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Abstract

In this paper we estimate the increase in the market share of ENERGY STAR-qualified appli-
ances that can be attributed to targetted cash rebates offered by utility companies. To estimate
the impact of these incentives we use the variation in timing and size of the utility rebates
across the US states. We then use these estimates along with information on the average en-
ergy saved by using an ENERGY STAR appliance relative to a non-ENERGY STAR appliance
to provide an estimate on the cost per tonne of carbon saved by the rebate program. Our re-
sults show that a dollar increase in the rebate leads to a 0.3% increase in the share of ENERGY
STAR-qualified clothes washers while the effect of rebates is not significant for dishwashers
and refrigerators. Assuming a redemption rate of 40%, we calculate the cost of saving a tonne
of carbon through the clothes washer rebate program to be approximately $171. The corre-
sponding cost of a megawatt hour saved (approximately $35), is lower than the estimated cost
of building and operating an additional power plant and the average on-peak spot price be-
tween 2001 and 2006. We conclude that the ENERGY STAR clothes washers rebate programs
are a cost-effective way for utilities to reduce energy demand.
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“Efficiency is the steak. Renewables are the sizzle.” — Carl Pope, executive director of

the Sierra Club

1 Introduction

It is now widely accepted that anthropogenic greenhouse gas (GHG) emissions are the main cause
of climate change. The energy sector accounts for approximately 65% of our output of GHGs (In-
ternational Energy Agency, 2009) and thus reducing emissions in this sector is a crucial element of
GHG reduction. To reduce GHGs increasing energy efficiency is considered a “low-hanging fruit”
because of its low marginal cost. The World Energy Outlook 2009, published by the International
Energy Agency (IEA), highlights the huge potential of CO, reductions from increased energy ef-
ficiency. In this paper we analyze a policy used to encourage the adoption of energy efficient
appliances.

Federal and local governments and utility companies across the United States and Canada pro-
mote the adoption of energy efficient appliances identified by a voluntary eco-labelling program,
the ENERGY STAR label, by offering financial incentives. The ENERGY STAR label is designed to
promote the use of energy-efficient products and thus help to reduce the emissions of greenhouse
gases by reducing energy consumption. These incentives are usually in the form of rebates. Some
US states have also introduced sales tax holidays on energy efficient appliances.! The adoption
of energy efficient appliances has public (reduced GHG emissions) and private (savings in utility
bills) benefits.” In this paper we ask two questions. First, what is the sales impact of these rebates?
Second, is it cost effective for a utility company to offer rebates to its consumers to buy ENERGY
STAR labelled appliances?

To study the impact of the rebates on the sales of energy efficient ENERGY STAR appliances we
use quarterly sales data on the percentage of ENERGY STAR labelled appliances (clothes washers,

!Connecticut, Delaware, Florida, Georgia, Missouri,North Carolina, South Carolina, Texas, Vermont, Virginia and
West Virginia have introduced sales tax holidays.

*According to calculations made by D&R International Ltd. the lifetime cost for clothes washers, using the product
database from 2007, was $1,883 for a standard model and $1,726 for an ENERGY STAR model. While the median
purchase price for a standard model ($573) was much lower than an ENERGY STAR model ($966) the average energy
costs for the former were much higher at $1,310 than the latter ($760).



dishwashers, and refrigerators) for all 50 US states. We combine this with a detailed utility-level
and state level dataset on rebate programs between 2001 and 2006. Our aim is to identify the
impact of rebates on sales of ENERGY STAR appliances by correlating differences in the market
share of ENERGY STAR appliances with variation in rebate values across and within appliances
and across and within US states over time. The panel nature of our dataset allows us to ensure
that we do not attribute state level differences, or national level common time effects to the rebate
variable. Our results indicate that, on average, the utility rebates increased the market share of
ENERGY STAR-qualified clothes washers by 4.5%. We also find that the utility rebates had no
significant impact on the sales of ENERGY STAR-qualified dishwashers and refrigerators.

We then use the above estimates to evaluate the cost of a ton of carbon emissions saved as well
as the cost of a megawatt hour saved. The former cost calculation will enable us to compare the
cost with that of the social opportunity cost of carbon while the latter cost can be informative in
comparing with the cost of constructing and operating a power plant or the average price of addi-
tional electricity bought in the spot market. Both costs depend on the assumption for redemption
rates of mail-in rebates, which are the main avenue for these rebates. The cost ranges from $171
to $426 depending on a redemption rate of 40% and 100% respectively. We also calculate the cost
of a megawatt hour saved due to having the rebate programs in place for comparisons with the
estimated cost of building and operating a power plant as well as the cost of on-peak spot prices.
This cost of a megawatt hour saved ranges from around $35 to $87.5 depending on the redemp-
tion rate being 40% and %100 respectively. The lower estimate of $35 per megawatt hour saved
is much lower than the cost of constructing and operating the cheapest power plant.®> Average
on-peak prices at $60 are also higher than the cost of rebate programs which means that buying
electricity in case demand exceeds supply is more expensive than reducing electricity demand
through increased efficiency.

There has been, to the best of our knowledge, no research on evaluating the cost-effectiveness
of utility rebates to promote the sale of ENERGY STAR appliances. The rebate programs we study

in this paper are a part of DSM initiatives undertaken by utility companies initiated in the late

*The cost of a coal-fired power plant, according to Du and Parsons (2009), is the lowest at $62 per megawatt hour.



1970s primarily due to rising gas and oil prices.* DSM refers to the “planning, implementation,
and monitoring of utility activities designed to encourage consumers to modify patterns of elec-
tricity usage, including the timing and level of electricity demand” (Energy Information Admin-
istration, 2009).

