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REGIONAL ANALYSIS OF RESIbENTIAL WATER-HEATING OPTIONS:
ENERGY USE AND ECONOMICS

Dennis 0'Neal
Janet Carney
Eric Hirst

ABSTRACT

This report evaluates the energy and direct economic effects of intro-
ducing improved electric water heating systems to the residential market.
These systems are: electric heat pumps offered in 1981, solar systems
offered in 1977, and solar systems offered in 1977 with a Federal tax

credit in effect from 1977 through 1984.

The ORNL residential energy model is used to calculate energy savings
by type of fuel for each system in each of the ten Federal regions and for
the nation as a whole for each year between 1977 and 2000. Changes in
annual fuel bills and capital costs for water heaters are also computed at
the same level of detail.

Model results suggest that heat pump water heaters are likely to offer
much larger energy and economic benefits than will solar systems, even with
tax credits. This is because heat pumps provide about the same savings in
electricity for water heating (about half) at a much lower capital cost
($700 - $2000) than do solar systems. However, these results are based on
highly uncertain estimates of future performance and cost characteristics
for both heat pump and solar systems.

The cumulative national energy saving by the year 2000 due to commer-
cialization of heat pump water heaters in 1981 is estimated to be 1.5 QBtu. -
Solar energy benefits are about half this much without tax credits and two-
thirds as much with tax credits. The net economic benefit to households of
heat pump water heaters (present worth of fuel bill reductions less the
present worth of extra costs for more efficient systems) is estimated to be
$640 million. Again, the solar benefits are much less.
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REGIONAL ANALYSIS OF RESIDENTIAL WATER HEATING OPTIONS:
ENERGY USE AND ECONOMICS

Dennis 0'Neal
Janet Carney
Eric Hirst
1. TINTRODUCTION
This report evaluates the national and regional éffects on household
energy use and economics of offering improved electric domestic hot
water heating systems. These evaluations are conducted with the ORNL
residential energy use model.1
Four scenarios are analyzed in detail. The first is a baseline
that includes only conventional water heaters. Real fuel prices rise in
the baseline as projected by the Department of Energy (DOE). Estimates
of future growth in Gross National Product (GﬁP) and in population are
from DOE and the Bureau of the Census, respectively. As fuel prices
rise, average efficiencies of new water heaters imprqve.through use of
additional insulation on the water heater jacket and on the distribution
pipe; ana, in addition, for gas and oil water heaters, improvements in
the burner/flue confignration.

The second case assumes that electric heat pump water heaters

become commercially available in 1981. All other assumptions (concerning

population, GNP, and fuel prices) are the same as in the baseline.

Differences in energy use and expenditures between the two cases allow
us to estimate the energy savings and direct economic effects of introducing
these heat punip water heaters.

The third and fourth cases deal with solar water heaters using

electricity as.a backup fuel. In the third case, we assume that solar



water heaters become available in 1977. In the fourth case, we also
assume that the tax credits proposed in the National Energy Plan (about
25% of the initial cost) are in effect from 1977 through 1984.

In each of these four scenarios, we ran our energy model for each
of the ten Federal regions (shown in Fig. 1) and for the nation as a
whole. We also ran additional cases for the nation only to test the
effects on solar water heater benefits of:

1. much higher fuel prices from 1980 through 2000

2. changes in daily hot'water consumption.
These runs show the sensitivity.of our solar results to changes in these
variables.

Tables 1 and 2 summarize the major energy and economic results for
each region and the nation. Heat pump water heaters are expected to
provide larger energy and economic benefits in each region (and in the

nation as a whole) than do solar systems. This is generally true even’
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Fig. 1. Map of the United States showing the ten Federal regions.
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Table 1. Cumulative (1977-2000) primary energy savings due to
" adoption of improved electric water heating systems

Federal Energy savings (trillion Btu)
region Heat pumps Solar Solar with
tax incentives

1 124 4 28 51
2 98 16 33
3 160 58 : 96
4 505 313 448
5 246 76 124
6 68 63 82
7 37 16 24
8 33 25 36
9 119 66 136
10 64 0 10
U. S. 1453 661 1041
Table 2. Cumulative (1977-2000) net economic benefits gue to
adoption of improved electric water heating systems
Federal Net economic benefit (million 1975-%)
region Heat pumps Solar Solar with
tax incentives
1 99 23 45
2 77 14 30
3 89 30 55
4 183 92 144
5 122 38 66
6 20 16 22
7 12 5 8
8 14 11 17
9 2 -12 -10
10 23 1 5
b
U. S. 640 217 383

Net cconomic benefits represent the present worlh (al a real
interest rate of 8%) of the difference between fuel bill reductions
and the extra capital cost of more efficient water heaters.

The present worth of government expenditures (tax credits) on solar
systems is $345 million. Thus, the net economic benefit to society
is reduced from $383 to $38 million.



if tax credits are provided for purchase of solar water heaters, except
for regions 6, 8, and 9. Our national runs éhow that much higher fuel
prices during the 1980s and 1990s increésé the energy and economic
benefits of solar water heaters; benefits would also increase for heat
pumps with higher fuel prices. Variations in daily hot water use have
only small effects on the bepefits of sdlar water heaters.

The next section discusses the water heating technologies considered
in this analysis: conventional eleqﬁric water heatgrs, electric heat
pump water heaters, and solar water heaters. The energy use/capital

cost characteristics of each system are defined to show how investment
in more efficient equipment reduces fuel use and operating costs.
Because of large regional variations in insolation, solar water heater
relationéhips are developed for specific cities in each of the ten
Federal regioms.

Section 3 briefly describes the major features of the ORNL residential
energy use model, especially those characteristics of the model that
strongly influence the present results. Section 4 presents our findings
concerning the energy and economic benefits of heat pump and solar water
heaters. The final section summarizes our findings and- interprets these
results in light of the assumptions and limitations in our energy use

model.
2. WATER HEATING SYSTEMS

This section examines the costs and energy use of systems that
presently compete (or will soon compete) for the electric water heating
market. These include: conventional electric, heat pump, and solar

water heating systeuws.



Conventional Water Heaters

The relationship between annual energy use and initial cost for
conventional elegtric water heéters was examined at both ORNL and A. D.
Little, Inc.2 betailed computer programs were developed to calculate
energy flowé in water heaters. The assumed characteristics for conven-

*
tional systems are shown in Table 3.

Table '3. Characteristics of conventional electric water heaters

Daily water usage 72 gal/day Initial cost $157

Storagé tank size 50 gallons Annual energy use 6600 kWhr

Hot water temp. 140°F Tank insulation 2" fiberglass

Distribution pipe 25' long, Lifetime 10 years
uninsulated

Source: ' ref. 2.

Several design changes can be made to reduce energy use: increase
jacket insulation, reduce jacket insulation thermal conductivity, and add
insulation to the distribution pipe. The maximum energy reductioﬁ for a
typical electric water heater with these options is 14%.- The extra cost of
this more efficient unit is $37.

The energy savings, extra cost, and simple (undiscoun;ed) paybaék
periods for several design changes to conventional water heaters are
shown in Table 4.T Resulté are given for units in Portland, OR; Kansas
City, MO; and New York, NY. These cities provide a representative range

in residential electricity prices; see footnote c of labie 4. Even in

*
All prices and incomes in this report are given in 1975-8.
+E1ectricity use figures in this section are given in kWhr. In the
rest uf Llhe report, eleclrlelly 1s glven in primary energy (at 11,500
Btu/kWhr) to include losses-in generation, transmission, and distribution,



Table 4. Conventional electric water heater design changes; energy savings, and payback periods

% enefg % cost Payback period (years)c’d
Design option saving increase Portland Kansas City New York City
o

1. Increase jacket insulation to

a. 3" fiberglass 4 4 1.5 0.9 0.5

b. 4" fiberglass 7 8 2.0 1.2 0.6
2. Reduce jacket insulation thermal

conductivity )

a. 2" urethane 8 6 0.8 0.5 0.2

b. 3" urethane 10 11 1.5 0.8 0.4

¢. 4" urethane 11 14 1.7 1.0 0.5
3. Add 1" fiberglass insulation to :

25' of distribution pipe 3 9 3.6 2.0 1.1
4, 2c¢, 3 14 24 1.9 1.1 0.6

Q

Baseline energy use is 6950, 6510, and 7120 kWhr in Portland, Kansas City, and New York, respectively.

o

. Baseline capital cost for the 50 gallon water heater is $157.

cElectricity prices were (1975~$) 2.08, 3.66, and 6.64 ¢/kWhr in Portland, Kansas City, and New York
respectively, in January 1978.
d

The simple payback periods given in Tables 4, 5, and 7 do not include increases in fuel prices,
maintenance costs, and the time value of money (1nterest rate).

Portland, where electricity prices are quite low, the payback period for
these improvements is less than two years (compared with the ten year
lifetime for the water heater itself). These results suggest that
improvements to conven;ional water heaters are quite cost-effective. As
electricity prices increase in the future (see Appendix Taﬁles Al-Al10

for estimates of regional fuel prices to 2000), payback periods fo£ these

improvements will become even shorter.

Heat Pump Water Heaters

_ Heat pump water heaters are not new. Several hundred were manufactured
and sold in the late 1950s. Because of low and declining electricity
prices and the state-of-the-—art of heat pumps at the time, they did'nbt
compete effectively against conventional water heating systems. As a
result, they were withdrawn from the market.3

With recent and projected increases in fuel prices and advances in
heat pump techhology, there is new interest in applying heat pumps to

doméStic water heating. There are two heat pump designs being developed



with funding from tﬁe Department of Energy. Both involve small heat
pump units installed with a conventional hot water tank, used only for
heating water (not for space heating). One uses a standard Rankine
cycle and the other a Brayton cycle. Details on the hardware, . energy
use, and capital costs of these systems are given in references 3 and 4.
The two systems are briefly described below.

The general principle of both heat pump systems is similar to that
of heat pumps used in space heating. Heat is extracted from cool ambient
air and "pumped" into a medium at a higher temperature. For a heat pump
used in space heating, this medium is the conditioned air inside a
structure. For a heat pump water heater, this medium is water.

Energy Utilization Systems, Inc. (EUS) is developing a Rankine
cycle heat pump water heater for DOE. It uses a motor-compressor, evap—-
orator, expansion valve, refrigerant, and contfol system similar to
those space heating heat pumps use. The condenser is the only component
of this system that is not an "off-the-shelf" item. It consists of a

double-wall tube wound in a helical coil. The heat pump cabinet is built
as part of the water heater. The heat pump water heater fits into the
same floor space a conventional water heater does. A project to'field
test 100 water heaters is planned to start by the end of 1978. Marketing
of the units should begin in 1980 and each should cost about $400.3’5
Preliminary results show that the Rankine cycle heat pump has a

*
seasonal performance factor (SPF) of at least two and, under certain

conditions, as high as three. The performancé of this heat pump water

- .
Seasonal performance factor 1s defined as:

Total annual heat energy provided by the water heater
Total annual electricity used by the water heater

SPF =



heater varies with the source (ambient) air and water supply température,
and hot water temperature. The performance improves as the source air
temperature increases and decreases as the water supply or hot water
temperature increases. If the source air temperature goes below‘45°F,'
electfic resistance heaters must be used to supplement the heat pump.

The system under development by Foster Miller Associates (FMA) is a
Bréyton cycle heat pump.4 The Brayton cycle has been used for refriger-
ation applications in the past, but not for water heating.6 The hardware
consists of a reciprocating compressor/expander, air-to-water heat
exchanger, electric motor, water circulation pump, and contfols. With
the exception of the compressof/expander and the air-to-water héat
ekchanger, all of the items are commercially available. The compressor/
expander consists of a single piston that both compresses and expands
the refrigerant. For this system, air is the refigerant.

