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ABSTRACT

Beginning in the mid to late 1990’s, states in the United States began to implement 

policies to promote the development of utility-scale and home-level renewable energy 

sources.  States developed different policy structures and levels of stringency, with some 

implementing a variety of aggressive policies while other states have to-date initiated no 

policies to promote renewable energy generation.  Among a variety of power sources, 

wind energy was (and remains) a popular form of renewable energy.  This paper 

examines the effects of certain state policies (renewable portfolio standards, green 

purchasing requirements, green power options, public benefits funds, and market 

regulation) on the percentage of a state’s electricity that comes from wind.  Renewable 

portfolio standards and green power options are found to have a positive and significant 

effect on the percentage of a state’s electricity that comes from wind, while green 

purchasing requirements have a negative effect and public benefits funds are 

insignificant.
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Chapter 1. Introduction

What state policies successfully promote renewable energy?  What policies do not 

work, and can policymakers apply them successfully to a federal policy framework? 

These questions are of high importance given growing scientific consensus around global 

warming, the desire to diversify energy sources, and a federal government that plans to 

aggressively pursue new energy policies.  Currently no federal policy regulates carbon 

dioxide emissions, but the president’s recent budget summary document and signals from 

Congress indicate that a cap-and-trade system may be imminent.  Some policies to 

promote renewable energy do exist, and have received a substantial boost in funding in 

the American Reinvestment and Recovery Act (ARRA).  Support for renewable energy 

comes primarily from those concerned about the effects of climate change and those 

interested in insulating the United States from shocks in the world’s energy markets or 

reducing the flow of money into unfriendly countries.  This alignment of interests has 

created some unusual partnerships and helped spur renewable policy development.    

Carbon dioxide emissions continue to increase, especially from developing 

countries like China and India that are not required to reduce emissions under the Kyoto 

Protocol.  Reports from scientific bodies such as the United Nations’ International Panel 

on Climate Change (IPCC) highlight increased evidence of the human causes of global 

warming and further hones predictions on just what effects increased greenhouse gases 

will have on the global climate.  The last version of the report, released in 2007, says that 

“most of the observed increase in global average temperatures since the mid-20th century 
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is very likely due to the observed increase in anthropogenic GHG concentrations… 

observational evidence from all continents and most oceans shows that many natural 

systems are being affected by regional climate changes, particularly temperature 

increases.”1  While the IPCC reports a wide variety of impacts resulting from climate 

change, the following are a few that are already beginning to affect humans:

• effects on agricultural and forestry management at Northern Hemisphere higher latitudes, such as 
earlier spring planting of crops, and alterations in disturbance regimes of forests due to fires and 
pests [1.3]; 
• some aspects of human health, such as heat-related mortality in Europe, infectious disease vectors 
in some areas, and allergenic pollen in Northern Hemisphere high and mid-latitudes [1.3, 8.2, 8.ES]; 
• some human activities in the Arctic (e.g., hunting and travel over snow and ice) and in lower-
elevation alpine areas (such as mountain sports) [1.3].2

The Stern Review, another important study on climate change, is a highly 

controversial report that focuses on the economics of climate change and considers the 

costs in monetary value of different scenarios.  Published in 2007, it argues for immediate 

action to reduce greenhouse gas emissions arguing that, “the scientific evidence is now 

overwhelming: climate change is a serious global threat, and it demands an urgent global 

response.”  The costs of inaction could range from 5-20% of global GDP every year, as 

opposed to the costs of reducing GHG emissions (1% of GDP every year).3  While this is 

widely acknowledged as an aggressive estimate due to a very low discount rate, Stern 

does have his sympathizers.  Stern’s primary critic, William Nordhaus, agrees that 

immediate action is warranted, but recommends a more gradual approach to climate 

1 IPCC Summary for Policymakers. http://www.ipcc.ch/ipccreports/ar4-syr.htm
2 IPCC Summary for Policymakers. http://www.ipcc.ch/ipccreports/ar4-wg2.htm
3 Stern Review Executive Summary. http://www.hm-
treasury.gov.uk/independent_reviews/stern_review_economics_climate_change/sternreview_summary.cfm
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change mitigation.  Nordhaus argues for an initial carbon tax of approximately thirty 

dollars per ton (and a gradual ramping up of that tax), while Stern essentially 

recommends a 300-dollar per ton tax.4

This study assesses the effects of state energy policies on utility-scale wind 

capacity.  Renewable energy generation (such as wind and solar power) creates little to 

no greenhouse gas (GHG) emissions that contribute to global warming and is therefore an 

important part of combating climate change.  States also have an interest in diversifying 

energy sources to combat rising fuel prices, and have been more aggressive than the 

federal government in promoting renewable energy development.  Given federal plans to 

promote renewable energy, it is important to know what state policies are effective.

Because states only began enacting renewable energy policies in a large scale in 

the last several years, few econometric studies exist that assess their effects.  At least two 

other studies exist.  One attempts to answer how state energy policies have affected wind 

power capacity Menz and Vachon (2006), and another examines how those policies 

affect all renewable capacity (excluding hydropower) Kneifel (2007).  Menz and Vachon 

(2006) use data from 1998-2003, while Kniefel uses data from 1996-2005.  This paper 

will employ updated panel data from 1996-2006 and attempt to explain the effects of 

state energy policies on utility-level wind power production.  Using a form of 

multivariate regression, this model will control for a variety of factors by state, including 

the technical potential of wind, economic characteristics, and political inclinations, prices 

4 Nordhaus, William.  “The Stern Review on the Economics of Climate Change.” Yale University,  May 3, 
2007.
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of competing fuel sources, and federal policies to isolate the effects of state policies on 

wind power.  In addition to adding an additional year of data, this study will include 

additional control variables, such as looking at the effects of a deregulated market on 

wind capacity.  Where the Kneifel (2007) study examines the effect of state policies on 

all renewable generating capacity, this study looks exclusively at wind.  Menz and 

Vachon (2006) use a form of wind capacity as their dependent variable, data over a much 

shorter time period, a smaller sample size, and only one control variable: the technical 

potential of wind by state.  This study, however, uses additional control variables and 

employs a statistical model that takes advantage of variability in state policy over time to 

examine the effect of these policies on wind generation capacity.  It achieves this task 

with significantly less omitted variable bias.

This paper will consider a variety of state policies as potentially having an effect 

on wind capacity.  The most widespread policy is a renewable portfolio standard (RPS). 

This policy mandates that a state must ensure that a certain percentage of its electricity is 

generated from renewable sources (which are usually enumerated by individual states). 

States have varying percentage goals and timelines, ranging from relatively easy to meet 

to quite aggressive.  Other state policies that will be included in this study are public 

benefits funds, and green purchasing options, and green purchasing requirements.  Public 

benefits funds tax all consumption of electricity and then use the funding to subsidize 

research and development of renewable energy sources, while green purchasing options 

allow consumers to pay a premium for electricity that is produced from renewable 
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energy.  Green purchasing requirements require state governments to purchase a certain 

percentage of their energy from renewable sources.

Before conducting this study, the basic hypothesis was that all of these policies 

have a positive effect on wind capacity.  Since renewable portfolio standards are the most 

comprehensive and common policies, they were assumed to have the greatest effect. 

Kneifel’s (2007) study, however, indicates that green power options have a significant 

and greater effect on renewable energy development, while Menz and Vachon (2006) 

find they have no effect.  Using updated data and new variables, this paper will add to the 

literature on the effects of state renewable energy policies.  It does not, however, compare 

these policies to cap-and-trade or carbon tax structures, nor does it compare reductions 

from a particular policy with its costs.
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Chapter 2. Background and Literature Review

2.1 Background

Energy policy in the United States is a complex mix of federal, state, and local 

legislation and regulations.  In some senses, the nation lacks a clear, unified set of goals 

for its energy practices. The United States still relies heavily on fossil fuels such as coal, 

natural gas and oil to supply its energy needs for transportation and electricity.  