The Energy Information Administration (2009) reports that the total actual peak load reduction
achieved in 2007 through DSM was 30,276 MW with 58% being attributed to energy efficiency
while the total DSM cost was $2.5 billion. Gillingham et al. (2006) provide a review of, among
other things, DSM activities and report the range of negawatt’ costs calculated in the existing
literature to be between $8 and $229 per megawatt hour saved. A recent paper by Arimura et al.
(2009) finds that DSM expenditures over the last couple of decades have cost utilities around $60
per MWh saved.

Our focus in this paper is on a specific component of DSM, namely, the utility rebate programs
promoting the purchase of household energy efficient appliances. Very few studies have looked at
the cost-effectiveness of rebate programs in the residential sector. Revelt and Train (1998) estimate
the impact of rebates and loans on the choice of efficiency of refrigerators by residential customers
of Southern California Edison (SCE) using stated preference data. They predict that the rebate pro-
gram has led 8.5% customers to switch from a standard-efficiency refrigerator to a high-efficiency
one. They also find that loan programs have a greater impact with 22.6% of buyers switching from
standard to high efficiency.® In a survey of the literature on the various kinds of DSM programs
Nadel (1992) shows that the cost per kilowatt hour incurred by a utility in rebate programs ranges
from low to moderate” and is generally between $14 to $50 per kilowatt hour.® Nadel (1990) re-
ports the cost to utilities for rebate programs in the commercial and industrial sectors to be $20-30
per megawatt hour.

The rest of the paper is organized as follows. In the next section, we provide an overview of

*See Eto (1996), Nadel and Geller (1996) and Nadel (2000) for a history of utility DSM programs in the US.

>“Negawatt” is a term coined by Amory Lovins of the Rocky Mountain Institute to refer to a watt of electricity that
does not have to be produced due to an energy saving process in place.

fSee Train and Atherton (1995) for a similar paper.

"This is based on rebate programs for commercial and industrial as well as residential sectors.

8We hereon, convert all figures originally reported in kilowatt hours to megawatt hours for consistency. 1 megawatt
hour = 1,000 kilowatt hours.



the ENERGY STAR program. We then discuss the rebate programs offered by utility companies
in section 3 and follow it up with a description of the data, its sources and limitations in section 4.
The empirical strategy is laid out in section 5 and the econometric results are discussed in section 6.
The penultimate section uses the results from our regression model to calculate the energy saving

and cost of having the rebate programs in place while the final section has concluding remarks.

2 A Brief Overview of ENERGY STAR

The ENERGY STAR program was introduced in 1992 by the United States Environmental Pro-
tection Agency (EPA) as a voluntary labelling program designed to promote the use of energy-
efficient products and thus help to reduce the emissions of greenhouse gases. Research on the
ENERGY STAR program has focused almost exclusively on the energy, dollar and carbon savings
or the overall success of the ENERGY STAR program. Howarth et al. (2000) find that the Green
Lights and ENERGY STAR Office Products programs have very little effect on the demand for en-
ergy but improvements in energy efficiency lead to one-to-one reductions in energy use. In terms
of calculating savings estimates, Webber et al. (2000) conclude that 740 petajoules of energy has
been saved’ and 13 million metric tons of carbon avoided due to the ENERGY STAR program.
In a more recent study, Sanchez et al. (2008) estimate that ENERGY STAR-labelled products have
saved 4.8E] of primary energy and avoided 82Tg C equivalent.!’.

In this paper, we focus on the ENERGY STAR program for clothes washers, dishwashers and
refrigerators. The market share of ENERGY STAR qualified clothes washers have increased from
10% in 2001 to almost 38% in 2006. ENERGY STAR qualified dishwashers have captured a little
more than 92% of the market in 2006 as compared to around 10% in 2001 (Figure 1). Figure 1
shows the high penetration of ENERGY STAR qualified dishwashers when compared to clothes

washers and refrigerators.

°1 petajoule = 10'° Joules. 740 petajoules is equivalent to 205.5 x 10° MWh. 1 MWh = 3.6 x 10° Joules.
101y (Exajoule)=10"® Joules. 4.8F] is equivalent to 1.3 x 10° MWh. 1Tg (Teragram) = 10'? grams
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Figure 1: SHARE OF ENERGY STAR QUALIFIED DISHWASHERS, CLOTHES WASHERS AND RE-
FRIGERATORS (SOURCE: ENERGY STAR)

3 Utility Rebates

In 1998, ENERGY STAR qualified clothes washers in the northwestern part of the United States
were promoted through rebates and incentives offered by the Northwest Energy Efficiency Al-
liance. Supplemental rebates and financing was offered by a number of utilities in Washington,
Oregon, Montana and Idaho (ENERGY STAR Sales Report, 1999). Similarly, most utility compa-
nies in California and several utility companies in New England (through the Northeast Energy
Efficiency Partnerships, Inc.) and Wisconsin also supported the sale of ENERGY STAR appliances
(ENERGY STAR Sales Report, 1999). The same regions experienced a much larger penetration of
ENERGY STAR qualified clothes washers than other regions.

While the savings to consumers, in terms of lower utility bills, are quite obvious there are a
number of reasons why utilities would want to promote the use of ENERGY STAR products.'! Ttis

argued that promoting energy efficiency costs less than building brand new power plants. There

"Benefits to consumers can be seen by comparing the average energy use of an ENERGY STAR and a non-ENERGY
STAR qualified appliance. See Table 6 for information on the energy used by an average ENERGY STAR versus an
average non-ENERGY STAR clothes washer and Table 8 for dishwashers and refrigerators.



are also environmental reasons. Utility companies need to follow a number of environmental
regulations. There are emissions control strategies in place and saving energy on the margin will
allow the more polluting plants to be removed from producing electricity. Lastly, the California
electricity crisis of 2000 and 2001 showed that reducing peak demand combined with reducing

energy demand can lead to grid reliability.

4 Data Description

We use data from a number of sources. The sales data of ENERGY STAR-qualified appliances
are from the US Department of Energy (2008a). Information about the utility rebates on ENERGY
STAR products is from D&R International Ltd. Demographic data come from the Current Popu-
lation Survey, the Bureau of Economic Analysis and the US Census. Electricity price data are from

the Energy Information Administration of the US Department of Energy.

