
RENEWABLE PORTFOLIO STANDARDS AND THE GROWTH OF WIND POWER 
CAPACITY IN THE UNITED STATES 

 
 
 
 

A Thesis 
submitted to the  

Graduate School of Arts & Sciences 
at Georgetown University 

in partial fulfillment of the requirements for the degree of 
Master of Public Policy 

in the Georgetown Public Policy Institute 
 
 
 
 
 

By 
 
 
 
 

Andrew M. MacBride, B.A. 
 
 
 
 

Washington, DC 
April 14th, 2008 



 

ii 

RENEWABLE PORTFOLIO STANDARDS AND THE GROWTH OF WIND POWER 
CAPACITY IN THE UNITED STATES 

 
Andrew M. MacBride, B.A. 

 
Thesis Advisor: David E. Hunger, Ph.D. 

 
ABSTRACT 

 

Of existing renewable energy sources, wind power has experienced the most 

commercial success, to date, and in many regions of the country is economically 

competitive with conventional energy generated from fossil fuels.  In the United States, 

the federal and state governments have supported the development and 

commercialization of wind power through various policies, one of which is a 

Renewable Portfolio Standard (RPS).   

An RPS establishes timeframes by which a state must generate set percentages 

of their electricity from renewable resources.  By mandating the use of renewable 

energy, an RPS promotes the development of wind power capacity.  There are 

numerous factors, however, that help to explain the proliferation of wind power 

capacity in the United States.  Alternative policies such as the federal Production Tax 

Credit and the Public Benefits Funds established by states also aim to hasten the 

development of renewables like wind power.  Market factors such as fossil fuel prices, 

the cost and availability of wind turbines, and average electricity prices also affect the 

pace of wind power development.  Understanding which factors have the greatest 
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effect on wind capacity in the U.S. is valuable to both policy-makers and private 

investors.   

Renewable Portfolio Standards are an increasingly popular policy mechanism 

at the state level and a national RPS has been proposed in most of the energy bills 

drafted by the 110th Congress.  Once enacted, Renewable Portfolio Standards lock 

energy providers into long-term requirements, the economic effects of which can not 

yet be fully understood.  By requiring energy providers to incorporate renewable 

energy sources into their portfolios, states are placing a considerable financial burden 

on these energy providers, and their customers.  With such high costs, the effectiveness 

of a Renewable Portfolio Standard as a catalyst for the development of renewable 

energy must be examined.  If RPS policies are not as effective at promoting renewable 

energy as most governmental and academic literature purport, or if there are other 

forces more directly causing the growth of alternatives such as wind power capacity, 

there may be more efficient means of fostering investment in renewable energy.  The 

purpose of this study is to determine the effect that state Renewable Portfolio 

Standards have on wind power capacity in the United States, controlling for alternative 

policy options and economic factors. 
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Chapter 1.  Introduction 

Ever since the oil crises of the 1970s exposed the United States’ dependence on 

foreign oil and the threat that this dependence posed to energy security, an effort has 

been made to find alternative sources of energy.  With steadily increasing oil prices 

and gathering scientific evidence of man’s adverse effect on the Earth’s climate, 

investment in renewable energy sources is again occurring at a furious pace.  

Renewable energy sources from wind, to solar, to geothermal are all being 

pursued vigorously.  This renewed interest in alternative energy has improved the 

technology related to these renewable energy sources but, for most, high costs still 

prohibit large-scale commercial use.  Governments at all levels have spent millions of 

dollars implementing a variety of policies subsidizing the generation of renewable 

energy in an attempt to stoke private investment.  These policies appear to be working, 

as there enactment has corresponded with explosive growth in renewable energy. 

Wind power is currently leading the charge of renewable penetration into 

energy markets.  Wind power capacity in the U.S. increased by a staggering 45% in 

2007.  The 5,244 MW of newly installed capacity represents 30% of all new capacity 

added to the grid last year (AWEA, 2008).  With so many policies encouraging 

investment in renewables such as wind power though, it is difficult to tell which 

polices are having the greatest effect on growth.   

One of the most common and lauded of these policies is the Renewable 

Portfolio Standard (RPS).  Instituted at the state level, an RPS establishes a schedule 
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by which a state must increase its generation of renewable energy.  In the United 

States, state-level policy mandating that a certain percentage of electricity be generated 

from renewable energy sources is a relatively new development.  Iowa became the first 

U.S. state to enact a Renewable Portfolio Standard in 1991.  Today, Renewable 

Portfolio Standards have been adopted by 25 states and the District of Columbia.  As 

one of the few renewable energy technologies to be commercially deployed, wind 

energy is relied on to fulfill a large portion of most states’ RPS requirements.  

Therefore, calculating the effect that an RPS has on a state’s installed wind power 

capacity should help to determine if an RPS is an efficient means of fostering 

investment in renewable energy.   

Studies have shown that there is a positive relationship between a state enacting 

an RPS policy, and growth in that state’s wind energy capacity (Wiser, 2005).  

However, further analysis of the effect of state RPS policy on wind energy capacity 

will still be beneficial.  Existing studies were conducted when only a handful of states 

had enacted an RPS.  Statistical analysis of RPS policies will become more robust as 

more and more states pass RPS laws and enough time has elapsed for the incentive to 

take effect in states with existing RPS policies.   
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Chapter 2.  Background and Literature Review 

Renewable energy sources have garnered an enormous amount of attention 

from state governments within the United States over the past few decades.  A number 

of factors explain this trend.  Heightened oil prices have highlighted America’s 

dependence on foreign oil since the Oil Crisis of the 1970s.  Fluctuations in natural gas 

prices have accentuated the potential value of more diverse energy sources.  Increased 

tension in the Middle East over the past decade has added a national security 

component to the danger of America’s oil dependence.  As the scientific community 

reveals the effect that the burning of fossil fuels has on the climate, there is growing 

pressure, domestically and internationally, to find energy sources with lower or no 

greenhouse gas emissions.  Finally, the cultivation of renewable energy sources is in a 

state’s economic interest, as renewable energy creates jobs while replacing the 

expensive imports of fossil fuels with more sustainable energy generated within the 

state borders.  

An increasingly popular method of attracting renewable energy production 

among U.S. states is the implementation of an RPS, which is a mandate requiring that a 

certain amount of a state’s electricity come from renewable energy sources by a given 

date.  There are, however, a number of forces driving the expanded wind power 

capacity witnessed in the U.S. over the past two decades.  In addition to the RPS, a 

myriad of other policy incentives have been implemented at both the federal and state 

level.  Market factors such as fossil fuel prices, the capital costs of wind technology 
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(turbines, in particular), economic well-being, and population growth also drive wind 

capacity growth.  Few dispute that Renewable Portfolio Standards have propelled wind 

power capacity growth.  The question is exactly how much of the wind capacity 

growth is a direct result of the enactment of RPS policies?  With so many forces 

driving wind power capacity, how vital is an RPS policy to the effort? 

Renewable Portfolio Standards are a relatively new phenomenon in the United 

States.  Iowa instituted the first RPS in 1991.  Most of the 25 states (and the District of 

Columbia) with an RPS, however, didn’t enact the policy until the new millennium.  In 

the years 2004 and 2005 alone, 10 states enacted an RPS (Rabe, 2006).  Wind 

generating capacity in the U.S., on the other hand, has been marked by impressive 

growth rates since the early 1990s.  Because of this, earlier literature pays little 

attention to RPS policy as a significant driver of wind capacity growth, attributing 

most of the growth to the federal Production Tax Credit (PTC).  The PTC offers a tax 

rebate (originally 1.5 cents/kilowatt-hour (kWh), today more like 1.9 cents/kWh when 

adjusted for inflation) for each kilowatt-hour of wind energy generated by a facility 

over the course of the first ten years of production (Okazaki, 2006).  In 2004, Kubert et 

al. found that the PTC was the largest driving force behind wind capacity development.  

The argument that the PTC was responsible for the majority of the new wind power 

capacity was compelling.  The PTC was initially designed to be offered for a two year 

window, and has since been renewed numerous times for additional periods of one or 

two years.  The renewal of the PTC, however, has not always been seamless.  
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Numerous times, the PTC has been allowed to expire, creating gaps in which no 

incentive was offered.  Kubert et al. illustrated how wind capacity boomed in years the 

PTC was set to expire, as producers rushed to get plants up and running in order to 

qualify for the credit, then how it waned in the years before the PTC could be renewed.  

