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ABSTRACT

This report describes the methodology and results of an analysis to
determine the eligibiltiy of an energy-efficient item for the residen-
tial energy tax credit. Although energy credits are granted only on a
national basis, an attempt to determine the tax-credit eligibility for
an item such .as the heat-pump water heater (HPWH) analyzing national
data is inappropriate.

The tax-credit eligibility of the HPWH is evaluated for the ten
federal regions to take into consideration the regional differences of:

) HPWH annual efficiency,

) Existing water heater stocks by fuel- type,

(3) Electricity, fuel oil, and natural-gas price variations, and
) Electric~utility oil and gas use for electricity generation.

A computer model of consumer choice of HPWH selection as well as a
computer code evaluating the economics of tax-credit eligibility on a
regional basis were developed as analytical tools for this study.

The analysis in this report demonstrates that the HPWH meets an
important criteria for eligibility by the Treasury Department for an
energy tax credit (nationally, the estimated dollar value of savings of
01l and gas over the lifetime of those HPWH's sold during 1981-1985 due
to the tax credit exceeds the revenue loss to the treasury).

A natural.gas price-~deregulation scenario is one of two fuel sce-
narios that are evaluated using the equipment choice and tax-credit
models. These two cases show the amounts of o0il and gas saved by addi-
tional HPWH units sold (due to the tax credit during 1981-1985 (range
from 13.9 to 23.1 million barrels of o0il equivalent over the lifetime of
the equipment.



1. INTRODUCTION

- This report describes the methodology and results for deterhining
the eligibility of the heat pump water heater (HPWH) for the 15% resi-
dential energy tax credit granted by the Department of Treasury.

With the 1978 Energy Tax Actl and the 1980 Crude 0i1 Windfall
Profits Tax Act,2 the U.S. Congress has created tax incentives that
encourage individual consumers and firms to purchase items that conserve
energy as well as items that utilize renewable energy sources. For
approved conservation items, the Energy Tax Act provides a tax credit of
15% for the first $2000 purchased for a maximum credit of $300. For
items driven by renewable energy sources, a tax credit of 30% of the
first $2000 spent and 20% of the next $8000 for a maximum tax credit of
$2200. The tax credit for conservation items applies only to those
homes built before April-1, 1977 with both acts a]fowing the above
energy savings investments to be between April 1977.§nd December 1985,
The_motivation behind the energy tax credits is to reduce foreign oil
imports by lowering the initial costs of energy saving equipment and
processes. The Energy Tax Act states that an energy efficient item is
considered eligible for an energy tax credit if the dollar value of
savings of 0il and gas due to the tax credit over the lifetime of the
equipment exceeds the revenue loss to the treasury.

In 1980 the Crude 0i1 Windfall Profit Tax Act amended the 1978
Energy Tax Act by authorizing the Department of Treasury and Energy
Secretaries tb add items to the list of items eligible for the residen-

tial energy tax credit.



The HPWH is considered a candidate for the residential energy tax
credit because it has significnt energy efficiency improvements over
conventional electric water heaters and will aTso potentially displace
0il and gas-fired water heaters. In general, energy tax credit incen-
tives offered by the treasury are justifiable to the extent that they
reduce distortions of the free market by overcoming market failures such
as consumers facing too low a price of oil due to requlation, or fuel
0il not being priced at its true national security value.

The following three criteria have been suggested. as being needed to
evaluate a proposed investment tax credit that is intended to reduce oil
imports:3

(1) Does the tax incentive reduce oil imports when all effects are
taken into account?

(2) Will the value of oil and gas saved because of the tax incen-
tive (if there are net savings) exceed the social costs from
diverting scarce capital from other uses?

(3) Given the administrations budgetary objectives, is the value of
0i1 and gas saved sufficient tov justify Lhe revenue luss to the
Federal government?

Only the third criteria will be considered in this report. The
first criterion concerns the effect of equipment utilization or fuel use
rate of the item or system where increases in efficiency of new systems
may offset, to some extent, increases in fuel prices. For example,
assume that a new high efficiency oil space heating system, subsidized by

a Federal energy tax credit, is retrofitted in an existing single-family

house. Two effects on energy consumption will result from this tax



incentive: (1) the new system requires a reduced amount of energy to
produce the same temperature level as the original oil furnace, and (2)
by reducing fuel expenditures to the household, théy are motiQated to
raise their thermostat from its previous lower and more uncomfortable
level. It is uncertain which of the two effects outweigh the other,
although it is probable that energy savings will result from the tax
credit for the oil furnace retrofit.

The second criteria of whether the value of 0il and gas saved due to
the tax incentive exceeds the social costs from diverting scarce capital
from other uses will not be considered either. To analyze this criteria
one must estimate the subjective social cost per dollar of income trans-
ferred from the general taxpayer to investors in conservation and
renewable energy. No data currently exists which establishes the social
weights to be placed on Federal revenue transfers from one group to
another.

The third criteria, concerning whether the value of 0il and gas
saved by the item is sufficient to justify the revenue loss to the
federal government, is considered in detail in this report. To aid in
this analysis, two computer models have been developed; one to
regionally allocate annual replacement sales (both with and without the
tax credit) of the HPWH to the ten U.S. federal regions and another to
simulate the conditions of eligibility for the energy tax credit,
accounting of primary oil and gas savings on a regional basis. High

efficiency water heaters purchased for new homes. would not be considered



eligible for the energy tax credit since eligibility is restricted only
to those homes built before April 1977.

Estimating consumer choice for the HPWH and sales on a national
basis is unrealistic and not appropriate for the following reasons:

(1) There is considerable regional variation in HPWH efficiency due
to climatic differences. The annual performance factor of the HPWH (PF =
annual electric resistance water heater electricity consumption + HPWH
annual electricity consumption)‘differs by a factor greater than two
depending on geographical location. For example, a HPWH located inside
the conditioned space of a home in Tampa, Florida with a heat pump for
space heating achieves a performance factor (PF) of 2.07. The same
HPWH located in a home in Boston, Massachusetts with an oil-fired space
heater has a PF of only 0.92.4 These two extreme cases point out the
fact that, other factors being equal, HPWH's should be a tar more
attractive water heater replacement in warmer climates.

(2) Not only does the efficiency of the HPWH vary by geographical
region but also with location in the home and space heating fuel type.
According to an experimental HPWH study conducted at ORNL,% a HPWH
located in Knoxville, Tennessee has a significant variation of annual
PF's depending on home location and space heating fuel type (Table 1).

(3) Although Lhe level of existing water heater regianal stocks
varies proportionally with the general household population, water

heating saturation by fuel type differs widely across regions. For



Table 1. Heat pump water heater annual performance
factor variation - Knoxville, Tennessee

HPWH Space heating

Home location ~ fuel type PF
Unconditioned space : - | 1.78
Conditioned space High performance heat pump 1.69
Conditioned spacé Low performance heat pump 1.65
Conditioned space Resistance heat and medium :

performance A/C 1.35
Conditioned space : 60% efficiency gas heat and
medium performance A/C 1.09

exanple, Region 6 (Southwest) has over 10% of water heaters in the U.S.,
but 73% of those are gas fired, which are at present unlikely candidates
for replacement by HPWH's due to thé relatively low price of natural
gas. h8% of the water heaters in region 4 are electric resistance,
coupled with the warm climate in the southeast indicates a large demand
for HPWH's relative to other regions. Table 2 shows the current water
heater population for single family housing units in the United States
for the 10 federal regions by water heater fuel type (wafer heaters in
mu]ti—fami]y housing are omitted).

The regidna] stocks of water heaters in multi-family housing are
excluded from this analysis since only ene?gy conservation items being

replaced in single-family homes are legally eligible for the energy tax



credit (removing water heaters located in apartments from the national
stock of water heaters lowers the total U.S. stock from 80.4M units to
55.3M water heaters).

Table 2. Regional stock of residential water heaters-1980*

(Omitting multi-family units)
(Millions of units)

Region Electricity Gas 011 Other Total

1 1.07 1.00 0.57 0.12 2.76
2 0.80 2.20 U.8¢ U.16 3.98
3 2.30 2.91 0.32 0.30 5.83
4 7.83 2.48 0.03 0.71 11.05
5 4.09 6.91 0.08 0.48 11.56
6 1.51 4.74 0.03 0.44 6.71
7 0.91 2.13 0.01 0.29 3.34
8 0.67 1.11 0.00 0.09 1.87
9 1.31 4.73 0.00 0.16 6.20
10 1.73 0.20 0.02 0.03 1.98
us 22.22 28.41 1.87 2.78 55.28

*Regional stock of water heaters are compiled from data in reference 5.

(4) The fuel price variation across regions is large and this
affects the relative attractiveness of the HPWH in comparison with con-
ventional electric as well as oil- and gas-fired water heaters. Annual
electricity cost for operating electric resistance watef heaters vary
from $166 in region 10 to $637 a year in region 2 (the U.S. average is
$300/year).6-7 Table 3 gives a regioqal comparison of annual fuel costs
for conventional electric, heat pump, 0il- and gas-fired water heaters
as well as current EfA regional forecasts of annual growth rates of

electricity and fuel oil prices.



Table 3. Annual expenditures for water heater.opefation - 1980‘3'5*

Annué1 fuel Anncal fuel Annual fuel Annual fuel Annual growth Annual growth

costs for costs for costs for costs for rate of elec. rate of oil

elec. resistance heet pump oil-fired gas-fired prices (%) prices (%)

Region water heaters water heaters water heaters water heaters 1981-1995 1981-1995
1 453.5 £90.8 250.3 167.6 0.8 4.7

2 £37.3 319.7 253.4 148.3 0.9 4.8
3 342.2 202.4 231.2 12,6 1.1 4.8

4 263.0 143.6 221.3 96.1 1.4 5.0 -
5 ©245.0 157.0 186.0 84.1 0.8 4.9
6 288.7 156.0 223.1 - 100.5 2.1 4.8
7 371.8 237.0 233.7 101.6 0.8 4.8
8 317.2 214.4 228.1 : _ 90.1 -1.1 5.1
9 ‘ 300.3 157.4 201.8 86.4 0.9 4.9
10 165.9 92.2 237.2 149.2 1.6 4.9
Us 300.3 168.6 200.6 102.3 , 1.2 4.8

*Estimates of regional water heater energy consumption (Refs. 4 and 7) and regional energy prices and price forecasts
(Ref. 6) are used to prepare Table 3.



The above four regionally dependent factors of HPWH efficiency,
water heater location in the home, fueT type availability and current as
well as forecasted fuel and equipment prices all enter as factors for
homeowners to consider in selecting a replacement water heater.

In §ummary, we assume that the consumer makes a rational choice when
deciding whether to replace his existing water heater with one of the
same fuel type or an alternative fuel type. His choice is largely based
on this perception of the present value of future discounted fuel and
equipment costs for all of the water heater choices.

In addition to the necessity of estimating HPWH replacement sales on
a regional basis, it is also required to analyze regionally the amount
of oil and gas used in electric utility generation that would be saved
by replacing conventional water heaters by HPWH's. This marginal fuel

use analysis for electric utilities is described in Chapter 3.



