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ABSTRACT 

Renewable portfolio standards are among the most popular state-level policies designed to 

decrease reliance on fossil fuels and increase renewable energy use. These standards require that 

a certain share of a state’s electricity come from renewable sources by a given date. Several 

existing studies show that state adoption of renewable portfolio standards is positively correlated 

with state renewable energy capacity. However, few studies have examined the relationship 

between renewable portfolio standard adoption and carbon emissions from the electricity sector. 

This paper seeks to fill that gap in the literature. Using panel data for the period 1992 to 2016, I 

estimate the relationship between adoption of a renewable portfolio standard and carbon 

emissions from the electricity sector at the state level. I find limited evidence to support the idea 

that state renewable portfolio standards are related to carbon emissions from the state’s 

electricity sector. As states and other political units seek to decarbonize their electricity sectors, 

my findings suggest that additional research is needed to better understand the outcomes 

associated with policies such as renewable portfolio standards.
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INTRODUCTION 

 Anthropogenic (i.e., human-induced) climate change has garnered increasing attention in 

the past four decades, and has emerged as one of the most urgent public policy challenges facing 

the international community.1 The Intergovernmental Panel on Climate Change (IPCC) is an 

international scientific body established in 1988 under the auspices of the United Nations, and 

was tasked with providing member governments with accurate scientific information to help 

policymakers develop sound climate policies. The IPCC consists of scientists from around the 

world and releases periodic reports synthesizing the findings of thousands of studies and 

aggregating data on climate change from numerous sources. In its most recent IPCC Assessment 

Report (AR6), the panel moved away from the probabilistic language that they had used in 

previous reports and stated clearly that “It is unequivocal that human influence has warmed the 

atmosphere, ocean and land.”  

Carbon dioxide (CO2) is a greenhouse gas (GHG) that makes up a small percentage of the 

Earth’s atmosphere, but it also plays a critical role in surface conditions (NASA, 2021). Along 

with other greenhouse gases (such as chlorofluorocarbons, vapor from H2O, methane, and nitrous 

oxide) CO2 contributes to the “greenhouse effect”, which describes the heat-trapping nature of 

the gases in the Earth’s atmosphere (NASA, 2021). While the greenhouse effect is necessary to 

sustain life on Earth, compositional changes in the gases in the atmosphere can have significant 

implications for conditions at the surface, with higher concentrations of GHGs associated with 

higher surface temperatures (IPCC, 2014; Oresekes, 2004). Over the last 150 years, human 

activity has been linked to increases in the concentration of GHGs in the atmosphere (IPCC, 

 
1 All factual statements in the first two paragraphs are based on the Sixth Assessment Report by the 
Intergovernmental Panel on Climate Change (2021).  
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2021). The level of carbon dioxide in the atmosphere is now higher than at any time in the last 

two million years (NASA, 2021).2 This increase in atmospheric carbon has been accompanied by 

a 1.1 degree Celsius rise in global temperatures since the end of the 19th Century (approximately 

1890). Increasing evidence indicates that if the world does not reduce GHG emissions, the 

impacts of climate change will become increasingly severe. The globe will likely experience 

increased risk of heat waves, drought, wildfires, and sea level rise beyond what is already 

occurring (IPCC, 2021; NASA, 2021).  

 Experts warn that, absent rapid decarbonization of the electricity sector, it will be 

difficult to remain within the goal set by the IPCC of no more than 1.5 degrees Celsius of 

warming by the end of the century (IPCC, 2021; International Energy Agency 2019; Tong et al., 

2019). Despite the increased use of renewable energy generation sources, global emissions from 

the power sector continue to rise (IEA, 2019). Even in the United States, the total level of 

emissions from the power sector increased from 2017 to 2018 by 3.1% (IEA, 2019).3  

 States have experimented with a variety of policy tools to address rising emissions. One 

such tool is the renewable portfolio standard, which requires a certain percentage of a state’s 

electricity to come from renewable sources of energy by a specified date (Barbose, 2021). This 

paper examines the relationship between the implementation of state renewable portfolio 

standards and state-level carbon emissions from electricity. I thus seek to determine whether RPS 

policies are effective at reducing emissions from the electricity sector.4 While several 

 
2 The CO2 concentration level in the atmosphere was 417 parts per million in 2021, compared to an estimated 280 
parts per million in 1870 (NASA, 2021). 
3 An IEA report provides useful context, stating that: “Despite this increase, emissions in the United States remain 
around their 1990 levels, 14% and 800 Mt of CO2 below their peak in 2000. This is the largest absolute decline 
among all countries since 2000” (IEA, 2019).  
4 Unless otherwise noted, any reference in this paper to “emissions” or “carbon emissions” refers to state-level 
carbon emissions from the electricity sector. 
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econometric studies have examined the relationship between the existence of RPS policies and 

renewable energy deployment, as noted by Shrimali et al. (2012) and Greenstone and Nath 

(2019), few have focused specifically on the relationship between RPS policies and emissions 

reductions. I use state-level data on CO2 emissions from the Energy Information Administration 

to compare changes over time in carbon emissions from the electricity sector among states that 

have and have not implemented RPS policies. 

 

BACKGROUND 

 In the United States, there has been a gradual shift in attitudes regarding climate change 

and climate mitigation policies, away from a lack of concern and toward support for more 

forceful government action to reduce emissions (Leiserowitz, 2021).5 As in other countries, 

attitudes in the United States vary quite significantly by political ideology. Surveys indicate that 

this ideological divide is particularly pronounced in the United States (Pew, 2021). Numerous 

policies implemented at the federal level are intended to reduce the use of fossil fuels in the 

energy sector, such as production and investment tax credits and federal funding for research into 

alternative fuel sources (Stokes and Breetz, 2018; Stokes 2020).6 To date, however, there has 

been no national mandate requiring that a specific percentage of the nation’s electricity come 

from non-fossil fuel sources by a given year (Lawson, 2020). Nor has there been any national 

carbon tax or cap and trade program (Lawson, 2020).  

 
5 The Yale Program on Climate Change Communication has tracked several measures of public attitudes regarding 
climate change over time. 
6 The production tax credit, enacted in 1992 as part of the Energy Policy Act of 1992, provides a tax credit based on 
kilowatt hours of electricity produced from clean energy: the investment tax credit, enacted in 2005 as part of the 
Energy Policy Act of 2005, provides a tax write-off for companies that invest in clean energy (Stokes, 2020). 
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In the absence of comprehensive action at the federal level, states have taken it upon 

themselves to implement policies aimed at reducing GHG emissions (Stokes, 2020). One of the 

primary policies designed to increase the uptake of renewable energy and to reduce emissions 

from the electricity sector is a renewable portfolio standard (Greenstone and Nath, 2019). 

Renewable portfolio standards can be designed in numerous ways, but they generally focus on 

the reduction of emissions from the electricity sector by requiring electric suppliers to use a 

specific percentage or quantity of energy from eligible renewable sources (Barbose, 2021).7 

These policies typically set a specified target percentage or quantity that must be attained by a 

given date. For instance, the 2006 Arizona RPS sets a standard of 15% renewable power by 2025 

(DSIRE, 2021). RPS policies are often enforced by penalizing energy generating companies that 

do not comply with the mandate, and many states have created a process through which 

companies can buy and sell credits in order to meet the required renewable generation level 

(Greenstone and Nath, 2019; Barbose, 2021). The first state to enact an RPS in some form was 

Iowa in 1983; and the pace of their adoption at the state level accelerated in the late 1990s and 

throughout the 2000s (Barbose, 2021; Stokes, 2020). As of 2021, 30 states plus the District of 

Columbia had enacted some form of RPS (Barbose, 2021).  