The system fits into a cyclindrical package under the water tank.

The estimated SPF and initial cost of this heat pump is expected to be

r

1.7 and $430, respectively.J Like the EUS system, performahce improves
as the source air temperature increases and decreases as the water supply
or hot water temperature increases. FMA is currently assembling a pro-
totype unit. They will conduct tests in 1978 to compare actual and
expected performance of the unit.

Table 5 shows the expected payback periods for the two heat pump
water heaters compared to a conventional electric water heater in three
cities. Even in Portland where electricity prices are low, the heat pumps
have short payback periods. For both Kansas City and New York, the
paybacks are very short. Because of the fast paybacks, heat pumps should

provide an attractive alternative to conventional electric water heaters.



Table 5. Expected energy savings and economics for
heat pump water heaters

Heat % -energy % cost Payback period (years)

pump saving increase Portland Kansas City New York

EUS 50 157 3.4 2.1 1.0
4.5 2.7 1.4

FMA ' 41 173

Sources: refs. 3-5.

a . A .
The baseline system energy use and capital cost, and electricity prices
are the same as those in Table 4.

Solar Water Heaters

Solar water heating is the most popular form of solar energy utili-
zation in the residential sector in the United States. By the end of
1977, an estimated 63 thousand homes had installed solar water heaters
(new and retrofit), compared to 3 théusand solar space or combined solar
space and water heaters.7

Figure 2 shows a schematic of a representatiye residential solar
water heating system.s_ll ~Flat plate collectors are used to entrap
energy from the sun and heat a liquid (either water or an ethylene
glycol/water solution) flowing through the collectors. Heat in the
liquid is transterred to the preheat tank using a heat exchanger in the
tank. When the temperatures are not high enough in the collectors to add
heat to the preheat tank (e.g., at night or during overcast days), auto-
matic controls terminate flow of the liquid through the collectors.

The preheat tank stores useful heat from the solar collectors. The
water in the preheat tank is moved to the hot water tank by pressure from
the water main. If pressure is insufficient, an auxiliary pump would

be needed.
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Fig. 2. Schematié of a typical residential solar water heating system.

The hot water tank is a conventional water heater. When the solar
collectors cannot provide the needed eﬁergy for hot water, electric
resistgnce coils in the tank are used.

Individual systems may vary from the one shown in Fig. 2. For
instance, in warmer climates where freezing temperatures are infrequent,
water is often used instead of an ethyleﬁe glycol/watér solution. 1In a
residence where hot waéer demand is low, the preheat tank can be elimi-

nated, making the system less expensive but less effective. Another
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modification is to use either gas or pil as the backup fuel. For this
study, the system in Fig. 2 is used.

To determine the performance of a solar water heating system, char-
acteristics of the collectors, heat exchanger, weather, water temperatures,
and water usage must be known or assumed. The computer program FCHART,
developed at the University of Wisconsin, estimates the yearly performance

of solar systems based on the above parameters.ll’12

The user specifies
system parameters and the city in which the system is located. The
program provides month-by-month and yearly estimates of the energy
provided by the solar system.

Because the performance of solar systems is strongly dependent on

climatic conditions, ten cities (one in each Federal region) are used to

provide estimates of regional variations. These include:

Boston, MA - region 1 Ft. Worth, TX - region 6
New York, NY - region 2 Kansas City, MO - region 7
Washington, DC - region 3 Denver, CO - region 8
Atlanta, GA - region 4 Los Angeles, CA - region 9
Madison, WI - region 5 Portland, OR - region 10

Table 6 lists the characteristics of the solar system. Four collector
areas are used: 36, 72, 90, and 108 ftz. Two performance parameters of
the system change with collector area: total.storage volume and collector
fluid flowrate. The values, FR(Ta)g and FRUL, are unique characteristics

_ * . 1
of a collector determined from measurements of collector efficiency. 3

F_ is the collector heat removal efficiency factor, T is the solar
transmigtance of the transparent covers, o is the solar absorptance of the
collector plate, and n indicates that T and o are at an angle of normal
incidence. The quantity, FR(Tu) is the vertical axis intercept of the
collector efficiency curves. Uy is the collector overall energy loss
coefficient. ‘'the product FRUL is the slope of the collector efficiency
curve.
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Table 6. Characteristics of the solar water heating system

Total storage volume 1.84 gal/fti
Collector parameters »
Tilt Latitude + 10°
Glaziﬁg 1 (single)
FRUp 0.75
'FR(Ta)n 1.00
Area ' 36,.72, 90 and 108 ft2
Liquid 1/2 ethylene glycol - 1/2 water
Flowrate ‘ ©0.022 gpm/fti
System cost
Fixed ’ ’ $434
Variable (per fti) : $18.3 plus labor
System life 10 years

Sources: refs. 13 and 14.
The values in Table 6 are for a single glazed, selective surface collec-

tor.l4

Solar systems costs are developed from estimates published by the

Mitre Corporation and the Dodge manual.lA’15

Mitre provides costs for
all components (collector, heat exchanger, controls, etc.), and estimated
labor time for installation. Costs are divided into "fixed" and "area
depeﬁdent" cémponents. Fixed costs are independent of collector size
while area dependent costs vary with collector size.14 The Dodge manual
is used with the Mitre estimates of labor time to -determine the labor
cost of installing systems in each city. In Table 6, labor costs are
: *

included in variable costs. Labor costs range from $2.00 per fti

9
(Fort Worth) to $3.10 per ft; (New York).+

* 2
The term ftC signifies collector area in square feet.

For example, the cost of a 50 ft2 solar system in Fort Worth would
be: $434 + ($18.3 + $2.0)- 50 = $1449.
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Figures 3 and 4 show energy use versus capital cost curves for
conventional, heat pump, and solar water heating systems. The solar
systems perform poorly in the Northeast (regibn 1 and 2) and Northwest
(region 10) where yearly solar insolation is small compared to other
regions. For instance, in regions 1, 2, and 10, the 36 fti system |
provides only 307 of the hot water load compared to 507 in regions 8 and 9.

Each point on the solar technology curve represents a different size
system. The size increases as one moves down and to the right (i.e.,
larger energy‘savings and higher capital costs). The small difference in
capital costs for the same system in différent cities is due £o varia-
tions in labor costs. We assume that the cost of a solar water heating
system is the same for a new.house as'for a retrofit installation.

The solar system costs in Figs. 3 and 4 do not include any possible
Federal or State tax credits. The April 1977 National Energy PZanl6
proposed a 40% Federal income tax credit on the first $1000 spent for
residential solar equipment and a 25% credit for the next $6400. This
would yield a maximum tax credit of $2000 for a system cbsting $7400.or
more. The credits would be retroactive to April 1977 and be removed in
steps, to be phased out by 1985. An alternative set of incentives was
passed by the House of Representatives in their version of the National
Energy Aét (HR 8444). This proposal provides a 30%Z tax credit on the
first $1500 and a 20% credit on the next $8500. The maximum credit would
be $2150 on a system costing more than $10,000. These credits would
remain in force unchanged from April 1977 through December 1984. The

House system of credits is evaluated in this report; existing and possible

state tax incentives are ignored.
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Table 7 shows the effect of the tax credits on the payback period
for solar systems compared to conventional electric water heaters in
Portland, Kansas City and New York. Even with tax credits, solar systems
in Portland never pay for themselves over their assumed lifetime (10
years). Because electricity prices are high in New York, solar systems

are economically attractive in that city - both with and without tax

credits. In Kansas City, tax credits make the smaller systems compet-
*

itive with conventional electric water heating. As electricity prices

rise in the future (Tables Al-Al0), solar system paybacks will improve

(i.e., decrease).
’

. : a
Table 7. Energy savings and economics for solar water heating systems

System % energy % cost increase Payback period (years)b
city size saving W/O0 incentives With incentives W/0 incentives With incentives
(fcz)
Portland 36 28 670 420 NP NP
72 47 1150 810 NP -NP
90 55 1400 1010 NP NP
108 61 1640 1200 NP NP
Kansas City 36 41 680 440 NP 8.7
72 66 1190 840 NP 9.4
90 74 1440 1030 NP 10.0
108 80 1690 1240 NP NP
New York 36 29 690 440 9.1 6.2
72 50 1210 850 8.7 6.3
90 58 1460 1050 8.9 6.6
108 65 1720 1260 9.3 6.9

“The baseline system energy use and capital cost, and electricity prices are the same as those in
Table 4.

bNP means there is no payout on the system because the payback period is greater than 10 years, the
. assumed life of the system.

We consider solar systems only with electricity as a backup fuel
because the economics of solar relative to gas water heating are very

poor. Even in New York, where natural gas prices are quite high, solar

*Even in Fort Worth and Denver (regions 6 and 8), which have very
high levels of solar insolation, payback periods are longer than those
shown for New York in Table 7. This is because the improved performance
of solar systems in regions 6 and 8 is not sufficient to offset the much
higher electricity price in region 2.
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water heaters have payback periods of 25-27 years compared with conven-
tional gas units. In Kansas City, where gas prices are much lower, pay-
back periods are 65—74.yearé. Clearly;_these payback periods - all of
which are longer than the assﬁmed water heater lifetime - are economically
unacceptable.

All of the previous analysis assumes a particular collector (single
glazed selective surface). Three other collectors are examined to determine
the possible effects on the energy use versus capital cost curves of
~Figs. 3 and 4. These three collectors include: a trickle collector, a
‘different single glazed selective surface collector, and a double glazed
flat black collector. The characteristics of these three plus the
reference coilector used.in Figs. 3 and 4 are listed in Table 8.14’l7

Figure 5 shows the energy use versus capital cost curves in Denver
for solar systems with these four collectors. For solar systems costing
about six times the conventional system, .the range in energy provided
by solar systems varied from 417 (trickle collectors) to 29% (different
selective surface). From the wide variation shown in Fig. 5, it is

apparent that one must be careful in selecting a '"typical' collector.

'lable 8. Characteristics of solar systems
using different collectors: Denver

Cost

Collector Fixed Variab%ed FRUL FR(Ta)n Glazing
Reference $434 $20.6 1.00 0.75 1
Trickle $434 $15.2 2.45 0.85 1
Different : ’

selective :

surface $434 $26.1 0.67 0.70 1
Flat black - $434 $19.3 0.81 0.67 2

Sources: refs. 14 and 17.

~

%Cost per fti plus labor costs.
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Fig. 5. Energy use versus capital cost for solar water heaters using
different collectors. Baseline system energy use and capital
cost are 6600 kWhr and $157.

In the analysis of Section 4, we assume £hat heat pump and solar
water heating systems can be installed in both new housing units and in
existing housing units to replace worn-out systems at the same initial
cost. We only consider electricity as a backup fuel for the solar
systems because gas is always so much less expensive than electricity
(Tables Al1-Al10). Maintenance and repair costs are ignored because we
have no data or estimates on these costs. ¥Finally, we remind the reader
that the energy use/capital cost estimates for these systems are highly

.k
uncertain.

*Some of our reviewers felt that actual costs for solar systems
installed today are higher than our estimates; other reviewers felt the
opposite. Others suggested that solar system costs are likely to decline
substantially in the tuture. Similar uncertainties surround the heat
pump cost estimates.



18

3. RESIDENTIAL ENERGY USE SIMULATION MODEL

The ORNL residential energy model is an analytical tool used to eval-
uate a variety of energy conservation policies, programs, and.technolo-
gies for ‘their effects on energy use, energy costs, and capital costs
over time.

