














































PERFORMANCE ISSUES 15 

Table 9. Energy Savings From Furnace, Boller, Water Heater and Air CondltlonerlHeat Pump Retrofit DevIces 

Retrofit 
Measure 

Electro-mechanical vent or flue 
damperc.g 

Derate plus E/M damperd 

Thermal damperd 

Intermittent ignition devicee 

Intermittent ignition device 
plus dampere 

Flue gas heat reclaimer or 
economizerd.s 

Flue gas heat reclaimer with derate 
and damperd 

High-speed flame retention burnerS 

Insulation wrap (R-II )' 

"Heat trap" convection inhibitor in 
hot water line' 

Heat recovery unit for water heatingh 

AppUcable 
Products-

F,B 

F,B 

F,B 

F,B 

F,B 

F,B 

F,B 

F,B 

F,B 

WH 

WH 

CAC/HP 

aF-furnace; B-boiler; WH-water heater; CAC/HP-central air conditioner 
or heat pump; O-oil; G-gas; E-electric. 

"The energy savings are relative to standard models like those typically 
purchased in 1980. 

cTS. Zawicki, et aI., "Effect of Building Characteristics on Gas Appliance 
Performance and End-Use Efficiency," report prepared by Institute of Gas 
Technology for Gas Research Institute, May 1982. 

<low. DeWerth and R.L Loria, "Upgrading the Seasonal Efficiency of Gas 
Heating Systems," report prepared by American Gas Association Laboratories 
for Gas Research Institute, December 1981. 

eAn intermittent ignition device is an electric starter which is used in place of a 

retention burner can reduce losses through the heating system 
during off periods as well. A field survey on Long Island, NY, 
showed that replacing ordinary oil bumers with flame retention 
units reduced annual fuel usage 14'!() on the average, the aver­
age savings level predicted in laboratory tests.67 

The "heat recovery unit" is another device gaining in popu­
larity particularly in hot climates. This device, consisting of a 
heat exchanger and controls, utilizes waste heat from a central 
air conditioner or a heat pump operating in the cooling mode 
for water heating. Besides supplying hot water, tests have 
shown that the heat recovery unit can also slightly raise the 

Applicable 
Fuel-

O,G 

O,li 

O,G 

O,G 

G 

G 

O,G 

O,G 

0 

E,G 

E,G,O 

E 

Estimated Energy Savlngab 

Range (%) Average (%) 

0-19 

0-14 

8-20 

3-8 

2-6 

14-16 

9-20 

21-24 

5-22 

5-12 

35-60 

8-9 

6 

14 

2 

gas pilot. The savings estimate for this device is based on computer simula­
tions. See Reference 37. 

'Cw. Ek, et aI., "Electric Water Heater Energy Retrofits-Safety and Energy 
Savings Findings," Bonneville Power Administration, Portland, OR, paper 
presented at the ACEEE Energy Efficient Buildings Summer Study, Santa Cruz, 
CA, August 1982. 

S"Upgrading Your Oil Hot-Water Home-Heating System," OOE/11C-11231, 
report prepared by Brookhaven National Laboratory for U.S. Department of 
Energy, August 1980. 

h"FPL's Watt-wise Products Program-Conservation Water Heating," Florida 
Power and Light Co., Miami, FL, 1982. 

efficiency of the air conditioner or heat pump by reducing the 
load on the compressor.68 

Based on computer simulations of the performance of heat 
recovery units in single family houses in various locations, the 
amount of energy recovered is estimated to range from 
800-1200 kWh per year, which provides a water heating savings 
of about 20%.69 Florida Power and Light Co. estimates much 
higher savings in their service area; in particular, a reduction in 
water heating energy consumption of 35-60%.70 (This estimate 
is included in Table 9, although it should be used with caution 
until actual performance data are obtained.) 
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Figure 7 A Market Shares of Major Product Manufacturers by Product (1978) 

RACa CACa 

MAG'C CHE' WHI~~OOI. 

~ 
~HEEM ,",uoo 

"EOOE~S 

G.E. 

I..NNOX 

MeG .. Aw..ID'SON 

MAYTAG 

ADM'''AL 

G .•. 

G.IJHOTI'O'NT 

OTH .... 

G.E 

WESTINO 
HOUSE 

OTHE~S 

WHI~I."OOI. 

ELECTRIC DRYERS 

FREEZERS 
TPI 

~UOO 

A~MSTI'IONG 
TAPPAN FUI'INACE 

ELECTRIC FURNACES 

SOURCE: MERCHANDISING MAGAZINE 

OTHE ... ,,. .. .. 'O'DA' ... 

REFRIGERATORS 

ADMI .. AL 
TA .... AN 

SINGI .. L.NNOX 

WESTINGHOUSE 

~HIEM/~UDD 

GAS FURNACES 

WH ITI-WEST IN GHOUR 

JENN-Alfil WHII'IL"OOI. 

GAS RANGES/OVENS 
ELECTRIC RANGES/OVENS 



m. Marketplace Issues 

A Domestic Appliance Industry 

The domestic appliance industry sells approximately $13 bil­
lion worth of residential appliances and space conditioning 
equipment per year and employs some 300,000 workers. Net 
profits are typically 4-5% of sales. 71 The largest firms spend over 
5% of their net sales revenues on research and development, 
while small and medium size firms spend only 0.8-1.6%.72 

The pie charts (Figure 7A) show each major manufacturer's 
market share for the different products in 1978. The top six 
appliance firms manufactured at least 75% of all products 
except furnaces. 73 Despite this degree of concentration, the 
appliance manufacturing industries are relatively price com­
petitive. Throughout the 1970s, the real price of appliances 
went up at less than half the rate of increase of either the 
producer price or the consumer price indices. The price rises 
were moderated not only by competition, but also by increas­
ing automation in production. 

Housing starts and the health of the economy in general 
strongly affect the demand for appliances and space condi­
tioning equipment. Therefore, much of the appliance industry 
experienced a major recession during 1981-82. The union 
representing workers manufacturing refrigerators and other 
"white goods" (washers, dryers, ranges, dishwashers) re­
ported 25,000-30,000 layoffs between October 1981 and May 
1982.74 Department of Labor data showed a Spring 1982 unem­
ployment rate of 18% for the home appliance industry. 

Despite the major recession plaguing the housing industry, 
gas furnace shipments were down only slightly in 1981, and 
sales of central air conditioners and heat pumps actually 
increased.15 One explanation for the relatively good health of 
these sectors is the interest of consumers in retiring the older, 
inefficient appliances early in favor of more efficient models. 
Efforts to encourage early retirement for other appliances could 
provide an important stimulus to the appliance industry and 
thereby preserve jobs. This could be particularly important in 
1983 as the industry moves out of its recession, since appliance 
manufacturers are continuing to automate and increase pro­
ductivity.76 

B. Economics of Improved Efficiency 

Highly efficient residential appliances generally cost more than 
models of average efficiency. Table 10 shows quotations of the 
installed cost for some of the top-rated products now on the 
market along with the increase in first cost compared to mod­
els of average efficiency. (The costs were obtained primarily 
from dealers and contractors in the metropolitan Washington, 
D.C., area.) For electric water heating, the highly efficient heat 
pump water heater is 4-5 times more expensive than an ordi­
nary resistance water heater. For the high efficiency furnace, 
gas water heater, and central air conditioner, the first cost 
approximately doubles. On the other hand, the highly efficient 

Appliances, Energy Efficiency and Unemployment: A Tale of Two Cities 

The grim picture in Louisville, Kentucky 
On the southern edge of this industrial city lies General Electric's Appliance Park, the nation's largest center for manufacturing 
major "white goods": refrigerators, washers and dryers, ranges and dishwashers. Appliance workers here have been hit hard 
by a combination of increasing automation and the recession. In Spring, 1982, their ranks at Appliance Park were down to 
15,000, more than 30% below the employment level of 22,000 a few years back. For unskilled workers coming out of the farms 
and small town of Kentucky, the dream of a well-paying job at G.E., Kentucky's largest employer, has ended for the foreseeable 
future. 

Source: New York Times, May 22, 1982. 

The bright picture in Marshalltown, Iowa 
Sales of furnaces, boilers and central air conditioners are strongly influenced by the housing industry. With housing in the 
midst of a deep recession, residential gas furnace shipments dropped significantly in the first half of 1982. But in Marshalltown, 
Iowa, Lennox Industries has rehired its laid-off workers and has added a second shift on one of its assembly lines. The reason: 
Lennox's new pulse combustion furnace, one of the most efficient furnaces now marketed in the U.S. An extensive promotional 
campaign, including ads on network television, should keep demand for the new, highly efficient furnace growing. 

Sources: Air-Conditioning, Heating and Refrigeration News, August 2, 1982, and Marshalltown, Iowa Times-Republican, 
May 11, 1982. 
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refrigerator and freezer are only about 10% more expensive than 
their counterparts of average efficiency. 

The additional first cost for more efficient products may not 
be due entirely to increased production expenses, i.e., extra 
materials and labor. The selling price may also reflect what 
manufacturers and retail dealers believe consumers are willing 
to pay for greater efficiency and, in many cases, a substantial 
reduction in operating cost.77 Increasing competition as more 

Table 10. First Costs for Highly Efficient Residential 
Products-

Increased FIrst 
Capacity Installed Cost Compared 
(useful Cost to Standard 

Product output) (1982 $) Model (1982 $}b 

Lennox pulse 72,000 BTIJ/hr 2,100 1,000 
combustion gas 
fumace" 

Rheem/Ruud 42,000 BTIJ/hr 3,500 650 
RPGA and UPGA 
series heat pumpd 

DEC International 74 gal/hr 1,550 1,200 
heat pump water 
heatere 

Amana EGWH gas 107 gal/hr 700 350 
water heater' 

Lennox Landmark 39,000 BTIJ/hr 2,300 1,000 
IV, HS-14 central 
air conditionerS 

Carrier FFA 7091 9,000 BTIJ/hr 520 140 
room air 
conditionerh 

Amana TSC·18E 18 cubic feet 900 100 
refrigerator/ 
freezer i 

Kenmore 22166 16 cubic feet 510 40 
upright freezeri 

"Cost data was obtained during 1982 primarily from dealers and contractors 
serving the metropolitan Washington, D.C. area. 

bSee Table 5 for the efficiency of the top-rated and standard models. The cost 
difference is relative to the product made by the same manufacturer close in 
its efficiency to the typical 1980 model. Except for energy efficiency, the two 
products are equivalent to the greatest extent possible. 

cPrices obtained from Alma Heating and Air Conditioning Co., College Park, 
MD and John C. Dorsey Co., Riverdale, MD. Ductwork is not included. 

dCapacity is for cooling; prices obtained from Alma Heating and Air Condi· 
tioning Co., College Park, MD and Academy Heating and Air Conditioning Co .. 
Rockville, MD. Ductwork is not included. 

eCapacity for the 80 gallon DEC HPWH is given in terms of first hour rating; 
prices obtained from DEC International. Inc., Madison, WI and National 
Plumbing, Bladensburg. MD. It is assumed that the standard model is an 
electric resistance water heater. 

'The Amana EGWH water heater is used with an Amana "Energy Command" 
condensing furnace (see Figure 4). The capacity corresponds to use with the 
80.000 BTIJ/hr input furnace; prices obtained from Academy Heating and Air 
Conditioning Co .. Rockville. MD. EX Rickett and Sons, Accokeek, MD, and 
National Plumbing, Bladensburg. MD. 

sPrices obtained from Alma Heating and Air Conditioning, College Park. MD. 

hPrices obtained from Automatic Equipment Sales, Alexandria, VA. 

iprices obtained from Amana Refrigeration Co., Columbia, MD. 

iprices obtained from Sears Catalog, Fall/Winter, 1982. 

manufacturers introduce high efficiency models along with 
production experience and market development should help 
to bring down the first cost of these models. For instance, one 
heat pump water heater manufacturer reduced the price of its 
unit 25'}" in the summer of 1982 after several other manufac­
turers offered this product.78 

In terms of total life cycle cost, the highly efficient appliances 
and space conditioning products tum out to be very good 
investments, as the higher price is more than compensated for 
by reduced operating costs. Table 11 shows the simple payback 
period and the real rate of return on the additional investment 

Table 11. Cost Effectiveness of the Additional 
Invesbnent for Highly Efficient Products-

Real Return on 
Simple Additional 

Payback Period Investment 
Product (yrs) (%/yr) 

Lennox pulse combustion 8.5 16 
gas furnaceb 

Rheem/Ruud RPGA and 7.5 10 
UPGA heat pump" 

DEC International heat 7.1 12 
pump water heaterd 

Amana EGWH gas water 7.1 17 
heaterd 

Lennox Landmark IV central 6.9 11 
air conditionere 

Carrier FFA 7091 room air 5.7 17 
conditioner' 

Amana TSC·18E 3.2 34 
refrigerator/freezer 

Kenmore 22166 upright 1.9 58 
freezer 

G.E. 22W Circlite fluorescent 4.3 22 
lightS 

Westinghouse 28W compact 4.8 10 
fluorescent lightS 

"The methodologies and assumptions used for computing payback period 
and return on investment are presented in Appendix A. These calculations 
apply to the additional first cost for the most efficient products relative to 
models by the same manufacturer close in efficiency to typical 1980 models. 
(See Tables 6 and 10 for the first cost and cost difference data) 

bBased on annual heat load of 50 MBTIJ, which is derived from the average 
fuel input value for gas· heated households in 1980 of 84 MBru (see Table 2 
and Reference 83). Cost effectiveness would increase at higher usage rates 
such as those representative of single family homes. 

cBased on an annual electric space heating load of 9000 kWh (see Table 2 and 
Reference 83). No credit is taken for the reduction in space cooling electricity 
consumption. 

dBased on hot water usage of 38 gallons/day which corresponds to approxi· 
mately 3910 kWh annual electricity consumption for the standard resistance 
water heater and 220 therms of natural gas for the standard gas water heater. 
(See Reference II.) Cost effectiveness would increase at higher usage rates 
such as those representative of single family homes. 

eBased on central air conditioner usage of 1000 hours per year, the national 
average assumed by U.S. DOE. (See Reference 37.) 

