are
currently about 150,000 farm-type wind machines used primarily for
water pumping. This figure is expected to grow at a rate of 2000 to
3000 per year. In addition, there are approximately 1000 wind
generators in place producing electricity. About 100 to 200 are

added each year.

Projections of National Impacts

Significant new energy savings are expected to begin around
1985 and escalate rapidly through the turn of the century (see Figure
18 and Table X). Near-term (1985) new energy . savings would result
from solar hot water and space heating systems in the residential and
commercial sectors (0.25 quads), solar industrial process heat used
as fuel savers to existing systems (0.13 quads), and an additional
0.2 quadé each for industrial biomass and hydroelectric.

By 1990, active solar thermal systems for buildings are
expected to save about 0.6 quads annually. Another 0.4 quads of
savings from wood stoves and 0.05 quads from small-scale wind
machines and passive solar building designs are expected. In the
industrial sector, solar process heat systems will contribute 0.5
quads and hiomass utilization for process heat will increase about
0.4 quads over the l.6 quads currently used. Central electric

utility technologies will begin to come on line around 1986.
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TABLE X

ANNUAL ENERGY SAVINGS BY TECHNOLOGY
(Quads of Primary Fuel Displaced)

SECTOR TECHNOLOGY 1978 1985 1990 2000

Residential Thermal - 0.13 .31 1.06

Passive —— 0.01 .04 0.20

Wind - - 0.05 0.31

Photovoltaics - - 0.02 0.18

Wood Stoves 0.30 0.40 0.47 0.60

Commercial Thermal - 0.12 0.27 0.66

Passive - - 0.01 0.02

Wind - - - 0.02

. Photovoltaics - - - 0.03

Industrial Solar Thermal - 0.13 0.50 2.18

Biomass 1.60 1.80 2.00 2.20

Wind -~ - - 0.05

Photovoltaics - - - 0.03

Thermal Elec. - - o 0.02

Total Energy - - - 0.01

S.S. Hydro. - - - 0.15

Electric Wind - - 0.15 1.32

Utility Solar Thermal - - 0.05 0.96

Photovoltaics - - - 0.01

Ocean Thermal - - - 0.10

-Biowmass Electric - - 0.01 0.03

Hydro. 3.00 3.20 3.40 3.80

Synthetic Wood - - - 0.45

Fuels and Animal Waste - - - 0.20
Chemicals

Total 4,90 5.79 7.28 14.59
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Large-scale wind machines used in fuel- and water-saver modes are
expected to save about 0.15 quads by 1990 and solar thermal repower-
ing systems! about 0.05 quads. Hydroelectric utilization, some of
which will be small-scale systems (less than 15 MW) at existing dams,
will increase by 0.4 quads over the present level of 3.0 quads.

By the turn of the century, about 9.6 quads of savings may be
expected from new solar technologies. The major contributors are
active direct thermal systems for buildings (1.7 quads), wood stoves
(an additional 0.3 quads), residential wind systems (0.3 quads),
passive building designs (0.2 quads), solar process heat (2.2 quads),
new biomass process heat (0.6 quads), utility-size wind machines (1.3
quads), ocean thermal energy conversion (0.1 quads), new hydroelec-
tric (1.0 quads), and synthetic gas from animal waste (0.2 quads).

These projections imply that 12 percent of our nation's energy
will be provided by solar energy in the year 2000. This will require
a significant national investment in capital and resources. It is
estimated that private and federal expenditures of about $330 billion
(1976$%) will be required between 1980 and 2000. The manufacture and
installation of solar technologies will represent a significant por—
tion of the U.S. industrial activity. Approximately one million peg—
sons will be employed by the turn of the century in the production of

steel, glass, aluminum, copper and concrete and the manufacture,

lgolar thermal repowering involves the retrofit of existing oil-
and gas-fired steam plants in areas of high insolation with the
solar thermal central receiver system.
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installation and maintenance of the solar systems. Annual sales of
the new solar industries (excluding hydroelectric and industrial
biomass) are expected to increase rapidly (Fiéure 19) to approxi-
mately $35 billion in the year 2000. Current annual sales for
General Motors are approximately 55 billion dollars. This will
represent an approximately 70-fold increase over current solar sales
and result in the creation of a significant industry. The numbers of
systems operating in 1985, 1990 and 2000 are shown in Table XI.