The model deals with annual energy use for four fuels* (electricity,
gas, oil, other); eight end uses (space heating, air conditioning, water
heating, refrigeration, food freezing, cooking, lighting, other); three
housing types (single-family, multi-family, mobile homes); and two housing
states (new, existing). Household energy use for each component is
computed in response to changes in: stocks of occupied housing units and
new residential cons;ruction, equipment ownership by fuel and end use,
size and thermal performance of housing units, average unit energy
requirements for each type of equipment, and usage factors that reflect
household behavior.

The model simulates annual energy use for each year from 1970 through
2000. Thus, a simulation involves the calculation of 5,760 (30 years x
192) fuel use components. The model also calculates, at the same levelA
of detail, information on new equipment installations, equipment owner-
ship, new and average equipﬁent efficiencies, new and average structure
thermal performance, usage factors; and annual expenditures on fuels,
improved equipment, and thermal improvements to new and existing structures.

Figure 6 is a schematic diagram of the energy model. The demographics

submodel calculates stocks of occupied housing units by type for each

*Electricity use figures are in primary energy (11,500 Btu/kWhr
from 1970-2000); that is they include losses in generation, transmission,
and distribution. Figures for gas and o0il, however, do not include
losses associated with refining and transportation.
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Fig. 6. Schematic of the ORNL residential energy use model.

year of the simulation. Based on calculations of household formation and
retirements from the existing stock of occupied housing units, new con-
struction requirements are calculated for each year to ensure that the
stock of occupied housing units matches demand (the number of households
that year).

The technologies submodels relate changes in equipment energy
requirements to purchasc price for alternalive designs. Detailed engi-
neering submndels were construqted for electric, gas, and vil space
heating systems; gas and electric water heaters; refrigerators; and gas
and electric ranges. Figures 3 and 4 (for electric water heaters) are
typical of the outputs from our engineering sugmodels. We synthesizcd

data from a number of sources to infer relationships between equipment
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energy use and initial cost for the other end uses. 1In a similar fashion,
we evaluated changes in thermal performance for new and existing structures
as functions of increased capital cost for each housing type.

The economic submodels calculate elasticities that determine the
responsiveness of households to changes in economic variables: incomes,
fuel prices, equipment prices. Elasticities are calculated for each of
the three major household fuels fbr each of the eight end uses. Each
fuel price and income elasticity is composed of three components:
equipment ownership, equipment and structure efficiencies, and equipment
usage. The first gives changes in equipment fuel choice (market share)
in response to changes in fuel prices, equipment prices, and incomes.

The second gives changes in equipment and structure efficiencies, and the
third gives changes in household usage of equipment (holding ownership
and efficiencies constant).

The simulation model combines outputs from the various submodels
(Fig. 6) with appropriate initial conditions for 1Y70 and boundary
conditions (policy variables) for the 1970-2000 period. Outputs from the
simulation model include 192 fuel use components for each year. Each
.fﬁel use component is determined in the simulation program as the product
of six factors: housing stock, housing size, equipment fuel choice
(market share), equipment energy requirement, structure thermal per-
formande, and usage.

The market penetration part of the model calculates changes in new
equipment efficiencies and new structure thermal performance over time.
These changes are functions of consumer behavior, available technologies,

and time. :
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Each submodél and the simulation model influence our results with
respect to water heating energy use and economics. Some of the major
factors include:

1. Demographicé. Different regions of the country are expected to
grow at different rates. For example, Regions 4, 6, 8, and 9 are all
expected to have average'population growth rates of about 1.2%/year
between 1975 and 2000, compared with the national average of 0.8%/year.
Regions 2, 3, 5, and 7, on the other hand, are expected to have growth
rates less than or equal to 0.5%/year during this period; see Appendix

18,19 Regions with high population (and household) growth

Tables Al-AlO.
will purchase more new water heaters per household than will regions with
slow growth. Thus, high growth regions have larger ﬁotential benefits
from new water heating systems than do low growth regions.

2. Technologies. Our model‘treats all water heaters as one of
four types: electric, gas, oil, other/none. The characteristics of
different systems within each of these four types are assumed identical,
except for annual energy use and captial cost.* Thus the model results
assume that household perceptions of the safety, reliability, noise,
maintenance cost, and other characteristics of all electric water heaters
(conventional, heat pumps, solar) will be the same. Only the energy use
and capital cost characteristics are allowed to vary.

This is probably a reasonable assumption for electric heat pump

waler heaters, except for maintenance costs. Their characteristics, from

the standpoint of the homeowner, are very much like those of a conven-

*
Because very few new water heaters fall in the category 'other/

none," wec do not consider design clianges for other/none units that would
reduce energy use and increase initial c¢ost.
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tional electric water heater. This assumption may be less valid with
respect to solar water heaters. Household perceptions of solar systems
may be very different from those of conventional electric systems. If
these solar perceptions are more favorable than those for conventional
systems (e.g., cleaner, environmentally more benign), then our results
underestimate the market penetration and benefits of solar systems. If,
on the other hand, consumer perceptions of solar are less favorable
(e.g., high cost, unreliable), then we overestimate the benefits of solar
water heating systems.

Our energy use/capital cost characterization for residential tech-
nologies is represented in the simulation model by a simple three-para-
meter curve.l This curve does a good job of fitting both conventional and
heat pump water heaters. However, we were unable to find values for the
three parameters to accurately fit both conventional and solar water
heaters. The technology characterizations input to our energy model
understate the cost of small solar systems and overstate the cust ul
large systems.. The major consequeﬂce with respect to results presented
in the next section is that estimated energy and economic benefits of
solar systems are too high (because the model predicts adoption of
primarily small solar systems).

3. Market penetration. Our encrgy model contains a simple
algorithm that estimates changes in new equipment efficiencies over time
as functions of consumer interest rates, fuel prices, fuel price trends,
and available technologies. However, our methodology is ad hoc; it lacks
a theroetical basis and empirical validation. We are presently developing

a theoretically-sound model of market penetration that deals with both

the equilibrium shares of different systems and the dynamics of approach
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to equilibrium. We hope to have an improved operating market penetration
model in 1979.

Our present market penetration algoritﬁm proceeds in two steps.
First, the model calculates fhe location on the energy use/caﬁtiai cost
curve for new electric water heaters sold in a‘particular yvear. That is,
the model selects an average new electric water heater (average of the
technologies incorporated into the technology curve) on the basis of
present and past electricity priées and the average performance (energy
use/capital cost) of electric water heaters sold during the preceding
year. - (This procedure is repeated for each type of water heater:
electric, gas, oil.)

Second, the model calculates market shares for each type of water
heater (electric, gas, etc.) on the basis of fuel prices, average char-
acteristics of the units calculated in the first step, and market share
elasticities. |

4. Baseline market shares for new electric water heaters. The
number of heat pump or solar systems sold in a particular year depends on
the characteristics of the competing systems and on the baseline market
share of new electric water heaters. In regions that have large baseline
market shares for electric water heating (e.g., region 4), the benefits
of heat pump and solar systems are relatively high, in part because the
potential market is so large. On the other hand, the benefits of heat
pumps and solar systems are low in regions 7 and 9 because their baseline
market shares for electric water heating are so low.

Also, shifts f;om gas and oil ‘to electricity (because of the improved

average efficiency of new electric systems) tend to reduce the energy and

economic benefits because gas and oil are less expensive and (in terms of
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" primary energy) relatively efficient. So regions with high electric
market shares in the baseline tend to show much less fuel switching and
‘ higher energy and dollar benefits than §o regions with low electric
market shadres.

5. Market shafe elasticities. Market shares (equipment choices)
are determined in the model by a logistic equation of the form:

3 _
Msi = fi 2: (operating and capital costs),
1+ S, j=1 J

n
where MS is market share, i is the fuel choice being considered, and j is
an index of choices (electric, gas, oil). The coefficients on the right
hand side are determined from our national analysis of resideqtial fuel
choices; the market share elasticities aré obtained from a cross-sectional
“analysis using 1970 state-level data.20 Because we have no regional
estimates of these market share elasticities, we ran the regional models
using these national elasticities. This gave ridiculous results in some

regions. To improve our regional results, we multiplied each coefficient

on the right hand side by the ratio:

0.5

MSj(r) /MSj(US)

1970 1970

where r refers to a particular region and US refers to the nation as a

whole. Although this is ad hoc, it eliminated the problems we encountered

, %
with the direct use of national market share elasticities.

* .
The national elasticities, when used in the regional models, pre-

dicted shifts from gas/oil water heating to electricity (because of heat
pumps or solar systems) that exceeded the number of new heat pumps or
solar systems being installed. This excess market share shift occurred
only in regions where the baseline electric water heating market share
was low. In regions where the baseline electric market share was high,
there was very little fuel switching. Adjusting the equipment choice
elasticities as shown above eliminated this large disparity in fuel
switching among regions.
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An alternative approach to analysis of solar systems is to calculate
the payback period for a solar system relative to its competitors, as was
done in the preceding section. In this micro-approach, solar energy
savings depend only on syétem costs and efficiencies, and local fuel
prices and insolation. The structure of our model is such that these
factors only partly determine market penetration and regional benefits.
As discussed above, regional population and household growth, trends in
fuel prices (as well as absolute values), and baseline projections of
electric water heating market shares also influence results. Also,
changes in relative prices between competing fuels will change market
shares. Thus, even if a gas water heater is less expensive than an.
electric water heater, an increase in gas price will induce some house-
holds to switch from gas to electricity as a water heating fuel (because
of the change in relative prices). This is because households do not
minimize lifecycle costs when making purchase decisions, at least not
.only with respect to the capital and energy operating costs of the

alternatives.
4. RESULTS

We assume that national population grows according to the Bureau of
the Census Series II projection.21 National per capita income is derived
from a projection prepared for the Department of Energy and the popula-
tion projection.22 These projections show population growing at an average
rate of 0.8%/year and real per capita income growing at 2.4%/year between
1977 and 2000.

Projectious uf household formation, stocks of occupied housing

units, and new construction are from our housing model using the per
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capita income and poﬁulation estimates noted abbve. The ORNL housing
model produces estimates for each.region as well as for the nation. The
nation;s households are distributed among regions on the basis of recent
projections of population distribution.19

The regional variation in per capita income is derived from the
national projection using a projection of state income growth.

National fuel price trajectories are from thé Department of Energy
and the Brookhaven National Laboratory.22 The DOE energy model also
produces estimates of regional fuel priées for 1980, 1985, and 1990. For
the 1991-2000 period, we assumed the same regional variation in fuel
prices as for 1990.

Appendix Tables Al1-Al0 show the values used for population, house-
holds, per capita income, and fuel prices for each region from 1970

through 2000. These inputs remain constant for all the scenarios.

Baseline

Our baseline case assumes that no new watér heating technologies
(heat pumps, solar) are available to consumers between now and the year
2000. We also assume thatvno government programs exist to encourage or
require improvements in water heating energy efficiency. Thus the base-
line includes only voluntary (free-market) responses to rising fuel
prices wifh preéent—day well-established technologies.

Table 9 shows the baseline projection of water heating energy use
for 1975 and 2000 for each region and the nation. National residential
energy use for water heating grows at an average rate of 1.1%/year.
Regions 1, 4, 8, and 9 show more rapid growth; these regions also show

more rapid growth in population and households (Tables Al through AlQ0).
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Table 9. Baseline primary energy use for water heating (trillion Btu)

Federal 1975 2000

reglon  p1ec.  Gas 0il  Total? Elec. Gas 0il Total?
1 54 32 41 130 121 55 18 195
2 44 102 79 230 92 136 30 260
3 105 109 25 248 175 119 15 311
4 338 83 3 445 525 129 0 658
5 177 266 7 463 305 246 1 554
6 39 136 2 205 82 172 0 261
7 31 67 0 109 55 68 0 126
8 26 38 0 67 60 43 0 104
9 53 197 1 255 182 201 0 385
10 105 7 1 114 111 28 0 140
U. s. 972 1037 159 2266 1708 1197 64 2994

aThe totals include use of other fuels (coal, liquified gases) not
included elsewhere.