This correlation is strong, indicating that the PTC is responsible for much of today’s 

wind generating capacity.  

From the inception of the PTC in 1992 through the remainder of the decade, the 

majority of the new wind power capacity brought on-line was in states such as 

California, Texas, and Minnesota, which are situated in some of the country’s strongest 

wind corridors.  With the assurance of strong, consistent winds, and already high 

energy prices in some of these states (California, in particular), the PTC made wind 

power competitive with conventional electricity generated by burning fossil fuels.  By 

the turn of the century, however, wind farms were sprouting up in most regions of the 

country.  It seemed unlikely that the PTC could fully explain this broader expansion.  

In many of the regions where wind farms were being developed, wind power was still 

not competitive with conventional electricity.  A 2007 Department of Energy study by 

Ryan Wiser and Mark Bolinger also found that wind turbine prices have actually been 

rising since 2000, largely due to demand outpacing supply.  As production costs rose, it 

became more unlikely that a fixed-rate production subsidy could fully explain the 

accelerating growth witnessed in wind power capacity.  If not due to subsidized 
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production or a competitive price, why was wind power expanding into these new 

regions? 

In the late 1990s, numerous states enacted Renewable Portfolio Standards as 

part of electrical market restructuring.  Due to its increasingly competitive price and 

the promise of zero emissions, wind power was being relied upon to meet large 

proportions of these state RPS policies.  Initiating an RPS, however, will not lead to 

immediate results.  A lag is anticipated between the enactment of an RPS and the 

expansion of wind power capacity because many of the state RPS policies do not 

establish renewable energy quotas until a few years after the enactment of the RPS.  

This lag provides the time necessary for firms to construct new renewable capacity in 

order to meet the pending renewable mandate.  This time lag is noted in the literature 

on wind power development.   

While the establishment of Renewable Portfolio Standards began in earnest in 

the late 1990s, it took a few years for the literature to begin recognizing the power of 

an RPS to catalyze wind capacity growth.  In a 2003 National Renewable Energy 

Laboratory publication, Bird et al. found Renewable Portfolio Standards to be the most 

important driving force behind U.S. wind power development.  In a 2005 presentation 

to the National Wind Coordinating Committee, Ryan Wiser calculated that state RPS 

policies were responsible for 47% of the U.S. wind development from 2001 to 2004.  

Today, virtually all studies on wind power development recognize RPS policies as one 

of the major driving forces behind this development.  Most recently, Berkeley Lab 
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estimated that between the years 2001-2006 “…approximately 50% of the wind power 

capacity built in the U.S. was motivated, to some extent at least, by state Renewable 

Portfolio Standards (RPS)…” Focusing only on 2006 wind power development, this 

figure increased to 60% (Wiser and Bolinger, 2007).  

The short history of Renewable Portfolio Standards in the U.S., coupled with 

the fact that most of these standards, when enacted, were designed to begin a few years 

down the road, mean that there is little data compiled on state RPS policy.  Due to this 

scarcity of data, few have tackled the econometric analysis of the effect of an RPS 

policy on wind power capacity growth.   

In his 2006 unpublished Master’s thesis, Yuta Okazaki, of Georgetown’s Public 

Policy Institute, estimated the effect that a U.S. state’s renewable portfolio standard has 

on the change in the cumulative share of that state’s energy derived from renewable 

sources from 1993 to 2003.  In his analysis, Okazaki used two separate models.  In the 

first, the RPS and other policy variables are represented by an indicator variable, while 

the second contained continuous variables for RPS requirements by state for every fifth 

year from 2000-2020.  In his first model, Okazaki found that an RPS would increase a 

state’s renewable energy capacity by 0.82 percentage points.  This result was 

statistically significant at an 80% confidence level.   In the second model, Okazaki 

found the RPS variables (including another continuous variable denoting how many 

years the RPS policy has been in place) to be jointly significant at a confidence level 

greater than 95%.  Okazaki posits that collectively, the RPS variables would increase 
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renewable energy capacity by 0.91 percentage points.  Contrary to his hypothesis, 

Okazaki found that the coefficient on two of the every-fifth-year variables (2005, 

2020) was negative in the second model.  Both results were significant above the 90% 

level. 

These general results, that an RPS policy will increase the wind power capacity 

within a given state, are in line with the literature on Renewable Portfolio Standards.  

The Okazaki study focused on all sources of renewable energy.  My model will narrow 

the focus by applying a similar analysis specifically to wind power capacity, which 

will require some refining of the model used by Okazaki.   

Okazaki’s model included a variable measuring the coal production of each 

state, because coal accounts for roughly half of U.S. electricity generation.  Because 

wind power is intermittent, it is not typically suitable for replacing base-load 

generation such as coal.  Wind power is more typically used as a substitute for more 

marginal energy sources like natural gas, which provide intermediate and peak-load 

generation.  For this reason, my model includes a variable measuring the city gate price 

of natural gas, in addition to variables for the average price of coal and oil. 

 Previous studies have not included variables concerning the technology or 

capital costs involved in renewable energy generation.  Okazaki’s model covered 

renewable energy in general, making such an undertaking almost impossible.  

Including the effect of changes in technology on wind power, however, remains a 

difficult task.  In the years covered by this study, wind turbine technology has 
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improved dramatically.  While turbines installed in the late 1990s would likely have 

been 750 kWs in size, the turbines of today have 1.5 MWs of capacity.  The 

differences in cost of the various sizes of turbines makes calculating average turbine or 

farm installation costs from 1996-2005 rather difficult.  Nevertheless, I plan to factor 

the omission of such installation cost variables and the effect of such an omission on 

the resultant coefficients into my model.  

 Additionally, much of the wind technology installed in the U.S. was 

manufactured in Europe.  For this reason, I have also included a variable measuring the 

value of the dollar (USD) against the Euro. 

Otherwise, Okazaki’s and my model are similar.  Okazaki uses variables for 

federal policies such as tax incentives, public benefit funds, and depreciation rules.  

My model uses similar policy variables with the addition of a variable measuring 

federal R&D spending on wind energy.  Okazaki also includes variables for market 

forces such as population growth, per capita income, and conventional energy prices 

which I also include in my model. 

The Okazaki study uses data through 2003, at which point only 15 states had 

enacted an RPS.  By the end of 2005, this number had almost doubled.  An RPS study 

with data through 2005 will provide more observations and therefore shed more light 

on the true effect that an RPS policy has on the growth of wind power capacity.  
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Building on Yuka Okazaki’s model, I hope to create a model that will control 

for any other forces driving wind capacity growth, thus providing an accurate measure 

of the effect that an RPS policy has on wind power development.    
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Chapter 3.  Research Design 

 
Scope of Analyses 

 

This study measures the effect of Renewable Portfolio Standards on each 

state’s respective wind generation capacity.  In his model, Okazaki compared cross-

sectional data on the percentage of energy capacity that a state generates from 

renewable energy for the time periods, 1993 and 2003.  My model builds on Okazaki’s 

and examines changes in wind power capacity for each of the 50 states (and the 

District of Columbia) over a ten year period (1996-2005). 

The dependent variable in my model is wind generation capacity measured in 

megawatts (MW).  The natural log of wind power capacity would be better suited to 

account for the significant variation in installed wind capacity among states, but due to 

the large number of observations that would have a zero value for wind capacity using 

the natural log of capacity would result in a substantially smaller data sample.  While 

the use of wind capacity limits the relevance of state-to-state comparisons, it provides 

sufficient degrees of freedom to analyze all of the models in this study. 

State RPS policy is a complicated variable to measure.  State policies call for 

renewable energy quotas that change as often as annually, and no two state RPS 

policies are alike.  To account for this complexity, I not only include an RPS dummy 

variable, but also employ continuous RPS policy variables.  I include continuous 

variables for the mandated percentage of electricity that must come from renewable 
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sources in the years 2005, 2015, and 2025.  These three continuous variables represent 

the magnitude of short-, medium-, and long-term RPS targets.  Some state’s standards 

are mandatory, while others are voluntary.  Certain states also allow existing renewable 

capacity to count toward the quota.  I originally intended to include dummy variables 

indicating whether an RPS was mandatory and whether existing renewable capacity 

could be applied toward the RPS in my analysis as well.  Due to the almost perfect 

correlation between these two dummy variables and the RPS dummy variable, 

however, I opted to exclude them from the analysis (See correlation matrices in 

Appendix) for fear of inflating some of the standard errors in the models.  I 

hypothesize that the coefficient on the dummy RPS variable and the continuous RPS 

variables will be positive.   