Historically, the electricity sector has been the leading source of emissions in the United 

States, although electricity has in recent years been surpassed by transportation as the leading 

emissions-producing sector (EPA, 2021). In 2019 the electricity sector accounted for 25% of 

 
7 The terms “renewable energy” and “clean energy” are often used interchangeably, but renewable energy generally 
refers to power sources such as wind, solar, hydro, geothermal, and some forms of biomass. On the other hand, clean 
energy refers to all of the above forms plus nuclear (U.S. Department of Energy, 2022). However, these definitions 
are not consistent across state ordinances, with some states considering hydropower sources to be renewable and 
others not, or with some states considering small hydropower sources to be renewable but not large ones 
(Greenstone and Nath, 2019). Greater detail on the ways in which these terms are defined for the purposes of this 
paper can be found in the data and methods section. 
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total U.S. GHG emissions (EPA, 2021). In 2020, electricity generation from fossil fuel sources, 

such as coal and natural gas, accounted for approximately 62% of total electricity generation and 

for 99% of CO2 emissions from the electricity sector (EIA, 2021). At the same time that experts 

argue that the United States (and the world) must rapidly decarbonize the electricity sector, they 

also note that electricity generation must increase dramatically, perhaps more than doubling, in 

order to accommodate reductions in emissions in other sectors such as transportation (Fox-

Penner, 2020; Stokes, 2020).8 

 

LITERATURE REVIEW 
 

Attempts to measure impacts of RPS policies have generally focused on whether or not 

states have met, or were on schedule to meet, the goals that these policies laid out. Less attention 

has been paid to whether or not state RPS policies have been effective in reducing state-level 

carbon emissions from the electricity sector. While the question of meeting a specific goal 

outlined in a state law or regulation is certainly of interest, an RPS goal could be met while still 

doing little to address the underlying driver for clean energy development: reductions in carbon 

emissions. In other words, if a state meets an RPS target of 10 percent of energy generated from 

renewable sources, but total energy capacity increases by an equivalent or greater amount, the 

corresponding emissions reductions could be minimal, or perhaps nonexistent. 

 

Effect of Renewable Portfolio Standards Policies on Non-emissions Outcomes 

Studies on RPS policies in the United States have focused on two primary outcomes to 

measure whether or not they have been “successful”: total renewable energy capacity/generation, 

 
8 This is the case because, for instance, electricity generation needs to expand in order to provide electric vehicles 
with a sufficient number and adequate geographic dispersal of charging stations (Fox-Penner, 2020). 
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and total renewable energy capacity/generation for specific renewable technologies.9 Many 

studies have found positive relationships between RPS implementation and renewable energy 

development. Hurlbut (2008) found that many states, such as Texas, were on track to meet their 

targets. Carley (2009) found a limited association between RPS implementation and renewable 

generation, but also found that renewable energy generation rose as the time from RPS adoption 

increased. In later work, Carley et al. (2016) found a positive association between RPS 

stringency and renewable energy capacity and generation. Similarly, Kneifel (2008) found that 

the implementation of RPS policies with capacity requirements was associated with increases in 

renewable energy capacity, but that the implementation of RPS policies requiring sales or 

generation was not significantly related to renewable capacity.10  

Yin and Powers (2010) found that RPS implantation is positively related to the 

development of renewable energy in states that implemented renewable portfolio standards. The 

authors also found a positive association between RPS implementation and the share of a state’s 

energy capacity that is renewable. Shrimali et al. (2012) expanded on the work done by Yin and 

Powers (2010) and examined the relationship between RPS policies and renewable energy 

capacity, and found that the relationship was positive and significant. Bird et al. (2005) focused 

specifically on wind energy development and found that RPS implementation was positively 

related to wind energy development. Similarly, Menz and Vachon (2006) found a positive 

relationship between RPS implementation and wind energy development in the United States, 

which was the same conclusion reached by Adelaja and McKeown (2008). 

 
9 Energy capacity refers to the total amount of energy that can be produced in a system, whereas energy generation 
refers to actual energy output in a given system (EIA, 2021). 
10 Kneifel is careful to note that these latter policies are more recent, and he concludes that his results might change 
as additional data are made available over time (Kneifel, 2008). 
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In contrast to the studies noted above, some studies have found a more limited 

relationship between RPS implementation and renewable energy development (Kneifel, 2008), 

or have even found evidence of a negative relationship (Shrimali and Kneifel, 2011). Maguire 

and Munasib (2016) examined states that implemented RPS policies early and found a limited 

relationship between RPS implementation and renewable energy capacity for most states other 

than Texas (for which they found a positive relationship). Michaels (2007) found that 

Massachusetts and other states were falling short of their targets, and Bushnell et al. (2007) 

speculated that RPS implementation may be associated with growth in renewables and 

subsequent emissions reductions, but only if “spillovers” are limited.11 Like Michaels (2007), 

Bushnell et al. (2007) argued that local and state-level policies are “largely symbolic” unless 

they drive policy change at a regional level. Shrimali and Kneifel (2011) examined micro-level 

renewable energy deployment from multiple sources and found evidence of a negative 

relationship between RPS policies and total renewable capacity.  

The diversity in the above-described findings may partially be attributable to differences 

in the way that authors measured their key variables. These differences are more fully explained 

in the data and methods section of this paper. Even after accounting for this consideration, 

however, there remains substantial variation in the estimated effects of RPS policies on in-state 

renewable energy development. 

 

 

 
11 Bushnell et al. (2007) discuss the fact that overlapping policies make measuring policy outcomes difficult. What 
they term “spillovers” are part of this challenge, they argue. For instance, if one state implements a requirement that 
a certain share of electricity comes from renewable sources, then fossil fuel sources might become cheaper in other 
jurisdictions, leading to increased consumption that offsets any hoped for emissions reductions in the state that 
implemented the renewable energy requirement. This study was not empirical and thus a causal relationship cannot 
be determined. 
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Effect of Renewable Portfolio Standards Policies on Emissions-related Outcomes 

As noted by Bushnell et al. (2007), RPS policies do not create incentives for firms to 

reduce emissions per se; rather they incentivize changes in fuel inputs so as to comply with 

various requirements of a given policy. To date, there have been few analyses of RPS policies’ 

effects on state-level emissions, with a few notable exceptions. The National Renewable Energy 

Laboratory (NREL) has periodically studied the relationship between RPS policies and GHG 

emissions, and recent NREL studies have found evidence of a significant reduction in GHG 

emissions in states that implemented RPS policies (Wiser et al., 2016). However, these NREL 

studies typically use estimates from life-cycle analyses of various energy sources in order to 

estimate emissions reductions, rather than relying on actual emissions data (Wiser et al., 2016). 

Several studies have focused on the cost of emissions reductions associated with the 

implementation of RPS policies (Johnson, 2014; Dobesova et al., 2005; Young and Bistline, 

2018; Greenstone and Nath, 2019), or have examined individual states and several emissions 

outcomes (Johnson and Novacheck, 2015). 

Three published quantitative studies have looked specifically at the relationship between 

RPS implementation and emissions outcomes. Greenstone and Nath (2019) included carbon 

emissions as one of the key outcomes in their study of state RPS policies, although this study did 

not focus on total emissions reductions (or on a similar outcome such as per capita emissions). In 

their analysis of panel data, the authors instead focused on differences between states that did 

and did not adopt RPS policies in terms of renewable electricity share of total power, electricity 

costs, and the cost of abatement per metric ton of CO2. They found that mandated renewable 

energy shares are often lower than required by RPS, that electricity prices rise substantially after 

RPS policies are enacted, that the carbon intensity of state energy portfolios is reduced after RPS 
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policies are mandated, and that the cost per metric ton of CO2 abated ranges from $130 to $460. 

Similarly, Yi (2015) used state-level panel data to study the relationship between carbon 

emissions outcomes and state-renewable energy policies (including RPS) for the years 1990 to 

2008. The author found a negative correlation between state-level supply-side measures such as 

RPS policies and the carbon intensity of state electricity sectors, but found a positive relationship 

between RPS policies and emissions from the electricity sector.12 Eastin (2014) also used state-

level panel data to examine the relationship between RPS implementation and total state-level 

emissions outcomes, finding that states that had implemented RPS policies tended to have lower 

emissions in the years after implementation compared to the states that had not implemented 

RPS policies. However, the author states that his findings did not allow him to establish a causal 

relationship between these two variables.13 

 

The Present Study 

The studies described above largely focus on the relationship between RPS 

implementation and renewable energy development, investment, and generation; or between RPS 

implementation and the carbon intensity of state electricity sectors. However, while these 

outcomes are important measures of effectiveness, they do not provide insight on what is 

presumably the ultimate goal of these policies: that is, the reduction of total greenhouse gas 

emissions from the power sector (as opposed to the relative share of energy produced by 

renewable sources versus fossil fuel sources, which has been the focus of most previous studies). 