2. WATER HEATER CHOICE

Two scenarios of water heater choice are analyzed in this study.
The first scenario assumes that all households (omitting multi-family
housing units) will consider the replacement of their conventional water
heating system when its useful life is over with either one of the same
fuel type or a HPWH. 1t is assumed that households will be facing fuel
price increases as projected by thé Department of Energy's Energy
Information Administrationf6 V

Tﬁe second scenario considered is a natural gas deregulation case
where is it assumed that natural gés prices rise to 70% of oil prices by
the end of 1981 and are assumed to have an annual growth rate of 1%
greater than that of oil thhbugh\the end of the lifétime of those HPWH
units purchased in 1985. This will allow the price of natural gés to
becone far more'attractive for owners of gas-fired water heaters to con-
sider replacing their wonn-ouf systems with a HPWH.

Using DOE supplied forecasts of future HPWH national sales to
1985,8 a market penetration model of equipment choice fs deve1dped énd
based on the comparative econqmic advantages of the four types of water
heaters (conventional electric, heat pump, 0il- and gas-fired), charac-
teristics of which are described in Tables 2 and 3. Estimating the
market penetration of technologically new consumer durables is a dif-
ficult and fmportant question. It incorporates important aspects of the

economic theories of discrete decision making, technological diffusion
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and decision making under uncertainty. This question has received
substantial attention in the recent economic literature. However, there
is currently no readily available methodology to perform these analyses.
Furthermore, the data and computational requirements of the best
available techniques are severe.9,10 Fortunately, when the penetration
can be respecified for one scenario, the conditional analysis for a
second scenario is greatly simplified. When, as in our case, the key
concern is the relative penetration of the two cases, the estimates will
generally be robust to errors in the prespecified penetrations. The
penetration model will be described after providing the background on
the specifics of water heater choice.

Water heater population, operating costs, the installed cost of the
water heater alternatives, and equipment lifetimes characterize the
water heater choices. Table 4 gives estimates of the installed costs
and lifetimes of the four water heater alternatives. A fuel switching
¢harge of $50 is assumed for consumers who select a water heater of a
different fuel type from the one being rep]aced.12

Table 4. Estimates of installed costs ang lifetimes
of water heater alternatives

Type Installed cost (1980 $'s) Lifetime (years)
HPWH $700 12
Elec. resist. 250 4 10
0il-fired 525 15
Gas-fired 250 10

*Estimates of costs and equipment lifetimes are found in Ref. 11.



-11-

The forecasted national sales of the HPWH before the tax credit is
shown in Table 5. These forecasts are based on a survey of

manufacturers.8

Table 5. HPWH sales in thousand of units

Year 1981 1982 11983 1984 1985

Sales - 79 - 196 317 415 528

The following procedure is used to allocate the forecasted sales of
HPWH's across thé 10 federal regions as well as for the replacement of
the three potential types of units - electric resistance, oil- and gas-
fired.

The present value of the discounted annualized costs for each

k™ alternative is as follows:
LT+t
PVit = CCy + chk e "k (1)

where r is the implicit discount rate facing the consumer between the
HPWH and either conventional electric, oil- or gas-fired water heaters,
CCx 1is the initial capital cost for éach of the four alternatives,

FCx is the annual fuel cost of electricity, oil, or gas,

Fckt FC kegk(t‘1980)

where FCog 1s the initial fuel cost for 1980
and g, is the annual growth rate of fuel prices.
Substituting FCy¢ into equation (1) and finding the solution to the

integral gives:
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PVg,e = CC + FCy, g [el9p - mLTp- 11/(g, - ry) (2)
where

£ = HP and k = ER, oil, or gas

or

£ =k = ER, oil, or gas.

The annualized cost for each alternative 15 calculated such that:

ACt ¢ = i Ve 2L+ r - FSC; T1F £ = HPWH and k = of)

’ 1-e-Lh - g ' or gas]
(3)

where

FSC is the fuel switching charge for converting from oil or gas to a
HPWH. “

This equipment choice framework considers the discrete decision be-
tween two alternative methods of identically meeting a specified need.
For systems having the same operating lifetime, consumers will ;h005e
the system which has the lowest present discounted (or "1ife-cycle")
cost. For sysfems with different lifetimes, the system with the lowest
annualized cost (as defined in Equation 3 ahove) will he chosen., For
this case, the alternatives are such that in any given year a critical
re exists, such that for r, less than critical value, une alternative
will be chosen by an individual if his personal ry is greater than the
critical value, and the other alternative will be chosen if his personal

re is less than the critical value. At r, equal to the critical value,
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the two alternatives will have identical annualized costs. Thus for
each region and year, we solve for the critical ry bj an iterative pro-
cedure that minimizes the difference between ACy yp and the appropriate
alternative - AC¢ pps ACt o415 Or ACt gas+ This critical ry is denoted
as rj k,t Where j is the region, k is ER (electric resistance), oil or
gas; and t is the year.

If it is known how many individuals have personal discount rates
less than the calculated critical values, we could directly forecast the
penetration. However, where the attributes of one of the alternatives
are uncertain, the distribution of discount rates for individuals
choosing that alternative will be shifted toward higher personal
discount rate values. In other words, uncertainty about an alternative
increases the extent to which consumers discount the potential future
benefits from choosing that alternative. Lack of information about an

~alternative has the same effect on personal discount rates as uncer-
tainty about attributes of alternatives.

The HPWH is a new technology with which consumers have little
experience. Consumer's lack of information and uncertainty about the
HPWH should lead to their using higher discount rates that those found
for decisions among well-known alternatives. Unfortunately; there are
no economic studies that provide an adequate method of deterhining
exactly what the distribution of personal discount rates for this deci-
sion would be. However, for a given functional form, the distribution
of discount rates can be determined if the total sales are known for a

specified case. We know from economic theory that the cumulative
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distribution function should have a value of zero for zero or negative
discount rates and a smooth S-shaped form for positive discount rates.
Furthermore, as discussed above and in footnote 11, the results are not
sensitive to either the precise values of total sales or the functional
form chosen, as long as the new alternative is a relatively small per-
cent. of sales. Therefore, we choose for fhe functional form of the
cumul ative distribution of discount rates over individuals:

2

Flr) = —
o+ r2

This is the simplest functional form that has a shape and characteris-
tics indicated by economic theory (the choice model developed inlfhis
report can be considered an example of a general economic model
described in Appendix A). The shape of this cumulative distribution
function for two values of o is shown in Figure 1.

Consumers with discount rates less than rj y ¢ (for the appropriate

j,k,t) will choose the HPWH. Hence, the fraction choosing the HPWH is

,rz

isk,t

5 Note that the median consumer's discount rate is the
o+ re
i.k,t

square root of v {if rj x ¢ 15 cqual to YET, one-half of the consumers
will choose the HPWH).

When the solution of the critical discount rates, rj y ¢, are found
as described above, their values are substituted into the following

rel ationship:
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ORNL-DWG 82-14314S
1.0 -

r

Fig. 1. Functional form of the cumulative distribution
of personal discount rates. Parameter values
for ay = 0.1 and ay = 0.7.
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WHj k= SP(t) , (4)

where the summation is over the k alternatives and j regions,
rjk,t is the implicit rate,
NHj,k is the number of WH's by fuel type coming up for replacement,
sb(t) is the baseline sales of HPWH nationally for year t.8

The expression r? /(o + r? ) is the proportion of water

ERA | J’ b}

heaters of the kth type heing replaced in regioh j. The parameter v is
a constant calculated by solving equation (4) through an iterative pro-
cedure. The reader should note that this makes the determination of o
dependent upon the assumed national sales of the HPWH before the tax
credit. However, as noted earlier, estimates are robust to errors in
these prespecified sales levels.l3

For the incentives case {applyiny the 15% tax credit), the cost of
the HPWH and appropriate fuel switching charge is reduced by 15% and the
rj,k,t Parameters are solved for again. The o values froi the base case
and the new rj i t values are used in equation (4) to forecast the sales

in the incentive case.
Scenario 1

Tables 6.A.1 through 6.A.5 show the output of the equipment choice

mpdel for scenario 1, where HPWH sales are allocated to the federal



TASLE 6.A.1.

”17=

REGIONAL HPWH DISPLACEMENT OF ELECTRIC RESISTANCE AND
OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THOUSANDS)

ANALYSIS FOR THE YEAR:

REG# REOLACE %

ELECTRIC
1 662G 6.6€
2 B.9€ 12.4
3 972 Q7
4 22.0€6 3.1
S 2.21 0.9
€ €e22 A4.E€
7 3.2€ 4.1
8 De76 1.3
S Se76 9
10 O0e€t Oe4d
UM 67,37 3.4

REGIONAL LEVEL ALPHA?

TABLE 6.B.1.

ANALYS IS FOR THE VYEAR:

REG# QREPLACE %

ELECTRIC

1 9.18 9,85
2 12.06 16.8
2 14.,€1 7.0
4 34,72 4.9
5 6,47 1.8
€ 9.26 6.8
7 Sell 6.2
8 142 2.4
9 3.5€ 7.3
10 1.3 1.0
SUM 1932.87 Sl

1cat
INTER. REPLACE % INTER. REPLACE % [INTERKe. REPLACE % INTER.
RATE afF O1IL RATE OF GAS RATE CF TOTAL RAYTE
20.5¢8 1¢29 2o 11.74 000 0.0 0,00 Te68 249 13.28
29.11 0edS Q5 Se?72 0.00 0.0 0.00 FGedl 264 124,05
17.14 4¢27 137 30.70 0600 Oe0 000 13.09 2.5 12441
13.88 0«84 2Be1 48.,26€ 0600 0.0 000 22690 263 11.54
T+24 068 12.3 28.92 0.00 0.0 0.00 4419 O0e4 4.70
1€.53 Te€9 23.7 42.14 2¢70 949 0.99 €92 1D 7 4SS5
15.97 0e07 742 21443 0.00 0.C 0.07 343 1.1 8.08
.74 0eCO 1541 32.51 000 0.0 0.00 0s76 0Oe&4 SeCO
17.50 C0e00 1763 35.27 0.00 0.0 0.00 Se76 069 7427
4.84 0eS8 49,1 7S.81 2426 103 26.09 3485 2641 11442
14.38 Ge67 Sel 17.98 2626 0ol 207 7900 1¢S5 9445
0.59€90610
REGIONAL HPWH DISPLACEMENTY OF ELECTRIC RESISTANCE AND
OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THOUSANDS)
1¢81 INCENTIVES CASE
INTER, REPLACE % [INTEF. REPLACE % INTER. REPLACE % INTER.
RATE OF O1IL RATE OF GAS RATE CF TOTAL RATE
25 D€ 2eEQ 4.9 17453 0e00 0s0 0.00 1197 G¢5 16485
34.68 1¢17 1084 9,27 0e70 040 0400 13,25 33 14.27
21.20 GSe€3 207 St1le.42 e 00 O0e0 000 24434 444 16447
17.58 1.€9 S6.4 87,74 000 0.0 0600 3€a81 37 15.16€
1032 2431 2849 49.16 090 0.0 0.00 8¢78 N8 6481
2%.91 1¢48 4G.5 7€437 779 De2 0.09 10677 166 SGeS4
1G6.92 Cel6 1Se7 323.3€ 0.C0 0.0 0.00 Ce27 147 10.04
11.9€ O0eCO 2069 S51.5S 0+0C 0.0 0.09 Le42 08 6483
21.619 JeCQ 3847 61429 0«20 0.0 0.00 BeSE€E 13 9.00
T.€8 1e€6 7749144.57 3¢41 155 33.06 6649 36 144S5
L7498 20659 11e2 27.37 341 0ol 2055 12728 24 12410
05969610

REGIONAL LEVEL ALPHA:

The discount rate the median consumer would use to evaluate
77.20%.

heater:

the heat pump water



TASLE 6.A.2.

