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ABSTRACT 
 

This paper will study the effect of cap and trade environmental regulations on the 
energy output and carbon efficiency of power plants in the United States.  By using 
regression analysis with fixed effects, I analyze the effectiveness of the Regional 
Greenhouse Gas Initiative (RGGI) in bringing about its policy goals of economically 
efficient carbon emission reductions.  The results suggest that operators who were 
regulated by this program limited their overall energy output, but may have done so 
strategically to prepare themselves for future reductions in the emissions cap.  I also 
found that the energy efficiency of regulated power plants improved slightly, especially 
in the program’s later years.  Overall, this study shows that cap and trade regulation is a 
viable option for reducing carbon emissions and future research should focus on the 
impact of the RGGI after its emission cap has been lowered. 
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Introduction 
 

In 1995, the Intergovernmental Panel on Climate Change (IPCC), a body that is 

comprised of 2,500 scientists from 150 countries, released a report citing “irrefutable 

evidence” that global warming is happening.  Even more importantly, these scholars 

overwhelmingly believe that the root cause of this climate shift is the release of 

greenhouse gas (GHG) emissions from man-made sources (Jiang and Hardee, 2011).  

Projections indicate that the effects of increased temperatures could have devastating 

consequences for our global market economy as well as the natural environment.  Almost 

20 years later, we are still struggling to combat this problem as it threatens the future of 

our planet. 

The electricity industry is our largest source of carbon emissions, accounting for 

32 percent of the total emissions in the United States from 1990 to 2012.  70 percent of 

the electricity we consume comes from the burning of fossil fuels (primarily coal and 

natural gas) in power plants across the country.  In addition, the extraction, 

transportation, refinement, and combustion of these fuels can emit methane and nitrous 

oxide, two other potent greenhouse gasses.  Since 1990, emissions from this sector have 

increased by 11 percent as U.S. demand for energy has grown.  Unfortunately, no viable 

comprehensive alternative to the use of fossil fuels in the electricity sector has been 

developed (EPA, 2013). 

In an attempt to stem the tide against the flow of GHG into the atmosphere, the 

northeastern states of Connecticut, Delaware, Maine, Maryland, Massachusetts, New 

Hampshire, New Jersey, New York, Rhode Island, and Vermont came together to create 

the Regional Greenhouse Gas Initiative (RGGI).  Founded in 2003, the RGGI is an 
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organization comprised of nine governors and many state legislators who are concerned 

about the problem of climate change.  In 2008, they created the first cap and trade market 

for GHG emissions in the United States.  This interstate regulatory system placed an 

artificial limit on the total volume of emissions from the region’s power plants and then 

the RGGI sold tradable GHG permits to each power-generating firm.  The price of each 

permit is thus driven by the carbon efficiency of the energy-generating process and the 

demand for electricity.  Their idea was that a market-based solution to the GHG 

emissions problem would give firms the proper incentive to reduce their fossil fuel 

consumption and invest in alternative energy sources without suffering the losses to 

economic efficiency that are created by carbon taxation.  Over the long term, the plan is 

for the cap on emissions to slowly fall, thus gradually weaning the Northeast off carbon-

intensive energy while limiting harm to the region’s economy. 

All of this sounds wonderful in theory, but often we find that government 

regulations like the RGGI do not accomplish their mission effectively and sometimes 

bring about unintended and undesirable consequences.  The purpose of this paper is to 

study the effect of the RGGI on the actions taken by the power plants it regulates.  I hope 

that this research can also provide some boarder lessons regarding the large-scale use of 

cap and trade programs to combat global climate change.  Using market information from 

the RGGI’s Monitoring Reports and emissions data from the U.S. Energy Information 

Administration (EIA), I will construct a model to determine the impact of this cap and 

trade regulation on each power plant’s net energy output and carbon efficiency.  My 

econometric models will utilize panel data with fixed effects to determine the immediate 

impact of implementing the RGGI as well as any longer term effects.  My hypothesis is 
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that the emissions cap was initially set too high to present any real incentive for 

electricity firms to change their practices.  However, changes stemming from the RGGI’s 

performance review in 2013 may have improved the program’s effectiveness and set the 

Northeastern states on a path toward dramatically reducing their carbon emissions. 

The next section will provide necessary background information and a review of 

the relevant academic literature. Topics examined will include the history of electricity 

consumption in the United States, the economics behind environmental regulations, cap 

and trade programs and their alternatives, and the structure of the RGGI.  In section three, 

I will describe in detail the data used for this analysis, my econometric methodology, and 

my hypotheses about the results.  Section four will present the results of my models and 

interpret the relevant coefficients.  Finally, sections five and six will discuss the policy 

implications of these findings and suggest further avenues for research. 
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Background and Literature Review 
 
 Before we can delve into the impacts and implications of the RGGI cap and trade 

program, we must understand the relevant historical precedent and the academic literature 

surrounding this policy area.  In this section, I will discuss the history of energy 

generation and how it has shaped today’s electricity market, the arguments for and 

against environmental regulation of this sector, the logic behind cap and trade programs 

and their alternatives, and the development and structure of the RGGI. 

The History of the U.S. Electricity Sector 

 In the late 1800s, electrification became popular in most urban areas across the 

United States.  A multitude of energy generators competed to supply homes, schools, 

hospitals, and office buildings with electricity.  In the New York City borough of 

Manhattan alone, there were 25 separate non-exclusive electricity franchises authorized 

for production between 1882 and 1900 (Hausman & Neufeld, 2002).  This highly 

saturated market caused two significant problems for energy providers.  First, due to the 

high fixed costs of generation, acquiring the necessary capital for production was quite 

difficult, especially with investors so wary of buying stock in this volatile market.  

Secondly, electricity could not be effectively stored and thus had to be supplied 

continuously, regardless of demand.  This created serious inefficiencies as there was 

often too much or too little electricity available (VSCC, 2007).  The need to stabilize this 

public good drove state and local governments to propose a deal to the energy providers.  

One electricity company would be granted exclusive rights to provide power to a 

municipal area and in return, a state-appointed commission would be allowed to set the 

rate that they could charge.  Rates were determined so that the firm’s revenue would 
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cover operating expenses as well as provide a reasonable profit.  The agreement was 

beneficial to power companies because they were now able to merge, expand production, 

and receive private investment in this new stable, government-supported market.  

Citizens were also perceived as winners because they could receive a steady flow of 

power at an affordable price.  Some recent studies have shown that the regulation did 

cause a decrease in the borrowing costs of energy providers and an increase in their 

electricity output, which effectively reduced the cost to the consumer (Hausman & 

Neufeld, 2002).  However, this is a contested issue within the academic literature as other 

scholars have argued that this kind of government intervention also created serious 

inefficiencies in the energy market during much of the next century. 

 The early 1900s were a period of considerable consolidation and expansion in the 

U.S. electricity sector.  As more and more states adopted the rate of return regulation 

model described above, the generation and supply of energy became increasingly 

monopolistic.  By the 1920s, 16 electric power companies controlled 75 percent of 

domestic energy production.  This centralization was mostly caused by the transition 

toward large-scale production at central power plants.  Companies built infrastructure that 

allowed them to transport energy across long distances to locations where the rates were 

highest, removing the need for power plants to be situated close to the cities they served.  

In the 1930s, most Americans’ electricity came from hydroelectric dams such as those at 

Niagara Falls and on the Colorado River.  By 1950, the dams’ share of energy output was 

replaced by cheaper coal power plants and in the 1970s, the development of nuclear 

power expanded production even further (Carley & Andrews, 2012).  These shifts were 

well supported by public funding from elected officials looking to spur job creation and 
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economic growth.  Not only did these subsides give greater market share to a small 

number of macro-level producers, but path dependency in energy generation reinforced 

the use of carbon-intensive fossil fuels, which are ideal for inexpensive combustion at 

these large generation facilities.  Unfortunately for energy holding companies, 

deregulation was coming. 