The first major law created to promote the use of renewable energy in the United 

States was the Public Utility Regulatory Policies Act (PURPA), passed in 1978 as a part 

of the National Energy Act.  Prior to this time electric utilities were not required to 

purchase power from third parties and had no interest in investing in non-hydropower 

renewable energy sources.5  Although PURPA was a federal law, the implementation and 

interpretation of it was left up to the individual states.  Some states did nothing, while 

others pursued it aggressively. “The policy required utilities to purchase power from 

small renewable generators and cogenerators (combined heat and power), known as 

“qualifying facilities.”… The PURPA tariff was based on the projected wholesale cost of 

conventional (fossil-fuel) power to the utility, and was intended to approximate the 

“avoided costs” to the utilities.”  Once the new policy began to take effect in 1981, 

renewable energy developers were able to secure financing for their projects because they 

were guaranteed the ability to sell their electricity output in favorable circumstances.6 

Three states that aggressively pursued PURPA were California, New York, and Maine. 

5 Martinot, Eric et al.  Renewable Energy Policies and Markets in the United States. p 2.
6 IBID, p 3.
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All three states saw their renewable energy portfolios grow significantly through the 

1980’s.  Over 12,000 megawatts of various renewable energy sources were constructed in 

the US during the 1980’s, more than half of it in California, which also provided 

significant tax incentives to utilities and individuals.7  Various other state and federal tax 

incentives came into being in the early 1980’s as well.

The early 1990’s saw the trend towards increasing renewable energy slow as a 

variety of factors combined to make renewable energy options less attractive.  The 1992 

Energy Policy Act focused primarily on the restructuring of the electric markets in the US 

and allowing natural gas powered plants greater access to the market.  It did, however, 

enact the Production and Investment Tax Credits, which became crucial to renewable 

energy development.8  Large, long-term nuclear power plants came online, power 

demand slowed in key markets (California), and the price of natural gas dropped 

significantly, making natural gas fueled electricity production quite attractive.  The 

majority of state and federal tax incentives for renewable energy was rescinded or had 

expired, and government funding for renewable energy research and design had been 

declining since 1981.9  As a result, the competitive ability of renewable energy 

foundered.

Another important factor in the decline of renewables in the early 1990’s was the 

emergence of restructuring in the electrical markets at both state and federal levels. 

7 Eric Martinot, p 4.
8 Energy Policy Act of 1992 EIA Description     

www.eia.doe.gov/oil_gas/natural_gas/analysis_publications/ngmajorleg/enrgypolicy.html
9 Eric Martinot p 5.
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Policymakers broke up vertically integrated monopolies introduced competition at the 

wholesale and retail levels.  As a result of the uncertainties surrounding power markets 

during restructuring, many utilities held off on making additional investments in 

infrastructure, further hampering development of renewable power sources.10

The late 1990’s saw an explosion of state involvement in expanding renewable 

energy policies.  Environmental concerns, a desire to stimulate local economies, and 

concerns about rising natural gas prices all helped to contribute to state initiatives 

promoting renewable energy.  In addition, the cost of electricity from renewable 

technologies was declining, making it more competitive with other fuel sources. 

Policymakers increasingly began to favor mechanisms for promoting renewable energy 

through market competition and minimized cost.  Several mechanisms, which will be 

included in the statistical analysis of this study, have become relied upon most heavily 

from the late 1990’s to the present date.  They include Renewable Energy Portfolios 

(RPS), Public Benefits Funds (PBF), and green purchasing options, along with a variety 

of other regulatory provisions and financial incentives.11

RPS laws have been the most popular tools to encourage renewable energy growth. 

Iowa enacted the first version of a renewable portfolio standard in 1983 (amended in 

1991, 1993), followed by Connecticut, Massachusetts & Nevada in 1998.   An RPS 

(which varies greatly by state) requires a certain percentage of the state’s total electricity 

output to be generated from renewable sources by a specified date.  Early RPS laws often 

10 Eric Martinot, p 5.
11 IBID, p 6.
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lacked substantial goals and were designed poorly, but they have become increasingly 

aggressive and intricately designed.  For example, Maine famously implemented an RPS 

in 1999 that actually required less renewable electricity than already existed.  By 2006, 

however, it had created a new RPS to increase new renewable energy generation targeted 

specifically to more environmentally friendly sources.12

Public Benefits Funds were first enacted in 1997.  A small portion of each 

consumer’s energy bill goes to a statewide pot of money that is used for a variety of 

purposes, including research and design for renewable energy.  One study find that in 

aggregate, “through 2004, state PBF’s have obligated nearly $350 million to support 

2,290 MW of such projects; 707 MW of these projects are already on line, with 1550 

MW in the planning stage. The vast majority of these projects are wind power facilities. 

Although they are not as important as RPS policies in this regard, state renewable energy 

funds are beginning to have some influence on large project installations.”13

Green purchasing options have been growing in popularity since 1998, and by 

2004, over 1/3 of all US consumers had the option to pay a premium to purchase their 

electricity from a renewable energy source, despite the fact that only a few states had 

statewide mandatory policies for these programs.  Many individual utilities offer green 

purchasing options voluntarily.

States took the lead on renewable energy policy due to a lack of initiative at the 

12 Database of State Incentives for Renewables and Efficiency: dsireusa.org Summary Tables: Renewable 
Portfolio Standards: Maine.

13 Eric Martinot, p 7.
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federal level, where wholesale shifts to an emphasis on alternative fuels (for economic or 

environmental reasons) failed to gain traction.  More recently, however, there have been 

some calls from the federal level for programs to reduce carbon emissions and diversify 

fuel sources.  In his 2007 State of the Union address, President Bush proposed his “20 in 

10” plan, which aimed at reduced gasoline usage by twenty percent in ten years through a 

mixture of alternative fuels and increased fuel efficiency.14  This proposal focused solely 

on gasoline, however, and not on electricity generation.  Still, it was a sign that federal 

leaders are beginning to think seriously about a national energy policy that addresses 

carbon emissions and fuel efficiency.  States also pursued this track because they saw 

incentives in developing hi-tech energy industries locally and thought it would increase 

construction and spur economic development.  States were (and are) also concerned 

about achieving energy security.  Also, since states are in charge of regulating their own 

electricity markets, they are naturally well suited to set up statewide policy programs. 

Federal-level energy legislation, particularly relating to renewable energy will continue to 

be highly contentious; therefore it is extremely important that proponents of such 

legislation are armed with strong statistical arguments on the effectiveness of specific 

policies that may be transferred from the state to the federal level.  

14 Forbes Magazine Online.  “Bush Outlines ’20 in 10’ Energy Plan.”  February 2, 2007.  
http://www.forbes.com/business/2007/02/01/bush-energy-oil-biz-cx_0202oxford.html
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2.2 Literature Review

Only two econometric studies exist that examine the effect of a wide range of 

state energy policies on renewable energy.  One of these Menz and Vachon (2006) 

studies the effect of these policies only on wind, while the other Kneifel (2007) studies 

the effect of such policies on all non-hydropower renewable capacity.  Few similar 

studies exist because the appropriate amounts and types of data are just now becoming 

available.  Other empirical studies exist that examine individual types of policies, such as 

renewable portfolio standards and green power options.  The rest of the literature consists 

of case studies, qualitative analyses, statistical reports on more focused (but relevant) 

topics and annual reports on different types of policies.

The Menz and Vachon (2006) study is the first econometric attempt to assess state 

renewable energy policies and their effect on wind power.  It finds that these policies do 

have a positive effect on installed wind capacity, with the exception of green purchasing 

options.  It employs a simple OLS linear regression model to look at 39 states and their 

respective energy policies’ effects on wind power capacity (although they ultimately 

excluded Texas and California).  Typically, similar studies across states employ a fixed 

effects model using panel data with at least two years of observations, which cancels out 

difficult-to-measure inherent characteristics of states that remain constant over time.  A 

fixed effects model is the more common and more appropriate model in this situation. 

While the authors do control for technical wind potential, they do not control for changes 

in state population and GDP, other fuel costs (natural gas, coal, etc) or the political 
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beliefs of the state population or legislature.  Their study does control for electricity 

market deregulation.

The other econometric study done on this topic is a paper by Joshua Kneifel 

(2007) that he wrote while a student at the University of Florida in 2007.  In contrast to 

the Menz and Vachon (2006) paper, Kneifel (2007) uses panel data for all fifty states 

from the year 1996 to 2005 and employs a fixed effects model to account for differences 

between states.  He also studies all renewable energy sources (excluding hydropower). 

Kneifel’s (2007) paper estimates effects for a wider range of renewable policies and 

employs a more robust set of control variables. They include fuel cost, electricity cost, 

and state-level political inclinations.  Kneifel (2007) does not control for changes in state 

GDP, population, or electricity market deregulation, however.   His study looks primarily 

at three types of renewable energy policies, including renewable portfolio standards 

(RPS), Public Benefits Funds (PBF), and Green Power Options.  Kneifel’s (2007) paper 

finds a positive correlation between such policies and increased capacity, but unlike the 

Menz and Vachon (2006) paper, also finds a positive correlation between voluntary green 

power purchasing plans and increased renewable capacity.

