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Abstract 

Demand-side management (DSM) programs run by electric utility companies to promote 

energy efficiency attempt to counteract market failures in the electricity markets in order to 

increase investment in energy efficient technology.  However, the effectiveness of these 

programs is inhibited by the disincentives facing utility companies.  Using panel data from 

1990-2007, a difference-in-differences model shows that DSM initiatives are only effective 

at curbing residential energy consumption in those states that have undergone recent 

restructuring in the electricity markets.  There, the cost of energy savings is 12 cents per 

kilowatt-hour, an economically efficient amount for many electric utilities but not all. 
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I. Introduction 

 The private and public sector of the American economy has placed an increased 

emphasis on energy efficiency and its economic and environmental benefits.  Electric utility 

companies began implementing programs to encourage the adoption of more efficient 

practices back in the 1970s following the energy crises of the period.  These policies have 

continued and evolved over the years in order to promote further investment in energy 

efficiency measures.  Energy efficiency is broadly defined as using less energy to achieve the 

same level of output or service.  Increased energy efficiency may carry many benefits.  Past 

the environmental benefits of a reduction in carbon emissions, electrical efficiency measures 

may offset the need for the production of new electricity plants and stimulate economic 

growth.  However, the market tends to underinvest in this technology in spite of the benefits 

and the apparent efforts on the part of electric utility companies.  According to data from the 

Energy Information Agency, electric utility companies in 2000 invested a total of $938 

million on energy efficiency initiatives and only recorded an incremental energy savings of 

$69 million in the residential sector.  Just seven years later, utility companies spent $837 

million promoting energy efficiency methods and measured incremental energy savings 

equal to $389 million in the residential sector, a much larger return on the electric utilities’ 

investment.  This paper will explore the causes of ineffective energy efficiency promotions 

and evaluate the attempts to increase the effectiveness of electric utility companies’ demand-

side management programs through panel data and an econometric difference-in-differences 

method. 
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 Demand-side management (DSM) programs can be defined as any program with the 

ultimate goal of influencing the consumer side of an economic model in a planned way.  This 

means that they are initiatives that attempt to change the amount and/or timing of a 

consumer’s demand, either to increase or decrease that demand.  In the case of electric utility 

companies, the demand-side spending which promotes energy efficiency attempts to decrease 

a customer’s energy use.  Much research has been done which argues that the cost of saving 

energy through DSM programs is cheaper for the utility company than the cost of producing 

more energy.  However, households in the residential sector face multiple market failures 

which inhibit their investment in energy efficiency. These programs are used in order to 

counter-act the market failures that influence the underinvestment from the residential sector 

seen in the data.  Households are most commonly affected by problems of asymmetric 

information and failures in accessing the credit market.  The asymmetric information 

problem arises because households do not always have complete knowledge of what forms of 

efficiency are available and the energy/cost savings that specific efficiency methods can 

provide.  For example, a residential consumer may not have exact information on the money 

that could be saved in the long-term by replacing old light bulbs with more expensive 

compact fluorescent lamps (CFLs).  DSM programs attempt to correct this market failure 

through information initiatives targeting the households, which in this situation would 

quantify the energy and cost savings of switching to more efficient lighting.  Furthermore, 

electric utility companies may offer grants, rebates, and other forms of subsidies through 

their DSM programs in order to decrease the initial cost of implementation for the household.  

The second problem of failures in the credit market arise when a consumer decides that this 

efficiency investment is beneficial to them, but still does not currently invest because they 
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are unable to afford the initial costs.  They cannot afford the investment because they do not 

have enough liquid funds and/or they are unable to access the credit.  Financial subsidies 

from utility companies serve to ameliorate this market failure as well. In addition, other DSM 

programs through electric utilities will offer loans or alternative financing options to increase 

a household’s access to the credit market.  By accounting for these market failures with 

specific DSM programs, utility companies are able to incentivize consumers to decrease their 

electricity consumption through efficient methods. 

 The two most common methods for households to decrease their consumption of 

electricity are through efficiency and conservation.  Although often used interchangeably, 

energy efficiency is much different from energy conservation.  Energy conservation requires 

decreasing the electricity demand by decreasing a customer’s overall service, also known as 

doing less with less.  Conservation is generally associated with sacrificing one’s comfort or 

productivity.  Energy efficiency, however, aims to maintain or increase a customer’s overall 

energy service while using less electricity.  For example, energy conservation in a household 

would entail turning the thermostat down a few degrees below a consumer’s desired level to 

decrease electricity costs while energy efficiency would entail installing a new HVAC 

(Heating, Ventilating, and Air Conditioning) system to save 15-20% on heating and cooling 

costs while maintaining the desired temperature on the thermostat.  One can refer to energy 

efficiency as the method to do more with less, a situation that has obvious benefits for future 

growth in all sectors of the economy so long as the investment is made. 

 Concrete examples of DSM programs, and more specifically those programs that 

emphasize energy efficiency improvements, can be found in electric utility companies across 

the United States.  Georgia Power, for example, has recently produced a series of 
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commercials that inform consumers of the benefits in installing new Energy Star appliances 

in their households.  Energy Star, a Federal DSM program run by the US Environmental 

Protection Agency and the US Department of Energy since 1992, identifies consumer 

products that meet the Federal energy efficiency standard and labels them so that the 

consumer knows the efficiency benefits of that product.  The Georgia Power commercials 

depict dogs leading their owners to buy these efficient Energy Star refrigerators and washing-

drying units in order to save energy and money in the house.  Using humor to connect to the 

residential sector, these commercials are one example of an energy efficiency initiative that 

attempts to break down the asymmetric information problem, change a consumer’s 

preference for investment, and encourage increased adoption of energy efficient appliances in 

the household.  Another example of an energy efficiency DSM program is being 

implemented by ComEd in northern Illinois.  In a partnership with Honeywell, ComEd 

customers can request a Honeywell technician to examine their electric water heater and 

provide maintenance and improvements as seen fit to improve its efficiency.  Since these 

services are being provided at a price highly subsidized by ComEd, this DSM program well 

represents an attempt to solve the financial and informational constraints that face the 

residential sector.  Similar energy efficiency DSM initiatives are common across a large 

number of American investor-owned utilities. 