'Based on room air conditioner usage of 750 hours per year, the national 
average assumed by U.S. DOE. (See Reference 37.) 

aBased on 1200 hours per year usage. The recurring cost for incandescent 
bulb replacements is included in the economic calculations. 



(ROJ) for some of the top models currently available.* 
For this analysis, the top models are compared to equivalent 

models (made by the same manufacturer in most cases) 
which have an efficiency similar to the average for products 
produced in 1980. The calculations were done using national 
average elJergy prices and estimated average usage factors. 
Appendix A contains a detailed description of the methodology 
and assumptiulls. 

Table II shows that the simple payback period ranges from 
about 2 to 8 years, or from 9% to 77'X of the average lifetime of 
the products (see Appendix A). On average, the simple pay­
back period is less than half of the lifetime of the products 
listed. 

*The simple payback period is the number of years it takes for energy 
cost savings to equal the increased cost of the more efficient product. 
The return on investment (ROI) is equivalent to the interest rate 
offered on money deposited in a savings account or invested in a 
money market fund. The interest rates are "real" since they are the 
rates above inflation. Thus, if inflation is 5~\. and the real ROI is 4"", one 
would actually be paid 9%. It also should be recognized that the 
"interest" from an investment in an efficient appliance is tax free, 
whereas interest from a savings account or similar investment would 
be taxed at 20-30% for most Americans. 
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Table II also shows that the ROlon the additional first cost 
ranges from 10% to 58% per year. For comparison, the rate of 
return above inflation and after taxes for other investment 
opportunities for individuals (e.g., savings accounts or money 
market funds) is less than 2% per year.79 

The relationship between first year energy cost and ROI is 
illustrated for four electric appliances in Figure 8. The ROI for 
highly efficient models depends to a significant degree on the 
initial price of electricity. In places like New York City or San 
Diego where electricity is very expensive ($0.12 per kwh or 
greater), the real ROI for these products can exceed 40% per 
year. On the other hand, with very low prices like those offered 
in the Pacific Northwest ($0.03 per kwh or less), there are 
attractive returns on investment for refrigerators and freezers 
but only a moderate return for the heat pump water heater and 
the circlite bulb. Clearly, investments in highly efficient residen­
tial products can be lucrative for typical consumers, and even 
more attractive for households with above average consump­
tion or high energy prices. 

Investing in energy efficient appliances is also highly desir­
able from a national viewpoint. To determine the optimal allo­
cation of our nation's scarce capital resources, one must com­
pare rates of return from investments in efficient residential 

FIgure 8. Retum on Invesbnent for Different High EffIdency Products 
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products to those from investments in energy supply facilities. 
Investments in efficient appliances are typically much more 
cost effective from a national perspective than investments in 
generating capacity and certainly less encumbered with finan­
cial and environmental risks. For example, the typical real rate 
of return for investments in a new electrical generating plant is 
only 3-41." compared to 10-58% for investments in efficient 
appliances.so Thus, investing in energy supply technologies 
rather than more efficient residential appliances misallocates 
capital resources, and thereby reduces the funds available for 
other purposes. 

Another way to view the cost effectiveness of high efficiency 
products is to consider the "cost of conserved energy (CCE)." 
CCE, explained quantitatively in Appendix A, is simply the 
annual extra cost for a more efficient product (assuming that 
one borrowed the money to pay for it) divided by the annual 
energy savings.HI The CCE can be compared tu the unit price of 
supplying energy (e.g., dollars per kWh) in order to assess the 
economic feasibility of the investment. 

Figure 9 shows the CCE for the various top-rated electrical 
appliances (including lights). For an explanation of the usage 
assumptions, see the notes to Table 11. The calculations were 

made using two discount rates, 3% and 10% real. A 3'X, real 
discount rate is typical of returns realized from energy supply 
investments and is greater than the return individuals generally 
receive from ordinary savings investments. A 10'>., real discount 
rate is used by the federal government in its economic assess­
ments. The CCE is less than the current average residential 
electricity price ($O.068/kwh for privately-owned utilities in the 
first 8 months of 1982) for all products using the more appro­
priate 3~" discount rate for consumer investments. With the 
higher discount rate, the CCE is close to the 1982 average 
electricity price for some of the products. Of course, the highly 
efficient appliances should become even more attractive as 
electricity prices climb. The products with relatively short pay­
back periods also have a very low CCE, on the order of 
$0.01-0.02 per kwh for the refrigerator and freezer. 

Figure 10 shows the CCE for the pulse combustion furnace 
(PCF) as a function of space heating load using the 3~o dis­
count rate. In this chart, the PCF is compared to both a pilot 
furnace and a somewhat more efficient furnace with electric 
ignition and vent damper.R2 As expected, the CCE declines as 
the heating load increases. The PCF, compared with a model 
with electric ignition and damper, still has a lower CCE than the 

Figure 9. Cost of Conserved Energy with the Most Efflcent Electrical Products* 
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average residential gas price ($5.30/MBTIJ for the first 8 
months of 1982 and rising rapidly) with space heat loads down 
to about 38 MBTIJ per year. The threshold is even lower when 
the PCF is compared to a pilot furnace. Since the average gas 
heating load in the nation is about 50 MBTU, the PCF is eco­
nomical in a larger fraction of all gas-heated households~:l Of 
course, an effective building retrofit would reduce heat demand 
and make the furnace investment relatively less attractive. 

The preceding discussion demonstrates that an enormous 
gap exists between economically rational consumer behavior 
and actual practice with respect to appliance purchases. A 
number of other studies confirm this finding. For example, an 
analysis of the cost-efficiency relationship for different appli­
ances in the context of actual purchases in 1978 showed that 
consumers were not taking advantage of products with addi­
tional first costs that paid back extremely rapidly (less than 2 
years in some cases), although there is no evidence that they 
were conscious of this situation.84 

A November 1979 survey in various locations found that as 
electricity prices went up, the purchase of efficient refrigerators 
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actually went down. 85 Similarly, no apparent correlation could 
be found between energy price and utilization of energy effi­
cient heating system features such as electrical furnace igni­
tion, vent dampers, or thermostat timers. Sales data from the 
Carrier Corporation show a slight decline between 1978 and 
1980 in the average efficiency of central air conditioners sold in 
metropolitan New York, the urban area having the nation's 
highest electricity rates.86 Furthermore, the efficiencies of pro­
ducts purchased in this area are no better than those for the 
nation as a whole despite the higher rates. Clearly, the market 
for residential appliances and HVAC equipment is more com­
plicated than can be explained by simple economic models of 
consumer behavior. 

c. Why are Such Inemdent and 
Uneconomical Products Purchased? 

While it is not known exactly why the market for appliances has 
not been "working," a number of factors are recognized as 

figure 10. Cost of COD8elVed Energy for the Pulse Combustion Gas Furnace 
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contributors to the purchase of less efficient and uneconomi­
cal appliances. These include lack of consumer awareness, 
purchases by "third parties," the nature of purchasing deci­
sions, and personal mobility. 

Lack of Consumer Awareness 

Consumers have a very poor understanding of the opportuni­
ties to save energy through efficiency investments. For exam­
ple, consumer surveys conducted in Michigan in 1978 and 1979 
revealed a widespread perception among consumers that 
energy conservation involves either a curtailment of services or 
better management rather than investing in such things as 
weatherization or efficient equipment.R7 When 400 residents 
were asked over the phone to state what measures they know to 
reduce domestic energy consumption, 47 respondents offered 
"use less appliances/reduce electric appliances." No one even 
mentioned buying more efficient equipment. In addition, 
respondents consistently overestimated the savings value of 
curtailment and management measures and underestimated 
the value of efficiency investments. 

Prior to 1980, there were no requirements that appliances 
carry labels indicating their energy efficiency.88 However, in 
response to legislation passed in 1975, the Federal Trade 
Commission (FTC) began to administer a program in 1980 
which requires efficiency/energy cost labels for refrigerators, 
freezers, water heaters, dishwashers, clothes washers, and 
room air conditioners.R9 To prepare the labels, manufacturers 
conduct standardized tests specified by U.S. DOE.90 As shown 
in Figure 11, the labels provide the estimated average yearly 
energy cost for the relevant model, as well as the highest and 
lowest annual energy costs for models with similar features. A 
slightly different label is required for room air conditioners. 
Because the use varies so widely, information is presented in a 
matrix which shows the overall cost resulting from different 
combinations of electricity prices and total operating hours. 

While energy labels should help consumers to recognize the 
merits of selecting efficient appliances, they have major short­
comings. The labels do not inform consumers of the brand and 
model number of the most efficient products. The most effi­
cient model used to establish the range of energy costs on the 
label may not be available in a particular region. The national 
average prices used may substantially understate the actual 
local or regional cost. Moreover, labels do not indicate the 
relative cost effectiveness of particular appliances. Finally, 
some appliance dealers claim that "customers do not under­
stand the labels" and that "the labels were having no impact at 
aIL"!11 Unfortunately, no federal programs exist to advertise and 
explain the labels, nor to educate consumers about minimizing 
appliance energy consumption. 

The FTC began to evaluate the effectiveness of the labeling 
program in mid-1982.92In the meantime (late 1982), the Good 
Housekeeping Institute did a survey of 200 female heads of 
households who had bought major appliances in the past five 
years. uf those who remembered seeing the energy labels, 40% 
said it played no part in their purchase decision.93 Furthermore, 
energy cost was seventh overall out of twelve attributes which 
the women ranked according to importance when considering 
a purchase. 

The information void is even greater for central heating and 
cooling equipment. Furnaces and (eventually) central air con­
ditioning systems are required to have labels that include only 
very general energy conservation information. For data on the 

Figure 11. Example of an Energy Cost Label 

Refriaerator-Freezer 
Capa'clty: 17 Cubic Feet 

(Name of Corporation) 
Model(s) AHS03, AHS04, AHS07 
Type of Defrost Full Automatic 
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efficiency of the specific model, the labels direct consumers to 
"fact sheets" which are supposed to be available from the 
contractor or dealer. For central air conditioners as well as 
heat pumps, the FTC is expected to issue final labeling rules in 
1984. 

A limited survey of heating contractors carried out by the U.S. 
General Accounting Office (GAO) concluded that the furnace 
labeling and fact sheet program has had negligible impact.94 

Fifty-five percent of contractors surveyed reported that no cus­
tomers have asked to see the fact sheets; 36% replied, "few." 
Most doubted the usefulness of the furnace labeling program. 

Information on appliance energy efficiency and energy cost 
can also be found in product directories published by industry 
associations.!!" These directories include the efficiency or 
energy cost based on the federal test procedures for nearly all 
models manufactured and sold in the U.S. However, most 
consumers are not aware of these directories, the directories 
are not readily available, and they are not particularly useful for 
comparison shopping since they do not include lifecycle cost 
data, 

Third Party Purchases 

Many appliance and space conditioning equipment purchases 
are made by "third parties": builders, contractors and landlords 



who install the equipment but do not pay the operating costs. A 
1980 survey by the National Association of Home Builders 
Research Foundation (NAHBRF) of 224 builders showed that 
in new homes, the builder or subcontractor selected the partic­
ular model for the major energy using products (space heating 
and cooling equipment and water heaters) at least 90% of the 
time. 96 In the case of refrigerators, the builder chose the brand 
of appliance 68% of the time and the specific model 47% of the 
time. 

A 1979 survey conducted by Market Facts, Inc. indicated that 
fewer than 25% of all central heating systems (replacement as 
well as original equipment) were purchased directly by the 
user.97 Builders, contractors and plumbing distributors choose 
most water heaters purchased as well.98 On the other hand, 
Market Facts found that up to 80% of all refrigerator purchases 
are made by users. 

Substantial evidence indicates that third party purchasers 
generally do not select energy efficient equipment. In the 
NAHBRF survey, 61 % of the builders said they do not consider 
energy efficiency when selecting appliances and HVAC equip­
ment.99 Builders and contractors are very "price sensitive," 
especially when high interest rates make houses difficult to 
sell. They tend to avoid efficient appliances and space condi­
tioning equipment when this adds to the initial cost of a 
housing unit. 

A comparison of the efficiency of room air conditioners sold 
to the public and to builders and contractors shows that the 
latter groups buy from a pool of less efficient models. For one 
manufacturer, the most efficient air conditioner sold directly to 
the public has an EER of 11.0, while the most efficient "built-in" 
model bought by builders and contractors has an EER of only 
5.9. 100 In a Califomia survey of heating and air conditioning 
contractors, 88 of the approximately 100 respondents said that 
builders would buy less efficient heating and cooling equip­
ment in the absence of minimum efficiency standards. 101 About 
75% felt that manufacturers would promote less efficient 
equipment as well. 

In a 1981 survey conducted by Professional Builder maga­
zine, 46% of participating builders claimed to have upgraded 
appliance efficiency and 76~o reported utilizing higher effi­
ciency HVAC equipment in homes they had constructed during 
the past two years. 102 However, sales statistics do not back up 
these contentions. Trends in the average efficiency of new 
products during the 1970s consistently show the failure of 
builders and contractors to purchase efficient appliances. The 
average efficiency of space heating systems and water heaters 
(appliances purchased largely by builders and contractors) 
showed virtually no increase during the period for which data 
are available (see Table 4). Altematively, the average efficiency 
of new refrigerators and freezers, products for which users are 
responsible for most purchase decisions, has increased signif­
icantly. 

Finally, it should be noted that in rental property, the deci­
sions of the third party purchaser (the landlord in this case) 
supplant consumer decisions not only for initial purchases in 
new buildings, but for replacement purchases in existing build­
ings as well. 

In Section IV, we describe federql and state efforts to imple­
ment minimum efficiency standards. Because such standards 
eliminate very inefficient products, they effectively counter the 
tendency of builders, landlords, and other "third parties" to 
purchase the least efficient equipment. 
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Nature of Purchase DecisioJ18 

Consumers looking for a replacement furnace, water heater, or 
refrigerator are usually concerned with restoring their service 
as rapidly as possible. They shop in haste, paying little attention 
to efficiency or operating cost. The consumer often accepts 
whatever the salesman can deliver immediately. 

