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Abstract 

Renewable energy (RE) investment is a necessary step towards reducing carbon emissions worldwide while meeting growing 

energy demand. There are many policies that seek to support a growth in RE capacity, with varying degrees of both political 

and economic success. Given the complex nature of energy markets and transmission, any concentrated effort of both 

public and private entities to make the green transition will result in inevitable trade-offs. Thus, in this paper, we first 

qualitatively analyze the political realities of RE investment and policy status in the United States, subsequently proposing 

an econometric analysis of the effectiveness of a specific support policy—tax incentives—in the United States using panel 

data and a time-series regression framework. The results—which we stress should be considered a preliminary analysis that 

seeks to raise further research topics—show that there are significant relationships between RE investment growth and the 

implementation of tax incentives. Such results suggest that, with support policies, the United States may be able to reach a 

double objective: increasing energy capacity and investment while also reducing carbon emissions and reaching a greener 

future. Our research also highlights potential future research areas and statistical analyses that may provide deeper and 

greater insight into the effectiveness of tax incentives on RE investment growth. 

 

1. Introduction 

To meet the emission standards as outlined by the 

Paris Climate Agreement, the United States must 

play an international role keeping warming below 

the 1.5 degree Celsius threshold by 2030 [1]. Accord- 

ingly, it is impossible for the United States to ensure 

such a threshold is reached unless greenhouse emis- 

sions drop by at least 43% by 2030. The status quo 

suggests that the United States is making poor strides 

at achieving such a goal, even with the historic in- 

vestment in fighting climate change from the most 

recent infrastructure bill signed by President Biden 

in 2022. 

The State of Illinois has set ambitious emission 

standards in the coming years in an effort to be- 

come a national leader in green energy and to help 

the United States hit national climate agreements 

[2]. However, the state’s existing challenging energy 

landscape makes it difficult to foresee this future 

of renewable energy growth per capita nationwide 

without the addition of a support policy alongside 

existing energy investment in the state. Come 2025, 

just two years from now, Illinois has a legislative 

mandate to source 25 percent of the state’s energy 

from renewable resources by 2025, placed on all utili- 

ties and alternative energy suppliers [3]. Further, the 
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Climate and Equity Jobs act, passed in 2021, com- 

mits the state to an ambitious 40% renewable energy 

target by 2030 and 50% renewable energy by 2040 [4]. 

Illinois faces pressing electricity challenges as it 

relates to their long-term diversification of electricity 

production and ability to feasibly adopt renewable 

energy into their portfolio. Illinois is a key producer 

of nuclear energy and natural gas, and the only state 

in the US that has a chemical facility that converts 

uranium yellowcake into uranium hexafluoride, a 

step in making nuclear fuel [5]. Illinois must con- 

tinue to keep nuclear power plants running due to 

high elasticity of substitution, and evidently, if the 

plants were to shut down in the near future, the 

consequences would be devastating; nuclear power 

provides over 50% of Illinois’ power across six sta- 

tions [6]. Clean energy laws have kept them open, 

but if these laws are reversed, previous financial diffi- 

culties would make it challenging to keep the plants 

in operation [7]. 

 
1.1. The Renewable Energy Landscape 

As climate change continues to progress, the most 

pressing problem facing Illinois’ energy generation is 

the rapid increase in demand in other sectors of the 

economy beyond agriculture, notably in residential 

homes for air conditioning, which necessitates not 

only a greater production of renewable energy but 

also storage and transmission capabilities alongside 
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Figure 1: Illinois Energy Production Estimates in 2020. Source: 

Energy Information Administration. 

 

 
to facilitate the rapid increase. The state is already 

facing an imminent dilemma in whether or not to 

classify nuclear power as renewable, which may force 

a rapid substitution in energy production from nu- 

clear power to a new renewable source. Combined, 

Illinois needs a forward-looking energy plan and 

support policy. The state is seldom able to handle 

new renewable energy production even if additional 

sources are identified and constructed. In July of 

2022, the power grid operator for Central and South- 

ern Illinois approved a $10.3 billion transmission line, 

able to aid the production of renewable energy for 40 

million homes across 8 states, including almost all of 

Southern Illinois [8]. These projects likely won’t be 

completed until 2028. Even still, Illinois is a net en- 

ergy exporter served by two electrical grids: ComEd, 

which spans the northern portion of the state, and 

Ameren, which serves much of the Midcontinent re- 

gion. There is also a unique tradeoff between coal 

and natural gas in Illinois. During years when the 

price of natural gas is high—2021—coal plants see 

drastic rises in production and emissions. In 2021, 

coal production increased by 39% from 2020, the 

largest observable increase year over year, driven in 

large part by skyrocketing natural gas prices [9]. No- 

tably, the restrictions passed by Governor Pritzker 

impose a 15-year chronological difference between 

coal and natural gas. Coal plants are expected to be 

phased out by 2030, while natural gas can remain 

in place as long as these plants are zero-emission by 

2045 [10]. This means for 15 years a new tradeoff is 

likely between natural gas and renewables; should 

renewable prices jump, Illinois will still be heavily 

dependent on natural gas. 

Such a tradeoff creates significant competition be- 

tween renewable energy sources statewide and na- 

tionally. Illinois’ heavy reliance on nuclear power 

has led to bearishness in the state legislature when it 

comes to future investment in additional non-nuclear 

renewable sources [11]. Nuclear lobbying and the 

past instances of a technical lock-in either mean that 

Illinois will choose to stick with nuclear energy long- 

term or shut down all nuclear plants and to find 

alternative sources in a very quick amount of time 

to make up for lost generation capacity. Further, the 

strong lobbying presence is found in coal as well—an 

additional competitor to solar, wind, and other more 

modern renewable technologies— which has contin- 

ually exempted Prairie State Generating Plant from 

emission targets, in an attempt to keep coal prices 

low [12]. This is another key hurdle that renewable 

energy must overcome given that renewable energy 

competes with cheaper sources of electricity genera- 

tion. 