According to previous works, which will be discussed in Section II, the residential 

sector has been unchanging in their investment preferences on energy efficiency even though 

these utility-run DSM initiatives attempt to counter-act the major market failures.  This 

implies that other problems, which inhibit the effectiveness of the programs, must face the 

market.  This paper builds on past research in arguing that the problem of ineffective DSM 
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spending falls on the side of the electric utility companies and the structural problems that 

present disincentives to the companies’ profit schedule.  Although these past papers 

consistently point to the fact that decreasing consumption through DSM programs is cheaper 

for the utility company than producing new electricity, many of these reports on the history 

of utility spending for demand-side management programs and the flaws and market failures 

of this system also conclude that this spending is largely wasteful and ineffective due to the 

disincentives for an electric utility company to decrease its sales.  The profits of these utility 

companies, since they are regulated monopolies, are subject to the restraints placed on them 

by state-run Public Utility Commissions (PUCs), as established in the Public Utilities 

Regulatory Policies Act of 1978.   The PUCs will decide, usually every three years1, on a 

pricing schedule for the electric utility to allow a specific return on the utility’s investment.  

In other words, the PUCs will set a price that the utilities can charge, based on costs and 

projections of electricity sales, in order to regulate the magnitude of profit the companies can 

gain in the market.  This means that any unexpected increase in sales leads to increased 

profits for the company while any unexpected decrease in sales leads to decrease in bottom-

line profits.  Even though it may be cheaper per kilowatt-hour to decrease sales through DSM 

programs than it is to produce new electricity, a utility company will collect more profit 

through increases in sales.   

To illustrate this effect, imagine that a PUC has just set a rigid price schedule for the 

electric utility to charge over the next three years.  This price has been decided upon based on 

the projections of electricity consumption for the next three years, assuming that the utility’s 

                                                
1 Wayne Shirley, with the Regulatory Assistance Project, has done much work with the PUCs 
and the utility companies on the structure of disincentives and her papers cite that pricing 
meetings every three years is not a requirement of the PUCs, but is common practice. 
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DSM programs will have some effect in deterring growth in consumption.  If these DSM 

programs were effective, then the annual profits a utility receives would match those 

anticipated by the PUC.  However, if the utility implements ineffective DSM programs, then 

their electricity sales would surpass the projections of the PUC.  Though their costs would 

rise with increased production of electricity, the company’s profit will also increase due to 

the unaccounted for increased sales.  Since more profit can be gained under this scenario, a 

profit-maximizing company will choose a path towards increasing sales through ineffective 

DSM practices.  While incentive programs have been established by states’ PUCs to 

compensate a utility for its efficiency efforts, some of these incentive payment structures still 

do not address this coupled sales-revenue incentive that faces utilities. 

 Recently, federal and state governments have placed increased emphasis on 

improving the effectiveness of this cheap, clean, and renewable source of energy efficiency 

through public spending and further regulations.  In addition to the incentive programs 

decided on by each state’s PUC, which began in the late 1980s, efforts have been made to 

recognize and correct the disincentives for a utility to decrease its sales of electricity.  These 

regulatory initiatives involve establishing a variable pricing structure that limits a company’s 

profits by placing increased control on the company’s revenues.  Instead of regulating the 

monopolistic utility company by setting a strict price for the electric utility to charge, the 

PUCs will allow for the price to fluctuate more with market forces.  Regulations will still be 

set for the amount of profit that a utility may achieve, based on their capital investments, but 

this profit will be regulated based on the utility’s revenue.  Utility companies have large fixed 

costs due to the large capital investments put in to the construction of plants, the generation, 

and the distribution of power.  Therefore, limitations on the revenues will achieve the goal of 
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accurate profit regulation.  This method would furthermore incentivize the electric utilities to 

decrease costs through viable options including effective DSM programs2. With this method, 

known as decoupling, a utility is able to decrease its sales of electricity without decreasing its 

revenues and profit because it is allowed to charge an increased price.  

 This paper will evaluate how effective energy efficiency programs for residential 

demand across the US have been over the period from 1990 to 2007. This effectiveness will 

be compared between states that have restructured their electric utilities market and those that 

have not.  I hypothesize that the evolving structures of electricity markets have improved the 

effectiveness of DSM spending across the US in the residential sector due to the increased 

competition and the market-based pricing systems.  This research distinguishes itself from 

previous literature for multiple reasons.  First of all, a specific focus on the residential sector 

is unique and extremely beneficial as this sector faces more price inelastic conditions3 and 

larger financing constraints, which inhibit its optimal investment, than the other sectors. The 

residential sector, as opposed to the commercial or industrial sectors, is of interest to this 

research not only because of the low levels of past investment, but also because of the 

informational power utility companies have to create ineffective DSM programs for this 

sector.  Utility companies hold very specific knowledge of individual households 

characteristics that can be manipulated into creating initiatives to benefit the company’s 

profits rather than energy efficiency goals.  In addition to the differences in decision 

processes among the three sectors, this situation illustrates the need for an evaluation specific 

to the residential, which should produce meaningful results not seen in past literature.  

                                                
2 Discussed later in Section II, DSM programs allow cost-cutting procedures due to much 
research which has argued that average cost per kWh saved through DSM programs is 
cheaper than average cost per kWh generated to match growing demand. 
3 See Paul, Myers, and Palmer for a meta-analysis of price elasticities by sector. 
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Secondly and most importantly, this empirical research uses the most current data to provide 

analysis through the econometric difference-in-differences approach that is applicable to the 

present-day situation of the energy market, a benefit that cannot be applied to many major 

empirical studies in this field that do not examine post-1999 data. 

The results support the hypothesis that restructuring the electric utility markets allow 

for more successful DSM programs.  In states where no restructuring has taken place, the 

panel data shows that DSM expenditures are insignificant at affecting the consumption of 

electricity.  However, in the states where restructuring methods have been started, the DSM 

expenditures of the current year have a statistically significant effect on decreasing the 

electricity consumption in the residential sector.  Yet the high average cost of saving energy 

in the residential market suggests that these DSM programs are not economically efficient for 

all firms.  Overall, this research contributes an evaluation specific to the residential sector 

that will provide valuable insights into the current energy efficiency initiatives and policy 

affairs facing the nation. 