4.1 ENERGY STAR Sales

The ENERGY STAR website'? has data on sales of the four major appliances, viz. clothes washers,
dishwashers, air conditioners and refrigerators. The data are disaggregated by the type of major
appliance in each US state by quarter from 2001 to 2006. We exclude air conditioners in our analy-
sis due to missing data. Sales of appliances are categorized into ENERGY STAR and non-ENERGY
STAR units. The appliance manufacturers report the sale of ENERGY STAR units to the US EPA
every year. For obtaining sales figures of non-ENERGY STAR units the EPA uses the difference of
the sales figures of total ENERGY STAR units sold and the total US sales obtained from industry

reports.

4.2 Utility Rebates

Financial incentives are in the form of rebates that vary in amount as well as form across utility

companies and across different appliances. Information about rebates and incentives provided by

Bhttp:/ /www.energystar.gov/index.cfm?c=manuf_res.pt_appliances
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utilities between 2001 and 2006 was obtained from D&R International Ltd. This includes details of
the incentive type, the program name, the amount of rebate offered, a summary of the rebate with
the period of time the rebate is offered and the appliances or products to which the rebate applies.
Table 1 provides details on the number of utility companies providing rebates to its customers
from 2001 to 2006 for various appliances. Rebates are concentrated mostly in the northwestern
states and California as well as northeastern states. We have considered only mail-in and instant
rebates that constitute 91% of the total incentives on offer. Our dataset has a total of 602 financial
incentives out of which 546 are mail-in and instant rebates. Of those, 95% are mail-in and 5% are
instant rebates.Table 2 provides a detailed breakdown of the various types of financial incentives
offered by utility companies. Figure 2 shows the rebate amounts and corresponding frequencies
in our sample. Most of the rebate amounts have a $50 or $100 value for clothes washers. Rebates

for dishwashers and refrigerators in our sample are typically $25 or $50.

Table 1: NUMBER OF UTILITY REBATES FOR ENERGY STAR APPLIANCES (2001-2006)

State Clothes Washers Dishwashers Refrigerators
California 28 23 36
Colorado 8 1 2
Connecticut 6 0 3
Towa 12 11 13
Idaho 12 8 5
Illinois 2 0 0
Massachusetts 21 2 0
Minnesota 19 6 7
Missouri 1 0 0
Montana 7 6 6
New Hampshire 8 0 0
Nevada 10 3 8
New York 2 0 0
Oregon 51 35 30
Rhode Island 3 0 0
South Dakota 2 0 0
Texas 0 0 1
Utah 0 0 1
Washington 60 26 21
Wisconsin 2 2 3
Wyoming 1 1 1
Total 255 124 137

Note: Numbers indicate total number of utility rebates offered.



Table 2: TYPES OF FINANCIAL INCENTIVES OFFERED BY UTILITY COMPANIES (2001-2006)

Type of Dollar Incentive/Rebate  Frequency Percent

Instant Rebate (at point of sale) 14 2.56
Instant Rebate (as credit on bill) 15 2.74
Mail-in Rebate 517 94.69

The disadvantage of not having sales figures by smaller geographic entities is that rebates
provided by utility companies are local in nature and, usually, do not apply to the entire state.
That leads to an aggregation problem when we are trying to estimate the effectiveness of rebates
on the sales of ENERGY STAR units for the state as a whole. Consider a situation where we have
rebates in two states with a similar population, and preferences. The rebates are assumed, for the
sake of simplicity, to be of equal value. However, the extent of the rebates differ with one state
having it in, say, just one county served by a utility company and the other state having it in many
more counties. This should not lead to the same effect on the state-wide sales share of ENERGY
STAR appliances. In this situation we would expect the latter of the two states to have a bigger
impact on the sales share. To rectify this we assign weights to the rebates. The weights that we
use are the share of the residential customers served by the utility company providing the rebate
to the total number of residential customers in a state. The number of customers served by each
utility company are from the Energy Information Administration (2006) of the US Department
of Energy. Using weighted rebates means that utilities serving a larger customer base will have

higher weights assigned to their rebates. '*

4.3 Demographic and Electricity Data

We use state quarterly personal income estimates from the US Bureau of Economic Analysis to

measure income.'* The CPS is a monthly household survey conducted by the Bureau of Labor

BOur preferred specifications use weighted rebates. However in the text we also report results from using a simple
average of utility rebate offered. We have also analyzed the impact of utility rebates after controlling for state level
sales tax rebates on ENERGY STAR appliances. Unlike the utility rebates, which last typically for an year or more, most
state level rebates typically lasted for a few days during a year. These results are not reported in the text and can be
requested from the authors. We find that the results of regressions controlling for the sales tax rebate are essentially
the same as those reported in this paper. Coefficients on the sales tax rebates are not significant. This is because these
rebates were in place only for a few days and we use quarterly sales data making it hard to identify their impact.

“Personal income is the income received by all persons from all sources.
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Figure 2: HISTOGRAM OF ENERGY STAR REBATE AMOUNTS (2001-2006)

Statistics to measure participation and employment of the US labour force. The CPS has details on
the highest level of education obtained. We construct a measure of education, ‘Having a degree’,
that gives us the fraction of people in a particular US state to have completed a degree of any kind.
15

Electricity prices are from the (Energy Information Administration, 2008) of the US Depart-
ment of Energy. We calculate the quarterly price for each state from 2001 to 2006 using the monthly

retail price for electricity in the residential sector.