For additional policy drivers, I have included the following policies: the federal 

Production Tax Credit, federal R&D spending on wind power, Public Benefit Funds, 

the mandated green power alternatives, as well as whether a state offers an Alternative 

Compliance Payment (ACP).   

The federal Production Tax Credit (PTC) was initiated with the passage of the 

Energy Policy Act of 1992, and provides a small rebate (originally 1.5 cents/kWh, to 

be adjusted for inflation) for each kilowatt-hour (kWh) of wind energy generated.  This 

policy is typically renewed for periods of 1-2 years, and has been allowed to expire 

numerous times.  I include a continuous variable indicating the number of months until 

the expiration of the PTC, as measured on January 1st of each year in the study.  Logic 
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leads one to believe that the longer the period of time until the subsidy expires, the 

more wind capacity will grow.  Developers would know with certainty that the credit 

would still be available if they chose to expand capacity at an existing farm in the near 

term, and would have an incentive to do so.  History has shown, however, that wind 

capacity growth tends to spike just before the PTC is set to expire, as developers rush 

to get projects operational in time to receive the credit.  I expect the coefficient on the 

PTC variable to be negative, and most of the relevant literature concurs (Kubert, 2004).  

Regarding federal R&D spending, I include a continuous variable measuring millions 

of dollars spent on wind power each year.  Most literature finds a positive relationship 

between R&D spending and renewable capacity growth, but with a short time lag as 

the new information takes time to convert into capacity growth.  Therefore, the 

expected sign on the coefficient of the variable for federal R&D spending is positive.   

Studies also have shown that Public Benefit Funds (PBF), which are a charge 

on monthly electric bills the proceeds from which go toward loans and grants for 

renewable energy projects, have had a large impact on the investment in wind capacity 

(Wiser, 2005; Bird et al., 2005).  For this reason, the expected coefficient on the PBF 

indicator variable is positive.  A handful of states also require energy providers to offer 

green power options to their customers, and wind power accounts for 99% of this green 

power being marketed (Deyette et al., 2003).  I hypothesize that the coefficient on the 

dummy variable indicating whether a state requires that green power options be offered 

will be positive.  All states with a mandatory RPS require electricity providers to pay 
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into a renewable/efficiency fund as punishment for not meeting the mandated 

percentage of renewable power for a given time period.  Some states, however, offer 

energy providers the option of paying into an energy fund at a pre-established annual 

rate instead of acquiring renewable power as an alternative method of complying with 

the RPS.  The justification for an ACP is that it places a ceiling on compliance costs 

and allows energy providers to better plan their compliance budgets.  I hypothesize that 

the coefficient on the Alternative Compliance variable will be negative. 

My models also include multiple categories of market variables.  One category 

is the price of fossil fuel substitutes – oil, natural gas, and coal.  Natural gas and coal 

are the major feedstocks for electrical power generation.  Wind power is typically 

substituted for the more expensive, marginal power sources like natural gas.  The price 

of crude oil serves as an important signal for investment in renewable technology in 

general.  When oil prices are high, renewable energy sources such as wind will be in 

higher demand.  I expect the coefficient on each of these fossil fuel variables to be 

positive. 

State economic and population growth are also included in the models.  As 

population growth occurs, there is more demand for electricity, straining existing 

sources.  I expect the coefficient on the state population variable to be positive.  A 

previous study found that as Gross State Product (hereafter State GDP) grows for a 

given state, so does that state’s renewable energy capacity (Okazaki, 2006).  I intended 

to include a variable measuring state GDP in my analysis as well, but after observing 
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the almost perfect correlation between state GDP and population I decided to drop this 

variable from the analysis (See correlation matrices in Appendix).  I also decided that 

state GDP is not the best representation of changes in the average wealth of an 

individual within a state.  Per capita GDP is a more accurate gauge of changes in the 

well-being of the average citizen in a state.  I have included a variable measuring GDP 

per capita, and I hypothesize that the coefficient on the continuous variable for average 

per capita income will also be positive. 

The remaining market drivers that I include in my models are the strength of 

the Dollar versus the Euro, and the price of conventional electricity per state.  When 

the comparative value of a Dollar falls relative to the Euro, capital costs for wind 

projects should increase because most wind technology is built in Europe and must be 

imported.  On the other hand, expensive imports may be incentive enough to make 

wind technology developers build plants in the U.S. so as to be cost competitive, thus 

canceling out the price increase due to a weakened Dollar.  I hypothesize that the 

coefficient on the exchange rate variable will be positive, theorizing that a domestic 

manufacturing market for wind technology has not developed to the extent that import 

prices no longer have an effect on the price of constructing a wind farm.   

Studies show conflicting results as to whether high electricity costs lead to 

investment in wind capacity.  It seems logical that since wind power is still more 

expensive than traditional coal or gas power, that wind power would see more market 

penetration where conventional electricity prices are higher, making wind more 
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competitive.  Some studies, however, conversely show that citizens in states with 

already high electricity costs are less willing to pay higher electricity bills to have the 

option of purchasing wind power.  I expect the coefficient on conventional electricity 

costs to be negative.  Collecting the variables described above, my initial OLS model is 

listed below. 

 

wcapacity =  β0 + β1RPS + β2RPS2005 + β3RPS2015 + β4RPS2025 + β5ACP + β6PTC + β7PBF + 

β8fedrd + β9green_power + β10elec_price + β11oil_price + β12ngas_price + 

β13coal_price + β14popultion + β15exchange_rate + β16percapGDP + μ  

 

This model attempts to incorporate all of the policies and market driving forces 

that affect the amount of installed wind capacity in the U.S.  Certain key factors, such 

as each state’s natural wind potential and attitudes toward renewable energy and the 

environment, have been omitted from this model.  These variables are difficult to 

measure and to consolidate into a single number for each state.  Not including these 

variables weakens the OLS model, biasing many of its estimates.  In an attempt to 

remove this bias, I will also run a series of fixed effect models on different 

combinations of these explanatory variables. 

Due to the fact that it takes 1-2 years for a wind farm to begin generating 

electricity from the initial planning stages, I include a fixed effect model that places a 

lag on explanatory variables deemed to have an effect on the decision to construct a 

wind farm.  While the lagged effect of these variables will occur over different time 
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periods, to conserve degrees of freedom I have selected a single standard lag of two 

years. 

The final stage of analysis focuses exclusively on the policy explanatory 

variables.  The majority of the states that have enacted an RPS and other policies 

promoting renewable energy have done so in the past three or four years.  Due to this, 

most of my observations (a given state in a given year) will not be affected by an RPS.  

This could compromise the effectiveness of a fixed effect models, leading to high 

standard errors and disguising the true effects.  To test for this problem, in addition to a 

fixed effect model using all ten years of data, I also include an additional model of 

policy variables that only used data for the years 2002-2005.  If the 10-year fixed effect 

model does not have enough variation to drive the model, the 4-year model should 

exhibit starkly different results.  

 

Data Description 
 

This study analyzes the affect of two classes of variables -- policy drivers and 

economic drivers -- upon the growth of wind power capacity in the United States.   

 

Table 1. Dependent Variables 

Field   Description       

wcapacity   = wind power capacity (MW) 
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For wind capacity data, I relied on data from the Energy Information 

Administration (EIA).  The wind capacity data is from EIA’s Renewable Energy 

Annual publication.  I use total net summer wind capacity by state.   

 

Table 2. Policy Explanatory Variables 

Field   Description       

RPS   = dummy variable: 0=No, 1=Yes 

RPS2005  = required % of elec. from renewables in 2005 

RPS2015  = required % of elec. from renewables in 2015 

RPS2025  = required % of elec. from renewables in 2025 

ACP   = dummy variable: 0=No, 1=Yes 

PTC   = # of months until the PTC expires 

PBF   = dummy variable: 0=No, 1=Yes 

fedrd   = Federal R&D for wind energy ($million) 

green_power  = dummy variable: 0=No, 1=Yes 

 

 

Amongst the policy drivers included in the model, all of the data for variables 

related to state Renewable Portfolio Standards is from the Database of State Incentives 

for Renewables & Efficiency (DSIRE) website, with some added contributions from 

the Pew Center for Global Climate Change’s website.  My data on Public Benefit 

Funds, green power options, and Alternative Compliance Payments was also obtained 
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via the DSIRE website.  Public Benefit Funds and green power options exist in both 

mandatory and voluntary forms.  For the purpose of this study, only states with 

mandatory versions of these two policies are considered to have such policies.  