The rest of this paper will flow as follows: Section II provides a literature review on 

the previous studies in the topic, Section III will explain the methodology and the data 

sources, Section IV contains the results of the empirical research, and Section V concludes 

the research. 

 

II. Literature Review 

 There has been much research done on this topic, ranging from general and 

theoretical discussions, to econometric evaluations of past expenditures, to the creation of 

engineering models to predict future energy savings.  This paper defines itself in a unique 
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position being an econometric analysis of the most recent national data focused on demand-

side management effectiveness on residential households. 

McKinsey & Company released a study discussing many of the benefits of energy 

efficiency projects in reducing carbon emissions.  In an effort to calculate the most cost-

effective methods to mitigate the threat of rising carbon emissions, the consulting group 

created a graph with the expected costs of implementing popular programs.  The Carbon 

Abatement Curve4 provides insight through its evaluation of the possible economic benefits 

added to these calculated costs and the identification of certain programs which have 

negative implementation costs.  According to this curve, many of the residential energy 

efficiency methods targeted by DSM programs have negative costs, or their costs would be 

covered by 2030 from their economic benefits.  For example, implementing energy efficient 

electronics, lighting, and water heaters would provide more benefit than their cost.  While 

these efficiency initiatives have investment benefits, further literature discusses how DSM 

programs run by electric utility companies may not adequately incentivize the residential 

sector to invest. 

Gillingham, Palmer, and Newell (2006), hereafter GPN, produced one of the most 

thorough discussions on the topic of energy efficiency programs.  This research by GPN 

provides an overall explanation into the costs and benefits of energy efficiency programs and 

an analysis into the consequences of policy intervention.  One of the key aspects of this work 

is the evaluation of market barriers and failures that explain the underinvestment in energy 

efficiency.  The topics most relevant to this study include the average-cost energy pricing 

which provide a disincentive for successful demand-side management programs, liquidity 

                                                
4 See Graph 1 in the Appendix. 
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restraints that households are unable to overcome in order to provide new investment, and 

asymmetric information which further aggravates the problem of household investment.  

Another theoretical study on these same issues written by Wirl (2000) focuses more on this 

notion of disincentives for effective demand-side management programs.  This study brings 

to light the structure of a utility company’s revenues and how this interacts with energy 

efficiency measures.  He concludes that, under current regulations, it is not in the best interest 

of an electric utility company to implement effective demand-side management programs, as 

that would diminish the company’s profits.  Instead, the company will overstate its energy 

savings because of different modeling errors, such as the rebound effect, or it will focus its 

expenditures on those customers who would invest in energy efficiency anyways, known as 

the free-rider problem. While these two papers are highly relevant to the topic of this study, 

they are only theoretical.  Both papers cite that further empirical research is needed in order 

to test these frameworks. 

The rebound effect is a large problem for those studies that project future electricity 

consumption with engineering models, also known as an ex ante approach.  These models 

will predict the amount of energy saved based on the efficiency of, for example, a newly 

installed appliance.  However, once a household has installed the new appliance, they now 

face a decreased marginal cost of using the appliance.  Therefore, the rebound effect occurs 

because households may use more energy after installing new energy efficient technology, an 

occurrence for which ex ante approaches cannot account.  My research remedies this problem 

by using an ex post analysis of energy consumption; in other words, I examine how energy 

consumption has changed in the past, thus including the rebound effect in my calculations 

and avoiding the errors that come with it. 
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According to Wirl, utility companies make active use of the free-rider effect in 

designing ineffective DSM programs.  First, the free-rider problem occurs in DSM programs 

when residential customers make use of the DSM program’s funds and/or services even 

though they would have implemented the energy efficient changes without the incentives.  

Assume that the curve in Figure 1 represents the Marginal Benefit to the household of 

implementing a program’s energy efficiency offering.  Without the DSM expenditures, the 

cost of investment would be c0 and only group A would invest.  However, the cost falls to c1 

with the utility’s spending on the energy efficiency DSM program.  Now, both groups B and 

A will invest in the initiative.  In this situation, group A would be the free-riders because they 

would have invested whether or not there had been a DSM program.  Since utility companies 

know specific characteristics of households, Wirl and GPN argue that programs can be 

designed so that most of the benefits go to the free-rider group, thus decreasing the 

effectiveness of the program at spreading energy efficiency across the residential sector.  

Although I will not be able to directly observe the free-rider problem in my own analysis, I 

will be able to indirectly observe this problem by examining the effectiveness of DSM 

expenditures.  Improved effectiveness may be partially attributed to improvements in 

minimizing the free-rider problem. 



Duke University                                                                                             Zahniser-Word 
 

 15 

 

 Note: Figure taken from Loughran and Kulick (2004) 

 

 Loughran and Kulick (2004) attempted to fill the empirical void noted by Wirl and 

GPN by providing an empirical analysis into this topic.  They argue that electric utility 

companies, over the years 1989 to 1999, overstate the effect that their demand-side 

management expenditures had on decreasing retail electricity sales.  Although their focus is 

different from this study’s, they provide a solid econometric analysis on national energy 

consumption and the expenditures on energy efficiency programs.  An interesting point to 

note in their results is that, over this time period, average energy efficiency savings amounted 

to 1.8% of annual electricity consumption.  The methodological framework of Loughran and 

Kulick has a major influence on this paper’s econometric analysis.  While most production 

functions require two-stage regressions for a quantity-price equilibrium analysis, they use a 

reduced-form one-stage least squares regression.  This can be done in the electric utility 

sector because of the strict regulations placed on pricing which allow price to be included as 

an exogenous variable.  Their basic set-up is explained more in Section III of this paper, 
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along with my own additions to their research.  Although it is a highly functional empirical 

study, Loughran and Kulick’s data is now outdated and does not mention the varying degrees 

of effectiveness that the energy efficiency expenditures had in different situations of 

restructuring. 

 Eto et al. (2000) approached the topic with a more microeconomic analysis of the 

data, as opposed to the broad scope used by Loughran and Kulick.  This study examined the 

biggest demand-side management programs in the nation and focused on the commercial 

sector during the year 1992.  Through an entirely accounting methodology, they found the 

cost of reducing one kilowatt-hour of consumption through energy efficiency to be $0.032 (in 

1992 currency).  Compared to the $0.074 average cost of generating a kilowatt-hour, the 

study concluded that these practices are cost-effective.  Yet this does not answer the question 

of what makes these programs effective on the residential sector nor does it discuss the 

failures that face a utility company from maximizing on the cost-effective method of energy 

efficiency programs. 