 Congress passed the Public Utilities Regulatory Policy Act (PURPA) in 1978, 

which required electric utilities to transmit power from independent plants if the smaller 

generator could produce it at a lower cost.  By introducing this small amount of 

competition into the market, the U.S. government broke the natural monopoly of the big 

energy companies.  PURPA also gave small producers the incentive to invest in low cost 

electricity sources, increasing the use of natural gas and reinvigorating previously 

underused hydroelectric dams (Carley & Andrews, 2012).  In the 1990s, economists 

favored further deregulation as a way to increase efficiency and Congress once again 

obliged by passing the Energy Policy Act.  This piece of legislation forced utility 

companies to allow independent generators to use their electricity transmission grids for a 

price similar to what the utility itself would be charged for access.  The states followed 

suit and by 2000, almost half of the legislatures passed bills that required some form of 

competitive retail access.  Studies have shown that this restructuring increased overall 

efficiency by forcing firms to find innovative ways to reduce labor and nonfuel operating 

expenses (Fabrizio, Rose, & Wolfram, 2007).  While today’s energy sector remains 

bound by its hundred-year history of market centralization, recent deregulation at both 

the federal and state levels has opened the door to increased competition and innovation. 
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The Logic Behind Environmental Regulations for Energy Generation 

When a power plant produces energy through the combustion of fossil fuels, it 

also generates a negative externality in the form of air pollutants.  In classic economic 

terms, an externality is a consequence of a market transaction which effects a third party, 

but is not corrected for though an economic mechanism.  In this case, if a coal power 

plant emits sulfur dioxide while producing electricity for one town, this pollutant may 

cause acid rain in a nearby town.  In a system with no regulations or government 

oversight, the people of the nearby town have no compensation for the harm caused by 

the acid rain.  Negative externalities cause economic inefficiencies because neither the 

power plant nor the first town prices this economic harm into their transaction.  If they 

were, we would likely see a more socially beneficial equilibrium price and quantity.  

Some types of pollution like sulfur dioxide have obvious and relatively immediate 

negative impacts while others like carbon dioxide cause gradual harm in the form of 

rising sea levels, collapsing ecosystems, and more powerful storms (Avi-Yonah & 

Uhlmann, 2009).  To correct for these sorts of negative externalities, some economists 

suggest that environmental regulations should be put in place that force the social cost of 

carbon pollution to be taken into account. 

 Beyond the economic desire to rid the market of negative externalities, 

proponents of environmental regulation also argue that by increasing price of carbon 

emissions, electricity generators will be forced to invest more heavily in alternative 

energy sources.  Economists Michael Porter and Claas van der Linde turned the 

traditional economy vs. the environment debate on its head by arguing that environmental 

regulations would actually spur competitiveness and economic growth by promoting 
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innovation.  In their view, the current “process of dynamic competition is characterized 

by changing technological opportunities coupled with highly incomplete information, 

organizational inertia, and control problems reflecting the difficulty of aligning 

individual, group and corporate incentives” (Porter & van der Linde, 1995).  

Environmental regulation can serve as a productive catalyst for energy providers by 

presenting an opportunity for firms to break out of their status quo and invest in 

innovation that is both commercially profitable and socially beneficial.  Porter and van 

der Linde advocate for environmental regulation which creates the maximum opportunity 

for innovation, fosters continuous improvement as opposed to locking in any one 

technology, and is consistent over time (Porter & van der Linde, 1995).  However, not all 

scholars agree with this approach.  Joshua Gans suggested that the effect of 

environmental regulation on innovation depends on the relative substitution and income 

effects of the program.  He argues that by limiting the amount of carbon emissions, such 

regulations cause an increase in electricity price.  Consumers will naturally counter this 

shift in the supply curve by reducing their overall demand for energy, which would likely 

decrease the growth rate across many different industries and reduce the size of the 

overall economy.  “Put simply, the rewards to innovation come not from current or future 

reductions in pollution, but from the expected profits associated with technological 

improvement”.  Under this framework, power plants will innovate less if the cost of 

innovation is greater than the expected benefit of claiming a larger segment of the 

shrinking electricity sector (Gans, 2010).  The true effect of strict environmental 

regulations on the development of alternative energy sources still remains to be seen. 
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Cap and Trade and Other Policy Options to Regulate CO2 Emissions 

 When considering environmental regulations, policymakers often begin by 

suggesting standards-based programs.  By increasing the technology or performance 

standards of new machinery, some argue that overall pollution would fall because 

consumers would no longer demand as much energy.  Common examples of these types 

of regulations include home appliance guidelines, fuel-economy requirements, and 

renewable portfolio standards for electricity generators.  However, due to the practical 

limitations involved with retrofitting, these requirements only apply to new capital, 

decreasing their effectiveness.  Reductions in energy use would depend on the rate of 

capital stock turnover, which varies greatly across different industries.  Furthermore, 

these standards would create a perverse incentive for firms and individuals to hold onto 

inefficient machinery, which will slow the gains in energy efficiency (Stavins, 2008).  

While supporting these programs may be politically beneficial for certain elected 

officials, they are unlikely to have a significant impact on reducing greenhouse gas 

emissions. 

 Another commonly discussed policy proposal is a tax on carbon emissions.  This 

idea has its roots in the writings of A.C. Pigou during the 1920s.  Pigou argued that the 

best way to correct for an externality is to impose a per-unit tax on the polluter and set the 

tax rate set equal to the marginal social damage caused by the pollution.  This “Pigouvian 

tax” puts a price on pollution and inserting that cost directly into the power plant’s 

production function (Tietenberg, 2010).  The benefits of this approach are relatively 

straightforward.  Carbon taxation is simple because it addresses the problem at its source, 

the extraction and combustion of fossil fuels, rather than its endpoint, the use of energy in 
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commercial and residential settings.  The cost of pollution is then spread among the 

producers and the consumers through natural market processes.  This program also 

assures cost certainty, meaning that based on a given tax rate, economists can predict 

exactly how it will effect the market for electricity and how much revenue the 

government should receive (Avi-Yonah & Uhlmann, 2009).  Finally, a carbon tax that is 

effective in one region can be expanded across state lines without needing to rewrite 

much of the law.  There are some feasibility concerns as expanding government taxation 

is not politically popular in our current climate, but in theory, the tax could also be 

adapted to include provisions for international imports, preventing tax-free GHG 

emissions from finding backdoor routes into the economy (Mauyama, 2011). However, 

carbon taxation has some shortcomings.  While it does provide for cost certainty, the 

expected benefit in the form of reduced GHG emissions is much more challenging to 

predict.  This approach relies on market forces to drive down emissions because they 

become more costly, but the precise GHG reduction of a particular tax rate is difficult to 

predict and will depend on a variety of other market factors.  Also, to prevent an 

immediate market shock, the tax would have to be gradually increased over a number of 

years, a requirement that is difficult to guarantee in the volatile U.S. political 

environment (Repetto, 2013).  Overall, carbon taxation shows promise as a simple way to 

account for some portion of the pollution externality, but certain theoretical and practical 

concerns undermine its long-term viability as a solution to the issue of climate change. 