Even for the purchaser who actually considers the operating 
cost, other factors--convenience, design features, appearance, 
and durability-may playa more prominent role in the pur­
chase decision. Market Facts found that purchasers pay more 
attention to size, warranty, price and brand than to energy 
efficiency. 103 Moreover, these decisions are often influenced by 
experience with a previous model. If the model "worked last 
time," consumers naturally tend to favor it even if it is inefficient 
by today's standards. Finally, some consumers may not have 
available the extra money needed to purchase a more costly 
energy efficient product. In short, even if consumers consider 
the life cycle cost of appliances (a perspective not taken byvery 
many people), many other factors will affect the purchase 
decision. 104 

Short Tenn Ownership 

Another hurdle for the purchase of cost effective and efficient 
appliances is the rapid tumover of housing. Americans move 
an average of once every five years; owner-occupied housing 
units are sold every eight years on average. lOS Some appliances, 
however, last 20 years or more. Consumers cannot be certain 
that when they sell their house, they will recover the remaining 
increased value of efficient space conditioning, water heating, 
or other equipment left behind when they move. As long as this 
is true, frequent movers do not have the incentive to minimize 
the full life cycle cost of the products they purchase and, 
therefore, they will tend to buy less expensive, less efficient 
equipment. 

D. Foreign Competition 

There is some concem that foreign manufacturers will increase 
their share of the US. appliance market by exporting energy 
efficient products, much like what happened with cars. We 
have already seen, for example, that Sears is now selling a 
highly efficient compact clothes washer made in Italy. So far, 
however, foreign penetration into US. appliance markets gen­
erally has been limited to specialized areas such as small, 
single-door refrigerators (under 10 cubic feet in capacity). In 
fact, as of 1979, US. appliance exports exceeded imports for 
most products. 106 

The lack of foreign competition stems in part from differen­
ces between the appliance markets in the US. and other indus­
trialized nations. Clothes dryers, dishwashers, storage-type 
water heaters, common American amenities, are not widely 
used in Westem Europe and Japan. The Japanese do not even 
centrally space heat their houses, even though their average 
winter is similar to that in Richmond or Tulsa. 107 Furthermore, 
US. appliances are generally larger than their foreign counter­
parts. For example, the average volume of Japanese refrigera­
tors is less than one half that of American refrigerators.l~ 
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However, foreign appliance and space conditioning equip­
ment markets are moving closer to the US. market in terms of 
product types and sizes. For example, the Japanese are now 
making refrigerators as large as 16 cubic feet, only slightly 
smaller than the average size sold in the US. Air conditioners 
are now used in about 40% of Japanese households, up from 
about lO'X, ten years ago. Also, frozen food storage is becoming 
more common in Europe.l09 

Although international efficiency comparisons are some­
what difficult to make due to varying testing procedures and the 
lack of efficiency data on foreign appliances, foreign­
particularly Japanese-products in some cases appear to be 
equal to or better than US. products. The best larger-sized 
Japanese refrigerator/freezer and freezer are more energy effi­
cient than the top American models (assuming the rating 
systems are comparable ).110 The typical room air conditioner 
sold in Japan in 1980 had an EER near 9.0, compared to about 
7.1 for those sold in the US. Japanese manufacturers are also 
making central air conditioning systems which appear to be 
very efficient. III In addition, European and Japanese companies 
have developed advanced products such as condensing fur­
naces and boilers, heat pump water heaters and fluorescent 
light bulbs which screw into ordinary sockets. Moreover, the 
efficiency of Japanese products has been increasing faster than 
that of their American counterparts. 1I2 

The Japanese have begun to pursue new but still rather 
specialized appliance markets in the US. For example, Jap­
anese companies captured about 6% of the American com­
pressor market in 1980 by selling efficient, high quality, compe­
titively priced products. 113 Other components such as controls 
are being sold to US. companies as well. In terms of finished 
products, the Japanese are starting to sell room air conditioners 
and multizone heat pumps in the US. Both Sanyo and Pana­
sonic began marketing room air conditioners with relatively 
high efficiencies (in the vicinity of a 9.0 EER) in 1983. However, 
Carrier, General Electric and Friedrich all make models which 

are more efficient than any room air conditioner introduced by 
the Japanese. The multizone heat pumps produced and mar­
keted by Daikin save energy by allowing residents to heat and 
cool only certain portions of the house.1I4 

Other major Japanese air conditioning equipment manufac­
turers have exhibited their products at industry shows in the 
US. and are carefully investigating the US. market. A Japanese 
trade journal stated: 

Domestic (Japanese) demand for air conditioners has 
leveled off for the past three years. The problem the 
industry is confronted with is how to convert into an 
export industry. 

Japan Air Conditioning, Heating and Refrigeration News, 
October 25, 1982. 

According to US. industry observers, "Japanese components 
and finished products are headed for the US. market. The 
question is 'when', not 'if'. And following close behind is the 
question of whether the domestic refrigerator/freezer, room air 
conditioner and unitary cooling and heat pump markets will 
falter in the face of this new competition. lls 

It is difficult to predict if the Japanese and other foreign 
manufacturers will make major inroads in the US. residential 
appliance market. Changing demand in Japan and other coun­
tries is bringing foreign products more in line with American 
tastes. Although foreign products appear to be relatively energy 
efficient, US. manufacturers have made some notable improve­
ments and should be able to match any technical develop­
ments coming from abroad. Still, US. appliance markets could 
change rapidly in the face of more informed consumers mov­
ing towards higher efficiencies. In any event, increasing the 
efficiency of American products to a cost effective level would 
eliminate a "window of vulnerability" and thus would help 
protect an important domestic manufacturing industry. 



IV. Govermnent Applianee Programs 

A. Federal Standards 

Early History 

In his January 15, 1975, message to Congress, President Ford 
proposed a national goal of reducing the energy usage of new 
appliances by 20'\,.116 By the end of the year, Congress had 
passed the Energy Policy and Conservation Act (EPCA).!17 
EPCA was the first mandatory federal appliance program. It was 
administered by the Federal Energy Administration (FEA) with 
the assistance of the National Bureau of Standards and 
covered 13 types of appliances: ' 
• refrigerators and refrigerator/freezers 
• freezers 
• dishwashers 
• clothes dryers 
• water heaters 
• central air conditioners 
• room air conditioners 
• fumaces 
• horne heating equipment other than fumaces 
• television sets 
• kitchen ranges and ovens 
• clothes washers 
• humidifiers and dehumidifiers. 

The program consisted of four elements: test procedures, 
labeling rules, industry efficiency targets, and energy efficiency 
standards. 

The test procedures were called for in order to have a 
consistent method for assessing and comparing product effi­
ciencies. The labeling rules, administered by the Federal Trade 
Com~ission, established unifonn rules for energy efficiency 
labelIng based on the test results. Energy improvement targets 
were to be set by FEA for each product. The law required that 
t~e targets produce an aggregate improvement in energy effi­
Ciency for all products manufactured in 1980 of at least 20 
percent compared to 1972. If the FEAAdministratordetennined 
that ~ target was not likely to be reached for a particular type of 
applIance, the government could establish a minimum effi­
ciency standard below which products could not be produced. 
The standard had to be set at a level that was both technologi­
cally feasible and economically justified. 

The Carter AdmInIstration 

By the time President Carter took office in 1976, the appliance 
program had already suffered serious delays. Nearly all of the 
deadlines for prescribing testing procedures had been missed 
and, as a result, the national labeling program had not yet 
begun. 

In his April, 1977 message to Congress, President Carter 
proposed revitalizing and strengthening the appliance program 
as part of the National Energy Plan. The President proposed 
establishing mandatory energy efficiency standards without 
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first setting industry-wide targets. Three primary concems led 
to this proposal. 

First, the existing program was still 2 to 3 years away from the 
stage when the FEA Administrator could consider standards. 
Second, the existing industry-wide target approach gave indi­
vidual manufacturers little incentive to reach a target Third, 
setting standards immediately removed the uncertainty asso­
ciated with the target-setting approach, where each manufac­
turer had to guess whether the industry would meet the targets 
and whether standards might be imposed. 

After much debate, Congress adopted the President's pro­
posal, with minor modifications, in the National Energy Act l18 

Congress directed the Secretary of the newly established 
Department of Energy to establish minimum standards for all 
thirteen categories of appliances originally listed in EPCA, but 
required him to give priority to nine: 
• refrigerators and refrigerator/freezers 
• freezers 
• water heaters 
• central air conditioners 
• room air conditioners 
• clothes dryers 
• furnaces 
• home heating equipment other than furnaces 
• kitchen ranges and ovens. 
Under the law, standards for each product only go into effect if: 
1) they result in "significant conservation of energy," and 
2) they are "technologically feasible and economically justi­
fied." If either test is not met, DOE must issue detenninations 
that a standard is not justified. Both minimum standard or "no 
standard" detenninations preempt existing state minimums, 
subject to waivers that DOE may grant if a state requests a 
waiver and if the state program does not interfere with interstate 
commerce. 

Two years later, on June 30, 1980, DOE issued proposed 
appliance standards. 119 DOE's proposal provoked considerable 
controversy. The analysis accompanying the proposal con­
cluded that standards would save 14-25 Quads of energy and 
$15-19 billion in consumer costs between 1982 and 2005. 
Appliance manufacturers, however, charged that the standards 
would adversely affect them and their customers. l20 Some 
industry representatives even claimed that standards would 
result in "ovens too small to cook turkeys" and would eliminate 
such conveniences as the side-by-side refrigerator/freezer. 12I 

However, most of industry's criticisms were directed to the 
certification and enforcement provisions rather than the pro­
posed standards levels themselves. 122 

Table 12 shows some of the major minimum efficien~ 
standards proposed in June 1980. A comparision with the 
efficiency of existing appliances (Table 5) shows that the 
standards proposed in 1980 were very modest In most cases, 
the interim minimum efficiencies proposed to go into effect in 
1982 were less stringent than or equal to the average efficien­
cies of new products. Furthennore, the standards proposed for 
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Table 12. Federal Minimum Efficiency Standards 
Proposed in 1980 and Existing California Standardsa 

Proposed Proposed Existing 
1981 interim 1986 final California 

Product standard standard standard 

Gas furnace b 0.61 0.81 0.71 

Gas water heaterC 0.45 0.62 0.528 

Electric water 0.79 0.93 0.83s 
heaterC 

Central air 7.8 11.0 8.0 
conditionerd 

Room air 7.5 9.5 8.7 
conditionere 

Refrigerator / 4.7 ~.O 5.2 
freezer! 

'Standards are in terms of energy factor; see Table 4 for an explanation of the 
units. Sources: "Appliance Efficiency Standards: Issues Needing Resolution by 
DOE," GAO/EMD-82-78, U.S. General Accounting Office, May 14, 1982 and 
"Regulations for Appliance Efficiency Standards," California Energy Commis­
sion, Conservation Division, Sacramento, CA, Dec. 16, 1981. 

bForced air, indoor furnace. 

cBased on a 40 gallon gas water heater and 52 gallon electric water heater. 

dSplit system on the order of 36,000 BTIJ/hr. 

eFor models on the order of 10,000 BnJ 'hr. 

!For frost-free models with a top mount freezer on the order of 17 cubic feet. 

SIn order to give valueS comparable to the proposed federal standards, the U.S. 
DOE usage rate of 64.3 gallons/day and 90° F temperature rise are assumed. 

1986 were significantly less than the best models available in 
1982. 

Based on comments from manufacturers and the public, 
DOE revised its proposal in the fall of 1980. DOE lowered the 
proposed standards levels an average of 10 percent and relaxed 
the certification and enforcement procedures. Still, it was esti­
mated that the lower levels would save nearly 11 Quads of 
energy and $8.6 billion in energy costs over the 1982-2005 
period. 123 The General Accounting Office described the revised 
proposal as "more in line with industry views."124 

The Carter Administration stated its intention to issue nine 
final appliance standards by the end of 1980. However, the 
standards program was halted abruptly after the November, 
1980, election. On December 17, 1980, five years after final 
passage of EPCA, DOE notified the Congress of its inability to 
make a final determination on appliance standards. 125 

The Reagan Administration 

The Reagan Administration rendered a judgment on appliance 
standards immediately after taking office. In his Program for 
Economic Recovery issued in February, 1981, President Reagan 
called for eliminating the entire standards program. 126 The 
Administration then began a series of actions to delay stan­
dards while seeking Congressional approval of its policy. In 
February, DOE published a notice of its intent not to issue any 
standards pending reconsideration of the more than 1,800 
comments the agency had received on its 1980 proposal and a 
reevaluation of the data supporting that proposal. 127 Over a year 
later, after Congress had rejected all attempts to kill the stan­
dards program and DOE had missed all the deadlines set in the 
National Energy Act, a lawsuit brought by the Natural Resources 

Defense Council and Consumers Union finally forced the 
Administration to propose its own version of appliance stan­
dards in April, 1982. 

This proposal shifted the debate dramatically. Instead of 
proposing new minimum efficiency levels, DOE proposed that 
"no standard" become the federal standard for each product. 128 
DOE argued that any standards other than the proposed "no 
standard" standard would fail to pass the criteria specified in 
the National Energy Act and would have all adverse impact on 
manufacturers, pose a hardship on lower income persons, and, 
in some cases, reduce product utility. 

The new proposal was sharply criticized in public and con­
gressional hearings. The GAO, for example, issued a report on 
May 14, 1982, terming DOE's analysis "unsubstantiated" and 
"highly questionable."I29 A number of conservation and con­
sumer groups attacked the methodology and the major conclu­
sions both in the proposal and in the backup analysis, 130 Many 
of the comments included criticisms of the quality of the 
information used to justify the April, 1982 proposal. Other 
criticisms included DOE's failure to account for recent techno­
logical advances and DOE's unsubstantiated and extremely 
optimistic assumptions about the behavior of the marketplace 
without standards. For example, DOE assumed that although 
the market produced virtually no change in the efficiency of gas 
furnaces and water heaters from 1972 to 1980, a period during 
which the price of residential natural gas increased byapprox­
imately 80% above inflation, the market would cause a 35% 
improvement in the efficiency of these same products from 
1980 to 1988, a period during which gas prices are expected to 
rise by the same amount. 