> Associate Degree-Occupational/Vocational, Associate Deg.-Academic Program, Bachelor’s Degree(ex: BA, AB,
BS), Master’s(ex: MA, MS, MEng, MEd, MSW), Professional School Deg(ex: MD, DDS, DVM) or Doctorate Degree(ex:

PhD, EdD).
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Table 3: SUMMARY STATISTICS (2001-2006)

Variable Mean Std.Dev. Min. Max. Obs.
Clothes Washers Share 0.274 0.138 0.026 0.842 1200
Log of Clothes Washers Share -1.460 0.626 -3.663 -0.173 1200
Dishwashers Share 0.607 0.286 0.056 1.000 1200
Log of Dishwashers Share -0.663 0.641 -2.875 0.000 1200
Refrigerators Share 0.273 0.108 0 0.595 1200
Log of Refrigerators Share -1.473 0.838 -6.847 -0.520 1199
Log Average Personal Income 11.628 1.055 9.595 14.203 1200
Share of people with degrees 0.317 0.049 0.174 0468 1200

Log Electricity Price in current quarter -0.261 0.262 -0.761 0.762 1200

5 Empirical Strategy

The timing and size of rebates varies across states and time. We use this variation to estimate the
impact of the utility rebates on the sales of ENERGY STAR labelled clothes washers, dishwashers
and refrigerators. In addition there are several states that did not provide any such incentives to
its customers. We utilize the panel nature of the data and our dependent variable is the logarithm

of the market share of ENERGY STAR appliances. Formally, our empirical specification is:

3
log(ENERGY STAR share).;; = 5o + Z BicAppliance dummy ;¢

c=1

3
+ Z BacAppliance dummy.;¢*Util. Reb..it + B3Xcit + €cit, (1)

c=1

where cis the index for the appliance type (i.e. clothes washer, dishwasher or refrigerator), 7 is the
US state index and ¢ is the year-quarter time index. The f5. coefficients on the right-hand side are
our variables of interest since they indicate the effect of the rebate offered on a particular appliance
on the market share of that particular appliance. X.;; is a vector of controls and ¢ is the standard
iid. error term.

This specification enables us to estimate the impact of incentives provided by utility compa-

nies as well as control for various other factors that may affect the share of ENERGY STAR appli-
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ances.'® A positive estimate for all three (. coefficients would imply that the rebates are having
a favourable impact and that the utility companies are being successful in encouraging people to
switch to more energy-efficient technologies. In our set of controls, among other time and state
dummies, we also include the fraction of the population having at least a degree, the average
personal income (in logarithmic form) for each US State, and the price of electricity. Summary
statistics are presented in Table 3.

Recall that data on rebates are at the utility level. For our aggregation to the state level we
present results of two indicators. We first use the average rebate amount in a state. We construct
this by calculating the simple average of all the rebates given by utility companies in a state in
a particular quarter for a particular appliance. Our second, and preferred, measure of the utility
rebate variable attaches weights to the rebate values. These weights are calculated by dividing the
number of residential customers served by the utility company providing the rebate with the total
number of residential customers in a state. We do this to ensure that areas with a higher residential
customer base in a state have larger weights attached to the utility rebates.

We provide summary statistics of the different rebate measures in Table 4. The last column
in the table, Obs., indicates the number of data points in our dataset that the rebates imply. For
example, there are 239 state-quarter rebates for clothes washers. Since our panel has 50 US states
that we track over four quarters for a period of six years between 2001 and 2006 there are 1200
observations for clothes washers alone. For clothes washers, out of those 1200 observations, 239
data points have rebates. The table shows us that the number of utility rebates available for clothes
washers far exceeds that for dishwashers and refrigerators. If we consider the average rebate
amount and the average weighted rebate amount we see that clothes washers get a much higher
rebate amount when compared to dishwashers and refrigerators. The number of rebates as well
as the average amount of a rebate is lowest for dishwashers.

We use both fixed and random effects panel data regression models. In the specifications we

tirst observe the effects of the utility rebates on the market share of ENERGY STAR appliances

*Note that even though the individuals coefficients on the impact of the rebate can differ, our regression pools all
three appliances together. This is because we believe that the same underlying utility function determines the choice
between an ENERGY STAR and a non-ENERGY STAR appliance.

12



Table 4: REBATE STATISTICS FOR US STATES PROVIDING REBATES (2001-2006)

Variable Mean Std. Dev. Min. Max. Obs.
Clothes Washers
Avg. Rebate Amount 69.699  27.547 25 200 239
Avg. Weighted Rebate Amount 15.215  21.722  0.057 100 239
Dishwashers
Avg. Rebate Amount 34.746  13.505 10 62.5 158
Avg. Weighted Rebate Amount  1.588 4.365 0.019 35 158
Refrigerators
Avg. Rebate Amount 50.640  26.324 15 1175 177

Avg. Weighted Rebate Amount  6.826 15524  0.022 100 177

without controlling for any other factors. We then introduce demographic variables, namely the
average personal income (in logarithmic form), the fraction of people having degrees and also
electricity prices. In the third specification we interact the appliance dummies with quarter dum-
mies to control for any seasonality that may exist. Lastly, we introduce year-quarter time dummies
interacted with the appliance dummies that will capture all changes over time. Since we have state
tixed effects in our fixed effects specification introducing year-quarter dummies will take into ac-
count most of the variation that may occur. This is, therefore, the most comprehensive and our

preferred specification.

6 Results

We now present the results of the specifications and describe the methods used to estimate the
coefficients. The dependent variable in all the specifications is the log of share of ENERGY STAR
appliances.

It is often customary while reporting panel regression results to report the results from the
pooled OLS specification. In the interest of preserving space we have left out the pooled OLS
results. This is because the F-test of the null hypothesis that the constant terms are equal across
all the states is rejected. In other words, there are significant state level effects which implies that
pooled OLS would be inappropriate. In the main text of this paper (see Table 5) we only present

results from a fixed effects panel data specification with our preferred weighted average rebate

13



variable. The fixed effects specification with the simple average rebate variable is in Table 9 of the
Appendix A The alternative random effects estimation (presented in Tables 10 and 11 in Appendix
A.1) assumes the exogeneity of all the regressors with the random individual effects.'” This is a
strong assumption may not be realistic in our case. We use a test for overidentifying restrictions
to test for fixed versus random effects and find that the hypothesis of the regressors being orthog-
onal to the state-level fixed effect is rejected.'® For this reason the fixed effect specification is our
preferred specification.