My study contributes to the existing literature by attempting to fill this knowledge gap, using 

panel data on the 48 contiguous states for the years 1992-2016 to estimate a two-way effects 

 
12 Carbon intensity refers to the emissions per unit of energy consumed (Yi, 2015; see also Jiusto, 2008). 
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model of the relationship between state-level renewable portfolio standards and greenhouse gas 

emissions from the electricity sector. Unlike previous studies that have focused on total 

emissions (for example, Eastin, 2014), carbon intensity of power generation (Yi 2015; 

Greenstone and Nath, 2019), my study instead uses state-level emissions from the electricity 

sector as the dependent variable, rather than total state-level emissions or the carbon intensity of 

power generation. I argue this is a more appropriate measurement of RPS policy effectiveness as 

it relates to carbon emissions. 

 
 

CONCEPTUAL FRAMEWORK 
 

The literature reviewed above suggests that there is a positive and statistically significant 

relationship between the implementation of RPS policies and renewable energy generation 

(Shrimali et al., 2015; Greenstone and Nath, 2019).14 Given the likelihood of a negative 

relationship between renewable energy generation and carbon emissions from the electricity 

sector, I hypothesize that states with RPS policies in place have experienced greater reductions in 

carbon dioxide emissions in the electricity sector than states that have not implemented such 

policies.  

Numerous other factors could contribute to a state’s carbon emissions. These factors 

include related state-level policies, federal policies, economic trends, the relative price of 

different energy sources, the state’s political makeup, and the state’s geographic features that 

may have implications for the feasibility of implementing renewable energy projects, to name a 

few. As discussed in my data and methods section, many of these factors are held constant by the 

 
14 While the relevant evidence is mixed, quantitative models that consider more comprehensive measures of RPS 
implementation and a richer set of controls generally suggest that there is a positive relationship between RPS 
implementation and renewable energy capacity (Shrimali et al, 2012). Qualitative work also suggests that RPS 
policies are a useful means of increasing states’ renewable energy capacities (Stokes, 2020; Bird 2005). 
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inclusion of state and year fixed effects in my regressions. Other time-varying factors that could 

contribute to state-level carbon emissions from the electricity sector are displayed in Figure 1 

and are discussed in detail below. 

 

Figure 1: Key factors related to state-level CO2 emissions from the electricity sector 

 

Complementary State-Level Policies 

 States have proposed and implemented a number of policies aimed at reducing GHG 

emissions from a variety of sources (Fox-Penner, 2020). My model accounts for four of these 

complementary state-level policies that past research (Menz and Vachon, 2006; Yin and Powers, 

2010; Shrimali et al., 2015) has suggested could be related to state-level renewable energy 

State-level 
Carbon 
Dioxide 

Emissions 
from 

Electricity

Other State-level Renewable 
Energy Policies:

1) mandatory green power 
options
2) net metering
3) public benefit fund
4) cap and trade program 
participation

Renewable Portfolio 
Standard

Other Factors:
1) median income
2) gross state product
3) state population
4) state unemployment rate
5) price of electricity
6) state citizen ideology
7) state government ideology
8) League of Conservation 
Voters score
9) average heating days
10) average cooling days
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capacity and generation: net metering, mandatory green power options, public benefits funds, 

and participation in a cap and trade program.  

Net metering policies require electric utilities to compensate customers that produce 

energy (ex., through rooftop solar) and supply energy to the grid, usually by reducing the 

customer’s monthly energy bill such that she or he is charged for the energy used net of what is 

generated from renewable sources (National Renewable Energy Laboratory, 2021). Mandatory 

green power options (MGPO) are requirements that electric utilities provide customers with the 

choice of purchasing “green” power, which previous research has found to be associated with 

greater renewable energy installation (Delmas and Montes-Sancho, 2011). Public benefits funds 

are generally established and overseen by state public utility commissions and function as 

investment funds that provide support for renewable energy projects, energy efficiency projects, 

and other priorities for energy and climate policy the state identifies (Yin and Powers, 2010). 

Cap and trade programs are market-based approaches that set a limit (i.e., a “cap”) on emissions 

over a given time period and that create emissions certificates allowing a specific quantity of 

emissions, which can then be traded (EPA, 2021). Previous studies have found that the 

implementation of cap and trade programs is associated with reductions in emissions (Murray 

and Maniloff, 2015; Newell et al., 2013). Any of these policies could be implemented in tandem 

with RPS programs and could in theory lead to lower emissions from the electricity sector. 

 

Other Factors 

 While the inclusion of state and year fixed effects in my regressions allows me to control 

for many unobserved variables, several other factors not held constant by my fixed effects 

specification could be related to state-level CO2 emissions. These include state-level economic 
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factors such as median income and state unemployment levels, the price of electricity, a state’s 

internal political dynamics, and a state’s weather characteristics. Several studies have noted 

varying levels of correlation between these control variables and state-level renewable energy 

deployment in U.S. states (Yin and Powers, 2010; Shrimali et al., 2012; Shrimali et al., 2015). 

For instance, Shrimali et al. (2015) found that median income and the price of electricity were 

both related to the installation of renewable energy capacity, possibly because higher electricity 

prices and poorer economic health reduce states’ incentives to address climate change and 

related environmental concerns. 

While some studies have found that political factors are unrelated to installed renewable 

energy capacity (Yin and Powers, 2010; Shrimali et al. 2012; Shrimali et al. 2015), others 

(Carley and Miller, 2012) have found evidence that political forces are related to the stringency 

of RPS policy adoption and energy policy implementation. I include three control variables (the 

ideological leanings of a state’s citizens, the ideological leanings of a state’s political leaders, 

and the environmental policy leanings of a state’s congressional delegation) in the regression in 

order to account for the possibility that political forces at the state level influenced emissions and 

energy policies. Support for environmental policies among a state’s citizens and their political 

leaders could in theory be related to adoption of environmental policies such as renewable 

portfolio standards, and could also be related to emissions (if, for instance, citizens successfully 

advocate for emissions reductions locally), so I include controls to account for this relationship. 
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DATA AND METHODS 

For my dependent variable (state-level CO2 emissions from the electricity sector), I use 

data collected by the U.S. Energy Information Administration (EIA). The EIA collects these data 

at the plant level and aggregates them to provide state-level estimates of carbon dioxide 

emissions from various sectors, including the electricity sector (EIA, 2021). These data are 

available for the years 1980-2018 (my study covers 1992-2016 because of the unavailability of 

data for my ideological controls for later years, and because the vast majority of RPS policies 

were first implemented after the year 1992), and are expressed in millions of metric tons of CO2. 

Renewable energy sources such as wind and solar do not produce energy from the combustion of 

fossil fuels and do not result in carbon emissions, while coal and natural gas produce significant 

quantities of carbon emissions (EIA, 2021).15 As states install more renewable energy generation, 

it is plausible that CO2 emissions from the electricity sector would decline, as long as overall 

energy use does not outpace the rate at which fossil fuel sources are taken out of the energy mix.  