 Cap and trade programs are another commonly debated mechanism of 

environmental regulation.  Like carbon taxation, the idea of cap and trade has its roots in 

the scholarly literature.  In 1960, economist Ronald Coase published an article which 
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directly refuted Pigou’s proposals.  Coase argued that as long as the government ensured 

that property rights were upheld, all parties had perfect information, and transaction costs 

were low, an efficient market price could be reached without any taxation.  Using our 

previous example, if the citizens of the neighboring town had strong property rights over 

their atmosphere as well as the ability to sue the power plant over the negative effects of 

the acid rain, the externality could be accounted for through a market transaction.  The 

power plant wants to continue producing electricity, so it will agree to pay the 

neighboring town fee to pollute as long as the price is less than the firm’s profit on 

energy production.  This arrangement will be agreeable to the neighboring town as long 

as the total value of the power plant’s payments is greater than the harm caused by the 

acid rain.  In this scenario, the government has no role in establishing the price of sulfur 

dioxide pollution.  Instead, it is only responsible for upholding property rights and 

allowing the market to determine the appropriate price (Coase, 1960). Coase readily 

admits that there are many scenarios where it is impossible to ensure perfect information 

or where transaction costs are prohibitively high.  In these instances, we must fall back 

upon the lessons of Pigou and others to find more feasible solutions.  Still, it is important 

to first attempt to apply the Coase framework when approaching policy problems because 

it allows for economically efficient outcomes with relatively little government 

intervention. 

 Cap and trade programs take Coase’s logic farther by applying it to the entire 

market.  These systems establish property rights by setting an overarching “cap” on the 

total amount of acceptable GHG emissions as determined by the scientific community.  

Emissions permits are then allocated (either freely or through an auction process) to 
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companies involved in electricity generation.  These organizations can use the permits by 

releasing carbon emissions in the generation process, “trade” the permits in a secondary 

market to other firms at whatever price they are able to negotiate, or bank them for the 

future.  The emissions cap is then lowered over time so that the appropriate level of GHG 

emissions is eventually reached without causing a significant shock in the market 

(Stavins, 2008).  Some cap and trade programs also include provisions that allow firms to 

create their own permits through investing in environmental offsets, although there is 

considerable debate over whether this undermines the positive effects of the program 

(Hahn & Richards, 2013).  By establishing a set limit on emissions, cap and trade ensures 

that the desired GHG reductions are achieved.  Instead of using trial and error to set 

carbon emission prices as under the tax system, price is set through the market and it 

responds quickly to changing conditions (Tietenberg, 2010).  As with the tax on carbon, 

there are some drawbacks to this approach.  Program design is very important at the 

outset, both in the establishment of the initial cap and the allocation of permits.  If the cap 

is set too high or the permits are given too freely, the policy may have no effect at all and 

the secondary market may be non-existent.  Also, the overall economic impact of such a 

program is difficult to predict because it lacks the cost certainty of the carbon tax (Avi-

Yonah & Uhlmann, 2009).  The idea of cap and trade has real merit due to its reliance on 

the market to reach an efficient result, but due to the inherent complexity of setting up 

such a program for carbon emissions, it has never been implemented on a large-scale in 

the United States. 

 A good example of carbon cap and trade in action is the Emissions Trading 

Scheme (ETS) established by the European Union in 2005.  The ETS is the largest CO2 
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emissions trading system in the world, covering more than 10,000 industrial installations 

in 30 countries.  Emissions permits are allocated freely every year and carbon offset 

mechanisms are allowed to reduce compliance cost (Trotignon, 2012).  Initially, the 

program collapsed because the EU gave out too many permits.  Energy firms were able to 

continue business as usual and the secondary market for permit trading dried up (Avi-

Yonah & Uhlmann, 2009).  However, after some adjustments, the trading market has 

rebounded and the program seems to be achieving its goal of modest carbon reductions 

(Stavins, 2008).  Also, studies have shown that despite the relatively low cost of emission 

permits, there has been statistically significant substitution from carbon-intensive fossil 

fuels towards carbon-free sources of electricity such as hydroelectric and nuclear 

(Considine & Larson, 2012).  It remains to be seen if this program will also promote 

research into alternative fuel sources that have yet to be relied upon for large-scale energy 

production such as wind, solar, or biomass. 

 Prior to the RGGI, scholars relied on predictive models to determine the 

feasibility of cap and trade programs in the United States.  At the Massachusetts Institute 

of Technology (MIT), economists created an Emissions Prediction and Policy Analysis 

(EPPA) model to examine the implications of the cap and trade proposals were floating 

around in the U.S. Congress.  Their model combines a wide variety of industries and 

regions to compute the resulting general equilibrium of goods and services in the 

worldwide economy.  In their words, EPPA is “used to analyze the processes that 

produce greenhouse-relevant emissions and to assess the consequences of policy 

proposals” (Gurgel et al., 2011).  After applying a variety of emission caps to the 

economy between 2012 and 2050, they found that when the reduction in the cap remains 
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consistent and firms have perfect information, overall consumption levels will see some 

initial shocks, but should eventually normalize over time.  Also, electricity producers 

have an incentive to implement “early action abatement” to dramatically reduce carbon 

emissions in the near term and bank emissions credits for later when abatement is more 

costly.  If such banking is allowed, the overall cost of such policies will be significantly 

reduced while still achieving the same level of cumulative emission reduction (Gurgel et 

al., 2011).  While this model is informative, its key assumptions of perfect information 

and a commitment to regular cap reductions may not be realistic, which calls into 

question the generalizability of the results. 

The Regional Greenhouse Gas Initiative (RGGI) 

 In order to fully understand the effects of the RGGI as environmental regulation, 

we must discuss the program’s origins and design.  The RGGI began in 2003 when 

Governor George Pataki invited the governors of 11 other northeastern states to join him 

in attempting to reduce the region’s carbon dioxide emissions.  Governor Pataki was 

disappointed by lack of action on climate change coming from Washington, D.C., so he 

pushed for regulation of “fossil fuel-fired electricity generating units” (RGGI, 2005).  By 

2005, the states had signed a “Memorandum of Understanding” (MOU) establishing a 

cap and trade program that consisted of two phases.  The first ran from 2009 to 2013 

when the cap on emissions would remain flat at 165 million tons of CO2.  In 2014, the 

cap would begin falling by 2.5 percent each year until 2019, amounting to a 10 percent 

decrease in emissions from the electricity sector.  Rather than give the emissions permits 

away freely as the EU did with its ETS, states auctioned off their allowances and used the 

proceeds to fund the retrofitting of existing structures and research into alternative energy 
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sources (Kretzchmar & Whitford, 2012).  As of July of 2014, the RGGI’s permit auctions 

have raised over $1.8 billion in revenue.  The program is not without its detractors as 

New Jersey Governor Chris Christie pulled his state out of the RGGI in 2011 on the 

grounds that it did too much economic harm.  Conservative members of the legislatures 

in Maine, New Hampshire, and Massachusetts have tried to do the same in recent years, 

but so far they have been unsuccessful (Barringer, 2013). 

 In 2013, the RGGI underwent a comprehensive performance review as stipulated 

by its founding document.  The analysis showed that due to the economic recession in 

2009 and the increased use of hydraulic fracturing (fracking) to obtain natural gas, carbon 

emissions from the region’s power plants were well below the established cap.  Permits 

were being purchased at their minimum value of $1.93 and the secondary trading market 

had fallen off completely.  The program responded by lowering the cap to the current 

emissions level of 91 million tons of CO2 starting in 2014 and continuing with the plan to 

reduce emissions by 2.5 percent each year until 2020 (RGGI, 2012).  Even though the 

RGGI was forced to make drastic reductions in its emissions caps, the program may still 

have affected the energy output and carbon efficiency of certain Northeastern power 

plants.   