 Hartman (1988) had partially taken on this challenge with an extreme microanalysis 

of one major electric utility’s efforts for the residential during 1978 and 1979.  Hartman’s 

major contribution lies in the probability model that he develops to control for the free-rider 

problem and examine the actual incremental effects of the programs.  He found that only half 

of the conservation savings could be attributed to the company’s programs.  While this study 

is meaningful with its microeconomic analysis and its model, it can no longer accurately 

explain the current situation in the electricity market because of the vast reforms that have 

been put in place since 1979, a downside that will be improved upon with my own research. 
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 The previous literature points out many of the failures that have plagued DSM 

programs run by electric utility companies in both empirical and theoretical studies.  

However, there are two important research gaps that have not been sufficiently satisfied and 

that my economic work aims to fill.  Since many of these previous studies have been 

comprehensive of national panel data in the residential, commercial, and industrial sectors, 

they have not had the opportunity to focus on the demand-side management programs aimed 

specifically at the residential sector.  This paper will focus on the residential sector and the 

specific failures affecting it.  Secondly, even when the residential sector is brought to the 

forefront, the data that has been used in these studies does not well represent the current 

situation of energy efficiency and utility regulations of the different regions.  My own work 

includes the most current data on energy consumption and regulation in order to provide a 

robust and applicable evaluation of the current energy efficiency situation in the residential 

sector. 

 

III. Methodology and Data 

 Following the regression presented by Loughran and Kulick (2004), I create a model 

for residential energy consumption in the United States and then econometrically evaluate the 

effect of energy efficiency spending on this demand.  I aim to evaluate what affect DSM 

expenditures have had on the consumption of electricity in the residential sector, so a model 

must first be created which holds consumption as the dependent variable and specifies the 

determinants of consumption.  I argue that this reduced-form equation (1) accurately 

represents the changing amount of electricity consumed by the residential sector in a certain 

year and its determinants:  
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∆t MWhis = β1 DSMist + β2 DSMis(t-1) + β3 DSMis(t-2) + β4 DSMis(t-3) + β5 Regulation 

Interactions + β6 ∆t Xis + β7 ∆t Yis + β8 ∆t Zs + ∆t ν + ∆t εis  (1) 

 

This research examines the effect that DSM program expenditures have on changing demand 

for electricity in the residential sector5.  The panel data allows for the difference to be taken 

between years in order to analyze the incremental effect of DSM expenditures. In this 

equation, the subscript “i” stands for the specific utility, “s” stands for the state, and “t” 

stands for the year.  Equation (1) shows that first differences, with the time in units of one 

year, will be taken for the utility-level and state-level covariates.  This difference-in-

differences method is used in order to control for fixed differences between utilities and the 

utility regions which correlate with electricity sales.  The DSM variables and their 

interactions with Regulations are included as a log-specification level so that their 

coefficients may be interpreted as elasticities.  The log-level specification allows for an 

analysis on the marginal effects of DSM expenditures.  The regression will model the change 

in electricity consumption (the log-difference) of the residential sector based on changes in 

determinants of energy consumption, current and past levels of spending on DSM programs, 

regulation dummy variables interacted with these DSM expenditures, and utility and year 

                                                
5 Much of the equation is pulled from Loughran and Kulick (2004), such as the basic set-up, 
the log-level variables of DSM expenditures, and the various covariates.  Differences 
between the models include a more annualized regression of DSM expenditures that allow 
more freedom for the model rather than a linearly depreciating DSM effect and the inclusion 
of interaction terms between Restructured states and their DSM spending. 
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fixed effects.  These other covariates are included as log-differences, rather than log-levels, 

in order to control for any omitted variable bias that would be found at the utility level.6 

The dependent variable in the equation is electricity consumption by the residential 

sector, represented by MWh.  Consumption is measured by megawatt-hours, which is the use 

of 1,000,000 watts in a home for one hour.  Explanatory statistics for this variable, as well as 

all others, may be found in Table 5 of the Appendix. 

 The variable Xist contains the utility-level covariates.  This variable will specifically 

control for the type of ownership of the utility company.  Ownership varies from Municipal 

to Cooperative to Private.  Although these differences in ownership types are controlled for 

with differencing the Xist covariates, there is reason to believe that they have correlation with 

the DSM variables as well and should be included.  The Private, Investor-Owned utilities are 

generally larger and under increased regulations, thus they are more likely to implement 

larger demand-side management programs.  See Table 3 in appendix for figures.  In order to 

further control for utility-level covariates, the model includes utility fixed effects. 

The variable Yist contains the output covariates.  These output covariates include the 

number of residential customers a utility serves and the total average real cost of a utility 

company’s inputs in a given year.  The major inputs include coal, petroleum, and natural gas, 

and minor inputs included are nuclear power and other renewable energy sources. 

The variable Zst contains the state-specific covariates.  These variables include the 

Average Disposable Income7 to proxy for the income effect, heating and cooling degree 

                                                
6 Regressions were also run where the DSM variables enter the equation as log-difference 
variables and there showed to be little to no difference in the results, which proves that 
controls work well to capture any bias that would affect those experimental variables. 
7 Accessible through the Bureau of Economic Analysis 
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days8 to account for the climate of the state, and the exogenously determined average price of 

electricity in the state.  The model will also include certain dummy variables interacted with 

the current DSM expenditures to determine if specific regulation tactics have significantly 

increased the effectiveness of DSM spending.  These regulation dummies will be concerned 

with restructuring measures taken on by the PUCs.   

Furthermore, I am controlling for time-specific effects, represented by ν t.  One 

important factor that these year fixed effects control for is the growing attentiveness of the 

public to energy efficiency practices.  Thus, there is no upward bias on the variables from 

this factor. 

The data for these variables are collected from a variety of resources.  Most of the 

data may be found through the Energy Information Agency, part of the Department of 

Energy.  On Form EIA-861, electric utility companies9 every year must fill out identifying 

characteristics, information on their electric generation and sales, and data on the auxiliary 

finances of the utility company, including DSM programs.  The population-weighted climate 

data is collected through the National Climatic Data Center.  The income information is 

gathered from the Bureau of Economic Analysis.  Finally, the Restructuring variable is 

generated by this research qualitatively from multiple reports, as will be explained later.  