My key independent variable is a binary measure of whether or not a state had an RPS 

policy in effect in the year in question (meaning that the requirement was actually in effect in 

that year, rather than simply having been passed without having yet been implemented).16 Data 

for my key independent variable (implementation of an RPS policy) were drawn from the annual 

summaries of U.S. Renewable Portfolio Standards aggregated by Galen Barbose at the Lawrence 

Berkeley National Laboratory, and also from the Database for State Incentives for Renewables 

 
15 In terms of the timing of RPS policies’ implementation, Iowa did in fact pass an RPS policy in the 1980s. 
However, this measure’s implementation was delayed by a lack of enforcement and compliance, and was 
substantially revised in 1991(DSIRE, 2021). Per unit of energy, coal produces approximately twice the amount of 
carbon dioxide compared to natural gas: in million British thermal units (BTUs) of energy, coal produces 
approximately 220 pounds of CO2, whereas natural gas produces approximately 117 pounds (EIA, 2021). 
16 More detail on the construction of this variable is provided in the data and methods section, but the primary reason 
for my use of an “effective” date rather than the date of enactment relates to the varying lengths of time between 
enactment and implementation, as well as to the fact that RPS policies are sometimes challenged in court, which can 
result in significant delays in implementation (Yin and Powers, 2010). 
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and Efficiency (DSIRE), an online database maintained by the North Carolina Clean Energy 

Technology Center at North Carolina State University. The date that an RPS policy becomes 

effective determines the point within my panel data when a state’s binary RPS indicator variable 

switches from a 0 to a 1. Because of the lag time between the enactment of RPS policies and the 

required shift to renewables, I argue that it is more sensible to use an “effective” date rather than 

an “enacted” date in creating this measure.17 Previous studies (Menz and Vachon, 2006; Adelaja 

and Hailu, 2008; Yin and Powers, 2010) have used a similar approach, switching the binary RPS 

variable from a 0 to a 1 in a given year if the state put an RPS policy in effect before June 30th of 

that year. I use the same method to create my RPS measure. I also follow this approach to create 

my complimentary state-level policy measures. The data for these complementary policy 

variables (mandatory green power options, public benefits funds, net metering, and cap and 

trade) were drawn from DSIRE, with additional information for the cap and trade variable also 

drawn from the Regional Greenhouse Gas Initiative website (RGGI, 2021).18 

Policy heterogeneity presents a challenge to the study of RPS policies’ effect.  Some 

states set renewable energy generation standards that are in the low single digits, while other 

states set standards as high as 100 percent (DSIRE, 2021). States also vary in terms of the 

severity of penalties that they impose for non-compliance (if they impose penalties at all), and in 

terms of any number of other design features (Rader, 2000; Barbose, 2021; Shrimali et al., 2015). 

Some studies have used a binary RPS indicator variable to estimate the relationship between RPS 

 
17 There may be a time lag between enactment and implementation because, for example, RPS policies are 
sometimes challenged in court. Such court challenges can result in significant delays in implementation (Yin and 
Powers, 2010). 
18 If information on the timing of these policies’ implementation was not available on the DSIRE site, I researched 
specifics on these measures in the text of the relevant bill. The RGGI website provided information on state-level 
RGGI participation, which I also confirmed on DSIRE. For instance, some states have dropped out of, and then 
rejoined, this cap and trade program. The RGGI website provided information on the dates and years in which states 
participated in RGGI, whereas DSIRE provides information on whether or not a state currently participates in this 
program, but provides only limited historical information in some cases. 
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implementation and renewable energy outcomes (Menz and Vachon, 2006; Adelaja and Hailu, 

2008; Carley, 2009), whereas others used more detailed RPS variables and additional control 

variables to account for variations in between states, both in terms of different state-level 

characteristics and differences in RPS policies (Yin and Powers, 2010; Shrimali et al., 2012; 

Greenstone and Nath, 2019).19 My study primarily relies on a binary RPS variable and is thus 

open to the criticisms that some of the studies noted above have faced. This limitation of my 

analysis is discussed further in the concluding section of the paper. 

As discussed above, I also include a set of other control variables in my model to account 

for time-varying factors that are plausibly associated with my dependent and/or key independent 

variable. Data on median income are taken from the U.S. Census Bureau, calculated as the 

median income for a family of four, and measured in thousands of U.S. dollars (USD).20 My data 

on gross state product come from the Bureau of Economic Analysis and are expressed in 

millions of USD. State population size data are taken from the U.S. Census Bureau and given in 

thousands. The data for the state unemployment rate are taken from the U.S. Bureau of Labor 

Statistics. Data on energy prices, which measures the average cost of electricity in U.S. cents per 

kilowatt hour, are drawn from data published by the EIA.21 

I use a set of three variables to measure states’ ideological leanings.  First, I use a pair of 

indices originally created by Berry et al. (1998) and subsequently updated by Fording (2021) to 

separately capture the ideology of a state’s citizenry and the ideology of a state’s elected officials 

 
19 Yin and Powers (2010) developed a measure of RPS implementation, which they call the “Incremental Share 
Indicator” (ISI), to reflect the heterogeneity of RPS policies. This measure accounts for the amount of existing 
renewable capacity at the time of RPS adoption and for the proportion of utilities covered, among other factors. 
More specifically, the authors’ ISI variable accounts for the incremental requirement of renewable supply, the 
proportion of sales covered by the RPS policy, total retail sales, and existing renewable generation. 
20 As noted in Table 1, all variables measured in USD were converted to constant 2016 dollars using Consumer Price 
Index inflation adjustment factors (Federal Reserve Bank of Minneapolis, 2021). 
21 My price variable is lagged by one year, following the practice of Yin and Powers (2010) in order to eliminate the 
possibility of reverse causality with respect to this regressor. 
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(i.e., the governor and state legislature).  These variables are expressed on a scale from 0 (most 

conservative) to 100 (most liberal). Second, I use League of Conservation Voters (LCV) scores 

to measure environmentally specific dimensions of state ideology.  LCV scores are provided on a 

“scorecard” by the LCV for members of Congress based on their votes related to specific 

environmental policies. The scores are also expressed on a scale from 0 to 100, with 0 indicating 

the lowest possible support for pro-environmental policies and 100 representing the highest level 

of support for pro-environmental policies.  

Two weather controls are included in this analysis: average heating degree days and 

average cooling degree days. These two variables measure the average difference (in degrees) 

between 65 degrees Fahrenheit and the temperature outside (if lower than 65 degrees for heating 

days and above 65 degrees for cooling days) across all days in the year. In other words, these 

variables are a measure of how many days a state’s residents generally have to heat or cool their 

homes and businesses, which can consume a large amount of energy. Data on these variables 

come from the National Oceanic and Atmospheric Administration.22 A summary of all variables 

included in the analysis is provided in Table 1 below. 

  

 
22 I would like to thank Rachel Erlebacher for her assistance in accessing and understanding this data. 
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Table 1: Variables, definitions, and sources 
Variable Definition Source 
CO2 Emissions Continuous variable measuring state-level carbon 

dioxide emissions from the electricity sector in 
millions of metric tons. 

U.S. EIA 

Renewable 
Portfolio 
Standard23 

Binary variable indicating whether a state has a 
renewable portfolio standard in effect in a given 
year as of June 30 (1 = yes; 0 = no). 

Lawrence 
Berkeley National 
Laboratory, 
DSIRE 

Complementary 
Policies 

  

Mandatory Green 
Purchase Option 

Binary variable indicating whether a state has a 
mandatory green power option in effect in a given 
year (1 = yes; 0 = no). 

DSIRE 

Public Benefits 
Fund 

Binary variable indicating whether a state has a 
mandatory green power option in effect in a given 
year (1 = yes; 0 = no). 

DSIRE 

Net Metering Binary variable indicating whether a state has a 
net metering law in effect in a given year (1 = 
yes; 0 = no). 

DSIRE 

Cap and Trade Binary variable indicating whether a state has a 
cap and trade program in effect in a given year (1 
= yes; no = 0). 

DSIRE, RGGI 

Other Controls   
Median Income Continuous variable measuring median household 

income for a family of four in thousands of USD 
(expressed in constant 2016 dollars). 

U.S. Census 
Bureau 

Gross State 
Product 

Continuous variable measuring gross state 
product in hundreds of millions of USD, adjusted 
for inflation (expressed in constant 2016 dollars). 

U.S. Bureau of 
Economic 
Analysis 

State Population Continuous variable measuring state population, 
in thousands. 

U.S. Census 
Bureau 

Unemployment 
Rate 

Continuous variable measuring state 
unemployment rate in percentage terms. 

