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ABSTRACT

This paper provides .a quantitative analysis of the behavior of the
market for the purchase of energy efficiency in residential appliances
and heating and cooling equipment~ We examine the historical efficiency
choices over the period 1972-80 for eight consumer products: gas central
space heaters, oil central space heaters, room air conditioners, central

r conditioners, electric water heaters, gas water heaters, refrigera­
tors, and freezers0 We characterize the behavior of the market for
these products by an aggregate market scount rate~ Except air
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INTRODUCTION

This study provides a quantitative analysis of the behavior of the
market for the purchase of energy efficiency in residential appliances
and heating and cooling equipment~ Accurate forecasts of residential
energy use require quantitative assessments of market decisions about
energy efficiencye The results of our investigation of market behavior
can lead to a better understanding of the barriers to investment in
energy conservation'co Understanding market behavior over time is a
prerequisite to an evaluation of the need for and importance of pol­
icies to promote energy efficiency~

The importance of the analysis DOEis assessment of Consumer Pro-
ducts Efficiency Standards relates to its use in forecasting the

the direct impacts standards (energy
cost standards) depend

ency would incor~

standards@ The research
methodology and data in base case

improving estimates
Standards~

S , we ne efficiency choices for
consumer products: gas heaters, oil central space
, room air condi oners, central r oners, electric water

gas heaters, gerators, and freezers~ These products
because they account for a major part of residential

on, data on ciency and costs are readily available,
by DOE ciency standards&

ze or market for these ght products
e quantity whi we 1 an aggregate market discount rate~

aggregate market scount rate quantifies the behavior of the market
with respect energy efficiency decisions. Choices by

are constrained by the decisions made by the
appliances, the wholesalers or retailers who distribute

third party appliance installers such as builders or
umbers@ The value of the discount rate reflects the actions of all

decision ~ It is determined empirically from data on the
ency and cost of appliances purchased between 1972 and 1980. By

exami ng the storical behavior of the market discount rate, we can
better understand the factors that influence efficiency choice@ Furth­
ermore, the market discount rate can be used as a parameter in forecast­
ing future residential energy consumption~ More detail about this work
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may be found in an lBL report being prepared for publicatioo*l

METHOD

A discount rate is a measure of the present value of Inoney received
or spent in the future. For example, if someone values an income of
$110 received a year from today the same as an income of $100 received
today, that person has d discount rate of 10 percent per year~ Thus,
given the discount rate r, one can calculate the present value of a
stream of income (or expenditures) using the formula

pv= t Xi
t=l (1 + T

where
------x

t
::: Income in year t

N = Duration of income stream in years@
a constant stream of income, this formula becomes

we have ned present factor by

(1)

The analysis assumes that the behavior in the appliance marketplace
can be characterized as if the purchasers of appliances minimize the
life-cycle cost of owning and operating them. The observed average

ciency choice is characterized by an aggregate market discount rate.
is measure is the discount rate at which the minimum of the life-cycle

curve is the observed average ciency choice@ Even if pur-
do not actually decide on the basis of life-cycle costs, the

rate is as a measure of market imperfections~

on 1 ing products of fferent
es the same fuel type~ It does not account for other fac-

that might influence consumer cholce@

1 illustrates the effect of different discount rates on the
on of minimum of the life-cycle cost curve. At higher

~~nU~T rates, the ope the operating cost component is lower, and
the minimum is higher annual energy consumption and lower appli-

c1encye For central air conditioners, a discount rate of 20
t puts the minimum of the Lee curve at 34 million Btu, correspond­

to the annual energy consumption during 1980$ This point is marked
on all three curves@ Rather than using the discount rate to locate the
mi mum of the life-cycle cost curvet we reverse the process and deter­
mine market discount rate from the position of the minimum, which is
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assumed to occur at the average energy use~

The life-cycle cost for an appliance is the sum of the purchase cost
and the discounted operating cost:

LCC =PC + PWF · FP · TI· E J (2 )

where PWF is the present worth factor defined above, FP is the average
fuel price (assumed constant over time, i.e., the consumer expects no
price escalation), TI is the relative thermal integrity, and E is the
average annual energy consu,nption by the appliance. The thermal
integrity factor is included for temperature-sensitive appliances to
account for the effects of changes in the thermal characteristics of the
building shell, such as insulation, on energy consumption~ Finding the
minimum of Equation 2 with respect to energy and solving for the present
worth factor gives

-1 dPC
PWF=--

dE Em.1n'
(3)

Hence, given the analytic form of the cost VS0 energy use curve, we can
evaluate the derivative dPC/dE at the annual energy use corresponding to
average efficiency purchased during any year and determine the aggregate
market scount rate0

cost vSo energy use rel onship we t the data to
form

where
---E

E = + (Eo - E«) exp[-A(C -- 1)].

= annual unit consumption (UEC)
::: highest
::: minimum UEC e at infinite purchase cost
:: PC / peo::: purchase ng E

purchase cost corresponding to Eo
from the shape curvee Us;

n~o~eOV'T worth factor becomes

pea 1
PWF == --- (E - Err.) .

