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ABSTRACT 

 

 Climate change is a well-documented phenomenon.  If left unchecked greenhouse gas 

emissions will continue global surface warming, likely leading to severe and irreversible 

impacts.  Generating renewable energy has become an increasingly salient topic in energy policy 

as it may mitigate the impact of climate change.  State renewable energy financial incentives 

have been in place since the mid-1970s in some states and over 40 states have adopted one or 

more incentives at some point since then.  Using multivariate linear and fixed effects regression 

for the years 2002 through 2012, I estimate the relationship between state renewable energy 

financial incentives and residential electricity consumption, along with the associated policy 

implications.  My hypothesis is that a renewable energy rebound effect is present; therefore, 

states with renewable energy financial incentives have a higher rate of residential electricity 

consumption.  I find a renewable energy rebound effect is present in varying degrees for each 

model, but the results do not definitively indicate how particular incentives influence consumer 

behavior.  States should use caution when adopting and keeping renewable energy financial 

incentives as this may increase consumption in the short-term.  The long-term impact is unclear, 

making it worthwhile for policymakers to continue studying the potential for renewable energy 

financial incentives to alter consumer behavior. 
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INTRODUCTION 

 

  In this thesis I add to the energy policy knowledge base by studying the relationship 

between state renewable energy financial incentives and residential electricity consumption.  I 

employ data from the Database of State Incentives for Renewables and Efficiency (DSIRE) and 

the U.S. Energy Information Administration to examine these issues.  My hypothesis is that 

states with renewable energy financial incentives have a higher rate of residential electricity 

consumption due to the rebound effect, which can be described as "a behavioral or other 

systemic response to a measure taken to reduce environmental impacts that offsets the effect of 

the measure" (Hertwich, 2005).  This assumes residential electricity consumption is a function of 

state renewable energy financial incentives, residential electricity price, income, the 

unemployment rate, climate, political environment, and factors that are unexplained.  I analyze 

the relationship between these variables using multivariate linear and fixed effects regression. 

  Renewable energy has become an increasingly salient topic in energy policy.  In the 

United States, 13 percent of electricity is generated from renewable sources (U.S. Energy 

Information Administration, 2014a).  President Obama has supported advancing renewable 

energy technologies in every State of the Union Address since taking office in 2009.  The most 

recent addresses have also emphasized the importance of combating climate change (Obama, 

2009 - 2015).  At the state level, 1,350 bills related to renewable energy were considered during 

the 2014 legislative sessions, and over 150 of them became law.  Renewable energy financing 

has been a theme in recent years, with bills ranging from financial incentives, such as loans, 

grants, rebates, and tax incentives, to Renewable Portfolio Standards, project siting, and land use 
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(National Conference of State Legislatures, 2015).  These are not new concepts in the field of 

energy policy in the United States. 

  State renewable energy financial incentives have been in place since the mid-1970s in 

some states and over 40 states have adopted one or more incentives at some point since then.  

These include tax incentives, grants, rebates, loans, and performance-based incentives to 

promote the generation of renewable energy in the commercial, industrial, agricultural, and 

residential sectors.  Renewable Portfolio Standards and net metering are examples of additional 

state level policies that have been implemented to encourage the adoption and generation of 

renewable energy.  There are also incentives for energy efficient appliances and building 

practices, in order to reduce the consumption of electricity (Database of State Incentives for 

Renewables and Efficiency, 2014).   

  A substantial amount of energy policy research and literature addresses the relationship 

between energy efficiency and energy consumption.  However, there is a dearth of research 

regarding the relationship between renewable energy generation and energy consumption.  It is 

important to evaluate this relationship to determine the best way to promote residential adoption 

of renewable energy.  Renewable energy benefits society by generating energy without 

producing greenhouse gas emissions, lowering certain types of air pollution, reducing our 

dependence on foreign energy sources, creating jobs, and expanding economic opportunities 

(U.S. Environmental Protection Agency, 2014). 

  I use DSIRE to identify renewable energy financial incentives available in the United 

States at the state level. Renewable energy sources include geothermal, ground source heat 

pump, solar, water, and wind.  Incentives solely available for vehicles are not included, as these 
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are not expected to impact how households utilize electricity.  I use data from the U.S. Energy 

Information Administration for state level residential electricity consumption for the period of 

study.  Using multivariate linear and fixed effects regression for the years 2002 through 2012, I 

estimate the relationship between state renewable energy financial incentives and residential 

electricity consumption, along with the associated policy implications. 

  My hypothesis is that states with renewable energy financial incentives have a higher rate 

of residential electricity consumption due to the rebound effect.  This effect occurs when a 

person who utilizes renewable energy to preserve the environment consumes more electricity 

than they would otherwise.  I find a renewable energy rebound effect is present in varying 

degrees for each model, but I am unable to definitively determine how particular incentives 

influence consumer behavior.  States should use caution when adopting and keeping renewable 

energy financial incentives as this may increase consumption in the short-term.   

  The next section of this thesis provides background on the topic of climate change 

science, federal legislation, and state policies and the third section reviews the relevant literature.  

Section four explains the theoretical model with the fifth section describing the empirical models 

in detail.  The sixth section provides a description of the data and methods employed and the 

seventh describes the empirical results.  Section eight explains the limitations and the final 

section comprises the conclusions and policy implications. 
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BACKGROUND 

 

  Climate change is a well-documented phenomenon.  The United Nations 

Intergovernmental Panel on Climate Change has reported the observed changes and their causes, 

future risks, and impacts.  Climate changes are impacting humans and ecosystems and vice 

versa.  If left unchecked greenhouse gas emissions will continue global surface warming, likely 

leading to severe and irreversible impacts.  Climate risks can be reduced through substantial 

emissions reductions, adaptation, mitigation, integrated responses, and sustainable development 

(U.N. Intergovernmental Panel on Climate Change, 2014).  This background provides a brief 

history of climate change science, federal legislation, and state policies. 

Climate Change Science 

  Elements of the greenhouse effect can be traced to almost 200 years ago, when  

Joseph Fourier discovered gases in the atmosphere are similar to glass in a greenhouse and John 

Tyndall discovered the ability of water vapor and carbon dioxide (CO2) to trap infrared light, 

first using the term "greenhouse gases."  These scientists did not attribute these phenomena to 

human activities.  Discovering that climate change is anthropogenic, or caused by humans, is a 

more recent finding.  Approximately 100 years ago Svante Arrhenius calculated the greenhouse 

effect to include anthropogenic greenhouse gases and found that an increase in the CO2 content 

in the Earth's atmosphere was correlated with an increase in its temperature.  Roger Revelle and 

Hans Suess discovered that the ocean has a limited ability to absorb CO2 that is released from 

burning fossil fuels in 1957.  Policymakers paid attention to these findings and public concern 

began to strengthen in the 1970s (Frank, 2014). 
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  Earth Day, an idea created by Senator Gaylord Nelson (D-WI), was held for the first time 

on April 22, 1970.  The event was more successful than anticipated and revealed broad public 

environmental awareness and concern.  Private companies, such as electric utilities, participated 

in the event in an effort to show their support for protecting the environment.  Earth Day had a 

positive tone, "The widespread feeling was that if only our nation would pass intelligent laws 

and employ our technological prowess, our environmental problems would surely be 

vanquished" (Graetz, 2011).  This was the first of many Earth Days and an important moment in 

the country's environmental movement. 

Federal Legislation 

  Numerous ideas and legislative proposals were released in the decades following the first 

Earth Day.  The Environmental Protection Agency was created in 1970, with a mission to protect 

the environment and human health.  Significant price increases for oil and natural gas in the 

1970s contributed to the push for energy conservation and the adoption of renewable energy 

sources.  The Energy Policy and Conservation Act (P.L. 94-163) created mandates and 

incentives for energy conservation and established Corporate Average Fuel Economy (CAFE) 

standards in 1975.   CAFE standards instruct vehicle manufacturers to follow fuel economy and 

gas mileage requirements in an effort to conserve energy.  President Carter promoted solar 

energy and persuaded Congress to advance research and development in this area and provide 

tax incentives for renewable energy projects.  The Department of Energy (DOE) was created in 

1977 and tasked with ensuring U.S. security and prosperity by addressing energy challenges 

through scientific and technological solutions (Graetz, 2011). 
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  In the years following the creation of the DOE, there were numerous laws passed 

concerning renewable energy.  The National Energy Conservation Policy Act of 1978 (P.L. 95-

619) that followed the formation of the DOE was largely focused on the conservation of fossil 

fuels in reaction to the 1973 energy crisis and the Public Utility Regulatory Policies Act (P.L. 95-

617) promoted generating electricity from renewable sources.  The Energy Security Act of 1980 

(P.L. 96-294) was responsible for bringing renewable energy technologies to a prominent 

position in public policy and provided funding for research and development in this area.  The 

Energy Policy Act of 1992 (P.L. 102-486) subsidized renewable energy technologies and created 

the Production Tax Credit that has been instrumental in encouraging the generation of electricity 

from wind (Campbell, 2011). 