Furthermore, the EPIC (Energy Policy Institute at 

UChicago) forecasts a rise in energy use in Illinois 

as a result of warmer temps by 3%—a phenomenon 

common throughout the United States given rising 

average temperatures—although the number is dis- 

proportionately higher in wealthy areas and dispro- 

portionately lower in poorer areas due to the presence 

of AC [13]. States across the United States have dif- 

fering abilities to cope with such demand on both the 

generation side and storage side. Illinois is character- 

ized by the Energy Storage Association as having “a 

good opportunity with storage,” yet minimal policy 

action has been taken; as of 2018, only 0.3 MW of 

storage had been deployed in the state [14]. Yet, other 

Midwestern states with lower renewable generation 

capacities have created robust cost-benefit analyses 

for storage. Iowa has explored a tax credit for battery 

storage to complement the state’s wind and solar 

generation. This premise was key in influencing our 

choice of a support policy alongside renewable in- 

vestment that could spur both long-term generation 

and storage. 

In the face of weather-related stress, the energy 

grid’s success is strongly linked to investment in 

such grid infrastructure; often, renewable energies 

are not scalable to the population with current trans- 

mission capacity, therefore necessitating additional 

investment from public and private entities. There- 

fore, a support policy is necessary to incentivize the 

proliferation of transmission infrastructure for renew- 

able energy in an otherwise unprofitable scenario 

given the lengthy construction times that mean little 

economic return in the short-run. 

The motivation for our study rests on the notion 

that without support policies alongside renewable en- 

ergy investment, the United States has no economic 

or social incentive to curb fossil fuel production, and 

our over-consumption and over-extraction will per- 

petuate itself. Political intervention is absolutely nec- 

essary at this critical juncture, and if tax subsidies 

https://www.eia.gov/state/?sid=IL
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are taken seriously by local, state, and the federal 

governments, the country has an excellent chance at 

meeting binding treaty obligations in greenhouse gas 

emission reductions. 

 

2. Qualitative Research 

2.1. Policy Analysis 

The need for regulatory pressure and assistance in 

the pursuit of environmental sustainability is widely 

documented [15]. A comprehensive analysis by 

Covert, Greenstone, and Knittel (2016) explains that 

the transition to renewable energy will not happen 

without economic intervention. They explore the rel- 

evant supply and demand trends. As a result of the 

consistent advancement of technology used to extract 

fossil fuels, we will not face scarcity before the envi- 

ronment is wrecked beyond salvage. After examining 

the cost trends of the highest salience renewable al- 

ternatives to fossil fuels, they conclude that none of 

the most viable technology will be cheap enough to 

overtake the demand for fossil fuels without inter- 

cession. As a result, governments are responsible for 

creating policies to lower the barriers to the develop- 

ment of green technology [16]. Since governments 

have been slow or weak to react to the urgency of 

protecting our planet, we are already heading for 

drastic global change. Continuing down this path 

would be devastating [17]. 

As Kirikkaleli and Adebayo (2020) demonstrate by 

analyzing long-run data on renewable energy con- 

sumption, the transition of major energy grids to 

renewable energy sources is critical to protecting the 

environment. They recommend that governments 

take affirmative action to stimulate energy sustain- 

ability [18]. Exposed by rigorous econometric test- 

ing in Bersalli, Menanteau, and El-Methni (2020), 

the efficacy of public policy holds up. The authors 

demonstrate that to achieve maximum environmen- 

tal protection, a combination of public policies is 

necessary. Unfortunately, as we will demonstrate 

in the second part of this section, the political land- 

scape in the United States provides a challenge to the 

comprehensive support of a renewable energy grid 

[19]. 

In American public policy, there are three primary 

categories of economic policies that can be used to in- 

fluence individual or firm environmental impact. The 

first is subsidies, which give support to ecologically 

friendly activities. The second category includes fees, 

taxes, and charges which are assessed on those with 

a negative environmental impact. The third includes 

permitting systems and trading programs that help 

limit emissions in a variety of ways, depending on 

how they are set up. Legislators can also combine 

these three incentives in different combinations to 

achieve different results, depending mostly on the 

state of the market at the time [20]. 

Tax incentives are a popular and effective tool for 

combating climate change, but they go against the 

general adage of taxing the externality instead of in- 

centivizing good behavior. Incentives should almost 

exclusively be used when the cost of reducing emis- 

sions is low and the emissions of the production are 

not too harmful. According to Bian and Xuan (2020), 

if a subsidy were to be implemented without these 

conditions, there would be little change in social wel- 

fare or emissions [21]. This means that, although 

they are effective, subsidies are the least economi- 

cally efficient method for promoting environmental 

behavior in the US in the long run because convert- 

ing the last holdouts to renewable energy sources 

will be disproportionately expensive [22]. As Arnold 

(2012) shows, however, the true long-term effects of 

subsidies such as those for R&D programs are often 

overlooked, providing hope for their efficacy [23]. 

Casey (2023) adds to the literature by demonstrating 

that R&D subsidies for energy efficient technology 

development do increase energy efficiency in the long 

run. Further, subsidies are the most politically feasi- 

ble policy out of the three options, as we will describe 

later. The majority of climate bills passed in the last 

two administrations have taken the form of subsidies 

[24]. 