Another series of assumptions practically guaranteed DOE's 
finding that standards would not pass the "significant energy 
savings" test. DOE evaluated standards set at levels where 
(except for air conditioners) the additional costs for the effi­
ciency improvements are generally paid back in energy savings 
in less than two years. The computer model DOE uses to assess 
market behavior assumes that consumers will make such 
attractive investments without standards. Therefore, since DOE 
had proposed a set of standards so modest that its computer 
showed market forces alone achieving the same result, the 
proposed standards could not possibly have met the "signifi­
cant energy savings" test. 

DC)E's proposed "no standard" also led to a peculiar result 
because of its effect on state standards. When Congress called 
for appliance standards, it intended to accelerate energy con­
servation. Since it assumed that any federal standard would be 
at least as strong, if not stronger, than most state standards, 
Congress provided that federal standards would supersede all 
state standards. This also meant, however, that the effect of a 
federal "no standard," as proposed by DOE for every product, 
would be to eliminate separate state standards. Thus, a law 
intended to increase conservation would have exactly the 
opposite effect. States are permitted to petition DOE for an 
exemption, but whether an exemption is granted is within the 
broad discretion of the Department. Preemption of state stan­
dards even applies to the efficiency restrictions for space con­
ditioning and water heating equipment in state building codes, 
provisions which exist in nearly every state. (See next section.) 

Representatives from the states of New York and California 
testified before the U.S. House of Representatives Subcommit­
tee on Energy Conservation and Power against the latest DOE 
proposal. They indicated that forcing them to drop their state 
standards will adversely affect their conservation efforts and 
result in the construction of unnecessary powerplants in their 



jurisdictions. A member of California's Energy Commission 
stated that standards have already eliminated the need for one 
nuclear power plant there. 131 

Industry spokespersons generally favor DOE's "no stand­
ards" proposal. They claim that appliances and HVAC equip­
ment efficiencies are improving without regulations, and that 
efficiency standards would hamper their operations. Carrier 
Corporation, however, has voiced support for minimum effi­
ciency standards for central air conditioners, water heaters and 
furnaces. The company stated: "The experience of the last six 
years has proven they [the major appliances] are least likely to 
respond to market forces, since they are purchased primarily by 
builders rather than end-users."I32 

As of mid-June, 1983, DOE still had not issued its final rule 
governing the major energy consuming appliances. On Decem­
ber 22, 1982, however, DOE did go ahead with final "no stand­
ards" standards for dryers, ranges and ovens on the grounds 
that "the burdens outweigh the benefits."133 At the same time, 
DOE proposed procedures for states to request waivers from 
the preemption effect of the rule, stating that "DOE believes 
that, in general, these laws [existing State and local laws ] would 
qualify for an exemption from supersession." This would imply 
that states generally will be granted waivers for preemption as 
long as they make their requests according to the procedure 
specified by DOE. This exemption policy is expected to apply 
to any further products for which DOE issues a "no standard" in 
the future. 

The prospect for strong federal standards remains bleak. 
When and if DOE finally promulgates its "no standard" stand­
ard for the major appliances, it will almost certainly be sued by 
consumer interests who believe that DOE's own record is 
inadequate and does not support its conclusions. If such a suit 
succeeds, the struggle for meaningful federal appliance stan­
dards will begin again. 
[Ed. note: "No standard" standards were finally issued by OOE for all remain­
ing appliances covered by the law on August 3D, 1983. A lawsuit challenging 
this action a~ arbitrary was subsequently brought against OOE by the Natural 
Resources Defense Council, Consumers Union, and Congressman Richard 
Ottinger. The lawsuit was still pending as of December, 1983.) 

B. State Minimum Efficiency Standards 

Several states have enacted minimum efficiency standards for 
appliances sold within their borders. State governments justify 
such programs with the rationale that their citizens are better 
served if relatively low-cost investments in appliance efficiency 
prevent relatively high-cost investments in new energy supplies. 

California established minimum efficiency standards in 1978 
for refrigerators, freezers, air conditioners, water heaters and 
gas furnaces. l34 The minimum efficiency levels are given in 
Table 12. The California standards for air conditioners are 
relatively aggressive, as just one-third of all u.S.-manufactured 
units would qualify to be sold there. California standards for 
refrigerators and freezers are much weaker. The standards, 
which depend on unit size and type, are approximately 1,400 
kWh/yr for a typical 17 cubic foot refrigerator/freezer with 
automatic defrost and 1,200 kWh/yr for the average freezer. 
While these levels had an impact in 1978, virtually all refrigera­
tors and freezers now produced in the U.S. meet or exceed 
these standards. 135 

California is considering proposals to tighten its standards in 
1985.136 Among the proposals are a 40% reduction in the maxi­
mum allowable energy consumption for refrigerators and 
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freezers and a 9.0 minimum SEER* for central air conditioners. 
California officials project very sizeable energy and capacity 

savings from their standards. The forecast peak electrical 
demand savings in the year 2002 as a consequence of stan­
dards is 4,560 MW, the equivalent of about 7 large power plants. 
This savings is equal to 9.9% of the state's predicted total peak 
electrical demand and 46% of the projected growth in peak 
demand from 1980 to 2002.137 Energy officials in California 
estimate that electricity sales in 2002 would increase an addi­
tional 8% and natural gas sales an additional 6% without 
appliance standards. 

A number of states besides California, including New York, 
Arizona, Kansas and Florida have minimum efficiency stan­
dards for air conditioners. New York requires all central sys­
tems sold in the state to have a SEER of at least 8.0 and room 
units to have an EER of 7.5-8.5 (depending on the size and 
voltage). Arizona, Florida and Kansas require EERs and SEERs 
of at least 8.0 in most cases. 

Nearly all states have adopted building codes with equip­
ment efficiency requirements based on standards developed 
by the American Society of Heating, Refrigeration, and Air 
Conditioning Engineers (ASHRAE), a private association. l38 

These standards, which are often only voluntary (depending 
on the state), apply to the efficiency of water heaters, furnaces, 
air conditioners and heat pumps in new buildings. The 
ASHRAE standards include a minimum steady-state efficiency 
of 74% for boilers and forced-air furnaces and a minimum EER 
of 6.8 for most residential air conditioners. For water heaters, 
the ASHRAE standards specify the minimum permissible heat­
ing efficiency (75% for gas and oil-fired water heaters) as well 
as maximum standby loss rate (the energy loss through tank 
walls and insulation even when no hot water is being used). 
ASHRAE water heater and air conditioner standards are not 
considered to be very demanding today, although levels 
recommended for air conditioners and heat pumps in January, 
1984, are somewhat more stringent (an EER or SEER of at least 
7.8 for most residential air conditioners ).139 

Many states have also enacted qualitative requirements per­
taining to appliances. One of the most common is a ban on 
pilot lights in gas furnaces and other gas-fired equipment As 
pointed out in section n.F, electric ignition plus a stack damper 
can increase the efficiency of a standard gas furnace as much 
as 15%. Other prescriptive standards adopted by states include 
requiring switches on the "anti-sweat" heaters in refrigerator 
frames and the heating phase of the drying cycle for dish­
washers so consumers can tum them off if they choose. 

Besides adopting ASH RAE-type minimum efficiency stand­
ards, Florida recently enacted a code which should increase 
the efficiency of residential heating and cooling equipment. 
The code involves a system whereby a new residential building 
(single or multiple family) must not exceed a certain number 
of points in order to obtain a building permit. l40 Points are 
based on characteristics of the building as well as the efficiency 
of air conditioners and heat pumps and the type of space 
heating system. Extra points are deducted if heat pumps or 

• A Seasonal Energy Efficiency Ratio (SEER) is the average efficiency 
of an air-conditioner during a typical cooling season as defined by 
DOE. The efficiency ratio is defined to be the heat pumped out of the 
house (measured in British Thermal Units or BTU's) divided by the 
electric energy consumed in the process (measured in watt-hours). 
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heat-on-demand water heaters are used. This type of code gives 
the builder flexibility in the design of the building since weather­
izing the building can be emphasized instead of installing 
efficient equipment, or vice versa, in order the achieve the 
desired point total. However, according to a program official, it 
is difficult for a building to qualify for a permit with an air 
conditioner SEER below 8.0. 141 California also has adopted 
building performance standards (scheduled to go into effect in 
1983) which permit trade-offs between weatherization and 
equipment efficiency. 

C. Solar Energy and Energy 
Conservation Bank 

The Energy Security Act of 1980 directed the U.S. Department of 
Housing and Urban Development (HUD) to set up the Solar 
Energy and Energy Conservation Bank to provide loan and 
grant assistance for energy conservation and solar improve­
ments, including some appliances, in residential, small com­
mercial and agricultural buildings. 142 Under the legislation, the 
maximum energy conservation loan is 50 percent of the cost of 
the qualifying measure for homeowners or tenants with 
incomes up to 80 pl'rcent of the area median. The loan cannot 
exceed $1250. HUD has announced awards to 48 states and 
territories and will distribute the initial round of funds through 
the states in the summer of 1983. 143 

Although most of the energy conservation improvements 
eligible for Bank financing are not appliances, the list in the 
statute does include furnaces and boilers which substantially 
increase the energy efficiency of the heating system as well as 
retrofit devices such as replacement burners and flue dampers 
for furnaces and boilers, electrical ignition systems which 
replace standing gas pilot lights, and load management 
devices. Moreover, the Hoard of the Bank has used its authority 
to add "replacement air conditioners" to the list of potential 
improvements eligible for financing. 144 

D. Municipal and State Financing 

The ability of states and cities to issue tax-exempt bonds gives 
them advantages as the financing agent for conservation 
investments such as efficient appliances. Interest paid on tax­
exempt bonds is generally one-third less than that on taxable 
bonds, so these government entities can reloan funds at below­
bank interest rates. 14S However, the Mortgage Subsidy Bond Tax 
Act of 1980 (the "Ullman Bill") restricted use of tax-exempt 
financing for energy-related home improvement loans. 116 Fur­
thermore, the simultaneous use of both tax-exempt financing 
and federal tax credits for conservation investments (referred 
to as "double dipping") was prohibited by Congress in 1980. 117 

These measures have reduced the attractiveness of state and 
municipal financing. 

A few cities have overcome the hurdles in the Ullman bill 
through state legislation authorizing the issuance of tax-

exempt bonds for conservation financing. These municipali­
ties have established joint programs with local utilities for 
processing the loans, an arrangement which takes advantage 
of the low interest rates available through municipal financing 
and the advertising, marketing, billing and other capabilities of 
the utility. 

St. Paul, Minnesota, for example, together with Northern 
States Power, is providing 7'7,) interest loans with repayment of 
the principal when the property is sold. More than 8Q'},) of the 
initial $4.5 million loan pool was provided by the city. Installa­
tion of a new gas furnace with a seasonal efficiency of at least 
80% and the retrofit of a furnace with an electronic ignition 
system and/or damper are all eligible for financing under this 
program. 

In another example, the city of Minneapolis, along with the 
Minnesota Gas Company (MINNEGASCO), has established an 
"Energy Bank" which offers 10 year, 1O'X) interest loans to 
horneowners for energy conservation investments up to $3,000. 
The Minneapolis Community Development Agency arranged 
initial funding by issuing $2.75 million in tax-exempt revenue 
bonds. In addition to weatherization, the money can be used to 
purchase high efficiency furnaces. MINNEGASCO operates the 
bank and provides a rebate incentive of up to $100 to 
borrowers. 

The state of Maryland has also issued tax-exempt bonds to 
finance residential energy conservation, with the funds distrib­
uted by the Baltimore Gas and Electric Co. and by local authori­
ties in parts of the state not serviced by BG&E. High efficiency 
furnace replacements, furnace retrofit devices, and heat pump 
water heaters are eligible for financing. An initial $1 million was 
distributed in summer 1982, with a second series of bonds 
worth $5-7 million issued later in the year to continue the 
program. The program has been most effective in the BG&E 
service area where promotion by the utility has sparked con­
sumer interest. I4R 

E. Tax Credits 

The federal government and many states have used their tax 
codes to provide incentives for energy conservation measures, 
including some energy efficient appliances. For example, the 
federal government provides for a credit against income taxes 
of 15 percent of the first $2000 spent on purchasing and instal­
ling conservation equipment for a maximum subsidy of $300. 
However, the only appliance measures eligible are retrofit elec­
trical ignition systems, replacement burners, and flue dampers 
for furnaces and boilers. 

At the state level, California provides a credit against state 
income taxes of 40 percent of the first $3750 spent on energy 
conservation measures, for a maximum credit of $1500. Eligible 
measures include heat pumps and heat pump water heaters 
which replace electric resistance heaters or are used with a 
solar energy system, and electrical ignition systems which 
replace gas pilot lights. In general, however, federal and state 
tax codes still omit most high-efficiency appliances from the 
list of eligible measures. 149 



v. Utility Programs 

A number of private and public utilities recognize the oppor­
tunity for conserving energy and avoiding new energy supply 
facilities by stimulating the purchase of efficient appliances. 
Utility interest and investment in appliance efficiency is poten­
tially greater than that of their customers, since utilities view 
alternative expenditures using a sophisticated life-cycle cost 
analysis. This approach is likely to demonstrate the value of 
energy-efficient end-use equipment. Utilities are also in a posi­
tion to compare the cost of saving energy with the marginal 
cost of supplying energy from new generating sources. In many 
areas of the country, the marginal cost exceeds the average cost 
of electricity seen by utility customers because marginal costs 
are based on the combustion of expensive oil or gas or because 
added demand would lead to the construction of expensive 
new generating plants. This section reviews utility programs to 
promote efficient appliances. 