Projections of Regional Impacts

Regional utilization of solar technologies varies because of
differing fuel prices, energy &emand, climate, availability of
biomass and hydro resources, and local incentive programs. Solar
projections have been disaggregrated to the Census Regions, dis-
-played earlier in Figure 9. Greater market penetration is generally
expected in southern and western regions where insolation and hydro
resources are greater. The regional projéctions for the year 2000
are summarized in Figures 20 and 21. Additional detail on the
expected energy savingo and numbers of systems on technology can be
found in the Appendix.

The New England Region. The New England Region is expected to

have a relatively high percentage of solar market penetration by the
year 2000 primarily because of high fuel costs. Wind and biomass are

important renewable resources in this region. Over 35 electric util-
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FIGURE 19
ANNUAL SOLAR SALES
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TABLE XI

NUMBER OF SOLAR ENERGY SYSTEMS SOLD BY THE YEAR 2000

MARKET SYSTEM

TECHNOLOQGY SECTOR SIZE 1985 1990 2000
Thermal hot water Residential 35-50 sq. ft. 4,170,000 9,350,000 25,550,000
Commercial 160-175 sq. ft. 150,000 360,000 810,000
Thermal heating and Residential 115-130 sq. ft. 1,320,000 2,600,000 6,690,000
hot watzr Commercial 1115-1250 sq. ft. 130,000 290,000 600,000
Thermal cooling, heating, Residential 120-240 sq. ft. 170,000 300,000 950,000
and hot water Commercial 1835-1920 sq. ft. 90,000 170,000 380,000
Passive heating Residential 150-350 s¢. ft. 150,000 970,000 4,870,000
Commercial 700-2600 sq. ft. 10,000 49,000 130,000
Small-scale wind Residential 4 kWe 154,000 1,040,000 6,350,000
Commercial 40 kWe 290 5,000 26,000
Industrial 200 kWe 3 590 3,915
Large—-scale wind Industrial 5 modules of 2.5 MW 0 25 84
Utility 100 MWe 0 21 358
Solar Thermal Electric Industrial 500~-750 kWe and 0 107 827
: 14 MWe 0 36 261
Utility 100 MWe 0 11 285
Photovoltaics Residential 3.4 kWe 21,000 700,000 6,000,000
Commercial 54-66 kWe 0 2,960 32,135
Industrial 460-540 kWe and 0 0 655
13-15 MWe 0 0 145
Utility 100 MWe 0 0 6
Ocean Thermal Utility 400 MWe 0 0 3
Biomass Electric Utility 46 MWe 0 6 13
Thermal low temperaturel Industrial 100,000 sq. ft. 161 620 3,669
Thermal medium temperaturel Industrial 100,000 sq. ft. ‘ 2,740 10,396 25,166
Thermal high temperaturel' Industrial 100,000 sq. ft. 392 1,479 12,703
Solar Total Energy Systems Industrial 500,000 sq. ft. 0 1 48

lrow temperature = less than 100°C; medium tewperature = 100°C ~

150°C; high temperature = over 150°C.
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ity wind systemsl and 35,500 residential wind systems are expected
to be installed by the year 2000.

The Mid Atlantic Region. Solar energy is expected to contri-

bute only eight percent of the energy needs in the Mid Atlantic
Region in the year 2000 with the National Energy Act incentives.
Solar heating and cooling of buildings and wind systems are expected
to displace sizeable amounts of energy in this region. It is esti-
mated that there will be over five million homes with active solar
systems and about b5 100-MWe wiud systemo installed hy Ll year 2000.

The South Atlantic Region. The South Atlantic Region will be

the second largest user of solar energy. Every solar technology
shows promise, partly because of high fuel prices and partly because
of the high availability of solar resources. This region is the
largest user of biomass for both process heat and for conversion to
synthetic fuels and chemicals. Approximately 0.9 quads of biomass is
expected to be used for energy purposees by the year 2000.