My research on this topic enhances academic literature surrounding cap and trade 

regulation by utilizing accepted economic principles to examine the practical effects of 

the RGGI.  There is relatively little published research on this program specifically and 

the vast majority of the existing studies have focused on the RGGI’s immediate economic 

impact.  Instead of simply measuring the program’s affect on GDP or unemployment in 

the near term, I chose to study the ability of this program to achieve its long-term policy 



	   16 

goals of lowering emissions and sparking innovation in carbon-efficient energy 

generation.  Since the RGGI is the first interstate cap and trade program in the United 

States, its success or failure will provide us with strong evidence about the ways in which 

such environmental regulation could be used at the national level to combat climate 

change.  In the next section, I will discuss the data and model I will use to answer this 

question. 
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Methods 
 
 Now that I have described on the historical precedent and the economic logic 

surrounding the RGGI, it is important to discuss in detail the methods I will utilize to 

examine the central research question.  This section will present the econometric 

strategies and tools that serve as the foundation for this study.  First, I describe the source 

of the primary dataset used in this analysis as well as any important characteristics or data 

transformations that I have performed.  Next, I unveil the theoretical and regression 

models and introduce each variable.  Finally, I lay out my central hypotheses with 

corresponding coefficient expectations. 

Data 

 The primary data I use in this analysis come from the U.S. Energy Information 

Administration’s (EIA) 923 survey.  Since the start of 2001, the EIA has collected fuel 

consumption and energy production information every month from over 10,000 power 

plants across the country.  I am primarily interested in the variables representing each 

power plant’s operating company, primary fuel source, total fuel consumed, and net 

energy output.  By merging this data set with the RGGI’s list of regulated entities and 

removing the very small energy producers, I was able to generate a complete dataset of 

U.S. power plants from 2004 to 2013 with a dummy RGGI variable indicating which 

power plants were governed by the regulation.  Overall, the data includes facilities that 

utilize a wide variety of fuel sources as summarized for 2012 in Table 1 on the next page. 
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Table 1 – Power Plant Breakdown by Fuel Source in 2012 

Fuel Source Number of Facilities Percent of Total 

Coal 849 8.27% 
Petroleum Products 2,850 27.77% 
Natural Gas 3,182 31.01% 
Nuclear 109 1.06% 
Hydroelectric 1,444 14.07% 
Wood and Wood Waste 897 8.74% 
Solar 400 3.90% 
Wind 793 7.73% 
Geothermal 67 0.65% 
Other 171 1.67% 
Total 10,262 100% 
 
 A key dependent variable of this analysis is the carbon intensity (CO2 emissions 

divided by net energy produced) of the energy generating process at each of these power 

plants.  Unfortunately, the U.S. Environmental Protection Agency (EPA) did not begin 

collecting carbon emissions data at the facility level until 2010.  This means that the 

EPA’s emissions dataset is not useful for this analysis because it does not include values 

for RGGI’s first year as well as any previous years.  Instead, I was forced to estimate 

each power plant’s carbon emissions using the accepted fuel conversion rates shown in 

Table 2 on the next page (EIA, 2014).  To generate the emission predictions, I multiplied 

the amount of fuel consumed (in million Btus) by the CO2 coefficient that corresponds to 

the type of fuel used at each power plant.  The natural concern with this method is that by 

standardizing carbon emissions by fuel type, the resulting dataset would not capture the 

post-combustion efforts of operators to reduce emissions through carbon capture or 

scrubbing.  However, while these methods are currently used in such closed systems as 

submarines and spaceships, this sort of technology is still too expensive to be 
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implemented on a large scale in power plants, making its omission in this data unlikely to 

bias the results (Lu, et al., 2013).  In reality, there are two ways for an operator to 

decrease its plant’s carbon intensity.  The first option is to switch its primary energy 

generation method to a less carbon intensive fuel source, but this process takes a long 

time.  In the short term, it is far more likely that operators will attempt to refine their 

energy capture mechanisms to make them more efficient and thus reduce the volume of 

fuel necessary to generate the same amount of electricity.  By using the ratio metric of 

emissions to energy produced, I am able to accurately assess the variation created by 

either one of these tactics within the power plant-specific emissions estimates. 

Table 2 – Carbon Emission Rates for Power Plant Fuel Sources 

Fuel Source Pounds of CO2 Emitted per million Btu 

Coal (anthracite) 228.6 
Coal (bituminous) 205.7 
Coal (lignite) 215.4 
Coal (subbituminous) 214.3 
Diesel fuel & heating oil 161.3 
Gasoline 157.2 
Propane 139.0 
Natural gas 117.0 
Wood and Wood Waste 195.0 
Solar/Hydroelectric/Wind/Geothermal 0* 
*These methods of generation do produce some carbon emissions during the manufacturing of their 
component parts, the construction of the power plant, and the transportation of the electricity.  However, 
for this analysis I do not include these emissions as part of the energy generating process. 
 
 The final step in preparing the dataset is to collapse it by operating company.  

While the precise number of operators varies over time, this action reduces the dataset to 

between 2,000 and 2,500 observations per year.  Due to the RGGI program’s small 

geographic area, only about six percent of energy companies own at least one power 
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plant that fell under the jurisdiction of the RGGI when the program started in 2009.  

Table 3 on the next page presents operator statistics for the remaining years.  The logic 

behind using the operator as the unit of analysis is relatively simple.  Even in the face of 

the RGGI’s increased regulatory environment, an individual power plant cannot easily 

adjust its means of energy generation.  Retrofitting a coal power plant to burn natural gas 

would require a significant investment time and money, even more so to add solar panels 

or wind turbines.  On the other hand, most power companies choose to diversify their 

investments and typically control several plants that operate using different fuel sources 

as shown by Table 4 on the next page for 2012.  As the central players in the permit 

auctions, they are able to quickly recognize the RGGI’s incentives and adjust their 

business plans accordingly.  For example, a company could ramp up production at 

hydroelectric dam while simultaneously limiting petroleum use elsewhere.  While even 

this sort of organizational shift may not be immediately observable in the data, it is likely 

that such efforts will show up quicker than if I assess each power plant individually.  By 

observing the actions of operators, my models are able to measure an organization’s 

willingness to alter its plans when faced with this new form of regulation. 
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Table 3 – Operators by Year: 2004-2013 

Year 
 

Total Operators RGGI Regulated 
Operators 

Percent of Yearly 
Total 

2004 2,420 0 0% 
2005 2,416 0 0% 
2006 2,468 0 0% 
2007 2,467 0 0% 
2008 2,534 0 0% 
2009 2,603 148 5.69% 
2010 2,650 145 5.47% 
2011 2,808 150 5.34% 
2012 3,058 151 4.94% 
2013 3,238 151 4.66% 
 
Table 4 – Breakdown of Fuel Sources Per Operator in 2012 

Number of Fuel Sources 
Controlled by an 
Individual Operator 

Frequency Percentage of Total 

1 1,760 57.54% 
2 728 23.80% 
3 259 8.47% 
4 122 3.99% 
5 81 2.65 
6 46 1.50% 
7 36 1.18% 
≥8 26 .80% 
≥1 Carbon emitting fuel and 
≥1 non-Carbon emitting fuel  

521 17.04% 

Overall 
 

3,058 100% 

 
 After all the above data manipulation is complete, the resulting dataset forms an 

unbalanced panel of 320,068 monthly observations across 26,662 operators from 2004 

through 2013.  Tables 5 and 6 on the next pages show summary statistics for the two key 
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dependent variables in the regression models that I will discuss in greater detail in the 

second half of this section. 