A Rebates 

As of June, 1983, at least 20 utilities were offering rebates to 
purchasers of appliances or heating and cooling equipment 
that meet or exceed certain levels of energy efficiency. The 
utilities and the equipment covered are shown in Tables 13 and 
14. Rebate programs are concentrated in southern states such 

as Texas and Florida where the peak summer demand due to 
residential air conditioning is a major problem. Hence, air 
conditioners and heat pumps are the most popular products 
for rebates. Utilities in California and Minnesota have estab­
lished rebate programs for a wider variety of products. These 
rebate programs vary in design and in the products covered, as 
described below. 

Texas Power and Ught and Other Texas Utilities 

In the spring of 1981, Texas Power and Light Co. (TP&L) and 
other Texas Utilities companies first started rebate programs. ISO 

The rebates offered byTP&L in 1982 are shown in Table 15. The 
rebates are given to anyone purchasing the relevant product­
builders as well as home owners. Incentives for air condition­
ers and heat pumps are doubled in homes which meet certain 
thermal integrity standards because the reduced loads in these 
houses lead to longer payback periods. An additional bonus is 
available for equipment "sized" below conventional (often 
excessive) levels. The TP&L rebates for central air conditioners 
average about $120 for ordinary homes and $240 for thermally 
efficient homes. In an ordinary home, this can amount to 
12%-50% of the additional cost for a qualifying central air 
conditioner (based on the cost increase relative to the typical 
model purchased nationwide ).151 

Texas Power and Light also provides cash incentives to 

Table 13. Various Private UtiUty Rebate Programs by Product Type as of June, 1983-

RACb CACb HPb WHb R/Fb FRb Otherc 

Arizona Public Service X X X 

Dallas Power and Light X X X X 

florida Power and Light X X X X 

Gulf Power X X X 

Houston Lighting and Power X X X 

Idaho Power X X 

Northern States Power X X X X X X X 

Oklahoma Gas and Electric X X 

Pacific Gas and Electric X X 

Pacific Power and Light X 

Portland General Electric X 

San Diego Gas and Electric X X 

Southern California Edison X X X X X 

Tampa Electric X 

Texas Electric Service X X X X 

Texas Power and Light X X X X 

aSources: American Councillor an Energy-Efficient Economy and the Edison Electric Institute. 

bRAC-room air conditioner; CAC-central air conditioner; HP-heat pump; WH-water heater; R/F-relrigerator/lreezer; fR-lreezer. 

COther products include solar and heat recovery water heaters, load controllers, window film, insulation, and other weatherization measures. 

29 
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Table 14. Various Municipal Utility Rebate Programs by Product Type as of June, 19838 

Austin, TX Electric Utility Dept. 

Lincoln, NB Electric System 

Omaha, NB Public Power District 

Sacramento, CA Municipal Utility District 

Springfield, IL City Water, Light and Power 

x 

X 

x 

X 

X 

HPb 

X 

X 

X 

X 

WHb R/Fb FRb Otherc 

X X 

X 

X 

·Sources: American Council for an Energy-Efficient Economy and the American Public Power Association. 

bRAC-room air conditioner; CAC-central air conditioner; HP-heat pump; WH-water heater; R/F-refrigerator/freezer; FR-freezer. 

COther includes solar and heat recover water heaters and window film. 

Table 15. Example of a Utllity Rebate Program 
(Texas Power and Ught, 1982) 

Buyer Dealer 
Product Rebate Bonus 

Central air conditioner 
SEER = 8.5 or higher 

• ordinary structure $40 per ton $25 
• energy-efficient structure 

meeting "E-OK" standard $80 per ton $25 

Central heat pump 
SEER = 8.0 or higher 

· ordinary structure $60 per ton $40 
· energy-efficient structure 

meeting "E-OK" standard $120 per ton $40 

Window air conditioner 
EER = 8.5 or higher 

· 12,000 BTIJ/hr or smaller $60 per unit 
· greater than 12,000 BTIJ/hr $120 per unit 

Window heat pump 
EER = 8.0 or higher 

· 12,000 BTIJ/hr or smaller $60 per unit 
• greater than 12,000 BTIJ/hr $120 per unit 

Solar-assisted electric water 
heating system $80 per unit $5 

Heat-recovery electric water 
heating system $80 per unit $5 

dealers who sell qualifying models. Dealers receive $40 for 
each efficient central heat pump and $25 for each central air 
conditioner sold. In addition, employees of TP&L receive cash 
or bonus gifts for locating customers who convert to qualifying 
central air conditioners and heat pumps. 

The air conditioner Iheat pump rebate program has turned 
out to be extremely cost-effective forTP&L and its customers. In 
1982, the utility distributed about $4.3 million and estimated a 
peak demand savings of about 27 MW, for a cost of saved peak 
demand of about $160/kW152 For comparison, TP&L officials 
estimate that new peak load generating capacity costs about 
$600/kW and new baseload capacity costs in excess of 
$1,OOO/kW 153 The program surpassed its goal for capacity sav­
ings in 1982 by over 30%. 

The rebate programs have been well-received by builders 
and consumers in Texas. TP&L estimated that in 1982, about 
65% of all the central air conditioners and heat pumps sold in 

the new housing market qualified for a rebate and approxi­
mately 30% of all models sold in the replacement market 
qualified. This compares with 19% of all central air conditioners 
shipped by manufacturers nationwide in 1981 which met or 
exceeded the minimum efficiency threshold for TP&L's rebate 
(SEER = 8.5).154 Houston Lighting and Power estimates that 
43'\, of the central cooling equipment installed in their service 
area qualified for a rebate in 1983 (SEER = 9.0 or greater for 
central air conditioners). 155 This compares to 7% of the units 
shipped nationwide in 1981 which exceeded the Houston utili­
ty's qualification level. 

Although no formal program evaluation has been carried 
out, TP&L rebates and dealer incentives appear to be effective 
methods for raising equipment efficiency and for overcoming 
the third party purchaser problem. The program does not, 
however, encourage purchases at efficiencies higher than the 
minimum. For 1983, TP&L has increased the minimum qualifi­
cation level to a SEER of 9.0 for central air conditioners. Also, 
additional emphasis will be placed on ensuring that cooling 
units are not too large for their intended applications. The utility 
provides $240 per ton of cooling capacity reduction (the con­
ventional "rule-of-thumb" says that 1 ton is needed per 500 
square feet of floor area). 

Florida Power and Ught 

While the rebate program set up byTP&L was a groundbreak­
ing effort, it is relatively simple in design. Florida Power and 
Light (FP&L), followed by a number of other utilities, has 
established a more complex rebate program which varies the 
subsidy according to the degree of energy savings. This "sliding 
rebate" approach directly rewards the purchaser for the 
amount of energy and/or capacity saved, and serves as an 
incentive for the production and purchase of models much 
more efficient than the minimum eligible for a rebate. This 
approach is also preferred by equipment manufacturers. 156 

For existing housing units, FP&L offers rebates which vary 
according to geographic location, system size, and efficiency 
level. 157 The rebates, which start at an SEER of 8.5 for air 
conditioners and 8.0 for heat pumps, increase for air condi­
tioners above a SEER of 10.0 and heat pumps above a SEER of 
9.0. For example, FP&L's rebate for a 3 ton central air condi­
tioner in the southern part of the state is $273 if the SEER is 
between 8.5 and 10.0, and $363 if the SEER is above 10.0. In 
addition, FP&L provides maximum rebates of $400 for solar 
water heating systems, $186 for heat pump water heaters, and 
$177 for water heaters which utilize part of the heat exhausted 



from a central air conditioner. Dealers also receive a rebate for 
selling qualifying equipment ($15-30). 

After the first 10 months of the program (as of November 30, 
1982), FP&L had issued over 9000 air conditioning and heat 
pump rebates with an estimated peak demand reduction of 13.7 
MW in the summer and 6.7 MW in the winter. ISS During this 
period, the cost of saved peak summer capacity has been 
$220/kW, In addition, dealers actively participating in the pro­
gram have experienced "significant increases" in residential 
sales.159 The goal of the FP&L program is to impact 25,000 units 
per year in coming years and realize a cumulative capacity 
savings of approximately 600 MW by 1990. 

Oklahoma Gas and Electric 

Oklahoma Gas and Electric Co. (OG&E) offers rebates for 
central air conditioners based directly on unit efficiency and 
demand savings. OG&E provides $200/kW of demand reduc­
tion relative to the efficiency of the homeowner's previous unit, 
or the typical new model for new homes. For a 3 ton unit, the 
rebate can be as high as $510. The OG&E rebate should reduce 
the additional first cost the purchaser pays for a high efficiency 
model by at least 50%.160 OG&E's rebate offer is still only 
one-third of the utility's cost for new capacity.161 

Northern States Power 

Northem States Power Company (NSP) began a comprehen­
sive rebate program in Minnesota in March, 1982. The NSP 
rebate levels are based on a combination of price difference 
between high and average efficiency models, the peak demand 
reduction resulting from the purchase of high efficiency 
appliances, and the marginal value of this demand reduction to 
NSp'162 NSP offers as much as $500/kW of reduced peak 
demand. 

The rebates, proportional to appliance size and efficiency, 
can reach $275 for central air conditioners and heat pumps, 
$160 for room air conditioners, and $100 for water heaters. For 
refrigerators and freezers, the utility offers a fixed rebate ($5 to 
$20) for models meeting a certain efficiency level in different 
size ranges. The fraction of the additional cost covered by the 
rebate varies for the different products, but for water heaters 
and room air conditioners, the rebate should erase most of the 
increased first cost. 

The response during the first year of the NSP program has 
been relatively good. Approximately one-third of the rebates 
were provided for central air conditioners and one-third for 
refrigerators during the first nine months. An informal survey of 
50 dealers showed a large increase in the sales of high effi­
ciency equipment for all products except freezers. 163 Also, it has 
been reported that many dealers are using the rebates as a 
marketing tool. However, in response to a question on the 
rebate application form, only 12-15% of those consumers receiv­
ing refrigerator and freezer rebates claimed they would not 
have purchased the efficient model without the rebate. l64 The 
percentage making this claim for air conditioners is much 
higher (about 40% )-presumably because the rebate is higher. 
A formal evaluation of the NSP program will be completed in 
1983. 

Pacific Gas and Electric 

Pacific Gas and Electric Co. (PG&E) conducted a three month 
pilot program in the summer of 1982, in which it offered a $50 
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Figure 12. Advertisement from the Northern States 
Power Appliance Rebate Program 
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FIGURE 12 - ADVERTISEMENT FROM THE NORTHERN STATES 

POWER APPLIANCE REBATE PROGRAM 

rebate for refrigerators at least 20% more efficient than the 
California standard. This rebate covered at least half the addi­
tional first cost for qualifying units. Even with this substantial 
rebate, PG&E estimates that its cost of saved energy over the 
lifetime of the refrigerator is about $O.02/kWh, compared to a 
1982 marginal energy supply cost of $0.10/kWh.I65 During the 
pilot program, approximately 50% of all purchases in the PG&E 
service area qualified for the rebate. In contrast, only about 9% 
of 1981 sales would have qualified. PG&E may repeat the 
program in 1983 and eventually make it permanent 

PG&E also offered residential lighting rebates for a short 
period in 1981. 166 It provided $16 for every light fixture changed 
from incandescent bulbs to the more efficient fluorescent or 
high intensity discharge types in relatively large (50 units or 
greater) multi-family housing complexes. The primary target 
for the program was lights in "common areas" (e.g., stairs and 
hallways) which are kept running at night. The program was 
considered a success, but was dropped for lack of funds. PG&E 
is planning to revise and reinstate this program in 1983.167 

GnU Power Company 

Gulf Power Co. (GPC), a privately-owned utility based in Pen­
sacola, Florida, has a unique incentive rebate program for both 
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the new construction and the existing housing markets. In 
order to qualify for a GPC rebate, a "package" of efficiency 
criteria have to be satisfied. New construction (single family or 
multi-family) has to 1) meet certain thermal integrity standards 
(e.g., levels of insulation), 2) include a nigh efficiency air 
conditioner or heat pump (minimum SEER of 9.0 for central air 
conditioners) and 3) include either a solar, heat pump or heat 
recovery water heater. The payments offered for meeting these 
criteria are $500 for single family homes and $250 per unit for 
multi-family housing. For existing homes and apartment build­
ings, only the air conditioning and water heating criteria have to 
be met. As of December 1982, GPC had issued 1700 rebates with 
an estimated peak demand reduction of 2.7 MW This cost the 
utility $275/kW, about 30% of the cost for new capacity.l68 

Pacific Northwest 

In the Pacific Northwest where the average price of electricity 
paid by consumers is very low while the marginal cost is 
several times as expensive, a number of utilities are offering 
rebates to purchasers of heat pump water heaters (HPWH). 
Portland General Electric Co. offers a flat $300 per unit while 
Idaho Power Co. provides 20% of the cost for the HPWH. 
Pacific Power and Light bases its rebate directly on the amount 
of energy savings, providing $0.056 per kWh of annual savings. 
This results in a payment ranging approximately from $100 to 
$300 depending on household size, hot water usage, and 
efficiency of the particular model. 

Although some of these programs have been fully opera­
tional since mid-1981, only a small number of consumers have 
taken advantage. Portland General Electric gave out only 475 
HPWH rebates through 1982.169 On the other hand, solar water 
heater rebates, which are equal to the rebates offered on 
HPWHs, have been ten times as popular, in spite of the fact 
that solar water heaters typically cost more and result in less 
energy savings. 1711 

The low level of HPWH purchases to date is attributed to 
initial problems with certification, installation requirements 
and avaiidbility.171 These problems should all be resolved over 
time. One indication of progress is that the ratio of heat pump 
to solar water heater rebates rose in late 1982.172 

Municipal Utilities 

A number of municipal utilities, including those in Illinois, 
Nebraska, Texas and California also sponsor rebate programs 
(see Table 14). Although these programs are on a smaller scale 
and sometimes include smaller incentives than those offered 
by private utilities, the communities involved see them as an 
important means for preventing costly capacity addition or 
power purchase from surrounding utilities. 