A large compendium of research demonstrates 

how carbon taxes are also the most effective way to 

increase the use of renewable energy in the US [25]. 

According to a recent study of corporate governance 

in A-list Chinese corporations, carbon penalties are 

more effective than subsidies. The study is further 

evidence that carbon taxes are effective when trying 

to change firm behavior [26]. However, as a regres- 

sion by Wang, Liao, and Li (2021) demonstrates, it is 

important to note that their impact on firm behavior 

is reduced significantly if the carbon tax is too steep 

[27]. This phenomenon is described more widely as 

the “green paradox”, which Edenhofer and Kalkhum 

(2011) admit is a risk that policymakers must take 

into account [28]. 

Further, carbon taxes are regressive because they 

will make energy more expensive across the board, 

disproportionately impacting those with lower socio- 

economic status. This is an effect of one of the initially 

attractive qualities of a carbon tax, which is a form 

of Pigouvian tax: it is easy to measure the impact 

of pollution, but difficult to accurately measure how 

pollution hurts any single individual due to the com- 

plex characteristics that one holds that impact his or 

her relationship with pollution levels. Nevertheless, 
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everyone pollutes and those who pollute the most are 

also most likely to be able to pay a carbon tax [25]. As 

outlined in Macaluso et al. (2018), a carbon tax would 

also be useless if the United States passed one while 

our international competitors did not, unless we si- 

multaneously passed extensive market protections 

[29]. 

The best-case scenario for the environment and 

environmental justice would be to institute a cap and 

trade system, a trading program in the third category 

of environmental policy. Extensive economic test- 

ing and modeling show that cap and trade systems 

effectively minimize the economic loss inflicted by en- 

vironmental legislation. These systems also reliably 

help the environment, and stable output of ecological 

improvement is incredibly important [30]. Although 

several have been proposed, these systems are not 

politically feasible on the national level given their 

complexity and difficulty of implementation. The 

most significant risk, as described in Metcalf (2019), 

is that carbon caps do not remain stable because of 

the spillover effects of other environmental energy 

legislation [25]. 

 
2.2. Political Analysis 

Skodvin (2007) provides a helpful framework for the 

analysis of the political feasibility of environmental 

policy. The author outlines three important factors: 

“1) the distribution of costs and benefits associated 

with environmental regulation among target groups, 

2) the distribution of power among and between 

target groups and decision-makers, and 3) the insti- 

tutional setting within which decision-making takes 

place.” We can disregard the third, because the insti- 

tutional setting of the development of US environ- 

mental policy is always the executive and legislative 

branches, whose rules do not change. The first two 

characteristics of political feasibility are highly rele- 

vant [31]. 

First, considering the distribution of costs and ben- 

efits associated with subsidies, taxes, and trading 

programs, we find that subsidies clearly make the 

most sense. Carbon taxes and trading programs are 

economically risky with adverse outcomes that hurt 

the most vulnerable. Subsidies are inefficient but 

have very little chance of households other than with 

the minor inflationary of introducing capital into the 

economy. 

A comprehensive, up-to-date analysis of the policy 

networks of target groups and decision-makers in the 

US environmental policy environment is well beyond 

this project’s scope, and no current academic work 

lays out the constantly changing landscape. Amer- 

ican politics at the moment are strongly divided, 

with control of the Senate and the House split be- 

tween the major parties. Climate change causes a 

cleavage, separating support for renewable energy 

down party lines. Republican representatives, espe- 

cially those from oil-producing states, strongly op- 

pose most climate-protection legislation. Environ- 

mental advocacy groups have a wide reach and a 

strong hold on congresspeople as a result of a range 

between large-dollar and grassroots funding. These 

organizations, in addition to the personal motivations 

of individual legislators, are preventing significant 

environmental action. 

Subsidies for incremental progress on sustainabil- 

ity are most feasible in this political landscape. A 

tax increase, like a carbon tax, would never receive 

the votes in the House that it would need. A trading 

program would require a massive overhaul of older 

regulations and the institution of a large government 

apparatus to oversee its adoption, all of which Re- 

publican policy networks oppose. On the other hand, 

tax subsidies are palatable to conservatives under 

legislative pressure. They are politically durable as 

well, because industries react negatively to a decrease 

in government assistance. 

 
2.3. Conclusion 

As a result of the above investigation, we propose 

that the best solution to pursue is tax subsidy legisla- 

tion. Fortunately, the Biden administration has made 

great strides by providing subsidies in the three land- 

mark bills of his tenure: the Bipartisan Infrastructure 

Law, the Inflation Reduction Act, and the CHIPS and 

Science Act [32, 33, 34]. The state of Illinois similarly 

passed expansive environmental legislation in 2021, 

with several forms of subsidy support [4]. 

 
3. Quantitative Research 

Our quantitative analysis will rest upon the determi- 

nations made in our qualitative analysis—specifically, 

that a tax incentive is the most politically feasible sup- 

port policy for renewable energy investment growth. 

Moreover, as stated in both the introduction and the 

qualitative analysis, there are many factors that might 

affect a state-specific support policy; as such, our goal 

in quantitative analysis is to control for these varying 

factors and determine whether an incentive policy 

carries a significant positive association with greater 

renewable energy investment growth, regardless of the 

state or region it is implemented in. 

Due to the lack of data, time, and our team’s econo- 

metric experience, our analysis will mostly be prelim- 

inary and incomplete of any absolute result or deter- 

minate relationship. Nevertheless, our quantitative 

model will seek to test whether there is a significant 



Renewable Growth: Tax Incentive Effectiveness (2023) 
 

 

5 

 

relationship between the existence of a general tax 

incentive and a positive growth in renewable energy 

generating investment, which we hope will provide 

greater insight into this field and eventually facilitate 

accelerated development of the "greener" future that 

we describe in the introduction section in any state. 