Table 5 – Summary Statistics for Energy Output 

Net Energy 
Output (MWh) 

Mean Standard 
Deviation 

Median Minimum* Maximum 

Overall 126,910 623,683 2,860 -166,856 15,800,000 
2004 136,000 653,122 2,975 -40,241 14,897,741 
2005 139,644 669,424 3,518 -34,027 15,114,720 
2006 137,182 661.683 3,258 -41,859 14,942,186 
2007 140,327 671,733 3,247 -65,096 15,794,241 
2008 135,412 655,930 3,095 -166,856 14,850,000 
2009 126,407 613,364 3,000 -36,342 14,624,821 
2010 129,633 628,773 3,168 -30,864 14,652,847 
2011 126,407 613,364 2,825 -36,342 15,092,414 
2012 110,194 559,444 2,314 -23,657 14,990,217 
2013 104,554 548,826 2,156 -24,283 13,481,461 
*Negative net energy output can occur for a variety of reasons.  Generally, this takes place when the fuel 
preparation process (pumping water uphill, shipping coal across long distances, compressing natural gas) 
requires more energy than is created in the generation process.  
 
Table 6 – Summary Statistics for Carbon Efficiency 

Carbon Efficiency 
(Lbs. CO2/MWh) 

Mean Standard 
Deviation 

Median Minimum* Maximum 

Overall 2,103 49,810 867 0 9,015,079 
2004 2,022 28,148 1,017 0 1,211,841 
2005 2,025 26,608 1,021 0 1,161,037 
2006 1,121 2,047 999 0 193,659 
2007 2,464 54,101 984 0 2,585,948 
2008 1,673 21,684 945 0 1,039,489 
2009 2,027 40,337 866 0 2,014,739 
2010 1,187 18,117 824 0 2,466,908 
2011 2,070 32,762 716 0 1,781,957 
2012 1,646 30,927 646 0 3,187,350 
2013 4,340 116,118 204 0 9,015,079 
*Negative carbon efficiency values that were generated from negative net energy output values have been 
removed from these results because they do not make sense in the context of the metric. They will also be 
controlled for in the models as is explained later. 
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Theoretical Model 

 The general idea behind these models is to identify the underlying incentives of 

the RGGI cap and trade program on the power plant operators that it regulates.  More 

broadly, my hope is that these results will allow me to reach general conclusions about 

the possible impact of similar programs.  If the RGGI simply causes energy output to fall, 

this will be evidence that the program does nothing more than increase the cost of 

supplying energy similar to a carbon tax.  In traditional economic terms, taxes on 

suppliers cause the cost of production to increase, which corresponds with an outward 

shift in the supply curve.  The new equilibrium state will be at a point of higher price and 

lower quantity.  If my results show that the RGGI is causing firms to supply less 

electricity, it will suggest that this sort of market correction is taking place.  However, if I 

also observe a corresponding increase in carbon efficiency at the power plants, it will 

suggest that another economic incentive is at play.  Power plant operators could decrease 

their carbon output to lessen burden of the regulation by reducing the carbon intensity of 

their means of production.  As I have mentioned before, this process could occur by 

either improving the efficiency of the energy generating process or retrofitting the power 

plant to utilize a less carbon intensive fuel source.  If my models show that the carbon 

efficiency of RGGI regulated power plants is improving, it could be a sign that despite 

the economic recession, the mere existence of the program is positively impacting the 

region’s carbon output.  Next, I will explain the details of the econometric models that 

will attempt to make this distinction. 
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Regression Models 

 This paper will use the following fixed effects models for the years 2004 through 

2013.  Each variable is described in detail below. 

(1) EnergyOutputi = β0 + β1RGGIi + β2Monthi + β3Month2
i + β4RGGIxMonthi + 

β5RGGIxMonth2
i +β62FuelTypesi + β7RGGIx2FuelTypesi + α1i + α2i + α3i + 

β8ControlVarsi 
 
(2) CarbonEfficiencyi = β0 + β1RGGIi + β2Monthi + β3Month2

i + β4RGGIxMonthi + 
β5RGGIxMonth2

i +β62FuelTypesi + β7RGGIx2FuelTypesi + β8NegOutput+ α1i + 
α2i  + β8ControlVarsi 

 
Dependent Variables 

 The two important variables in this paper are energy output and carbon efficiency.  

As I discussed before, the first measure captures each operator’s total net energy 

production from all of its facilities, and the second represents the ratio between an 

operator’s carbon emissions and its net energy output.  The purpose of giving each of 

these variables their own equations is to discern the effect of the RGGI as simply a tax on 

energy production from the effect of the RGGI to motivate firms to make larger changes 

to their carbon emissions habits.  If we see statistically significant coefficients only on the 

independent variables in model 1, then we can conclude that the program did nothing 

more than force companies to reduce their supply of electricity.  However, if we also see 

significant coefficients in model 2, we can conclude that the program did incentivize 

producers to make serious changes in their energy portfolios. 

Independent Variables 

 The central independent variable in these models is the RGGI dummy variable.  

This measure takes on the value of 1 for operators that have at least one of their power 

plants regulated by the RGGI.  After controlling for fixed effects and other measures, this 
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variable’s coefficient will represent the average effect of the RGGI on the actions of the 

electricity generators from 2009 through 2013.  However, I do not expect this effect to 

remain constant so I have also included two interaction terms (between RGGI and month 

and between RGGI and month squared) that represent the number of months since the 

RGGI was put in place.  These allow for the effect of the program to increase or decrease 

over time in a linear or non-linear fashion.  If we see statistically significant coefficients 

on either of these variables, it would indicate that while the overall average effect could 

be insignificant, operators might have began to change their practices either slowly over 

time or in anticipation of further regulation. 

 Our other important independent variable is the 2 Fuel Types term.  This is 

another dichotomous variable that returns a value of 1 for any operator that controls 

power plants that run on more than one fuel source.  It is reasonable to expect that these 

operators will have an easier time responding to the economic pressures put in place by 

the RGGI because they already have the existing infrastructure to support shifting 

towards a less carbon intensive fuel source.  I have also included another interaction term 

between the RGGI and 2 Fuel Types variables, which only takes on the value of 1 for 

those operators that have two fuel types and were regulated by the RGGI.  These firms 

are the prime candidates for switching fuel sources so a significant negative coefficient 

on this term in model 2 will be a strong indicator that the RGGI program is pushing firms 

toward switching their means of production rather than simply increasing the efficiency 

of their current energy production methods. 
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Fixed Effects 

 The panel nature of this data is perfect for using fixed effects variables.  In model 

1, the three alpha variables represent year-specific, month-of-the-year-specific, and firm-

specific terms, which will remove any constant unexplained factors that correspond with 

these elements.  More precisely, the year fixed effect terms will control for any time-

specific variation that could be caused by economic, environmental, technological, or 

political factors.  Month fixed effects will decrease endogeneity problems even more by 

controlling for the seasonal variation in consumer demand for electricity.  Finally, 

operator fixed effects will account for any organizational or geographical factors that are 

constant over time. 

 Model 2 only contains fixed effects for year and operator in an attempt to preserve 

some degrees of freedom in the model.  The month fixed effects are removed because 

there is no possible explanation for a seasonal impact on carbon efficiency and models 

that include this measure do not gain any extra explanatory power.  The operator and year 

fixed effect terms control for the same factors as in model 1 and their inclusion does 

increase the significance of the F-statistic in each model as shown in the next section. 