The Springfield, Illinois municipal utility offers $25-$100 to 
customers purchasing room air conditioners with an EER of at 
least 8.0 and central air conditioners with an SEER of at least 
8.5. With these relatively low rebates, the cost of saved capacity 
is only about $50/kW 173 The utility estimates that the rebate 
program could reduce its peak demand 15-20 MW by 1992. 
This would cut projected growth in peak demand approxi­
mately 20%, delaying the need for additional $1,000 per kW 
generating capacity. In late 1982, expansion of the program to 
other equipment and to the commercial sector was under 
consideration. 

The utility in Austin, Texas has an impressive rebate program 
which includes air conditioner and heat pump rebates based 

on the size and efficiency of the unit, credits for downsizing 
cooling equipment, and dealer incentives ($20/unit).174 For 
the most efficient central air conditioner (SEER = 14.0), the 
utility pays $180 per ton of capacity. This is three times the 
rebate offered for the minimum qualifying efficiency (SEER 
= 8.4), and it covers about one-half the additional cost for the 
high efficiency unit. The utility also offers $45-$125 rebates for 
heat pump, heat recovery and solar water heaters. In the first six 
months of the program, the utility estimates a peak demand 
savings of 1.4 MW at an average cost to the utility of $260 per 
kWI75 

In October, 1982, the Sacramento Municipal Utility (SMUD) 
began a conservation incentive program which includes 
rebates to builders who install efficient central air conditioners 
and heat pumps in new housing. Builders receive $100 per kW 
of load reduction, with the kW savings for different efficiency 
levels estimated from computer simulations of typical build­
ings in the area. SMUD is also considering rebates for the 
replacement market and for efficient lighting. 

Commercial Appliances 

The success of residential equipment rebates has caused some 
utilities to initiate commercial equipment rebate programs. 
Texas Power and Light, Dallas Power and Light, and the muni­
cipal utility in Austin began offering rebates for commercial air 
conditioners and heat pumps in 1982. TP&L is considering 
rebates for commercial load management systems as well. 
Also, PG&E offers rebates to commercial customers purchas­
ing high efficiency fluorescent light ballasts and high pressure 
sodium lamps. 

Fuel Switching 

In section 1I.D, it was pointed out that switching from electrical 
to gas-fired equipment saves energy on a primary basis. Some 
gas utilities provide cash incentives to consumers who switch 
from electrical to gas equipment, often with the stipulation that 
this equipment must be reasonably efficient (although by no 
means highly efficient). For example, Peoples Gas System in 
Florida provides $300 to those who switch to gas furnaces with 
electric ignition, $150 for switching to at least a moderately 
efficient gas water heater, and $40 for switching to a pilotless 
cooking range. 176 Utilities in the Pacific Northwest are also 
providing incentives for fuel switching from electricity to natu­
ral gas. 

B. Merchandising Programs 

Utilities were once actively involved in selling appliances as 
well as electricity and natural gas, thereby increasing the 
demand for their energy. At a time when higher demand meant 
lower costs per kilowatt sold, this benefited both consumers 
and the utility. Now, however, higher demand often means 
higher costs since new powerplants cost so much more than 
old ones. As a result, many state utility commissions have 
prohibited utilities from selling appliances. 

In a few cases, utilities that still sell appliances restrict sales 
to high efficiency models. In particular, Alabama Power Co. 
only sells the 209(, most efficient room air conditioners and high 
efficiency refrigerators and electric water heaters. 177 

In the area of gas appliances, the Washington Natural Gas 



Co., Seattle, is marketing high efficiency gas fumaces, water 
heaters and ranges. For example, the company will only sell 
fumaces that exceed 80% in seasonal efficiency. 

C. Load Management 

As mentioned in Section II.E, an electric utility can reduce its 
peak system demand by directly controlling ~he operatio~ .of 
certain appliances during peak demand penods. The utility 
sends a signal (generally a radio signal) to customers' equip­
ment to shut off operation for brief periods (typically 5-10 
minutes at a time). Water heaters and central air conditioners 
are the most common types of equipment controlled in direct 
load management programs, although electric resistance 
space heaters have been included in some programs.178 

Utility load control is not new: Detroit Edison began a water 
heater control program using time clocks in 1934.179 The utility 
now controls 200,000 water heaters using radio signaling. This 
has reduced the utility's peak demand by about 1.0 kW per 
water heater. Rural electric cooperatives in Ohio have expe­
rienced an average peak demand reduction of 0.9 kW per radio 
controlled water heater. ISO 

Arkansas Power and Light's (AP&L) radio-controlled central 
air conditioner program aims to include 125,000 units within a 
few years. 181 The utility realizes a system peak demand reduc­
tion of about 1.0 kW per participating household. In Sacra­
mento, California, the municipal utility obtains a peak demand 
savings of about 1.3 kW per unit in their air conditioner control 
program with shut-offs up to 10 minutes per half hour. By 1990, 
the utility hopes to achieve a participation level of 26~() and an 
overall savings of 100 MW (compared to an overall generating 
capacity of 1560 MW in 1981 ).182 

Radio control switches cost $95-$170 (in 1979 dollars) 
including installation. 183 Because operating costs are minimal, 
peak load reduction through direct equipment control can be 
highly cost effective for a utility. The Sacramento utility, for 
example, estimates their capital cost is about $100 per kW of 
peak capacity savings. 

Most utilities with direct control programs offer lower rates, 
billing credits, or some other type of monetary incentive ~o 
participants. The rate reduction offered by AP&L resulted ~n 
participating customers receiving about $22 on the average In 
1978. 184 Participants in the Detroit Edison program receive a 
water heating rate of $0.046 per kWh compared to the regular 
residential rate of $0.060-0.118 per incremental kWh depending 
on the amount used. 18s 

The Florida Power Corporation (FPC) in St. Petersburg offers 
relatively high incentives for participation in its load control 
program, which covers space conditioning equipment, water 
heaters and swimming pool pumps. Participants must be wil­
ling to accept relatively long interruptions, up to four hours for 
water heaters and up to 15 or 30 minutes per hour lor heating 
and air conditioning equipment. In return, they recieve $54 per 
year for accepting water heater interruption and up to $87 per 
year for accepting space conditioning control. By offering these 
incentives, FPC expects 60% participation within five years with 
an average savings of about 1.5 kW per participant. l86 

D. Utility Financing 

Many utilities provide financing for residential weatherization 
measures such as adding ceiling or wall insulation, storm 
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windows, caulking and weatherstripping. 187 Some offer zero or 
low interest loans. Unfortunately, only a few utilities include 
energy efficient appliances or HVAC systems amo~g the mea­
sures for which loans are available at the present time. 

It makes sense to include highly efficient equipment in a 
utility financing program. For major appliances,. the most effi­
cient models can cost up to $1,000 more than typical ones (see 
Table 10). Readily available and/or subsidized financing co~ld 
help overcome the resistance many consumers have to making 
this extra investment. 

Southern California Edison Co. began a financing/rebate 
program in early 1983 which includ~ loans ~f .up to $2500 at 8% 
interest for replacement central air conditioners and heat 
pumps of high efficiency and heat pump water ~eate~ .. I88 

These items must be recommended to customers In a utility 
home energy audit. Minimum eligible efficiencies are SEER = 
9.0 for air conditioners and 8.0 for heat pumps. Customers have 
their choice of either a rebate for subsidized financing. 

The Tennessee Valley Authority (1VA) offers financing for 
residential energy efficiency measures including heat pumps 
and, beginning in October, 1982, heat pump water heaters 
(HPWH). Loans for these products, offered throu~h the local 
utilities, are generally issued at the market rate avaIlable to the 
power authority. This is considerably below standard consu­
mer borrowing rates. In the first month of the HPWH offer, over 
40 local utilities decided to participate in TVA's program. 189 The 
Rural Electrification Administration provides funds to rural 
electric cooperatives for conservation financing and other pr?" 
grams. Some cooperatives such as the Lee County Electnc 
Cooperative in Florida offer low interest (5% or lower) loans to 
customers for equipment such as heat pumps and HPWHs. 

Disagreement exists regarding the effectiveness of utility 
conservation financing. l90 Some studies have found that sub­
sidized utility financing of weatherization measu~es d.id not 
substantially increase the number of conservation Invest­
ments. 191 While high response rates to zero interest loans have 
occurred in the Pacific Northwest and a few other places, 
factors other than the loan itself (such as advertising, market­
ing and convenience) may be the reason. In a survey of partici­
pants in one weatherization program, for example, consumer 
protection and convenience were considered more important 
than subsidized financing. 192 Convenience and consumer pro­
tection factors should be less important for the financing of 
highly efficient appliances and space conditioning equipment. 
Savings from major weatherization work is highly dependent 
on the characteristics of the house and the skill of the installer. 
In contrast, nearly all appliances and HVAC equipment are 
labeled with rated efficiencies and average energy cost infor­
mation which the consumer can use to estimate savings since 
products are standardized and installation is usually routine. 

E. Other Utility Programs 

Dealer Incentives 

A few utilities have offered dealers incentives to sell highly 
efficient products. These programs are easier to impleme~t 
than consumer incentive programs because the target audi­
ence is much smaller. Also, the incentive per unit offered to 
dealers can be lower than that offered to homeowners and/or 
builders since dealers turn over a large number of products. If 
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dealers educate buyers, the demand for more efficient products 
should rise. 

As mentioned previously, some utilities are offering cash 
rebates to both dealers and buyers. Tampa Electric Co., for 
example, gives dealers rather substantial incentives (approach­
ing $1(0) for the sale of an average-size central heat pump of 
adequate efficiency. 

PG&E operated a salesperson incentive program until the 
buyer rebates were initiated in 1982. Dealers earned points 
redeemable for gifts for selling pilotless gas ranges and refrig­
erators at least 25% more efficient than the California refrigera­
tor standard. However, only 9% of total refrigerator sales met 
this goal in 1981. This was due in part to the stringency of the 
requirement: just 7% of all refrigerator models qualified and 
some of these were not available in parts of the service area. 193 

Despite these limitations, the salesperson incentive program 
was very cost effective. PG&E's estimated cost of saved energy 
over the life of the products was $O.OO6/kWh for the refrigerator 
component of the program and $O.0521therm for the range 
component. 194 

Georgia Power Co. started a unique dealer incentive program 
in 1982. They give appliance dealers and contractors credits for 
selling central air conditioners which have an SEER greater 
than 7.5. The number of credits is based on the size and 
efficiency of each unit sold. The dealers can use the credits 

either to pay for the advertising of high efficiency models or to 
pay for training courses which Georgia Power organizes for 
HVAC dealers and contractors. The short training courses 
cover such topics as energy conservation, heat load analysis, 
proper equipment sizing, basic engineering principles, and 
even business management. Georgia Power developed this 
program to educate HVAC dealers as well as to stimulate the 
sales of efficient air conditioners. After the first 8 months of the 
program, over 50% of the dealers in the state were participating. 195 

Early Retirement 

PG&E also pays customers $25 to donate unused or underused 
refrigerators to a charity. The charity is offered $5 for each unit 
accepted and an additional $20 for each made inoperable. This 
helps remove old, inefficient second refrigerators from the 
operating stock. 

In 1981,6,700 refrigerators were donated under this program. 
A survey revealed that 64% of the donated refrigerators had 
been in use. The charities made three out of four of the refriger­
ators inoperable and put the rest up for resale. In 1982, PG&E 
hopes to double the number of refrigerators turned in. The 
utility estimated a life cycle energy savings of 33 million kWh 
from the refrigerators donated in 1981 at a cost to the utility of 
only $O.015/kWh of conserved energy.l96 



VI. Consumer Education 

The average person knows little about appliance operating 
costs, the availability of cost effective energy conserving pro­
ducts, or ways to minimize appliance energy usage. Educa­
tional materials prepared to help remedy this situation are most 
often distributed either by utilities or by federal, state, or local 
agencies. The educational materials are generally of two types: 
1) operating cost information directed to prospective purchas­
ers, and 2) energy savings tips pertaining to the operation and 
maintenance of appliances and HVAC equipment. 

A. Operating Cost Infonnation 

Most products are required by law to include the FfC effi­
ciency /energy cost label. As shown in Figure 11 and discussed 
in Section IlI.C, the labels contain yearly operating costs for a 
range of energy prices as well as the average price nationwide. 

Some organizations have published lists of appliances 
ranked in the order of their efficiency ratings. DOE prepared 
such lists in 1981 for refrigerators, furnaces and boilers but has 
not distributed them or advertised their existence. 197 The state 
of Wisconsin, however, has reprinted DOE's furnace efficiency 
list. The three major appliance manufacturer organizations 
(AHAM, GAMA and ARI) publish directories at least once a 
year which include the DOE/FfC test ratings of the products 
sold by their respective members. At least one utility has offered 
a "shopper's guide" containing rated annual energy costs for 
appliances.I~)8 Such lists are preferable to national ones 
because they are based on local energy prices and climatic 
conditions rather than on national averages. 

Other lists provide estimated operating costs for typical 
appliances. I!)') These lists show consumers the significance of 
appliance energy expenditures, but they fail to indicate the 
great difference in efficiencies among models or the effect of 
usage patterns on energy consumption. 

B. Advice on Minimizing Energy Consumption 
During Use 

Energy consumption can vary substantially among users own­
ing identical appliance models (see Section 11.8). Much infor­
mation is available to advise consUiners about conserving 
energy when using appliances and space conditioning equip­
ment. DOE and AHAM have prepared brief "tip sheets" for 
saving energy when using water heaters, refrigerators, ranges 
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and other products.~tH) The refrigerator fact sheet, for example, 
advises how often to defrost manual defrost models and 
recommends using the "energy saver switch" to deactivate the 
anti-swl'at hl'aters. The Consumer Energy Council of America 
has devl'loped a set of "energy savings cards" which list con­
servati()ll tips dlld their estimated annual dollar savings.2tll 

State Energy Extension Services are another source of infor­
mation on appliance energy conservation. Some have pub­
lished guides which describe retrofit devices for improving 
furnace and water heater efficiency. ~o~ In a few cases, the guides 
estinldte cost and energy savings from the modifications. 