We will use existing datasets and econometric tools 

to precisely quantify these relationships. 

 

3.1. Data Collection and Organization 

Our energy data comes from the U.S. Energy Infor- 

mation Administration’s (EIA) State Energy Data Sys- 

tem (SEDS), which collects a plethora of energy data 

for all U.S. states. Our data regarding the existence 

of a tax incentive come from the DSIRE database at 

the N.C. Clean Energy Technology Center at N.C. 

State University, which the Environmental Protection 

Agency (EPA) regards as the most reliable source of 

data for policies and incentives that support RE. 

The SEDS estimates are categorized by data series 

for consumption, prices and expenditure, and pro- 

duction, each calculated by state (and for the United 

States), energy source, and sector, in their respec- 

tive units, and in an annual time-series back to 1960 

(1970 for prices and expenditure). We will consider 

all 50 states and D.C. for the years spanning 2000 

to 2020. Thus, the state will be indicated by an i, 

where i = 1, ...51, and the time period will be indi- 

cated by a t, where t = 1, ..., 21. The EIA’s SEDS 

data contain more than 700 variables, each equipped 

with a unique, five-character "MSN" code for easy 

each data series have its own column, such that each 

could be recognized as a separate variable when run 

through a regression in R. We used Python and the 

pandas library to convert the data set to this wide for- 

mat. Missing regions and shortened time series for 

some variables demanded additional manipulation 

to maintain completeness and accuracy. 

DSIRE’s policy data is more difficult to collect and 

organize, as the classification of different policy types 

is somewhat arbitrary. There also was no CSV file for 

extraction; thus, manual data collection was needed. 

For the purposes of simpler analysis, we considered 

a tax incentive on renewable energy investment as 

the four following policy types: a corporate tax in- 

centive, a corporate tax deduction, a corporate tax 

exemption, and a commercial property tax incentive. 

These policies represent the tax incentive programs 

that most directly affect commercial and industrial 

renewable energy investment. 

 
3.2. Response Variable 

Bersalli, Menanteau, El-Methni (2020) give a prudent 

framework of a response variable that most aptly cap- 

tures renewable energy investment growth. Specifi- 

cally, it is pointed out that investments in new RE are 

not best quantified in strict dollar amounts, but in 

physical energy quantities (such as MW or Btu)[35]. 

Thus, our response variable will be defined as the 

net growth in renewable energy production capacity 

per capita: 

identification. For the sake of our analysis, we will 

be considering only the following 13 MSN’s (link to 

data in appendix): 

REPRBi,t − REPRBi,t−1 

TPOPPi,t 

 

(1) 

1. REPRB: Renewable energy production 

2. SOTGP: Solar thermal & photovoltaic electricity 

total net generation 

3. WYTCP: Wind electricity total net generation 

4. GEEGP: Geothermal electricity net generation 

5. BDPRP: Biodiesel production 

6. HYTCP: Hydroelectricity total net generation 

7. BFPRP: Biofuel production 

8. WWPRB: Wood and waste energy production 

9. TPOPP: Total population 

10. GDPRX: Real gross domestic product 

11. TETPB: Total energy consumption per capita 

12. NGTPB: Natural gas total consumption per 

capita 

13. PATPB: Petroleum total consumption per capita 

The CSV file for the complete SEDS data set listed 

data in long format, consisting of columns for state, 

year, the data series measured, and measured value; 

as such, the data series were stacked, all in a sin- 

gle column. It was necessary to our analysis that 

The same equation will be used to calculate the net 

growth in renewable energy production capacity per 

capita for the specific technologies listed above (solar 

thermal/photovoltaic, wind, geothermal, biodiesel, 

hydroelectricity, biofuel, and wood & waste). The 

EIA data reliably distinguishes the production capac- 

ities between these technologies for all fifty states 

+ the District of Columbia, which will allow us to 

analyze whether a tax incentive will have different 

magnitudes of impact on different technologies. 

 
3.3. Predictor Variables 

Existence of a tax subsidy (TAX_EX) 

The main question we seek to explore is whether 

the existence of a tax subsidy in a state results in 

increased RE production. We regress on the following 

indicator variable indicating the existence of a tax 

subsidy in a given state in a given year: 

 

1[Tit = t] (2) 
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This variable is binary; it will equal 1 if a tax 

incentive exists in a given year and 0 if not. We will 

regress this onto the response variable discussed 

above, making it our primary predictor variable. 

 
Growth in rGDP per capita 

Real GDP per capita is frequently included as a 

regressor in similar models, under the assumption 

that higher-income states will be more able to under- 

take the startup costs associated with RE production 

and deploy the necessary economic incentives. The 

variable for year t is calculated as follows: 

3.4. Econometric Model 

To quantitatively analyze whether there is a signif- 

icant relationship between the existence of a tax in- 

centive and renewable energy production growth, we 

will be implementing a unit fixed effects (UFE) linear 

regression specification that is most appropriate for 

the time-series data we have. The model is as follows: 

Yi,t = βXi,t + α(Si) + Ui,t (7) 

where i = 1, ..., 51 for the fifty U.S. states and the 
GDPRXi,t − GDPRXi,t−1 

TPOPPi,t 
(3) District of Columbia, and t = 1, ..., 21 for the years 

spanning from 2000 to 2020. 

By including this in our regression, we account for 

the disparity between poorer states—like Mississippi 

and New Mexico—and wealthier states—like Califor- 

nia and Massachusetts—that is often correlated with 

both tax policy and energy investment. 