(4 )

this

(5 )

required to perform an analysis of aggregate market
ude: 1) purchase price and unit energy consumption of

gn options for each product; 2) average efficiency pur­
3) energy prices; 4) thermal characteristics of houses; and 5}

a\8c~~~t'Q appliance lifetimes$
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The major sources of datd on the costs and energy use of appliances
are the engineering and economic analyses performed for the U~S~ Depart­
ment of Energy analysis of Consumer Product Efficiency Standards@2,3
These reports provided estimates of the purchase prices of individual
appliances with different efficiencies, as well as estimates of their
average usage. Supplemental data were obtained from Arthur De Little,
Inc. to extend the data back in time to 1972, and forward to 1980 from
the original data sets for 19780 The data were aggregated from the
various appliance classes into a single set of data points representing
the product type. Finally, a least squares fit was performed to the
functional form specified above to obtain the parameters of the curve~

A typical cost VSo energy use curve is shown in Figure 2~

The UoS~ DOE CS-179 Survey of Manufacturers3 provides historical
data from appliance manufacturers on the average efficienc·ies of units
shipped in 1972 and1978~ The efficiency factor (e.g., efficiency,
energy efficiency ratio, etce) for each model is multiplied by the
number of units of the model shipped in that year, then summed over all
models and divided by the total shipments to give the shipment weighted
energy factor (SWEF). Table I shows the SWEFs used to calculate the
market discount rates. Efficiency data from trade associations and
individual manufacturers were used as a check on our resultse

Average energy prices for the t~ree years were obtained from the
Information Admini on@ Winter summer margi electri-

ty rates are used for heating and cooling equipment, respectively.
Marginal rates are calculated as the dverage rate for the 500 to 1000
KWh month block~ Thermal integrity factors were defined as the

ve annual energy consumption for space conditioning end uses,
ng changes from the stock house in existence in 1977 in terms of

thermal character; cs {including insulation, window glazings, infil­
on, etc~)e The thermal integrity values for historical years were

from data. 5 appliance lifetimes are th~ same ues
in the Consumer Product ciency Standards analysis.

Aggregate scount were cal ated for years 1972, 1978
1980~ step is es mate the parameters of the annual

~~~~~riU use vs@ purchase cost curve for each appliance. Evaluating Equa-
5 at E n9 to the SWEF yes the present worth factor,
is a discount rate~ The results presented in
II are sed on a si e cost-efficiency curve for each appliance

the ad 1972-80~ The tabulated discount rates are expressed
per year~ Changes in disco~nt ~dtes over time for a single

ance are due to changes in SWEF, fuel prices, and, in the case of
temperature sensi ve appliances, thermal integrity0 The observed

rates fdll in the range from less than 20 to more than 200 per­
cent year. Those for central space heating and water heating appear
to be increasi over the time period~ whereas the others are either
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decreasing or remaining constant$

To understand these year-to-year differences, we performed an
analysis of the sensitivity of the results to changes in SWEF and the
cost curve parameters. The observed discount rate is extremely sensi-
tive to the assumed SWEF; a change in SWEF of less than five percent
could explain the year-to-year differences. Of the parameters of the
cost-energy use curve, the greatest sensitivity is to the value of E e

Since the other three parameters enter Equation 4 in a similar way, t~y
all have the same percentage effect@

It is our judgement that the SWEFs are known to within five percent@
They would thus lead to relatively little uncertainty in the discount
ratee The parameters of the cost-efficiency curve are less well known,
perhaps to within ten percent. Because of the fitting procedure, E
may be too low, leading to a high discount rate, possibly by as much ~
20 percente Future work on the cost and efficiency of the most effi­
cient products should lead to better estimates these parameterse We
do not believe that the uncertainty will affect the observed change in
discount rate over time~

In calculating the discount rates, we assume that purchasers do not
anticipate any escalation in real fuel prices~ This assumption may not
be warranted, but it is a conservative one0 Putting an assumed infla­
tion rate for energy into the calcul on would t in higher values
for observed scount rates0

As a check on our results, market discount rates were calculated for
gerators, freezers, gas furnaces) and room and central air condi-

tioners n9 histori data on efficiencies from several additional
sources~ The discount rates show the same trends as the CS-179 datae

The high di observed in this study make it difficult to
interpret them as of the operation of a rational markete If a
consumer§s ~~nun~ is gher than the current interest rate and if

ces anal consumer would borrow money to purchase
a more example, an investment of $21 to
i i on, a higher compressor efficiency, a

e door gasket, and an anti-sweat heater switch in a refrigerator
would save $22 per year at 1980 fuel prices, an annual return of 105
percent on the investment~ The data, however, indicate that these
investments are not prevalent@ We believe that the high discount rates

imperfections in the market prevent consumers from making
economically optimal deci ons because:

consumers may have adequate information about appliance effi-
ciencies or access to capital markets;

the person purchasing appliance may not be the one who uses it;
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the price of the appliance may be determined by factors other than
efficiency;

or high-efficiency appliances may not be produced in large enough
quantities to satisfy the demand.

Thus all the participants in the marketplace could contribute to making
the discount rate higho

CONCLUSIONS

Several generalizations may be made from the basic results: (1) the
values of the aggregate market discount rate for the appliances studied
are higher than real interest rates or the discount rates commonly used
in life-cycle costanal.yses of consumer choice; (2) the aggregate market
discount rates appear to be relatively constant over time, with rates
for some products (space and water heating) increasing somewhat over the
past decade and rates for others (freezers and refrigerators) decreasi
over the same time period; and (3) the sensi ty analyses show consi
erable changes in results as inputs are variedo This large variation
combined with other limitations of the analysis suggests that consider­
able care must be used in scussing the numerical results; however,

rst two observations are likely to be meani in a itative
sense~

1,
e II indicate

tern purchased does
high on i

UfB~;nvm~.gu of underinvestment in ~n~~~~nl

proposed:

~ lack or high cost of information about costs and benefits of energy
improvements or a 1 of understanding by purchasers of

s i on i fit is 1ab1e;

~ or purchase decisions (e@g~, 1
equipment for rental property; need for i.ntnediate

functioning equipment);

fJ lability high ciency equipment in retail stores or the
lability highly cient equipment without other features

( 1 ugold-plating U
) that may not be desired by the average

purchasers;

~ s deci ons to improve product efficiency are often
secondary to other design changes and take several years to irnple­
ment; and/or
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marketing strategies by manufacturer or retailer that intentionally
lead to sales of less efficient equipment.

Several studies have been initiated to compare these explanations with
empirical data.

A significant finding from Table II is that the aggregate discount
rates have changed only modestly over time. We are aware of no other
work that has investigated the behavior of the market for ener~ effi­
ciency in residential appliances over time. Previous studies -8 esti­
mate discount rates for a single appliance type during one year. Our
work indicates that the behavior of the market during the period 1972 to
1980 has been relatively unchanged (in terms of return on investment for
energy efficiency in consumer products) 0 The market for appliances does
not appear to be influenced by rapidly sing energy ces and consumer
awareness of energy issues~ This is similar to the results for invest­
ment in thermal integrity in houses obtained by Levine and Scott~9

i ons into or appliance market-
ace are underway to low up on this work~ We are continuing to

examine possible effects of programs aimed at making effi-
appliances more ve to 0 Studies of lity