Water heating primary energy use in the year 2000 ranges from a high of

. 39 MBtu/household in region 10 to a low of 22 MBtu in region 6; the
natioﬁal average is 28 MBtu. This large regional variation is due to
differences . among regioné in fuel prices, income growth, and water heater
fuel choices (Table 10). Between 1975 and 2000, per household use of
energy for water heating declines at an average rate of 0.5%/year for the
nation. This decliine is due to recent and projected increases in fuel

prices and the consequent improvement in equipment energy efficiencies.

Table 10 shows the percentage of water heaters in use that are
electric in each region for 1970, 1975, 1980, 1990, and 2000. Elec-
tricity's share of the water heaters in use is always highest in regions
4 and 10 and lowest in regions 2, 6, 7, and é. ﬁlectricity captﬁreg such
a large share of the market in regions 4 and 10 because of their low
electricity prices (due to the presence of the Tennessee Valley Authority

in region 4 and the Bonneville Power Administration in region 10).
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Table 10. Baseline market shares for electric water heatinga

Federal Ownership market share (%)
region 1970 1975 1980 1990 2000
1 21 25 30 36 39
2 9 10 12 15 18
3 24 26 28 32 34
4 55 61 62 63 62
5 24 23 24 27 31
6 9 10 10 12 15
7 17 16 16 18 22
8 24 21 22 24 29
9 12 12 12 . 25 27
10 82 84 85 78 66
U. S. 25 29 32 36 40

aFigures for 1970 are from the 1970 Census of Housing, U. S. Bureau of
the Census; other figures are from energy model baseline projections.

Electricity's share of the water heating market increases over time in
every region, except 10 (the region that always has the highest elec-

tricity market share).

Heat Pump Water Heaters

In the next scenario we introduce electric heat pump water heaters
in 1981. The model then estimates the number of heat pump units installed
each year in each region and the consequent energy and economic effects
of this market penetration.

Table 11 and the maps of Fig. 7 show the energy and economic effects
of iﬁtroducing these heat pump water heaters.* The national energy
saQing increases from 0.004 QBtu in 1981 to 0.13 QBtu in 2000. The

cumulative national energy saving (to 2000) amounts to 1.5 QBtu. About

*
The '"normalized savings" in Table 11 (and also Tables 12 and 13)

refer to the per household energy (or economic) benefit in the region
divided by the national per household energy (or economic) benefit. These
ratios are shown graphically in the maps of Figs. 7, 8, and 9.
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Table 11, Cumulative (1977-2000) energy and economic effects
of heat pumps

ENERGY SAVINGS ECONOMIC BENEFITS
PERCENT OF NET SAVING PERCENT OF
FEDERAL  TRILLION PERCENT OF NATICNAL  NCRMALIZEC 1975 COLLARS NATIONAL  NORMALIZED
REGION BTU BASELINE SAVINGS SAV INGS (IN SILLIONS) SAVINGS SAVINGS
1 124, 3.04 8.5 . 0410 1546 2.7
2 98¢ 1.62 6e7 0.6 0.08 12.0 1.0
3 160, 2430 1140 le 0409 13.8 1.2
Py S04, 3.68 34,7 .0 0e18 2846 1e7
5 246. 1.98 1649 0.8 0.12 15.0 0.9
6 68, 1.20 4.7 . 0402 3.1 0.3
hé 37. 1.29 2.5 0:5 0401 19 0.4
8 a3, 1.58 2.3 0.9 0.01 2.2 0.8
9 119. 1e54 8e¢2 %4 0400 0e3 0.0
10 €a. 1.98 reey 1.5 0.02 3.5 1.2
us 1453, 2.24 100.0 1.0 0.64 100.0 1.0

half the energy saving is gas and oil, due to shifts in water heating
fuel choice from gas and oil to electricity. Electricity accounts for the
other half.

The net economic benefit to thé nation's households due to commer;

cialization of heat pumps is $640 million. This represents the present

worth (at a real interesf rate of 8%) of the stream of fuel bill reductions
less the extra capital costs of the heat pumps relative to conventional
water heaters. As shown in Table 11, the energy and economic benefits

are positive in every region.

The first map of Fig. 7 shows the distributibn of energy benefits
among regions, on a per household basis relative to the national per
household energy saving. Regions labeled "average' have a cﬁmulative
energy savings of about 15 MBtu/household between 1981 and 2000. Savings
arc higher than average in regions i, 4, and 10; and lower than average
in regions 2, 5, 6, 7, and 9. Regions 4 and 10 show large savings
because of their very high baseline électric market shares (Table 10).
Also, both regions have above average population growth during this
period. Region 1 has large energy bgnefits because of its very high gas

prices throughout the projection period. The high gas prices induce a
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Fig. 7. Regional variation in cumulative per household energy and
economic benefits of introducing heat pump water heaters in 198l.
Regions labeled "average' have a per household energy or economic
benefit in the range of 90-110% of the national per household
benefit.
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large increase in electric water heating market shares, as shown in Table
10.

The second map of Fig. / shows the regional distribution of the net
economic benefits, again on a per household basis compared with tﬁe
national average. Regions 1, 3, 4, ana 10 show larger than average dollar
benefits. Benefits are high in regions 1, 4, and 10 because of the
previously-discussed large energy benefits. Benefits are slightly above
average in region 3 because of the region's high electricity prices. On
the other hand, economic benefits are below average in regions 6, 7, 8,
and 9. Regions 6, 7, and 9 also had lower than average energy savings;
probably because of low baseline electricity market shares (Table 10).
Regions 7 and 8 also have very low growth in electricity prices.

Note that each region shows positive energy and positive economic
benefits due to cémmercialization of electric heat pump water heaters.
Appendix Table All provides additional detail on energy savings over time
by type of fuel and number of heat pumps installed each year for each

*
region and for the nation.

Solar Water Heaters
In our third scenario, we allow introduction of solar water heaters
(witﬁ electricity as the backup fhel) in 1977. We assume‘that these
éystems can be installed in both new and existing housing units at the
same cost (Figs. 3 and 4) and that solar systems have the same average

lifetime as do conventional and heat pump water heaters - 10 years.

*Table All shows two sets of national results. The first is obtained
by summing results for the ten regions. The second 1s obtained by running
our national energy model. Results are similar although those obtained
with the vational model show larger eunergy and economic benefits; this is
also true for our solar water heater analyses (Tables Al2 and Al3).
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Again, the energy model estimates the number of solar sysﬁems installed
each year in each region and the consequent energy and direct economic
effects. i

Table 12 and the maps of Fig. 8 show the energy and economic effects
for each region and for the nation due to commercialization of solar
water heaters. The cumulative national energy saving is 0.7 QBtu, less
than half the energy saving due to commercialization of heat pump water
heaters. The energy savings increase over time, from 0.001 QBtu in 1977
to 0.05 QBtu in 2000. The energy savings due to solar systems are less
in every region than those due to heat pumps.

The net economic benefit to the nation's households due to adoption
of solar water heaters is almost $220 million. This is one-third the
national economic benefit due to commercializatioﬁ of heat pumps. As
with the energy savings, heat pumps provide larger economic benefits in
each region than do solar systems.

The first map of Kig. 8 shows the cumulalive sclar cnergy ecaving per
household for each region relative to the national saving. Regions 4 and

8 have larger than average energy savings, while regions 1, 2, 5, 7, 9,

’

Table 12. Cumulative (1977-2000) energy and economic effects
of solar water heaters without incentives

ENERGY SAVINGS ECONOMIC BENEFITS
PERCENT OF NEYT SAVING PERCENT OF

FEDERAL TRILL ION PERCENT CF NATICNAL NCFMALIZEC 1975 COLLARS NATIONAL NORMALIZED
REGION BTU BA SELINE SAVINGS SAV INGS (IN EILLIONS) SAVINGS SAVINGS

1 28 O« 69 4¢3 O0e?7 0402 107 19

2 16 0e 26 24 0e2 0.01 6e3 De5S

3 58 Oe 84 8.8 0.8 0.03 13.9 1a2

4 313. 2428 474 248 0 .09 4242 2¢5

S 76 Oe 61 115 0eS D04 17.4 0.8

6 €3 lell 9e6 1.0 0.02 7e2 Oe?

7 16 Oe S6 2e4 0e5 0+00 23 0e5

8 25, 1¢17 37 led 0.01 Se2 240

9 €6 Oe 85 : 99 0.8 -0.01 -Se7? ~0e5

10 O 0. 00 0.0 00 0402 06 Qe 2

us €61 . 1e 02 10060 1«0 0e22 1000 1.0
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and 10 have lower than average savings. Each region, however, shows
positive energy savings. Region 4 shows large benefits because of its
large electric market share and because insolation in region 4 is higher
than average. Region 8 has large benefits because it receives more
insolation than any other region in the country. (Region 10, which did
well with respect to heat pumps, does poorly here because it has the
least insolation of all regions.)

It is surprising that regions 6 and 9, both of which have much
higher than average insolation, show average and lower than average
energy savings, respectively. Regions 6 and 9-have two of the lowest
electric water heating market shares (9 and 12% in 1970, compared with
the national average of 25%; see Table 10). This low electric market
share has two adverse effecﬁs with respect to solar systems. First, the
potential market (electric water heaters) is smaller than in most regions.
Second, the shift in fuel choice from gas to electric does not save much
energy because the baseline gas system uses only half as much primary
energy per unit as does the baseline (conventional) electric water heater.
Thus, a shift from conventional gas to solar-with-electric~backup may
save very little energy. (The same is true with respect to reductions in
fuel bills because gas is a much cheaper fuel per Btu.)

Regions 1, 2, 3, and 10 show below average energy savings because of
their very low levels of insolation. Regions 5 and 7 have below average
energy savings because of a combination of factors: average insolation,
slow population growth, low growth in electricity prices, and low market
shares for electricity.

The second map of Fig. 8 shows the relative economic benefits due to

commercialization of solar water heaters in 1977. Regions 4 and 8 show
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larger than average economic benefits, consistent with their larger than
average energy benefits. Regions 1 and 3 also show large economic benefits,
presumably because their electricity prices are quite high. The economic
benefits are positive in each region except region 9. The slightly
negativé impact in region 9 is due to the shift in fuel choice from
inexpensive gas systems to solar systems using electricity as a backup.

The relationship between energy and dollar savings due to solar
systems and that due Lo heat pumps is closely related to solar insolation;
see Tables 1 and 2. Solar systems perform.better than average relative
to heat pumps in regions that have high insolation (regions 4, 6, 8, and
9). 1In these four regions, the cumulative energy savings due to solar is
greater than half that due to heat pumps. In the other six régions
(which have less than average insolation), the solar energy benefits are
less than half the heat pump benefits. The same pattern holds for the
net economic benefits of solar versus heat pump water heaters.

Appendix Table Al2 provides additional detail on the energy savings,

units installed, and economic effects in each region.

Solar Water Heaters With Tax Incentives

In this case, we consider the same water heaters discussed in the
previous scenario. Here, however, we provide a tax credit for purchase
of these systems. The tax credit is that passed by the U. S. House of
Representatives in 1977 (as part of the National Energy Act, HR 8444).
Lt provides for 30% of the first $1500 and 20% of the next $8500 for
residential solar systems; these credits are as;pmed"to apply from 1977

*
through 1.984.