The columns FE1, FE2, FE3 and FE4 in Table 5 estimate eq.(1) using a fixed effects panel data
model. In column FE1 we do not have any controls for demographics or the effect of time. In
FE2 we introduce demographics while FE3 is the most comprehensive model with time dummies
included as well. Since we are using market shares of all three household appliances, viz. clothes
washers, dishwashers and refrigerators, we have appliance dummies to control for the type of
appliance. As mentioned before, the coefficients that are of interest are the ones for the appli-
ance type interacted with the average rebate amount. The baseline is the case where there are no
rebates. A positive coefficient for the interaction of appliance type with average rebate amount
would indicate a favourable effect on the ENERGY STAR sales share of the appliance due to the
rebate.

The results in Table 5 show that while utility rebates for clothes washers show a positive and
significant effect the effect is not the same for dishwashers and refrigerators. The effect, while
positive and significant for dishwashers in FE1, FE2 and FE3 loses its significance in FE4. The
impact of rebates is not significant for refrigerators. The FE4 specification indicates that the effect
is not as robust for dishwashers and refrigerators as it is for clothes washers.

We choose the FE4 specification over FE2 and FE3 because it is the most comprehensive spec-
ification. Results from our preferred specification, FE4 from Table 5 show that a $1 increase in
utility rebates will lead to a 0.3% increase in the share of ENERGY STAR clothes washers but the

effect is not significant for dishwashers and refrigerators.

7Random effect models are better suited to estimating models that have time-invariant independent variables. They
are also more efficient than the fixed effects.
8We use the xt overid command (Schaffer and Stillman, 2006) in STATA.
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We should note, however, that the average weighted clothes washer rebate is around $15.
Therefore, a $15 increase leads to a 4.5% in the share of sales of ENERGY STAR clothes washers.
We can conclude that the rebate programs have had a positive and significant effect on clothes
washers but they have not made much impact for the other appliances.

If we consider other controls in explaining the sales of ENERGY STAR appliances we see that
there is a positive effect of average personal income. We expect wealthier people to buy ENERGY
STAR appliances since they are, on average, about $350 more expensive than non-ENERGY STAR
models. Our result is similar to that in the literature of tax incentives on the sales of hybrid cars,
e.g. in Gallagher and Muehlegger (2008), which have shown that the effect of income is positive.
The effect of earnings in our regressions results is positive and significant. We also look at the
effect of education on the purchase of energy-efficient appliances. We find that the higher is the
fraction of people having a degree in a state the more likely they are to purchase an ENERGY STAR
clothes washer. This could be due a greater awareness of ENERGY STAR products and appliances,
or a greater concern for the environment. Note that these two effects, become insignificant when
we include time dummies. We expect the coefficient for the price of electricity to be positive
implying that a higher cost of running appliances would cause people to switch to more energy-
efficient ones. This is borne out in our specification. However, on including quarter dummies, this

coefficient becomes insignificant.

7 Policy Implications

We use estimates from our preferred specification, FE4 from Table 5, to examine the effect of utility
rebates. Since the coefficient for clothes washers rebates is robust over specifications FE2 to FE3
we only consider clothes washers and exclude dishwashers and refrigerators for calculating the
cost of the rebate programs. We first perform a counterfactual exercise in which we assume that
none of the states have a utility rebate in place, i.e. 32, = 0 in Eq.1. This gives us the market share
of ENERGY STAR clothes washers if no utility rebate had been offered, say g. Since the estimated

coefficient of the effect of the utility rebate variable is positive, the market share for ENERGY
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Table 5: REGRESSION MODELS WITH AVERAGE WEIGHTED UTILITY REBATES (2001 — 2006)

Fixed Effects
Variable FE1 FE2 FE3 FE4
Intercept -1.491¢  -49.067¢ -50.440¢ -.995¢
(.029) (8.247) (9.568) (.017)
CW*Rebate 1.250% 331¢ .340¢ .308°
(.199) (179) (175) (.124)
DW*Rebate 2.132¢ 977¢ .989¢ -.504
(.583) (.161) (.181) (402)
RF*Rebate 1.311¢ -.087 -.086 206
(447) (277) (:237) (.143)
DW dummy .823¢ 1.950¢
(.054) (.558)
RF dummy .004 .704¢
(.035) (:371)
CW*Log Personal Income 3.927¢ 4.117¢
(.729) (.833)
DW*Log Personal Income 3.932¢ 4.122%
(.728) (.832)
RF*Log Personal Income 3.930  4.119¢
(.728) (.832)
CW*Education 6.467¢ 6.082¢
(1.342) (1.378)
DW*Education 2.595° 2.218¢
(1.230) (1.277)
RF*Education 4214  3.933¢
(1.190) (1.247)
CW*Log Electricity Price 449 010
(476) (:611)
DW*Log Electricity Price 357 -.072
(:490) (:632)
RF*Log Electricity Price .537 -.008
(479) (:616)
Quarter dummies*Appliance dummies Yes
Year-Quarter dummies*Appliance dummies Yes
State Fixed Effects Yes Yes Yes Yes
Observations 3599 3599 3599 3599
Groups 50 50 50 50
R? 242 540 569 919
F-statistic 377 543 855 5222

Significance levels : *: 1% b. 5% ©:10%, Standard errors clustered at the state level
Dependent variable is Log (Share of sales of ENERGY STAR Appliances)
Utility rebate amounts re-scaled, CW: Clothes Washers, RF: Refrigerators, DW: Dishwashers
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STAR clothes washers will be lower than the fitted values using the original estimating equation,
say 3. We use the ratio of these fitted values, g and multiply it with the actual market share to
obtain the counterfactual market share if there had been no rebate. The difference between the
counterfactual and the actual market shares is the effect of the utility rebates.