The East North Central Region. The East North Central Region is

the largest fegion in terms of total energy needs. The total solar

contribution is somewhat limited because of a scarcity of hydro and

biomass resources. It is expected, however, to use more sﬁuare feet
of solar collectors for heating and cooling of buildiugs than any

other region with almost five million systems in place by 2000.

lgach utility wind systcm hae a rated capacity of 100 MWe and is
comprised of an array of large-scale wind machines each with a rated
capacity of 1.5 to 2 MWe.
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Agricultural and industrial process heat and wind energy conversion
system will also be important with about eight thousand process heat
systems and 66 utility sized wind systems installed by 2000.

The East South Central Region. Eleven percent of the energy

needs of the East South Central Region is projected to come from
solar energy by the year 2000. The major contributors are wind,
biomass and'hydroelectric with approximately 69 large-scale wind sys—
tems and energy savings of 0.4 quads from biomass and 0.25 quads from
hydroelectric.

The West North Central Region. It is estimated that solar tech-

nologies will satisfy about 12 percent of the energy demand in the
West South Central Region by the turn of the century. Large indus-
trial energy demand and good insolation are responsible for making
this region the largest user of solar process heat technologies with
over 17,000 systems expected to be operating by the year 2000. Other
large contributors include biomass, heating and cooling 6f buildings
(4 million systems) and central utility solar thermal electric (63
systems each iOO MWe) .

The Mountain Region. In spite of low prices for coal and elec-

tricity, solar technologies are expected to supply 25 percent of this
region's energy requirements in the year 2000. Projections indicate
that hydroelectric (0.5 quads) and central utility solar thermal
electric with 35 systems will be major contributors.

The Pacific Region. The Pacific Region is the most favorable for

solar energy with 30 percent of the region's energy needs expected to
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come from solar in the year 2000. Most of this is from hydroelec-
trice Out of the estimated 3.4 quads of solar, 1.9 quads are hydro-
electric. Other solar technologies are expected to do well as this
region has an ample supply of biomass, wind and sun. The year 2000
projections include 4.8 million residential and commercial buildings
with active or passive solar systems, almost 10,000 industrial
process heat systems, 17 utilit& sized wiﬁdhsystems and 75 utilicy
solar thermal electric systems;

Comparative Energy Costs

The competitive position of solar technologies relative to
alternative conventional technologies is shown in Figures 22 through
26 for the various market sectors. In general, solar technologies
become increasingly competitive as cost reductions in solar manu-
facturing reduce svlar systcm coets and as the costs of competing
fossil fuels increases. In the near-term, active and passive heating
and hot water 'systems compare favorably with ‘electricity for recsi-
dential and commercial applications. Industrial solar process heat
systems are compelitive with electric and oil systems. By 1990, wind
and édlar thermal systems for utility applicatiohs are expected to be
cost=competitive with coal generation technologies in several régions
of the U.S. The ‘electric utility 'solar ‘technologies 'shown in Figure
25 are configured with storage or backup to compete with conventional
intermediate load systems. Solar electric technologies without 'stor-

age or backup used as fuel savers are more cost competitive.:
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APPENDIX
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U.S. ENERGY DEMAND DATA FOR THE YEAR 2977
QUADS - PRIMARY FUEL

USES END-USES INTERMEDZATE USES
Fesidential gﬁgggy PERCENT
' & Industrial | Transportation||Electric | Synthetic USE
FUELS Conmercial Utility Fuels
FRIMARY
<011 7.‘1 7.C 19.1 3.8 - 37.0 47.5
Gas 7.5 8.3 0.6 3.2 - 19.6 25
Coal 0.2 3.7 - 10.4 - 14.3 18.5
Nuclear - - - 2.7 - 2.7 3.5
Hydro - - - 2.4 - 2.4 3
Solar - - - - - - - -
Geothermal - - - - - - -
Biomass 0.3 1.6 - -
| INTERMEDIATE
| Electricity 13.3 9.0 0.2 22.5
Synthetic Fuels - - -
" TOTAL
’ 23.1 29.6 19.9 77.9 100
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SCENARIO:

U.S. ENERGY DEMAND DATA FOR THE YEAR 1990
QUADS - PRIMARY FUEL

MID PRICE

USES END-USES INTERMEDIATE USES
Residential . . . . g:glsz(S;Y PERCENT
& Industrial | Transportation|{|{Electric | Synthetic USE