Several case studies and econometric papers have examined renewable portfolio 

standard policies in detail.  In general, they have found that these policies contribute to 

increased wind capacity.  Wiser & Barbose (2008), in “Renewables Portfolio Standards 

in the United States” give the first of a planned series of updates on RPS successes and 

failures.  They provide factual information about RPS policies throughout all states and 
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note that 25 states and the District of Columbia have enacted mandatory RPS.  In general, 

they conclude that an increasing number of states are adopting RPS policies, and many 

are strengthening existing policies.  They also note that if full compliance is achieved, 

RPS policies will be responsible for creating renewable capacity equivalent to 4.7% of 

projected 2025 electricity generation in the United States.  This report predicts that RPS 

policies will continue to grow in popularity and in stringency.

In “Race to the Top: The Expanding Role of U.S. State Renewable Portfolio 

Standards,” Barry Rabe (2006) uses case studies in several states (Texas, Massachusetts, 

Nevada, Pennsylvania, Colorado) to argue that RPS policies at the state level enjoy a 

broad base of legislative and popular support.  He argues that instead of an interstate 

“race to the bottom,” states have been actually “racing to the top” and becoming more 

aggressive with their RPS goals.  Rabe also notes that there may be continuing or 

growing issues, including questions of cooperation across state boundaries as de facto 

RPS regions emerge.  He argues that states employ RPS for several reasons, economic 

development and energy security being paramount and environmental concerns as a 

secondary concern (although this varies between states).

In their paper “Cost-Effectiveness of Renewable Energy Policies” Palmer and 

Burtraw (2005) examine the relative effectiveness of renewable portfolio standards and 

the federal production tax credit.  They examine these policies and their effects on 

electricity costs, the investment decisions by utilities, generating technologies and fuel 

types, overall capital costs, and carbon emissions reductions.  They find that renewable 
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portfolio standards and production tax credits both reduce carbon emissions and increase 

renewable energy generation, but that renewable portfolio standards are more cost 

effective.  This paper also finds that natural gas prices are inversely related to the cost of 

renewable generation, meaning that as natural gas prices rise, renewable generation 

becomes relatively less expensive.  It also finds that renewable portfolio standards 

crowded out natural gas generation much more that coal generation, which tempers the 

overall reduction in carbon emissions.  The study also concludes that neither an RPS nor 

a production tax credit is as cost-effective as a cap-and-trade policy or a carbon tax.

Fischer (2005), in “How Can Renewable Portfolio Standards Lower Electricity 

Prices?” examines the different arguments for how RPS policies can actually reduce 

electricity prices.  The paper argues that it is important to understand the costs and 

consumer and producer impacts of these policies as they grow in popularity.  Previous 

literature has argued that RPS policies can both increase or reduce the cost of electricity, 

since increased renewable generation lowers the demand for natural gas generation, 

thereby lowering its price.  It argues that relative elasticities of natural gas and renewable 

generation are more important in determining electricity price effects than just the price 

of natural gas alone.  In the end, Fischer argues that these differences are based on 

different assumptions about marginal cost curves and that better empirical information is 

necessary in determining the true effect of these policies on energy markets.

Lyon and Yin (2007), in “Why Do States Adopt Renewable Portfolio Standards?: 

An Empirical Investigation,” examine what political, economic, and other factors 
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contribute to a state’s decision to enact a renewable portfolio standard.  Their paper 

complements a series of case studies on RPS’s by Barry Rabe in 2006.  They find that 

states with poor air quality, democratic legislatures, and organized developers of 

renewable energy are much more likely to enact an RPS.  It also finds that economic 

benefits are not a strong driver for RPS adoption.  This paper conducts an empirical 

analysis using a binary logistic model that gives the probability that a state enacts an RPS 

depending on certain characteristics.  It further delves into explaining the reasons behind 

differences in RPS policy designs between states, particularly the use of tradable 

renewable energy credits (RECs) instead of requiring utilities to meet the requirements on 

their own.

Chen, Wiser, & Bolinger (2008), in “Weighing the Costs and Benefits of State 

RPS: A Comparative Analysis of State-Level Policy Impact Projections” attempt to 

synthesize the results and methodologies of 28 state level cost impact analyses.  They 

find that the impact on retail electricity prices is very low, and (as in other studies) wind 

power will benefit the most from RPS policies because it is considered the least-cost 

renewable technology and because its growing popularity will help develop improved 

and cheaper technology.  This study also concludes that a great deal of uncertainty exists 

about the best methodology for modeling impact costs of state RPS policies.

A paper by Wiser et al (2000) entitled “Emerging Markets for Renewable Energy: 

The Role of State Policies During Restructuring” looks at opportunities for states to 

invest in renewable energy generation in an economically sensible way as more and more 
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states moved towards competitive markets for their electricity sales.  This article 

examines two programs at the state level (RPS and Public Benefits Funds) and finds 

generally positive early outcomes, but also notes policy design problems, such as 

effectiveness and duration of projects and proper oversight.  A major recommendation is 

that states should delegate oversight to an experienced and relevant state agency.  This 

article also notes that environmentalists fear restructuring and the introduction of 

increased competition into the electricity market could decimate the fledging renewable 

energy market.  My study includes a dummy variable that indicates whether consumers in 

a particular state can choose their electricity provider.

In “Evaluating Experience with Renewables Portfolio Standards in the United 

States,” Wiser et al. (2005) examine the early experiences of thirteen states with an RPS. 

While all policies have a similar goal, they also have a variety of different policy designs. 

Wiser concludes that while some policies do have a positive impact on renewable energy 

generation, other states have poorly designed and ineffective policies.  This paper 

identifies several best practices for RPS policies, including being socially beneficial 

(having a positive environmental impact), cost effective and flexible, predictable, 

nondiscriminatory, enforceable, consistent with electricity market structure, and 

compatible with other policies.  Wiser concludes that Texas, Minnesota, and Iowa have 

all implemented effective RPS policies.  In contrast, poorly designed policies tend to 

have narrow applicability, poorly balanced supply-demand conditions, insufficient 

duration and stability of targets, and insufficient enforcement.  This paper also recognizes 
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the necessity of variable design based on the unique characteristics or each state.

Bolinger, et al (2005), in “An Overview of Investments by State Renewable 

Energy Funds in Large-Scale Renewable Generation Policy” perform a case study of 

renewable energy funds, also known as public benefits funds, where the state collects 

revenue from a small surcharge on electricity bills and uses it to invest in renewable 

energy projects.  In 2005 these funds collected more than $300 million, and this paper 

argues that states will be a major player in renewable energy development as a result of 

these funds.  They are responsible for 707 MW of new renewable energy capacity.  This 

study finds that wind is the primary recipient funding from this revenue.

Specifically regarding green pricing programs, Wiser and Olson (2004) wrote a 

paper entitled “Utility Green Pricing Programs: A Statistical Analysis of Program 

Effectiveness.”  The statistical analysis here is set up to predict consumer participation 

and amount of renewable energy purchased in green pricing programs, not additional 

renewable capacity.  Data was gathered from a questionnaire sent to 66 green pricing 

programs in 2003.  The authors found that length of the program and aggressive 

promotion helps significantly, that the amount of increased cost does not negatively 

affect participation, that it does not matter whether the utility is public or private, and 

offering this option to businesses can enhance success.  This study does not, however, 

include state-wide programs that require states to offer renewable energy purchasing 

options to all consumers.
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Chapter 3. Conceptual Model, Data, and Summary Statistics

3.1 Conceptual Model & Data

This study addresses the question: what is the effect of state policies that promote 

renewable energy on the percentage of a state’s total electricity generating capacity that 

comes from wind energy?  It examines a number of different state level energy policies to 

understand their individual effect on promoting wind capacity.  The model used in this 

study is the following:

PERCENT FROM WIND (MW) = β0 + β1RENEWABLE PORTFOLIO STANDARD + 

β2MARKET REGULATION + β3GREEN POWER OPTION + β4PUBLIC BENEFITS 

FUND + β5GREEN PURCHASING REQUIREMENT + β6PER CAPITA STATE GDP 

(2006) + β7STATE POPULATION + β8GREENNESS OF STATE + β9COST OF 

ELECTRICITY (2006) + β10COST OF NATURAL GAS (2006)

This analysis employs a state fixed-effects model with data for all 50 states from 

1996-2006.  A fixed effects model is very useful when working with panel data, 

especially when the unit of observation is one of a number of political entities such as 

states.  Because of the nature of the model, the unit of observation is expanded to a state 

and year combination, meaning that in a data set of 50 states over 11 years (such as this 

data set), the number of observations increases to 550.  Fixed effects models most 
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importantly control for characteristics of the individual states that are unchanging over 

time, controlling for a variety of intangible effects and eliminating large sources of bias. 