U.S. Bureau of 
Labor Statistics 

Average 
Electricity Price 

Continuous variable measuring the average cost 
of electricity in US cents per kilowatt hour, 
lagged once and adjusted for inflation with USD 
= 2016. 

U.S. EIA 

 
 

 
23 For the RPS, mandatory green purchase option, public benefits fund, and net metering variables, I used data from 
Yin and Powers (2010) and updated their dataset for the years 2007-2016 using the same methodology that they 
used when they initially created those variables. 
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Table 1. (Cont.) 
Variable Definition Source 
State Government 
Ideology 

Continuous variable ranging from 0 to 100 
indicating ideological composition among a 
state’s government officials, with 0 representing 
conservative ideology and 100 representing 
liberal ideology. 

Berry et al. 
(1998); Fording 
(2021) 

League of 
Conservation 
Voters Score 

Continuous variable ranging from 0 to 100 
indicating the average voting “score” of U.S. 
Representatives and Senators from a given state, 
based on recorded votes on “environmental 
issues” as determined by the League of 
Conservation voters, a score of 100 represents a 
perfect pro-environmental record. 

League of 
Conservation 
Voters 

Heating Degree 
Days 

Continuous variable that reflects the annual 
average of the total difference between 65 
degrees Fahrenheit and the temperature outside 
(if lower than 65 degrees), across all days in the 
year. 

NOAA 

Cooling Degree 
Days 

Continuous variable that reflects the annual 
average of the total difference between 65 
degrees Fahrenheit and the temperature outside 
(if above 65 degrees), across all days in the year. 

NOAA 

 
 

Fixed effects regression methods have been used to examine both the relationships 

between RPS implementation and renewable energy capacity (Carly, 2009; Yin and Powers, 

2010; Shrimali et al. 2012; Shrimali et al., 2015) and between RPS implementation and 

emissions outcomes (Yi, 2015; Greenstone and Nath, 2019). As noted above, the use of state 

fixed effects controls for unobserved differences between states that do not vary over time, such 

as renewable energy potential. The use of year fixed effects controls for unobserved variables 

that vary over time but not between states, such as national-level policies or macroeconomic 

factors. The inclusion of both state and year fixed effects in my regressions substantially reduces 

bias in my coefficient of interest.  
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In summary, I estimate the following regression: 

 

 
 

Where CO2emissions is the dependent variable and is measured in million metric tons of CO2 in 

state i in year t,  b1 is the coefficient of interest, a i are state fixed effects, g t are year fixed 

effects, and e it is an error term. 
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DESCRIPTIVE STATISTICS 
 

 Table 2 presents descriptive statistics for all variables included in my regression model.24 

The dataset consists of 1,200 observations, corresponding to the 48 contiguous states observed 

over a period of 25 years (from 1992 to 2016).25 All statistics were weighted for average within-

state population over the 25-year period. As shown in Table 2, states emitted an average of 44.38 

million metric tons of CO2 annually over my period of analysis. Emissions levels ranged from a 

low of zero, which was recorded by Idaho and Vermont across several years in the sample, to a 

high of 239.5 million metric tons, which was recorded by Texas in 2011.26 No state had an RPS 

policy in effect at the beginning of the period of analysis (1992), whereas 28 states had RPS 

policies in effect by the end of the panel (2016).  

  

 
24 There was one variable in my dataset (LCV scores) for which simple interpolation was performed to fill in two 
missing values. For the gross state product control, a different methodology was used by the U.S. government to 
construct this variable prior to 1997 than for 1997 and thereafter. This change in methodology renders values from 
earlier time periods incomparable with values from later time periods (for a full explanation of this issue, see the 
Bureau of Economic Analysis, 2022). I therefore used linear extrapolation to fill in the missing GSP values for 
earlier years based on the average annual change in each state’s values for this variable after 1997. 
25 Alaska and Hawaii, as well as the District of Columbia, were not included in my sample for several reasons. 
While data were available for these two states and the district for some variables, there were several variables for 
which data were not available, including heating degree days and cooling degree days (NOAA, 2021). Alaska and 
Hawaii are unique in other ways, including geographic location and energy needs (i.e., Alaska has abundant fossil 
fuel resources with a very small population, Hawaii is an island that until recently required large amounts of fossil 
fuels to be shipped to meet energy needs) (EIA, 2021). Similarly, the District of Columbia is unique in that there are 
no large energy-generating plants located within its boundaries, meaning that the vast majority of energy consumed 
in the district (approximately 98%) is imported (EIA, 2021). Previous studies (Shrimali et al., 2012; Greenstone and 
Nath, 2019) excluded states such as Maine and Hawaii in some regression models, and I exclude Alaska, Hawaii, 
and DC from my analysis for similar reasons. 
26 Idaho and Vermont both rank among the top three states in terms of the percent of overall electricity produced 
using renewable sources. Both also have small populations, resulting in very low carbon emissions (EIA, 2021). 
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Table 2. Descriptive statistics for dependent, key independent, and control variables 
Variable    Mean  Min    Max    SD 
State-level CO2 emissions  68.60      .00       239.50         54.32           
(in million metric tons) 
 
Renewable portfolio standard      .38     .00            1.00      .49          
indicator 
 
Complementary Policies 
Mandatory green power      .05             .00              1.00      .22 
option indicator 
 
Public benefits fund indicator      .33     .00            1.00      .47 
 
Net metering indicator      .56  .00              1.00      .50 
 
Cap and trade indicator      .07    .00              1.00      .25           
 
Other Factors 
Median income         56.19           34.68         81.02    7.55    
(in thousands USD)27 
 
State population         12896.24         466.25           39167.12         10335.32    
(in thousands) 
 
Gross state product           6612.40         168.34            25378.69            5837.84   
(in hundreds of millions USD) 
 
State unemployment rate     6.06             2.30          13.70     1.93     
(percent) 
 
Average price of electricity   10.86             5.42      19.92    2.94 
(cents/kilowatt hour) 
 
State citizen ideology    51.17             8.45       97.00  12.34 
 
State government ideology   47.17           17.51       73.62  15.33 
 
LCV score     49.84    .00         100.00  25.69 
 
Heating degree days             388.65         65.25      898.89          167.16 
  
Cooling degree days             102.17            6.71      306.76 68.98 
N = 1,200 

 
27 All variables in USD are expressed in constant 2016 USD.  
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Table 3 reports differences in the characteristics of state-years that do and do not have 

RPS policies in effect, with the results weighted by average within-state population over the 25 

year period the panel covers. The table shows that states with RPS policies tended to be more 

populous and have higher median incomes, higher gross state products, and higher average 

electricity prices. These states were also more likely to have implemented complementary 

renewable energy and climate change policies. These results are consistent with the finding that 

RPS states tend to be more liberal and are more supportive of environmental and climate change 

policies, as indicated by the results for my ideology controls. These RPS states also tended to be 

located in areas that require more heating than cooling, as indicated by the values for average 

heating and cooling degree days. 
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Table 3. Difference between states with RPS policies and states without RPS policies in 
2016 
     (states with RPS)     (states without RPS)    
Variable             Mean           Mean         Difference          SE 
State-level CO2 emissions           58.91           56.91   -2           21.36 
(in million metric tons) 
 
Complementary Policies 
Mandatory green power    .10    .09     .02  .10 
option indicator 
 
Public benefits fund indicator    .66    .00     .66*** .12 
 
Net metering indicator    .96    .81     .15  .11 
 
Cap and trade indicator    .36    .00     .36** .15 
 
Other Factors 
Median income            62.27           52.74   9.53***        2.14 
(in thousands USD) 
 
State population        16745.37               8626.24        8119.13        5026.23 
(in thousands) 
 
Gross state product       10471.31       4084.13       6387.18**     3078.63 
(in hundreds of millions USD) 
 
State unemployment rate             4.95                4.80    .14  .21 
(percent) 
 
Average price of electricity           11.80             9.28  2.52*** .93 
(cents/kilowatt hour) 
 
State citizen ideology            59.65           43.68           15.97***         3.54 
 
State government ideology           47.75           27.22           20.53***         6.17 
 
LCV score                    60.73           25.36           35.37***         9.55 
 