Summary of the regression variables may be found in Table 1. 

 

 

 

                                                
8 Accessible through http://www.ncdc.noaa.gov/oa/ncdc.html 
9 Identified by the EIA as any body which “owns or operates facilities for the generation, 
transmission, distribution, or sale of electric energy primarily for use by the public”, as stated 
by Loughran and Kulick (2004). 
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Table 1. Regression Variables 

Variables Variable Name Units 
Specified 

Level Source 

Coefficient 
Sign 

Hypothesis 
           
Electricity 
Consumption dln_ressales 

Megawatt-
hours Utility EIA-861 N/A 

Energy Efficiency 
Expenditures ln_dsm 

Thousand-
dollars 
(real 2000 
dollars) Utility EIA-861 - 

Type of Ownership ownership N/A Utility EIA-861 N/A 
Number of 
Customers dln_customers Households Utility EIA-861 + 
Restructured Market restructuring*ln_dsm N/A State Various - 

Average Disposable 
Income dln_avgincome 

Dollars 
(real 2000 
dollars) State BEA + 

Total Degree Days dln_DegDays 

Annual 
Degree 
Days Regional NCDC + 

Cost of Inputs dln_totalcost 

Dollars per 
Million Btu 
(real 2000 
dollars) State EIA + 

Electricity Price dln_retailprice 

Cents per 
Kilowatt-
hour (real 
2000 
dollars) State EIA - 

 

It is important to note a few restrictions placed on the DSM expenditures data found 

on Form EIA-861.  First of all, the DSM expenditures are separated by the form of DSM run 

by the utility company.  In other words, DSM expenditures are recorded as “Energy 

Efficiency”, “Peak Reduction”, or “Load Management” programs.  This research only 

focuses on the initiatives labeled as “Energy Efficiency”.  Energy Efficiency applies to those 

initiatives that persuade the consumer to invest in new efficiency techniques in order to 

decrease their consumption of electricity while maintaining the same, if not more, energy 
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service.  Peak Reduction and Load Management can be disregarded from this quantitative 

analysis because the goal of these programs is not to decrease the consumption of electricity.  

Instead, these programs attempt to smooth out the timing of when the electricity is consumed 

during the day and to make sure that it is efficiently distributed to the end-user at this time.  

As more electricity is demanded at one time, it becomes more expensive for the utility to 

supply this electricity.  Peak Reduction and Load Management attempt to relieve the utility 

from these excess costs.  These programs may include informational initiatives that stress not 

running all household appliances at the same time.  Thus, the goal is not to decrease electrical 

consumption like Energy Efficiency programs, but simply to spread out the use of electricity 

throughout a given day.  Since they do not aim to change consumption, they are not included 

in the DSM expenditure variables for this quantitative analysis.   

Second, the values for the DSM variable coming from the reported expenditures on 

Energy Efficiency have one significant limitation.  The data does not distinguish between 

Energy Efficiency spending in different sectors.  Instead, the sectors are aggregated into one 

total DSM value for the market.  While it is arguable that many energy efficiency initiatives 

can apply to all three sectors at once, it is more likely that some programs will target a 

specific sector, an effect which this research is unable to examine due to this data limitation.  

This introduces downward bias on the β1 through β4 coefficients, decreasing their economic 

significance, because not all of the spending is directly influencing the residential sector and 

its consumption of electricity.  Utility fixed effects attempt to control for those electric 

utilities which follow a strict pattern for their DSM expenditures on the residential sector, but 

it is possible that many companies do not follow a specific spending pattern.  See Appendix 

for a figures on the DSM expenditures variable. 
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The important coefficients to examine will be β1 through β5 as they will infer the 

effect that current and past demand-side management spending had on electricity 

consumption in those states that are either restructured or not restructured.  I hypothesize that 

these variables will be negative, with a larger significance on the past programs. A negative 

coefficient on these variables indicates that spending on DSM energy efficiency initiatives 

influences the residential sector to consume less electric energy (in MWh).  DSM 

expenditures are reported for a specific year, but since the programs themselves may extend 

for multiple years, the previous levels of DSM spending should have significant influence on 

consumption of electricity in the current year.  I believe that they will be more significant 

than current year expenditures because of the time lag it takes for households to become 

aware of the programs and adopt them.  Although the regression only explicitly lists the past 

three years’ expenditures on DSM programs, I will test the model for significance past the 

three year lag, if need be. 

The other main goal of this research is to determine whether changing regulations 

have any effect on the responsiveness of the residential sector to DSM programs.  This paper 

tests whether the restructuring in electricity markets occurring in multiple states over this 

time period will show meaningful results on the effectiveness of energy efficiency initiatives 

in curbing residential consumption.  The Restructuring variable is equal to one for the utility 

in the years after restructuring has occurred if that utility is based in the restructured state and 

0 for the utilities in non-restructured states or for utilities in the panel data before the 

restructuring has occurred. This Restructuring variable has been qualitatively created through 

the examination of sources including the EIA, the American Public Power Association, and 

the Electric Power Supply Association.  Although there is no clear consensus in the research 
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on which states officially have rate regulation, I will adopt the argument taken on by Tierney 

(2007).  In this paper, electricity restructuring is defined along the lines of the 

competitiveness of prices facing the consumer, predominantly the residential sector 

consumer.  Restructured states have market-based retail pricing, unbundled generation and 

delivery in each company, and wholesale power exchanges to increase competitiveness.  The 

years of the implemented restructuring programs were developed by my own research of a 

multitude of sources.  While Tierney (2007) identifies which states have officially adopted a 

rate regulation policy which most agrees with my research’s topic, that paper does not 

specify at what date the restructured market was implemented.  Therefore, I analyzed PUC 

dockets gathered by the American Public Power Association and Electric Power Supply 

Association to develop a start date for the electricity market restructuring in the states, then 

cross-referenced my own conclusions with those of the EIA10 to established an 

implementation that could be most accepted by all sources.  As can be seen in Table 6 of the 

Appendix, many of the restructured states can be found in the northeast and most dates for 

restructuring occurred between 1999 and 2002.   