  More recently, the Energy Policy Act of 2005 (P.L. 109-58) authorized loan guarantees 

for renewable energy deployment, extended the Production Tax Credit, created the Renewable 

Fuel Standard, and set requirements for utilities to provide net metering upon the request of a 

customer.  The Energy Independence and Security Act of 2007 (P.L. 110-140) funded research 

and development for energy storage and renewable energy technologies, promoted energy 

efficiency, and extended the Renewable Fuel Standard.  In response to the financial crisis, the 

American Recovery and Reinvestment Act of 2009 (P.L. 111-5) provided over $45 billion for 

renewable energy and energy efficiency programs throughout the federal government in the form 

of grants and put in place tax incentives to advance these efforts (Campbell, 2011). 

  The last major legislative effort to address climate change in the United States was H.R. 

2454, the American Clean Energy and Security Act of 2009.  This bill passed the U.S. House of 

Representatives by a vote of 219 to 212 on June 26, 2009, but was not considered by the Senate 



 

7 

 

(Waxman & Markey, 2009).  The inability for the Congress to pass climate change legislation 

has contributed to the desire for the President and state and local governments to take action due 

to the variety of tools at their disposal.  While the current political environment does not lend 

itself to federal action, it is possible this will change over time with the increased use of state 

policies and vocal public support (Engel & Orbach, 2008; White House, 2014). 

State Policies 

  Understanding the residential sector's energy consumption is an important part of the 

response to climate change, especially the efforts to encourage energy efficiency, conservation, 

and the utilization of different energy sources (Swan & Ugursal, 2009).  Renewable energy 

generation, excluding hydropower, more than doubled from 2005 to 2012, likely due federal, 

state, and local policies that promote it in the form of financial incentives, Renewable Portfolio 

Standards, net metering, and interconnection standards (U.S. Energy Information Administration, 

2014b).  State and local policies are able to account for regional differences in climate, 

consumption patterns, and electricity sources (Brecha, et al., 2011).  While it is true that 

residential electricity consumption has declined in the last five years, in 2012, the residential 

sector accounted for 36 percent of all electricity consumed in the United States (U.S. Energy 

Information Administration, 2014c).  

  Residential renewable energy generation allows households to participate in the 

transformation of U.S. energy systems, giving rise to the concept of "prosumer."  According to 

the International Energy Agency, "The term prosumer is used to refer to energy consumers who 

also produce their own power from a range of different onsite generators."  Therefore, the 

residences that utilize renewable energy financial incentives will fall into this category.  Four 
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main factors positively or negatively influence prosumer growth: economics, behavior, 

technology, and national conditions.  Each of these factors will impact whether or not consumers 

become prosumers, along with the types of state renewable energy financial incentives that are 

continued or adopted in the future (Rickerson, 2014). 

  In addition to creating prosumers, states have adopted a number of policies to encourage 

or require the use of renewable energy.  Renewable Portfolio Standards, which require utilities to 

generate a specific amount of electricity from renewable sources, have become increasingly 

popular and are currently in place in 29 states and the District of Columbia.  Net metering lets 

customers (or prosumers) who supply their own electricity to receive a credit on their utility bill 

if they produce excess electricity.  At this time, 43 states and the District of Columbia have 

implemented net metering policies (Browner, et al., 2014). 

  State level cap-and-trade programs are in place in California and the ten states 

participating in the Regional Greenhouse Gas Initiative in the Mid-Atlantic and Northeast United 

States.  Cap-and-trade programs create carbon markets where emissions-allowance auctions 

generate proceeds that can be invested in programs that support renewable energy, energy 

efficiency, and other programs to benefit consumers.  Green banks are also becoming popular 

state tools to encourage renewable energy production by providing access to long-term sources 

of credit that are efficiently priced.  These credit sources are available to a wide variety of 

recipients, including homeowners who install renewable energy sources, such as residential solar 

electricity (Browner, et al., 2014). 
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LITERATURE REVIEW 

 

  The Jevons Paradox dates back to 1865, when William Stanley Jevons was the first 

person to describe the phenomena that increasing the productivity of a commodity will lead to an 

increase in its consumption.  In short, greater efficiency leads to greater consumption.  This 

describes what is also referred to as the energy efficiency rebound effect, "a behavioral or other 

systemic response to a measure taken to reduce environmental impacts that offsets the effect of 

the measure" (Herring, 2006; Hertwich, 2005; Owen, 2010).  In the relevant literature, these 

concepts are applied specifically to energy efficiency, but they can also be applied to renewable 

energy.  

  It is not the purpose of this thesis to increase adoption of state renewable energy financial 

incentives, but it is important to understand what determines their acceptance by consumers.  

Frederiks, et al. further our understanding of how consumers make decisions regarding energy 

consumption.  They explain how many people express concern about climate change and energy 

conservation, but their concern does not consistently translate into reducing residential energy 

consumption.  Jackson, who studies consumer behavior, finds people who engage in pro-

environmental behavior consider cost a primary concern.  Lack of awareness and insufficient 

information are also obstacles to pro-environmental behavior (Frederiks, et al., 2015; Jackson, 

2005). 

  Frederiks, et al. provide suggestions to improve adherence and participation in energy 

efficiency and energy conservation efforts.  Particularly relevant to this study, is the finding that 

larger incentives and disincentives generally lead to greater changes in behavior, although the 

effects might be short-lived.  They highlight the importance of "identifying practical, cost-
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effective and mass-scalable solutions to encourage more renewable and sustainable energy use 

among consumers" and stress the importance of understanding these behaviors in order to 

develop effective sustainable and renewable energy policies (Frederiks, et al., 2015).  

  Sovacool studied the barriers to widespread renewable energy production in the United 

States, finding socio-technical barriers, "a term that encompasses the technological, social, 

political, regulatory, and cultural aspects of electricity supply and use" (Sovacool, 2009).    He 

argues that renewable energy is ineffectively promoted by policymakers and that removing only 

one component will not overcome impediments in other areas due to deep social, cultural, and 

political beliefs.  Policymakers should focus on providing the public with a better, more 

comprehensive understanding of the current energy systems, rather than developing government 

incentives for renewable energy and energy efficiency (Sovacool, 2009).   

  Research regarding the effectiveness of renewable energy financial incentives, which the 

authors Shrimali and Kniefel refer to as financial incentive-based policy, find these incentives 

significantly increase renewable energy production, but they do not discuss the potential impact 

on residential electricity consumption.  They find that, for the most part, clean energy funds, 

such as those that award financial incentives, increase the adoption of renewables of all types.  In 

addition, their results indicate that clean energy funds are effective, in part due to the hundreds of 

megawatts installed using their financing (Shrimali & Kniefel, 2011).   

  Min, et al. provide guidelines for modeling residential energy consumption at the zip 

code level in the United States and examine the use of heating and cooling, appliances, fuels, and 

carbon emissions.  While the authors use this approach with the goal of improving modeling of 

energy efficiency's impact on electricity consumption, it is useful for the purposes of this study.  
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They explain that the top-down and bottom-up approaches for modeling residential energy use 

capture the variety of techniques (Min, et al., 2010).   

  The top-down approach attempts to identify long-term energy consumption trends by 

attributing aggregate consumption data to characteristics of the economy and housing sector and 

typically uses macroeconomic indicators.  In contrast, the bottom-up approach utilizes input data 

at a more specific level and may include a sample of homes or individual end users.  The bottom-

up model is used in this study to determine how specific homes respond to and are affected by 

state renewable energy financial incentives, with the inclusion of a number of control variables.  

There is potential endogeneity in the model because residential electricity price could impact 

residential electricity consumption or vice versa.  However, the authors found these variables are 

not endogenous at the 95 percent confidence level (Min, et al., 2010). 

  Strengths of the top-down model include the use of aggregate data, historical data, and 

simplicity in specification.  However, top-down models are unable to incorporate technological 

changes and provide important details regarding the end-uses that are used to determine the best 

methods for reducing energy consumption.  Bottom-up models frequently include the square 

footage of a home, appliance ownership, number of occupants, demographics information, and 

climate data.  These models are strengthened by the ability to include technological options and 

recognize improvements.  The strengths of the bottom-up model are the inclusion of occupants' 

behavior and socioeconomic effects, along with the ability to capture energy intensity of certain 

end-uses.  In addition, the bottom-up model is able to determine residential energy consumption 

without using historical data.  The disadvantage of the bottom-up model is the need for a greater 

level of detail in the data and that the calculations can become complex.  Bottom-up models also 
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require extrapolation to be representative of the entire housing sector by the use of weights in the 

model (Swan & Ugursal, 2009).  