* : . .
For a typical solar system that provides 55% of the energy needed
for water heating, the government tax credit is $425.
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Table 13 and the maps of Fig. 9 show the energy and economic effects
in each region of offering solar water heaters with the tax credit. The
cumulative national energy saving is 1.0 QBtu, 50% more than the saving
due to solar water heaLers without a tag credit. The energ§ saviné
increases over time, from 0.002 Qﬁtu in 1977 to 0.06 QB#u in 2000.
However, even with the tax credit, solar energy savings are still less
than those due to commercialization of heat pump water heaters. The
national economic benefit of the solar systems with the tax credit
(ignoring the cost of government credits) amounts to $383 million, 70%
more than the saving without the tax credit. Again, the solar economic

benefits are less than those due to heat pumps.

Table 13. Cumulative (1977-2000) energy and ecoromic effects
of solar water heaters with tax incentives

ENERGY SAVINGS ECONOMIC BENEFITS

PERCENT OF NET SAVING PERCENT OF
FEDERAL TRILL ION PERCENT OF NATICNAL NORMALIZEC 1975 CCOLL ARS NAT IONAL NORMALIZED
REQION oTU 04 CCLIME SAMING S S AV TAGS (TN FTI1 TNNSY SAYINGS SAYINGS

1 Sle 1«24 4,9 0.9 004 1167 261
2 33. Qe 5SS 3.2 03 0.03 7e9 Qe7
3 96 1439 Se3 0.8 0+05 1442 1¢3
a 448, 3.27 4341 245 Oel4 37.6 242
S 124, 1 00 11.9 [ 27 0407 172 0.8
6 82 1445 7e9 0«8 0.02 548 0.6
7 244 O« &S 2e3 0.5 0.01 2e1 0«4
8 36. 1.69 3.4 1e3 0e02 4e5 17
9 136 1«75 1340 . lel -0.01 ~2e6 -0e2
10 10. Oe 32 1.0 0e3 001 1.4 De5
us 1041, ls 61 100.0 1.0 039 100.0 1e0

Because of the tax credit, 1.15 million solar systems are installed
between 1977 and 1984. (Without the tax credit, only 288 thousand are
installed during this eight year period.) The undiscounted cost to the
Federal government is $490 million. The present worth (in 1977 at a real

: *
interest rate of 8%) of this government outlay is $345 million. This

*
This government subsidy should be compared with past and present

subsidies for use of electricity (e.g., lack of complete internalization
of costs associated with envirommental protection).
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Fig. 9. Regional variation in cumulative per household energy and
economic benefits of introducing solar water heaters in 1977, with
a Federal tax credit in effect from 1977 through 1984. '"Average"
refers to the national per household benefit without tax credits,
shown in Fig. 8.
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reduces the net economic benefit from the $383 million shown in Table 13
fo $38 million, considerably less than the net economic benefit of solar
systems without go&ernment tax credits.

The solar-related‘energy benefits are positive in each region. They
are less than the energy savings due to heat pumps in each region, except
for regions 6, 8, and 9 (which have high insolation levels). Similarly,
the economic benefits of solar systems with the tax credit are positive
in each region except 9; the dollar benefits are higher for heat pumps
than for solar systems with tax credits in each region except 6 and 8.
(These economic comparisons do not include the government cost of the tax
credits.)

The two maps of Fig. 9 show the regional variations in per household
energy aﬁd economic benefits of solar systems with tax credits, relative
to the national per household savings for solar systems without tax
credits. The regional energy savings are higher in every region with the
tax credits than without. Regions 1, 3, 6, and 9 all show increases in
energy savings sufficient to bring them above the national average per
househoid savings without tax credit (6.8 MBtu/household). Only regions
2, 7, and 10 show energy savings with tax credits lower than the national
average without tax credits.

Similarly, regions 2 and 5 show higher than average economic benefits
" because of the tax credit. However, regions 7, 9, and 10, even with the
tax credit, continue to show economic benefits lower than the national
average without the tax credit.

Appendix Table Al3 gives additional regional detail for this scenario.
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Sensitivity Analysis

We ran two additional sets of cases with the national model to
evaluate the effects on solar system energy and economic benefits of much
higher fuel prices and variations in daily hot water use.

For the high price case, we assume that oil and gas prices are 507%
higher than in the previous cases for the 1980-2000 period. Electricity
prices are assumed to be 25% higher. These price changes reflect, in a
crude way, the kinds of oil price projections prepared by the CIA and the
Workshop on Alernative Energy Strategies.24

Solar benefits increase because of these higher fuel prices. Energy
savings are higher than those due to solar systems with the baseline
prices by 6% in 1980, 507 in 1990, and nearly 70% in 2000. Similarly,
the net economic benefits are higher by 80% because of higher fuel prices.
These results suggest that solar systems can provide a valuable 'hedge"
against the possible (but.uncertain) effects of very much higher fuel
prices in the 1980s and 1990s. Electric heat pump water heaters offer
the same type of hedge. In fact, the value of a."heat pump hedge'" is
likely to be greater than that of the solar hedge because the energy and
economic Benefits of heat pumps are larger than the benefits of solar.

We also used our national model to evaluate the effects of differ-
ences in daily hot water consumption on the estimated benefits due to
solar hot water heating. We ran cases with dailj hot water use increased
by 207% and decreased by 20%. Reducing daily hot water use improves the
relative performance of solar systems. That is, a given solar system
will provide a larger fraction of houshold hot water energy use with

smaller hot water use. Offsetting this relative improvement is a reduc-
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tion in absolute energy requirement for heating less water. Results show
that decreasing (or increasing) hot water use reduces (or increases) the
energy and economic benefits of solar systems. However, the effect is
nonlinear: a 207% change in hot water use causes a 107% change in energy

and economic benfits.

Comparison With Other Studies

We compared our results for solar water heating with those from the

> A. D. Little, Inc., (ADL),Z‘6

Los Alamos Scientific Laboratory (LASL),2
and the Mitre Corp.27 It is difficult to perform a meaningful comparison
because the assumptions used in these studies on fuel prices, regional
migration, income growth, availability of natural gas, solar system costs
.and performance, and other factors are often different, unstated, of
both.

The most striking feature of the results obtained in these four
studies is the variation in estimated energy savings. For example, ADL
estimates a baseline energy saving of less than 2 trillion Btu in 1990
for residential solar water heating. Our estimated saving 15.32 trillion
Btu and Mitre's is 74 trillion“Btu.* The LASL analysis gave results only
for the 1977-1985 period; their results are much higher than ADL's,
slightly higher than ours, and lower than Mitre's.

Estimates of actual solar water heating installations range from 20-

45 thousand for 1977. Our model results show 8 thousand without federal

tax credits and 31 thousand with tax credits. Our results would have

*According to Peter C. Spewak of Mitre, their "analysis reflects cost
decreases which are spurred on by a much larger market penetration that
includes heating, heating and hot water, heating, cooling and hot water
in both residential and commercial sectors.' Our analysis assumes that
solar system costs do not change over time. We were unable to reach
analysts at A. D. Little to discuss their results.
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yielded higher estimates had we assumed that solar systems were commer-
cially available before 1977. We present results with tax credits because

many states offered tax credits in 1977.
5. CONCLUSIONS

We examined the regional energy and economic effects of introducing
improved electric water heating systems to the residential market:
electric heat pump water heaters in 1981 and solar water heaters in 1977.
We also examined the regional effects of offering tax credits for the
purchase of solar water heaters from 1977 through 1984. Finally, we
- evaluated the sensitivity of our solar results to changes in residentiéi
fuel prices and changes in daily household hot water use. These analyses
were conducted with the ORNL engineering-economic model of residential
energy use.

Water heating is the second most important use of energy in homes
(space heating is the first), accounting for about 15% of total residen-
tial fuel use. Commercialization of heat pump water heaters might save
1.5 QBtu between now and the year 2000, 2-3% of baseline cumulative water
heating energy use. The estimated savings in the year 2000 - 0.13
QBtu - is 5% of water héating energy use for that year. These seem like
small savings. They are less than might be expected for several reasons:

1. New heat pump water heaters provide a unit energy savings of
40-50% relative to baseline electric water heaters (which are themselves
likely to improve in efficiency over time as electricity prices rise).

2. The share of water heaters in use that is electricity grows
from 257 in 1970 to 32% in 1980 and 40% in 2000. . Thus a majority of the

water heaters in use are not electric.

3. Introduction of heat pump water heaters induces some switching
from gas and oil water heaters to electric units. For example, the
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percentage of homes with electric heaters is 43% in 2000 with electric
heat pumps, compared with 40% in the baseline. Even though heat pumps
are relatively energy efficient, they cgnsume more primary energy than do
conventional gas and oil water heaters. :

4, New systems penetrate the market slowly. That is, a new tech-
nology such as heat pumps cannot capture 100% of electric water heater
sales immediately. Even in 2000, electric heat pump water heaters capture
only 25% of the new electric water heater market according to our model
estimates.

Nevertheless, these improved systems offer significant energy and
economic benefits in each region and for the nation. Savings due to heat
pumps amount to 1.5 QBtu between now and 2000; the net present worth of
the cumulative benefits (fuel bill reductions less increases in capital
costs) to the nation's households amounts to $640 million. ‘he benefits
due to solar water heaters without tax credits are 30-40% of those due to
heat pumps, and 50-60% with tax credits.

The energy and economic benefits of heat pumps are greater than
those due to solar in every region (Tables 1 and 2). This is true even
though solar systems have a four year head start in terms of commercial
availability (1977 versus 1981) and generally true even if tax credits
are available for purchase of solar systems between 1977 and 1984.
Figures 3 and 4 show why heat pumps yield much larger benefits. They
provide roughly the same unit energy benefit (50% reduction in unit
electricity use) at a capital cost lower than solar systems by $700 -
$2,000.

The national effects of heat pumps and solar systems (both with and
without tax credits) are summarized in Figs. 10-12. Figure 10 shows

installations of improved electric water heater units over time. The two

* .
Conventional water heaters improve over time because of increases in

fuel prices. These improvements reduce unit energy use 5, 13, and 15% for
electric, gas, and oil units in 1985. These energy use reductions are due
to additional jacket insulation, insulation of distribution pipes; and for
~gas and oil units, improvements in the combustion system.
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Fig. 12. National cumulative (1977-2000) energy savings by fuel for
improved electric water heating systems.

lower curves provide dramatic evidence on the effectiveness of the tax
credit for solar installations. The number of mnew solar systems installed
each year increases much more rapidly with the incentive than without.

In 1984 (the.last year of the credit), almost 350 thousand solar water
heaters are installed with the tax credit, compared with 75'thousand
without the tax credit. Even though heat pumps are not introduced until
1981, their sales exceed those of solar systems immediately without the
tax credit and within two years with the tax credit.

Figure 11 shows the national energy savings due to adoption of
either heat pump or solar water heaters. Because heat pumps are intro-
duced four years later than are solar systems, heat pump energy savings
do not exceed those of solar systems until 1983 without solar tax credits
or 1986 with solar tax credits. In either case, heat pump energy savings
increase much more rapidly than do solar energy savings.

Figure 12 shows the cumulative energy savings by fuel for the three

systems considered. Heat pumps provide larger cumulative energy savings
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than do solar systems, even if tax credits for solar systems are avail-
able. This is true for each fuel - electricity, gas, oil - as well as for
overall energy use.