ANALYSIS FOR THE YSAR:

REGH REPLACS % INTER.
FLECTRIC RATE

1597
19 .45
23.81
S6.03
B.42
15.€€
Be2€
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14.27
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RECTONAL LEVEL ALPHA:

TASLE 6.B.2.

ANALYSIS FOR THE YSAR:

REG# REPLACE % INTER .
ELECTRIC RATE
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OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THQUSANDS)

1682
REPLACE X INTER,
CF 0OIL RATE
€el7 9el 15,24
243 3.5 9.13
1Ce€4 33,9 34.54

1.€2 4.1 52.44
2.49 31,1 22,44
1642 47.2 45465
CeZl 2144 25417
0.C0 37¢8 37.65
7.0 3S.8 39,06
1e47 73.€ E0.62

13.9 19.36

0.2329268

REPLACE % INTERe FREPLACE %
OF GAS RATE CF YOTAL

000 0e0 0.00 2025 77
0¢00 Qo0 090 22432 Se6
0e00 060 0407 34,65 642
000 0e0 0400 S765 Se9
0.00 Ne0 0.09 1091 1.0
0.00 0.0 0407 1708 246
0«00 040 0.09 8e47 247
Ce 00 060 0.00 1.83 1.0
0.00 0.0 0.00 14,00 2.2
€e €S 25.7 28437 8485 4.9
Se65 062 295 19600 3.7

OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THOUSANDS)

1¢82

12.19
€.01
15.09
2440
4,57
2625
0.40
QeCO
Ce D
1. €2

4€.73

INCENTIVES CASE

REPLACE % (INTER,
oF 0OIL RATE

17e9 22651
7¢3 13.58
59,7 58.68
T7Se9 96412
€71 5573
74,9 E3.27
40e 4 29,7€
€1e9 €147
€669 68,63
Sle1154,6¢€

2449 27,76

0.2329268

RCPLACE % INTER. REPLACE %
OF GAS RATE CF TOTAL

.00 0.0 000 3094 1147
0. 00 Ce0 0.00 3N.84 7.8
Q.00 Qe 0 090 5334 9.5
0.00 Q60 0.09 B770 8¢9
0. 00 0.0 0.00 2116 1e9
79 D9 .09 24 .68 37
0«00 0.0 009 1254 4,0
0e 00 0.0 000 3.38 149
0.00 0.0 0.00 20.04 3.1
781 35.5 35.79 13677 767
T.81 042 2042 298.38 Se6

The discount rate the median consumer would use to eVa]uate{the heat punp viater
heater: 48.26%.

HPWH DISPLACEMENT CF ELECTRIC RESISTANCE AND

INTER,
RATE
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4.85
722
10 .68

9 4%
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TABLE 6.A.3.

ANALYSTS FOR THE YEAR?

REC¥ REOLACE % INTER.
ELECTRIC RATE
1 23.79 24.0 21.70
2 27.85 387 29.6€66
3 37.7€ 18.2 17.6€
4 92,02 13«1 14.4S
€ 1463€ 3.9 7,53
€ 2S+329 1847 17.92
7 1314 1640 1€.34
e 248 4.7 8,32
9 2247 1847 17,92
10 F.1€ 2.0 €£.38
SUM 261+€S 13,1 14,51
FEGIONAL LEVEL ALPHA?

TABLE. 6

ANALYSIS FOR THE YEAR: 1¢83
REG# RFOLACE % INTER. REPLACE ¥ INTER.
ELECTRIC RATE OF OIL RATE
t 30462 31.8 25.52 20,5 326+ 28.07
2 33eG7 47.2 35434 15.78 1G.,2 18,25
3 5264 2542 2178 24.23 7€e0 66460
4 135,58 19.2 18.2€ 24€6 £8848105.05
S 2759 7.5 10.64 €eS1l 738 62.77
€ 38.GE 257 22.91 246 ES.S S0.64
7 18470 22.8 20.34 O0«€1l €141 4E€E.87
5] Se23 847 1152 CeC0 7940 72446€
9 3%.4S 25,9 22.%8 CeCD 89«7 76451
te Te27 4e7 8.27 1e€2 G5411€4,.89
SUM 37687 188 18172 74,37 295 30.23
REGIONAL LEVEL ALPHA: Ce.1358061

.B.3.

9~

OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THOUSANDS)

1682

REPLAC
OF OIL

11.€2 2
€Ee82 1
1€.51
Ze09
3.E6
1eC!
CeZ8
0.09
c.C2
to €8

Q€ .47

€
4

K}

€le6

€3.5
€761
€7.0
84,0

24.7

INTER.
RATE

£ %

18.92
1265
38.61
56.87
€. 14
4S.3€
29413
4316
43 .26
AS.7¢C

21 .43

Q. 4
Ne3

S8
843

Te8

N.1368061

REPLACE % INTER., REPLACE %
OF GAS RATE CF TOTAL

J¢00 0e0 000 34.71 13,2
0400 Oe0 0409 3€e27 9.2
000 040 000 54.27 9.7
0e00 O0e0 0.00 94.12 966
%9.90 0.0 0.00 1822 146
Je20 042 De99 2729 4.1
0.00 0.0 0«00 12e€2 4.3
0.00 0.0 0.00 2.85 1.6
700 060 0.00 22.05 3.5
8¢ 88 4043 30.75 1371 7.6
8¢88 0e3 2,00 317.00 6.0

OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS 1IN

THOUSANDS)

INCENTIVES CASE

REPLACE X INTER. REPLACE %
OF GAS RAYE QF TOTAL
000 0.0 0.00 Slel?7 19.4
000 0.0 0.00 49475 12.6
000 060 0600 7678 13,7
0«29 0.1 1623 13854 14,1
0400 0.0 0,00 332.50 2.9
F¢00 Je0 009 3755 S.7
e 00 0e0 060D 19.21 6.l
000 000 0000 Se23 2.9
000 0.0 0000 30.49 4.8
11637 S1e7 38e66 20¢54 114
11466 0¢84 2.29 462.84 8.7

The discount rate the median consumer would use to evaluate the heat pump water

heater:

37.39%.
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TABLE 6.A.4.
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REGIONAL HPWH DISPLACEMENTY CF ELECTRIC RESISTANCE AND
OIL ANO GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THCUSANDS)

ANALYSTIS FOR THE YEAR?

REGY REOLACE X
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REGINMAL LEVEL a1 PHA?L

ANALYSIS FOR THE YEAR:

TABLE 6.B.4.

REC# REPLACE

=3

DOD NP WN -

4]
C
2

ELECTRIC

37.12
J9.71
6S.27
172.48
3€E.S€E
44,17
23.2€
€.49
37.75
1%9.11

28,
€4.
3.

9.
32.
28,

2.
6e

473.€10 23,

%

=
~

€

=

-~

24 .6

S

[
-

S

10.8

J
5

7

1S4
REPLACE % INTER,
CF DIL RATE
1€E.78 22,9 22.8¢C
1€+488 20,1 16632
20e33 €3¢S 42.62
Ze325 78Be2 €157
4,82 €0,2 40.03
2419 72,9 53.2¢
Ce€l 1.2 33.34
N0 €945 4S.07
Ce02 €7.9 47.30
177 E8B.7 S1eQ7
€7¢22 3548 24.27
Q.10%82419

REPLACE %
OF GAS
2.00 0.0
0.C3 0.0
0.00 040
037 0.1
0.00 0.0
.00 0.9
7¢0C 0.0
0,00 040
0s00 0.0

11.23 Sl.l

11.60 0.4

INTER. FEPLACE %

RATE

0.00
0.00
0.00
1.20
0.00
Q.07
0.00
0.00

CF TOTAL
47.51 18,0
49.56 12.5
62,54 12,3
123.55 12.6
24024 2,1
3S.19 5.3
17632 5Se5

3,53 1e9
2799 4.4
1757 9.8
415,00 7.8
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REGIONAL HVWH DISPLACEMENT OF CELECTRIC RESISTANCE AND
OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THCUSANDS)

INTER, REPLACE %

RATE

2S.77
3C.67
22.08
18.59
0.890

N e BN e
M DN=ON
oo 0 v
thwuinm

N ~NWOsm

[
L]
o

RECINDNAL LEVEL ALPHA?

1€34

OF 01

[ X Yo RURNT] BN, Yo X5
WO POV DUN~ Ut

JelQ

INCENTIVES CASE

L RATE
E2e7 34,35
24,2 23.47
€4,2 75.1¢
G2.5114,.,56
824 70.3€
S0.2 S$B.49
739 S4.7€
€71 £4,55
€72 PA4.S7
CEe 717568

€3.1 34,59

€8419

INTER. REPLACE %

OF GAS

OAUOPOOG
oo s 0000 ¢
AQOION0 D ™
OQULOLPOOG

o
.

o
o

® 06 00 50 09 0 0

O NOCOOO~NO.Im™

[
W
)]
~
o

O NOQOVO=0OO0oO

18.47

INTER, REPLACE %
PATE CF TYOTAL
122 ETe32 26:6
0.09 67632 170
0,00 9222 1665
4029 18090 (8.4
0.00 432.15 3.8
0499 46488 Tel
0.07 24409 7.6
000 €.49 3s 6
0.00 37.75 Se9
41469 2S.71 14,3
2¢51 591.82 1l.1

The discount rate the median consumer would use to evaluate the heat pump water

heater:

32.L3%

INTER.
RATE

19 .07
14.72
14.4€
1547
6 +4€
8 .59
9422
6.25
8e.1€
13.29

11.€2
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TASLE 6.A.5. REGIONAL HPWH DISPLACEMENT OF ELECTRIC RESISTANCE AND
OIL AND GAS~-FIRED WATER HEATERS
(REPLACEMENTS IN THCUSANDS)