Average heating days          384.68          253.24         141.45**         59.85 
  
Average cooling days            94.56          176.20          -81.63**         30.64 
N = 48  *p < .1  **p < .05  ***p < .01 
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REGRESSION RESULTS 
 

 Tables 4 and 5 report my weighted regression results. Robust standard errors are reported 

in parentheses beneath all coefficients. Model (1) in Table 4 is a simple bivariate regression that 

estimates the relationship between RPS implementation and carbon emissions from the 

electricity sector. Model (2) adds state fixed effects to this regression, which allows me to 

control for unobserved differences among states that do not vary over time, such as renewable 

energy potential due to geographical features. Model (3) adds my time-varying control variables, 

including complementary state-level policies (mandatory green purchase option, public benefits 

fund, net metering, and cap and trade), demographic controls (median income, population, gross 

state product, unemployment rate, average price of electricity), ideological controls (state citizen 

ideology, state government ideology, LCV score), and weather controls (average heating degree 

days, average cooling degree days). Model (4) adds year fixed effects, which allows me to 

control for unobserved variables that vary over time but not among states, such as national-level 

policies and macroeconomic factors. The inclusion of both state and year fixed effects in my 

regressions, along with time-varying controls, substantially reduces the extent of bias in my 

coefficient of interest. Model (5) is the same as model (4) but lags my RPS variable by one year, 

in order to determine whether RPS implementation has a delayed effect. 

 Contrary to my hypothesis, the results of models (1) through (5) suggest that there is 

little, if any, relationship between RPS implementation and carbon emissions from the electricity 

sector. The results of model (1) suggest, surprisingly, that having an RPS policy in place is 

associated with an increase in emissions of just over 6 million metric tons of CO2, although this 

estimate is not significant at conventional levels. When state fixed effects are added in model (2), 

the magnitude of the relationship decreases dramatically and remains insignificant. With the 



 26 
 

addition of year fixed effects to the regression in model (3), the sign on the coefficient of interest 

becomes negative and the magnitude increases, although it remains not significant at 

conventional levels. In model (4) time-varying controls are added on top of state and year fixed 

effect, and the sign on the coefficient of interest changes direction (to positive), suggesting RPS 

policies are associated with a slight increase in emissions – but again, this estimate is not 

significant at conventional levels and its magnitude remains quite small (less than one million 

metric tons).  

The final specification in Table 4 is model (5), which includes all controls, state and year 

fixed effects, and a lagged RPS variable. The results of this regression suggest that having 

implemented an RPS policy is associated with a .2159 million metric ton reduction in a state’s 

carbon emissions, although this coefficient is again insignificant.28 To put the magnitude of these 

estimates into perspective, in 2016 California emitted 36.6 million metric tons of carbon dioxide, 

whereas Delaware emitted 3.6 million metric tons of carbon dioxide (EIA, 2021). So a reduction 

of one million metric tons of carbon dioxide would represent a reduction of over 25 percent for 

Delaware but of less than three percent for California. 

 
28 I would like to thank Sanya Carley, who recently provided data that included a measure of RPS “stringency” for 
the years 1992-2014. As discussed in the literature review and data and methods section of this paper, several 
authors have argued that, unless the stringency of an RPS policy is taken into account, analyses of RPS policies’ 
effects will be flawed. To test this idea, I replaced my binary RPS variable with this continuous stringency variable 
(with a value of 0 for any state hadn’t implemented an RPS policy) and re-estimated model (4) from Table 4 and 
found that this measure was not significantly related to emissions at conventional levels. The RPS coefficient in this 
specification was also of very low magnitude and was statistically insignificant. I report these results in Table 1 of 
the Appendix. I also replaced the dependent variable, emissions from the electricity sector, with a per-capita 
measure to see if the results varied. Similar to the results with the original dependent variable, the fully specified 
model with per-capita emissions did not yield a coefficient on RPS that was significant at conventional levels nor 
large in magnitude. 



 

  
 

Table 4. Regression results 
Dependent variable   State-level CO2 emissions from electricity sector 
 
     (1)   (2)   (3)   (4)   (5) 
            Bivariate                  State FE                State and Year FE          State and Year FE       Lagged RPS 
                 (with all controls) 
Key independent variable 
 
RPS                        6.026                      .4372                  -1.9077                           .2915            -.2159 
             (6.2803)                 (3.5357)                  (2.6944)                          (.251)            (.9738) 
 
Complementary policies 
 
Mandatory green                                      1.4692                 1.5142 
purchase option                                          (1.8828)                          (.9656) 
 
Public benefits fund                                            -2.2775                       -2.2331** 

                                              (1.8489)                      (1.0298) 
 
Net metering                                              -.7988               -.5779 

                                   (1.7165)             (.8287) 
 
Cap and trade                                               .2423               .2142 
                                                 (3.2245)                     (1.4382) 
 
Other control variables 
 
Median income                                              .0161             -.0426 
                                              (.1508)           (.0987) 
   
State population                                          .0052***              .0047*** 

                                             (.0015)                       (.0008) 
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Table 4. (Cont.) 
Dependent variable   State-level CO2 emissions from electricity sector 
 
     (1)   (2)   (3)   (4)   (5) 
            Bivariate                  State FE                State and Year FE          State and Year FE       Lagged RPS 
                 (with all controls) 
Other control variables 
 
Gross state product                                                   -.0027***                     -.0024*** 
                                            (.001)                      (.0006) 
 
State unemployment rate                                   -.3657                -.4547 

                                (.5324)                       (.3648) 
 
Average price of electricity                               -1.4984**                   -1.3918*** 
                                           (.6097)                       (.2959) 
 
State citizen ideology                                    .1308*                        .1294** 

                                           (.0723)                      (.0529) 
 
State government ideology                                              .0176                          .0208 
                                                         (.0539)                       (.026) 
 
LCV score                                         -.0405                           -.0284 

                                  (.0337)                       (.0202) 
 
Average heating days                                               .014                            .008 

                                      (.0102)                        (.0113) 
 
Average cooling days                                                   .0941***                     .0749** 
                                           (.0322)                        (.0343) 
 
Constant      66.3259***        68.4381***              59.827***                       13.2859                        48.1164*** 

     (2.3729)              (1.3362)                   (3.1402)                 (22.5513)                  (9.5134) 
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Table 4. (Cont.) 
Dependent variable   State-level CO2 emissions from electricity sector 
 
     (1)   (2)   (3)   (4)   (5) 
            Bivariate                  State FE                State and Year FE          State and Year FE       Lagged RPS 
                 (with all controls) 
Other control variables 
 
State FE              No             Yes                    Yes                  Yes                                Yes 
 
Year FE              No               No                         Yes                            Yes                               Yes 
 
R2              .0229                      .9753              .9854                          .9894                         .9901 
Observations            1,200                        1,200                 1,200                          1,200                         1,152 
Robust standard errors are given in parenthesis under coefficients.  
*** p < .01, ** p < .05, * p < .1

29 
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Subgroup Analysis 

As noted by Stokes (2020), there are important “feedback” channels that likely affect the 

implementation of climate policies.  For instance, a shift in a state’s political leanings (both in 

terms of the citizenry and the state government) could lead to a strengthening or weakening of a 

previously passed policy.29 Given that previous research (Carley and Miller, 2012) has found 

evidence of a relationship between a state’s political ideology and the stringency of the RPS 

policies it enacts, it is possible that political factors may result in changes to policies (either 

strengthening or weakening RPS requirements).  

To investigate whether the relationship between having an RPS policy in place and 

carbon emissions changes based on the state’s political ideology, Model (1) in Table 5 expands 

on Model (4) in Table 4 by including an interaction between RPS implementation and a measure 

of states’ political ideology. For this subgroup analysis, I create a new a dichotomized "liberal 

state" dummy variable set equal to one for state-years that are above the within-sample median 

for both my state citizen ideology and my state government ideology indexes. State-years that 

are below the median for both measures, or for one of the two measures, are assigned a value of 

zero for this dummy.30 When this new dichotomized ideology variable is interacted with the RPS 

variable, the resulting coefficient measures the difference in the relationship of RPS 

implementation and carbon emissions between liberal states and conservative states. 