  My contribution to this literature is the creation of a unique dataset that enables analysis 

of the relationship between state renewable energy financial incentives and residential electricity 

consumption, while including controls for the necessary state characteristics and demographics.  

This study is designed to determine if a renewable energy rebound effect is present and if it is 

more strongly associated with particular types of state renewable energy financial incentives.  

Determining this relationship will further our knowledge of energy policy with an improved 

understanding of the most efficient and effective way for states to promote residential renewable 

energy generation. 
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THEORETICAL MODEL 

 

  Literature discussing the demand for residential energy suggests that numerous variables 

determine the amount of electricity a household consumes.   Factors contributing to residential 

energy consumption are state policies, prices, climate, demographics, and political culture 

(Lising, 2012; Jacobson, et al., 2012).  A study of green pricing programs in the U.S. discovered 

their participation reduced residential electricity consumption. These programs substantially 

differ from state renewable energy financial incentives, but the model in that paper informs this 

study (Lising, 2012).  I use the theoretical model below to describe the relationship between state 

renewable energy financial incentives and residential electricity consumption:  

REC = f(I, P, C, D, Pol, e).                                                    (1) 

In this model, REC is residential energy consumption, I is an indicator of the policy, P is the 

price of energy, C represents climate effects, D represents demographic characteristics, Pol is the 

political setting, and e is random error.   

  My theoretical model assumes residential electricity consumption is a function of 

whether or not a state has renewable energy financial incentives and residential electricity price.  

I include controls for average per capita personal income and the unemployment rate because 

these variables are associated with the ability to purchase varying levels of electricity 

consumption.   The heating degree-days and cooling degree-days are associated with residential 

electricity consumption because a state's climate is related to whether or not people must use 

electricity to heat or cool their residences.  The political environment in a state is associated with 

whether or not a state adopts renewable energy financial incentives because Democrats, 

Republicans, and Independents generally hold different views regarding energy policy. 



 

14 

 

EMPIRICAL MODELS 

 

 I use four models to determine the impact of state renewable energy financial incentives 

on residential electricity consumption.  The policy variables differ, allowing for exploration of 

whether or not active incentives, generic incentives, and ongoing incentives are associated with 

the renewable energy rebound effect.  Each model includes the price of residential electricity, 

along with the control variables related to climate, demographics and political culture.  Table 1, 

below, describes each variable in detail. 

Residential electricity consumption, elec_cons, is the dependent variable for this study.  

The key independent variables reflecting the presence or absence of a state renewable energy 

financial incentive differ and are defined below in Table 1. Residential electricity price is 

represented by the variable elec_prc, an important independent variable that measures the 

influence of cost on the amount of electricity consumed.  The variables hdd and cdd measure the 

heating degree-days per year and cooling degree-days per year, respectively, and characterize the 

climate's bearing on residential electricity demand to control the temperature in residences.  I 

include the variables income and unemp to control for the ability of individuals to afford 

installing equipment that generates renewable energy and to control for general economic trends.  

 The political culture of a state is measured by the variables i_gov and r_gov; a one 

represents an Independent governor as opposed to a non-Independent governor and a one 

represents a Republican governor as opposed to a non-Republican governor, respectively.  A 

variable for Democratic governor is not included because this would lead to substantial 

collinearity issues.   These variables control for the impact of liberal-leaning and conservative-

leaning states having different views regarding energy policy.   
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Model 1 

 The first model uses fixed effects regression to test whether or not the presence of an 

active renewable energy financial incentive yields a renewable energy rebound effect: 

elec_consst = β0 + β1elec_prcst + β2incomest + β3unempst + β4hddst + β5cddst + β6i_govst + 

β7r_govst + β8active_incentivest +αs + θt + εst                                                                                (2) 

 

Model 2 

 The second model uses linear regression to test whether or not the presence of any 

renewable energy financial incentive and/or its persistence produces the renewable energy 

rebound effect:  

elec_cons= β0 + β1elec_prc + β2income + β3unemp + β4hdd + β5cdd + β6i_gov + β7r_gov + 

β8any_incentive + β9any_incentive_p + ε                                                                                     (3) 

 

Model 3 

 The third model uses linear regression to test whether or not the presence of a particular 

renewable energy financial incentive and/or its persistence results in the renewable energy 

rebound effect: 

elec_cons = β0 + β1elec_prc + β2income + β3unemp + β4hdd + β5cdd + β6i_gov + β7r_gov + 

β8st_rebate + β9st_rebate_p + β10st_grant + β11st_grant_p + β12st_loan + β13st_loan_p + 

β14personal_deduct + β15personal_deduct_p + β16personal_credit + β17personal_credit_p + 

β18property_tax + β19property_tax_p + β20sales_tax + β21sales_tax_p + β22nonprofit_rebate + 

β23nonprofit_rebate_p + β24perf_based + β25perf_based_p + β26active_incentive + ε                 (4) 
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Model 4 

 The fourth model uses fixed effects regression to test whether or not the presence of a 

particular renewable energy financial incentive and/or its persistence produces the renewable 

energy rebound effect: 

elec_consst = β0 + β1elec_prcst + β2incomest + β3unempst + β4hddst + β5cddst + β6i_govst + 

β7r_govst + β8st_rebatest + β9st_rebate_pst + β10st_grantst + β11st_grant_pst + β12st_loanst + 

β13st_loan_pst + β14personal_deductst + β15personal_deduct_pst + β16personal_creditst + 

β17personal_credit_pst + β18property_taxst + β19property_tax_pst + β20sales_taxst + 

β21sales_tax_pst + β22nonprofit_rebatest + β23nonprofit_rebate_pst + β24perf_basedst + 

β25perf_based_pst + β26active_incentivest + αs + θt + εst                                                                (5) 

 

  I expect residential electricity consumption to decrease as the price of residential 

electricity increases, producing a negative coefficient for the variable elec_prc.  The variables 

income and unemp reflect macroeconomic conditions; I expect that a rising economy and the 

resultant increases in income and employment will increase residential electricity consumption.  

I anticipate consumption to increase as income increases due to a greater ability to afford higher 

utility bills, yielding a positive coefficient for the variable income.  People who are unemployed 

likely conserve electricity in an effort to lower their utility bill, so I expect an increase in the 

unemployment rate to decrease residential electricity consumption, resulting in a negative 

coefficient for the variable unemp.  

  There is a strong likelihood that an increase in heating degree-days and cooling degree-

days will increase residential electricity consumption; the farther the temperature deviates from 

65 degrees Fahrenheit the greater the need to utilize electricity for residential heating and 

cooling.  Consequently, I expect the variables hdd and cdd to have positive coefficients.  I 

anticipate that the presence of a Democratic and Independent governor have a similar impact on 
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residential electricity consumption.  States with a Republican governor are expected to have a 

slightly higher level of residential electricity consumption than those with a Democratic or 

Independent governor.  Therefore, I presume the variables i_gov and r_gov will both have 

positive coefficients, but i_gov will have a weaker magnitude than r_gov.   

  I expect the regression results for Model 1 to reflect that active state renewable energy 

financial incentives, active_incentive, are associated with a moderate increase in residential 

electricity consumption.  For Model 2, I anticipate that the presence of any state renewable 

energy financial incentive, any_incentive, to modestly increase residential electricity 

consumption.  In addition, I anticipate the persistence of a state renewable energy financial 

incentive, any_incentive_p, to slightly increase residential electricity consumption in Model 2.  

The persistence of a state renewable energy financial incentive captures whether or not an 

incentive influences consumer behavior in the years following its adoption.  I expect the 

regressions for Model 3 and Model 4 to have similar results with respect to each type of state 

renewable energy financial incentive; a moderate increase in residential electricity consumption 

with a slight increase in their persistence.   
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TABLE 1: VARIABLE DESCRIPTIONS 

VARIABLE DEFINITION 

elec_cons Residential electricity consumption in billions of British thermal units 
  

elec_prc Residential electricity price in dollars per million British thermal units 
  

hdd Heating degree-days 
  

cdd Cooling degree-days 
  

income Average annual per capita income in dollars 
  

unemp Unemployment rate 
  

i_gov Equals one when the governor is an Independent 
  

r_gov Equals one when the governor is a Republican 
  

active_incentive Equals one in the presence of an active state renewable energy financial incentive 
  

any_incentive Equals one in the presence of any state renewable energy financial incentive 
  

any_incentive_p Equals one with the persistence of any state renewable energy financial incentive 
  

st_rebate Equals one in the presence of a state renewable energy rebate 
  

st_rebate_p Equals one with the persistence of a state renewable energy rebate 
  

st_grant Equals one in the presence of a state renewable energy grant 
  

st_grant_p Equals one with the persistence of a state renewable energy grant 
  

st_loan Equals one in the presence of a state renewable energy loan 
  

st_loan_p Equals one with the persistence of a state renewable energy loan 
  

personal_deduct Equals one in the presence of a state renewable energy personal tax deduction  
  

personal_deduct_p Equals one with the persistence of a state renewable energy personal tax deduction 
  

personal_credit Equals one in the presence of a state renewable energy personal tax credit 
  

personal_credit_p Equals one with the persistence of a state renewable energy personal tax credit 
  

property_tax Equals one in the presence of a state renewable energy property tax incentive 
  

property_tax_p Equals one with the persistence of a state renewable energy property tax incentive 
  

sales_tax Equals one in the presence of a state renewable energy sales tax incentive 
  

sales_tax_p Equals one with the persistence of a state renewable energy sales tax incentive 
  

nonprofit_rebate Equals one in the presence of a state renewable energy nonprofit rebate 
  

nonprofit_rebate_p Equals one with the persistence of a state renewable energy nonprofit rebate 
  

perf_based Equals one in the presence of a state renewable energy performance based incentive 
  

perf_based_p Equals one with the persistence of a state renewable energy performance based incentive 
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DATA AND METHODS 