The regression will interact the binary Restructuring variable with the current level of 

demand-side spending for a utility in that state in order to analyze this effect as well as 

perform lagged variables with this interaction term, seen in the β5 variable and its lagged 

terms.  By multiplying the binary Restructuring variable by the log-level of DSM spending 

(creating the restructuring*ln_dsm variable seen in Table 2), this research is able to evaluate 

whether the utility-run DSM programs in restructured states were more or less effective than 

those run in non-restructured states. 

                                                
10 More specifically, those of Carner (2003). 
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This research hypothesizes that the interactive Restructuring term will have a 

significant negative effect on consumption in the residential sector.  Competitive pricing and 

the separation of generators and distributors for the utility companies decrease their 

disincentives in providing effective demand-side management programs.  With more 

flexibility built in to the pricing structure, a utility no longer depends on increases in 

electricity sales to produce increases in profits.  In a restructured market, successful DSM 

programs that decrease consumption allow utilities to gain profits by cutting the costs 

involved with producing more electricity, such as the procurement, generation, and delivery 

of that electricity.  I hypothesize that the interaction terms will have a significant negative 

effect on electricity consumption, larger than those from β1 through β4 which represent all 

states, because utility companies will execute effective DSM programs in the restructured 

states to slow down consumption and become more efficient in the residential sector.11  

Further summary statistics of the variables included in the regression can be found in 

the Appendix. 

 

IV. Results 

 The data in these results includes a panel of information from utilities in all forty-

eight continental states of the United States (excluding Alaska and Hawaii) between the years 

1990-2007.  Alaska and Hawaii have been removed, as supported by previous literature, 

because of their extreme differences in climates as opposed to the rest of the region in which 

they are grouped and because of the difference in supplying electricity to the consumers (as 

                                                
11 The value of incentive payments may be interacted with DSM variables to determine how 
they affected the effectiveness of DSM expenditures in influencing electricity consumption.  
However, incentive payments on the EIA-861 forms are not directly recorded before 2001, so 
this question will have to be limited in scope to the panel data from 2001-2007. 
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inter-state distribution of electricity is possible for the other forty-eight states)12.  In 

collecting the data, observations were dropped if a utility company recorded either no sales 

of electricity to the residential sector in a specific year or no residential consumers in a 

specific year.  The results for the regression of Equation (1) may be found in Table 4. 

                                                
12 Observations for Puerto Rico, Virgin Islands, and DC were dropped as well, following 
common practice in the literature.  These observations were small in number and not 
significantly difference from summary variables in the rest of the data. 
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Table 4. Effect of Energy Efficiency Expenditures on Residential Consumption 

   
   Specifications 

Dependent Variable:                    
dln_ressales            
    (1)   (2)   (3)   (4)   (5) 
             
ln_dsm    -.0002  .0003  .0004  .0008 
     (.0004)  (.0007)  (.0007)  (.0007) 
ln_dsm_L1      -.0009  -.0009  -.0014* 
       (.0008)  (.0008)  (.0008) 
ln_dsm_L2      .0002  .0002  .0002 
       (.0005)  (.0006)  (.0006) 
ln_dsm_L3      -.0004  -.0004  -.0003 
       (.0005)  (.0005)  (.0005) 
Restructuring*ln_dsm        -.0006  -.0031** 
         (.0010)  (.0015) 
Restructuring*ln_dsm_L1          .0033 
           (.0022) 
Restructuring*ln_dsm_L2          .0003 
           (.0017) 
Restructuring*ln_dsm_L3          .00001 
           (.0009) 
dln_customers  .7104***  .7104***  .7649***  .7648***  .7650*** 
   (.0535)  (.0535)  (.0511)  (.0511)  (.0511) 
dln_totalcost  .1392***  .1392***  .1377***  .1375***  .1358*** 
   (.0267)  (.0268)  (.0237)  (.0236)  (.0236) 
dln_retailprices  -.1001***  -.1000***  -.0981***  -.0978***  -.0990*** 
   (.0261)  (.0261)  (.0224)  (.0225)  (.0225) 
dln_DegDays  .1354***  .1354***  .1455***  .1455***  .1459*** 
   (.0135)  (.0135)  (.0121)  (.0121)  (.0121) 
dln_avgincome  -.2041***  -.2041***  -.1917***  -.1910***  -.1910*** 
   (.0373)  (.0373)  (.0360)  (.0361)  (.0361) 
             
Utility Fixed Effects  X  X  X  X  X 
             
Year Fixed Effects  X  X  X  X  X 
             
             
n  48,887  48,887  42,931  42,931  42,931 
Prob > F1  -  -  0.3904  0.4189  0.2146 
Adjusted-R2  0.5386  0.5385  0.5249  0.5249  0.5250 
Root MSE   0.1098   0.1098   0.0941   0.0942   0.0941 
*Significant at 90% level           
**Significant at the 95% level          
***Significant at the 99%level         
1F test of the joint significance of ln_dsm terms       
Standard Errors in parentheses          
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Specification (1) shows the most basic reduced-form regression that may be run to 

model residential energy consumption.  In this research, its Adjusted-R2 and Root Mean-

Squared Error serve as a baseline in measuring how well my additions to the regression 

explain the data.  The signs for number of customers, cost of inputs, and degree days agree 

with the hypothesis in being positive and significant at the 99% level.  With increases in 

customer numbers, the consumption of electricity will rise.  With increased degree days13 a 

residential consumer must use more heating and cooling power.  The positive coefficient on 

cost of inputs facing the electric utility argues that higher costs of materials such as coal, 

petroleum, and natural gas means that the utility sells more electricity to the consumer in 

order to make a profit while experiencing rising costs of inputs.  Specification (1) also reports 

negative coefficients on retail prices and average personal disposable income.  The 

coefficient on retail prices is economically sound; as consumers face higher prices, they will 

substitute away from the consumption of electricity.  The highly significant negative 

coefficient on average income is surprising, however.14  It goes against the hypothesis that a 

higher income leads to more consumption of electricity and instead suggests that higher 

disposable income, or after tax income, leads to decreased consumption of electricity.  