In Model (2) in Table 5, I include an interaction between RPS implementation and the 

average price of electricity, to explore the possibility that RPS policies may be more or less 

 
29 To date, no state has repealed its RPS policy (Barbose, 2021). However, some scholars (Stokes, 2020) have found 
that the enforcement of environmental policies may have been weakened after their passage due to political pressure 
from the business community and other interest groups. 
30 Of the 1,200 state-year observations contained in the panel data set, 415 have a value of 1 for the “liberal state” 
dummy variable, and 775 have a value of 0. 
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effective in states that have high versus low average electricity costs. This model thus 

investigates whether the relationship between implementing an RPS policy and carbon emissions 

changes based on the cost of electricity within a state. Similar to the dichotomized version of the 

within-state ideology variable, I create a dichotomized version of the average electricity price 

variable, with a value of 1 assigned to state-year values above the median. The resulting 

coefficient on the interaction term measures the difference in the relationship of RPS 

implementation and carbon emissions between high-cost electricity states and low-cost 

electricity states.  

The results from Table 5 provide little evidence of variation in my relationship of 

interest. In other words, the specification for Model (1) in Table 5 fails to provide evidence that 

the relationship between RPS implementation and carbon emissions varies according to in-state 

ideological characteristics. Model (2) in Table 5 further fails to provide evidence that the 

relationship between RPS implementation and carbon emission varies according to in-state 

average electricity prices. More specifically, the RPS coefficient for Models (1) and (2) in Table 

5 is not statistically significant in either regression, nor are either of the interaction coefficients. 

Nor do the F-statistics reported at the bottom of the table suggest that my relationship of interest 

is statistically significant among liberal states or high-electricity price states. 
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Table 5. Regression results (with state and year FE, and interaction terms) 
Dependent variable   State-level CO2 emissions from electricity sector 
 
          (1)        (2) 
                   Interaction (ideology)     Interaction (electricity price) 
Key independent variable 
and Interaction Terms  
 
RPS     2.2892    .8083 
     (3.5046)   (2.2004) 
 
Liberal State    2.9363     
     (1.8911) 
 
RPS*Liberal State   -4.1993                   
                 (3.0534)             
 
High Electricity Price       -1.2772 
         (1.2956) 
 
RPS*Electricity Price       -.7458 
         (1.8626) 
Complementary policies 
 
Mandatory green    1.4499    1.1972 
purchase option    (1.9882)   (1.9456) 
 
Public benefits fund   -2.04    -2.0455 
               (1.6527)    (1.885) 
 
Net metering   -.7968    -.8321 
             (1.6747)    (1.6795) 
 
Cap and trade    .7172    -.0848 
             (3.4022)    (3.2058) 
Other control variables 
 
Median income  .0749    -.001 
  (.1409)    (.1443) 
 
State population  .0047***   .0051*** 
  (.0014)    (.0015) 
 
Gross state product            -.0024**    -.0027*** 
  (.0009)    (.001) 
 
State unemployment rate -.2934    -.4243 
 (.5281)    (.5246) 
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Table 5. (Cont.) 
Dependent variable   State-level CO2 emissions from electricity sector 
 
          (1)        (2) 
                   Interaction (ideology)     Interaction (electricity price) 
Other control variables 
 
Average price of electricity  -1.4009**   -1.253*** 
     (.5906)    (.6037) 
 
State citizen ideology  .1045    .131* 
  (.0712)    (.0712) 
 
State government ideology -.0018    .0158 
 (.051)    (.0529) 
 
LCV score   -.0318    -.0391 
   (.0323)    (.0349) 
 
Average heating days  .014         .0142 
  (.0102)            (.0101) 
 
Average cooling days   .0925***   .0939*** 
  (.0312)    (.0321) 
 
Constant   12.8478            13.8989 
   (21.6131)              (22.3921) 
 
State FE        Yes     Yes 
 
Year FE        Yes     Yes 
 
R2        .9896    .9895 
 
 
F-statistics and p-values     1.43    .13 
H0: RPS + interaction = 0    (.3052)   (.407) 
Observations       1,200    1,200 
Robust standard errors are given in parenthesis under coefficients.    
*** p < .01, ** p < .05, * p < .1  
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To summarize, my regressions results suggest that there is little evidence that RPS 

implementation has a statistically significant relationship with carbon emissions reductions from 

the electricity sector. I also find little evidence that the relationship between RPS implementation 

and emissions varies depending on state ideology and electricity price. The implications of these 

results are discussed in the conclusion of this paper. 

 

CONCLUSION 

 My multivariate regression results provide only limited evidence that renewable portfolio 

standards are related to emissions from the electricity sector. Additionally, my subgroup analyses 

that examine whether the relationship between RPS implementation and carbon emissions varies 

according to states’ ideological characteristics or their average electricity prices did not produce 

yield estimates that were significant at conventional levels. The lagging of my RPS variable in 

the fully specified model also failed to yield coefficient estimates that were significant at 

conventional levels or were large in magnitude.31 

 My findings differ from those of some previous studies that have examined the 

relationship between RPS policies and emissions outcomes (Eastin, 2014; Greenstone and Nath 

2019) but are consistent with other findings that have suggested a limited relationship between 

the two (Yi, 2015). While Eastin (2014) found that states that had implemented RPS policies had 

lower emissions, the author focused on total state-level emissions rather than on electricity sector 

emissions; while he found evidence of a relationship between RPS policy implementation and 

emissions reductions, the magnitude and significance level of his coefficient of interest were 

 
31 As previously discussed, I also substituted in a continuous “stringency” measure for my binary RPS variable, and 
I substituted a per-capita emissions measure for my total emissions dependent variable.  However, neither of these 
differentiated models yielded results that were significant at conventional levels or were large in magnitude. See 
footnote 28 on page 26 and the Appendix Table 1 for more information on these specifications. 
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both quite small. He also cautioned that his results should not be interpreted casually, given the 

numerous unmeasured variables whose omission might have introduced bias into his analysis.  

Yi (2015) in his study of the relationship between RPS policies and outcomes such as 

electricity sector emissions and the carbon intensity of the electricity sector, found that RPS 

policies were related to lower carbon intensity in the electricity sector, but he also found 

evidence to suggest that there was little relationship between RPS policies and emissions 

reductions.  In fact, his results suggested that RPS policies may be positively correlated with 

emissions outcomes. My results are broadly consistent with Yi’s (2015) conclusion that RPS 

policies may not result in emissions reductions. This conclusion is echoed by Greenstone and 

Nath (2019), who found that – while RPS policies were correlated with decreasing carbon 

intensity – this finding was “noisier and […] sensitive to specification.” 

In sum, my results are largely consistent with the existing, and quite limited, literature on 

this subject, which generally has found (with some exceptions) that there is not a strong 

relationship between RPS policies and electricity emissions. However, the omission of several 

potential important variables could have biased my coefficient of interest. For an omitted 

variable to introduce bias it must be related to whether a state has implemented an RPS policy 

and also to state-level emissions. I now turn to a discussion of potential sources of omitted 

variable bias. 

 

Limitations of My Study 

 States have enacted a wide range of energy and climate policies (DSIRE, 2021). While 

my study controlled for several of these (mandatory green purchase options, public benefits 

funds, net metering, and cap and trade programs), the reality is that states can choose from a 
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broader suite of climate policies that could be related to emissions. For instance, energy 

efficiency measures could reduce demand for energy and result in lower emissions. Similarly, in 

recent years, several states have implemented clean electricity standards, which are similar to 

RPS policies (they sometimes even take the form of updates to an RPS policy). All of these 

standards set the goal of reaching a certain percentage of clean energy by a given date, with 

many as high as 100 percent (Lawson 2021). The presence of these policies, or even the 

knowledge that such a policy may come into effect, may incentivize electric power companies to 

expand investment in renewable generating capacity – perhaps even before the policy is 

implemented. The implementation of these other environmental policies, such as clean electricity 

standards, would be positively correlated with RPS implementation, since more environmentally 

friendly “RPS states” are presumably more likely to have other environmental policies in place.  