 
Energy consumption growth per capita 

States that experience larger growth in energy con- 

sumption (which we use as a proxy for growth in 

energy demand) are more likely to invest in new 

energy production, which includes renewables. The 

variable is calculated as follows: 

 

TETPBi,t − TETPBi,t−1 (4) 

 
By including this in our regression, we want to 

account for the disparity between years that have 

high demand growth and low demand growth with 

this regressor. 

 
Natural gas & petroleum consumption growth per capita 

Fossil fuel demand growth could result in in- 

creased RE production as states seek to move away 

from fossil fuels due to the associated negative exter- 

nalities, or it could make states less inclined to invest 

in RE production due to the large economic impact 

of moving away from fossil fuels. The variables are 

as follows: 

 
NGTPBi,t − NGTPBi,t−1 (5) 

 
PATPBi,t − PATPBi,t−1 (6) 

for natural gas and petroleum, respectively. More- 

over, it is not clear whether increased RE production, 

as explained in the above blurb, is merely the prod- 

uct of increased demand growth, and whether fossil 

fuel demand specifically can be separated from total 

growth, so we include this variable as a regressor to 

account for these uncertainties. 

This UFE model is a pooled linear regression with 

the addition of a unique identity variable Si that 

represents the "unit" in the data that stays constant 

over time, which in this case is the name of the state. 

The variable Xi,t represents our combined matrix of 

predictor variables (known as the design matrix), Yi,t 

represents our response variable vector as described 

in the beginning of this section, and β represents the 

coefficient that predicts the relationship between Xi,t 

and Yi,t. The pooled regression model, without the 

inclusion of Si, which we will also consider in our 

preliminary analysis, is as follows: 

 

Yi,t = βXi,t + Ui,t (8) 

 
The addition of the Si variable eliminates all varia- 

tions that are not dependent on time evolution and 

are associated with a state. Thus, time-invariant char- 

acteristics associated with a given state (at least in 

the 20-year period we are considering), such as ter- 

rain, urbanization level, general climate, state-specific 

preferences, etc. are controlled for with the addition 

of this variable and will allow for more accurate 

analysis of the coefficients on our primary predictor 

variable (the existence of a tax incentive). In short, 

conditioning on Si necessitates the consideration of 

multiple time periods in our data (since our predic- 

tor variables, Xit, vary with time), while the pooled 

regression treats each time period as simply adding 

new data, without the consideration that they are 

different time periods. 

The most important part of this regression specifi- 

cation is the β, our vector of coefficients associated 

with each predictor variable. Specifically, the sign 

and magnitude of the coefficient associated with each 

predictor variable will describe the linear relationship 

between it and the response variable (the renewable 

energy capacity growth per capita, our proxy for 

renewable energy investment growth). 
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4. Results 

This section presents the results of both the pooled 

and UFE regressions on the whole sample: 1020 ob- 

servations corresponding to 51 states over 20 years. 

We considered simple regressions first, where our 

only predictor variable was the existence of a tax 

incentive. We subsequently considered regression 

specifications with the addition of covariates as de- 

scribed in the predictor variables section. 

 
4.1. General Results 

Pooled Regression 

Table 1 summarizes both the simple regression 

and the covariate regression for the two regression 

specifications we considered. First, we see that the 

resulting coefficient for the pooled regression, both 

without and with covariates, is positive and the p- 

value shows statistical significance for our primary 

predictor variable, the existence of a tax incentive. 

Such a result indicates that there is a statistically 

significant positive correlation between a tax subsidy 

and renewable energy production capacity growth 

per capita, at least when considering the entirety of 

the EIA and DSIRE data. 

After controlling for additional predictor variables, 

we see that renewable energy investment growth 

per capita exhibits a statistically significant positive 

linear relationship with energy demand and a nega- 

tive linear relationship with natural gas/petroleum 

consumption. Both results make intuitive sense. 

First, we would expect that with an increase in 

energy demand per capita, legislators would need 

to support energy investment to meet that rising 

demand; presumably, a portion of that support 

would come from the RE sector. Second, the negative 

relationship between fossil fuel consumption and 

greater RE capacity growth suggests that if more 

RE is available to consume, there is less fossil fuel 

energy being consumed. 

 
Unit Fixed-Effects Regression (UFE) 

However, a pooled regression analysis is tentative 

at best. As stated in the description of our economet- 

ric model, a pooled regression does not account for 

the time-invariant state characteristics that may co- 

vary with the linear relationship between renewable 

energy investment growth and tax incentive existence. 

A unit fixed-effects regression thus controls out for 

these state-specific characteristics (such as terrain, 

urbanization, annual climate, unobserved cultural 

characteristics, etc.) that do not vary with time and 

generates a cleaner, more direct linear relationship 

between tax incentives and RE investment growth 

and allows us to analyze the state-independent asso- 

ciation between our two variables of interest. 

In the simple UFE regression with no covariates, 

we see that the relationship between the existence 

of a tax incentive and renewable energy investment 

growth per capita is positive, but not statistically sig- 

nificant. Once we add our covariates, however, we 

see that the linear relationships become statistically 

significant, and the magnitude of the relationship 

between the tax incentive and renewable energy pro- 

duction growth per capita increases. This suggests a 

relationship that is encouraging and intuitive: in an 

analysis that is state-independent and accounts for 

confounding factors like general energy demand and 

economic health, we see that a tax incentive policy 

does indeed exhibit a significant positive linear re- 

lationship with the amount of growth in renewable 

energy investment. 