ANALYS IS FOR THE YEAR? 1cAs

REGH REPLACE % INTER. PEPLACE % INTER. REPLACE % INTER. REPLACE % INTER.
ELECTRIC RATE CF OIL RATE 0OF GAS RATE CF TOTAL RATE
1 34.52 25,9 2142 Z€E.75 4€eS 264SS 1623 1ol 3.08 62,50 23.7 15459
2 37.99 £2.8 30.29 27,21 33.2 20.2C 0600 0.0 0,00 6520 16¢5 12472
T 59,47 28.7 18416 22,47 733 47.52 0¢CO0 00 000 82.94 1448 11.SE€E
4 153.25 21.8 15411 2,53 94.4 66.56 8.89 148 387 16077 164 12.€9
S 25,55 649 782 E.€3 70.4 44,15 0600 0e0 0400 3118 267 4o}
€ 41.21 30.4 18,94 Ze47 F£1.1 57.45 0100 00 NefD 42,71 66 7 €2
7 20.80 254 16472 N,€4 €3.5 37.€3 0e D0 Ced DeDO0 21443 €8 7Te71
8 8627 Tel 791 0400 7849 S5S.41 0.00 0.0 0409 4.27 243 4.44
9 34,24 29.1 1€,37 0.0 7666 S1.78 0600 O0e0 009 34,34 Se4 6,82
1y 636 44l £,92 1e€8 S1e0 96474 13,42 61.0 35.83 21,65 12,0 10.€1
SUM 81899 2066 1873 GG447 48e1 27e60 1952 066 2627 52800 99 9.£2
TECINNAL LEVEL ALPHA: N.0821167
YABLE 6.B.5. REGIONAL HPWH DISPLACEMENY CF ELECTRIC RESISTANCE AND
: . : OIL AND GAS-FIRED WATER HEATERS |
(REPLACEMENTS IN THOUSANDS)
ANALYSIS FOR THE YSAR: 1685 INCENTILVES CASE

RECGCY REPLACE % INTER. REPLACE % INTER, REPLACE % INTERe REPLACE % [INTER.
ELECTRIC RATE CF O1IL RATE OF GAS RATE CF TCTAL RATE

1 434S 452 2€.00 3E.EB €7¢7 41447 4033 349 SeB80 86«40 32.8 20.03
2 44.08 612 J€eD1l 41.S0 Slel 29.26 009 Qe0 0400 8Se99 21.7 15406
3 T7244C 37 .9 22437 2Be€9 E9e7 L4.4C 0e 00 00 0600 10709 1942 13.65
4 214.1G 30.4 18.94 2¢€5 SS5eJ1244€F 16e3€ 660 7e24 233440 238 16402
S 47.01 12.8 10.96 706 8842 78.52 0600 040 0400 54407 48 6441
6 S53.€E 39.F 23.1€ 2489 S34312€6.85 770 Q40 DeD) S€edS 8B¢S5 8476
T 2817 34.4 20.7€ Ce€E3 83e1l E3.47 0600 00 0600 29400 9e1 9.09
e 782 130 11497 0.C0 S2e¢! G7e46C€ Ce 00 0.0 0400 Te82 4¢3 6407
G A4S.14 38.32 22.57 0e0D S14S5 94.01 000 0.0 0.00 4Se14 7.1 7.61
10 13.€2 8.7 8.87 1eSS STe71E7408 1Se€3 71,0 4483 31.20 17.4 13.14
SUM CT7E €0 2868 18622 128,€7 €603 4021 3€e32 162 3ell 73659 1369 11,50

REGIINAL LEVEL ALPHA: 0.9821167

" The discount rate the median consumer would use to evaluatc the heat numn water
heater: 28.66%.
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regions replacing the appropriate number of electric resistance, oil-
and gas-fired water heaters coming up for retirement each year from 1981
through 1985, Region 4 (Southeast) captures the largest share of new
HPWH sales largely due to the fact that slightly over one-third of the
U.S. stock of electric water heaters are located in region 4, in addi-
tion to a relatively warm climate (i.e., higher HPWH efficiency).
In 1981, replacements of oil- and gas-fired water heaters make up
15% of total U.S. HPWH sales (this fraction increasing to 21% in 1985).
This increase is primarily due to fuel oil and natural gas prices thdl
are expected to climb at an annual rate of 4.8%/yr. compared to a fore-
casted electricity price annual growth rate of 1.2%/yr. through 1985.
Tables 6.A.1 through 6.A.5, in addition to presenting HPWH replace-

ments of electric, 0il- and gas-fired water heaters, give estimated
regional implicit interest rates which are considered to be the rdle of
return that the consumer would achieve if he purchased a HPWH (i.e., the
higher the interest rate the larger fraction of consumers would choose a
HPWH 1in his region). The percent columns to the right of the columns
for replacements of electric, oil- and gas-fired water heaters represent
the percentage of those water heaters coming up for replacement at the
end of their useful life that are replaced by the HPWH.

| Implicit rates of rcturn in 1981 for owncrs of electric resistance
WH's converting to HPWH's average 15% and range from 4.8% in region 10

to 29.1% in region 2 (this is mainly due to the wide variation in electric
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WH annual costs - $537/yr. for region 2, vs. $166/yr. in region 10).
The average implicit rates of return of oil-fired WH owners selecting a
HPWH is approximately 33%. This is due to an annual cost of $237 for
operating an oil-fired WH in region 10, whereas for a HPWH it is only
$92. In other regions the HPWH and oil-fired WH annual costs are much
closer, thus making the HPWH selection less worthwhile reflected by the
relatively low implicit interest rates.

In the incentives case (Table 6.B.1 though 6.B.5), the sales of the
HPWH are increased considerably over the assumed baseline national sales
of the HPWH from 1981 thorugh 1985. 1In 1981, U.S. sales of the HPWH
due to the tax credit are 61% higher than the baseline forecasts. The
increase in HPWH sales due to the tax credit in the time period of 1982

though 1985 fall from a 52% increase in 1982 to a 40% increase in 1985.

Scenario 2 (Natural gas price deregulation case)

Tables 7.A.1 through 7.A.5 show the output of the equipment choice
model for scenario 2 where fuel prices follow an assumed natural gas
deregulation path (this price scenario is described in Chapter 2). The
large increase in HPWH replacements of gas water heaters from scenario 1
to scenario 2 come mainly at the expense of electric water heaters.

This pattern of replacements continues through 1985 although an
increasing percentage of HPWH replacements are made at the expeﬁse of

0il WH's by 1985. Ten percent of the HPWH sales replace gas WH's in
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TAALE 7.A.1. REGIONAL HPWH DI SPLACEMENT OF ELECTRIC RESISTANCE AND
OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THQUSANDS)

ANALYSIS FOR THE YEAR? 1581

RECH RSPLACSE %X INTER. REFLACE %¥ INTER. REPLACE % iNTEPo FEPLACE % INTER,
ELECTRIC RATE CF O1IL . RATE OF GAS RATE CF TOTAL RATE
Sell Se2 27.S€ t.C2

11.74 2450 1326 863 33 16.01

1 te 2 23
2 T7e2% 101 29.11 0e35 Qe84 Se72 0.%0 ©Ce0 0.00 7.61 19 12417
3 Te74 37 17.14 2e€5 tlel 30.70 1e33 0¢84 Se61 12661 23 13.21
4 17.5C 2.5 13.88 Oe71l 23.85 48.26 428 146 1098 22.49 242 13,22
5 2.2 047 7Te24 0.0 10.0 28.92 037 0.0 1.92 370 0e3 457
€ 4.S€ 3.€ 1€.52 TeE7 19.0 42.14a 4,27 0«8 7.99 9.90 1e5 1072
7. 267 33 1S.97 0.C6 Se7 21e42 .00 0.0 0.900 2¢73 Ce9 8.1C
8 .60 1.0 Ba.74 QeC 12¢3 32.51 0«00 040 0000 0e60 03 5401
] 4.59 3.9 17.5% Nt l4s1 35.27 Ce2l Oast 2497 Sel9 0.8 7.ER
e 0.48 Qo 4.34 Q.E€E 43,2 75.21 4.21 19.1 42.30 5455 3.1 15.£2
SUM 52.42 2.7 14.81 TeC€l 442 18423 17+6€ 046 6456 T9.00 1¢S5 190 .€S
QECTIONAL LEVEL ALPHA? 0.75€4791
TaBLE 7.B.1. REGIONAL HPWH DISPLACEMENTY CF ELECTRIC RESISTANCE AND
OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS TN THOUSANDS)
ANALYS IS FOR THE YEAR? 16391 INCENTIVES CASE
REGY QATOLACE % INTER. REPLACE % INTER. REPLACE % |[INTER. REPLACE % INTER.,
ELECTRIC RATE CF uiL RATE OorF GAS RATE CF TNTAL, RATE
1 Te328 77 2S.26€ 2e23 3¢5 17.%3 4.18 3.8 17.28 1378 542 20.448
2 Gef7 13.7 34.68 JeS2 Lol 9.27 CeCO0 0.0 0,00 1080 2.7 144.S€
3 11.€1 Se€ 21.2C €029 259 Slescz Je38 lel 8699 2328 462 18,12
4 27.65 3.9 17.5¢€ 1.€1 £0.4 87.74 Be13 30 15424 37429 38 17429
S s.12 Led 10.72 1464 2442 49.16 2249 03 4,98 GeS54 08 8.00
6 7.43 S.5 20.91 1e2l 43.5 76.37 GeT72 19 11.99 18,48 248 14a.7€
7 408 540 19.92 Cel3 1248 23.3€ 0eC0 0.0 0.00 4.21 Le3 10.05
8 112 1.6 11.99 0.CO0 26.0 S1.56 0.00 0.0 0D.26 1«12 046 6 .85
9 E+BE S.8 21469 N¢02 33,2 €1.29 2.€0 065 6el5 Sed45 1e5 10.€€
10 te2l 0.8 7.67 16 47 7345144.657 Se95 27«0 52.96 8463 448 19,€2
SUM 92,31 4.l 18.02 1779 Geb ZHelZ 3848 142 9345 136.566 2.6 LA.17?
QEGINNAL LEVEL ALPHA: 0.75€4791

The discount rate the median consumer would use to evaluate the hcat pump water
heater: 86.98%.
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TABLE 7 _A.2. REGIONAL HPWH DISPLACEMENT CF ELECTRIC RESISTANCE AND
OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THOUSANDS)

ANALYSIS FOR THE YEAR? 182

REGC# REPLACE % INTER. REPLACE ¥ INTER. REPLACE % INTER. FEPLACE % INTER.
ELECTRIC RATE GF OIL RATE OF GAS RATE CF TOTAL RATE

1 17664 111 20.7S 247 6e3 15.24 Be27 T7eS5 16082 2249 8.5 18,02
2 14,22 19.9 29.40 1le€2 23 Gel32 CelS Col 1646 1€40 4.1 12.2€
3 1657 B840 17.40 Bel?7 Z2SeS 34.54 6468 2.1 8e61 3142 546 14.3S
4 38,52 S.5 l4a.18 1e22 Q441 52444 13645 409 1343 65330 E£.4 14.14
€ Se€8 1¢S5 739 1e86 232 322.44 4¢81 0.6 4071 1235 1ol 6418
6 1.9 8.0 17.42 1e12 37¢5 456 1S5¢6E7 3.0 1035 27467 442 12.22
4 Se72 Te0 tE€L1E CelS 1Se4 25417 000 0.0 009 Se87 19 8,10
8 1,22 2.0 8.52 CeCO 2Ge0 37.65 0«13 0.l 195 1637 0Oe7 Sel3-
9 976 Be3 17.72 0¢00 305 39.0€ 483 0.9 Se71 1459 2.3 9.02:
12 lel€ Qo7 Sell 1430 €S.1 80.62 €¢16 37.1 45439 10.62 5.9 14.79
SUM 118,51 5.7 14.54 1S.42 1063 20.02 62,06 2.0 8.40 15600 3¢7 1154
RECIONAL LEVEL ALPHAZ 9.3479141
TAaBLE 7.B.2. REGIONAL HPWH DISPLACEMENT OF ELECTRIC RESISTANCE AND
OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THOUSANCS)
ANALYSIS FOR THE YZAR? 1¢32 INCENTIVES CASE