The enactment of such policies should further be negatively correlated with emissions, since 

other policies would likely result in lower emissions. The omission of this variable from my 

regressions is therefore likely to result in downward bias in my key estimates, meaning that I 

may have understated the true magnitude of the positive relationship between RPS adoption and 

emissions. 

Another potential source of bias might be characterized as the “complexity of the 

electricity system” challenge. For instance, there is variation across states in terms of their ability 

to send and receive electricity over state lines through regional grids, and the energy mix of their 

power sectors. Depending on the flexibility of a state’s RPS policy as it relates to energy imports, 

that policy may create incentives not only for energy generators within a state, but also for 

generators outside of the state but within the regional grid (Johnson, 2014). These out-of-state 

generators in states without RPS policies may have incentives to build renewable generating 
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capacity and sell into a state with an RPS policy in place. In such a case, the lower emissions 

from the new renewable energy generation would occur in the neighboring state, rather than the 

state that actually implemented the RPS policy. While some policies may address this potential 

by placing requirements on consumption rather on production, the potential “leakage” of RPS 

policies could still complicate analyses such as mine (Johnson, 2014). Research suggests that 

renewable energy deployment is more limited when electricity imports increase (Shrimali et al., 

2012), which has implications for emissions outcomes. If a state imports more electricity than it 

exports, some of the emissions that are required to produce the importing state’s energy use are 

generated in another (exporting) state, where the generation actually takes place. Being a net 

importer of electricity is likely to be negatively correlated with a state’s emissions, because 

energy brought in from other states would have produced emissions in the states from which the 

emissions were exported, rather than in the in the importing state. RPS states are presumably 

more likely to import electricity given the evidence of “spillover” that has been documented in 

previous studies (Johnson, 2014; Shrimali et al., 2012). Thus, the omission of a variable 

accounting for whether a state is a net importer of electricity has probably resulted in downward 

bias on the RPS coefficient, again implying that I may have understated the true magnitude of 

the positive relationship between these policies and emissions. 

 An additional complicating factor is the changing mix of fuels used for electricity 

generation over the past 30 years. In 1990, natural gas supplied 12 percent of the fuel for 

electricity generation in the United States; by 2020, however, natural gas supplied 40 percent of 

the fuel for electricity generation, making it the largest fuel source for electricity generation in 

the United States (EIA, 2021). This change was largely driven by the revolution in shale gas 

extraction that began in the 2000s, which resulted in a drastic increase in the volume of natural 
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gas produced (Wang and Krupnick, 2015). This boom in natural gas led to an increase in the 

share of electricity generated by natural gas, largely at the expense of coal-fired generation, 

which was no longer competitive on a cost basis (EIA, 2020). As noted earlier in this paper, 

natural gas produces only half the carbon emissions that coal does (EIA, 2021).  So, while RPS 

policies may lead to increased renewable generation, their actual relationship with emissions 

outcomes may be overwhelmed by the substantial replacement of coal-fired power plants with 

natural gas-fired plants. The increased use of natural gas for electricity would be negatively 

correlated with RPS, because states that implement RPS policies require energy from 

"renewable" sources, and natural gas is not renewable. Similarly, the increased use of natural gas 

would be negatively correlated with emissions, because natural gas emits half the emissions that 

coal does. This would result in upward, or positive bias, on the coefficient on RPS, and implies 

that I may have overstated the true magnitude of the positive relationship between RPS adoption 

and emissions, perhaps with the true relationship being negative (as I originally hypothesized) or 

close to zero. 

 

Future Research 

 As discussed above, there are several variables whose omissions from my regressions 

may have biased my results. Two of the omitted variables I discussed may have led to an 

understatement of the true relationship between RPS implementation and emissions, while one of 

the omitted variables may have led to an overstatement of the true relationship. In addition to 

accounting for these omitted variables, in order to better understand what policies are effective at 

reducing carbon emissions, future research should do more to account for the political elements 

involved in both the design and the implementation of state-level climate policy. The relationship 
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between rising partisanship in the U.S. political system and state-level or national climate policy 

is an area ripe for analysis. Stokes (2020) demonstrated the benefit of examining the details of 

state-level climate policies using qualitative methods, which can illuminate how nuanced the 

interaction between the political and policy processes is, and helps to clarify the limitations of 

quantitative analyses like this one. Similarly, greater insight into the true relationship between 

RPS policies and emissions outcomes might be gleaned by quantitative methods that account for 

the design characteristics of RPS policies, other climate and environmental policies, the structure 

of the U.S. energy system, and other potential sources of bias. 

 

Policy Implications 

This paper has explored the relationship between state-level climate policy and emissions 

from the electricity sector. While my results did not suggest that RPS policies are significantly 

related to emissions, this study should not necessarily be interpreted as suggesting that RPS 

policies are ineffective. As noted in the literature review, if a state increased renewable energy 

generation to meet an RPS target but also increased overall energy consumption by an equivalent 

or greater amount, emissions from the electricity sector may have remained the same or perhaps 

even increased even if emissions levels would have been even higher absent the implementation 

of RPS policies. This explanation appears to be consistent with actual events among the 48 states 

studied in this paper between 1992 and 2016. During that time period, overall emissions from the 

electricity sector declined slightly from 1,825.6 million metric tons to 1,801.8 million metric tons 

(EIA, 2021). Over the same period, total power generation in the lower 48 states also increased 

significantly, from approximately 3069 terawatt-hours (TWh) in 1992 to approximately 4060 

TWh in 2016 (EIA, 2021). So, while RPS policies and other state-level climate policies may 
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have placed downward pressure on emissions, this relationship might simply be overwhelmed by 

the continual increase in total electricity use. The complex nature of the U.S. energy sector 

makes analysis of any singular policy difficult. 

Recently, the World Meteorological Organization summarized findings from several 

studies and data sources, concluding that 2021 was one of the seven warmest years ever recorded 

(all of these years have occurred since 2015; United Nations, 2022). Global emissions from 

human sources have also steadily increased since the Industrial Revolution, despite numerous 

global commitments to limit emissions and address the challenge of climate change (NOAA, 

2021). Renewable Portfolio Standards and other climate policies have existed for decades, but 

there is continued debate over what these efforts’ true effects are. The aim of these policies is 

ultimately to reduce carbon emissions, but until their true effects on emissions outcomes are 

better understood, policymakers may find it difficult to achieve the emissions reductions they 

desire with the policies at their disposal. As the debate continues over what actions to take, the 

risks associated with continued greenhouse gas emissions are likely to continue to grow. 
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APPENDIX 

Table A1. Regression results (using Carley’s “stringency” measure for RPS) 
Dependent variable   State-level CO2 emissions from electricity sector 
 
               (1)    
Key independent variable 
 
RPS stringency      .0025 
       (.0131) 
Complementary policies 
 
Mandatory green      .4592 
purchase option      (2.1382) 
 
Public benefits fund     -1.4383 
       (1.5802) 
 
Net metering     -.5748 
     (1.6341)    
 
Cap and trade     -.729 
     (2.7798) 
Other control variables 
 
Median income    .041 
    (.1194) 
 
State population    .0059*** 
       (.0016) 
 
Gross state product               -.0031*** 
    (.0012) 
 
State unemployment rate   -.35 
   (.4856) 
 
Average price of electricity   -1.8486*** 
   (.5807) 
 
State citizen ideology    .127* 
    (.0679) 
 
State government ideology   .0038 
   (.0515) 
 
LCV score     -.0443 
     (.0334) 
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Table 1A. (Cont.) 
Dependent variable   State-level CO2 emissions from electricity sector 
 
               (1)    
Other control variables 
 
Average heating days    .0242** 
       (.0103) 
 
Average cooling days    .1278*** 
    (.0257)    
 
Constant     4.0276 
     (21.6452) 
 
State FE             Yes     
 
Year FE         Yes     
 
R2            .9913 
Observations         1,104 
Robust standard errors are given in parenthesis under coefficients.    
*** p < .01, ** p < .05, * p < .1  
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