Telephone conversations and e-mail correspondence with the listed state contacts on 

the DSIRE website were used to clarify some of the data. 

The data on the Production Tax Credit is from a 2007 report, Wind Power and 

the Production Tax Credit: An Overview of Research Results, by the Lawrence 

Berkeley Laboratory.  My data on public R&D spending comes from the International 

Energy Administration’s (IEA) Data Services database, which is available through 

their website.  The R&D figures have been deflated, using 2005 as the base year, to 

remove the effect of inflation over time.  For this and all other variables deflated in this 

study, the GDP implicit price deflators from the Economic Report of the President, 

2007 is used. 

 



 

20 

Table 3. Economic Explanatory Variables 

Field   Description       

elec_price  = avg. elec. price (cents/kWh) 

oil_price  = Cushing, OK WTI Annual Spot Oil Price FOB ($/barrel) 

ngas_price  = avg. city gate natural gas price ($/1000 cubic feet) 

coal_price  = avg. price of coal delivered to elec. utilities ($/short ton) 

population  = state population (thousands) 

exchange_rate = exchange rate (USD:EUR) 

percapGDP  = state GDP per capita ($thousand) 

 

Among the economic drivers, all of the data on fossil fuel prices comes from 

the Energy Information Administration (EIA).  The data on oil price comes from EIA’s 

annual spot oil price FOB for Cushing, OK WTI.  For natural gas price, I use EIA’s 

annual city gate natural gas price by state.  The data on coal prices is taken from EIA’s 

Annual Coal Report (2000-2005) and Coal Industry Annual (1996-1999) publications 

on the average price of coal delivered to electrical utilities by state.  The average price 

of coal delivered to electric utilities by state is presented in identical tables in the 

Annual Coal Report and the Coal Industry Annual.  The data on state electricity prices 

is taken from the “All Sectors” column of the table displaying Average Retail Price of 

Electricity to Ultimate Customers by End-Use Sector, by State from Form EIA-861.  

All data on fossil fuel prices (oil, natural gas, and coal) as well as average electricity 
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prices have been deflated, using 2005 as the base year, to remove the effect of inflation 

over time.   

The data on population growth by state is from the U.S. Census Bureau’s 

Statistical Abstract.  My data on GDP per capita is calculated by dividing the GDP for 

each state, collected from the website of the Bureau of Economic Analysis, by the state 

population.  The state GDP data used is deflated, using 2005 as the base year, to 

remove the effect of inflation over time.  Finally, my data on the relative strength of 

the Dollar versus the Euro comes from OANDA.com, using the last day of each year. 

 

Descriptive Statistics 
 

 If Renewable Portfolio Standards are an effective way of promoting investment 

in wind power capacity, then as the number of states with an RPS increases, an 

increase in the rate of installed wind power capacity growth should also be evident.  

Figure 1 plots the number of states with an RPS and wind power capacity for the years 

1991 through 2006. 

 



 

Figure 1. Prevalence of RPS Policies and Wind Power Capacity 
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One look at Figure 1 and it becomes obvious that wind power capacity and the 

presence of RPS policies are correlated.  Regression analysis, where other factors can 

be controlled for, is still required to determine whether the proliferation of Renewable 

Portfolio Standards is causing the simultaneous increases in wind capacity or whether 

this correlation is spurious.  An additional note of interest from Figure 1 is that there 

does not appear to be much of a lag between when RPS policies are enacted and 

increases in installed wind power capacity.    

The following table provides descriptive statistics for all of the policy and 

economic variables included in this analysis. 
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Table 4. Descriptive Statistics 

Variable N Mean Standard 
Deviation 

Minimum Maximum 

Dependent Variable 
Wind Power Capacity 
(MW) 

503 76.61 277.04 0 2,052 

Independent Variables 
Policy 
RPS (Y/N) 510 0.20 0.40 0 1 
RPS2005 510 0.83 4.04 0 30 
RPS2015 510 1.36 4.81 0 30 
RPS2025 510 1.06 4.67 0 30 
Alternative Compliance 
Payment (Y/N) 

510 0.06 0.23 0 1 

Months until PTC 
Expiration 

510 15.60 12.65 0 42 

Federal R&D for Wind 
Energy ($Million) 

510 39.55 3.10 33.85 44.12 

Public Benefit Fund (Y/N) 509 0.17 0.37 0 1 
Green Power Options 
(Y/N) 

510 0.04 0.20 0 1 

Economic 
Avg. Elec. Price 
(cents/kWh) 

510 7.94 2.41 4.48 18.33 

Spot Oil Price ($/barrel) 510 31.36 10.79 16.85 56.64 
City Gate Natural Gas 
Price ($/,000 cubic ft.) 

500 5.39 1.92 1.52 14.28 

Avg. Delivery Price of 
Coal ($/short ton) 

510 25.02 16.81 0 71.71 

Population 510 5,555.17 6,171.25 488.17 36,132.15 
Exchange Rate 
(USD:EUR) 

408 0.92 0.13 0.73 1.13 

GDP per capita (,000) 510 38.68 13.89 24.39 150.09 
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Chapter 4.  Results of Regression Analyses 

 
Model One: OLS Regression 

 

The first stage of analysis consists of an OLS regression run on all observations 

from 1998-2005.  In this OLS model, wcapacity is regressed on the policy and 

economic independent variables to determine their effect on wind capacity growth in 

terms of additional megawatts (MW) installed.  Observations from 1996 and 1997 have 

been excluded from this model due to the fact that the Euro was not adopted as an 

official currency until 1998.  Because of this, the exchange_rate variable could not be 

calculated for those years. 

After initially running this OLS regression, the residuals were plotted to test the 

model for heteroskedasticity.  The chart below displays the plotted residuals.   

 



 

Figure 2. Plotted Residuals 
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To further test for heteroskedasticity, White’s test was run.  The results of the 

White’s test are below.  

 

Table 5. Results of White’s Test for Heteroskedasticity 

Test of First and Second Moment Specification 

 

DF    Chi-Square    Pr > ChiSq 

 

139        219.16        <.0001 
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Based on the low p-value, the null hypothesis that the variances are 

homoskedastic is rejected, confirming the existence of heteroskedasticity.  Left in this 

state, the OLS model would violate MLR5, which states that all of the error terms have 

equal variance and are not correlated.  The heteroskedasticity would not bias the 

coefficients in the model; however, it would increase the standard errors, potentially 

compromising the t-values.  To correct for this, robust standard errors were calculated.  

The table displaying the regression results from the OLS model uses these robust 

standard errors.  
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Table 6. Model One Regression Results 

 DV: wcapacity  
intercept -294.88*** 

(187.75) 
RPS  76.59* 

(37.85) 
RPS2005 -11.74* 

(3.51) 
RPS2015 26.13* 

(6.92) 
RPS2025 -10.90** 

(6.03) 
ACP -170.19* 

(57.18) 
PTC 1.47 

(1.30) 
PBF -47.19*** 

(33.58) 
fedrd  7.09** 

(4.17) 
green_power 161.00* 

(48.54) 
elec_price -2.40 

(4.10) 
oil_price 3.87* 

(1.26) 
ngas_price -20.99* 

(7.41) 
coal_price -4.51* 

(0.73) 
population 0.03* 

(0.004) 
exchange_rate -17.45 

(69.94) 
percapGDP 0.47 

(0.43) 
  
N 407 
R2 0.6723 
* Significant at 95% 
** Significant at 90% 
*** Significant at 80% 

 

In the first OLS model, which denotes changes in the amount of wind power 

capacity in terms of megawatts (MW), all of the RPS variables are statistically 
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significant at a confidence level of 90%, with three of the four RPS variables showing 

significance at a confidence level of 95%.  As expected, the coefficient on the RPS 

dummy variable is positive, and estimates that states with an RPS policy have almost 

77MW more wind capacity than states without an RPS policy, on average.  The 

coefficients on the variables that denote the short-, medium-, and long-term 

requirements for the percentage of electricity being generated by renewable sources, 

while all statistically significant, show varying effects.   As expected, the sign on 

RPS2015 is positive, estimating that for every one percentage point increase in the 

medium-term RPS requirement, an additional 26MW of capacity is installed.  