Perhaps this coefficient captures the effect of higher incomes being more likely to invest in 

energy-saving technology.15  Specification (2) includes the current period log-level in the 

                                                
13 Degree Days are defined as the absolute number of degrees different from 65oF, 
aggregated over the year in the region. 
14 Gross State Product was originally used in place of this variable, but it reported 
insignificant results which also went against the hypothesis. 
15 Much research has been done which includes similar proxies for the income effect, but 
none others returned a negative coefficient.  Perhaps this does not capture the income effect, 
but instead captures the financial ability to invest closer to an optimal level in energy 
efficiency. 
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spending on energy efficiency programs by the utility company, but this does not 

significantly improve the fit of the regression. 

Specification (3) then includes the lagged variables for DSM spending back three 

years, representing β1 through β4.  As seen by the drop in Root MSE and the rise in Adjusted-

R2, this addition does improve the fit of the model.  The signs on the coefficients remain 

constant between Specifications (1) and (3), and through the rest of the specifications, and 

there are no major changes in magnitude for these numbers.  The coefficient on the current 

level spending of DSM becomes positive from Specification (2) to (3).  The lack of 

significance on this term would argue that DSM programs in the current time period are 

ineffective at promoting significant decreases in electricity consumption.  However, all of the 

lagged DSM terms in this specification are also insignificant, along with the F-test proving 

that spending in the previous periods had an insignificant effect on changing current 

consumption of electricity in the residential sector. 

Specification (4) includes the interaction term of DSM expenditures in a state where 

restructuring has occurred, or β5 from the model.  As in Specification (3), none of the 

coefficients for the DSM expenditures are significant, further proven by the F-test.  

Furthermore, the interaction term’s coefficient is statistically insignificant.   

Specification (5) includes the full range of lag variables for DSM expenditures along 

with the Restructuring interaction lag terms in order to test whether previous energy 

efficiency expenditures have greater economic significance on current period energy savings 

in restructured states.  According to the Adjusted-R2 and the Root Mean-Squared Error, this 

regression is the best fit for the model.  The major contribution of this model is found in β5, 

the current period interaction term.  This coefficient becomes significant at the 95% level in 
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this model.  The magnitude of the coefficient implies that, in a state where restructuring 

legislation has been enacted, a 1% increase in current energy efficiency spending by the 

utility will decrease current period energy consumption by .0031%.  The first lagged term of 

the overall DSM expenditures also becomes significant in this model, but only at the 90% 

level and at a magnitude less than in the restructured states.  This agrees with the hypothesis 

and argues that restructuring the electricity markets has made DSM programs more effective.  

Evaluating this interaction term at the means of the restructured states, a $9,000 increase in 

energy efficiency expenditures by one firm will lead to an energy savings of 26 megawatt-

hours, or $3,200, for their entire residential sector in this period. Although these are just first 

period savings, the results show that spending in the previous periods in restructured states 

are insignificant in changing energy consumption.  These figures suggest that, at the means, 

there is an average cost of 27 cents per kWh to decrease electricity consumption through 

DSM programs in the restructured states, while an even greater average cost of energy 

savings for all states.  According to previous research, this cost is higher than the average 

cost of producing electricity, from 7 to 14 cents per kWh as defined by Eto (2000), and is 

therefore inefficient.  The low economic significance of these savings amounts can be mainly 

attributed to the fact that the sector targeted with the energy efficiency spending is not 

specified in the data.  Therefore, the regression captures spending which may affect all three 

sectors (residential, commercial, and industrial) while the consumption only captures their 

effects on the residential consumption. 

Accounting for this problem, let this research assume that a utility company spends a 

proportion of their DSM expenditures targeting the residential sector equal to their 

percentage of residential sales of electricity.  Since 2000, electric utility companies have an 
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average of 45% of their sales coming from the residential sector each year.  Assuming that 

45% of their DSM program costs go towards energy efficiency in the residential market each 

year, the average cost of saving energy through DSM in a restructured electricity market 

would be 12 cents per kWh.  At this cost, energy efficiency measures taken on by utility 

companies would be economically beneficial for those plants who cannot produce electricity 

cheaper than 12 cents per kWh, which would affect many plants.  This is an approximated 

cost based on a simple assumption, but Friedrich, Eldridge, York, Witte, and Kushler (2009) 

suggest that this assumption may hold true in the data.  Their research shows that companies 

may spend as little as 29% on residential DSM expenditures, but that an average electric 

utility spends 46% of these expenditures on the residential sector.16  For companies at the 

lower spectrum, energy efficiency DSM expenditures on the residential sector in restructured 

states have even greater economic significance and efficiency. 

The empirical results argue that DSM programs overall are ineffective at decreasing 

the consumption of electricity in the residential sector.  The research attributes this outcome 

to the disincentives facing electric utility companies that do not allow for a decrease in 

electricity sales without a decrease in company profits. When the market is restructured to 

alleviate some of these disincentives, the results show that DSM programs are statistically 

significant in decreasing customers’ consumption.  In restructured states with more 

competitive pricing and freedom of choice for the consumers, the DSM programs for energy 

efficiency run by utilities lead to savings of electricity.  From the direct results, these energy 

savings seem to be inefficient due to their high cost per kWh, higher than that reported by 

                                                
16 In their research, they establish a range for the 11 states they examine to be from 29% to 
64% on residential DSM expenditures for energy efficiency with a mean of 46% and median 
of 44%. 
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other research.  Much of this other research is based on energy savings reported by utility 

companies themselves rather than an econometric evaluation to identify robust elasticities as 

this research has performed.  However, through an accounting exercise, this research 

expounds on the cost of energy savings for the residential sector and concludes that so long 

as 45% or less of the total energy efficiency DSM expenditures targets the residential sector, 

then these DSM programs are economically significant and efficient in reducing the 

consumption of electricity. 

To speak towards the validity of these results, a comparison was done on the price 

elasticity of -0.098 to -0.10 found in this research with short-run price elasticities found in 

other research on this topic.  Paul, Myers, and Palmer (2008) perform a meta-analysis on top 

of their own empirical analysis of the own price elasticity in the electricity market by 

different region, sector, and season.  Their research found national short-run price elasticities 

in the residential sector which ranged from -0.13 to -0.34.  Although the price elasticity 

calculated in my research falls below this range, it does not disagree with the previous 

literature that the residential sector is extremely price inelastic in the short run.  Furthermore, 

my price elasticity is not statistically different from the lower range developed by this 

literature when examining the 95% confidence interval, which extends from -0.055 to -0.14.  