Control Variables 

The final group of values in each model consists of the control variables. These 

include the growth rate of GDP, the national unemployment rate and commercial price of 

natural gas.  The first two are widely used economic indicators that will control for any 

economy-wide impacts on the electricity market.  It is important to remember that GDP 

growth is calculated quarterly while unemployment rate is given on a monthly basis.  By 

using a combination of the two values, I am able to accurately control of the health of the 
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U.S. economy each month.  The last control variable will isolate the effect of increased 

natural gas use due to fracking.  While the fracking boom of the late 2000s is an 

important area for econometric study, in this paper I attempt to isolate the specific effect 

of the RGGI program and the increased prevalence of fracking in the Northeast has the 

potential to bias the results if I do not control for it.  As a whole, these additional control 

terms may help in limiting the possibility of endogeneity creeping into the results. 

The carbon efficiency model has one extra control variable called NegOutput.  

This dummy variable takes on the value of 1 in observations when an operator’s net 

energy output is below zero and serves to correct for this interesting aspect of the data.  

There are a number of reasons why an operator might produce less energy than it 

consumes in a month and it is important to capture this variation in model 1.  However, 

due to the way the carbon efficiency variable is calculated (estimated carbon output 

divided by energy output), these negative values can cause serious problems for model 2.  

Negative carbon efficiency values are nonsensical as by definition the variable is 

bounded on the lower end at zero.  If these observations are included in the model, they 

could seriously bias the results in unpredictable ways.  One option would be to simply 

remove them from the sample, but this method would greatly increase the imbalance of 

the panel dataset and complicate the interpretation of many of the control variables.  

Instead, I have chosen to include the NegOutput variable to control for the average effect 

of these negative values on carbon efficiency.  This variable is uncorrelated with the 

RGGI term, meaning that its inclusion will not bias the results.  I expect the coefficient on 

the NegOutput term to be negative and statistically significant whenever it is included in 

a model.  While this is not a perfect solution to the problem, this variable will improve 
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the model’s explanatory power and give us a better understanding of the sign and 

significance of the other independent variables. 

Hypothesis 

 My hypothesis is that the effect of the RGGI will be small and probably 

insignificant in both models.  While it was seen as ambitious at the time, the initial cap 

was rendered irrelevant when the economic recession of 2008 to 2009 drove down 

market-wide demand for energy.  The only place where I would expect some significance 

is in model 1 because the time-based independent variables and interaction terms show 

that the RGGI’s impact has increased in later years when it became clear that the program 

was there to stay.  Companies may also have naturally improved their technology so that 

less energy is wasted and more can be produced from the same input costs.  The control 

variables should reach the highest levels of significance in this set of models because of 

the serious economic upheaval that our nation experienced in the late 2000s. 

In model 2, the fact that the permits fell to the minimum action price in late 2009 

suggests that the RGGI did little to incentivize companies to produce fewer emissions.  It 

is possible that the program’s impact on carbon efficiency increased in later years as 

firms began to prepare for a cap reduction after 2013 performance review was completed, 

but I think this is unlikely.  If this did occur, it would show up in this set of models as a 

statistically significant negative coefficient on the RGGIxMonth and especially the 

RGGIxMonth2 interaction terms. Unfortunately, the sample of post-reform months in 

2014 and beyond is too small to analyze at this point.  At the very least, positive 

coefficients on the independent variables in model 2 would indicate that the RGGI should 

be studied further as more data is made available.  The significance of the control 
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variables will also be interesting to monitor because the causal link between the 

immediate economic situation and the carbon efficiency of the industry’s production is 

tenuous at best.  I expect these variables to also be insignificant with the possible 

exception of Natural Gas Price.  In the following section, the results from these 

regression models are shown and the results are dissected. 
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Results 
 
 This section will cover the regression results were obtained from the models 

described in the previous section.  While I will also interpret the coefficients in the 

context of the overall research question, specific policy implications and concluding 

remarks will be saved for the final two sections of the paper.  Overall, the results show 

greater statistical significance than I expected in the hypothesis section.  Net energy 

output seems to have been negatively impacted by the RGGI program, although the 

significance of this result is somewhat in question in the more complicated models.  The 

second set of models do not seem to be a great fit for the carbon efficiency variable, but 

there are statistically significant results on the impact of the program in the specificationa 

which include more variables.  The signs on these significant coefficients suggest that the 

program both reduced output through its quasi-taxation incentives and increased carbon 

efficiency through its innovation and retrofitting incentives, although there are some 

important caveats to make regarding those conclusions.  I will discuss these findings in 

greater detail throughout this section.  The following two sections will discuss the 

implications of my findings as well as provide some policy recommendations and 

avenues for further research. 
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Net Energy Output 
 
Table 7 – Net Energy Output Model Results 
 
Variables Model 1 Model 2 Model 3 Model 4 
RGGI -31,313.11** 

(9,702.57) 
-31,313.11** 
 (9,702.61) 

-53,282.64 
(103,415.50) 

-8,484.07 
(108,164.90) 

Unemployment 
Rate 

 -899.38** 
(291.58) 

-1,206.74*** 
(313.31) 

-1,205.39*** 
(313.30) 

GDP Growth  -376.61*** 
(84.22) 

-355.23*** 
(84.37) 

-355.03*** 
(84.38) 

Natural Gas 
Price 

 697.68*** 
(196.71) 

591.37** 
(203.74) 

591.18** 
(203.75) 

Month 
 

  233.60* 
(86.02) 

232.02* 
(103.47) 

Month2   -1.12 
(0.61) 

-1.13 
(0.61) 

RGGIxMonth   979.74 
(1,797.21) 

923.76 
(923.76) 

RGGIxMonth2   -6.76 
(7.45) 

-6.46 
(7.37) 

2 Fuel Types    7,735.81 
(7,358.90) 

RGGIx2 Fuel 
Types 

   -54,859.19*** 
(15,302.64) 

Constant 
 

129,596*** 
(2,253) 

130,825*** 
(3,105) 

127,190*** 
(3,697) 

123,920*** 
(4,676.47) 

N 
 

319,944 
 

319,944 
 

319,944 
 

319,944 
 

R2 0.0003 0.0003 0.0002 0.0023 
 

F-stat 10.05*** 9.10*** 8.36*** 7.85*** 
 

* p<0.05, ** p<0.01, *** p<0.001 
 
 The coefficients in the net energy generation model present an interesting and 

somewhat complicated mix of results.  In the first two models, the negative statistically 

significant coefficients on RGGI suggest that the average operator decreased energy 

output by roughly 31,000 megawatt hours (MWh) per month in order to cope with the 

program’s effect on the marginal cost of energy production.  When we take into account 

that the mean monthly average output for operators in this dataset was 126,910 MWh, we 
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realize that this result must have been caused by very sizable decreases in output.  To put 

this result in a different context, the EIA has calculated the average monthly consumption 

for a U.S. residential utility customer to be only 0.909 MWh (EIA, 2015).  This means 

that according to the first two models, operators regulated by the RGGI reduced average 

electricity output by the equivalent of over 34,000 households relative to those who were 

unregulated.   

When the Month and Month2 variables and associated interaction terms are 

introduced in model 3, the strongly significant result on the RGGI variable disappears.  In 

this equation, the only non-control variable that reaches statistical significance is Month 

with its positive coefficient suggesting that even after controlling for yearly and seasonal 

fixed effects, electricity output is growing across the country every month regardless of 

any regulatory policy.  The insignificance of the RGGIxMonth interaction term furthers 

this conclusion as it indicates that monthly changes in net energy output did not speed up 

or slow down for power plants that participated in the cap and trade program.  

The results of model 4 are even more interesting because the RGGI variable 

continues to be insignificant while the RGGIx2FuelTypes interaction term soaks up 

almost all of the former’s explanatory power.  By introducing this interaction term, I have 

divided the RGGI-regulated operators based on whether or not they own power plants 

that operate using multiple fuel sources.  The results indicate that operators that have only 

one fuel source did not adjust their energy output at all while operators with more than 

one method of production drastically reduced their supply.  Using the same comparison 

from the first two models, the negative coefficient on RGGIx2FuelTypes of 
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approximately 55,000 MWh represents an average decrease of more than 60,000 

households worth of electricity for each member of this subset of producers. 