~~~.fi~~ve programs the labeling program will be completed0
ve for market behavior, such as internal

1 cons;

D~ and McMahon J~

ency in
IU

Behavior the
Appliances and Home

preparation) $

Energy, uCon­
S Document,n

and KenleWclD

Economic

on Administration,
~vVf8vm C Sector from 1980 through

5@ u~ S~

UNati
Energy, Energy formation Administration,

Consumption Survey (NEICS),U (1980)@

A@, "Individual Discount Rates and
Energy-Using Durables,13 Bell J

1 page 33 (Spri 1979)$ .---- -------

Purchase
Economics,
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7@ Gately, Dermot, ulndividual Discount Rates and the Purchase and
Utilization of Energy-Using Durables: Comment U Bell Journal of
Economics, Volb 11, No.3, page 373 (Spring 1980)@

8* Meier, Alan and Jack Whittier, "Purchasing Patterns of Energy­
Efficient Refrigerators and Implied Consumer Discount Rates,"
Proceedings of the ACEEE Santa Cruz Conference, (1982).

9. Levine Mark Do and R~ E~ Scott, "Estimates for an Economic Model
Incorporating Price and Usage Elasticity Adjustments for Consumer
Decision-Making over Energy Efficiency Options in the Purchase of
New Single-Family Housing,OI Lawrence Berkeley Laboratory report in
preparation.
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Table Ie Shipment weighted energy factors (SWEF)e

Appliance 1972 1978
__. ••- ... ,., .......,......,...... •............. ......... ,~~_.s,~NlU" ........_~.....

Gas Central Space Heater 62.7 63.6
01 1 Central Space Heater 73.6 75.0
Room Air Conditioner 6.22 6.75
Central Air Conditioner 6.66 6.99
Electric Water Heater 79.8 80.7
Gas Water Heater 47.4 48.2
Refrigerator 4.22 5.09
Freezer 8.08 10.07

1980

65.9
76.0
7.03
7.76
81.3
51.2
5.72

10.83

Source: Department of Ener Survey of Manufacturers

e I. Aggregate market discoynt for appliances@

•.-,....,....,..__ ._~ a _ _.__....-. , _

1978

41@9
58.9
19.5

.8
244@4
93.4
69.0

148@8
----~- -- ------

1972

33.5
42.8
17@9
17.1

209.1
66.5
74@0

.4

iance
Gas Central Space Heater
Oil Central Space Heater
Room Air Conditioner

r Condf
c Water Heater

Gas Water Heater
gerator

_.-----_._-_ ......_------
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