 
4.2. Technology-Specific Results 

Now, we observe our results for specific renewable 

energy technologies. We recognize that a tax 

incentive may not carry an equal relationship with 

all technologies equally. Safer, more researched 

technologies with a history of stable returns, like 

solar and wind, will most likely have a more 

significant relationship with a tax incentive than 

with more state-specific, riskier investments like 

hydroelectricity or biofuels, as legislators have 

greater justifications for supporting the former. We 

considered the UFE regressions with all of our 

covariates from our general regressions above, with 

sample size remaining constant (n = 1020). Table 2 

formats these regression results. Figure 2 exhibits the 

average greenhouse gas emissions for energy sources, 

which becomes interesting when considering the 

relationship between such emissions and the ef- 

fectiveness of a tax incentive for specific technologies. 

 
Solar Thermal and Photovoltaic Energy 

We first look at the most popular RE investment, 

solar thermal and photovoltaic production. We can 

think of this response variable as one of the two "most 

interesting" (along with wind energy) for large infras- 

tructure funds and institutional investors, as solar 

farms and wind farms are among the most invested 

RE technologies in the market today, exhibiting near- 

similar returns to regular energy investments. It is 

thus interesting to clarify the relationship between 

this growth in solar capacity and the tax incentives 

that aim to increase such growth. 

Table 2’s first column shows the coefficients 

describing this linear relationship. The coefficient is 

positive and very statistically significant; a p-value of 

below 0.01 (indicated by the triple asterisk) means 
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Table 1: Coefficients for Total Renewable Energy Growth/Capita (Standard Errors in Parentheses) 

 

Dependent variable 
 

Renewable Energy Capacity Growth Per Capita (Million Btu) 

Pooled Regression Unit Fixed-Effects 

 Simple With Covariates Simple With Covariates 

(1) (2) (3) (4) 

Tax Incentive 0.927∗∗ 0.877∗∗ 0.860 1.227∗∗ 
 (0.466) (0.439) (0.645) (0.618) 

rGDP 
 

−0.236 

(0.157) 

 
−0.336∗∗ 
(0.153) 

Energy Demand 
 

0.285∗∗∗ 

(0.025) 

 
0.252∗∗∗ 

(0.025) 

NG Consumption 
 

−0.214∗∗∗ 
(0.032) 

 
−0.211∗∗∗ 

(0.031) 

Petr. Consumption 
 

−0.274∗∗∗ 
(0.038) 

 
−0.243∗∗∗ 

(0.037) 

Intercept 0.803∗∗ 

(0.340) 

1.500∗∗∗ 

(0.338) 

  

Observations 1,020 1,020 1,020 1,020 

R2 0.004 0.121 0.002 0.103 

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01 

Table 2: Coefficients for Technology-Specific Renewable Energy Growth/Capita (Standard Errors in Parentheses) 

Dependent variable 

 
Unit Fixed-Effects  

Solar/PV 

 
Wind 

 
Geothermal 

 
Hydroelectricity 

 
Biofuels 

 
Wood/Waste 

 (MW) (MW) (MW) (MW) (Barrels) (Million Btu) 

 (1) (2) (3) (4) (5) (6) 

Tax Incentive 0.033∗∗∗ 0.088∗∗∗ 0.003∗∗ 0.094∗∗ −0.136∗∗ 0.131 

 (0.004) (0.027) (0.001) (0.046) (0.053) (0.190) 

rGDP −0.0001 −0.028∗∗∗ 0.0002 0.005 −0.016 −0.029 

 (0.001) (0.007) (0.0003) (0.012) (0.013) (0.047) 

Energy Demand 0.0002 −0.002 −0.00001 0.009∗∗∗ 0.015∗∗∗ 0.084∗∗∗ 
 (0.0001) (0.001) (0.00005) (0.002) (0.002) (0.008) 

NG Consumption −0.0003 0.0003 0.00004 −0.011∗∗∗ −0.008∗∗∗ −0.049∗∗∗ 
 (0.0002) (0.001) (0.0001) (0.002) (0.003) (0.010) 

Petr. Consumption −0.0004 0.002 0.00003 −0.007∗∗∗ −0.016∗∗∗ −0.089∗∗∗ 
 (0.0002) (0.002) (0.0001) (0.003) (0.003) (0.011) 

Observations 1,020 1,020 1,020 1,020 1,020 1,020 

R2 0.080 0.042 0.007 0.034 0.064 0.123 

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01 
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that there is a less than a 1% probability that this 

relationship is due to chance. The magnitude of 

the relationship (0.033 MW/capita) is somewhat 

small—thus, given the statistical strength, results 

indicate a strong, but not necessarily large, re- 

lationship between the two variables. In other 

words, such a result suggests that, all else equal, tax 

incentives are associated with a more statistically 

significant relationship with solar energy generation 

& investment growth than with RE investment in 

general, which further suggests the low-risk nature 

of solar investment. 

 
Wind Energy 

Similar to the relationship between solar energy 

capacity growth and tax incentives, wind energy gen- 

eration growth exhibits a very statistically significant 

linear relationship with tax incentive existence as 

shown in column (2) of Table 2. The magnitude of 

the relationship is even greater than solar power, sug- 

gesting that the tax incentive has a greater positive 

relationship with wind power than solar power. Such 

results are intuitive once again, since after controlling 

for state-dependence and other potential confound- 

ing factors, wind electricity generation growth is as- 

sociated with incentive factors due to its mainstream 

position in the general RE investment landscape. 

It must also be noted that wind turbines are more 

effective at converting energy than solar panels. 

Thus, a policy incentivizing renewable energy 

investment may induce investors to lean towards the 

least risky, most efficient investment choice, which in 

this case, seems to be wind energy. This may explain 

the larger magnitude of the relationship. 