 

  I use pooled cross-sectional data with linear and state and time fixed effects multivariate 

regression models to examine the impact of state renewable energy financial incentives on 

residential electricity consumption.  I estimate this effect for the years 2002 through 2012 in the 

48 contiguous states and the District of Columbia.  My data is restricted to these years and states 

due to limited data for political party affiliation and absence of data regarding the climate in 

Alaska and Hawaii.   This results in a balanced panel dataset with 539 observations spread across 

eleven years. 

  The Database of State Incentives for Renewables and Efficiency (DSIRE) and OpenEI 

provide information about state renewable energy financial incentives, including the incentive 

names, states where they are available, incentive type, description of sectors to which the 

incentive applies, eligible technologies, whether or not the incentive is active, and the start and 

the end date.  I exclude data for state financial incentives solely for energy efficiency, vehicles, 

and transportation fuels,
1
 along with those only available to non-residential entities.

2
   I do not 

include the small number of incentives that do not neatly fit into the categories listed in Table 1 

due to a low number of observations for these variables and the high number of independent 

variables already present in the dataset.  When a start date was missing, the date of entry into the 

DSIRE database was used as a proxy.  For the missing end dates, I used the incentive inactive 

                                                 
1
 Vehicles and transportation fuels include alternative fuel vehicles, renewable fuel vehicles, electric vehicles, 

renewable transportation fuels, clean-burning motor fuels, ethanol, ethanol-based fuels, transportation fuels, and 

alternative fuel motor vehicle conversion. 
2
 Commercial, industrial, agricultural, educational, private organizations, nonprofit organizations, investor owned 

utilities, publicly owned utilities, electric cooperatives, local governments, state governments, and the federal 

government are the non-residential entities I excluded. 
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date, website description, date of the last DSIRE review, date applications were due, and the date 

of the last website modification as a proxy.  

  I create an indicator variable for each state renewable energy financial incentive to 

develop a comprehensive dataset.  Then, I produce two separate datasets for the active and 

inactive incentives, which is necessary to allow merging with the data for residential electricity 

consumption and price, climate, demographics, and political setting.  I collapse the data for the 

state renewable energy financial incentives while the data for active and inactive incentives are 

in separate datasets.  This provides uniquely identified state-years that are necessary for fixed 

effects regression.  Finally, I merge the three datasets to create a unique dataset containing 

variables for residential electricity consumption and price, climate, demographics, political 

setting, and both active and inactive state renewable energy financial incentives. 

  Persistence variables capture the likelihood that a state renewable energy financial 

incentive affects a person's behavior after its expiration.  For example, in most cases a person 

who installs solar panels on their home has them for a many years.  Therefore, the solar panels' 

influence will continue beyond the sunset date of the financial incentive.  This phenomenon is 

reflected in the persistence variables for each financial incentive.  I create the dichotomous 

persistence variables for each renewable energy financial incentive by entering a one in the year 

the program began and each year that follows regardless of whether or not the state continued the 

incentive.  By contrast, the primary renewable energy financial incentive variables equal one 

only in the years they are active. 

  The U.S. Energy Information Administration provides residential electricity consumption 

and the price of residential electricity in the State Energy Data System.  The number of heating 
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degree-days and cooling degree-days for each state and year are available from the National 

Oceanic and Atmospheric Administration's National Climatic Data Center.  Data from the U.S. 

Department of Commerce's Bureau of Economic Analysis provide the average per capita 

personal income for each state and year and the U.S. Department of Labor's Bureau of Labor 

Statistics provides data for the unemployment rate for each state and year.  Party affiliation of 

each state governor and the mayor of the District of Columbia are provided by the National 

Governors Association and the District of Columbia's Board of Elections, respectively, for each 

state and year. 
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TABLE 2: DESCRIPTIVE STATISTICS FOR KEY INDEPENDENT VARIABLES 
VARIABLE VARIABLE NAME SAMPLE 

SIZE 

MEAN MINIMUM MAXIMUM STANDARD 

DEVIATION 

Active Incentive active_incentive 539 0.1966605 0 1 0.3978427 
       

Any Incentive any_incentive 539 2.037106 0 13 2.426334 
       

Any Incentive 

Persistence 

any_incentive_p 539 1.705009 0 9 2.067673 

       

State Rebate st_rebate 539 0.3747681 0 7 0.9796222 
       

State Rebate 

Persistence 

st_rebate_p 539 0.6864564 0 5 1.016601 

       

State Grant st_grant 539 0.1038961 0 2 0.3559944 
       

State Grant 

Persistence 

st_grant_p 539 0.3654917 0 4 0.8281728 

       

State Loan st_loan 539 0.2764378 0 5 0.7440105 
       

State Loan 

Persistence 

st_loan_p 539 0.2152134 0 3 0.49727 

       

Personal Deduction personal_deduct 539 0.0667904 0 2 0.2846623 
       

Personal Deduction 

Persistence 

personal_deduct_p 539 0.0204082 0 1 0.1415232 

       

Personal Tax Credit personal_credit 539 0.2894249 0 3 0.5765713 
       

Personal Tax Credit 

Persistence 

personal_credit_p 539 0.1539889 0 2 0.4140177 

       

Property Tax 

Incentive 

property_tax 539 0.4341373 0 2 0.5660991 

       

Property Tax 

Incentive 

Persistence 

property_tax_p 539 0.0055659 0 1 0.0744659 

       

Sales Tax Incentive  sales_tax 539 0.3172542 0 4 0.5954436 
       

Sales Tax Incentive 

Persistence 

sales_tax_p 539 0.0909091 0 1 0.2877468 

       

Non Profit Rebate nonprofit_rebate 539 0.0074212 0 1 0.0859056 
       

Non Profit Rebate 

Persistence 

nonprofit_rebate_p 539 0.0315399 0 1 0.174934 

       

Performance Based 

Incentive 

perf_based 539 0.1576994 0 2 0.3698577 

       

Performance Based 

Incentive 

Persistence 

perf_based_p 539 0.122449 0 2 0.4352463 
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TABLE 3: DESCRIPTIVE STATISTICS FOR CONTROL VARIABLES 
VARIABLE VARIABLE 

NAME 

SAMPLE 

SIZE 

MEAN MINIMUM MAXIMUM STANDARD 

DEVIATION 

Residential 

Electricity 

Consumption in 

Billions of 

British thermal 

units 

 

elec_cons 539 94,112.4 

 

5,986 

 

496,972 

 

90,934.34 

 

Residential 

Electricity Price 

in Dollars per 

Million British 

thermal units 

 

elec_prc 539 29.63527 

 

6.2 

 

59.59 

 

 

8.609592 

Average Annual 

Per Capita 

Income in 

Dollars 

 

income 539 37,460.4 

 

23,190 75,950 7,639.626 

Unemployment 

Rate 

unemp 539 6.176438 2.6 13.8 2.149752 

 

 

Heating Degree- 

Days 

hdd 539 5,160.989 545 9,970 2,042.043 

 

 

Cooling Degree- 

Days 

cdd 539 1,136.226 122 3,681 813.6908 

 

 

 

 

TABLE 4: DESCRIPTIVE STATISTICS FOR POLITICAL VARIABLES 
GOVERNOR'S POLITICAL AFFILIATION FREQUENCY PERCENT 

Democrat 268 49.72 

Republican 267 49.54 

Independent 4 0.74 
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EMPIRICAL RESULTS 

 

 I estimate four models to study whether or not state renewable energy financial incentives 

have an impact on residential electricity consumption.  I estimate the presence of an active 

incentive using fixed effects regression and the existence of any incentive, along with its 

persistence using linear regression.  Next, I estimate the presence of particular incentives and 

their persistence, using both linear regression and fixed effects regression.  Results for these 

models are reported below and in Tables 5, 6, and 7.  I performed additional regressions to 

determine if other models were an appropriate measure for this research question, but many of 

the results were inconsistent. 