This match of price elasticity implies that this methodology follows correct procedure and 

fits within past literature while further producing interesting results to add to the literature.17 

                                                
17 Further regressions were run which included the interaction variable between incentive 
payments and DSM expenditures, but none of these regressions show any significance on this 
coefficient in both value and standard errors.  I also performed regressions that included 
more lag variables for DSM expenditures and Regulation interaction terms, but they were no 
more significant.  However, I believe that most utilities run their programs in three-year 
cycles (possibly to match up with the PUC’s meetings), so it is not surprising that any more 
lagged variables remained insignificant.  Finally, a note must be made on the use of levels of 
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V. Discussion 

 As seen from the results, DSM programs overall have no effect in curbing the 

demand of electricity in the residential sector.  However, when the electricity markets are 

restructured, DSM programs are econometrically shown to promote the residential sector to 

implement energy efficiency measures which lead to electricity savings with significant 

economic value.  While this economic value was calculated based solely on the cost of the 

DSM program and the cost of the energy saved through that program, other research may 

find interest in including the cost of carbon which is offset through energy efficiency 

measures.  This research omits this evaluation due to the continuing debate on how to price 

carbon emissions, but any pricing of carbon would serve to increase the perceived economic 

benefits of successful DSM programs.   

Although some problems have been solved through restructuring the electricity 

markets and allowing for more retail-based pricing, the issue is not solved.  Energy efficiency 

measures are useful cost-cutting methods for any sector and socially beneficial actions to the 

economy.  Past the debated environmental factors, energy efficiency initiatives promote 

lower energy intensity and spur economic growth.  For these reasons, it is important that the 

market barriers inhibiting effective DSM policies continue to be dealt with.  As pressure 

grows for carbon abatement procedures and future renewable energy requirements are set, 

this research should serve a role in the discussion as to the disincentives which linger in the 

                                                
DSM expenditures rather than expenditures per customer.  Loughran & Kulick (2004) 
receive some criticism for their use of levels rather than DSM expenditures per customer 
since DSM levels may be biased towards larger utility companies.  In controlling for the 
number of customers, the utility ownership type, and the unobserved biases through log-
difference methods, my research aims to not have this problem. To be sure, a check was done 
by taking out the DSM levels and using the DSM per customer as a variable.  The results for 
these regressions show little to no difference in magnitude and sign of all coefficients. 
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structure of the electricity markets and inhibit future progress and effectiveness of public 

policy actions. 

 This paper has brought to evaluation, with the most current data, the role of 

restructuring legislation in promoting effective DSM initiatives for the residential sector.  

However, there are many other research topics which flow from this one.  First of all, an 

examination into the other sectors of the economy would be highly beneficial.  The energy 

efficiency programs operated by the utility companies may affect different sectors of the 

economy in different methods.  For example, the industrial or commercial sectors would be 

less likely to suffer from failures in accessing credit because of their resources not available 

to individual households.  The decoupling legislation is another topic to be focused on with 

future research.  This form of deregulation directly targets the problem of crossed incentives 

for the utility companies.  Further research should be done to evaluate the effectiveness of 

these policies in promoting successful demand-side management spending in all states. 
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Appendix 
 

Table 3. Direct Cost of Energy Efficiency Initiative 

Ownership Mean 
Federal 0 

  (0) 
Municipal 40.87 

  (600.46) 
Private 7726.50 

  (21419.48) 
Cooperative 36.79 

  (229.54) 
Other 347.16 

  (1789.26) 
Values in thousands of 2000 
dollars.  Standard variations in 
parentheses. 

 
 
 

Table 4. Variable Summary Statistics 
 

Variable Units Mean Standard 
Deviation Minimum Maximum 

Electricity Consumption Megawatt-hours 383429 1957244 1 55100000 
Energy Efficiency 
Expenditures Thousand-dollars 504.24 5528.59 0 219545 

Number of Customers Households 36865.82 199622 1 4550572 
Average Disposable 
Income, annual Dollars 23434.18 5739.96 11938 45458 

Total Degree Days Annual Degree 
Days 1134.81 373.33 562.09 2193 

Cost of Inputs Dollars per 
Million Btu 10.49 4.57 4.50 29.86 

Electricity Price Cents per 
Kilowatt-hour 8.01 2.30 3.58 22.90 
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Table 5. Years of Restructuring 
 

State Year 
AZ 2001 
CA 1998 
CT 2000 
DE 2000 
IL 2001 

MA 2000 
MD 2001 
ME 2000 
MI 2002 
MT 2000 
NH 2001 
NJ 2000 
NY 1999 
OH 2004 
PA 2001 
RI 1998 
TX 2001 
VA 2003 
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Table 6.  Statistics for Restructured versus Non-Restructured States 

 
Restructured     

Variable Mean 
Standard 
Deviation Minimum Maximum 

Electricity 
Consumption 831,827 3,191,280 2 38,600,000 

Energy Efficiency 
Expenditures 908.73 8,383 0 196,738 

Number of Customers 
90,801 372,645 1 4,550,572 

Average Disposable 
Income, annual 30,851 4,039 20,781 45,458 

Total Degree Days 
938.81 384 562 2006.5 

Cost of Inputs 15.99 4.88 8.07 29.86 
Electricity Price 11.81 3.06 6.49 22.9 
Observations = 5433     
     
     
Non-Restructured    

Variable Mean 
Standard 
Deviation Minimum Maximum 

Electricity 
Consumption 331,009 1,749,859 1 55,100,000 

Energy Efficiency 
Expenditures 456.96 5,089 0 219,545 

Number of Customers 
30,560 167,022 1 3981453 

Average Disposable 
Income, annual 22,567 5,263 11938 40,877 

Total Degree Days 
1,158 356 562 2193 

Cost of Inputs 9.84 4.08 4.5 27.44 
Electricity Price 7.57 1.7 3.58 16.95 
Observations = 46474     
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Figure 2. Energy Efficiency Expenditures by State 
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Figure 3. Energy Efficiency Expenditures by Year 

 
 

 
 
 

Figure 4.  US Mid-Range Carbon Abatement Curve 
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