Non-technical books and booklets on residential energy 
conservation often include infomlation on purchasing equip­
ment to minimize life cycle cost, product efficiency lists, retrofit 
device costs/benefits, and energy conservation tips. The better 
guides are based on research at universities alld laboratories 
and are highly informative.20:l 

Utilities such as Rochester Gas and Electric Corp., Northern 
States Power, and Wisconsin Power and Light utilize telephone­
tape systems to provide l'nergy conservation and appliance 
efficiency information to cllstomers. "<II The RG&E service, 
established along with the local Cooperative Extension Service, 
includes three minute tapes on buying and caring for applian­
ces and space conditioning equipment to minimize energy 
consllmption. Consumers call an operator and request to hear 
the appropriate tape( s). The system provides customers with 
prompt, concise information at low cost to the company.205 
However, the taped messages generally do not contain infor­
mation on specific high efficiency models and life cycle costs. 

C. Product Advertisements 

A few manufacturers have undertaken advertising campaigns 
to promote highly efficient, cost effective products. Even 
though oriented toward selling specific products, such ads 
should help raise overall consumer awareness about appli­
ance efficiency. For example, Lennox Industries began actively 
promoting its pulse combustion condensing furnace in the fall 
of 1982. This effort, cosponsored by the American Gas Associa­
tion, included ads on network television, advertisements and 
articles in industry publications, popular magazines and 
newspapers, and utility bill stufters. The campaign may quickly 
make the "Pulse" a popular product. Frigidaire. which sells 
some relatively efficient refrigerator I freezers. also has begun to 
promote their products on the basis of energy efficiency and 
cost savings. 



VU. Where Do We Go From Here? 

In previous sections, a variety of programs to improve the 
efficiency of the U.S. appliance stock were described. While the 
variety of programs and the success of a few of them is encour­
aging, much remains to be done for the nation to take full 
advantage of the technological potential. 

A. Current Programs 

Minimum Efficiency Standards 

The federal appliance efficiency program is in a sorry state. The 
Reagan Administration began issuing "no standard" minimum 
efficiency standards in December, 1982. Although there is a 
clear need for strong federal standards, such standards are 
unlikely under the current administration. The federal govern­
ment is also attempting to eliminate federal support for devel­
opment of efficient appliance technologies, analysis of appli­
ance efficiency issues, consumer education, and other pro­
grams to overcome the behavioral and institutional barriers 
inhibiting the purchase of efficient appliances. 

State efficiency standards have also been jeopardized 
because of the preemption provision in the federal law. Unless 
each state applies for exemption from federal preemption, 
DOE's "no standard" will become the state standard. However, 
if only a few states like California receive a waiver from DOE 
and set and maintain strong appliance efficiency standards, 
they can have national impact It is not practical for manufac­
turers to produce inefficient products for only part of the coun­
try. Likewise, they prefer uniform state standards levels. There­
fore, states should coordinate their standards programs if 
possible. However, this may be difficult for climate sensitive 
products (heating and cooling equipment) where usage varies 
substantially between regions. In any event, states which adopt 
appliance efficiency standards should review them periodi­
cally (e.g., every 3-5 years) to ensure they do not become 
outdated. 

Rebates for the Purchase of Efficient Appliances 

Based on early experience with utility rebate programs, it 
appears to be more cost effective for utilities to reduce demand 
through offering rebates than to meet new demand through 
lx)wpr plant construction. Because utilities rebate few dollars 
per kW or kWh saved, the benefits of investments in end-use 
efficiency are shared both by the purchaser and by ratepayers 
in general. Rebates also appear to be an effective way to 
stimulate purchases of more efficient appliances. 

At the present time, only a small fraction of the nation's 
pULJlic and private utilities offer rebates. Institution of rebate 
programs on a national scale could result in substantial sav­
ings.1f half the central and room air conditioners purchased in 
the next 20 years qualify for rebates, .total capacity savings 
could be on the order of 18 GW or more, equivalent to the 
delivered power from 30 large power plants.2tJ6 Utility organiza-
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tions such as the Edison Electric Institute or the American 
Public Power Association should promote appliance rebates 
among their members and provide assistance in program 
design.2tl7 

Although the initial results of rebate programs appear 
encouraging, more analysis is needed on the actual impact of 
rebate programs; e.g., assessments of questions such as the 
incremental quantity of purchases of high efficiency equip­
ment after rebates began, the cost per saved kWor kWh from 
incremental purcha<;es of high efficiency equipment, and 
whether or not there was an increase in total product sales and 
usage following the introduction of rebates. 

Financing Efficient Appliances 

Energy efficient appliances could play a greater role in all 
conservation financing programs. Loans could be provided 
directly to consumers for either the full price of the efficient 
product or for just its additional cost compared to products of 
average efficiency. As an alternative, appliance dealers and 
contractors could be included to take advantage of their mar­
keting skills. For instance, after a consumer secured approval 
for a utility loan, a dealer or contractor could sell a high 
efficiency product to the consumer but receive payment from 
the utility. The customer would repay the utility through normal 
billing channels. Such a program should be attractive to deal­
ers and contractors because it would help them sell higher 
priced products and they would receive immediate payment. 
Uti I i ties could offer dealers 'contractors a small bonus for each 
qualifvillg salt' I II' for (Icllit'\'illg ;,(Hlll' minimum level of 
participatioll. 

Consumer Education 

The jury is still out on existing consumer information and 
education programs: Have these efforts reached the target 
audience? With what effect? In a study in Michigan, some 
consumers received the results from mail-out audits (invest­
ment recommendations with capital cost and cost savings 
estimates) as well as general conservation advice. Later inter­
views showed that these individuals had no better appreciation 
of the energy and cost savings potential from efficiency invest­
ments than consumers who did not receive the information.211X 

Education programs suffer from the difficulty of getting use­
ful information to consumers precisely when a purchase is 
being contemplated. Moreover, some educational materials are 
too general, failing to detail potential energy and cost savings. 
There is a need for comprehensive lists, regularly updated, of 
all models including both first cost and operating cost data. 
These lists could be similar to the "gas mileage guides" pre­
pared for automobiles and could be prominently displayed in 
stores. Also, it may be helpful if appliance advertisements 
included the energy cost and efficiency information from the 
FfC labels. Finally, it should be noted that consumer informa­
tion programs do not address serious problems such as third 



party purchases and misleading market signals such as aver­
age cost pricing. 

B. New Directions 

This section briefly describes additional appliance efficiency 
strategies which deserve consideration. Some are substitutes 
for existing programs, while others are complementary. 

Corporate Average Appliance EffIciency Standards 

Current state standards and federal standards under considera­
tion prohibit the sale of appliances falling below some min­
imum efficiency level. However, this type of regulation could 
penalize a minority of consumers for whom an inexpensive, 
inefficient model would be most economical. For example, this 
might apply to owners of vacation homes who use their 
appliances infrequently. 

Implementing standards similar to automobile manufactur­
ers' "Corporate Average Fuel Efficiency (CAFE)" standards 
would avoid this situation. The CAFE standards require manu­
facturers to meet an average model efficiency of some speci­
fied level. Following this approach, appliance manufacturers 
would be allowed to produce "energy guzzlers" as long as the 
average efficiency of appliances sold in each category met the 
specified minimum. As with automobiles, the minimum 
allowed average could rise slowly over a time, to allow manu­
facturers gradually to shift their product mixes. 

Corporate average standards would allow manufacturers 
considerable product flexibility. Companies could still produce 
some low efficiency models as long as they are compensated 
for by higher efficiency models. This type of standard encour­
ages innovation and the production of very efficient models. 

Average efficiency standards do have drawbacks. Corporate 
average standards require closer monitoring and record­
keeping than a simple threshold minimum efficiency. Manufac­
turers have less control over meeting the standard since suc­
cess depends in part on consumer preference. Penalties for 
non-compliance or incentives for meeting the requirement 
might be necessary. Also, this type of standard does not directly 
address the "third-party" purchaser problem. In fact, corporate 
average standards might result in landlords and other third 
parties purchasing most of the available inefficient models, 
(leaving lower income households with less efficient equip­
ment) while the more expensive, efficient models go primarily 
to homeowners in the replacement market. 

"Energy Guzzler" Taxes 

A tax on inefficient appliances could supplement or even 
obviate corporate average appliance efficiency standards. The 
tax should be proportional to the "inefficiency" relative to the 
best models or the average model purchased. Such a tax could 
significantly reduce the price difference between less and more 
efficient products. 

Receipts generated from such taxes could subsidize the 
purchase of efficient products through direct payments (re­
bates) or tax credits to purchasers. It makes sense to offer such 
credits only for products which provide a quantum leap in 
efficiency at a significantly greater first cost (e.g., heat pump 
water heaters or condensing furnaces). As an alternative to 
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direct consumer subsidies, energy guzzler tax receipts could 
be distributed to manufacturers to fund development work and 
retooling to produce improved products. 

Such tax incentives could be instituted on the federal, state 
or local level. While states and municipalities could tailor a tax 
program to regional conditions, a federal excise tax program 
would allow uniformity nationwide. 

Further UtiBty Rebate Programs 

To date, only electric utilities have established efficiency rebate 
programs although some gas utilities provide incentives to 
customers who switch from electrical to gas equipment. Gas 
utilities could also provide rebates to any customer purchasing 
highly efficient gas equipment such as a condensing furnace. 
For example, rebating half the increased first cost for the pulse 
combustion furnace ($500) would result in a typical cost of 
saved energy of about $2.20 per million 811J for the utility.209 
Since natural gas distributors are now paying as much as $7.00 
per million 811J, avoiding such costs through rebate programs 
could save large amounts of money for gas utilities and their 
customers.210 

However, many gas pipeline companies have "take-or-pay" 
contracts for high-priced natural gas that require them to pay 
for natural gas regardless of whether it is needed, cost effective, 
or marketable. The pipeline companies can pass through these 
high costs to utilities, who in tum impose them on customers. 
Thus, consumers are forced to pay for very expensive imported 
natural gas rather than for cheaper domestic gas, and gas 
utilities have no incentive to encourage conservation. This 
issue must be resolved before gas utilities would benefit from 
rebates and other conservation incentive programs.211 If the 
situation is straightened out, gas rebates could be offered either 
by pipeline companies (through local utilities) or by the utili­
ties themselves. 

It may also be useful to target rebates at parties who playa 
major role in product selection and who are particularly resist­
ant to the increased first cost for efficient appliances, such as 
heating, air conditioning and plumbing contractors. The Cali­
fornia Energy Commission has suggested that utilities consider 
refrigerator rebates specifically for owners of rental property.212 

One difficulty with rebate and other incentive programs is 
"unnecessary rewards." Some individuals receiving a rebate 
would have purchased a high efficiency product without the 
incentive. Hence, the energy savings resulting directly from the 
program are lower than the apparent savings. Setting high 
eligibility thresholds can help limit, but not eliminate, non­
essential subsidies. This is one reason Texas Power and Light 
raised the minimum qualification level for a central air condi­
tioner rebate to an SEER of 9.0 for 1983. 

Replacement, Refurbishment and Auditing Programs 

Early retirement of inefficient products ilnd r('placement with 
highly efficient models can be a cost effective proposition for 
consumers even without any government or private sector 
subsidy. Figure 13 shows the real rate of return through operat­
ing cost savings from the early retirement of two-door refrigera­
tor/freezers and electric water heaters typical of those in the 
1980 housing stock, assuming replacement with the top-rated 
models available in January, 1983. The return is computed 
based on the first cost of the new model assuming the old 
model is junked. The cost effectiveness is evaluated as a 
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Figure 13. Economic FeaslblUty of Early Retirement of Old Refrigerators and Electric Water Heaters 
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function of the remaining life of the old model. (See Appendix 
A for more details of this analysis.) The calculations were done 
with the same energy price assumptions that were used in the 
economic analysis presented in Section III.B. 

It is seen in Figure 13 that early retirement of a typical 
two-door refrigerator/freezer or electric water heater returns 
5-10% per year with average electricity prices. These returns are 
above inflation and are tax-free. Furthermore, the return goes 
up slightly as the remaining useful life of the old model 
increases because operating cost savings are obtained for a 
longer period of time (see Appendix A). Thus, it is even cost 
effective to discard a brand new model (assuming it has an 
efficiency equivalent to the typical model in the 1980 stock.) 

Figure 14 shows the same analysis for gas furnaces at three 
different space heat loads-25, 50 and 75 MBTIJ per year. The 
middle value is typical for the gas-heated housing stock in the 
U.S.213 At this mean demand level, scrapping an old model 
returns 4-11 r" per year, a very attractive value compared with 
other consumer investment opportunities. At the demand level 
of one-half the national average, there is still a real return of 2r" 
per year or greater if the old model is relatively new (up to 8 
years old). 

Parties who stand to gain, such as equipment manufacturers 

and utilities, should publicize the economic advantages of 
early retirement of appliances and, if necessary, provide some 
added financial incentives. Also, care should be taken to 
ensure that obsolete appliances are scrapped (perhaps with 
the materials or some components recycled). This may create 
hardships for low income families most likely to purchase 
second hand products. Therefore, any program designed to 
remove older products from the market should be comple­
mented by a program for financing and/or subsidizing the 
purchase of high efficiency products by the poor. 

If early retirement and scrapping is not possible or practical, 
it may be economical to refurbish or retrofit inefficient models. 
One possibility would be to organize an appliance efficiency 
refurbishment program using appliance repairpersons or used 
appliance dealers. The U.S. second-hand appliance market is 
sizeable; one study estimates that 12% of all households pur­
chase used refrigerators.214 The average service life for used 
appliances (other than heating and cooling equipment) is 5-10 
years. 215 

An appliance refurbishment program could include the 
standard retrofit devices for space and water heating equip­
ment (see Table 9), as well as measures for other appliances. 
For example, refrigerator refurbishing might include replacing 
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Figure 14. Economic Feasibility of Early Retirement of Old Gas-Fired Furnaces 
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the door gasket, cleaning heat exchange coils, replacing com­
pressors and motors, and installing new insulation. The 
appliance could be refurbished on site by an "appliance­
doctor" or taken to an outside facility for renovation. 