Note that we have used the share of ENERGY STAR appliances in our regressions. But to carry
out the counterfactual exercise we need unit sales. We have yearly but not quarterly unit sales
figures of clothes washers in every US state from 2001 to 2006. However, we do have the quarterly
unit sales figures for the overall US. Therefore, to get an approximate value of the quarterly unit
sales in each US state we use the overall US quarterly unit sales figures to get an approximate
value of the quarterly unit sales. This will account for the seasonality in sales that may exist. So,
e.g., the yearly unit sales in California in 2001 were 766,500. The first quarter unit sales overall in
the US were approximately 26% of the annual unit sales in 2001. We assume the first quarter unit
sales in California (in 2001) to be 26% of 766,500.

We use these imputed values to obtain the increase in the units of ENERGY STAR clothes

washers sold in each state, ¢, in time ¢ given by
US;; = AUS; — CUS;  where CUS;; = 2 x AMS;, )
Yy

where IUS;; is the increase in units sold of ENERGY STAR clothes washers, AUS;; is the actual
imputed units sold, AMS;; is the actual market share and CUS;; is the counterfactual imputed
units sold.

The total carbon saving, TCS;, is
TCS;; = IUS;; * AEnergy Use * Average Life x Carbon Emissions Factor 3)

where AEnergy Use is the difference in the energy use between an average ENERGY STAR and
an average non-ENERGY STAR clothes washer. The ‘Average Life’ is the average lifetime of a
clothes washers which is typically 11 years (US Department of Energy, 2008b). Annual estimates
of the average energy used by ENERGY STAR and non-ENERGY STAR clothes washers have been
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Table 6: AVERAGE ENERGY USE OF CLOTHES WASHERS (IN KWH/YEAR)

Year non-ENERGY STAR ENERGY STAR

2001 854 290
2002 829 297
2003 829 297
2004 615 254
2005 529 243
2006 531 234

Source: D&R International Ltd.

obtained from D&R International, Ltd. and are listed in Table 6. The figures indicate the average
energy consumed in a year under normal usage. To transform the energy saved into the amount of
carbon equivalent saved we use the carbon emissions factor obtained by Sanchez et al. (2008) from
the Cadmus Group. The carbon emissions factor is assumed to be 0.203 kg C/kWh.'” Therefore,
total energy saving is in terms of kg carbon equivalent forgone. We find that the energy saved
leads to an equivalent carbon saving of around 78 thousand tons.

The total rebate outlay, Total Rebate;;, in state ¢ in time ¢ is given by

Total Rebate;; = Utility Rebate,, * AUS;; 4)

where Utility Rebate, is the average weighted rebate amount. This assumes that redemption rate
for rebates is 100%. However, according to Spencer (2002), the redemption rate of mail-in rebates
for typically high-value products having a high rebate value is around 40%.%° After accounting
for instant rebates we calculate the cost of carbon emissions forgone using both redemption rates
to get a range of the cost. A 100% redemption rate on mail-in rebates leads to a rebate spending of

$33.21 million while assuming a 40% redemption rate reduces that figure to $13.35 million.

¥This means that to produce 1 kWh of electricity, on average, 203 kg of carbon equivalent is produced.

2OAccording to personal interviews conducted by Silk and Janiszewski (2008), promotion managers said that “re-
demption rates tend to be “very low” when the reward is below $10, that rebates of $10 to $20 on a $100 software
product range between 10% and 30%, and that redemption rates on consumer electronics average approximately 40%".
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The cost of carbon emissions forgone, Total Cost, is

Z Total Rebate;;
it
Z Total Carbon Saving,,

it

Total Cost =

)

Using the figures for the rebate outlay this translates to a cost of $426 for every ton of carbon
emissions forgone when the redemption rate is 100% while the cost falls to $171 with the lower
redemption rate of 40%. If we compare the cost of reducing a ton of carbon to the social cost
of carbon as estimated by Nordhaus (2007), which is $17 per ton, we find that utility companies
end up paying much higher for greenhouse gas reductions. However, our lower estimate of $171
per ton compares favourably with the larger estimate of the social cost of carbon ($350 per ton)
obtained by Stern (2007).

There may be concerns of a “rebound effect”. This could happen when the purchase of a high-
efficiency clothes washers results in higher usage and, therefore, eliminates the energy saving
made by switching from a standard efficiency machine. However, Davis (2008) uses household-
level data from a field trial to show that the gains from the energy saving are not offset by higher
usage. The field trial in Bern, Kansas (population approximately 200) was conducted to estimate
the energy and water savings of h-axis clothes washers by replacing the more inefficient v-axis
washers of the participating households (Tomlinson and Rizy, 1998). Davis (2008) estimates a
demand function for clothes washing and finds the price elasticity of utilization to be very low at
-0.06. We can, therefore, assume that the “rebound effect” is not significant in terms of estimating
the energy saving.

As mentioned before, one of the reasons why utilities have Demand Side Management pro-
grams, like rebates, in place is to reduce peak demand. For utility companies in a state with very
little electricity supply, like California, the cost of buying peak power when demand exceeds sup-
ply is very high. The other option is to start peaking plants that are usually natural gas and are
very expensive to start up and run. Assuming a redemption rate of 40% the cost, per megawatt

hour, of the utility rebate programs comes to around $35 while it is $87.5 for a 100% redemption
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Table 7: COSTS OF ELECTRIC GENERATION ALTERNATIVES ($/MWH)

Type Base Case with Carbon Charge with same cost

$25/tCOs of capital
Nuclear 84 66
Coal 62 83
Gas 65 74

Source: Du and Parsons (2009), original values are in cents/kWh.

rate. These are obtained by multipyling the cost per ton ($171) with the carbon emissions factor
(0.203 kg C/kWh). The lower estimate cost compares very favourably to the average on-peak
spot prices for electricity. Table 12 shows the figures for on-peak as well as off-peak spot prices
at different pricing points. The mean of average on-peak prices from 2003 to 2006 is $60 which
is considerably higher than the cost of the rebate programs. The mean of the minimum average
on-peak spot prices over the four years, $48, is also higher than the cost of the rebate programs.
We can, therefore, conclude that the rebate program for clothes washers has been successful for
utility providers that are looking to reduce the demand for electricity by providing incentives to
consumers for switching to more energy-efficient models.