An example in this study is the technical potential of wind, or windiness.  This model 

assumes that the windiness of a state does not change over time, and therefore need not 

be included in the model.  Fixed effects models require variation over time in the 

independent and control variables, which this study has in abundance.  It ultimately ends 

up only measuring the variation within a unit of observation (in this case, individual 

states) and not between units of observation.  This is yet again another method of 

eliminating bias that is difficult or impossible to measure.  As a result of these 

characteristics, a fixed-effects model is an effective tool for examining the effects of 

state-level policies to promote wind renewable energy and their effects on wind power 

capacity.

The dependent variable PERCENT FROM WIND15 (MW) is a ratio of a state’s 

utility-scale wind capacity (measured in megawatts) in a certain year to that state’s entire 

electricity generating capacity (measured in megawatts) in that same year.16 

The Renewable Portfolio Standard (RPS) variable is a dummy variable that 

simply measures if a state has an RPS policy in effect.  Two other versions of this 

15 www.eia.doe.gov/cneaf/solar.renewables/page/rea_data/rea_sum.html, 
http://  tonto  .eia.doe.gov/FTPROOT/renewables/060399.pdf  , 
http://  tonto  .eia.doe.gov/FTPROOT/renewables/060301.pdf  , 
http://  tonto  .eia.doe.gov/FTPROOT/renewables/060302.pdf  
The above links provide information from the Energy Information Administration on summertime wind 
capacity (MW) by state for 1996-2006.  This is the numerator of the dependent variable.  The denominator 
is summertime nameplate capacity (MW) by state 1996-2006, and that data is found here in form EIA-860: 
http://www.eia.doe.gov/cneaf/electricity/epa/epa_sprdshts.html.
16
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variable explored in separate regression models are the percentage of the state’s 

electricity that is ultimately required to come from renewable sources and the amount of 

time a state has to achieve that goal.17  The variables Market Regulation, Green Power 

Option, Public Benefits Funds, and Green Purchasing Requirement are dummy variables 

that simply record the presence or absence of such policies.  The last five variables are 

control variables that are necessary to include in the model in order to deal with potential 

omitted variable bias issues and control for factors outside of state policy that may 

encourage development of wind capacity. 

This study contains five variables of interest.  The first is a RENWABLE 

PORTFOLIO STANDARD18 (RPS), which is a state law that requires utilities to generate 

a certain percentage of their electricity from renewable sources.  These laws vary 

significantly by state in the percentage requirements and the time that utilities have to 

achieve these goals.  Some states have 2% requirements while other states have 25% 

requirements.  Some states also place requirements on the type of renewable energy 

(solar, wind, geothermal) that can be used to achieve compliance with an RPS.  This 

17 See Appendix A for regressions including variables for RPS Percent and RPS Timing.  Since RPS design 
policies vary across states (they require different amounts of renewable energy over differing time periods) 
these variables would more accurately reflect individual state RPS policies.  However, since including one 
or more of these variables in the same model results in severe multicollinearity, they cannot be included. 
Also, when included individually in the primary model, they are not significant.
18 Information on RPS comes from the website dsireusa.org.  It is the Database of State Incentives for 
Renewables & Efficiency.  It is a project of the North Carolina Solar Center and the Interstate Renewable 
Energy Council, and they are responsible for collecting and assembling the data.  It is funded by the 
Department of Energy.  Both organizations support the promotion of renewable energy technology and 
programs at the state local and federal levels.  Dsireuse.org collects its information from a variety of 
sources, including federal and state entities, contact with state energy offices, public utility commissions 
and renewable energy organizations.  It is updated frequently in addition to annual larger-scale survey 
updates.  Dsireusa.org covers all fifty states and federal policies, as well as local policies.  Information on 
policies dates back to at least the early 1990’s.  
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variability in policy strength and stringency is why this study employs several measures 

of state RPS policies.

GREEN POWER OPTION19 is a dummy variable that measures whether a state 

has a green power option policy in effect.  This policy requires utilities to offer its 

customers the choice to pay a premium on their electricity bill to ensure that the 

electricity they receive comes from renewable sources.  While the nature of electricity on 

a grid prevents it from being directed from a specific source to a specific destination, 

utilities must either generate (or purchase from another generator) enough electricity to 

satisfy the demands of those customers that are willing to pay a premium for “green” 

electricity.

PUBLIC BENEFITS FUNDS20 (PBF) are funds directed, at least partially, 

towards state-level research and development of renewable energy sources.  Almost half 

of all states have these funds.  In most states a small surcharge per KWh is added to every 

consumer’s electric bill, while some PBFs are collected from required contributions from 

utilities.  

GREEN PURCHASING REQUIREMENT21 requires the state government to buy 

a certain amount of electricity from renewable sources or to buy renewable energy credits 

or other instruments to offset carbon emissions.  In some ways similar to both an RPS 

and a Green Power Option, it is yet another policy instrument to incentivize utilities to 

19 Information taken from the website dsireusa.org: Rules, Regulations and Policies for Renewable Energy.
20 IBID.
21 IBID.
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install more renewable energy capacity.

This study also examines the effect of electricity market restructuring and 

deregulation on installed wind capacity (MARKET REGULATION22).  In the mid 1990’s 

many states began the process of deregulating their wholesale electricity generation 

markets, allowing electricity generators to set their own prices, and allowing end-users to 

choose between different electricity providers.  The theory was that regulated markets are 

inefficient, and allowing electricity generators to compete for customers would result in 

lower prices for consumers.  While a number of states completed the process of 

deregulating their electricity markets, several halted the process and many states never 

started.  This variable proves interesting in the context of this study mostly because of the 

theory behind deregulated markets, which posits that firms in such an environment will 

be more innovative and cost-effective.

PER CAPITA STATE GDP23 is an important control variable for this study, and 

like all other monetary values in the study is measured in 2006 U.S. dollars.  Gross 

domestic product is a rough but useful measure of a state’s income and productivity.  It is 

often used a measure of a state or country’s overall economy, and more specifically is the 

22 http://www.eia.doe.gov/cneaf/electricity/page/restructuring/restructure_elect.html The Energy 
Information Administration compiles information on the entire timeline of state deregulation by state and 
highlights important dates and events in the deregulation process (if any occurred).  It also tracks states that 
have suspended deregulation and charts that experience.
23 http://www.bea.gov/regional/gsp/ This data comes from the US Department of Commerce:  Bureau of 
Economic Analysis.  Most of the information comes from the 1997-2007 NAICS (North American Industry 
Classification System) Collection process, and one year (1996) comes from the SIC Collection process 
(Standard Industrial Classification).  For NAICS “estimating GDP by state involves collecting and 
assembling data from Federal and state and local government agencies and bureaus, other BEA accounts, 
and private companies. These data must be incorporated in the proper order according to a national income 
accounting blueprint that assures consistency with BEA’s GDP estimates.”
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market value of all goods and services produced by workers and capital within an entity’s 

borders in a given time period.  Including it in real dollars will control for significant 

changes in the health of each state’s economy.  This is important because it is much more 

likely that a state or those utilities within that state, with a strong or growing economy 

will invest in new sources of electricity generation.  Also, a state with a declining or low 

real GDP most likely has a declining industrial base, and therefore a declining need for 

new electricity sources.  In order to isolate the effects of these renewable energy policies, 

it is important to control for state GDP.

Similar to state GDP, including STATE POPULATION24 (logged) in the model 

helps to control for significant changes in state population that might lead to either an 

increase or a decrease in a state’s overall demand for electricity.  This variable is also 

used as a component of the GREENNESS OF STATE25 variable.  GREENNESS OF 

STATE uses Sierra Club membership data as a proxy for the “political greenness” of a 

state’s population and its support for renewable energy policies.  This variable is a 

percentage and its numerator is number of Sierra Club members in a state in a given year. 