Interestingly, and contrary to expectations, the coefficients for RPS2005 and RPS2025 

both exhibited negative effects.  A one percentage point increase in the short-term and 

long-term required percentage of renewable energy leads to a 12-MW and 11-MW 

decrease in the wind power capacity, respectively.  While these estimates disagree with 

the hypothesis, they do match the results from Okazaki’s study. 

Among the non-RPS policy variables, the largest surprise is that the effect of 

PTC is not significantly different than zero.  This finding contradicts the majority of 

the literature on factors driving wind power capacity growth, which typically deem the 

Production Tax Credit to be a critical driver of capacity growth.  The remainder of the 

policy variables each exhibit various degrees of statistical significance.  The 

interpretation of the estimate on ACP is that states offering an Alternative Compliance 

Payment have 170 MWs less capacity than states without such a policy.  The direction 
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of this effect matches this study’s predictions.  The dummy variable, PBF, also has a 

significantly negative effect on wind power capacity although only at a significance 

level greater than 80% (p=0.161).  According to this model, states with a Public 

Benefits Fund are estimated to have 47 fewer megawatts of wind capacity than states 

without such a policy, on average.  This result departs from the hypothesis.  The 

variable, fedrd, is statistically significant (p=0.09), and exhibits a positive effect on 

wind power capacity.  For each additional million dollars of federal R&D funding, 

state’s wind capacity is estimated to increase by 7MW.  The green_power dummy 

variable shows both a statistically significant (p=0.001) and a substantively positive 

effect on wind capacity.  States that require energy providers to offer green power 

options have 161-MW greater wind capacity than states that do not. 

Among the market drivers in the model, all three fossil fuel variables are 

statistically significant at confidence levels greater than 95%.  For every one dollar 

increase in the price of crude oil, wind capacity is estimated to increase by almost 4 

MWs.  The observed positive effect of oil_price, matches the predicted effect.  An 

increase in the price of natural gas, however, decreases the amount of wind capacity at 

a significance level above 99%.  A one-dollar increase in the price of natural gas 

coincides with a 21-MW decrease in wind capacity.  The coefficient on coal_price was 

also negative and significant at a level above 99%.  A one dollar increase in the price 

of coal leads to a 4.5-MW decrease in wind capacity.  The large differential in the 

magnitude of the ngas_price and coal_price coefficients is due to the different units of 
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measurement for the two variables, not a vast difference in explanatory power.  The 

negative effects of these two variables run contrary to the expected effects.   

The remaining economic variables have little significant effect on the level of 

installed wind capacity.  As electricity prices rise, wind capacity increases, but this 

effect is not significant.  The only other market variable that shows statistical 

significance is the population variable.  Population increases coincide with increased 

wind capacity at a significance level greater than 99%.  For each additional thousand 

people, wind capacity is expected to increase by 0.03 MWs.  This positive effect is in 

line with the predicted values; however, the observed effect is not substantively 

significant.  A stronger Dollar decreases the amount of installed wind capacity, but this 

result was highly insignificant.  As GDP per capita rises, so does wind capacity; 

however, this result was neither significant nor substantial. 

This model explains roughly 67% of the variation in installed wind capacity.  

F-tests have been run on the different subcategories of explanatory variables to access 

their significance.  Each sub-category of explanatory variables returns jointly 

significant results.  The following table displays the results of these F-tests. 

 

Table 7. Results of F-tests on Sub-categories of Variables 

Variable Sub-category F-score P-value 
Short-, medium-, long-term RPS 
targets 

13.35 <0.001 

All other policy variables 28.10 <0.001 
Fossil fuel variables 6.86 <0.001 
All other economic variables  93.15 <0.001 
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The price of constructing a wind farm is not included in this model, due to a 

lack of available data.  Construction costs certainly affect the amount of wind capacity 

being installed in a state.  Capital costs (turbine components) account for 

approximately 70% of total costs, and the majority of the wind technology installed in 

the U.S. from 1998-2005 was manufactured in Europe (EESI, 2006).  For the purpose 

of this study, it is therefore assumed that the exclusion of construction costs would 

positively bias the coefficient of exchange_rate.  The cost of constructing a wind farm 

is also likely correlated with the amount of federal R&D spending on wind power 

technology.  The exclusion of construction costs from this model most likely also 

attaches a positive bias to the fedrd variable. 

Another potential source of omitted variable bias in this model is the exclusion 

of an explanatory variable measuring the price of wind power.  State-level data on the 

average price of wind-derived power was excluded from this analysis due to the large 

number of states that currently do not generate any electricity from wind power.  The 

inclusion of this variable would have greatly reduced the available degrees of freedom 

in the model. Excluding the price of wind power, however, could negatively bias the 

estimate for PTC. 

Because the dataset used in this analysis consists of panel data, this model has 

also been tested for autocorrelation using the Durbin-Watson d statistic.  The Durbin-

Watson d statistic calculated for this model was 0.541, suggesting that positive serial 

correlation exists in the model.  Successive error terms appear to be highly correlated.  
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The presence of autocorrelation in this model may mean that the standard errors have 

been underestimated. 

The largest weakness of this model is its inability to incorporate hard-to-

measure variables such as average wind potential and citizen concern over climate 

change that can vary from state to state.  For example, the citizens of one state may 

treat combating climate change as a priority while the citizens of another state may be 

less concerned.  In addition, Iowa may have substantial natural wind potential, while 

Arizona may have very little.  Either of these variables could affect the amount of wind 

capacity installed within a state.  Excluding such variables from this model could be 

biasing its coefficients.  Fixed Effect models are used in order to remove the biasing 

effect of such variables from the analysis.  By using a fixed effect model, all 

unobserved effects that remain constant for the entire time period being analyzed are 

dropped from the model.  It is assumed that the unobserved variables for average wind 

potential and concern about climate change are constant.  Most states also offer a 

variety of production, corporate, and sales tax deductions to renewable projects.  

Obtaining information on all of these state tax incentives is onerous and including them 

in the model would further reduce its degrees of freedom.  I, therefore, assume that 

these state tax incentives are fixed variables, and by using a fixed effects model can 

justify excluding them.  The coefficients on the explanatory variables in these fixed 

effect models are unbiased by unobserved constant variables. 
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Model Two: Fixed Effect Regression 
 

The second model in this analysis is a fixed effect model also covering the 

years 1998-2005 and includes the same explanatory variables as the OLS model.   
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Table 8. Model Two Regression Results 

 DV: wcapacity 
Intercept -1588.66* 

(475.15) 
RPS  51.68 

(46.17) 
RPS2005 -5.08*** 

(3.94) 
RPS2015 0.50 

(3.76) 
RPS2025 -0.42 

(2.29) 
ACP -67.78** 

(38.13) 
PTC 0.89*** 

(0.59) 
PBF -43.16* 

(15.64) 
fedrd 3.39*** 

(2.33) 
green_power 174.30* 

(36.23) 
elec_price 12.25 

(11.54) 
oil_price  1.22 

(1.03) 
ngas_price  -10.78* 

(5.38) 
coal_price -0.003 

(0.30) 
population 0.23* 

(0.07) 
exchange_rate -6.23 

(35.78) 
percapGDP 4.65* 

(2.00) 
  
N 407 
R2 0.4608 

* Significant at 95% 
** Significant at 90% 
*** Significant at 80% 

 

As in the OLS model, robust standard errors are calculated and used to correct 

for heteroskedasticity.  In this fixed effect model, the RPS variables show almost no 
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sign of significance.  The RPS dummy variable continues to exhibit a positive effect of 

a similar magnitude as in the OLS model; however, in this model it has no 

significance.  The effects of the short-, medium-, and long-term RPS targets mirror 

those from the 8-year OLS model, but unlike in the OLS model, where these three 

variables were significant at a confidence level above 90%, here they show hardly any 

significance.  An increase in the RPS2005 variable decreases installed wind capacity, 

as in the OLS model, but is only significant at a lower confidence level (p=0.20).  An 

increase in RPS2015 increases wind capacity and an increase in RS2025 decreases 

wind capacity.  Both of these effects match the results from the OLS model; however, 

in this model they have no significance.  Running an F-test on the four RPS variables 

returned a score of 0.71 (p=0.585).  According to this result, the RPS variables were 

not jointly significant. 