FUELS Commercial Utility Fuels

PRIMARY
0il 6,'4 6.9 19.4 3.0 - 35.7 37
Gas 8.9 9.1 0.6 1.0 - 19.6 20
Coal 0.1 5;4 - 19.2 1.5 26.2 27
Nuclear - - - 9.4 - 9.4 10
Hycro - - - 3.4 - 3.4 3
Solar 0.7 0.5 - 0.2 - 1.4 1
Geathermal 0.5 - - 0.1 - 0.1 -
Biomass - 2.0 - -

INTERMEDIATE
Electricity 18.1 17.8 0.4 36.3

- Synthetic Fuels 0.2 0.5 0.8

TOTAL

. 34.9 42.2 21.2 98.3

100




RESIDENTIAL

Electric
Gas
0il

COMMERCIAL

Electric
Gas
0il

e
[«)]
" INDUSTRIAL

Electric
Gas

0il

Coal
Synfuels

UTILITY

Coal
Gas

0il
Nuc-Lwr
Nuc-Adv

NATIONAL AVERAGE FUEL PRICES IN 1976 $/MMBtu

v LOW PRICE MID PRICE HIGH PRICE
197¢& 1985 1590 1995 2000 1985 1990 1995 2000 1985 1990 1995 . 2000
11.45 | 11.80 12.10 12.40 12.71} 12.56 13.46 14.43 15.46| 13.45 15.14 17.04 19.18
2.27 2.70 3.06 3.47 3.93 2.94 3.54 4.26 5.13 3.12 3.91 4.90 6.15
3.09 3.34 3.60 2.89 4.20 3.65 4.20 4.83 5.55 3.91 4.72 5.70 6.89
10.43 | 11.11 1l..62 12.15 _2.71| 11.82 12.93 1l4.14 15.46| 12.66 1l4.54 16.70 19.18
1.57 2.02 2.43 2.91 3.49 2.20 2.81 3.57 4.55 2.33 3.10 4.11 5.46
2.%6 3.19 3.36 3.54 3.73 3.48 3.91 4.39 4,93 3.73 4.40 5.18 6.11
9.28 | 9.63 9.97 1¢.27 .0.59{ 10.30 11.10 11.95 12.88| 11.03 12.48 14.12 15.98
1.42 2.63 2.78 2.93 3.10 3.20 3.55 3.94 4.357 3.13 3.72 4.41 5.24
2.17 | .2.78 2.91 3.04 3.18 3.33 3.68 4.06 4,28 3.47 4.06 4.75 5.56
1.19 1.32 1.38 1.44 - 1,51 1.70 1.83 1.97 2.13 1.75 1.97 2.22 2.49
3.60 3.85 4,06 4.26 4.48 4.14 4,57 5.05 0 5.57 4.43 5.13 5.95 6.90
0.90 0.99 0.99 1.01 1.04 1.31 1.41 1.52 1.64 1.39 1.56 1.76 1.98
1.35 2.63 2.7 2.93 3.10 3.29 3.63 4.01 .43 3.43 4.07 4.84 5.75
2.08 2.73 2..86 2.99 3.12 3.27 3.61 3.99 4.0 3.45 4.03 4.71 5.50
0.48 0.56 0.58 0.61 0.63 0.61  10.69 0.78: 0.t8 0.63 0.73 0.85 0.98
0.33 0.33 0.40 0.41 0.43 0.41 0.46 0.52 0.59 0.42 0.49 0.56 0.65