The denominator is total population in that state in that year.  It is important to control for 

strong preferences or aversions to renewable energy and related advocacy efforts when 

24 http://www.census.gov/popest/states/NST-ann-est.html http://wonder.cdc.gov/Census.HTML
State Population Estimates from 2000-2006 comes from the U.S. Census Bureau’s Population Estimates 
Program, which releases a report on July 1st of every year.  Their methodology is as follows:  “The U.S. 
Census Bureau annually produces estimates of total resident population for each state and county using a 
component of population change method at the county level. To produce the state population estimates, we 
simply sum all county populations within each state.”

s

 Information from 1996-1999 also comes from the 
U.S. Census Bureau, but is located at the Center for Disease Control’s website.  The same methodology is 
used to compile these population estimates as for the estimates on the Census Bureau website.
25 All of this information comes from the Sierra Club’s membership information from 1989-2006.
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trying to isolate the effect of a policy.  

COST OF ELECTRICITY26 and COST OF NATURAL GAS27 by state are both 

measured in 2006 U.S. dollars.  Electricity is an average annual measure in cents per 

kilowatt hour for all sectors by state.  Natural gas is each state’s city-gate price measured 

in U.S. dollars per thousand cubic feet.  Both of these variables help to measure the 

relative competitiveness of electricity generated from renewable energy sources.  Since 

electricity from some sources, such as solar power, is relatively more expensive to 

generate than electricity from coal, renewables are often at a competitive disadvantage to 

more traditional fuel sources.  But when the price of natural gas, coal, or electricity in 

general rises, electricity from renewable sources becomes relatively more competitive 

and companies are likely to want to invest in renewables regardless of any policy.  For 

example, Fischer (2006) argues that natural gas prices may be inversely related to the 

cost of renewable generation.  Therefore we expect that as natural gas prices rise, the 

proportion of electricity from wind should also rise.  Including these cost variables in this 

model controls for those changes and further isolates the effect of the individual policies. 

More state policies encouraging renewable energy (including wind) will most 

likely have a positive effect on the amount of installed wind capacity in any state, 

26 All Electricity costs by state over time: http://www.eia.doe.gov/cneaf/electricity/epa/epat7p4.html “Form 
EIA-826 Current and Historical Monthly Retail Sales, Revenues, and Average Retail Price by State and by 
Sector.”
27 http://tonto.eia.doe.gov/dnav/ng/ng_pri_sum_a_EPG0_PG1_DMcf_m.htm This information gives City 
Gate price by state from 1989-2008 in dollars per thousand cubic feet.  The Energy Information 
Administration defines City Gate Price as “A point or measuring station at which a distributing gas utility 
receives gas from a natural gas pipeline company or transmission system.”  This price is the most 
comprehensive in terms of residential, commercial, and industrial prices.
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however the relative effectiveness of some policies may differ.  Market regulation may 

have an ambiguous effect.  If utilities in deregulated states are competing on a cost basis 

for customers, they may be reluctant to invest in new technologies and transmission that 

might drive up their rates.  However, if they offer green power options, then they can 

pass on renewable energy costs directly to those consumers willing to pay a premium for 

renewable electricity and maybe even increase profit margins.   While state policies have 

an effect on wind capacity, so do relative costs of generation technologies, the 

effectiveness and reliability of those technologies, and other market or environmental 

concerns that motivate utility developers to pursue alternative forms of energy 

generation.  For example, if the price of electricity generated from coal or natural gas 

increases (and that increase is sustained) then it is likely that wind-generated power will 

become more economically competitive and states will see an increase in wind power 

generation.  However this too could be ambiguous, since increased electricity from 

renewable sources could reduce the demand and therefore the cost of fossil fuels, which 

in turn could encourage additional production of electricity from these sources. Concerns 

about global warming or a reduction in the price of wind-generation technologies will 

probably have a positive effect on increased wind capacity.  An accurate study must 

incorporate these factors into its calculus as it builds a model to explain and explore the 

relative effects of state policies on installed wind capacity across states.
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Table 1. Definitions of Variables

Dependent
Variable

Percentage of total utility-scale capacity MW that comes from wind.
State wind capacity (MW) divided by total state electricity capacity (MW).

Independe
nt
Variables

Renewable
Portfolio  
Standard
(RPS)
Requires all 
utilities to 
generate a 
certain amount 
of their 
electricity from 
renewable 
sources within a 
given time-
frame.

Green Power 
Option

Requires all 
electricity 
providers to give 
their customers the 
option of paying 
extra for power 
generated from a 
renewable source.

Deregulated  
Markets

Deregulated markets 
are those markets 
that allow customers 
to choose between 
two or more 
electricity providers, 
and forces providers 
to compete.

Public  
Benefits
Funds (PBF)

A small 
surcharge per 
KWh is added 
to every 
electrical bill 
and the money 
is set aside for 
renewable 
energy research 
and design

Green Power 
Purchasing

State governments 
are required to buy 
a certain amount of 
electricity from 
renewable sources 
or to purchase 
some sort of carbon 
offset instrument.

Control 
Variables

Real State  
GDP

Measures the 
states’ gross 
product in real 
2006 dollars 
from 1996-2006

State  
Population

Measures each 
states’ population 
from 1996-2006.

Greenness of  
State
(Sierra Club)

Total Sierra Club 
membership by state 
from 1996-2006 
over State 
Population

Cost of  
Electricity

Measures the 
overall retail 
cost of 
electricity by 
state in real 
2006 dollars 
(cents 
Per kilowatt 
hour).

Cost of Natural 
Gas

Measures the city-
gate price of 
natural gas in 
dollars per 
thousand cubic 
feet.

3.2 Summary Statistics

The data for this study is complete, with no missing values for the time period in 

question: 1996-2006.  Because this study will employ a state level fixed effects model 

over an eleven-year period, the total number of observations for each variable is 550.  It 
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includes information from all 50 U.S. states, excluding Washington, D.C.  The dependent 

variable in the study is a variation of electricity-generating capacity from wind by state 

and comes from electricity generation data collected by the Energy Information 

Administration (EIA).  Wind capacity in the U.S. increased significantly over the period 

included in the study.  In 1996 only California had any utility-scale wind capacity that 

produced greater than 1 megawatt of energy.  By 2006 26 states had installed wind 

capacity totaling over 11,000 megawatts.  The following table shows the rapid increase in 

generating capacity (MW) of wind from 1996-2006.

Table 2. Total U.S. Utility-Scale Wind Capacity (MW) 1996-2006

This huge increase still accounts for a small amount of the total U.S. electricity 

generating capacity (around 2% in 2006), but it does indicate that wind power is 

becoming more popular and possibly more competitive.  Since wind power is growing in 

popularity, it is important to understand why.  A number of federal and state policies may 

have encouraged the construction of additional wind capacity.  While federal policies 

1996 7
1997 13
1998 9
1999 2252
2000 2377
2001 3864
2002 4416
2003 5843
2004 6453
2005 8706
2006 11329
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such as the Production Tax Credit are most likely important drivers for wind technology, 

this study focuses on the effects of state-level policy aimed at promoting renewable 

energy generating technologies. 

As wind capacity grew, so did the array of state and federal policy instruments to 

encourage renewable energy generation. The following table shows the increase in the 

number of state policies over the period studied.  This information comes from the 

website dsireusa.org, which assembles information on all state and federal renewable 

energy and energy efficiency policies.

Table 3. Number of States with Renewable Energy Policies 1996-2006

 
States with 
RPS

Green Power 
Option

Green 
Power 
Purchasing

Public 
Benefits 
Fund

1996 1 0 0 0
1997 3 0 0 1
1998 4 0 0 4
1999 5 0 1 8
2000 7 0 1 9
2001 8 2 3 12
2002 9 2 3 13
2003 9 3 4 14
2004 15 4 6 15
2005 19 4 6 15
2006 21 4 8 15

In 1996 only one state (Iowa) had a renewable portfolio standard in place, but by 2006 

that number had risen to 21.  Electricity market deregulation began in earnest in 1996 
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with seven states but stopped growing (at 15) by 1999.  Because of a number of problems 

with regulation, most notably the electricity crisis in California, many states decided not 

to deregulate their markets or reversed the process.  Other green policy programs such as 

green power options, green power purchasing and public benefit funds all have grown 

over the time from 1996-2006.  The following bullet points examine wind capacity as a 

percentage of a state’s overall generation capacity in 1996, 2001, and 2006 and show an 

increase in the number of states that have increased wind capacity relative to overall 

capacity.  A quick glance at these numbers shows that not all states with a number of 

green policies saw subsequent increases in their wind or renewable generation capacity.