All of the remaining policy variables also show some level of significance.  An 

Alternative Compliance Payment option decreases the wind capacity in a given state.  

States with an ACP, on average, had sixty-eight fewer megawatts of capacity than 

states with no policy.  This negative effect was significant at a confidence interval 

above 90% and matches the estimate from the OLS model.  An increase in the number 

of months until the expiration of the PTC increases the amount of installed wind 

capacity.  For every additional month before the PTC expires, wind capacity increases 

by 0.89 MWs.  This positive effect disagrees with the hypothesis, although it has little 

substantive merit and is only significant at lower confidence levels (p=0.13).  
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Instituting a PBF decreases the amount of installed wind capacity at a significance 

level of greater than 99% (p=0.006).  States with a Public Benefits Fund have 43 MWs 

less installed capacity than states with no policy, on average.  Increased federal R&D 

spending increases wind capacity, with an additional million dollars leading to almost 

three and a half additional megawatts of capacity.  This effect, however, is only 

significant at confidence levels greater than 85% (p=0.147).  Mandated green power 

options increase installed wind capacity at a significance level greater than 99% 

(p<0.001).  On average, states that require energy providers to offer green power 

options have an additional 174 MWs of wind capacity.   

Turning to the economic variables, the estimates calculated are rather different 

from the hypotheses.  Among fossil fuels, only ngas_price has a significant effect 

(p=0.046), with an increase in the price of natural gas decreasing installed wind 

capacity.  For every one dollar increase in ngas_price, wind capacity decreases by 

almost 11 MWs.  This negative effect runs counter to the hypothesis.  Higher prices for 

oil increase the amount of installed wind capacity, but this result is not significant.  

Rising coal prices cause wind capacity to decline to a negligible degree, but again this 

result has no statistical significance.   

Among the other economic variables, an increase in elec_price increases wind 

capacity supporting the original hypothesis; however, this result is not significant. 

Increases in population cause an increase in the amount of installed wind power 

capacity at a significance level of greater than 99% (p=0.002).  The effect of a growing 
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population on wind capacity is fairly modest, with capacity increasing by 0.23 MWs 

for every thousand new citizens.  The positive effect of state population supports the 

original hypothesis.  A stronger US Dollar relative to the Euro decreases the amount of 

wind capacity which contradicts the hypothesis.  This estimated negative effect from 

exchange_rate is not significant though.  As GDP per capita rises, so does wind power 

capacity at a significance level greater than 95% (p=0.021).  For each additional 

thousand dollars of GDP per capita, installed wind capacity increases by more than 4.5 

MWs.  This positive effect matches the hypothesis. 

This fixed effect model was also tested for the presence of serial correlation.  

As in the OLS model, a significant amount (F-statistic = 37.83, p<0.001) of serial 

correlation was identified.  This serial correlation biases the standard errors reported in 

the table above and weakens the efficiency of the model. 

 

Model Three: Fixed Effect Regression with Time Lags 
 

In the next stage of analysis, the amount of time necessary to construct a wind 

farm is factored in to the model.  This study assumes it takes two years to build a wind 

farm.  To incorporate the effect of the two year lag from when construction begins to 

when the farm is considered operational and counted as existing capacity, a two-year 

lag has been placed on continuous explanatory variables that might directly affect the 

decision to build a wind farm.  In this model, the two-year lag has been applied to 
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fedrd, ngas_price, and exchange_rate.  The resulting model is therefore a fixed effect 

analysis of the years 2000-2005. 

Table 9. Model Three Regression Results 

DV: wcapacity 
Intercept -1457.86* 

(735.26) 
RPS  25.84 

(32.74) 
RPS2005 -1.56 

(3.18) 
RPS2015 1.73 

(3.56) 
RPS2025 0.60 

(2.61) 
ACP -57.92** 

(33.28) 
PTC -0.87 

(1.15) 
PBF -42.37* 

(21.55) 
fedrd (lagged) 6.09*** 

(4.15) 
green_power 157.13* 

(34.17) 
elec_price -0.98 

(14.17) 
oil_price  -4.05 

(3.28) 
ngas_price (lagged) 10.46*** 

(7.05) 
coal_price -0.51 

(0.47) 
population 0.27* 

(0.12) 
exchange_rate (lagged) -288.54*** 

(206.85) 
percapGDP 4.36*** 

(2.85) 
  
N 305 
R2 0.4729 
* Significant at 95% 
** Significant at 90% 
*** Significant at 80% 
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The results of including the lagged variables into the fixed effect model are 

mixed.  The estimate for fedrd retains the same sign and magnitude, and is significant 

at a lower confidence level (p=0.143).  The effect of natural gas price again returns a 

significant effect, although at a lower level (p=0.139).  With the two-year lag, 

however, the price of gas now has a positive effect on wind capacity.  For every one 

dollar increase in the city gate price of natural gas, installed wind capacity increases by 

more than 10 MWs.  This lagged estimate is much closer to the original hypothesis 

than the estimated effect of natural gas price without the two-year lag.  Applying the 

two-year time lag to exchange_rate greatly increased the magnitude of the negative 

effect, and unlike in Model Two, this effect was significant at levels above 80% 

(p=0.164).  For every percentage point increase in the Dollar-to-Euro exchange rate, 

wind capacity decreases by 288 MWs.  This result still defies the hypothesis. 

Aside from the lagged variables, the remaining estimated effects from this 

model are similar to those in Model Two.  The RPS variables again showed neither 

individual nor joint significance (Joint F-score=0.76, p=0.551).  The estimates for 

ACP, PBF, and green_power, are nearly identical in direction, magnitude, and 

significance.  The insubstantial positive effect of PTC from Model Two is reversed in 

FE Model Two; however, this estimate is not significant.  The effect of price increases 

on crude oil and electricity both are negative in this model, a reversal from Model 

Two.  The estimates for coal_price, population, and percapGDP are unchanged from 

FE Model One. 
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Like the previous fixed effect model, Model Three has also been tested for and 

exhibits strong signs of serial correlation (F-statistic=122.63, p-value<0.001).  This 

serial correlation weakens the model by biasing the reported standard errors. 

 
Model Four: Policy-only Fixed Effect Regression 

 

The final stage of this analysis focuses exclusively on the policy explanatory 

variables.  Model Four contains each of the policy variables from the previous models.  

Because exchange_rate is not included in Model Four, all ten years from 1996-2005 

are included.  Model Four also includes variables for each policy interacted with the 

RPS dummy variable.  This step was taken to determine whether the effects of other 

federal and state policies differ for states that also have an RPS policy in place. 
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Table 10. Model Four Regression Results 

DV: wcapacity 
Intercept -73.38** 

(41.90) 
RPS  -490.08*** 

(347.66) 
RPS2005 -1.92 

(2.60) 
RPS2015 10.98* 

(4.42) 
RPS2025 -8.39* 

(2.80) 
ACP -91.74* 

(38.49) 
PTC -0.09 

(0.22) 
PBF -20-96 

(16.36) 
fedrd  3.35* 

(0.93) 
green_power 166.53* 

(30.42) 
RPS*PTC -1.87 

(2.13) 
RPS*PBF -19.61 

(44.56) 
RPS*fedrd 14.54** 

(8.26) 
RPS*green_power 38.87 

(69.71) 
  
N 502 
R2 0.1876 
* Significant at 95% 
** Significant at 90% 
*** Significant at 80% 

 
In this model, the existence of an RPS policy causes a large decrease in the 

installed wind capacity in a state.  This negative effect diverges from the estimate for 

RPS in all of the previous models of this study, and disagrees with the hypothesis.  

This estimate, however, was only significant at levels above 80% (p=0.159).  A higher 

short-term RPS target shows a negative effect on wind capacity, but the estimate is not 
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significant.  The estimates for medium- and long-term targets, however, do return 

significant results.  A higher RPS2015 target increases installed wind capacity at a 

significance level of greater than 95%.  For every one percent increase in the medium-

term RPS target, wind capacity increases by 11 MWs.  A higher RPS2025 target 

decreases installed wind capacity at a significance level of greater than 99%.  Each one 

percent increase in the long-term RPS target leads to an 8-MW decrease in wind 

capacity.   

The policy variables green_power and fedrd continue to exhibit positive and 

significant effects.  The existence of an Alternative Compliance Payment continues to 

have a negative, significant effect on wind capacity.  The estimated effects of PTC and 

PBF are negative; however, these estimates are not significant. 