Model 1 

 I test the impact of the presence of an active state renewable energy financial incentive 

might have on residential electricity consumption with fixed effects regression.  Detailed results, 

including statistical significance, are below in Table 5. As anticipated, an increase in the price of 

electricity, elec_prc, is associated with a reduction in its consumption, elec_cons, but the model 

indicates a small impact.  Although this finding is not statistically significant at conventional 

levels, the p-value of 0.46 indicates there is a possibility this relationship exists.   

 An increase in income, income, and the unemployment rate, unemp, are both correlated 

with an increase in consumption, estimating a slight and moderate increase, respectively.  Both 

income and unemployment are statistically significant at the one percent level, reflecting a strong 

likelihood this relationship is present in the population of interest.  The result for income is 

expected, but the result for the unemp is contrary to the hypothesis that declining economic 

conditions are associated with lower levels of residential electricity consumption.  A possible 
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explanation for this result is that people who are unemployed are likely to spend more time at 

home consuming electricity than those who are employed.  Heating degree-days, hdd, and 

cooling degree-days, cdd, are also positively associated with consumption, as expected, and 

report coefficients that remained stable across numerous fixed effects regressions.  Both of the 

climate variables report statistically significant results with p-values less than 0.0001.   

 An Independent governor, i_gov, is inversely related to residential electricity 

consumption, while a Republican governor, r_gov, is positively associated.  These results are not 

statistically significant at conventional levels, but the respective p-values of 0.42 and 0.63 

indicate the possibility this relationship exists. States with an Independent governor are predicted 

to have a fairly lower level of consumption than those with a Democratic governor, which is 

surprising.  However, these results reflect the expected relationship that an Independent governor 

is associated with a lower level of consumption than that of a Republican governor.  A 

Democratic governor is associated with slightly less residential electricity consumption than a 

Republican governor, as anticipated.   

  The presence of an active renewable energy financial incentive, active_inc, is associated 

with an increase in consumption, confirming my hypothesis of the renewable energy rebound 

effect.  This result is not statistically significant at conventional levels, however the p-value of 

0.42 indicates it is possible the relationship holds.  The model estimates that an active state 

renewable energy financial incentive increases state residential electricity consumption by 0.8 

percent per year.  The low number of year-to-year changes in the dataset for this variable, which 

is listed below in Table 8, influences this result.  This relationship is explored further in the 

following models.  
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TABLE 5: REGRESSION RESULTS FOR MODEL 1 

VARIABLE VARIABLE NAME COEFFICIENT 

  

(ROBUST STANDARD ERROR) 

Electricity Consumption elec_cons Dependent Variable 

   Electricity Price elec_prc -102.0573 

  

(137.9463) 

   Income income 0.6466745*** 

  

(0.2125078) 

   Unemployment Rate unemp 352.6366*** 

  

(126.0646) 

   Heating Degree-Days hdd 5.945648**** 

  

(1.020795) 

   Cooling Degree-Days cdd 18.16798**** 

  

(4.482646) 

   Independent Governor i_gov -1,105.283 

  

(1,362.741) 

   Republican Governor r_gov 318.3653 

  

(655.2013) 

   Active Incentive active_incentive 751.9074 

  

(925.3221) 

   Constant 

 

19,108.44 

  

(14,031.72) 

   Observations 

 

539 

   R-Squared 

 

0.3896 

   Significant at p<0.10*, p<0.05**, p<0.01***, p<0.0001**** 
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Model 2 

 I use linear regression to estimate the presence of any renewable energy financial 

incentive and its persistence on residential electricity consumption.  Detailed results, including 

statistical significance, are below in Table 6.  Surprisingly, the results indicate an increase in the 

price of residential electricity, elec_prc, is associated with a moderate increase in consumption.  

While these results are not statistically significant at conventional levels, the p-value of 0.16 

indicates a relationship is present, and is likely influenced by omitted variable bias.  Income, 

income, is inversely related to consumption and estimated to have small influence, which is 

unexpected.  The result for this variable is not statistically significant, reporting a p-value of 

0.95, and provides further evidence that variables are missing from this model.  The 

unemployment rate, unemp, is positively associated with consumption and the model predicts a 

sizeable impact that is statistically significant.  This conflicts with my hypothesis that people 

who are unemployed conserve electricity in an effort to lower their utility bill. 

 Oddly, the climate variables have the same magnitude, but in opposite directions; heating 

degree-days, hdd, have a negative coefficient and cooling degree-days, cdd, have a positive 

coefficient.  In addition, these variables have different levels of statistical significance.  Heating 

degree-days is statistically significant with a p-value of 0.0001 and cooling degree-days has a p-

value of 0.14.  It is likely the result for heating degree-days is confounded; some households do 

not use electricity to heat their homes and use natural gas or oil instead.  Coefficients for climate 

variables perform better in fixed effects regressions and typically reflect a positive relationship 

with consumption.  It is possible the fixed effects regressions adjust for the different fuels 

individuals use for home heating in different states.  An Independent governor, i_gov, is 
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associated with a substantial decrease in consumption.  While this result is not statistically 

significant at conventional levels, reporting a p-value of 0.21, it does reflect a relationship exists.  

As a result, states with an Independent governor are predicted to have a lower level of 

consumption than states with a Democratic or Republican governor.  However, a Republican 

governor, r_gov, is associated with a moderate increase in consumption when compared to a 

Democratic or Independent governor and the coefficient is statistically significant at the ten 

percent level.  Therefore, as expected, states with a Democratic governor are predicted to have a 

lower level of consumption than states with a Republican governor.   

 The presence of any renewable energy financial incentive, any_incentive, is positively 

related to residential electricity consumption, as anticipated.  This variable is predicted to have a 

sizeable impact on consumption, but the p-value of 0.73 indicates this finding is not statistically 

significant at conventional levels.  Therefore, the model estimates the presence of any renewable 

energy financial incentive increases state residential electricity consumption by 3.6 percent each 

year, but the lack of statistical significance reduces the precision of this estimate.  The 

persistence of a renewable energy financial incentive has an inverse relationship with residential 

electricity consumption, reporting a substantial coefficient that is statistically significant at the 

one percent level.  Thus, this model suggests the persistence of a renewable energy financial 

incentive reduces annual state residential electricity consumption by 37.5 percent. 

 These findings indicate there is not a renewable energy rebound effect in the short-term.  

The coefficient for any_incentive is not statistically significant and the coefficient for 

any_incentive_p counters this hypothesis with a coefficient that is statistically significant at 
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conventional levels.  It is possible the renewable energy financial incentives increase residential 

electricity consumption in the long-term and can be identified outside of the years I study. 
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TABLE 6: REGRESSION RESULTS FOR MODEL 2 

VARIABLE VARIABLE NAME COEFFICIENT 

  

(ROBUST STANDARD ERROR) 

Electricity Consumption elec_cons Dependent Variable 

   Electricity Price elec_prc 659.6108 

  

(462.9735) 

   Income income -0.0396227 

  

(0.5742843) 

   Unemployment Rate unemp 3,714.303** 

  

(1,704.818) 

   Heating Degree-Days hdd -17.83268**** 

  

(3.764762) 

   Cooling Degree-Days cdd 17.36411 

  

(11.87824) 

   Independent Governor i_gov -41,396.01 

  

(33,069.72) 

   Republican Governor r_gov 10,773.26* 

  

(5,926.187) 

   Any Incentive any_incentive 3,372.914 

  

(9,581.315) 

   Any Incentive Persistence any_incentive_p -35,270.42**** 

  

(7,907.528) 

   Constant 

 

127,506.7*** 

  

(38,247.05) 

   Observations 

 

539 

   R-Squared 

 

0.3572 

   Significant at p<0.10*, p<0.05**, p<0.01***, p<0.0001**** 
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Model 3 

 I employ linear regression to determine if particular renewable energy financial 

incentives and their persistence impact residential electricity consumption, in addition to the 

presence of an active incentive.  Detailed results, including statistical significance, are below in 

Table 7, under Model 3.  I use linear regression in Model 3 and compare it to fixed effects 

regression in Model 4 since there are a small amount of year-to-year changes in the dataset 

affecting the results.  The year-to-year changes are described below in Table 8. Omitted variables 

are another potential explanation for the linear regression results, which I explain further in the 

limitations section below. 