• In 1996 no states derived even close to 1% of their electricity capacity from wind.

o One state RPS existed and no green purchasing programs or public 

benefits funds existed.  7 states had deregulated markets.

• In 2001 7 states derived over 1% of their electricity capacity from wind capacity.

o Of those, 2 states had an RPS, 1 had a green power-purchasing program, 1 

state had a deregulated market, and 3 states had public benefits funds.

• In 2006 16 states derived more than 1% of their electricity capacity from wind.

o Of those, 9 States had an RPS, 7 had a green power-purchasing program, 1 

state had a deregulated market, and 7 states had public benefits funds.

The following chart shows average wind capacity from states with and without an RPS. 

These statistics indicate that initially states without RPS policies supported more wind 
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capacity, but that began to change as early as 2000, and now the bulk of the wind 

capacity in the U.S. comes from states that have renewable portfolio standards.  A variety 

of factors explain this huge shift, including California and Texas enacting RPS policies 

after installing a significant amount of wind capacity.

Table 4. Average Wind Capacity (MW) With and Without RPS

 With RPS
Number of 
States Without RPS

Number of 
States

1999 32.33 5 46.77 45
2000 47.75 7 47.5 43
2003 354.1 9 57.55 41
2006 394.85 21 104.74 29

The next table shows average wind capacity from states with and without green power 

options.  The first statewide green power options were enacted in 2001, and to date only 

four states mandate green power options for all utilities.  As a result, these numbers leave 

something to be desired, since the comparison is between a group of 4 (all of which have 

wind capacity) and a group of 46 (of which 24 have installed wind capacity).  Still, states 

with green power options did tend to have higher than average amounts of wind capacity.
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Table 5. Average Wind Capacity (MW) With and Without Green Power Option

 
With Green 
Power Option

Number of 
States

Without Green 
Power Option

Number of States

2001 241.5 0 69 50
2003 220.6 0 110.2 50
2005 508.75 3 141.93 47
2006 678.5 4 187.28 46

The following table shows a snapshot view of wind capacity of states that had no policies 

to promote renewable energy compared with states that had at least one policy to promote 

renewable energy.  While more rapid growth occurred in states with no policies, greater 

overall growth occurred in states with at least one renewable energy policy.

Table 6. Average Wind Capacity (MW) of States with No Policies
Vs. States with At Least One Policy

These numbers tell us little about why such growth occurred, but clearly show that in the 

period between 1996-2006 wind capacity grew rapidly across a number of states, as did 

state level policies to promote renewable energy.  During that time, states with those 

policies tended, on average, to have higher levels of wind capacity.  The data also shows 

that some states without any policies to promote renewable energy also developed 

significant amounts of wind capacity (Oklahoma & Kansas).

 No Policies 
Number of 
States

At Least One 
Policy 

Number of 
States

1999 6.29 37 155.3 13
2002 12.9 31 176.13 19
2006 68.16 23 385 27
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Control Variables

Other than the variable for regulated markets, all control variables are continuous 

variables.  The following table shows that deregulation of the electricity market began in 

earnest in 1996 and then plateaued at 15 states by 1999.  Serious backlash has occurred 

around deregulated markets in the United States.  Recently some states, such as Maryland 

and Texas, have taken steps to reregulate their electricity markets.

Table 7. Number of States with Deregulated Markets 1996-2006

Deregulated 
Market

1996 7
1997 11
1998 13
1999 15
2000 15
2001 15
2002 15
2003 15
2004 15
2005 15
2006 15

The means of these control variables show increases in state GDP, state population, and 

electricity and gas costs over time.  Percentage of state population with Sierra Club 

membership has remained relatively steady between 1999 and 2006.  No discernable 

differences exist between states with no renewable energy policies and states with at least 
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one renewable energy policy.  

Table 8. Mean & Standard Deviation for States with No Renewable Energy Policies

State 
GDP

State 
Population

Percent 
Green

Cost of 
Electricity

Cost of 
Gas

Mean
1999 230678 5663364 0.0022 8.24 5.89
2006 232201 5714811 0.0022 8.25 5.90

Standard 
Deviation

1999 271483 6217702 0.0013 2.79 2.15
2006 272315 6244201 0.0013 2.81 2.15

Table 9. Mean & Standard Deviation for States with At Least One Renewable 
Energy Policy

State 
GDP

State 
Population

Percent 
Green

Cost of 
Electricity

Cost of 
Gas

Mean
1999 212680 5255879 0.0021 7.92 5.94
2006 239115 5842394 0.0022 8.36 6.06

Standard 
Deviation

1999 271046 6131522 0.0013 2.85 2.15
2006 277577 6351047 0.0014 2.79 2.12
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Correlations

While correlation statistics are not nearly as informative as full-scale regressions, this 

data does provide important information about the individual relationships of variables to 

one another and is a useful tool in preliminary data analysis.  A few instances of high 

correlation show up and raise some possible concerns about multicollinearity. Per Capita 

State GDP is highly correlated with State Population (0.99).  Taking the natural log of 

state population removes that high correlation and allows both variables to be included in 

the model.  The three RPS variables are highly correlated with one another, meaning that 

any model can only include one at a time.  Regarding simple correlations with the 

dependent variable (percentwind), most seem to be moving in the expected direction, 

with green power options and all RPS variables showing a positive correlation.  For the 

control variables, the only correlation that seems surprising is the cost of electricity, 

which is negative.  Theoretically, one would expect that as the price of electricity rises, 

electricity from renewable sources (which tend to cost more) would increase as they 

became relatively cheaper.  The negative correlation between the dependent variable and 

the variable for regulated markets is an interesting first step in examining the effect of 

market regulation on the development of wind capacity.  Of course, this relationship is 

difficult to determine without accounting for other factors, such as the cost of electricity. 

The following chart shows how the dependent variable correlates with variables in the 

primary model (model 1) and some high correlations that prevented certain variables 

from being included in regression models.
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Table 10. Notable Correlations

Percent of 
Electricit
y from 
Wind

RPS 
Percent

RPS 
Timing

Lagged 
Cost of 

Electricit
y

Lagged 
Cost of 

Gas

Lagged 
GDP 
Per 

Capita
RPS 0.249 0.891 0.883 0.024 0.014 0.153

Cost of 
Electricity

-0.086 -0.086 0.401 0.952 0.345 0.384

Cost of 
Gas

0.186 0.186 0.335 0.421 0.825 0.194

GDP per 
Capita

0.126 0.179 0.099 0.375 -0.094 0.988

Green 
Option

0.453 -0.015 -0.015 -0.024 0.293 -0.002

Green 
Purchase

-0.072 0.262 0.212 0.315 -0.036 0.0281

Dereg 
Mkt.

-0.175 0.28 0.387 -0.421 0.366 -0.224

PBF 0.145 0.27 0.316 0.152 0.294 0.005

Greenness 
of State

0.305 0.304 0.304 0.219 0.174 0.024
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Chapter 4. Results and Economic Significance

4.1 Results and Interpretation of Results

This study employs a state-level ordinary-least-squares fixed effects model to estimate 

the effect of state energy policies on wind capacity (MW).  It includes a number of 

variables representing state-level energy policies and several economic and political 

control variables.  The primary variables of interest are the policy variables.  They are 

variables that reflect the existence or absence of renewable portfolio standards, green 

power options, green purchase requirements, and public benefits funds.  All three models 

use 550 observations from all fifty states over the period 1996-2006.  All models use 

robust standards errors to correct for potential heteroskedasticity problems and no 

variables included in any models were correlated above 0.5; as a result none of the 

models suffer from multicollinearity.  Adjusted R2 results across all models are 

remarkably consistent, ranging from 0.64 to 0.68.  This study presents two alternate 

models.28  Models 1 and 3 (see table 10) employ the same set of independent variables, 

but model 3 has a different dependent variable (the natural log of wind capacity by state). 