As for the interacted policy variables, only RPS*fedrd showed individual 

significance.  The effect of federal R&D spending directed at wind power on the 

amount of installed wind capacity is greater in states that have an RPS policy.  The 

effect of a policy mandating that energy providers offer green power options also is 

greater among states that also have an RPS policy, but this effect is not significant.  

Both PTC and PBF displayed negative effects, but these effects were smaller among 

states with an RPS.  The interacted policy variables were tested for joint significance, 

and failed to show a significant effect different from zero (F=1.22, p-value=0.306).   

Now that the analysis has been narrowed to policy variables, the model was 

again tested for serial correlation.  The results of the test (F-statistic= 19.97, p-
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value<0.001) show that the model still shows evidence of serial correlation.  As in 

previous models, this likely biased the standard errors reported and lessens the 

efficiency of the model.  

  

Model Five: Policy-only Fixed Effect Regression (2002-2005) 
 

Because many of the policies included in Model Four are recent experiments, 

they have really only begun to proliferate among states in the past several years.  It is 

possible therefore, that the data used in Model Four is weakened due to the high 

number of observations with no such policies.  To examine this further, Model Five 

uses the same explanatory policy variables as Model Four, but only includes data from 

the years 2002 through 2005.  
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Table 11. Model Five Regression Results 

 DV: wcapacity 
Intercept 422.59* 

(159.45) 
RPS  790.73** 

(445.19) 
RPS2005 -1.55 

(3.94) 
RPS2015 1.26 

(3.77) 
RPS2025 -2.87 

(4.53) 
ACP -108.05** 

(65.03) 
PTC 2.94* 

(1.01) 
PBF 29.22 

(44.73) 
fedrd  -8.28* 

(3.85) 
green_power 83.92*** 

(58.50) 
RPS*PTC 3.57*** 

(2.64) 
RPS*PBF -64.02*** 

(45.04) 
RPS*fedrd -16.63*** 

(10.80) 
RPS*green_power 39.96 

(58.77) 
  
N 203 
R2 0.1886 
* Significant at 95% 
** Significant at 90% 
*** Significant at 80% 

 

Focusing just on the years 2002-2005, the presence of an RPS policy now 

greatly increases the amount of wind capacity at a significance level above 90% 

(p=0.078).  According to the estimate on RPS, states with an RPS policy have 790 

MWs more capacity than states with no policy, on average.  While the positive effect 

witnessed from the RPS dummy variable supports the original hypothesis, the 
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magnitude of this effect seems astronomically high.  Only three states had installed 

capacity above 800 MWs at any point during the ten year period.  The RPS2005, 

RPS2015, and RPS2025 variables are not significant in this model.   

The estimates of ACP and green_power variables match those of previous 

models, although both are only significant at levels below 95%.  The estimated effect 

of PTC is small and positive, with a significance level above 99%.  Unlike previous 

models, the existence of PBF increases installed wind capacity.  This estimate is not 

significant, however.  Departing from previous models, an increase in federal R&D 

spending on wind power leads to a decrease in wind capacity at a significance level of 

greater than 95%. 

None of the estimates from the interacted policy variables are significant at 

confidence levels above 90%.  At levels above 80%, however, all but 

RPS*green_power variable are significant.  The amount of time until the expiration of 

the PTC has a greater effect on the wind capacity on states with an RPS (p=0.178).  

Having a Public Benefits Fund increases a state’s wind capacity (although this estimate 

is not significant), but it has less of a positive effect in states with an RPS (p=0.157).  

The negative effect that additional federal R&D spending has on wind capacity is 

weaker in states that have an RPS policy (p=0.126). 

While looking only at the past several years may focus on the time period in 

which some of the policy variables have taken root, it also significantly reduces the 

number of time periods over which data is collected.  This could mean that not enough 
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variation occurs to drive the model.  This lack of variation would lead to higher 

standard errors, and thus insignificant results.  This possibility should be considered 

when reviewing the model’s results.  Serial correlation was also still present in this 

time-constrained fixed effect model (F-statistic=77.01, p-value<0.001). 
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Chapter 5.  Conclusions 

 
Conclusions 

 

This study began by analyzing the effect of Renewable Portfolio Standards on 

the amount of installed wind capacity within a state, using an OLS model and 

controlling for other state and federal policies supporting wind power and market 

factors.  The dummy variable indicating the existence of an RPS and the three 

variables denoting the short-, medium- and long-term RPS targets all returned 

significant results.  The existence of an RPS had a positive effect on the amount of 

wind capacity, as did the 2015 RPS target.  The RPS targets for 2005 and 2025 had a 

negative effect on wind capacity.  Of the other policy explanatory variables, all but the 

number of months until the expiration of the Production Tax Credit also had some 

level of significant effect on wind capacity.  Federal R&D funding for wind power and 

mandated green power options had a positive effect on installed wind capacity, while 

Alternative Compliance payments and Public Benefits Funds had a negative effect.  All 

of the fossil fuel prices had a significant effect on wind capacity as well.  The price of 

oil had a positive effect on installed capacity, while the effect of natural gas and coal 

price was negative.  State population also had a positive effect on capacity.  The price 

of electricity, the exchange rate, and GDP per capita did not have a statistically 

significant effect.  
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Next, the same variables were included in a fixed effect model in an attempt to 

remove the biasing effects of unmeasured constant variables such as natural wind 

potential and attitudes toward renewable energy and the environment.  In this model, 

the four RPS variables had the same effect as in the OLS model; however, these effects 

showed almost no sign of statistical significance.  The other policy variables had the 

same effect as in the OLS model, and in this model all of the policy variables, 

including the number of months until the expiration of the Production Tax Credit, had 

a significant effect.  Among the economic variables, all except for the price of 

electricity showed the same effect as in the OLS model.  Fewer of these market 

variables effects were statistically significant in this model, however.  The prices of 

electricity, oil, and coal as well as the exchange rate all failed to have a significant 

effect. 

Using the same fixed effect model, a two-year lag was then placed on 

explanatory variables that directly effect the decision of whether to build a wind farm 

to analyze whether this would affect the estimates.  The effects of the RPS variables in 

this model are mainly consistent with the Model Two, with the exception being that the 

long-term RPS target now had a small positive effect on installed wind capacity.  As in 

Model Two, all of the RPS variables were not significant.  Among the other policy 

variables, all except for the number of months until the Production Tax Credit expires 

were again significant and maintained the same effect.  Of the market variables, the 

estimates for the price of natural gas, state population, the exchange rate and GDP per 
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capita were statistically significant.  State population and GDP per capita continued to 

have positive effects, and departing from previous models, the lagged price of natural 

gas now also had a positive effect on wind capacity.  The effect of coal prices and the 

exchange rate remained negative, although the magnitude of the exchange rate effect 

was now much larger. 

The final stage of the study consisted of an analysis of models containing only 

the policy variables, with each non-RPS explanatory variable interacted with the RPS 

dummy to see if having an RPS compliments other policies supporting wind power.  

The first such model spanned the same eight years as the previous models.  In this 

model, the existence of an RPS resulted in a large negative effect on wind capacity, 

departing from previous results.  The short-, medium-, and long-term RPS targets 

continued to have the same effect as in previous models, but unlike the prior fixed 

effect models, these results were significant save the 2005 target.  Alternative 

Compliance Payments, federal R&D funding and mandated green power options 

continued to show significant positive effects.  The number of months until the 

expiration of the Production Tax Credit and the existence of Public Benefits Funds had 

insignificant effects.  The only policy to have a significantly different effect when 

coupled with an RPS was federal R&D funding.  The existence of an RPS enhanced 

the positive effect of federal R&D funding for wind technology on installed wind 

capacity. 
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The final model of the analysis again used only the policy variables with the 

added interaction terms, but this model only covered the years 2002-2005.  In this 

model, the effect of an RPS returned to being positive.  The effects of the short-, 

medium-, and long-term RPS targets were consistent with previous models and, again, 

not statistically significant.  The number of months until the expiration of the 

Production Tax Credit and mandated green power options had a positive effect on wind 

capacity.  An Alternative Compliance Payment and federal R&D funding negatively 

affected installed capacity.  In this model, an RPS compliment had a significant effect 

on all of the policies except for mandated green power.  An RPS enhanced the effect of 

the amount of time before the expiration of the Production Tax Credit and lessened the 

effect of federal R&D funding and Public Benefits Funds. 