 There are a number of unexpected results, such as the price of electricity, elec_prc, 

having a positive relationship with consumption.  The estimated impact is not large, nor 

statistically significant, reporting a p-value of 0.73.  In addition, the model predicts income, 

income, has an inverse relationship with consumption, and although the influence is negligible, it 

is statistically significant.  The unemployment rate, unemp, is associated with a moderate 

decrease in consumption, which is not surprising.  Results for the variable income contradict my 

prediction that consumption and income are positively related.  However, the results for the 

unemployment rate are consistent with my hypothesis; people who are unemployed decrease 

consumption in an effort reduce their utility bill.  The climate variables provide unusual, yet 

statistically significant results; heating degree-days, hdd, is negatively associated, while cooling 

degree-days, cdd, is positively associated.  Furthermore, the impact of heating degree-days is 

very small, while the model estimates cooling degree-days have approximately seven times the 

impact in the opposite direction.   
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 An Independent governor, i_gov, is associated with a moderate decrease in consumption 

and a Republican governor, r_gov, is correlated with a sizable increase.  The prediction for an 

Independent governor is not statistically significant at conventional levels, but the p-value of 

0.65 indicates the possibility this relationship holds.  The correlation between a Republican 

governor and consumption is statistically significant at conventional levels.  Consequently, states 

with a Democratic governor are predicted to have a lower level of residential electricity 

consumption than those with a Republican governor, as anticipated.  Yet, states with an 

Independent governor are correlated with a lower level of consumption than those with a 

Democratic or Republican governor.  

 The renewable energy financial incentives and their persistence provide varying results, 

making it unclear if particular incentives have a greater impact on residential electricity 

consumption.  Some of the incentives are positively associated with consumption, while others 

demonstrate an inverse relationship.  For example, a state rebate program, st_rebate, is 

associated with a 78.3 percent decrease in annual state residential electricity consumption.  

However, the persistence of a state rebate program, st_rebate_p, is associated with a 21.4 percent 

increase in state residential electricity consumption per year.  Both of the state rebate coefficients 

are statistically significant, reflecting the possibility that these programs may initially reduce 

consumption.  However, this short-term decrease appears to diminish over time, becoming an 

increase and eventually producing a moderate renewable energy rebound effect. 

 Another example of the mixed results is the prediction a personal deduction, 

personal_deduct, and its persistence, personal_deduct_p, will both decrease annual state 

residential electricity consumption 113.2 percent and 89 percent, respectively.  Both the 
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coefficients for a personal deduction and its persistence are statistically significant.   As a result, 

these estimates indicate the renewable energy rebound effect does not exist for this type of 

program.   

  Finally, an active incentive, active_incentive, is associated with 73.1 percent increase in 

annual state residential electricity consumption and is statistically significant at the one percent 

level.  Maintaining an active incentive is correlated with an increase in consumption, based on 

this result.  This suggests the renewable energy rebound effect is present since states with an 

active incentive are possibly encouraging additional consumption.  Consumers might alter their 

behavior based on the possibility that other state residents, and themselves, have an incentive to 

produce renewable energy at any time. 

Model 4 

 In an effort to reduce omitted variable bias, I also utilize a fixed effects regression to 

determine if each renewable energy financial incentive and its persistence impact residential 

electricity consumption, in addition to the presence of an active incentive.  Detailed results, 

including statistical significance, are below in Table 7 under Model 4.  The low numbers of year-

to-year changes in the policy variables, which are listed below in Table 8, impacts this model, as 

explained below. 

 As expected, this model indicates an increase in the price of electricity, elec_prc, is 

associated with a slight decrease in consumption.  This relationship not considered statistically 

significant at conventional levels, but the p-value of 0.51 indicates the possibility the correlation 

is present in the population.  Income, income, is positively related to consumption, as anticipated, 

with the model predicting a slight increase that is statistically significant at the five percent level.  
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In addition, consumption increases as the unemployment rate, unemp, increases, estimating a 

moderate influence.  While the p-value for this variable, 0.34, is not statistically significant at 

conventional levels, it suggests the relationship likely holds.   

 The climate variables, heating degree-days, hdd, and cooling degree-days, cdd, are 

positively associated with consumption, as anticipated.  The magnitude and statistical 

significance of these coefficients is consistent with other fixed effects regressions.  An 

Independent governor, i_gov, is associated with a slight decrease in consumption, more than 

double the increase associated with a Republican governor, r_gov.  The p-value for each of these 

variables is 0.65, so I consider the possibility these correlations are present in the population.  

Therefore, as expected, states with a Democratic governor are predicted to have a lower level of 

residential electricity consumption, compared to those with a Republican governor.  The model 

estimates states with an Independent governor consume less electricity than those with a 

Democratic or Republican governor.   

 The results for renewable energy financial incentives and their persistence are mixed, 

with the financial incentives reporting a positive relationship to residential electricity 

consumption and their persistence reporting both positive and negative relationships.  For 

example, the model predicts that consumption is positively related to a state loan program, but 

negatively related to its persistence.  The state loan is statistically significant at the ten percent 

level, but the persistence barely misses this benchmark, reporting a p-value of 0.12.  The model 

predicts a state loan program increases annual state residential electricity consumption by 3.4 

percent.  The persistence of a state loan program is associated with a 1.7 percent reduction.  

Consequently, a state loan program might mildly increase consumption initially, but slightly 
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lower consumption in the following years.  This result indicates that either consumption 

decreases after a program sunsets, possibly due to the renewable energy rebound effect ending 

with the program; or a renewable energy rebound effect may exist after the time frame in this 

study. 

 A property tax incentive, property_tax, and its persistence, property_tax_p, are both 

predicted to moderately increase consumption and their respective p-values are 0.40 and 0.16.  

The model estimates a property tax incentive increases state residential electricity consumption 

by 2.7 percent per year and its persistence by 2.3 percent.  This result indicates a slight 

renewable energy rebound effect may exist and persist, even though the estimates are not 

statistically significant at conventional levels.   

 The model predicts a sales tax incentive, sales_tax, moderately increases consumption, 

but its persistence, sales_tax_p, slightly decreases consumption.  These variables have p-values 

above the traditionally accepted levels; the p-value for the sales tax is 0.31 while its persistence 

has a p-value of 0.55.  A sales tax incentive is estimated to increase yearly state residential 

electricity consumption by 2.2 percent and its persistence decreases it by 0.7 percent.  Similar to 

the state loan program, it appears a sales tax incentive is associated with a small, short-term, 

renewable energy rebound effect that diminishes over time.  The presence of an active incentive 

has a modest and negative association that is statistically significant at the ten percent level.  

Thus, the model estimates maintaining an active incentive reduces consumption by 3.3 percent, 

contrary to the hypothesis of the renewable energy rebound effect.  
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TABLE 7: REGRESSION RESULTS FOR MODEL 3 AND MODEL 4 

VARIABLE VARIABLE NAME COEFFICIENT COEFFICIENT 

  

(ROBUST STANDARD ERROR) (ROBUST STANDARD ERROR) 

  

Model 3  

(Linear) 

Model 4  

(Fixed Effects) 
    

Electricity Consumption elec_cons Dependent Variable Dependent Variable 

    
Electricity Price elec_prc 184.7177 -75.90337 

  

(548.3117) (114.8199) 

  
  

Income income -2.435784**** 0.6723131** 

  

(0.5888504) (0.277662) 

  
  

Unemployment Rate unemp -744.6205 268.8829 

  

(1,580.72) (280.9307) 

  
  

Heating Degree-Days hdd -7.551596** 6.315522**** 

  

(3.374676) (0.9937612) 

  
  

Cooling Degree-Days cdd 49.59321**** 18.09078*** 

  

(12.2595) (4.894624) 

  
  

Independent Governor i_gov -9,935.165 -888.0001 

  

(21,597.23) (1,926.326) 

  
  

Republican Governor r_gov 19,442.77*** 403.0476 

  

(5,565.007) (878.5414) 
    

Active Incentive active_incentive 68,829.62**** -3,136.335* 

  

(17,120.86) (1,619.856) 
    

State Rebate st_rebate -73,736.85**** 3,841.688** 

  

(17,828.94) (1,693.99) 

  
  

State Rebate st_rebate_p 20,119.78**** 772.0733 

Persistence 

 

(3,406.292) (919.1766) 

  
  

State Grant st_grant -59,061.3**** 2,212.202 

  

(18,169.2) (2,382.972) 
    

State Grant  st_grant_p 32,244.72**** -655.2303 

Persistence 

 

(3,599.574) (1,024.197) 
    

State Loan st_loan -83,868.55**** 3,200.3* 

  

(16,506.73) (1,827.313) 

    
State Loan st_loan_p -24,934.23**** -1,618.807 

Persistence 

 

(5,188.464) (1,033.968) 
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TABLE 7: REGRESSION RESULTS FOR MODEL 3 AND MODEL 4 CONTINUED 

VARIABLE VARIABLE NAME COEFFICIENT COEFFICIENT 

  

(ROBUST STANDARD ERROR) (ROBUST STANDARD ERROR) 

  

Model 3  

(Linear) 

Model 4  

(Fixed Effects) 

  
  

Personal Deduction personal_deduct -106,563.5**** 3,218.921* 

  

(21,223.56) (1,744.19) 

  
  

Personal Deduction personal_deduct_p -83,755.59**** omitted 

Persistence 

 

(8,944.073) omitted 

  
  