Our results show large regional variation in the energy and economic
benefits for these systems. Regions 1, 3, 4, and 10 show relatively
large benefits due to commercialization of heat pumps; regions é, 7, and
9 show low benefits. Regions 1, 3, 4, and 8 show relatively large solar
benefits, while regions 2, 7, and 10 show low benefits. These benefits
differ from region to region because of baseline growth in electric water

heating market shares, increases and absolute levels of electricity

prices, growth in population and households, and solar insolation (for
solar systems only).

Two policy conclusions emerge from this analysis. First, tax
credits that favor one type of energy-saving investment over another
(e.g., present proposals to give larger subsidies for solar systems than
for conventional conservation measures) lead to investments that are
inefficient with respect to both economics and energy use. To the extent
that reduced energy use is an imporfant social goal, incentives should be
néutral with respect to mechanisms used to save energy. In other words,
two investments that save the same amount of a particular fuel should be
subsidized equally.

Second, the tax credit analyzed here appears to be an effective
instrument for encouraging purchase of solar water heaters. As shown in
Figs. 10 and 11, the tax credit not only increases solar installations
and energy savings while in force, but also has positive effects after
the tax credit stops. A similar tax credit for heat pump water heaters

would probably yield even larger energy benefits.



46

We conclude with a final caveat about our model results. As dis-
cussed in Section 3, the model contains several limitations and assump-
tions that should be kept in mind while interpreting these results. The
most important with respect to the present study are: 1. Lack of a
theoretically—sound.and empirically-validated model of market penetration
to show how new technologies enter the market and increase or decrease
their market share over time. 2. Lack of sufficient time series/cross-
section data to develop!econometric modelé of regional equipment owner-
ship market shares. 3. Lack of good information about the performance

and costs of heat pump and solar water heating systems.
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Table Al. Assumed inputs for all projectionsAof‘residential energy use:

region 1
POPULATION HOYSEHOLR S ECL FUEL PRICES (1S75-S/METU)
(Yo4457 Vi5HReS (1975-%) ECECe §ig oIL
1970 119 367 59584 1055 2457 1.83
1975 12.2 4.1 6077 1319 3.06 2413
1980 124€ - 445 7805, 12435 3.19 Zel7?
1985 1332 Se 0 8639, 12.88 3.83 2439
1990 1440 €44 SES2e 1383 4427 2466
2000 1541 6e2 11439, 14.88 5468 4018

Table A2, Assumed inputs for all projections of residential energy use:

region 2
POPULATION HOUSEHOLDS FCI FUEL PRICES (1975-3/MEBTU)
(10%%€) (10%%6) (1975-%) ELECe GAS oIL
1970 2546 79 €520 1122 2407
1975 254 € 845 6585 14481 2450
1980 2Se4 Sel 8541 1335 2496
1985 2548 9.8 9519 13.58 3448
1990 2643 1063 10497, 13492 3.87
2000 2€e3 15.04 S5eN1

10.8 12258,

Table A3. Assumed inputs for all projections of residential energy use:

region 3

FOPULATION HOYSEHOLD S £ FUEL _FRICES (]$75-%/MBTU

CYo%185 : {75426 (15%3-¢) ELeEh §18 gerY?

1970 2346 743 5480 9.01 1.79 1677
1975 2442 81 5973 11.08 1.92 Ze78
1980 26.€ 8¢9 7288, 10+36 2455 2436
1985 2546 Se6 80564 1117 3403 2463
1990 2643 1Ce3 9042 . 11499 3631 2.87
2000 2703 1142 1079GCs 10,09 1.30 1,10

Table A4. Assumed inputs for all projections of residential energy use:

region 4
POPUL ATION HOUSEHOLDS FCI FUEL FRICES (197E~$/METU)
(10%%6) (10%%€) (1575-3%) ELEC, GAS oIL
1970 3242 1040 4494, 672 1443 175
1975 34.9 11.6 4988, 8419 1449 Z.80
1980 37.7 13.5 5977, 9.07 2410 Iea1
1585 40¢4 15.2 6741 9.60 2.58 2.70
1990 43,2 1649 7595 9494 3,03 24GE
2000 48.2 19.7 9213, 10.75 3492 4449

Table A5. Assumed inputs for all projections of residential energy use:

region 5
POPULATION HOUSEHOLDS PCl FUEL PRICES (1975-S/MBTU)
(10%26€) (10%%3) (1975-83) ELEC. GAS oiL
1970 4445 13.8 5682 9445 1436 1470
1975 4542 151 6080, 9.73 1483 Ze€5
1980 4545 1€¢5 7557, 9454 2409 ZeS7
1985 4743 17.8 8409, 1058 2450 3431
1990 4847 19.0 9375, 11.15 3416 2.5¢
2000 5043 205 11137, 12.00 4409 4,03
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Table A6, Assumed inputs for all projections of residential energy use:

region 6
POPULATION HOYSEHOLD S FCl FUEL PRICES (1S7S-3S/METU)
(10%%6) (10%%6) (1975-¢) CECe GAS CIu
1970 20e5 €3 4693, 8.68 1e16 1672
1975 21.9 7¢3 5303 7490 1.3a 2473
1980 22e4 8.4 62424 11490 1.€7 Zel2
1985 : 2540 Se 4 6993, 12.07 1.92 Z.42
1950 2646 1044 7837 12485 2.43 Z.EE
2000 29.4 12.0 9480, 13.81 3.15 4.14

Table A7. Assumed inputs for all projections of residential energy use:

region 7
FOPULATION HOUSEHOLDS _FCI FUEL PRICES (197S-3/MBTU)
(10%%E) (106%%6) (1975-%) ELEC, GAS 0IL
1970 1143 3.5 5244, 9.83 1.18 170
1975 11.5 3.8 5821 8495 1429 2469
1980 1147 442 6922, 1013 1,58 Z.88
1985 1240 4.5 78144 1052 1.78 .22
1990 1263 4,8 8705, 10442 2448 .48
2000 1245 Sel 10436, 11.21 3429 2465

Table A8, Assumed inputs for all projections of residential energy use:

region 8
POPULATION HOUSEHOLDS FCI FUEL PRICES (1975-S/METU)
(10%%€) (10%%6) (1575-¢2) ELEC, GAS oIL
1970 Se7 1.8 48786 9.75 1.08 1.83
1975 642 2e1 5561 8419 1.17 z.78
1980 607 244 6585, 7489 1.59 Ze07
1985 7ol 2.7 741S. 8419 1478 3,38
1990 7e€ 249 8244, 8497 2442 Ze€2
2000 8¢3 3.4 9854, 9465 3.12 .11

Table A9. Assumed inputs for all projections of residential energy use:

‘region 9
POPULATION HOUSEHULU S pCl FUEL PRICES (197S-5/MBTU)
(10%%€) (10%%6) (1975-3) ECEC, GAS o1L
1970 23,2 762 6143, 8462 1435 2402
1975 24.5 843 64504 9.83 1+54 Z.98
1980 26.8 9e6 78634 11.72 2.28 .13
1985 28.7 10.8 8723, 11.81 3430 3436
1990 206 12,0 97064 12.15 3437 2,65
2000 3441 13.9 11365, 13410 3.81 4416

Table A10. Assumed inputs for all projections of residential energy use:

region 10
POPULATION HOUSEHOLDS BCl FUEL PRICES (1S575-S/MBTU)
(10%%6) (10%%6) (1975-%) ELEC GAS 0IL
1970 646 2.0 5383, 4,67 1494 Ze03
1975 7eC 243 6137 4 25 210 Z2e92
1980 7e4 ' 2e7 7159, S5¢75 3411 Ze13
1985 7e8 3.0 7967, 5.93 2405 239
1990 8.2 3.2 8936, 659 3,03 465
000 8.5 3.6 10605, 7405 3.4a 4416



Table All. Regional and national energy and economic effects of heat pumps

RE&ION 1

ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED ( THOUSANDS) "
X ELEC We HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION ¢)
TOTAL ENERGY SAVING BY FUEL TYPE

REGION 2

ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED ( THOUSANDS)

X ELEC Wwe HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION %)
TOTAL ENERGY SAVING BY FUEL TYPE

REGION 3

ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED ( THOUSAND S)

X ELEC we HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION ¢)
TOTAL ENERGY SAVING BY FUEL TYPE

REGION 4

ENERGY SAVINGS (TRILLION 8TU})
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED (THOUSANDS).

X ELEC We HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION ¢)
TOTAL ENERGY SAVING BY FUEL TYPE

Eﬁgﬁgv SEVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED ( THOUSAND S)

X ELEC We HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION g)
TOTAL ENERGY SAVING BY FUEL TYPE

REGION 6

ENERGY SAVINGS (TRILLION B8TU}
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED (THOUSANDS)

X ELEC We HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION €)
TOTAL ENERGY SAVING 8Y FUEL TYPE

0
CREASED FUEL

0000
[=JoNoRe)

Ooo o.u
DECREASEC FUEL

o0 Q.0
ECREASED FUEL

0.0 0.0
DECREASED FUEL

OeD 0.0
CECREASEC FUEL

1979 1980 1981
040 00 0+ 29
040 040 0406
0.0 O0e0 €4 80
0.0 0.0 4427
= 154,17 INCREASED
GAS= 3Ze15 QIL=
0.0 0.0 0e23
040 0e¢0 0e02
0«0 0e0 Se45S
0.0 0.0 4,436
= 119,52 INCREASED
GAS = 21426 | OIL=
0.0 040 Ce 43
0.0 040 005
0.0 0.0 10452
0.0 040 2.99
= 170421 INCREASED
GAS = S57e12 OIL=
[ Y] 0e¢0 1. 26
0.0 0.0 0.09
0«0 00 21495
0.0 ] Ze91

0'
= 456471 INCREASED
GAS= 188,40 QlIL=

0.0 Ce0 0eE7
0.0 0«0 0.03
00 G0 12.20
0.0 0.0 2e47
= 237445 INCREASED
GAS= 91447 olIL=
0.0 0.0 Cels
0«0 00 0.02
0.0 Q0 2483
0.0 0.0 44 328
= 62438 INCREASED
GAS= 3612 QIL=

1983 1985 1990 1965 2000 . TOTAL
14 35 2468 6 09 9411 1178 124426
0. 28 0e53 1e12 1457 1.91 21482

1G9.69 29485 46415 56426 63094 864061
11443 16e41 23461 2698 284 95 16672

EQUIPMENT = S4e 68 NET = 994 49 B/C= 2482
13.20 OTHER= . 0 0
1. 08 2613 4483 7el6 Qe 14 97469
0el0 0620 Oe 42 0.58 Qe 70 Be12
1S90 23692 35. 04 41465 47027 654474
1177 1671 224 88 25450 2728 16426
EQUIPMENT = 424 60 NET = - 76493 B/C= 2481
8468 OTHER= [e T} .
1.89 3e 67 7498 11.60 14677 16007
0e¢19 0e 36 Oe 74 1401 14 22 14419

294 77 45407 664 81 804 04 90e¢ 23 1248.08
10468 1S.41 22432 25449 2732 15625
EQU IPMENT = 8le72 NET = 88+ 50 8/C= 2408

8499 OTHER= 0« O

Se 71 11017 25.18 36489 46442 S08.17
0e 40 Qe 76 1.5S5 2e11 | 2449 29460
9€e07 147634 22422 264047 295496 4120457
1106 16420 22498 25484 274 60 1527

EQUIPMENT = 273466 NET = 183.06 B/C= 1467
0 OTHER= Oe .
2456 4496 114 €5 18.18 24440 245480
Oel4 0e26 0. S8 0485 1. 09 1170