REG# REPLACE % INTER, REPLACE %X INTERe REPLACE ¥ INTERe. REPLACE % INTER,
ELECTRIC RATE OF O1IL RATE OF GAS RATE CF TOTAL RATE

1 14.9€ 155 2S.25 7e25 1267 22451 12¢74 116 2135 3494 13,3 23.07

2 18.7S 260 3591 413 S.0 13.58 Lell QeSS 4,00 23.99 6.1 14.98

3 24425 1147 2146 €eC2 49¢8 SBs€ES 1343 4¢2 12634 653,67 96 19.21

4 59.49 B.4 17.91 218 72e6 9612 2329 B8.5 18402 84.96 8.7 18.17

§ 1127 3.1 10.48 J2eT7 472 SSe73 1397 1e8 897 2902 26 955

6 15486 11.7 214,46 200 €666 €327 3223 58 14.63 48,12 73 16.€4

7 S¢54 10e4 20412 0o31 1e2 29.7€ 0«sCQ Qe 0490 8.86 2.8 10.00

a 220 3.8 1lle7€ GeCO S2¢1 61.47 0e72 006 4454 2402 17 74€6

9 14,22 12.1 21.84 Ce00 S7eS5 6863 12437 2e4 920 2€.S8 442 12.30

10 2.80 18 7.98 1¢7S €7¢3154¢466 1057 48,1 56.74 1512 844 17.88

SUM 172.48 846 18412 3730 198 29435 118642 3.8 1171 328421 6.2 15.14
QEGIONAL LEVEL ALPHA: 0.3479141

The discount rate the median consumer would use to evaluate the heat pump water
heater: 58.98%.
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TABLE 7.A.3. REGIONAL HPWH DISPLACEMENT OF ELECTRIC
OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THOUSANDS)

RESISTANCE AND

ANALYSIS FOR THE YEAR: 1683
REC# REPLACE X INTER. REFLACE ¥ INTER. REPLACE % INTER. REPLACE ¥ INTER.
ELECTRIC RATE OF O1L RATE OF GAS RATE OF TOTAL RATE
1 14.98 14.€ 21.90 €eS5 12642 18452 15420 139 20649 36632 13.8 20.21
2 1R.3€ 25.5 29.€S 4,79 S8 12,65 298 12 5665 2€el3 66 13.49
I 22436 1068 17666 11473 3€e7 38461 1581 Ge9 11,57 49.89 8.9 15,89
4 S3.11 7.5 14,49 1e€7 E5¢7 S6e687 28,41 8,9 1591 79419 8.1 15.05
5 792 2.2 7.53 26€9 33,6 36614 15,61 2al Te82 2653 2¢3 7.85
£ 150€ 1141 17.92 1e46 48.6 49.3€ 30.89 S5e9 12.72 47.32 7.2 14.10
7 7.69 O.4 1€.34 0e25 Z448 29.13 0.00 0.0 2.00 7¢94 2¢5 8,13
] 1.8 2.6 8.+32 0aCO 42,0 43.16 1ed7 12 5460 3,05 1e7 64€2
9 13,78 11e.1 17.92 NeCT 41¢9 43,06 1385 27 B.39 2CeS3 4.2 10,.€5
10 172 1.1 E.38 1048 74¢0 8S5¢7C 10.89 477 4888 13,70 7.6 14.58
SUM 154eS7 7e7 14e71 3102 1665 2256 13101 4.2 10662 317,00 6.0 12.79
~EGINMAL LFVFi ALPHA?S N.2%7€494 4
vasLe 7.B.3. REGIONAL 11PWH DI SPLACEMENT OF FI.ECTRIC RESISTANCE AND
OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THOUSANDS)
ANALYSIS FOR THE YSAR: 1683 INCENTIVES CASE
REG# REOLACFKF % INTER, REPLACE % INTER. REPLACE % INTER. REPLACE ¥ INTER,
ELECTRIC RATE OF OIL PATE OF GAS RATE CF TOTAL RATE
1 19848 2%¢2 2553 124335 23,4 28407 D014 20.1 25.:48 S4.94 2049 26,06
2 232.51 32.€ 35,34 Se39 1le4 18.2S 6e82 2.8 B8.64 3G.71 100 16.58
T 22,16 1566 2178 20e28 €3,3 €6.€C 2786 Be7 1567 80429 14.4 20.79
4 B80.67 11.4 18,2€ 2483 €1e¢1105405 39.38 14.4 20485 122.48 12.5 19.18
5 15.50 4.2 10.64 Q0 EQ €005 62.77 3469 446 1110 55403 4¢8 11445
£ 212 15.8 22491 2¢28 76el S0.€E4 S5484,32 1048 17631 78412 11,8 18.56
7 1122 13.8 20.34 Cedb 4640 A4€,87 0600 0¢C 0e09 11.79 3.7 94S7
8 2.8€ 4.5 11452 0.C0 €Tel 72.46 .41 240 B8a.60 636 3.5 Q.65
9 18.7€ 15.9 22.98 0e7Y €908 76e51 28443 5,5 1220 4719 7.4 14.24
10 4.0 2.€ 8,27 1e¢E3 S1.31€4.8S 12.96 S8.9 60,75 18¢81 105 17.3€
SUM 229,60 115 182G 54882 29¢2 32.57 23001 704 14e31 S18e72 967 1864€2
QEGIONAL LEVEL ALPHA: 0.2576494

The discount rate the median consumer

heater: 50.76%.

would use to evaluate the heat pump water
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TABLE 7_A.4. REGIONAL HPWH DISPLACEMENT CF ELECTRIC
OIL AND GAS-FIRED WATER HEATE
(REPLACEMENTS IN THOUSANDS)
ANALYSIS FOR THE YSAR: 1584
REG# REPLACE % INTER. REPLACE % INTER. REPLACE %
ELECTRIC RATE OF OIL RATE ~ OF GAS é:‘g
1 15409 1547 21.21 10.78 17+7 22.8C 21.18 19.3 24
2 19.49 27.1 29.9S Eel2 G.9 16.32 8.99 3.7 9:23
3 28425 11e7 1792 13.83 43,2 42.S2 25,61 8.0 14451
4 S8.45 8.3 14.80 1e83 €140 €1.57 33.56 12.3 18.43
§ Be75 2e4 7.68 2419 39,8 40.03 30.71 4.0 10.10
€ 1671 12.2 18,42 1e€2 S840 53.29 43.53 8.6 15.11
7  B8¢20 10e1 16452 Qo1 31¢5 33.34 0e12 Oel 1et5
q 1.60 2.6 8.11 0400 29¢9 49.C7 4.05 3¢3 Q.12
9 14.1Z 12.9 18415 0eCY 48¢0 47.30 24.97 4.8 11.05
10 2.03 1.3 S.6% 1¢S5 77+4 S1e07 1157 S52.6 5184
SUM 168.78 B84 14.94 40.S2 21¢6 25.80 20570 646 13.06
REGINNAL LEVEL ALPHA: 0.2422035

RESISTANCE AND
RS

Qe FEPLACE %

CF TYOTAL
4634 1746
36461 9.2
63.69 1.4
G384 Ge6
4264 3.8
€3.26 S.6

€e75 2.8

Se65 3.l
3909 6.1
1S«15 8.4

41S.00 7.8

INTER.
RATE

22 475
1571
17 €5
1€.C1
Q.72
16 .02
8 .29
8.0
12 €7
14 .62

1433

TABLE 7.B.4. QEGIONAL HPWH DISPLACEMENT CF ELECTRIC RESISTANCE AND
OIL ANDO GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THCUSANDS)

ANALYSIS FOR THE YEAR:
RECH REPLACE X INTER.

ELECTRIC RATE

1 27472 2148 2S.71
2 24480 24.4 35.€7
3 34.€68 1648 22.0F
4 98,01 12.5 18.5S
& 16.52 4.6 10.80
£ 23.€2 17.4 22.SE
7 12,15 14.8 20.54
8 3.02 5.0 1130
9 29412 17.1 22.32
t0 4.58 2.9 B.57
SUM 248,62 12.4 18.54

REGIONAL LEVEL ALPHAZ

€84 INCENTIVES CASE
REPLACE % INTER. REPLACE %
OF DOIL PRATE OF GAS
184 €7 22.8 34.35 29.43 26.8
15416 18¢5 23.43 16402 6.6
2Z¢40 7N0e0 7S5e1€ 41.58 13,0
2e53 B84.4114.5€ S1.54 18.9
€e37 €Tsl 70.3€ S7.71} .
2,407 E€0e0 984,49 T4e12 14.2
0eSS 853 S4.7€ 1«43 0.6
0+00 74¢7 £4,.5S 743 6.1
CeCN 7469 4,97 45.27 8.7
1,85 S2.717Se €€ 13.GS6 63.6
€8,S4 3647 37.45 338.53 10.8
9.2422933S

INTER. REPLACE X
RATE CF TOTAL
29.7S 68.82 26,1
13.10 5597 14.1
1992 98.€5 17.6
23 .75 142.08 14,5
1411 80.00 7.0
20424 100,16 15.2
3.86 14«14 4,5
12453 10445 Se7
15.19 65440 10.2
65402 20043 1ll.4
1715 656410 1243

The discount rate the median consumer would use to evaluate the heat pump water

heater: 49.21%.

INTER.
RATE

29 .28
19 .87
22.78
20.2€
13.54
20 .81
€3

1
€
€

- b g

N (o

0
2
6
7
8

18 «47
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REGIONAL HPWH DISPLACEMENT OF ELECTRIC RESISTANCE AND
Ol AND GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THOQUSANDS)

‘ANALYS IS FOR THS YEAR:

REG# REPLACE %
ELECTRIC

QO D NANAL (AN -

N
C m
2

1584 16.5
20622 28.2
2«74 12.4
62.88 8.9
9.43 2.6
18,12 13.2
Ra?7?7 10.7
1.8 2.6
1t4.31 12.€

2+21 1.8

17952 G.0

INTER.,
RATE

0N

- -
MMM~NADNNMDO

PO 0 0 ® 0 9 o o
VWONO D=
M WNmRNS (=D MDN

-
mn
.

-

REGINANAL LEVEL ALPHA:®

TABLE

7.B.5.