Personal Credit personal_credit -93,578.96**** 2,367.123 

  

(19,774.13) (2,129.266) 

  
  

Personal Credit personal_credit_p 29,135.39**** 895.4105 

Persistence 

 

(7,666.059) (2,174.378) 

  
  

Property Tax Incentive property_tax -46,407.49** 2,547.219 

  

(19,810.01) (2,976.534) 
    

Property Tax Incentive property_tax_p -14,916.58 2,193.099 

Persistence 

 

(10,327.08) (1,528.123) 
    

Sales Tax Incentive sales_tax -63,054.17*** 2,078.619 

  

(18,696.9) (2,009.628) 

  
  

Sales Tax Incentive sales_tax_p -83,687.34**** -663.5682 

Persistence 

 

(11,204.34) (1,097.29) 

  
  

Non Profit Rebate nonprofit_rebate -66,229.38** 2,226.383 

  

(29,024.29) (3,914.092) 

  
  

Non Profit Rebate nonprofit_rebate_p -2,251.033 403.8484 

Persistence 

 

(9,846.014) (1,042.129) 

  
  

Performance Based perf_based -33,101.07** 4,436.466 

  

(15,575.39) (2,421.158) 

  
  

Performance Based perf_based_p 30,113.51**** omitted 

Persistence 

 

(8,273.062) omitted 
    

Constant 

 

135,423*** 16,581.95 

  

(40,786.48) (17,078.99) 

  
  

Observations 

 

539 539 

  
  

R-Squared 

 

0.5516 0.4078 

  
  

Significant at p<0.10*, p<0.05**, p<0.01***, p<0.0001**** 
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Comparison of the Models 

 A comparison of the models reveals the possibility of omitted variable bias in the linear 

regressions.  Models 2 and 3 report a positive relationship between electricity price and 

consumption, while Models 1 and 4 reflect a more realistic inverse relationship.  In addition, the 

magnitude of the price is lower in the fixed effects regressions, especially considering the high 

magnitude of this variable in the second model.  Income changes from a negative association in 

the second and third models to a positive association in Models 3 and 4.  Coefficients for both 

climate variables are positive in the models employing fixed effects, Model 1 and Model 4, and 

align with the prediction that an increase in heating degree-days and cooling degree-days is 

associated with an increase in residential electricity consumption.  These findings are statistically 

significant at the one percent level and are likely the result of fixed effects regression correcting 

for the use of multiple fuels to heat homes nationwide.  Each model finds an Independent 

governor is associated with a decrease in residential electricity consumption and a Republican 

governor is associated with an increase when compared to a Democratic or Independent 

governor.  Furthermore, the magnitude of the political variables is considerably lower in the 

fixed effects regressions, but across the models there is mixed statistical significance. 

 Each model provides insight into the potential for renewable energy financial incentives 

and their persistence to impact residential electricity consumption.  Model 1 indicates that states 

with active renewable energy financial incentives consume more electricity than those without 

incentives, although this result is not statistically significant at conventional levels.  Endogeneity 

is potentially affecting these results, since it is plausible that states with higher residential 

electricity prices are more likely to adopt and maintain active renewable energy financial 
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incentives.  The second model predicts that states with any type of incentive have a higher rate of 

consumption than those without an incentive, but this finding is not statistically significant at 

traditional levels either.  However, the persistence of any type of incentive is associated with a 

decrease in consumption and is statistically significant at the one percent level.  This conclusion 

is probably affected by omitted variable bias present in Model 2 due to the use of linear 

regression. 

 Models 3 and 4 predict the impact of particular renewable energy financial incentives by 

employing linear and fixed effects regression, respectively.  The third model predicts particular 

incentives, not their persistence, reduce residential electricity consumption.  Each coefficient is 

negative and statistically significant at the five percent level and some are statistically significant 

at the one percent level.  Model 3 reports positive and negative relationships between the 

persistence of particular incentives and consumption; some are statistically significant at the one 

percent level and others are not statistically significant at conventional levels.  Active incentives 

are associated with an increase in consumption and statistically significant at the one percent 

level in Model 3, as hypothesized, supporting the idea of a renewable energy rebound effect. 

 Model 4 improves upon Model 3 with fixed effects regression, finding a positive 

relationship between each renewable energy financial incentive and residential electricity 

consumption, confirming my hypothesis.  A few incentives are statistically significant at the five 

percent and ten percent level, while others are not statistically significant at traditionally 

accepted levels.  This model indicates mixed relationships between the persistence of particular 

incentives and consumption and these variables are not statistically significant at conventional 
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levels.  The presence of an active incentive is associated with a decrease in consumption and is 

statistically significant at the ten percent level. 

Summary of the Results 

 Despite instability across models, the results provide useful information to test the 

hypothesis of a renewable energy rebound effect.  Model 1 indicates the presence of an active 

incentive produces a slight rebound effect.  The findings for Model 2 suggest there is not a 

renewable energy rebound effect in the short-term and the persistence of an incentive reduces 

residential electricity consumption in the period of study.  Taken together, these results indicate a 

generic incentive program might produce a mild rebound effect in the short-term and disappear 

in the long run.   

 Model 3 suggests a moderate renewable energy rebound effect for a state rebate program, 

but not for a personal deduction.  An active incentive is associated with a sizable renewable 

energy rebound effect in this model.  Model 4 indicates a state loan program might initially 

produce a small rebound effect, which diminishes with the persistence of this variable.  

Therefore, the rebound effect for a state loan program ends when it sunsets.  In the fourth model, 

a property tax incentive, and its persistence, is related to a mild rebound effect.  Model 4 

indicates a sales tax incentive is associated with a small short-term rebound effect, but not its 

persistence.  The fourth model suggests an active incentive does not produce a rebound effect 

and slightly decreases residential electricity consumption.  Overall, a renewable energy rebound 

effect is present in varying degrees for each model. 
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LIMITATIONS 

 

  A number of limitations impact the results in this thesis.  I attempt to address the lack of a 

start date and end date for particular incentives by determining a suitable date as a proxy.  The 

linear regressions attempt to connect outcomes with policy variables.  It is possible relevant 

variables are omitted from the equation, potentially biasing the linear regressions presented in 

Models 2 and 3.  Variables capturing education and the majority political party of the state 

legislatures were initially included in each model.  However, these variables led to issues with 

collinearity, so they were removed, and the variables for average per capita income and political 

affiliation of a governor were kept.  Only four states in the dataset have an Independent 

governor, so this low number may indicate that a few states drive the results for this variable.   

  Endogeneity may impact the results of all four models; states may adopt renewable 

energy financial incentives and encourage consumers to produce renewable energy in response to 

high residential electricity prices and vice versa.  However, a study conducted by Min, et al. 

found these variables are not endogenous at a statistically significant level (Min, et al., 2010).  It 

is also possible that states adopt renewable energy financial incentives and encourage consumers 

to produce renewable energy in response to low or high levels of residential electricity 

consumption.  States with low levels of consumption may deem the incentives a prudent way to 

promote renewable energy among a population that is receptive to conservation.  Or, states with 

a high level of consumption may adopt incentives in order to mitigate the negative impact of 

high levels of residential electricity consumption.   

  I employ fixed effects regression in Models 1 and 4 to address the issue of omitted 

variable bias and improve upon the linear regressions in Models 2 and 3.  State and time fixed 
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effects regressions control for the characteristics that are fixed across states, along with those that 

are fixed across time.  Therefore, a fixed effects regression reduces omitted variable bias, but has 

its own set of limitations.  It is important for a dataset to have variation over time in order for 

fixed effects regression to perform well.  The results of this thesis are impacted by a low number 

of year-to-year changes in the variables representing state renewable energy financial incentives, 

which are summarized below in Table 8.  This may explain the instability in the coefficients for 

incentives across the models and their tendency to yield insignificant results in the fixed effects 

regressions. 