Model 2 employs the same dependent variable as model 1, but replaces state GDP with a 

lagged version of the same variable and introduces an interaction term between the cost 

of electricity and the market regulation variable. The only change to note is that cost of 

28 This study ran a variety of other models, including dropping the deregulated market variables, including 
lagged cost of electricity and natural gas variables, including lagged and non-lagged variables in the same 
model, and dropping other various combinations of other variables.  None of these versions showed 
anything different (and in fact displayed remarkable consistency).  Some variables, including alternate 
specifications of the RPS variable and lagged cost variables had severe multicollinearity problems and 
could not be included in the model.  When alternate RPS specifications were included in models, they were 
not statistically significant.
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electricity becomes significant in model 2, as a result of the inclusion of the interaction 

term between cost of electricity and the deregulated market variable.  Its actually effect is 

still quite small; causing a 0.09 percentage point decrease in the percent of electricity that 

comes from wind.  The most important observation from these different models is the 

remarkable consistency of the policy variables across different models.  They all retain 

significance, sign, and similar magnitude.  As a result of this consistency, I will focus 

solely on interpreting the coefficients from model 1.29

Primary Model

The results for the primary model (Model 1) are presented in Table 10.  This model has 

an adjusted R2 of 0.65.  I have divided the independent variables into three separate 

categories: those associated with state characteristics, those associated with the cost of 

electricity, and state policy variables. I discuss each set of variables in greater detail 

below.  Previous studies by Kneifel (2007) and Menz & Vachon (2006) did not include 

control variables GDP or population, assuming those characteristics to be fixed over time 

within states.  Kneifel’s (2007) study also does not include a variable to account for 

electricity market regulation.  The results of this model yield similar results to Kneifel’s 

(2007) study. Menz and Vachon (2006) fail to control for a variety of factors that this 

study does, including state population, political inclinations of the population, state GDP, 

and the cost of other fuel sources or electricity.  As a result, their model most likely 

29 Please see Appendix A for additional models, including two models with alternate forms of the RPS 
variable and one model that exclude data from California and Texas. 
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contains significant omitted variable bias.  

State Characteristic Variables

Four variables control for non-cost state characteristics.  They include variables that 

specify the type of electricity market, state population, state gross domestic product per 

capita, and the political characteristics of the state (as they relate to “green” inclinations). 

All of these variables are significant.  All of the signs of the coefficients are intuitive and 

discussed in greater detail below. 

The coefficient for state population variable is both significant and negative with 

a value of -0.005, suggesting that a one percent increase in state population leads to a 0.5 

percentage point decrease in the percent of electricity that comes from wind.  As a state’s 

population grows, so does its consumption of electricity.  While population grows, wind 

energy may continue to grow in total capacity, but decrease as a percentage of a state’s 

overall generating capacity.

Percentage of state population that has Sierra Club membership is the proxy 

variable that reflects the “green” political leanings of its population.  Its coefficient is 

both positive and significant, with a value of 4.28, indicating that a one percent increase 

in membership results in a 4.28 percent increase in the amount of electricity that comes 

from wind.  This makes sense, considering that political and ideological beliefs seem to 

have been the driving force behind increased renewable energy generation, as opposed to 

market forces.  This coefficient has one of the strongest effects in the model.  This is 
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most likely because a one percent increase in this variable requires a large increase in the 

raw number of new Sierra Club members in a state.  Such increases indicate not only the 

mindset of the population, but also other larger lobbying and advocacy efforts that most 

likely have a strong political effect on wind and renewable energy development.

The coefficient for per capita state GDP is positive and highly significant, with a 

value of 1.058.  It indicates that a one percent increase in state GDP causes a 1.058 

percent increase in the percent of electricity that comes from wind.  This indicates that 

wealthier states are more willing to invest in wind technology and capacity.

The coefficient for the variable explaining the type of state electricity market 

regulation (whether consumers can choose their electricity provider) is negative and 

significant.  A market where consumers can choose their electricity provider sees a 0.7 

percentage point decrease in the amount of electricity that comes from wind. Menz and 

Vachon (2006) do include a variable for retail choice, which is equivalent to this study’s 

deregulated markets variable.  Electric utilities in these states compete for business and 

attempt to offer lower prices than their competitors.  Since the cost of electricity from 

wind is more expensive than electricity from coal or natural gas, utilities in states with 

deregulated markets are less likely to invest in capital that will increase their costs and 

decrease profit margins.
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Cost Variables

Since price of electricity from various energy sources determines if electricity from wind 

is a commercially viable option, this model includes two variables that reflect market 

prices.  The first variable, cost of electricity, has a coefficient that is insignificant in this 

model.  The second is the city-gate price of natural gas, which is significant and only 

slightly positive.  A one-dollar increase in the price of natural gas results in a 0.04 

percentage point increase in the percentage of electricity that comes from wind.  Since 

electricity from wind and natural gas are essentially in competition, a price increase for 

natural gas should result in an increase in wind capacity.

Policy Variables

This study employs four policy variables to explain the percentage of electricity that 

comes from wind in a particular state.  They are renewable portfolio standards, green 

power options, green purchase requirements, and public benefits funds.  These are the 

primary variables of interest in this study, because they reflect attempts by policymakers 

to influence the state-level mix of electricity sources, specifically in the direction of 

renewable energy sources such as wind and solar.  The only policy variable that is 

insignificant is the public benefits fund.

The most common policy across states, the renewable portfolio standard (RPS), 

has a coefficient that is both positive and significant.  Its presence increases the electricity 

that comes from wind by 0.4 percentage points.  This result is expected and in general, 
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these results are consistent with previous literature on this topic.  The two primary studies 

are a paper by Menz and Vachon (2006) and a paper by Joshua Kneifel (2007).  Kneifel’s 

(2007) study focused on all non-hydropower renewable energy sources, while Menz and 

Vachon (2006) focused specifically on wind power.  Both papers find that renewable 

portfolio standards have a positive and significant effect on their dependent variable

The coefficient on the green purchasing option30 variable is positive and highly 

significant.  The presence of this policy results in a 1.7 percentage point increase in the 

amount of a state’s electricity that comes from wind.  This is actually in line with 

Kneifel’s (2007) study, but Menz and Vachon (2006) find that this variable is not 

significant.  Given that Menz and Vachon’s (2006) data only went through 2002, it is 

possible that Green Power Options had not had time to take effect.  Both studies included 

an RPS and green power option variable in their models.  It is slightly surprising that this 

policy has a larger effect than an RPS, since policymakers tend to hold up RPS’s as the 

largest and most comprehensive state policy.

The coefficient on the green purchasing requirement31 variable is significant and 

negative, leading to a 0.7 percentage point reduction in the amount of electricity that 

comes from wind.  This is unexpected, because this policy requires state governments to 

purchase renewable electricity to power state buildings and operations.  One explanation 

for this is perhaps that states with this policy tend to purchase electricity from different 

30 As a reminder, a green purchasing option requires utilities in a state to offer their customers the option to 
pay a premium to purchase their electricity from a renewable energy source.
31 A green purchasing requirement mandates that state governments must purchase a certain portion of the 
electricity they use (for government buildings and facilities) from renewable energy sources. 
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renewable sources, such as solar or biomass.  Since state government facilities are not 

always very large compared to the overall generating capacity of a state, perhaps such 

policies do not have a strong effect.  This paper contradicts Kneifel’s (2007) finding for 

green purchasing requirements.  He finds that they are significant and positive, while this 

paper finds they are significant and negative.  One possible explanation for this 

discrepancy is that Kneifel’s (2007) study is concerned with the effect on all renewable 

energy capacity, while this study focuses specifically on wind energy, and as a result his 

results pick up capacity additions from other energy sources.

Menz and Vachon (2006) excluded both Texas and California from their analysis, 

treating those states’ large renewable energy numbers as outliers.  While I do not exclude 

Texas and California in my primary model, I have included a regression without data for 

California and Texas.  The detailed regression results are reported in Appendix A.  The 

coefficients for public benefits funds and cost of electricity become statististically 

significant, although the RPS variable is now only marginally significant.  All in all, the 

model looks quite similar.  The signs are the same, and magnitudes are similar.  This 

again shows remarkable stability in my primary model.

4.2 Economic Significance

For the variables in this model are statistically significant it is important to ask if they are 

economically significant.  In other words, does their presence have a meaningful effect 

on the percentage of a state’s electricity that comes from wind, or on the amount of wind 
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capacity in a state?  If the policies examined in this study only negligibly increase wind 

capacity, then we may wish to redirect political and financial resources to other policies 

that might have larger effects.  It is important to note that this study does not address the 

cost-effectiveness of various policies – only whether their presence is correlated with the 

use of wind energy.