1685
QREPLACE % INTEF. REPLACE %
OF OIL RATE 0OF GAS
12,64 238 26455 2734 24,9
1221 14,9 20.2¢C 1770 7.3
1€e75 4Ge?2 AT7.52 37.0€ 11.6
1e€7 €ESeS 6656 43.43 15.9
3e€4 45,5 44,15 49,64 6.5
1e 76 5846 S745 6083 t1.7
 Qe38 38,0 27.82 2. 24 1e9
0e00 568 ShHeal TeT2 Ges3
Je¢00 S3e5 S1e78 38,78 T7e5S
1€0 80,41 S6.74 1250 56.8
S50eE5 27¢0 29.40 29724 945
§e2320992

INTERes REPLACE %
RATE QOF TOTAL
2776 S6€Ce72 2165
13.56 S0.24 12.7
1747 729,55 14.0
2101 108.28 11.0
12.76 62471 SeS
17.55 80.71 12,2
4.75 t1.39 3.6
1255 2:30 Sel
1379 5369 8Beb
55.40 16642 Sel

15,68 528,00

9.9

[T XY=
g O

REGIONAL HPWH DISPLACEMENT CF ELECTRIC RESISTANCE AND
OIL AND GAS-FIRED WATER HEATERS
(REPLACEMENTS IN THOUSANDS)

ANALYSTIS FOR THE VYEA®R:

REC# REPLACE %
ELECTRIC

21.€6€ 22,€
25.74 35,7
36460 1747
93.95 13.3
18.0€ 4.9

13.7

1277 1S4E€

€e0

21415 1745

wn
C m
k4

DODNOAL (i)
N
[31]
[ ]
F-3
o

06 3.3
262.41 13.2

INTER,
RATE

2€.91%
3€.91
22427
18.94
10.9€
23.18
20.7F
11,07
22457

€37

18.80

REGINNAL LEVEL ALPHA:

The discount rate the median consumer would use to evaluate

heater:

48.28%.

163¢€

PEOLA
CF 01

2e€1

- 3OANUN
e 00 e oo
[+ X9 e FNRY T M

MmMOOMBM

€3.79

Q.23

INCENTIVES CASE

CE % INTER.

L RATE

Q2.5 41.47
26¢9 29429
7Se 3 E4.40
87.0124,.,€8
726 78.52
fA3,71%6.8%
€3e3 63.47
EQe4 GS746S
7Ge 1l G4,01
G3.,8187.08

44,6 43.2¢

39952

REPLACE %
oF

GAS

36,73
28.18
S6e73
64.07
84,61
9527
6.01
12.€64
64475
14, 85

464.05

33.4
116
177
23.5

-
-
L]

o N

& NhoNvd
s e o0y
wePorunN

.
@

INTERs RFEPLACE %
RATE aQF TOTAL
34,18 BZ.5Y J1l.4
1749 75.88 19.2
22.41 117.44 21,7
26¢75 160.€4 1604
1712 10877 946
22493 127.16 18,7
784 1Ge42 641
16.41 15465 8.6
1820 8E£¢90 1365
6956 21.81 12.1
20416 811424 1S3

the heat pump water

INTER.
RATE

32 €4
23 .51
24,50
21637
1Se71
23.12
12,323
14,79
19.04
17 .S4

20 .50
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1981, incfeasing to 33% in 1985. As in scenario 1, the replacement
sales of the HPWH for the incentives case show a large increase over the
baseline sales (Tables 7.B.1 through 7.B.5). In this natural gas price
deregulation case the increases in sales of the HPWH due to the tax cre-
dit exceed the HPWH sales increase due to the tax credit scenario.l4

For the incentives case where gas prices are deregulated, the HPWH sales
increase is 76% in 1981 falling to a 55% increase in 1985.

The choice model results for the incentives case assumes that indi-
viduals have perfect information concerning fuel price increases, expen-
ditures and equipment lifetimes. The model omits information such as
reliability and future repair costs that would aid the consumer in
selecting the most cost effective water heater. There is no reason to
believe that these omissions introduce any systematfc bias in our esti-
mate of the relative changes that could be expected due to the tax
credit.1d

In the analysis of both scenario 1 and 2 it is assumed that a HPWH
purchased as a replacement for an electric, oil- or gas-fired unit will
be located in the unconditioned space of the home (basement or attached
garage with garage door). This assumption is necessary since no inform-
tion exists which defines by region the location of water heaters in the
home by space heating fuel type. In most regions of the U.S. HPWH energy
savings are less when located in the conditioned space of the home.
Therefore, this assumption could lead to an overestimate of HPWH energy

savings. However, in some regions of the U.S., HPWH energy savings are
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greater when located in conditioned space. Therefore, if HPWH's are
selectively installed in their most effective locations, energy savings
will be greater. On balance, the authors expect HPWH location in the

home will have little effect.
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3. NATIONAL FUEL OIL AND NATURAL GAS SAVINGS

This chapter deals with the methodology of calculating the savings
of fuel oil and natural gas in the U.S. by the additional sales of the
HPWH due to the granting of the residential energy tax credit. A
realistic approach for calculating oil and gas savings is crucial since
a proposed conservation item is considered eligible for an energy tax
credit only if the dollar value of savings of oil and gas due to the tax
credit over the lifetime of the equipment exceeds the revenue loss to
the treasury due to the tax credit. The revenue loss to the treasury

during the tax credit period of 1981 through 1985 is represented by:
5 ) b
i c
}E: (Sg *+ Sg) * Py - 0.15 - (1 + DR/100)-t

t=1

where
Si = incremental replacement sales/yr. due to tax credit (unit/yr.)
SZ = baseline replacement sales/yr. without tax credit (unit/yr.)
P: = price of item for year t (1980 $'s)
DR = real discount rate

For the oil and gas used in electric utility generation that would
be saved by replacing conventional water heaters by HPWH's a marginal
fuel use analysis for electric utilities is required. By marginal fuel
use, it is meant that, in general, any electricity saved by the replace-
ment of an energy efficient electrical item over a less efficient one

will be generated by the most expensive fuel used in a utility system.
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In other words, any reduction in load (either peak or base) is generally
at the expense of oil and natufa]lgas if these fuels are used by utility
in electric generation.

A discussion of the methodology used to estimate the savings of
electric utility oil and natural gas use due to replacement sales of the

HPWH is presented in Appendix B.
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4. ENERGY TAX CREDIT ELIGIBILITY MODEL METHODOLOGY

The Residential Energy Tax Credit model uses the following rela-
tionships to calculate savings of oil and gas on a regional basis for
electric utilities for the lifetime of HPWH's sold during the five year
period that the tax credit rulfng is in effect.

Savings of oil and gas:

1. 0il and gas savings due to replacing an electric resistance

water heater with a HPWH:

5 ER Hp t+LT7-1
i,e 0
2. Stk (Qk = Q) Z (Fox + Fe*)y - D¢*
t:l t =t

2. 011 and gas savings due to replacing an oil- or gas-fired WH

with a HPWH:
5 tl1-1
i, J HP o g
S D - O (Fex + Fia)y - D
tZ=:1 tk & [0 - O (Fex + Fgxy De*l
where

0 .
Fix and Fg* are the fractions of electrical energy generated by oil
and gas in year t by region k.

St k and S, k are the incremental sales due to the tax credit for
's repfac1ng electric resistance and oil- or gas-fired WH's for
the tth yr. and kth pegion ( j = o0il or gas).

Qk is annual regional energy consumption of electric resistance
water heater (BOE Primary).

Qk is annual regional energy consumption of HPWH's (BOE Primary).
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The expression D¢* = 0.9e'(t*'1)/g incorporates a decay function to
approximate the reduction in savings of oil and gas in electric genera-
tion to account for utilities consuming o0il and gas in decreasing
amounts over the lifetime of the HPWH. ¢ is an appropriate constant to
calibrate the decay function to its assumed value in the year 1997 as
discussed in Section 6.

$ value of savings of oil and gas

1. The $ value of savings of oil and gas for HPWH's replacing

electric resistance WH's for region k is represented as:

5 . t+LT-1
i,e ER HP -
= St,k (Qk - Qk ) tZt PFt*,k (1 + DR/100)-t* . Dy

2. $ value of saving of oil and gas for HPWHs replacing gas- or

oil-fired WH' for region k:
5 L t+HLT-1 . . Hp
1,
Z Sta 2: [Qﬂ P%* - Q¢ - PFegx g ° Dt*] (1 + DR/100)-t*
t=1 t¥=t g
where
lPFt*,k is the regional primary energy price of fuel oil and gas used
in electric generation per year =
0 0 g g
Ft*,k . Pt* (1 + PRM/100) + Ft*,k : Pt*
where
) .
Peas Pg* are the world prices of fuel 0il and gas and PRM is the oll

price premium is percent reflecting a national security value

(assumed to be between 20% and 30%).l6
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5. ADDITIONAL TAX CREDIT MODEL ASSUMPTIONS

The provisions of the Windfall Profit Tax Act infer that any oil or
gas used in the manufacture of the proposed item must be subtracted from
the estimated savings in o0il and gas obtained in the use of the item.
This may not be economically justifiable since consumer expenditures on
the HPWH mean less spent on other goods and their included energy.
However, in accordance with the act we subtract it. A study by Bruce
Hannonl? provides the imbedded energy required for 355 commodities
including agricultural, industrial, and even commercial services. The
energy intensity matrix is organized by the 355 commodities and 6 fuel
types. The unit of measurement is in Btu/(1972 producer $).
Refrigeration and heating equipment is used as a proxy for the HPWH.
Imbedded in the manufacture of the HPWH is approximately 32,000 Btu of
0il and gas/(1972 producer $). This value is adjusted for 1980 $'s and
multiplied times the approximate manufacturers cost to arrive at the
tofa1 0il and gas energy content in manufacturing.

The unit lifetime of the HPWH is estimated to be 12 years in this
study. The 1980 ASHRAE Systems Handbookl8 describes the following

equipment lifetimes:

Equipment Service Life (years)
Heat pump (commercial) 15

(Air-to-air) heat pump
(commercial) 19

(Water-to-air) air
conditioner (commercial
wall) 15
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In addition, the Department of Defensel9d 1ists refrigeration
compressors as having a lifetime of 15 years.

The estimated price of the items shown in Table 8 is an arithmetic
average of four HPWH manufacturer's price forecasts.8 The price in 1980
$'s are shown in Table 8.

Table 8. Estimated cost of HPWHs

Year 1981 1982 1983 1984 | I1985

Price” 721 696 689 700 700

*1980, $'s, reference 8.

(Installation charges of $110 are included in these values.) A real
discount rate of 7% was considered appropriate by the Federal Energy
Management Progral_n20 and utilized in all computer runs of the model.
Estimated forecasts of world prices of oil is reported by the Department
of Energy® with the world price of natural gas calculated as the average
of Canadian and Mexican gas prices.6 The gas price is calculated by an

0
algorithm relating it to the world oil price (Py) as follows:

0.134 (py) ($/MCF)

Mexican gas price

0
0.177 (Py) - 0.33

Canadian gas price

0] 0
Average = (0.311P¢ - 0.33)/2 = 0.156Py - 0.165 ($/MCF)

This relationship is assumed to hold from 1981 through 1985.
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6. TAX CREDIT ELIGIBILITY ANALYZED FOR TWO CASES

To determine the elgibility of the HPWH for the residgntia] energy
tax credit, two cases are considered. Case I assumes fuel prices to
increase from 1981 through 1997 (1997 is the lifetime end of those HPWH
unfts sold in 1985) according to the mid-range fuel price forecasts
reported in‘the Department of Energys' Annual Report to Congress.6 The
effects of this case, as deséribed in Chépter 2, are that the HPWH
replaces primarily electric resistance and oil-fired water heaters (82%
and 15% respectively of total HPWH replacement sales), with replacements
of gas-fired water heaters amounting to only 3% to 4% of total HPWH
replacements from 1984 through 1985.