 

Policy Implications 
 

The mixed results of this study call into question the importance of a 

Renewable Portfolio Standard as the primary policy responsible for the growth in wind 

power capacity in the United States.  In all but one of the models, the RPS dummy 

variable had a positive effect, but this effect was either insignificant or only significant 

at lower confidence levels in three of the five models.  A Renewable Portfolio 

Standard, therefore, may not be sufficient to increase the amount of installed wind 

power capacity in a state.  This should come as no surprise as most Renewable 
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Portfolio Standards encourage the production of power from other renewable sources 

such as solar, hydro, and biomass as well.  The results are mixed, but this study also 

suggests that an RPS may also have merit as a compliment to other policies supporting 

wind power development. 

In terms of how to structure a Renewable Portfolio Standard once undertaken, 

this study reveals that higher medium-term targets can optimize the amount of new 

wind capacity installed.  Overly ambitious targets for renewable energy in the short- 

and long-term, on the other hand, can actually hinder the installation of new wind 

capacity.  The negative effect of the short-term RPS target could however be explained 

by states with existing renewable capacity from sources such as hydropower allowing 

existing capacity to count toward compliance.  These states could, therefore, enact 

higher initial requirements without actually increasing capacity.  

The strongest results from this study reveal that policies other than Renewable 

Portfolio Standards and the Production Tax Credit can largely affect the change in 

wind capacity growth within a state.  A policy requiring energy providers to offer 

green power options to their customers showed a substantial and statistically 

significant positive effect on wind capacity in all of the models in this study.  These 

results support the claim made by Deyette et al. in their study Plugging in Renewable 

Energy: Grading the States that wind power accounts for 99% of the green power 

alternative offered by energy providers.  Similarly, additional federal R&D funding for 
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wind technology showed a significantly positive effect on wind capacity in four of the 

five models used.   

Most of the literature on the factors driving wind power development 

designates the Production Tax Credit as a critical driving force.  In this study, the effect 

of the PTC was most often insignificant, and varied in direction.  This insignificance of 

this policy could have to do with the way the variable was constructed in this study.  

This is a difficult policy to measure, and using the number of months until expiration 

may not accurately capture its effect on wind capacity. 

A final policy implication spelled out in the results of this study concerns 

Alternative Compliance Payments.  Offering an Alternative Compliance Payment as an 

option for complying with a Renewable Portfolio Standard had a statistically and 

substantively negative effect on wind capacity in each model of this study.  While 

defining a price ceiling for RPS compliance provides certainty to energy providers, it 

seems that it greatly weakens the ability of an RPS to increase the amount of installed 

wind capacity. 

Renewable Portfolio Standards are an effective tool for promoting renewable 

energy generation.  Even after accounting for the weaknesses of the dataset used in this 

study, the presence of an RPS typically exhibited a positive effect on installed wind 

capacity.  Renewable Portfolio Standards also offer indirect benefits by complementing 

the effects of other policies fostering renewable energy.  The results of this study prove 

that the way in which an RPS is designed will determine its effectiveness as a catalyst 
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for renewable energy generation. This study also demonstrates that Renewable 

Portfolio Standards are not the only method, nor necessarily the most efficient method 

of promoting renewable energy development within a state.  Mandated green power 

options, which are currently employed by only a handful of states, appear to be a very 

effective policy for increasing installed wind capacity.   The message of this study is 

that while Renewable Portfolio Standards will and should continue to be implemented, 

states should consider the full suite of policy options available to them before 

allocating resources to any policy option. 

 

 

 



 

Appendix 

 
 

Correlation Matrices: 

a) RPS Variables 

 RPS mand_RPS exist_RPS RPS2005 RPS2010 RPS2015 RPS2020 RPS2025

RPS  1.000 
 

0.913 
<.0001 

 

0.692 
<.0001 

 

0.412 
<.0001 

 

0.634 
<.0001 

 

0.572 
<.0001 

 

0.539 
<.0001 

 

0.459 
<.0001 

mand_RPS 0.913 
<.0001 

 

1.000 
 
 

0.759 
<.0001 

 

0.445 
<.0001 

 

0.608 
<.0001 

 

0.572 
<.0001 

 

0.513 
<.0001 

 

0.503 
<.0001 

 
exist_RPS 0.692 

<.0001 
 

0.759 
<.0001 

 

1.000 
 
 

0.532 
<.0001 

 

0.608 
<.0001 

 

0.646 
<.0001 

 

0.574 
<.0001 

 

0.547 
<.0001 

 
RPS2005 0.412 

<.0001 
 

0.445 
<.0001 

 

0.532 
<.0001 

 

1.000 
 
 

0.912 
<.0001 

 

0.836 
<.0001 

 

0.755 
<.0001 

 

0.791 
<.0001 

 
RPS2010 0.634 

<.0001 
 

0.608 
<.0001 

 

0.608 
<.0001 

 

0.912 
<.0001 

 

1.000 
 
 

0.867 
<.0001 

 

0.789 
<.0001 

 

0.767 
<.0001 

 
RPS2015 0.572 

<.0001 
 

0.572 
<.0001 

 

0.646 
<.0001 

 

0.836 
<.0001 

 

0.868 
<.0001 

 

1.000 
 
 

0.862 
<.0001 

 

0.855 
<.0001 

 
RPS2020 0.539 

<.0001 
 

0.513 
<.0001 

 

0.574 
<.0001 

 

0.755 
<.0001 

 

0.789 
<.0001 

 

0.862 
<.0001 

 

1.000 
 
 

0.888 
<.0001 

 
RPS2025 0.459 

<.0001 
 

0.503 
<.0001 

 

0.547 
<.0001 

 

0.791 
<.0001 

 

0.767 
<.0001 

 

0.855 
<.0001 

 

0.888 
<.0001 

 

1.000 
 
 

 

   

b) Fossil Fuel Variables 
                                                      

                                                       ngas_         coal_ 
                                     oil_price         price         price 
 
                     oil_price         1.00000       0.76947      -0.03988 
                                                      <.0001        0.3687 
 
                     ngas_price        0.76947       1.00000       0.03558 
                                        <.0001                      0.4227 
 
                     coal_price       -0.03988       0.03558       1.00000 
                                     .3687        0.4227 
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c) Non-RPS Policy Variables 

                                                                                  green_ 
                             ACP           PTC           PBF         fedrd         power 
 
       ACP               1.00000      -0.13823       0.22846       0.10362      -0.00827 
                                        0.0018        <.0001        0.0193        0.8522 
                             510           510           509           510           510 
 
       PTC              -0.13823       1.00000      -0.23045      -0.64088      -0.14331 
                          0.0018                      <.0001        <.0001        0.0012 
                             510           510           509           510           510 
 
       PBF               0.22846      -0.23045       1.00000       0.22732       0.22281 
                          <.0001        <.0001                      <.0001        <.0001 
                             509           509           509           509           509 
 
       fedrd             0.10362      -0.64088       0.22732       1.00000       0.14198 
                          0.0193        <.0001        <.0001                      0.0013 
                             510           510           509           510           510 
 
       green_power      -0.00827      -0.14331       0.22281       0.14198       1.00000 
                          0.8522        0.0012        <.0001        0.0013 
                             510           510           509           510           510 

 

d) Non-Fossil Fuel Economic Variables  

 

                      elec_                                     exchange_                 
                      price      population      state_GDP           rate      percapGDP  
 
elec_price           1.00000        0.19960        0.24946       -0.00304       0.20074 
                                     <.0001         <.0001         0.9512        <.0001 
                         510            510            510            408           510 
 
population          0.19960         1.00000        0.98924       -0.01035      -0.01594 
                     <.0001                         <.0001         0.8348        0.7196 
                        510             510            510            408           510 
 
state_GDP           0.24946         0.98924        1.00000       -0.02284       0.05530 
                     <.0001          <.0001                        0.6456        0.2125 
                        510             510            510            408           510 
 
exchange_rate      -0.00304        -0.01035       -0.02284        1.00000      -0.06609 
                     0.9512          0.8348         0.6456                       0.1827 
                        408             408            408            408           408 
 
percapGDP           0.20074        -0.01594        0.05530       -0.06609       1.00000 
                     <.0001          0.7196         0.2125         0.1827 
                        510             
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