366467 5€409 9546 11958 140621 1795423
9403 13413 1894 21469 23. 36 13.91

SQUIPMENT = 11589 NET = 121456 B/C= 205
0.0 OTHER= 0¢0
4
Qe 65 1,30 3619 S5¢09 6. 98 68434
0+08 0elS O« 35 0«52 O« 68 7el2

11,83 16406 3700 S50e 54 64490 727439
124 04 17463 25470 29.16 31.14 19479
SQUIPMENT = 42475 NET = 19.63 8/C= 1446

Je0 OTHER= -0e45

4



REGICN 7

ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED ( THOUSANDS)

X ELEC Wwe HEATERS [INSTALLED
EXPENDITURE CHANGES (MILLIDN ¢£)
TOTAL ENERGY SAVING BY FUEL TYPE

EGICN

NERGY SEVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITE INSTALLED ( THOUSANDS)

X ELEC We HEATERS INSTALLED
SEXPENDITURE CHANGES (MILLION ¢)
TOTAL ENERGY SAVING 3Y FUEL TYPE

REGI%N S

ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED ( THOUSAND S)

X ELEC We HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION ¢)
TOTAL ENERGY SAVING 3Y FUEL TYPE

REGICN 10

ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUZEHOLD

UNITS INSTALLED ( THOUSAND S)

X ELEC we HEATERS INSTALLED
EXPENDITURE CHANGES (MILLIDN g£)
TOTAL ENERGY SAVING 3Y FUEL TYPE

ATIC

NERE” SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD
UNITS INSTALLED ( THOUSAND S}
X ELEC we HEATERS INSTALLED

mz

NATICN (USING NATIONAL DATA)
ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED (THOUSANDS)

X ELEC We HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION ¢)
TOTAL ENERGY SAVING BY FUEL TYPE

Table All (continued)

1978 1679 1930 168t 1983
Q.0 Ce0 0.0 0«08 0«36
0e¢0 0«0 0«0 0.02 0408
0«0 0.0 0«0 2407 Se 71
0.0 0.0 00 0.0 2e49 S.01
DECREASEC FUEL = 30 .49 INCREASED EQUIPMENT
= 18.91 GAS= 18406 QIL= Je0
0.0 00 0.0 0.07 Oe 30
0.0 00 040 0403 013
Oe0 0.0 [ X% 1.04 3.00
Q.0 040 0.0 198 Se 34
ASED FUEL = 24 467 INCREASED EQUIPMENT
19,91 GAS= 12440 OIL= Jde0
0«0 040 0.0 Qe 17 Oe 94
Q0 0.0 0.0 002 « 009
0e0 0e0 Ge0 €e€2 31.78
0.0 0.0 040 0.0 44 36 1222
DECREASEL FUEL = 116.82 INCREASED EQUIPMENT
-51e73 GAS= 17142 OIL= 0.0
00 0.0 Q0 Qe 25 le 14
0.0 0.0 0«0 0«10 Qe 44
00 0.0 040 Se70 15.29
0O 0«0 0.0 00 2G5S 7e 65
DECREASEC FUEL = 62482 INCREASED EQUIPMENT
€ 9497 GAS = 732032 OIL= - De0
0.0 0.0 040 3¢50 15.98
0«0 0.0 0.0 001 0¢02
0«0 0.0 0e0 27617 265470
0.0 0.0 0.0 0.0 2e81 1047
DECREASEC FUEL = 1435,27 INCREASED SQUIPMENT
720052 GAS= 702472 QlIL= 30487
OCe0 00 0.0 4431 19. 64
0e0 00 040 0.05 0e23
00 0.0 0.0 1C8e26 212487

0e0 0.0 4.00 10667

°l°
REASELC FUEL = 1772.22 INCREASED EQUIPMENT
= 102679 GAS= €34.97 CGIL= 1486427

135436 1748426

129

13472 1453448
0.1
9154501220220

1724 24 1808446
le
89334 1022.6313776.00



Table Al2, Regional and national energy and economic effects

REGION 1

ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLOD

UNITS INSTALLED ( THOUSANDS)

X ELEC We HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION €)
TOTAL ENERGY SAVING BY FUEL TYPE

BREAN sfvines (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED ( THOUSAND S)

X ELEC We HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION g}
TOTAL ENERGY SAVING BY FUEL TYPE

REGION 3

ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED ( THOUSANDS)

X ELEC we HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION £)
TOTAL ENERGY SAVING BY FUEL TYPE

REGION 4
ENERGY SAVINGS (TRILLION BTWY)
SAVINGS (MBTU)/HOUSEHOLD

UNITSE INSTALLED ( THOUSAND €)

X ELEC we HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION €)
TOTAL ENERGY SAVING BY FUEL TYPE

REGION S

ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED ( THOUSANDES)

X ELEC We HEATERSE INSTALLED
EXPENDITURE CHANGES (MILLION g)

TOTAL ENERGY SAVING BY FUEL TYPE'

REGION 6

ENERGY SAVINGS (TRILLION BTUL)
SAVINGS (MBTU)/HOUSEHOLD

UNITE INSTALLED (THOUSANDS)

X ELEC We HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION g)
TOTAL ENERGY SAVING BY FUEL TYPE

0.06 0013
DECREASEC FUEL

3.18
EQUIPMENT =

092 191
DECREASEC FUEL

of solar water heaters

1985 1990 1995 2000
0. 84 1e 34 1082 2¢ 29
0el17 025 Oe 31 0. 37
0.86 119 1¢54 1. 88
%450 0e 66 0. 80 0e 93
15¢ 51 NET = 23419
OTHER= 0s 0
0e 48 0e 75 0e99 1e 22
0« 0S 0. 07 008 0+ Q09
Qe 41l 0e 49 0e 60 0e 75
0. 30 0« 35 . 0480 0e 47
776 NET = ° 13«70
OTHER= 0. 0
1.79 24 81 3e71 44 59
Oe18 0.26 0e¢32 0« 38
3¢ 05 4e 02 4497 Se 90
10 l1¢ 45 1e71 193
386 32 NET = 30.06
OTHER= 0e 0
Q.63 15427 194 97 24,08
0465 0. 94 1414 1.29
32427 41445 48454 55490
3667 44 44 4497 Se 47
222446 NET = 91+ 50
OTHER= 0. 0
2005 3.49 Se 02 6e¢ 64
Oell Qel7 0 24 0. 30
3. 05 4478 6e 29 7«80
075 1. 0! 1.22 1. 39
41e 26 NET = 3770
O THER= Qe 0
1le66 2492 4e24 Se 65
0619 0e 32 0e43 0¢ 55
8e42 1380 18e62 244 36
94 Se 95 11.22 124 24
48. 24 NET = 15+ 60

OTHER= ~0e51

A



REGION

ENERGY SAVINGS (TRILLICN BTU)
SAVINGS (MBTU)/HOUIEHOLD

UNITS INSTALLED ( THOUSANDS)

X ELEC we HEATERS INSTALLED
IXPENDITURE CHANGE:S (MILLION ¢)
TOTAL ENERGY SAVING BY FUEL TYPE

REGION 8

ENERGY SAVINGS (TRILLION BTU!}
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED ( THOUSANDS)

X ELEC We HEATERS INSTALLED
SXPENDITURE CHANGES (MILLION_ ¢)

TOTAL ENERGY SAVING BY FUEL TYPE

E

BNS GY SAV!NGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLL

UNITS INSTALLED (THOUSAND )

X ELEC We HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION %)
TOTAL ENERGY SAVING BY FUEL TYPE

REGION 10

ENERGY SAVINGS (TRILLIOM BTU)
SAVINGS (MBTU)/HDUSEHOLD

UNITSE INSTALLED ( THQUSAKNDS)

X ELEC we HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION ¢)
TOTAL ENERGY SAVING BY FUEL TYPE

NAT ION

ENERGY SAVINGS (TRILLION 8TuU)
SAVINGS (MB8TU)/HOUSEHOLD

UNITSE INSTALLED (THOUSANDS)

X ELEC we HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION 2)
TOTAL ENERGY SAVING BY FUEL TYPE

ON gUS NG NATIONAL _DATA)

: NGS (TRILLION 8TU)
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED ( THOUSANDS)

X ELEC wes MEATERS INSTALLED
EXPENDITURE CHANGES (MILLION 2)
TOTAL ENERGY SAVING BY FUEL TYPE

Table Al2 (continued)

1977 1978 1979 19890 1981
0403 0407 0e12 017 Ce22
0.01 0«02 0403 0.08 008
0417 0e32 [ X3. 34 0e51 0672
0.30 0eS7 0.82 1493 1e22
DECREASEC FUEL = 14416 INCREASED
ELEC= 7405 GAS= 892 OIL=

0.03 0.09 0.16 Qe24 Qe 22
0402 0.04 0.08 Oesll . 0e15
0.30 0.56 0.81 1409 1«10
0467 19 159 19S5 2406
DECREASED FUEL = 19.+76 INCREASED
ELEC= 13449 GAS= 11.093 gIL=

0407 0e19 033 0449 Qe €6
0e01 0.02 0.04 0405 0407
0497 2408 3642 4487 €eS7
0«94 1.84 273 2456 4426
DECREASELC FUEL = 68487 INCREASEC
ELEC= =25.09 GAS= 90,98 OIL=

0«01 0e02 0402 0eJ4 0. 04
0«00 0.01 0.01 0.01 0402
0403 0002 0.01 0.01 001
0401 0.01 0.01 00 0. 00
DECREASEC FUEL = 2‘00 INCREASED
ELEC= -4468 GAS= 4479 OlIL=

109 2479 4.88 7416 9e44
0.00 0ed1 0.01 0+01 0+02
8e26 16440 24475 3<-50 2€4€9
0440 077 le12 le48 1469
DECREASEC FUEL = 69010 INCREASED
ELEC= 318.80 GAS= 2332.€4 OIL=

1459 4401 6494 10410 12432
0«02 0405 0409 013 Oeld
1155 22415 32.16 40447 47.€8
0445 0+.86 l1e21 1,50 1476
DECREASED FUEL = 989426 INCREASED

ELEC= 503.73 GAS= 23€.848 oOIL=

his
1y

1983 1985 1990 1965 2000 TOT AL

033 0. 44 0« 75 1«05 le 35 1594

0e 08 0«10 Oe 16 0e 21 Oe 26 3431

0«94 lell 1e70 24 06 2e 54 34475
7 95 6 .