Case Il is a natural gas price deregulation scenario where natural
gas prices are assumed to 70% of fuel 0il prices at the end of 1981 and
have an annual fuel price growth rate 1% greater than that of oil
through 1985. The results of the equipment choice model show HPWH
replacements of gas-fired water heaters to range from 23% to 56% of
total HPWH replacement sales from 1981 through 1985 under the natural
gas deregulation scenario. These sales come mainly at the expense of
electric resistance WH's but with an increasing share coming from oil
WH's.

In addition to analyzing the tax credit eligibility for the two cases
considering different fuel price scenarios, three options varying the

increase in HPWH sales due to the tax credit are also evaluated.
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Tables 9 and 10 summarize the results of the tax credit eligibility
model both with and without a natural gas price decontrol scenario.

Option 1 allows the equipment choice model to determine the increase
in HPWH sales due to the effective 15% price decrease of the HPWH. The
effective price elasticity produced by the choice model may seem high,
but economists generally expect new technologies to have high price
elasticities while on the early part of their market penetration curve.
Indeed, as economists would expect, our results show the price elasti-
city declining as HPWH sales increase. In the base case it declines
from 3.4 in 1981 to 2.6 in 1985. This option is further divided into
three levels of oil/gas use in electric generation. The 10%, 25%, and
50% values represent the percent of oil/gas used in electric generation
in 1997 as a percent of 1981 use. This range of values accounts for the
uncertainty of future electric utf]ity use of oil/gas in electricity
generation. |

Case I, assuming only moderate increases in natural gas prices,
shows a substantial oil/gas savings for the economy even when the per-
cent of oil/gas used in electric generation drops to 10% of its 1981.use
by 1997. Increasing this electric utility oil/gas use percentage to
50% has little effect on increasing the savings of oil and gas through
199/. As oil and gas used in electric generation decreases (which redu-
ces the oil/gas savings when replacing conventional electric WH's by

HPWH's) an offsetting increase in oil/gas savings occurs as an increasing
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Table 9. Primary energy savings of oil/gas due to the
energy tax credit

(BOE x 10°)

Primary energy savings
of oil/gas for the U.S.

(BOE x 109)
Case 1 Case I1I
Without NG With NG
Option deregulation deregulation
Allowing equip. choice 10%1 13.92 33,27
model to determine in- 25%+ 14.56 28.64 ) Option 1
crease in HPWH sales 50% 15.31 23.08
-1 Elasticity 259" 5.23 7.17} Option 2
-3 Elasticity 2597 15.69 21.51} Option 3

Ty of 0oil/gas used in electric generation

use.

in 1997 as a percent of 1981

Table 10. Net $ value of savings of oil/gas due to the energy
tax credit with and without a natural gas price

deregulation scenario

Net § value of savings
of oil/gas for the U.S.

($'s x 109
Case I Case 11
Without NG With NG

Option deregulation deregulation
Allowing equip, choice  10% 234.9 654.14)
model to determine in- 25%1 250.0 534.03 p Option 1
crease in HPWH sales 50% 267.8 389.42
-1 Elasticity 259" 17.21 41.97} Option 2
-3 Elasticity 259" 271.39 376.65} Option 2

Ty of oil/gas used in electric generation in 1997 as a percent of 1981

use.



-40-

amount of oil/gas-fired WH's are replaced by HPWH's. 1In Case II, where
natural gas prices are deregulated, primary energy savings of oil/gas
increase substantially as the percent of oil/gas used in electricity
generation declines. In this case, as 1997 is approached, the HPWH's
replacing an increasing percentage of gas water heaters show larger
oil/gas savings due to this reduction in o0il/gas used in electricity
generation.

In Case Il - Option 1, national oil/gas savings varies from 23 x
10 BOE to 33 x 109 BOE over the lifetime of thosg HPWH's purchased due
to.the tax credit from 1981 thorugh 1985 depending upon the rate of
decline of the percent of 0il/gas used in electricity generation.

Options 2 and 3 show the effects of .allowing all purchasers of the
HPWH to respond to a -1 and -3 equipment price elasticity respectively
(elasticities of -1 and, -3 correspond to 15% and 45% increases in
sales, respectively, due to the implementation of the tax credit). Both
options 1 and 2 assume 25% of oil/gas used in electric generation in
1997 as a percent of 1981 use. Even at the -1 eqdipment price elasti-
city value of option 2, which is low for a new technology beginning its
‘market penetration, additional sales of the HPWH due to the tax credit
provide a $17.2 million of savings of oil/gas for those units purchased
between 1981 and 1985.

An example of the tax credit eligibilty model computer output is
shown in Table 11 for Case II, region 1. Table 12 is the national sum-

mary of the results of the 10 federal regions for Case II - Option 2.
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Table 11. 0Qak Ridge National Laboratory energy tax credit evaluation
of heat pump water heaters

FOR ENTRGY TAX CREDIT

NATURAL GAS OEREGULATICN CASE
FUEL PRICES (1980 €/B0CE)
1982 1983 1684 1585 1G63¢€

32,30 24,00 34,60 3539 36.49
2Ge17 2S¢81 30,325 30.58 31.98

1981

FUEL OTL 32.70
NATURAL GAS 28.€3

FRACTION OF PRIMARY ELECTRICITY SAVED THAT

FUEL OQTL 0eS8 0498 CeSE 0S8 (eS8 0.98
NATURAL GAS 0.02 0.02 0.02 0,02 CeN2 9.02
SALES CF ITEM (THOUSANDS) 1Ge1 16e2
(A) BASEL INE~-WITHOUY TAX CREDIT 8.6 22,5
(E) INCREMENTAL SALES 1e3 3.4
(C) TOTAL (A + 3) GSe9 25.9
CAD ITAL COST/UNIT FOR ITEM 721 €3¢

(IN 1980 $°'S)

"USEFUL LIFE OF ITEM (YRS.): 12
ASSUMED ODISCOUNT RATE:? 7¢7 %
CIL O9QICE PREMIUM? 23 %
NCON-FUEL CPERATING AND

MA INTENANCE COSTS/YEAR: € 19
MFGe USE CF OIL AND GAS/UNLT (BOE) «82
YEARLY ENERGY COSYTS (198Q s$'<S): €291
YEARLY ENERGY SAVINGS (ECE PRIMARY): 4.69
SALVAGE VALUE (1680%°*'S) $ 53

FRACTION CF HOMES BY FUEL TYPE RETROFITTING
HEAT PUMP WATER HEATER

ELECTRICITY « 36
NATURAL GAS «44
FUEL CIL «21

SUMMARY

PEIMARY ENERGY SAVINGS OF QIL AND GAS DUE
TO TAX CREDIT BY FUEL TYPE

TOTAL 0.74 M BOE
ELECTRICITY 0.28
NATURAL GAS 0.+30
FUEL CIL 0.13

- MFG. USE OF OIL AND GAS -0.02
$ VALUE OF SAVINGS OF OIL AND GAS DUE YO TAX
TaTAL s 18,82 ™

ELECTRICITY s 7.89
NATURAL GAS % 6.13
FUSL OIL s S5.51
- REVENUE LOSS
TC TREASURY: - s 1€.04
= SAVINGS MINUS LOSS = s 3.49
TO TREASURY
-~ MFGe COST OF OIL & GAS - 8 0.70
= TOTAL SAVINGS = s 2.76 M

ZTIX

C

22X

REGICN 1

1927 1988 168S 1990

37450 38460 39.70 40.80
32697 33497 24.96 35,96

IS GSENERATEC EY CIL ANC

0498 0S8 0458 0.98
0402 0402 0402 0002
1983 1984 1685
36,2 4663 S6.7

Sea 7.9 8.5

4148 533 6S.2

639 799 790

BOE

BOE

BOE

BOE

REDIT BY FUEL TYPE

1995

45.20
39.34

CAS

.97
0.03
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Table 12,

National summary of the results of the 10

federal regions for Case II — Option 2

NAT TONAL SUMMARY

PRFIMARY ENERGY SAVINGSE CF CIL AND GAS DUE
TO TAX CREDIT BY FUEL TYPE

TOTAL 7.17 M BOE
ELECTRICITY 215
NATURAL GAS 4.29
FUEL CIL 0.62

- MFGe. USE OF OIL AND GAS =Ne19
$ VALUE OF SAVINGS OF QIL AND GAS DUE TO TAX

TOTAL % 192,48 M

ELECTRICITY $ S7 €1
NATURAL GAS % 107 .30
FUEL OIL $ 2T.€7
- REVENUE LOSS
TO TRFASURY - % 144.18
= SAVINGS MINUS LOSS = % 48. 320
TO TREASURY
- MFGe CCST OF QIL £ GAS - ¢ 632 M
= TOCTAL SAVINGS = ¢ 41.GS7 M

% 0F SLECTRICITY SAVED THAT IS GENERATED BY
LIFFTIME CF EQUIPMENY AS A X OF 1980 : 2Ex%

M BOE
M BOE
M BOE
M ROE

"CREDIT BY FUEL TYPE

M
M
™M

OIL/GAS AT END CF
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7. SUMMARY

The tax credit eligibility results of this study summarized in
Tables 9 and 10 for the HPWH have been developed from an analysis of
regional information and estimates of HPWH sales, efficiency, operating
expense, existing water heater stocks by fuel type and the percent of
oil/gas used by electric utilities. Even though the tax credits are
granted on a national basis, the energy and dollar savings of this ana-
lysis are estimated regionally and aggregated up to a U.S. total.
Exanining the regional tax credit eligibility results for Case Il -
Option 2 (natural gas price deregulation case with a -1 equipment price
elasticity and 25% of oil/gas used in electricity generation in 1997 as
a percent of 1981 use) reveals only region 7 being ineligible. A sen-
sitivity test of the tax credit eligibility model was undertaken to
determine under the natural gas price deregulation scenario (Case II)
the smallest equipment price elasticity that allows the HPWH to be eli-
gibile for the energy tax credit. A price elasticity of -0.75 is found
to provide a small but positive dollar value of savings of oil/gas to
the economy even after the revenue loss to the treasury is subtracted
out (the -0.75 equipment price elasticity is equivalent to only a 11.25%
increase in HPWH sales due to the tax credit). Table 13 shows the
regional results of this exercise where regions 1, 4, 5, and 7 are by
themselves not eligible for the energy tax cerdit for the HPWH, but the
dollar savings of oil/gas of the remaining six regions make up for this

shortfall.



Table 13. Net $ valu= o>f sawings of oi/gas for HPWH
sales due to the enargy tax credit by federal region
(Millions of dollars)

Equipment price

Federal region

elasticity 1 2 3 L 5 6 7 8 9 10 Us
-1.0 .79 7.25 7.7 2.99 1.57 8.94 -1.43 2.13 5.06 2.95 41.97
-0.75 -1.40 2.65 0.95 -E£.12 -0.29 2.05 -1.83 1.20 0.98 0.93 0.13

_VV_
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Table 13 also shows for comparison the regional results of a -1
elasticity applied to the natural gas deregu]étion case.

The techniques for tax credit analysis described in this report are
useful for evaluating new energy conserving technologies in addition to
the HPWH. The Department of Energy has utilized these models to est%-
mate the eligibility of other items produced by manufacturers who have
applied to the Internal Revenue Service for a residential tax credit.