 The other variables in these models generally attained the level of significance 

that I predicted.  Both economic control variables were significant predictors of energy 

output in all models.  The coefficient on Unemployment Rate in model 4 can be 

interpreted as a one-percentage point increase in U.S. unemployment rate corresponds 

with roughly a 1,200 MWh decrease in average monthly energy output among all energy 

producers, holding all other variables constant.  The interpretation of GDP Growth is 

somewhat more challenging only because its negative coefficient is counterintuitive on 

the surface.  Generally, we would expect a growing economy to mean a greater demand 

for electricity.  However, it is important to remember that this variable represents the 

change in growth rate relative to the preceding quarter.  Higher values indicate large 

increases in growth rate, which are only attainable if the last quarter’s growth rate was 

disappointing.  During the long periods of sustained growth which are necessary for an 

industry like the electricity sector to flourish, the growth rate values will be close to zero 

because there is an upper limit of how fast our economy can reasonably be expected to 

grow.  This important distinction, along with the lagged nature of a quarterly variable 

being stretched across monthly observations, led to the negative coefficient on the GDP 

Growth variable, but its statistically significant coefficient reassures us that 

macroeconomic factors do influence energy output.  Finally, the positive coefficient on 

the Natural Gas Price variable predictably shows us that for every dollar increase in the 

price of natural gas, energy output will increase on average by almost 600 MWh per 
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month when the other factors are held constant.  Overall, the significances of the F-

statistics indicate that each equation does a very job of modeling net energy output. 

Carbon Efficiency 
 
Table 8 – Carbon Efficiency Model Results 
 
Variables Model 1 Model 2 Model 3 Model 4 Model 5 
RGGI -4,691.07 

(3,919.44) 
-4,289.34 
(3,953.63 

-4,096.83 
(3,321.73) 

-44,682.40* 
(21,378.78) 

-58,452.23* 
(26,292.96) 

Negative 
Output 

 -39,760.72* 
(18,616.91) 

-39,761.03* 
(18,616.45) 

-39,768.99* 
(18,619.50) 

-39,750.52* 
(18,625.70) 

Unemployment 
Rate 

  344.32 
(230.45) 

215.30 
(143.09) 

215.66 
(143.10) 

GDP Growth   -21.36 
(17.33) 

1.70 
(24.63) 

-1.44 
(24.63) 

Natural Gas 
Price 

  129.15 
(79.01) 

66.62 
(86.39) 

66.98 
(86.39) 

Month 
 

   64.62 
(85.02) 

63.56 
(85.03) 

Month2    -0.70 
(0.67) 

-0.69 
(0.67) 

RGGIxMonth    751.77* 
(380.78) 

774.49* 
(381.98) 

RGGIxMonth2    -3.41* 
(1.66) 

-3.51* 
(1.66) 

2 Fuel Types     -624.46 
(709.09) 

RGGIx2 Fuel 
Types 

    16,414.53 
(16,280.66) 

Constant 
 

1,072* 
(440) 

1,529** 
(567) 

-1,085 
(1,609) 

-1,379 
(2,523) 

-1,078 
(2,497) 

N 296,564 
 

296,564 
 

296,564 
 

296,564 
 

296,564 
 

R2 .0001 
 

.0009 .0009 .0009 .0008 

F-stat 1.54 
 

1.54 1.59 1.71* 1.41 

* p<0.05, ** p<0.01, *** p<0.001 
 
 The first three models in Table 8 provide very little significance outside of the 

NegOutput variable.  Its coefficients tell us that firms with negative output also have 

significantly lower values of average for carbon efficiency when all other variables are 
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held constant.  As we discussed in the previous section, this is almost assuredly because 

of the mathematical way that the variable is constructed rather than any causal impact on 

carbon efficiency.  However, its statistical significance shows us that it is still very 

important that this variable is included as a measure of control. 

 In model 4, we see as spike in statistical significance throughout the model.  The 

F-statistic suggests that this is the only model of the five that is actually a decent fit to 

predict carbon efficiency.  The interpretation of the RGGI variable is challenging because 

of the way the dependent variable is calculated as a ratio.  Its negative value actually 

means that the carbon efficiency of regulated operators is improving, although we cannot 

be sure if it is due to a fall in carbon emissions with energy output being held constant or 

an increase in output with carbon levels unchanged.  Either way, we can conclude from 

the results that the carbon efficiency of regulated power plants has improved relative to 

their unregulated counterparts.  The big reason for the increase in significance on the 

RGGI term was the introduction of the RGGIxMonth and RGGIxMonth2 interaction 

terms.  While the former variable does have a positive coefficient, the relatively large (for 

a squared term) negative statistically significant coefficient on the latter variable indicates 

a steep exponential reduction in the carbon efficiency variable overall.  When we 

interpret these two variables together, we can see that as the RGGI program aged, there 

was a growing improvement in carbon efficiency. The results suggest that only when I 

allow the effect of the RGGI to vary over time are we able to also pick up the average 

impact of the program.  This supports the idea that big adjustments in this industry are 

hard for operators to carry out and I am only able to measure the overall impact of 

programs such as the RGGI over a longer period of time. 
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 Despite model 5’s overall insignificance as shown by its F-statistic, it does 

provide us with one other useful piece of information.  When the 2 Fuel Types variable 

and its corresponding interaction term were introduced into the model, they did not come 

close to reaching statistical significance.  This indicates that operators who own power 

plants that utilize different fuel sources did not adjust their carbon emissions levels at all 

after the RGGI program was introduced.  There are several possible explanations for this 

result.  The first is that because they operated at least one power plant that ran on a less 

carbon-intensive fuel source, they did not feel as much pressure to alter their business 

practices as their single fuel counterparts.  Alternatively, it simply may be less costly for 

single-fuel operators firms to make carbon efficiency improvements than it is for multi-

fuel operators to increase production at their lower carbon power plants.  Regardless of 

the precise reasoning behind these results, they suggest that reductions in carbon 

emissions are more likely due to streamlining the energy production process than 

adopting a new fuel source, at least in the short term. 

 The last aspect of these results to discuss is the lack of significance of the control 

variables.  Unlike in the net energy output models, none of these measures were 

statistically significant determinants of carbon efficiency in any of the models.  This 

shows us that carbon efficiency does not depend on immediate economic factors, but is 

instead likely driven by long-term market forces and technological innovation.  For those 

concerned about reducing carbon emissions and increasing use of alternative energy 

sources, results like these suggest that environmental regulations, not market forces, are 

the way to bring about these positive results.  In the next two sections, I provide more 

discussion of this idea and other possible conclusions that can be drawn from this study.  
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Also, some important caveats are revisited and possibilities for future policymaking and 

research are presented. 
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Discussion 
 

 In this penultimate section, I will present some interpretation and context for the 

results of the previous section and make some policy and research recommendations.  

Despite having the unfortunate timing of being enacted near the beginning of the Great 

Recession of the late 2000s, the RGGI cap and trade program did have statistically 

significant impacts on the actions of energy producers in the Northeast.  Using a model 

that controlled for the economic, geographical, technological, environmental, and 

political factors which may have influenced operators, I observed that many RGGI-

regulated operators reduced their output of electricity while also improving upon their 

carbon efficiency.  Generally, this leads to the conclusion that the program took on some 

of the counterproductive qualities of a carbon tax while also providing some of the ideal 

market-based incentives of a cap and trade program, but there are some important caveats 

to be made.  The lessons from this study are all discussed in greater detail throughout this 

section. 