Many utilities and private firms perform energy audits in 
existing residences. Sometimes, they examine space and water 
heating equipment and, if necessary, recommend or perform a 
furnace "tune-up," water heater insulation wrapping, or the 
installation of some other retrofit device. These audits could be 
extended to include other major appliances. The auditor could, 
at a minimum, leave a homeowner with an appliance rating 
sheet indicating the quality of the dwelling's appliances and the 
cost effectiveness of replacement with highly efficient models. 

Including Appliances in Home Energy Efficiency Ratings 

Some utilities, states and communities have developed pro­
grams to rate home energy efficiency.216 These ratings, directed 
toward prospective home buyers, generally do not include 
appliance efficiency. It would be useful to develop appliance 
efficiency ratings either in a separate program or as part of an 
overall building rating program. 

An appliance rating program could assign each major home 
appl iance a point rating based on its efficiency compared to the 
most efficient product in its class, calculating an average score 
for the house on a scale of 1-5. This type of rating system 
should be accurate and relatively simple to implement. Audi­
tors armed with lists of product point ratings would simply 
identify products and perhaps note indications of performance 
degradation. 

Energy Efficiency Advertising 

Consumer awareness of appliance efficiency ratings could be 
rapidly increased if manufacturers used these ratings in their 
advertising. It may take some time before the significance of 
"SEER" or "EER" becomes as well understood as automobile 
"MPG," but it is a necessary step toward a more efficient 
marketplace. 

Appliance Procurements by Public Agencies 

Federal, state and local governments (e.g., the military or pub­
lic housing authorities) buy a large number of appliances. 
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Each procurement organization could be required to consider 
the value of investments in efficient appliances on a life cycle 
cost basis. This is particularly important where the authority 
does not pay the energy bills, since the government ordinarily 
would have no incentive to purchase efficient equipment and 
the occupants would have no control over the situation. Even if 
the authority amortized and passed through the increased first 
cost, occupants would still benefit from reduced operating 
costs exceeding the extra capital cost payments. 

c. A Research Agenda 

Further improvements in the performance of various applian­
ces are still possible. Additional engineering work is needed to 
develop new technologies and integrate new appliances into 
overall building design. Utilities should integrate appliance 
efficiency programs and investments into their planning and 
investment strategies. Policy makers must know how they can 
best encourage more rational appliance purchases. Some of 
the more important research needs are discussed below. 

Engineering and Product Development 

A number of high efficiency products including condensing 
gas furnaces, compact fluorescent light bulbs, and high effi­
ciency heat pumps were offered to consumers for the first time 
in 1982. Many more advanced products are under development 
with progress occurring rapidly. Nonetheless, continued pro­
duct research and development could prove to be extremely 
valuable. The following areas deserve a high priority in future 
R&D efforts: 
• improved residential lighting devices and strategies; 
• fuel-fired heat pumps and high efficiency fuel-fired water 

heaters; 
• hot water conservation technologies; 
• integrated appliances, including refrigerator/freezer heat 

recovery systems, equipment which provides space heating 
and hot water, and systems that cogenerate heat and power; 

• high efficiency freezers; 
• reduced energy consumption in clothes drying; 
• systems for storing residential heat and "coolth" for 8-24 

hours. 

Field Penonnance 

A thorough understanding of the relationship between test 
rating and field performance is crucial to assess the real 
impacts of efficient appliances and appliance programs. The 
ability of the current test procedures to predict the field perfor­
mance of both conventional and highly efficient products 
needs further checking. The procedures should be revised if 
necessary. Also, usage assumptions such as daily hot water 
consumption for a typical household should be updated based 
on recent field studies. 

It has been pointed out that identical models under different 
operating conditions can show substantial differences in 
energy usage. It would be useful to know what causes this and 
how specific changes in user behavior affect energy consump­
tion. Also, little data exists on any changes in appliance energy 
consumption over product life. Such information is important 
for accurately determining the value of early retirement and 
other appliance efficiency programs. 

Analytical Work 

One issue of growing concern is the impact of appliances on 
space conditioning requirements. As building envelopes be­
come more efficient, appliance "waste heat" gains in signifi­
cance in the space conditioning energy balance. A better 
understanding of inadvertent heating from appliances is 
needed along with analyses of the overall value of improving 
appliance efficiency by reducing their heat losses. 

Figure 10 showed that as buildings become tighter, the eco­
nomic attractiveness of more efficient heating equipment 
declines. The cost effectiveness of advanced space condition­
ing equipment in state-of-the-art buildings should be tho­
roughly evaluated, and the economics of marginal improve­
ments in equipment versus building shells compared. 

Techniques for integrating efficient appliances into utility 
capacity-expansion models also are needed. This type of ana­
lytical tool should include estimates of the economic merits of 
investments in efficient appliances, appliance program costs 
and benefits, and the impact of efficient appliances on demand 
profile, load factor and utility generating costs. 

Infonnation Needs 

Comprehensive information on the first cost of appliances is 
scarce. The actual selling price may be 2S'!o or more below the 
manufacturers' suggested retail figure. Actual selling prices are 
necessary to evaluate the cost effectiveness of efficiency 
improvements, develop life-cycle cost information for consu­
mers, and design incentive programs such as utility rebates. 

More information needs to be gathered on the average effi­
ciency of new products. In some cases, manufacturers' 
shipment-weighted average efficiencies have not been accu­
rately determined since 1979 (see Table 4). Besides updating 
these averages, we need to know how the distribution of new 
product efficiencies has changed over time. Manufacturers' 
organizations are the logical parties to compile this informa­
tion along with selling price data. 

Further studies are needed to judge the value of consumer 
education efforts and compare the usefulness of different types 
of information. For example, experiments could be conducted 
comparing appliance purchases by ordinary shoppers and 
those who are provided with certain educational materials. 
Moreover, because of the confusing variety of recommenda­
tions that appear from source to source, it would be worthwhile 
for an unbiased technical group to review the commonly made 
recommendations, determine what has been proven to save 
energy and how much, and then analyze and test the measures 
that are poorly understood. An organization like the Federal 
Trade Commission could then publish a more definitive guide 
in this area. 

Program Evaluation 

Some appliance efficiency programs lack a comprehensive 
evaluation component. Information on energy and power sav­
ings, program costs, participation levels, public reaction, and 
other impacts must be collected to judge program value and 
extrapolate to other locations. An evaluation should consider 
actions that most likely would have occurred without the pro­
gram, for example, by studying pre- and post-program appli­
ance purchases, energy usage, and other factors. In many 
cases, it should be possible to increase program effectiveness 
at a relatively modest cost by thoroughly understanding the 
responses received. 
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Appendix A. Economic Analysis Methodology 

Return on Invesbnent 

The real rate of return on the additional investment for an 
efficient product is the discount rate "d" such that the net 
present value of all expenses (purchase price, installation, fuel 
expenses, maintenance, etc.) for the efficient product and the 
alternative (a model of ordinary efficiency) are equal. If the two 
products being compared have the same average lifetime, "d" 
can be computed using Equation (1). 

(I) 

where C( and Ct' are the first cost of the conventional and 
efficient products respectively, Ec and Ee are the annual energy 
use of the conventional and efficient products, L is the average 
lifetime ofthe product (yrs), and pet) is the energy price in year 
t. The left side of Equation (1) represents the Iifecycle cost of 
the model of average efficiency and the right side the same for 
the high efficiency model. 

The first cost of the top-rated products and the increase in 
cost compared to models close in efficiency to typical models 
sold in 1980 are given in Table 10 of the text. The annual energy 
usages and lifetimes for the products included in this analysis 
are given in Table A 1. Table A2 shows the energy price assump­
tions used in the economic analysis. The escalation rates are 
U.S. OOE's accepted projections in 1982. 

For efficient products which have a different lifetime than the 
conventional alternative (e.g., light bulbs), the rate of return "d" 
is calculated from Equation (2). 

TableAI. Annual Energy Consumption and Ufetime of 
Top-rated and Average Productsa 

AECb AECb 
Product 1980 Average 1982 Top-rated LC 

Gas furnace 72.5 52.1 23 

Heat pump (heating) 4740 3460 12 

Electric water heater 3910 1420 13 

Gas water heater 22.2 12.9 13 

Central AC 4905 2785 12 

RoomAC 980 615 15 

Refrigerator/freezer 1330 870 19 

Upright freezer lOBO 765 21 

"See Notes to Table 11 for usage assumptions. 

bAnnual energy consumption (AEC) in units of kWh or MB1U See Tables 5 
and 10 for model names. 

CEstimated lifetime (L) in units of years. See Reference 15. 
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TableA2. Energy Price Assumptions 

Real escalation rates (%/yr)b 

Fuel 1982 price- 1982-85 1986-90 1991-

Electricity $O.068/kWh 4.4 0.6 0.8 

Natural gas $5.30/MBTIJ 10.1 6.6 3.3 

Fuel oil $8.40/MBTIJ 6.4 6.7 4.7 

"National average prices for the first 8 months of 1982, see '"Monthly Energy 
Review," DOEiEIA-0035(82111), U.S. Department of Energy, Nov. 1982. 

bSee '"1981 Annual Report to Congress, Vol. 3-Energy Projections," 
OOE/EIA-OI73(81/3), U.S. Department of Energy, Feb. 1982. The fuel oil 
escalation rates are based on those given for gasoline, and escalation rates for 
1991·95 in the DOE projection are extended beyond 1995 ill this analysis. 

(2) 

where M = (L.JLJ - 1. It is assumed in Equation 2 that the life of 
the efficient product (Le) is longer than the life of the conven­
tional product (LJ, and that the longer life is used as the overall 
lifecycle. The first term 011 the left side of the equation sums all 
discounted capital payments for the shorter-lived products 
which are fully used during the time period Leo The second term 
on the left side accounts for the last purchase of the conven­
tional product if it is not fully used at the end of Leo where F is the 
fraction of the life used and Y is the year of purchase for this 
particular item. 

Table 6 in the text includes the lifetimes, first costs, and 
power ratings of different light bulbs (the only product ana­
lyzed with varying lifetime). For the economic results displayed 
in Table 11 and Figure 8, the 22W circlite is compared to a 60W 
incandescent and the 28W compact fluorescent is compared to 
a 75W incandescent bulb assuming 1200 hours usage per year. 

Cost of ConselVed Energy 

The cost of conserved energy (CCE) when comparing two 
products of equal life is given by Equation (3). 

CCE = CRF(d,L)(Ce-Cc) 

(Ec-Ee) 

where CRF(d,L) is the standard capital recovery factor, 

(3) 
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CRF(d,L) d(l+dt 
( l+d)L_1 

(4) 

When calculating CCE, a value for the discount rate must be 
assumed. 

If the lifetimes of the two products are different, then 

CCE = 

CRF(d,L) 
(E, - Ee) 

(5) 

The same assumptions apply here as in the rate of return case 
with differing lifetimes. 

Economics of Early Retirement 

The economic feasibility of scrapping a functioning but ineffi­
cient appliance and investing in a highly efficient model is 
considered as a function of the old model's remaining useful 
life. The return on this investment is obtained by solving for "d" 
in Equation (6). 

, I EoP(t) 
,= I (I+d)' 

N 
(1-'[.) 

C - C (l+d)N + 
i . EeP(t) 
t= I (I+d)' 

(6) 

where Eo is the assumed annual energy use of the old model, N 
is the remaining life of the old model, and Le is the full life of the 
new model. The second term on the right is the credit taken for 

the remaining value of the efficient product in year N (i.e., at the 
end of the evaluation period), with straight-line depreciation 
assumed. 

The economic results for the early retirement of three pro­
ducts (two-door refrigerator/freezer, electric water heater, and 
gas furnace) are presented in Section VII. The assumptions 
regarding the efficiency and energy use of old models (typical 
of the equipment stock) for these products are given in 
TableA3. 

From Figures 13 and 14, it is seen that the return on invest­
ment increases slightly as the remaining useful life of the 
scrapped model increases. This result arises because in Equa­
tion (6), the first cost of the highly efficient model is pro-rated 
to the period of comparison, with the credit taken for the 
remaining value in year "N" discounted at the rate "d." Thus, 
the effective cost per year for the highly efficient product 
decreases as more of the product is included in the analysis 
(i.e., as "N" increases). 

It is also possible to consider the economics of early retire­
ment in terms of the entire life of the new, efficient model 
(evaluation over "Le" rather than "N"). However, this approach 
requires specifying the efficiency of a new conventional model 
in year N when the old model would normally wear out. Since 
the efficiency of typical models produced in the future is highly 
speculative, there is more uncertainty in this approach than in 
the one presented above. 

Table Al. Stock (Old Model) Perfonnance 
AssumpdoD8 in the Early Retirement Analysis 

Product 

Two-door RIP 

Electric water heater" 

Gas furnace" 

Efficiency 

0.73 

0.60 

Annual Energy Use 

2090 kWh 

4290 kWh 

83.3 MBTIJ 

aBased on field survey in 1976-77, see "Patterns of Energy Use by Electrical 
Appliances," EPRI EA-682, prepared by Midwest Research Institute, Kansas 
City, MO, Jan. 1979. 

bBased on 38 gallons per day hot water usage, efficienl:y frolll R.A. Hoskins 
and E. Hirst, "Energy and Cost Analysis of Residential Water Heaters," 
ORNL/CON-IO, Oak Ridge National Laboratory, Oak Ridge, TN, June 1977. 

"Based on heat load of 50 MBTU, efficiency from D.L O'Neal, "Energy and Cost 
Analysis of Residential Heating Systems," ORNL/CON-25, Oak Ridge National 
Laboratory, Oak Ridge, TN, July 1978. 
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