This study finds two statistically significant policy variables that increase the 

percentage of electricity that comes from wind, and one that appears to decrease it.  The 

first two are renewable portfolio standards (a 0.4 percentage point increase) and green 

power options (a 1.7 percentage point increase).  How does this translate into actual 

megawatts of renewable energy?  Let us consider some examples.  The following 

examples were derived from plugging in actual observations from a particular state and 

year, and measuring the difference in predicted wind capacity (megawatts) in the 

presence and absence of a variable.

Model 1 predicts that in 2004, California’s RPS resulted in an additional 233 

megawatts of electricity from wind.  If it had a green purchasing option mandate, 

California would have had an additional 991 megawatts of electricity from wind.  For 

context, 233 megawatts of electricity can power about 195,000 homes, while 991 

megawatts of electricity can power approximately 730,000 homes.  In 2004, California 

had 58,306 MW of generating capacity, of which 2024 MW came from wind power.  For 

Washington State in 2006, model 1 predicts that the state’s RPS policy gave it 112 extra 

megawatts of electricity and its green purchasing policy gave it 479 additional megawatts 

43



of capacity.  In 2006, Washington had 28,224 MW of generating capacity, of which 821 

MW came from wind power.  Kneifel’s (2007) model predicted that Washington’s green 

purchasing option policy gave it an additional 346 megawatts of renewable electricity.32 

While the two results are different, they display relatively similar magnitudes.  According 

to this model, in 2004, the median U.S. state in terms of generating capacity would have 

gained 56 megawatts of wind energy from a renewable portfolio standard and 238 

megawatts of wind capacity from a green purchasing option mandate.  Of course that 

depends on conditions in that state being favorable to wind power.

32 Kneifel, p 23.
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Table 11. Regression Results

Dependent Variable: 
Percent of State’s Electricity 
That Comes from Wind

Dependent Variable:
Natural Log of Wind
Capacity by State

Variable Model 1 Model 2 Model 3
Constant 0.033 0.057 -10.31
Renewable
Portfolio
Standard

0.004
(0.001)***

0.004
(0.001)***

0.885
(0.278)***

Green Power 
Option

0.017
(0.002)***

0.017
(0.004)***

1.934
(0.51)***

Green Purchase
Requirement

-0.007
(0.002)***

-0.006
(0.001)***

-0.649
(0.304)***

Deregulated
Market

-0.007
(0.002)***

-0.022
(0.006)***

-1.153
(0.388)***

Public Benefits
Fund

-0.001
(0.001)

-0.001
(0.001)

0.094
(0.293)

Log of State
Population

-0.005
(0.009)*

-0.006
(0.006)

0.254
(1.438)

Percent “Green” 4.286
(0.976)***

4.522
(1.058)***

834
(181)***

Cost of Electricity
(cents per Kwh)

-0.0004
(0.0003)

-0.0009
(0.0005)*

-0.072
(0.066)

Cost of Natural Gas
($ per million cubic feet)

0.0004
(0.0002)*

0.0004
(0.0002)**

0.163
(0.044)***

State Gross Domestic 
Product Per Capita

1.058
(0.163)***

142
(32)***

Cost of Electricity
(lagged 1995-2005)
State GDP Per Capita
(lagged 1995-2005)

0.991
(0.227)***

Cost of Electricity 
and Gas
Deregulated Market
and Cost of Electricity

0.001
(0.00007)**

Adj. R-Sq 0.65
Obs: 550
50 States
11 Years

Adj. R-Sq 0.642
Obs: 550
50 States
11 Years

Adj. R-Sq 0.681
Obs: 550
50 States
11 Year
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Chapter 5. Limitations, Policy Implication and Conclusion

5.1 Limitations

This study faces a variety of statistical limitations, the most prominent being the lack of 

time that the major policies of interest have been in place.  This study uses data from 

1996-2006, and the early years have few states with renewable energy policies or 

significant wind capacity.  Also, 2007 and 2008 have seen a significant increase in the 

number of the state-level renewable portfolio standards, green power options, and other 

policies of interest.  For those that have been in place, they still could benefit from more 

years of observations. 

Some of the policy dummy variables do not accurately reflect differences across 

states.  For example, renewable portfolio standards have different timelines and 

stringency standards, but they cannot be communicated in a dummy variable.  Attempts 

to include those characteristics resulted in multicollinearity and/or insignificant results 

and therefore could not be included in the model.  This study would have benefited from 

additional fuel control variables such as the cost of coal, but that data was not available at 

the state level over the years of the study.

Finally, while this study has attempted to identify and quantify the effect of 

policies to promote wind energy, it has not assessed the costs of implementing these 

different policies.  This is an important aspect of assessing the best policy, because 

different policies can have vastly different costs.  One unit of benefit from policy A may 

cost 2-10 times as much as one unit of benefit from policy B.  A more complete study 
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will assess the costs of implementing and enforcing these separate policies, specifically 

renewable portfolio standards and green power options.

5.2 Policy Implications

This study indicates that certain policies promoting renewable energy capacity do have a 

positive effect on the amount of a state’s electricity that comes from wind.  It is highly 

likely that these policies, which are not exclusive to wind power, have a similar effect for 

other sources of renewable energy, such as solar power.  In particular, renewable 

portfolio standards and green power options are effective at increasing wind capacity, but 

green power options have a significantly greater effect.  This is surprising because many 

more states have renewable portfolio standards than green power options, and renewable 

portfolio standards are likely to be more expensive policies that are more command-and-

control than green power options.  Green power options have an element of command 

and control, but are also uniquely tied to consumer demand.  They also allow utilities to 

pass along their costs more transparently and directly to those consumers who are willing 

to pay more for renewable electricity.  Green power options are a more attractive policy 

than renewable portfolio standards, especially if the federal government institutes an 

economy-wide cap and trade system or emissions tax.  Green power options will coexist 

more easily with potential federal legislation than renewable portfolio standards.
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5.3 Conclusion

After examining the existing literature and the model in the study, it is apparent that some 

state policies have been effective in promoting many sources of renewable energy, 

including wind power.  Renewable portfolio standards and green power options seem to 

have the greatest positive effect; however, continued study of the effectiveness of state-

level renewable energy policies in the United States is needed.  Considering that such 

policies have been in effect for only a very short time, increased data (across states and 

over time) will be helpful in further assessing their effects.  Since this study and others 

find that renewable portfolio standards and green power options are most effective, future 

studies should focus primarily on those two policies.  Perhaps a complement to that 

course of action would be a reassessment by policymakers of green purchase 

requirements and public benefits funds and an analysis of the costs and benefits of 

implementing these various policy tools.   
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Appendix A
Table 12. Alternate Regression Results

Model 1, but replacing the RPS dummy variable with two 
different variables reflecting RPS timing and RPS 
stringency.

Model 1, but without 
data on Texas or 
California

Variable Model 4 Model 5 Model 6
Constant -0.015 -0.009 0.128
Renewable Portfolio 
Standard Timing

0.00005
(0.00007)

Renewable Portfolio 
Standard Stringency

0.00005
(0.00007)

Renewable
Portfolio
Standard

0.002
(0.001)

Green Power 
Option

0.017
(0.004)***

0.017
(0.004)***

0.017
(0.004)***

Green Purchase
Requirement

-0.005
(0.0009)***

-0.006
(0.001)***

-0.005
(0.001)***

Deregulated
Market

-0.007
(0.002)***

-0.007
(0.002)***

-0.006
(0.001)***

Public Benefits
Fund

-0.0008
(0.001)

-0.001
(0.002)

-0.002**
(0.001)

Log of State
Population

-0.002
(0.006)

-0.006
(0.006)

-.011**
(0.006)

Percent “Green” 4.302
(1.027)***

4.342
(1.032)***

4.71
(1.012)***

Cost of Electricity
(cents per Kwh)

-0.0003
(0.0003)

-0.0003
(0.0003)

-0.0007***
(0.0005)

Cost of Natural Gas
($ per million cubic feet)

0.0004
(0.0002)**

0.0004
(0.0002)**

0.0005
(0.0002)***

State Gross Domestic 
Product Per Capita

1.111
(0.205)***

1.097
(0.204)***

0.963
(0.198)***

Adj. R-Sq 0.65
Obs: 550
50 States
11 Years

Adj. R-Sq 0.644
Obs: 550
50 States
11 Years

Adj. R-Sq 0.638
Obs: 528
48 States
11 Year
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