 
Geothermal Energy 

For geothermal energy, the results indicate another 

positive linear relationship. Specifically, a positive 

and statistically significant (although less significant 

than both solar and wind electricity) correlation 

between a tax incentive and geothermal energy 

generation growth per capita exists, as shown in col- 

umn (3) of Table 2. It is important to note, however, 

that the small magnitude of the coefficient—this 

may be due to the size of the geothermal energy 

sector. Very few states produce geothermal energy, 

and thus the absolute linear relationship of a tax 

incentive on geothermal energy growth seem to 

be much smaller (albeit still positive) compare to 

the two previous technologies. As such, the lack of 

plentiful investment opportunities may push firms 

to consider solar and wind before geothermal plants, 

contributing to the smaller and less statistically 

significant association between geothermal energy 

generation growth and incentivizing policy. 

 
Hydroelectricity 

Hydroelectricity exhibits a less statistically signif- 

icant linear relationship between tax incentives and 

generation growth than solar, wind, and geothermal 

energy, but it is nonetheless still positive and statis- 

tically significant against a 0.05 p-value as shown in 

column (4) of Table 2. 

We note that the magnitude of the relationship 

is greater than any of the aforementioned tech- 

nologies—this may be due to states that produce 

hydroelectricity specifically targeting hydro plants 

with their tax incentives. It also may be that water 

flux in hydroelectricity sources is more predictable 

than the weather, which solar and wind energy 

both depend on, making the former a preferred 

investment in areas that carry a tax incentive and are 

conducive to hydroelectric power plant construction. 

This would contribute to explaining the larger 

association between the two variables. 

 
Biofuels 

Here, we observe an interesting relationship. The 

linear relationship between tax incentives and the 

production growth of biofuels is statistically signifi- 

cant; however, the two are inversely associated. This 

means that all else equal, if there is a tax incentive in 

a given state, biofuel production growth decreases. 

The result seems counterintuitive, but on further anal- 

ysis, may make sense. 

First, we may extrapolate that tax subsidies on 

renewable energy introduce new incentives that 

actually drive economic agents away from biofuels 

and towards other forms of renewable energy. Thus, 

if a tax incentive exists, investors may want to 

gravitate towards less risky and more profitable 

renewable energy sources, such as the ones above. 

They also may gravitate towards such investments if 

the amount of CO2 emissions avoided has a direct 

imapct on the amount of money gained by the tax 

incentive. As shown in Figure 2, Biomass (which 

is used to produce biofuels) emit greater levels of 

greenhouse gases than solar, wind, or geothermal 

energy, and thus, may not be incentivized for 

production in such tax incentive policies. Second, 

it may also be the case that tax subsidies do not 

include biofuels, and thus tax incentives would 

induce a movement away from biofuel energy 

sources as investment would not be incentivized. 

Again, this would make sense, as legislators usually 

target sources of renewable energy that are both 

environmentally friendly and efficient to meet 

growing demand and sustainability requirements. 

Biofuels are a renewable energy, but not as effective 

of a technology as some of the previous sources. 
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Figure 2: Average greenhouse gas emissions by energy source, Source: World Nuclear Association. 

 

 
Wood & Waste Energy 

We see a non-statistically significant relationship 

between wood/waste energy production growth and 

the imposition of a tax incentive. The standard er- 

ror number (in parentheses below the coefficient) is 

greater than the coefficient itself, and this indicates 

that the linear relationship is not significant enough 

to even make any speculative conclusions on. This 

result shows that tax incentives may not be associ- 

ated with wood/waste energy often, and that any 

fluctuations in production are not attributable to the 

association with a tax incentive. Many tax incentive 

bills do not include wood/waste energy as a target 

in growth aspirations, which may explain the lack of 

a significant relationship between the two variables. 

 
4.3. Conclusion 

Our preliminary econometric analysis shows that 

there are significant associations between renew- 

able energy investment growth (measured by our 

response variable of production growth per capita) 

and tax incentives, especially after controlling for 

some potentially confounding variables. It is impor- 

tant to note here that we could not control for all such 

covariates due to lack of data and a lack of deeper 

analysis on our team’s part. We do not yet possess 

the econometric knowledge to impose more rigorous 

restrictions on our regression models that would en- 

able us to more clearly isolate the linear relationships 

present (we will discuss the potential next research 

steps in the next section). 

After splitting up total renewable energy invest- 

ment growth into particular technologies, we ob- 

serve that the intuitively expected result—namely, 

that safer, more environmentally friendly, and prof- 

itable investments like solar, wind, and hydroelec- 

tricity—have a much stronger linear association with 

the tax incentive policy than of other, less-popular, 

and less environmentally friendly RE sources, like 

biofuels and waste energy. As such, our analysis 

describes the renewable energy landscape as one that 

needs to take both the perspective of the investor 

and the broader climate implications into account, 

ensuring that both are aligned when implementing 

policies that aim to reduce carbon emissions and inch 

us towards a greener future. 

 
5. Discussion 

We will now discuss the broader implications of 

our quantitative analysis. Specifically, we discuss 

three topics: weaknesses in our quantitative analysis, 

causality, and further statistical analysis. 

 

5.1. Weaknesses 

The main weakness in our research comes from our 

lack of experience and thus, a lack of rigor. While the 

qualitative analysis and the econometric model used 

previous research as a foundation and attempted to 

apply it in the most prudent manner possible, we rec- 

ognize that there might be errors and shortcomings 

within our application of the model that we did not 

correct, due to ignorance and lack of knowledge. 