REGIONAL FUEL PRICE VARTIATIONS

East East West West
New Mid South North South North South :
England Atlantic Atlantic Central Central. Central Central Mountain Pacific
GAS INDUSTRIAL | - 1.10 1.02 0.94 1.00 0.92 0.97 1.01 0.96 1.07
SYNFUELS 1.01 1.01 1.01 1.01 1.06 1.01 0.96 1.01 1.01
RESID 1.20 1.14 0.87 0.98 0.85 0.89 1.01 0.87 1.07
comm 1.17 1.12 0.92 1.01 0.90 0.93 0.97 0.91 1.08
OIL INDUSTRIAL 1.00 0.97 0.98 0.98 0.97 1.03 0.84 1.05 0.98
UTILITY 0.99 0.97 0.97 0.98 6.97 0.99 0.96 1.06 1.10
RES /COMM 1.03 0.99 1.00 1.00 06.99 1.03 0.95 1.04 0.96
COAL  INDUSTRIAL 1.15 0.90 - 1.05 0.87 0.98 0.82 0.85 0.68 1.01
UTILITY 1.21 1.01 1.12 0.98 1.05 0.82 0.66 0.64 0.82
ELECT. ALL 1.17 1.30 0.97 1.07 0.85 1.20 1.14 1.28 0.62
SECTORS

Regional factors are multiplied by national average price to get price in the region. Factors are taken
from 1990 projections by the American Gas Association Model TERA-II.




DISTRIBUTION OF FUELS DISPLACED BY SOLAR AS

SOLAR INCREASES ABOVE 14 QUADS

(Percent displaced by 2000)

Distributed Sectors

Buildings

Industrial
Biomass
Other

Utility Sector

Electricity Demand
Reduction from
Distributed Solar

Base Solar Electricl
Intermediate Solar1
Solar Fuel Saversl

Synfuels

National Average

Elec. Gas. 0il Coal
57 32 11 0
- 70 30 -
51 24 8 17
Gas 0il Coal Nuclear
3 4 79 14
- = 75 25
4 6 90 =
4 6 90 =
= = 100 =
Gas 01l Coal Nuclear
25 11 57 7

1 L
Assumes that electric utilities have pretty much switched from

gas and oil to coal.

for “intermediate load following.

68
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BUILDING SECTOR DEMAND RELATIONSHIP

PRIMARY ENERGY END USE BUILDING COEFFICIENT OF
DEMAND DEMAND DEMAND PERFORMANCE

1976
0il 14..0 14.0 7.7 0.55
Gas & SNG 6.2 6.2 3.4 0.55
Electricity 7.6 2.5 2.5 1.02
Solar 0.0 0.0 0.0
Total 27.8 22.7 13.6

2000 Low Price
0il 3.0 3.0 2.1 0.70
Gas & SNG 7.2 7.1 5.0 0.70
Electricity 16.7 5.6 10.5 1.87
Solar 1.4 0.6 0.9
Total 28.3 16.3 18.5

2000 Mid Price
0il 2.0 2.0 1.4 .0.72
Gas & SNG 6.6 6.4 4.7 0.74
Electricity 16.1 5.4 10.4 1.89
Solar _ 2.6 1.0 1.7 =
Total 27.3 14.8 18.2

2000 High Price
0il 1.1 1.1 0.9 0.82
Gas & SNG 6.9 6.5 5.4 0.83
Electricity 14.1 4.7 9.6 2.04
Solar 3.1 1.2 2.2 -
Total 25.2 13.5 18.1

NOTE: There is 0.3 quads of building demand savings from conservation in ‘the
Mid price case and 0.4 quads in high-price scenario.
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REGIONAL AMNUAL SOLAR SAVINGS IN THE YE,AR 2000
(Quads- of Primary-Fuel Displaced)