1«54 175 le 2412 2 3 1.58
EQUIPMENT = Qe 20 NET = 4096 B/C= le54
0.0 OTHER= -0e 02

049 Qe 64 1. 08 le64 24 28 24459
0e21 0.28 Oe 44 Qe 64 0. 86 978
le34 1.54 272 3.88 Se 14 60646
24 39 2466 3¢ 57 4434 Se O1 3.14
EQUIPMENT = 8e 45 NET = 11432 B/C= 24 34
0o OTHER= 0. 01
1.09 1.88 3.58 4427 44 96 65.58
Oe11 Oel18 O« 31 0e 35 0. 38 S«60
12.19 24,436 2S+94 22.82 34442 481447
Se33 Se97 6o 92 Te72 8¢ 47 6423
EQUIPMENT = 81s 23 NET = -12.,36 B/C= 0+85
0ed OTHER= - 0430
Qe 05 Qe 06 Oe 04 -0.03 -0.14 0.13
0402 0e 02 0. 01 -0.01 -0. 04 0.08
0. 01 Qe 02 0« 06 0¢10 0e13 1438
0.01 0s01 O« 04 Qe 06 0. 09 0,03
EQUIPMENT = Oe 74 NET = l1e26 B8/C= 2471
0.0 OTHER= 0. 02
14,28 19+48 32. 04 42,68 52692 660457
0.02 0«03 0. 05 Qe 06 0+ 07 681
€Se 39 75.08 96e16 109442 138483 1959450
2425 2478 337 3e74 4s 32 2458
SEQUIPMENT = 473.16 NET = 216493 8s/C= 146
8493 OTHER= -0.81
20.14 27405 434 86 59e 24 74,24 917406
Qe 24 0«31 Oe 46 0s59 0. 70 Ged5
€2412 74005 98e16 119498 142.53 2082455
218 2449 3. 06 3.49 3. 88 2435
EQUIPMENT = 570024 NET = 419.02 BsC= 1473

76418 O THER= 0e 37

.S



Table Al3. Regional and national energy and economic effects

REGION 1

ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED ( THOUSANDS)

X ELEC We HEATERS INSTALLED
EXPENDITURE CHANGE S (MILLION ¥)
TOTAL ENERGY SAVING BY FUEL TYPE

E
B ERGY SEVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD
UNITS INSTALLED ( THOUSANDS)
X ELEC We HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION £)
TOTAL ENERGY SAVING BY FUEL TYPE

EGION

NERGY SAVXNGS (TRILLIGN BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITSE INSTALLED ( THOUSANDS)

X ELEC we HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION %)
TOTAL ENERGY SAVING BY FUEL TYPE

REGION

ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)Y/HOUSEHOLD

UNITSE INSTALLED ( THOUSANDS)

X ELEC Wwe HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION g£)
TOTAL ENERGY SAVING BY FUEL TYPE

%Y SEVINGS (TRILLION B8TU)
NGS (MBTU)/HOU SEHOLD

UNITSE INSTALLED (THOUSANDS)

X ELEC We HMEATERS INSTALLED
EXPENDITURE CHANGES (MILLION %)
TOTAL ENERGY SAVING BY FUEL TYPE

REGI
ENER
SAVI

558&29 SEVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLD

UNITS INSTALLED ( THOUSAND §)

X ELEC we HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION g)
TOTAL ENERGY SAVING BY FUEL TYPE

[N i

1977 1978
0el14 0+34
0403 0e08
1.07 1.99
0e72 1433
DECREASED FUEL
ELEC= 30413
0409 0+24
0e01 003
0466 1626
0e61 1el2
DECREASEC FUEL
ELEC= 214E3
0e24 0e62
0«03 0«07
2485 Se55
125 2431
DECREASEC FUEL
ELEC= 55651
1405 2471
0.09 0e22
15466 3134
1499 388
DECREASEC FUEL
ELEC= 283.56
0428 073
0602 0.048
2485 Sed 4
0«89 1462
DECREASEC FUEL
ELEC= 71445
0el15 039
002 0405
2624 44732
2e61 Se39
DECREASEC FUEL
ELEC= 45417

1979 1980 1981
0459 0.86 1.15
Oel3 Q.19 0024
2480 3.36 4.0=
1.83 ZeS2
= 76461 INCREASED
GAS= 12.98 oIL=
0e42 0e61 Oe g2
0«04 0406 0.08
177 cel13 ZeS4
151 178 2402
= S51e42 INCREASED
GAS= 7e62 oIL=
1.10 l1e€4 Ze19
Oel12 0«18 0.23
8410 10406 1171
3.18 Ze80 4425 -
= 12295 INCREASED
GAS= 35436 OIL=
477 702 Se23
037 0«53 0.68
47405 61e21 70435
5459 713 Be 2
= 477..22 INCREASED
GAS= 1€4,54 OIL=
1430 1492 2e€EQ
0.08 Oel1l 0e 15
790 Ge83 11.E4
2622 2465 Ze 06
= 14075 INCREASED
GAS = SZe10 OIL=
0468 099 le22
0.09 Q13 017
768 10-82 12447
8437 58 1433
= 88 60 INCREASED
GAS= 38405 OIL=

of solar water heaters with tax credits

1983

le 7€
Oe 36
5608
3401
EQUIPMENT
6065

2
EQUIPMENT
3485

SQUIPMENT
Se62

13486
0.98
91.91
1050
EQUIPMENT
O.o

EQUIPMENT
0.0

2407
0e25
19425
18677
EQU IPMENT

0.0

1985 1990
2425 2458
0e4S Qe 48
2432 156
1¢34 0. 86
= 31. 77 NET
OTHER= .
159 173
Oel5 0e 15
led3 0e 73
1.05 Ge 51
= 21623 NET
OTHER= 0. 0
4019 44 90
0s42 Qe 45
Tel2 S« 00
2452 179
= 684 36 NET
OTHER= Oe
17,91 22476
1e21 1e¢40
60670 4 84 58
6e79 Sel8
= 333.13 NET
OTHER -
Se 05 6e 11
Qe 27 0e 30
7e24 Se 98
175 le 26
= 74480 NET
OTHER= e 0
2481 4401
0e¢33 Oe 43
1493 15.88
1273 11.38
= 664 25 NET
OTHER= -0e72

1995 2000 STOTAL
2474 2¢ 96 S50e76
0e 87 0s 48 Qe 29
1463 1. 91 56¢ 34
Oe 85 0e 94 lela
= 44084 B/C= 2e8 1
1e71 1. 74 33431
Onld Oel3 2489
067 0e 77 30461
Oeda 0. 48 0,79
= 30.18 8/C= 2e42
Se 26 Se 70 9650
Qe 46 04 47 8.88
Se23 Se 97 17071
1.80 1. 95 2.16
= S4¢ 59 8/C= 180
25459 28411 448,11
1446 1. 51 2745
5038 S5S6¢38 1333.51
Se16 Se 52 Se03
= 144,09 B/C= 1443
6o 97 8.04 123.54
0. 33 0e¢ 36 6009
6¢ €2 790 190452
1.28 le a1 153
= 65 54 asC= 1.88
Se 08 6e 2€ 82450
0e 52 0« 61 882
19425 24455 385491
11.58 12.33 10.64
= 224 35 B/C= 1e34

9§



REGION 7

ENERGY SAVINGS (TRILLION B8TU)
SAVINGS (MBTU)/HOU SEHOLC

UNITSE INSTALLED ( THOUSANDS)

X ELEC Wwe HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION %)
TOTAL ENERGY SAVING BY FUEL TYPE

REGEION &

ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOUSEHOLC

UNITS INSTALLED (THOUSANDS)

X ELEC We HEATERS INSTALLED
EXPENDITURE CHANGES (MILLION %)
TOTAL ENERGY SA'VING BY FUEL TYPE

9
SAVINGS (TR-LLION BTU}
GS (MBTU)/HOU SEHOLD
INSTALLED ( THOUSAND S)
S INSTALLED

TOTAL ENERGY SAVING BY FUEL TYPE

REGION 10

ENERGY SAVINGS (TRILLION BTU)
SAVINGS (MBTU)/HOU SEHOLD

UNITS INSTALLED ( THOUSAMNDS)

X ELEC We HEATERS [NSTALLED
EXPENDITURE CHANGES (MILLION g)
TOTAL ENERGY SAVINS BY FUEL TYPE

NATION

ENEIGY SAVINGS (TRILLIOW BTU}
SAVINGS (MBTU)Y /HCUSEHOLD

UNITS INSTALLED (THOUSAKNDS)

X EL_LEC We HEATERS INSTALLED
EXPEND]ITURE CHANGES (MILLION g}
TOTAL ENERGY SAVINS BY FUEL TYPE

NATION (USING NATIONAL DATA)
ENERGY SAVINGS (TRILLIONW BTU)
SAVINGS (MBTU)/HOUSEHOLD
UNITS INSTALLED (THOUSANDS)

EXPENDITURE CHANGES (MILLION %)
TOTAL ENERGY SAVING BY FUEL TYPE

Table Al3 (continued)

1977 1978
0«06 0«15
0«02 0.04
0e72 1440
128 2444
DECREASEC FUEL
ELEC= 11.01
007 0el9
0403 0409
1.02 199
2+28 4412
DECREASEC FUEL
ELEC= 20415
0«20 053
OvOZ 0006
4417 9e27
3.93 778
DECREASEC FUEL
ELEC= =11.92
0+05 0413
0.02 0405
0.18 0«37
0409 Q.18
DZCREASED FUEL
E_EC= 0.03
2+ 33 602
0,00 0401
31.41 €333
150 2493
DZCREASEC FUEL
ELEC= 62692
3s 34 8e.52
0s 04 Oell
4Se47 88485
loe76 3.38

DECREASEC FUEL

ELEC=

783416

1979 1980 1981
026 Ce38 O« S0
006 0.09 0e.12
2410 Z2e71 ZeZ4
3452 4447 e 29
= 23458 INCREASED
GAS= 124,40 OIL=
0434 0eS1 Qe €7
O0el16 0e23 0e31
2291 Ze65 4408
Se57 €58 7e 28
= 3076 INCREASED
GAS= 1€437 OIL=
095 143 165
0.10 0.15 0e 20
15.64 22074 31.26
11452 15,04 18402
= 159.08 INCREASED
GAS= 148418 O1IL=
0.23 0e34 0e43
010 Oel4 O0el?
0659 0e.82 0eS6
029 0441 CeSO
= 12,90 INCREASED
GAS = 10,31 OIL=
10463 1£.69 20.87
0402 003 0«04
96455 127633 1532455
4426 Sed?7 €e 51
= 1183487 INCREASED
GAS= 498.91 OIL=
86 2177 28487
0. 9 027 O« 35
131.01 16€e56 167455
4479 €9 7+ 05
= 1630413 INCREASED
GAS‘ S0€.79 o1lL=

1983

076
Oel?
4422
6e61

EQUIPMENTO

0.0

103
0e4S
Se 02
8e67
EQUIPMENT
0«0

EQUIPMENT

Qe 63

m

QU IPMENT
0.0

EQUIPMENT

16012

EQUIPMENT
111499

1985 1990
0097 121
0e22 Qe 25
. 239 208
367 2438
= 15467 NET
THER= - 0. 03
1.32 1,69
0e57 O« 68
3405 3. 22
Sell 4018
= 13.59 NET
OTHER= Oe 01
6e 01 7493
0e¢58 0. 70
78+ 08 35476
18.06 Ge 36
= 168.,90 NET
OTHER= -Ce 60
0e76 Oe S8
0.28 0e 20
0e 50 017
Qe 26 Ce10
= Te 42 NET =
OTHER= 0e 06
42.86 5350
0. 07 0e¢ 07
177¢76 118495
6e¢43 4,14
= 801.13 NET
OTHER= -1l
57.06 70. 80
Qe 65 0e 74
158487 119439
Se 2 3«70
= 945,82 NET
OTHER= 0e 63

R »

1995 2000 TOTAL
le 39 le 60 2438
0. 28 0. 31 Sel2
2e16 2457 SB8e16
2422 2 39 2462
= Te92 B/C= 151
2410 24 61 35453
0. 81 0. 98 1430
4403 Se18 88e¢54
4450 Se 05 4¢55
= 1717 B/C‘ 2426
7e63 7428 135465
0e 62 Oe 56 1182
24469 35406 896464
8031 8e 62 11.20
= -9+ 82 B/sC= 0.94
Qe 34 Qe 12 1 40
Oe11 0. 04 3677
Oel3 Oe 14 Fe93
0. 08 09 019
Se48 B/C= 1e74
58480 64441 1040468
0. 08 0. 08 1090
11479 140043 322089
3491 44 37 4419
= 382475 B/C= l1e48
79+ 39 88472 1402451
0.79 0+83 14469
125465 144,06 3494440
3.65% 3. 92 3492
= 684431  B/C= l1le72

LS
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