Another shortcoming is that we did not differen- 

tiate between types of tax incentives. We recognize 

that certain tax policies, such as a corporate tax in- 

centive or deduction, may be more effective than a 

https://www.world-nuclear.org/information-library/energy-and-the-environment/carbon-dioxide-emissions-from-electricity.aspx
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property tax exemption for generating investment 

growth in renewable energy. Our main regressor 

simply accounted for the existence of a tax incentive, 

rather than accounting for the different structures 

and types of policy that most likely affects renewable 

energy investment growth in different ways. Further- 

more, the intensity of the policy, such as the dollar 

amount subsidized or deducted from a firm’s tax bill, 

most likely affects our response variable as well, yet 

we do not account for these differences. Lastly, it is 

likely that the existence of a tax incentive is accompa- 

nied by many other policy changes in a given state, 

due to the dynamics of the legislature in a given year 

(i.e. if a legislature is controlled by a certain party, 

they may pass bills that may affect renewable energy 

growth), but we do not account for these other vari- 

ables or policies. Such additions may change the 

conclusions of our study. Nonetheless, as mentioned, 

our research aims to serve as a starting point for fu- 

ture research, rather than being a determinate source 

of evidence for policy action. 

Apart from the two discussed topics of concern, 

there are some statistical shortcomings. Our results 

show very statistically significant relationships that 

exhibit small standard errors and strong, encouraging 

relationships between RE growth and tax incentive 

existence. These small errors and strong relation- 

ships are due to the small amount of variance in the 

data: the set of coefficients that measure the relation- 

ship between per capita renewable energy investment 

growth numbers and tax incentive existence are not 

very spread out compared to their average value. 

This may seem like a desirable result, but we look at 

them with a healthy amount of skepticism. 

Specifically, we recognize the bias-variance tradeoff 

that exists in statistics, which our study is almost defi- 

nitely subject to. This concept states that the variance 

of any parameter that is estimated with the use of 

statistical tools (like the coefficients, β, which aim to 

predict the linear relationship between our predictor 

variables and response variable) can be reduced with 

an increase in bias. Bias is the difference between our 

estimated parameter’s expected value and its true 

value. Thus, we suspect that while our results show 

low variance, it may contain high bias towards favor- 

able results due to confounding variables, imperfect 

regression application, errors in implementing the 

data analysis, and/or a host of other factors. 

We also have been careful throughout the quantita- 

tive analysis section to avoid using causal language. 

This was a deliberate choice—not only due to the 

fact that our analysis is only preliminary, but due 

to the broader implications of what a linear regres- 

sion framework enables us to say. Specifically, any 

regression specification, regardless of the type, ex- 

hibits a relationship, rather than enabling us to assign 

causality to any of the predictor variables. Thus, we 

can analyze and speculate on associations and why 

those relationships may exist between variables, but 

we cannot attribute any certain causal argument to 

the results of this specific study. 

 
5.2. Next Steps: Causality & Statistical 

Analysis 

Causality 

To be able to demonstrate a specific and precise 

causal relationship between the tax incentive and re- 

newable energy investment growth, we would need 

to undertake a further study established on a com- 

mon trends approach that implements a difference-in- 

differences (DID) argument. Specifically, we would 

need to determine whether a state or region that 

does have a tax incentive experienced an increase 

compared to when it did not have a tax incentive, sub- 

sequently comparing this value to its counterfactual: 

if the region did not implement a tax incentive, what 

would have been the outcome, all else equal? 

Obviously, we cannot observe this counterfactual, 

as it has not actually happened. This is where a 

DID argument opens up the possibility of assigning 

causality: it can compare changes in outcomes 

between states who were affected by a treatment 

variable (i.e. the passing of a tax incentive for RE) 

to changes in outcome for states unaffected by that 

same treatment variable. Such an argument rests on 

a common trends assumption—that if the treatment 

had not occurred, the changes observed in the 

states affected by that treatment would have been 

the same as the states who were unaffected. This 

argument would open up the possibility of deeper 

causal relationships, and a study of such nature 

with differentiated policy data (as discussed in the 

Weaknesses section) would provide far more insight 

onto not only the linear relationship between policy 

and RE growth but also the intensity of the causal 

effect. We see this as the logical next analysis to 

carry out. 

 
Residuals & Variance 

Furthermore, to reduce bias as mentioned in the 

previous subsection and get asymptotically closer 

to the true value of the relationship between RE in- 

vestment growth and the implementation of a tax 

incentive, further analysis would warrant more ag- 

gressive examination of the data. This may include 

the steps outlined above in the previous two subsec- 

tions. It may also include an analysis of the residuals, 

Ui,t, to determine whether heteroskedasticity or ho- 

moskedasticity exists—less technically, whether the 

residuals in the regression does not covary with the 
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value of our predictor variables and thus indicates 

that the variables carry finite variance. 

The regressions we ran as a part of our research 

assume homoskedasticity, which is a very strong as- 

sumption and often not correct. This would lead 

us to overestimate the prediction as well as have bi- 

ased standard errors. Thus, further analysis of the 

variance and residuals present in our data may lend 

greater insight into the true relationship between RE 

investment growth and tax incentive policies. There 

are many factors that may induce non-constant vari- 

ance both across predictor variables and within a 

single predictor variable. Stronger statistical anal- 

yses like these can sketch a much clearer and pre- 

cise picture of the relationships present, establishing 

stronger foundations for future studies and research. 
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5.4. Appendix 

The EIA’s SEDS data can be found here: 

www.eia.gov/state/seds/seds-data-complete. 

php?sid=US. 

The DSIRE policy data can be found here: programs. 

dsireusa.org/system/program. 
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