Areas needed for future research into tax credit eligibility
including some shortcomings of the techniques described in this report
are:

(1) More accurate data is required concerning the age distribution
of the particular energy consuming equipment likely to be replaced by a
new technology;

(2) The equipment choice model may not correctly reflect consumer
uncertainty of reliability and future maintenance and operating costs of
a new technology;

(3) Work is needed to empirically verify the functional form of the
market penetration curve in the equipment choice model by analyzing the
growth in sales of new technologies, in addition, the parameters of this
function for a new technology is likely to depend on its stage of de-
velopment and market penetration; and

(4) Research into providing more accurate estimates of oil/gas use
by electric utilities would result in léss uncertainty over oil/gas

savings due to replacement sales of new energy conserving appliances.
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This result requires that the prespecified penetrations not approach
saturation. The assumed non-incentives national sales were halved
and doubled, so if the model were completely free of any "scale"
effects all forecasted sales and benefits would be half or double
proportionally. The total net savings value (dollar value of
savings of oil/gas minus the revenue loss to the treasury) for the
baseline model run is $41.97 M, for the one-half scale case $22.21 M;
and for the double scale case $81.87 M, both cases being very close
to proportionate.

For the regional distribution of sales, the largest scale effects
occur in 1985 for regions and fuels where the heat pump water heater
has a relatively high penetration in the non-incentives case.
Changing the functional form of the cumulative distribution function
would be a very similar manipulation and would be expected to have
similar effects.

e assume that the manufacturers surveyed to obtain the HPWH sales

forecasts in Table 5 expected a decontrol of natural gas. This
makes the assumed basis of our input data consistent with the
assumptions of our forecast. An alternative approach would be to
assume that the forecasts are based on a no decontrol assumption and
use the at's from the base case. This alternative approach is
equivalent to modifying the non-incentives sales in accordance with
the o;'s of the base case. Since the change would be smaller than
those Tnvestigated in our sensitivity test (see footnote 13), no
appreciable change in our final results could be expected.

The available data does not contain information that would
distinguish the effects of these aspects of the choice modeled
above. Furthermore, as noted in Appendix A, such effects may not be
distinguishable with any possible data on a two alternative choice.

Our use of an oil price premium reflecting the national security
value of o0il is based on a survey of studies by Harry G. Broadman,
"The Social Cost of Imported 0il: Theoretical Issués and Empirical
Estimates," presented at the IGT Symposium, " Planning for Energy
Disruption," Washington, D.C., May 10-12, 1982.
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APPENDIX A. A Generalized Economic Choice Model

t

The economic model of choice described in this appendix applies to
an option like the HPWH which has high initial costs and lower operating
costs than its alternatives. This choice model is a generalized econo-
mic model of which the equipment choice model described in the main body
of this report is a specific case.

A consumer (denoted by i) is assumed to obtain a utility value equal
to:

uj = fi(r) + Ky
where

r is the critical discount rate of the investment, f(r) is a func-
tion that is monotonically increasing in r with f(r) > 0 for r > r? >0
with r: being the consumer's individual discount rate. The parameter
ki represents a possible direct reduction in utility associated with the °
uncertéinty of the option and it is assumed that ki < 0. The consumer will
choose an option like the HPWH if u; > O.

Two alternatives provide an exp]anation of why consumers are less
1ikely to purchase a new option with uncertain benefits or performance.
The first is that the consumer will employ a higher discounl rate in a
comparison of an option with uncertain benefils with one whosc benefits
are inore certain, than a comparison of two options having benefits and

performance that the consumer is more certain of.
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The second is that the uncertainty of an option per se makes the
item less desirable when at the same time the consumer is using his ori-
ginal discount rate in evaluating the option. In reality, a consumer
will probably use a combination 6f the above two alternatives.

Recall, that ki is different from zero if the uncertainty about the
new technology (i.e., the HPWH) reduces the utility value from the HPWH

*
directly instead of (or in addition to) effecting the value of ry,

However, for this explanation we assume k; = 0, because in the simple
*

case of only two alternatives the effects of changing k; and r; are

indistinguishable. For instance if fi(r) = 2Znr + b; and kj = c; then

* -
ri = e bi/z.

But the HPWH will be chosen if, and only if, f(r) + k; =
(2gnr + bj + cj) > 0 which is identical to the hypothetical model f(r)
- 20nr + b and ki = 0, with b{ = by + c; (and thus r; = e>i/%).

Note that in this model if b; and c¢; is distributed as logistic with

location parameter g (i.e., the cumulative distribution function

1

F(x) = T TxReT

then we obtain the model of this report with

a = e"9,



-52-

APPENDIX B. Regional Fuel 0il ahd Natural Gas Use for
Electricity Generation

Aproximately 27% of the electricity generated by utilities in the
U.S. in-1980 was fueled by o0il and gas (13% oil and 14% gas). This does
not mean that any base peak load reduction will be primary energy
savings of 27% in oil and gas. Utilities facing a drop in demand or
load will first reduce their consumption of oil and gas (if any used in
electric generation) before reduction of coal, nuclear, or hydroelectric
occurs. Fuel oil and natural gas are substantially more expensive than
traditional base load fuels - coal, nuclear, hydro.

The regional variation in the use of oil and gas used for electri-
city generation is considerable. Table B.l shows that in 1979, region
10 (Pacific Northwest) consumed 0.9% o0il and gas for electricity genera-
tion, whereas for region 1 this value was 56.3%. It seems obvious that
any electricity saved in region 1 will be totally oil and gas generated,
but it is not clear how much oil and gas will be saved in regions where
the fraction of oil and gas for electric generation is in.the 10% to 20%
range.

A survey of electric utilities (Appendix C) was conducted to explore
the use of fuel oil and natural gas in the course of a utilities' daily
power production. Only by discussing fuel allocation for electric
generation with a utilities' manager of power broduction can one deter-

mine what hours during the day any oil or gas is used for electricity



. *
Table B.1. Regional electricity generation by fuel o0il and natural aas - 1979

Kggog?%%igggrs o % of fuels used for geﬁeration

Region Fuel oil Gas Total generation Fuel oil Gas 0il & gas
1 43,350 735 78,253 55.4 0.9 56.3
2 28,244 9,268 131,879 21.4 7.0 28.4
3 39,594 1,490 273,085 14.5 0.5 15.0
4 55,701 21,644 466,769 11.9 0.5 12.4
5 20,012 7,261 435,713 0.5 0.2 ' 0.7
6 15,884 218,185 313,114 5.1 69.7 74.8
7 2,660 12,883 108,427 2.5 11.9 14.4
8 A 774 3,535 94,200 0.8 3.8 4.6

9 65,430 52,243 201,606 32.5 25.9 58.4
10 837 390 135,369 0.6 0.3 0.9
US‘ 302,948 329,486 | 2,247,359 13.5 14.7 28.2

*
Edison Electric Institute Statistical Year Book for 1979.

**Includes electricity generation by coal, nuc]ear,‘and hydro in addition to fuel oil and natural
gas.

_ES_
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generation. This study assumes that for any particular hour of the day,
if any oil or gas is used for electric generation, there will be 100%
savings of oil or gas to a conservation induced Toad reduction during .
that hour. From discussions with utility power managers (Appendix C) it
becane apparent that any load reduction in daylight hours for most uti-
lities consuming approximately 30% or more of oil and/or gas for
electric generation per year will have direct 100% savings of oil and/or
gas for'the anount of electricity saved. In many cases, utilities with
only a 10% to 20% yearly use of oil and/or gas for electric generation,
still use that fuel for generation 16 hours per day, 5 or 6 days per
week.

The particular load use patternZ0 for a conventional electric or
HPWH is concentrated primarily between the early morning hours and mid-
night (Fig. 2). This tiine period coincides with the hours that a
majority of electric utilities using oil and/or gas for peak load
generation use those fuels. Therefore, it is assumed that the energy
savings due to the replacement of an electric water heater with a HPWH
for a utility using oil and/or gas during daylight hours will be
entirely in. oil and/or gas.

The transfer of electrical energy between federal regions also has
an important indirect influence for estimating the amounts of oil and
gas saved in electricity generation load reduction. For example, region

10 in the Pacific Northwest consumes 0il and gas for only 0.9% of their
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electricity generation (the predominant power source for their genera-
tion is hydroelectric) but any reduction in their load allows utilities
like Bonneville Power to sell their excess hydroelectric generated power
to utilities in California which use 0il and gas for 70% of their
electricity generation. This transfer of electrical energy, which is
widespread throughout the U.S., has as its main consequence, the reduc-
tion of 0i1 and gas use for generation of electricity.

Combining the information from the (1) discussion with power pro-
duction managers in the 10 federal regions, (2) estimates of indirect
savings of oil and gas due to electrical energy transfers between and
within federal regions, and (3) the regional percentages of oiland gas
used for electricity generation (Table B.1), the following estimates of
percentages of o0il and gas regionally used for electric generation that
wou1d.be saved by load reduction are obtained and presented in Table B.2.

Table B.2. Percentage of electricity saved that is generated
by fuel o0il and/or natural gas

Region 1 2 3 4 5 6 7 8 ] 10

% 100 95 90 22.5 55 100 30 5 100 90

Io be on the conservative side these percentage values are reduced by
10% and it is also assumed in the tax credit computer model that these
percentages decline exponentially to a fraction of the values listed in
Table B.2 to account for the expected reductions of utilityvuse of oil
and/or gas through 1985 (this estimated decline in oil/gas use is

discussed in Chapter 4).
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APPENDIX C. Electric Utilities Surveyed for Fuel 0i1 and Natural
Gas Usage Patterns

The power production managers of the following electric utilities
were contacted to discuss how their particular organization utilizes oil
and/or gas for electric generation. This sampling of utilities are
located in the federal regions where uncertainties existed concerning
the proportion of o0il and/or gas saved due to electricity load reduc-
tions due to new conservation technologies. The discussions were con-
cerned primarily with: | .

(1) the average annual percent of electricity generated by oil/gas,

"(2) percent hours/year that some oil/gas is used for electricity
generation as well as the particular hours during the day,

(3) percent of electricity transferred or purchased from other
utilities and their location, and

(4) future forecasts of oil/gas use in generation.
Utilities contacted were:
1, Alabama Power and Light, Birmingham, Alabama.

2. Commonwealth Edison, Chicago, I11inois, Barbara Arnold, News
Information Departinent.

3. Detroit Edison, Detroit, Michigan, Wadi Abbu, Fuel Research
Analyst.

‘4. Florida Power and Light, Miami, Florida, John Seelke, Power v
Research Analyst.

5. Georgia Power Company, Atlanta, Georgia, Chuck Whitmer, Power
Supply Manager.
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Kansas Power and Light, Topeka, Kansas, Hal Hudson, Director of
Public Affairs.

Pennsylvania Power and Light Company, Allentown, Pennsylvania,
Mr. Harsell, Power Production.

Public Service Company of Colorado, Denver, Colorado, Lloyd

Halles, Vice President of Power Production.

Virginia Electric and Power Company, Richmond, Virginia, Dan
Green, Power Plant Manager.

Union Electric Company, St.'Louis, Missouri, Thomas Kennedy,
Manager of Power Production.
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