Since utilities are also concerned about the costs involved to build and operate additional
power plants we can compare the costs of the rebate programs to that of building one. Du and
Parsons (2009) have calculated the cost of electric generation for the three major types of power
plants, viz. coal-fired, gas-fired and nuclear. Their calculations, in Table 7 are an updated ver-
sion of the figures published in Deutch et al. (2003). Du and Parsons (2009) find that the cost of
constructing and operating a nuclear power plant is highest, at $84 per megawatt hour. Coal and
gas-fired power plants are more cost-effective at $62 and $65 per megawatt hour. However, if the
social cost of carbon is considered to be $25 per ton of CO; emitted then the costs rise substantially
to $83 and $74 for coal- and gas-fired plants respectively. Having utility rebate programs in place

are, therefore, a cost-effective alternative to building and running additional power plants.
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8 Conclusion

In this paper we have looked at the effectiveness of rebates provided by utility companies on
the sales of ENERGY STAR appliances by utilizing the variation in timing and size of the utility
rebates across US states. The results indicate that these programs have had a positive and sig-
nificant impact on the market share of high efficiency clothes washers but not on refrigerators
and dishwashers. We find that an increase in a dollar value of rebate leads to a 0.3% increase in
the share of ENERGY STAR-qualified clothes washers. Since the average (weighted) rebate for
a clothes washer is around $15 this translates to a 4.5% increase in the share of energy-efficient
clothes washers. In terms of the impact of these rebates in terms of the cost of carbon emissions
forgone we find that utility rebates lead to a reduction of 78 thousand tons of carbon equivalent.
Using the amount spent by utility on providing rebates we find that, over the lifetime of a clothes
washer, this leads to a cost of $171 for each ton of carbon equivalent emissions forgone. The cost-
effectiveness of clothes washer rebate programs in terms of megawatt hour is $35. Ultilities are,
therefore, better-off providing incentives to their customers instead of having additional power
plants that are costlier to build and operate. This figure is consistent with the cost-effectiveness of
DSM initiatives that, according to various authors, range from between $8.9 and $253.7.

An important feature of this paper is the use of utility-level rebate programs that have been
aggregated up to the state level. This allows us to capture the effect of these DSM programs on
the market share of energy-efficient ENERGY STAR appliances. However, this is also a limitation
of our analysis since we would, ideally, have preferred to use utility-level sales data to capture
the effect more precisely. There have been relatively few papers that have an ex post analysis
of specific DSM programs. Our aim was to take one particular aspect of DSM and analyze its
cost-effectiveness. The study of other DSM components should be the agenda for future research.
There are many supporters and a few opponents of DSM and it is important to resolve the argu-

ment about the benefits of DSM.
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Table 8: AVERAGE ENERGY USE OF DISHWASHERS & REFRIGERATORS (IN KWH/YEAR)

Dishwashers Refrigerators

Year non-ENERGY STAR ENERGY STAR non-ENERGY STAR ENERGY STAR

2001 700 555 540 450
2002 700 555 558 502
2003 574 455 558 502
2004 439 336 520 442
2005 413 341 520 442
2006 448 341 525 457

Source: D&R International Ltd.
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Table 9: REGRESSION MODELS WITH AVERAGE UTILITY REBATES (2001 — 2006)

Fixed Effects
Variable FE1 FE2 FE3 FE4
Intercept -1.596*  -48.100¢ -49.672¢ -.990¢
(.032) (8.255) (9.556) (.020)
CW*Rebate .978¢ .335¢ .352¢ .245°
(137) (.072) (.071) (.065)
DW*Rebate 15714 395 437> -379°
(:205) (.179) (.180) (.086)
RF*Rebate 1.049¢ 211¢ .205¢ 024
(.158) (112) (118) (.083)
DW dummy 860  1.768%
(.058) (:546)
RF dummy .043 499
(.037) (:360)
CW*Log Personal Income 3.848¢ 4.035¢
(.729) (.832)
DW*Log Personal Income 3.864*  4.051¢
(.727) (.831)
RF*Log Personal Income 3.859%  4.047¢
(.728) (.831)
CW*Education 6.192¢  5.784¢
(1.318) (1.358)
DW*Education 2.546° 2.145¢
(1.184) (1.228)
RF*Education 4.290¢  4.034°
(1.175) (1.229)
CW*Log Electricity Price 441 -.002
(465) (.598)
DW*Log Electricity Price 334 -.099
(483) (.623)
RF*Log Electricity Price 469 -.087
(463) (.595)
Quarter dummies*Appliance dummies Yes
Year-Quarter dummies*Appliance dummies Yes
State Fixed Effects Yes Yes Yes Yes
Observations 3599 3599 3599 3599
Groups 50 50 50 50
R? 272 543 573 922
F-statistic 270 362 601 12193

Significance levels : *: 1% b. 5% ©:10%, Standard errors clustered at the state level
Dependent variable is Log (Share of sales of ENERGY STAR Appliances)
Utility rebate amounts re-scaled, CW: Clothes Washers, RF: Refrigerators, DW: Dishwashers
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Table 10: REGRESSION MODELS WITH AVERAGE UTILITY REBATES (2001 — 2006)