 The decreases in energy output shown in the first set of models are enough to give 

even the staunchest cap and trade proponent some pause.  The market distortions that are 

created by taxation bring about significant negative effects in the form of deadweight loss 

and are generally seen as inefficient regulatory mechanisms as was discussed in the 

Background and Literature Review section.  However, in the case of the RGGI, these 

negative impacts may not be as serious as in other markets and may be less likely to 

persist over time.  Remember that soon after it was implemented, the lack of demand for 

electricity caused the bottom to fall out of the price that carbon permits were being 

purchased for at auction.  Unlike its European counterparts, the RGGI cap and trade 
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program established a minimum price at which the price of permits could not fall below.  

Once prices reached this point, the secondary market for permits was non-existent, 

meaning that none of the positive incentives that Coase and other cap and trade 

supporters argued for were being utilized.  The resulting increase in each operator’s 

production cost was simply carbon emissions multiplied by the minimum permit price.  

Without the added market incentives, the RGGI system was by definition nothing more 

than a carbon tax.  If the cap is lowered to the point where permits are no longer being 

purchased at the minimum price and the trading market becomes more robust, the 

program should take on more of the positive qualities of cap and trade programs.  Future 

research should be conducted on the post-reform period of the RGGI in 2014 and beyond 

to assess whether or not these reductions in energy output persist. 

 There is another interpretation that the results of the first set of models which 

gives support to the idea that even during the years in my sample, the RGGI program was 

not operating exactly like a carbon tax.  Instead, it is possible that there were other, 

longer-term incentives that drove down energy output from 2009 to 2013.  In the net 

energy output models, the regression results showed that regulated operators who own 

power plants with multiple fuel sources drastically reined in their energy output after the 

program was implemented.  At first this seems like a strange result, as we would expect 

those operators who can switch their means of energy production to benefit the most from 

this sort of regulation.  However, it is also possible that these firms realized that this cap 

and trade program was likely to be a persistent element of their company’s cost of 

production for years to come.  From their perspective, increasing energy generation in 

their more carbon efficient power plants in the short term would give them a relatively 
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small benefit because permits are so cheap.  It is possible that these companies decided it 

would be more beneficial to reduce production in their power plants, expand their 

capacity to utilize low-carbon fuels, and the use their newly constructed generators to 

increase energy production when carbon permits are more costly to reap the benefits.  

This idea is completely conjecture and is based on nothing more than my own logical 

reasoning, but it does explain the interesting results obtained from the first model.  More 

quantitative and anecdotal research should be conducted to determine if this strategy 

persists after the cap on emissions is reduced. 

 Moving on to the second set of models on carbon efficiency, it is generally quite 

remarkable that any of the regression models showed statistically significant coefficients 

on the RGGI variable.  As I explained in the Methods section, the values for carbon 

efficiency were artificially generated.  This measure was calculated using the accepted 

fuel-to-carbon conversion rates rather than actual emissions measurements taken on site, 

which cost the data some subtle variation between power plants.  This loss of variation 

could have eliminated any chance I had at picking up the effect of the program.  

Fortunately, the EPA began collecting plant-specific carbon emission data in 2010, so 

hopefully future studies of this nature will be able to avoid this problem.  Secondly, the 

fact that the permit prices at auction plunged to their minimum would naturally lead us to 

believe that the regulation did little to alter the behavior of operators.  Given all of these 

factors, some may view these significant results and conclude that the program had a 

miraculous positive effect that would only be increased if the system had worked 

properly.  I would instead like to promote a more cautious approach.  The F-statistics in 

second set of models indicated that they were a very poor fit for the carbon efficiency 
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dependent variable.  Other factors such as technological development, geographical 

location, or cultural norms may play a bigger role in a firm’s decision-making process 

regarding its means of production.  A more robust cap and trade system may be able to 

influence these factors and generate a more statistically significant result using this same 

model, but it also may not.  More rigorous study of the RGGI’s reduced cap period after 

2014 is necessary before one can confidently argue that cap and trade regulation is the 

answer to our carbon emission problem. 

 The results of the second set of models also emphasized the fact that change in the 

energy sector comes rather slowly.  It is very likely that there some considerable lag time 

exists between when an operating company decides to alter its business strategy based on 

environmental regulation and when this decision is observable in the power plant data.  In 

the regression models, only when the effect of the RGGI was allowed to vary over time 

did I see statistically significant results.  This means that five years was barely enough 

time for any measurable effect of the program to emerge.  It will take even longer for us 

to observe the benefits of the increased investment in infrastructure and research that was 

brought about using the funds from the RGGI’s auctions.  Some may argue that with a 

stricter cap in place, one could have observed the impacts of the RGGI sooner.  While it 

is true that a lower cap would place a greater burden on producers, the cost in both dollars 

and time to retrofit existing power plants and build new generators remains unchanged.  

Future policymakers and researchers need to keep this in mind when assessing the impact 

of the RGGI and similar programs.  It is important to avoid rushing to judgment about a 

regulatory system before the electricity market is able to adapt to its new environment.  

Also, I do not recommend responding to this seemingly ineffective carbon cap by 
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instituting a significantly lower maximum level of carbon emissions as that could have 

disastrous effects on our nation’s economy.  Overall, achieving the ideal policy outcome 

is a long and arduous process full of regular econometric assessments and program 

adjustments, but the goal of finding an economically friendly solution to climate change 

is worth the effort. 

 To summarize, the overarching policy recommendation of this paper is to 

continue implementing the RGGI until we can determine how a lowered cap will affect 

energy producers.  The logic behind cap and trade programs is still valid despite the 

questions regarding this program’s success.  Prior research has shown that the allocation 

of permits and the setting of the cap are the two primary determinants of the effectiveness 

of such programs.  The RGGI does seem to have the permit aspect well established as 

operators have been relatively pleased by the auction system (RGGI, 2012).  If the cap is 

set at a lower level, the policies like this could prove to be the answer to our climate 

change problem.  Future research into this topic should be focused on analyzing the 

second stage of the RGGI both in the short and long terms.  Operators want to ensure the 

health of their companies for many years to come, which means that the true impact of 

cap and trade programs may only be measurable after a significant amount of time has 

passed. 
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Conclusion 
 

 The argument over climate change will go on for years to come.  Most scientists 

agree that limiting greenhouse gas emissions is the key to preventing catastrophic 

environmental disasters from taking place, but policymakers are still split on how 

accomplish this goal without causing significant harm to our economy.  In this paper I 

have introduced the RGGI program, discussed the historical precedent and theoretical 

reasoning behind its creation, and analyzed its effectiveness so far.  The results of the 

models provided an interesting picture of the program’s effects.  I showed that energy 

output was greatly reduced among operators that control power plants with multiple fuel 

sources, leading to the proposition that this may have been a strategic choice rather than a 

market-based decision.  The second set of models suggested that carbon efficiency did 

improve for RGGI-regulated operators, but there is a lot of noise in those models that 

prevents us from making more sweeping conclusions.  Overall, the jury is still out on cap 

and trade programs as a whole and we will know a lot more once the post-2014 cap has 

been in place for several years.  We have seen similar regulatory programs initially fall 

short of their objectives only to become successful after some minor tweaks.  

Adaptability is an important characteristic for any policy, especially one in a field as 

unpredictable as energy and the environment.  Only time, and future research, will tell if 

the RGGI and its creators can adapt their program so that it achieves the proper 

incentives to promote investment in alternative energy sources.  The RGGI will certainly 

be an important subject for academic study in the years ahead as its success or failure will 

go a long way towards shaping any future nation-wide environmental regulation. 
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