  Finally, the lack of stability across the models limits the conclusions that can be drawn 

from this study.  I indicate a relationship exists between state renewable energy financial 

incentives and residential electricity consumption, but the results do not allow for more definitive 

conclusions.  I recommend better data collection methods to reduce imprecision in the data and 

conducting this study with additional years in the dataset to provide greater variation over time. 
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TABLE 8: YEAR-TO-YEAR CHANGES FOR KEY INDEPENDENT VARIABLES 
VARIABLE VARIABLE NAME 2002-

2003 

2003-

2004 

2004-

2005 

2005-

2006 

2006-

2007 

2007-

2008 

2008-

2009 

2009-

2010 

2010-

2011 

2011-

2012 

Active 

Incentive 

active_incentive 1 1 3 7 3 5 5 3 1 1 

            

Any 

Incentive 

any_incentive 1 1 3 7 3 5 5 3 1 2 

            

Any 

Incentive 

Persistence 

any_incentive_p 3 3 7 3 4 2 4 15 0 0 

            

State Rebate st_rebate 2 0 4 1 4 1 4 5 1 6 
            

State Rebate 

Persistence 

st_rebate_p 3 2 5 0 2 3 8 21 2 1 

            

State Grant st_grant 0 0 0 0 0 1 2 0 2 2 
            

State Grant 

Persistence 

st_grant_p 2 2 2 2 6 1 2 0 0 0 

            

State Loan st_loan 0 0 2 1 0 0 6 3 2 0 
            

State Loan 

Persistence 

st_loan_p 0 0 2 1 3 2 3 4 1 0 

            

Personal 

Deduction 

personal_deduct 0 0 0 0 0 1 1 0 0 0 

 

Personal 

Deduction 

Persistence 

personal_deduct_p 0 0 0 0 0 0 0 0 0 0 

            

Personal Tax 

Credit 

personal_credit 0 0 1 4 1 4 3 1 0 1 

            

Personal Tax 

Credit 

Persistence 

personal_credit_p 0 0 1 1 3 7 0 4 0 1 

            

Property Tax 

Incentive 

property_tax 0 0 1 1 3 7 0 4 0 1 

            

Property Tax 

Incentive 

Persistence 

property_tax_p 0 0 0 0 0 0 0 1 0 0 

            

Sales Tax 

Incentive  

sales_tax 0 0 3 3 1 3 2 0 1 0 

            

Sales Tax 

Incentive 

Persistence 

sales_tax_p 0 0 2 0 0 0 0 0 0 0 

            

Non Profit 

Rebate 

nonprofit_rebate 0 0 0 0 0 0 1 0 0 0 

            

Non Profit 

Rebate 

Persistence 

nonprofit_rebate_p 1 0 0 1 0 0 0 0 0 0 

            

Performance 

Based 

Incentive 

perf_based 1 1 0 4 0 2 1 3 1 2 

            

Performance 

Based 

Incentive 

Persistence 

perf_based_p 0 0 0 0 0 0 0 0 0 0 
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CONCLUSIONS AND POLICY IMPLICATIONS 

 

  In the United States the proportion of electricity generated from renewable sources is 

growing.   Presidents, the Congress, and state legislatures have promoted renewable energy 

through a variety of policy instruments.  Their actions are a response to the consensus that 

anthropogenic climate change is occurring and must be addressed.  Federal efforts beginning in 

the 1960s and taking hold in the 1970s have engaged the public in these endeavors.  In addition 

to federal legislation, states have engaged in these activities, and are implementing some of the 

most aggressive and innovative mechanisms to respond to the challenges put forth by climate 

change. 

  I address the lack of literature dedicated to the relationship between state renewable 

energy financial incentives and residential electricity consumption by employing multivariate 

linear and fixed effects regression for the years 2002 through 2012.  I accomplish this using a 

unique dataset I created with data from the Database of State Incentives for Renewables and 

Efficiency, the U.S. Energy Information Administration, and the National Oceanic and 

Atmospheric Administration, along with data to control for demographic characteristics and 

political culture.  By examining this relationship, I provide information that can be used by state 

governments when considering the adoption or continuation of renewable energy financial 

incentives.  

  In this study I explore if a renewable energy rebound effect is present and whether or not 

it is associated with particular renewable energy financial incentives.  My hypothesis is that a 

renewable energy rebound effect is present; therefore, states with renewable energy financial 

incentives have a higher rate of residential electricity consumption.  If a renewable energy 



 

45 

 

rebound effect exists, then states should implement a policy designed to temper residential 

electricity consumption.  Renewable energy financial incentives will not need modification if a 

renewable energy rebound effect does not exist. 

  Model 1 predicts if the presence of an active renewable energy financial incentive is 

associated with a renewable energy rebound effect, or an increase in residential electricity 

consumption.  Therefore, states considering whether or not to adopt or continue a renewable 

energy financial incentive should include a mechanism that mitigates consumption due to the 

likelihood it will increase while the incentive is active.  States can achieve this by attaching 

benefits for energy efficiency and conservation to a renewable energy financial incentive.  In 

addition, states should contemplate maintaining an active incentive or implementing an incentive 

for a pre-determined time period.  It is possible behavior will change when the incentive 

becomes inactive, which is explored in the next model.  

  Model 2 estimates a low possibility that a renewable energy rebound effect is related to 

the presence of any renewable energy financial incentive and that persistence of an incentive 

may actually decrease residential electricity consumption. Therefore, states should be aware that 

a renewable energy financial incentive might have a questionable impact on residential 

electricity consumption in the short-term, but lead to a reduction in residential electricity 

consumption in the long-term, even once it expires.  According to Model 2, states should 

consider providing a financial incentive every few years that will achieve a reduction in 

residential electricity consumption in the long run.  However, this suggestion applies to a generic 

incentive.  It is advantageous to determine if a particular incentive achieves the best results and 

this is examined in Models 3 and 4. 
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  Models 3 and 4 are used to predict if particular renewable energy financial incentives 

and/or their persistence impact residential electricity consumption with linear and fixed effects 

regression, respectively.  Model 3 provides varying results and may be affected by omitted 

variable bias, making it difficult to determine whether or not the renewable energy rebound 

effect is present.  Therefore, it is not clear if a particular incentive and/or its persistence will 

result in an increase or decrease of residential electricity consumption, but a greater number of 

incentives suggest a decrease in consumption.  Active incentives are associated with an increase 

in consumption, suggesting states that adopt incentives should couple them with energy 

efficiency and conservation measures. 

  Model 4 indicates a slight renewable energy rebound effect is due to the predicted 

increase in residential electricity consumption associated with renewable energy financial 

incentives.  However, the levels of statistical significance vary among the types of incentives and 

this model does not provide consistent results for the persistence of particular renewable energy 

financial incentives.  Based on this finding, states should use caution when adopting and keeping 

renewable energy financial incentives as this may increase consumption in the short-term.  In 

addition, the long-term impact is unclear, making it worthwhile for policymakers to continue 

studying the potential for renewable energy financial incentives to alter consumer behavior.  

People might change their behavior based on knowledge that state residents, including 

themselves, have an incentive to produce renewable energy at any time.  I suggest future 

research study the initial increase in consumption and following decrease because they might 

negate each other. 



 

47 

 

  State rebate programs are more prevalent than personal deductions and a renewable 

energy rebound effect is associated with the former and not the latter.  States should consider 

moving from rebate programs to personal deductions in an effort to avoid the rebound effect.  

Property and sales tax incentives yield a mild rebound effect, but state loan programs do not 

demonstrate this relationship.  It is possible households who utilize property and sales tax 

incentives instead of a state loan program are better off financially and less concerned about their 

utility bills.  Numerous factors affect the decision to utilize renewable energy financial 

incentives, making it imperative to remember this when evaluating these policy implications. 

  According to Jackson, cost is a primary concern for people who engage in pro-

environmental behavior and that awareness and lack of information are additional obstacles 

(Jackson, 2005).  Providing consumers with information about renewable energy financial 

incentives, along with energy efficiency and conservation are important.  This may lessen the 

likelihood that consumers who do adopt renewable energy technologies inadvertently increase 

their electricity consumption.  States are experiencing financial constraints and it is important to 

determine the best policies to ensure prudent budget decisions.  

  I find a renewable energy rebound effect is present in varying degrees for each model, but 

the results do not definitively indicate how particular incentives influence consumer behavior.  In 

the absence of additional federal legislation to promote renewable energy financial incentives, I 

recommend states use caution when adopting these policies because they might increase 

residential electricity consumption.  Therefore, it is prudent to attach electricity conservation 

and/or efficiency provisions to renewable energy financial incentives to mitigate potential 

increases residential electricity consumption.  Future research can provide insight into the state 
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policies with continued tracking of state renewable energy financial incentives.  The recent 

election has changed the political landscape at the state and federal level, which provides an 

opportunity to explore if or how this will affect future energy policy in the United States (CNN, 

2014). 

 Frederiks, et al. find that while potentially short-lived, larger incentives and disincentives 

generally lead to greater changes in behavior.  Based on this finding, consumers should be 

provided with information about energy efficiency and conservation on an on-going basis.  

Improved data collection and archiving, especially incentive start and end dates, will improve 

future scholars’ ability to study the renewable energy rebound effect.  Future research should 

build on this study and Frederiks, et al. to determine the particular renewable energy financial 

incentives that are most effective, absent the rebound effect, and if the amount of the incentive is 

relevant. 

 In the United States, individuals and government entities are taking action to mitigate the 

impact of anthropogenic climate change.  State and local governments are implementing 

innovative mechanisms that account for regional differences in climate, consumption patterns, 

and electricity sources.  Legislators should consider the renewable energy rebound effect when 

adopting policies to promote renewable energy generation.  Well-intended renewable energy 

financial incentives might lead to higher levels of residential electricity consumption and hamper 

their effect on climate change. 
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