Random Effects
Variable RE1 RE2 RE3 RE4
Intercept -1.579¢  -3.392¢ -2.733* -994¢
(.045) (.530) (.336) (.029)
CW*Rebate .861¢ .580¢ .583¢ .265¢
(127) (.105) (.103) (.068)
DW?*Rebate 1.248* 1.034* 1.043* -333¢
(218) (:230) (:230) (.078)
RF*Rebate .848¢ .508° A476° .053
(171) (210) (.180) (.079)
DW dummy .858*  1.819°
(.058) (.561)
RF dummy .042 487
(.037) (:373)
CW*Log Personal Income .040 041
(.040) (.040)
DW*Log Personal Income .057¢ .058¢
(.031) (.031)
RF*Log Personal Income .049¢ .053°
(.027) (.024)
CW*Education 4.886%  4.814°
(.560) (.565)
DW*Education 1.106  1.043
(.736) (.748)
RF*Education 3.107¢  3.192¢
(.547) (.520)
CW*Log Electricity Price 616 606
(.158) (.163)
DW*Log Electricity Price 5624 .561¢
(.148) (.154)
RF*Log Electricity Price .637¢ 5144
(:101) (.096)
Quarter dummies*Appliance dummies Yes
Year-Quarter dummies*Appliance dummies Yes
Observations 3599 3599 3599 3599
Groups 50 50 50 50
R? 267 34 383 .888
x2-statistic 1375 2679 10946 880674

Significance levels: “: 1% °:5% ©:10%, Standard errors clustered at the state level
Dependent variable is Log (Share of sales of ENERGY STAR Appliances)
Utility rebate amounts re-scaled, CW: Clothes Washers, RF: Refrigerators, DW: Dishwashers
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Table 11: REGRESSION MODELS WITH AVERAGE WEIGHTED UTILITY REBATES (2001 — 2006)

Random Effects
Variable RE1 RE2 RE3 RE4
Intercept -1.493*  -4.217* -3.305% -.996¢
(.049) (.591) (.348) (.027)
CW*Rebate 1.340*  .690¢ 676 3250
(218) (.148) (.146) (127)
DW?*Rebate 2.329¢ 2117 2077  -467
(.643) (613) (.591) (.388)
RF*Rebate 1408 774> 668° 225
(478) (:341) (:343) (.148)
DW dummy .824%  1.944¢
(.054) (.559)
RF dummy .006 717¢
(.035) (:376)
CW*Log Personal Income .083¢ .085°
(.043) (.042)
DW*Log Personal Income .088% .090¢
(.029) (.029)
RF*Log Personal Income .084¢ 086
(.028) (.025)
CW*Education 6.068%  6.003%
(:615) (.610)
DW*Education 2.249¢  2.189¢
(.667) (.669)
RF*Education 3.831¢  3.873¢
(.552) (.502)
CW+*Log Electricity Price 572¢ .555¢
(.175) (179)
DW*Log Electricity Price 5124 .501¢
(.135) (.139)
RF*Log Electricity Price .662¢ .540¢
(.107) (.099)
Quarter dummies*Appliance dummies Yes
Year-Quarter dummies*Appliance dummies Yes
Observations 3599 3599 3599 3599
Groups 50 50 50 50
R? 240 318 361 .883
x?-statistic 1801 3668 15814 292315

Significance levels : *: 1% . 5% ¢:10%, Standard errors clustered at the state level
Dependent variable is Log (Share of sales of ENERGY STAR Appliances)
Utility rebate amounts re-scaled, CW: Clothes Washers, RF: Refrigerators, DW: Dishwashers
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Table 12: PEAK SPOT PRICES FOR MAJOR PRICING POINTS (IN $/ MWH)
Off-Peak Spot Prices

On-Peak Spot Prices

2003 2004 2005 2006 2003 2004 2005 2006
Northeast
Mass Hub 59.05 61.47 89.87 7033 41.80 4294 61.79 47.45
NY Zone G 61.73 61.74 9246 76.53 4212 42.86 63.70 50.54
NY Zone] 77.82 76.63 110.03 86.47 4870 4828 72.61 55.05
NY Zone A 51.36 52.49 76.04 5934 3578 36.82 5326 4220
PJM West 4849 5110 76.64 6292 2414 30.15 40.72 36.36
Southeast
VACAR 41.60 48.27 71.88 5720 1944 2523 38.13 34.96
Southern 4155 48.67 70.88 56.15 19,51 26.01 37.54 33.86
TVA 3890 44.23 6739 5391 18.73 2214 3424 3276
Florida 5221 58.31 8495 65.06 2225 29.02 42.88 39.78
Entergy 4147 4576 69.95 56.65 18.39 23.04 38.02 34.06
Southeast
Cinergy 3757 43.31 63.76 52.39 1591 19.88 29.12 29.93
ECAR North 3841 4558 67.13 5594 1654 21.00 30.84 29.30
MAIN North 43.14 4794 64.70 58.67 1647 20.28 28.78 25.73
NI Hub 3711 42.03 61.76 53.15 1544 1757 28.71 28.35
MAIN South 38.43 4285 6338 51.73 16.06 18.41 28.70 2554
MAPP North 45.18 47.06 65.06 58.67 1722 19.12 28.57 25.73
MAPP South 4329 4590 6548 55,56 1693 19.00 28.01 32.61
South Central
SPP North 41.66 4519 67.44 56.23 1848 20.55 34.82 33.91
ERCOT 4649 4732 7095 5874 3051 3145 4795 39.09
Southwest
Four Corners 4855 50.51 69.39 58.79 3228 3545 46.74 36.45
Palo Verde 49.10 50.09 6739 5785 32.84 3544 4710 3691
Mead 50.65 5191 70.18 59.79 33.75 37.43 49.02 38.44
Northwest
Mid- Columbia 40.73 4454 6295 4952 34.04 39.27 5021 37.23
COB 4449 49.09 6695 55.08 35.23 4058 51.71 39.14
California
NP 15 49.13 5446 7249 6081 3576 4135 5135 39.17
SP 15 51.25 55.20 73.03 61.77 35.15 3926 51.22 40.07

Source: Federal Energy Regulatory Commission
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