0L

NEW MID SOUTH EAST NORm EAST SOUTH WEST NJRTH ‘WEST SOUTH
SOLAR APPLICATZION TOTAL ENGLAND ATLANTIC ATLANTIC CENTRAL CENTRAL CENTRAL CENTRAL MOUNTAIN PACIFIC
Residential Thermal 1.055 J.043 0.221 0.055 ¢.238 0.051 0.030 0.172 9.071 0.113
Pzssive 0.20C J.020 0.030 0.011 C.043 0.009 0.0L7 0.022 0.014 0.022
Vind 0.3L J.02 0.05 0.C4 C.05 0.02 0.05 0.07 0.0l 0
Photovoltaics 0.38 J.003 0.023 0.C23 ¢.018 0.008 0.019 0.041 0.037 0.008
Biomass 0.60 J.04 0.0% 0.C6 C.08 0.02 0.03 0 0.06 0.27
Commercial Thermal 0.664 3.027 0.138 0.C34 C.149 0.032 0.056 0.111 0.044 0.073
Passive 0.02zZ J.001 0.03¢ 0.C02 0.005 0.001 0.092 0.003 0.001 0.002
Industrial Sclar Thermal 2.182 9.038 0.123 0.223 C.343 0.164 0.035 0.694 0.102 0.399
Biomass 2.2 9.106 0.1L0 0.746 G.108 0.264 0.052 0.354 0.040 0.42C
S.S. Hydro 0.15 9.02 0.03 0.G4 a.02 0.0: 0.0L 0.02 0 0
Electric Wind 1.315 0.129 0.230 0.327 Q.244 0.249 0.027 0.005 0.034 0.062
Utilicy Sclar Thermal 0.962 0 0 0.214 G.009 0.012 0.134 0.215 0.118 0.261
Photovoltaics 0.01% 0 0 0.005 0 0 0 0.009 0 0
OTEC 0.i0 0 0 0.10 0 0 ' 0 0 0 0
Biomass Eiec. 0.025 0.006 0.0)3 0.010 0 0.006 0 0 0 0
Hydro 3.80 3.10 0.33 0.26 0.07 0.26 0.15 0.09 .65 1.88
Synthetic Wood 0.4847 0.047 0.03Z 0.094 0.070 0.075 0.0L- 0.028 0.015 0.065
Fuels and Animal Waste 0.2 0.009 0.09¢ 0.012 0.045 0.010 0.0%4 0.025 0.018 0.028
Chemicals
TOTAL 14.43 .61 1.4l 2.26 1.49 1.19 0.75 1.86 1.21 3.60
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NUMBER OF SYSTEMS BY REGION IN THE YEAR 2000

MAREET SECTOR NEW MID SOUTH EAST NORTH EAST SOUTH WEST NORTH WEST SOUTH
TECHNOLOGY - SYSTEM SIZE TOTAL ENGLAND ATLANTIC ATLANTIC CENTRAL CENTRAL CENTRAL CENTRAL  MOUNTAIN PACIFIC

Residential

Hot Water 35- 50 sq.ft. 25,545,90% 766,377 5,364,640 1,021,836 4,598,263 2,043,672 2,299,131 4,087,345 1,277,295 4,087,345

Heating + HW 115-130 sq.ft. 6,688,810 535,141 1,739,208 468,248 1,672,316 133,782 535,141 534,692 334,463 735,819

Cooling + H + HW "120-240 sq.f=. 948,495 9,485 18,970 740 237,124 9,485 "151,759 464,322 75,880 730

Passive Heat 150-350 sq.fc 4,866,850 - 389,600 1,266,200 340,900 &,217,500 97,400 389,600 386,450 243,500 535,700

Wind 4kwW 6,350,984 285,794 1,143,177 1,022,508 1,177,773 482,675 889,138 1,200,336 177,828 31,755

Photovoltaics 3.4kWe 6,009,783 126,079 1,038,654 780,491 738,465 300,189 684,431 1,242,782 816,514 282,178
Commercial .

Hot Wzter 160-175 sq.f=x. 812,845 24,385 130,055 65,028 178,826 65,028 65,028 97,541 56,899 130,055

Heating + HW 1115-1250sq.f=. 597,118 41,798 131,366 65,683 107,481 41,798 29,856 35,827 17,914 125,395

Cooling + H +HW 1835-1920sq.£z. 375,612 3,756 52,586 48,829 60,098 33,805 37,561 60,098 22,537 56,342

Passive Heat 700-2600sq.ft 127,000 8,890 27,940 13,970 22,860 8.890 6,350 -7,620 3,810 26,670
Industrial

Solar Thermal 100,000sq.fz. 52,544 919 2,924 5,440 8,446 4,043 1,529 17,168 2,528 9,547
Electric Utility .

Wind 100 MWe 358 35 65 89 66 €8 7 2 9 17

Solar Thermal 100 MwWe 285 0 0 63 3 & 40 63 35 77

Photovoltaics 100 MWe 5 0 ] 2 0 0 0 4 0 0

Ocean Thermal 400 MWe 3 0 0 3 0 0 0 0 0 0

Biomass_ 46 MWe 13 3 1 6 0 3 0 0 0 0






