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ERRATA SHEET  
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EXECUTIVE SUMMARY  

This Regulatory Impact Analysis (RIA) discusses potential benefits, costs, and economic 

impacts of the Final Carbon Pollution Emission Guidelines for Existing Stationary Sources: 

Electric Utility Generating Units (herein referred to as ñfinal emission guidelinesò or the ñClean 

Power Plan Final Ruleò).  

ES.1 Background and Context  

The emission of greenhouse gases (GHGs) threatens Americans' health and welfare by 

leading to long-lasting changes in our climate. Carbon dioxide (CO2) is the primary greenhouse 

gas pollutant, accounting for roughly three-quarters of global greenhouse gas emissions in 2010 

and 82 percent of U.S. greenhouse gas emissions in 2013. Fossil fuel-fired electric generating 

units (EGUs) are by far the largest emitters of GHGs, primarily in the form of CO2, among 

stationary sources in the U.S. 

In this action, the Environmental Protection Agency (EPA) is establishing final emission 

guidelines for states to follow in developing plans to reduce greenhouse gas emissions from 

existing fossil fuel-fired EGUs. Specifically, the EPA is establishing: 1) CO2 emission 

performance rates representing the best system of emission reduction (BSER) for two 

subcategories of existing fossil fuel-fired EGUs ï fossil fuel-fired electric utility steam 

generating units and stationary combustion turbines, 2) state-specific CO2 goals reflecting the 

CO2 emission performance rates, and 3) guidelines for the development, submittal and 

implementation of state plans that establish emission standards or other measures to implement 

the CO2 emission performance rates, which may be accomplished by meeting the state goals. 

This final rule will continue progress already underway in the U.S. to reduce CO2 emissions 

from the utility power sector. 

ES.2 Summary of Clean Power Plan Final Rule 

Under CAA section 111(d), states must establish standards of performance that reflect the 

degree of emission limitation achievable through the application of the ñbest system of emission 

reductionò (BSER) that, taking into account the cost of achieving such reduction and any non-air 

quality health and environmental impacts and energy requirements, the Administrator determines 

has been adequately demonstrated. The EPA has determined that the BSER is the combination of 
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emission rate improvements and limitations on overall emissions at affected EGUs that can be 

accomplished through any combination of one or more measures from the following three sets of 

measures or building blocks: 

1. Improving heat rate at affected coal-fired steam EGUs.  

2. Substituting increased generation from lower-emitting existing natural gas combined 

cycle units for reduced generation from higher-emitting affected steam generating 

units. 

3. Substituting increased generation from new zero-emitting generating capacity for 

reduced generation from affected fossil fuel-fired generating units. 

Specifically, the EPA is establishing CO2 emission performance rates for two 

subcategories of existing fossil fuel-fired EGUs, fossil fuel-fired electric steam generating units 

and stationary combustion turbines. The rates are intended to represent CO2 emission rates 

achievable by 2030 after a 2022-2029 interim period on an output-weighted-average basis 

collectively by all affected EGUs. The interim and final emission performance rates are 

presented in the following table: 

Table ES-1. Emission Performance Rates (Adjusted Output-Weighted-Average Pounds of 

CO2 Per Net MWh from All Affected Fossil Fuel-Fired EGUs) 

Subcategory Interim Rate Final Rate 

Fossil Fuel-Fired Electric Steam Generating Units 1,534 1,305 

Stationary Combustion Turbines 832 771 

 

Also, states with one or more affected EGUs will be required to develop and implement 

plans that set emission standards for affected EGU. These emission standards may incorporate 

the subcategory-specific CO2 emission performance rates set by the EPA or, in the alternative, 

may be set at levels that ensure that the stateôs affected EGUs, individually, in aggregate, or in 

combination with other measures undertaken by the state achieve the equivalent of the interim 

and final CO2 emission performance rates between 2022 and 2029 and by 2030, respectively.  

EPA derived statewide rate-based CO2 emissions performance goals as a weighted 

average of the uniform rate goals with weights based on baseline generation for the two types of 

units (fossil steam and stationary combustion turbine) in the state. This blended rate reflects the 
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collective emission rate a state may expect to achieve when its baseline fleet of likely affected 

EGUs continues to operate at baseline levels while meeting its subcategory-specific emission 

performance rates reflecting the BSER.  

The Clean Power Plan Final Rule also establishes an 8-year interim compliance period 

that begins in 2022 with a glide path for meeting interim CO2 emission performance rates 

separated into three steps: 2022-2024, 2025-2027, and 2028-2029. This results in interim and 

final statewide goal values unique to each stateôs historical blend of fossil steam and NGCC 

generation. Chapter 3 presents finalized state rate-based CO2 emissions performance goals.  

The EPA is also establishing mass-based statewide CO2 emission performance goals for 

each state, which are also presented in Chapter 3. For more detail on the methodology that 

translates CO2 emission performance rates to mass-based CO2 performance goes, please refer to 

the preamble of the Clean Power Plan Final Rule and the U.S. EPAôs CO2 Emission Performance 

Rate and Goal Computation Technical Support Document for Final Rule, which is available in 

the docket.
1  

Given the flexibilities afforded states in complying with the emission guidelines, the 

benefits, cost and economic impacts reported in this RIA are not definitive estimates. Rather, the 

impact estimates are instead illustrative of approaches that states may take. 

ES.3 Illustrative Plan Approaches Examined in RIA 

In the final emission guidelines, the EPA has translated the source category-specific CO2 

emission performance rates into state-level rate-based and mass-based CO2 goals in order to 

maximize the range of choices that states will have in developing their plans. Because of the 

range of choices available to states and the lack of a priori knowledge about the specific choices 

states will make in response to the final goals, this RIA presents two scenarios designed to 

achieve these goals, which we term the ñrate-basedò illustrative plan approach and the ñmass-

basedò illustrative plan approach.  

In this final rule, states may use trading or other multi-unit compliance approaches and 

technologies or strategies that are not explicitly mentioned in any of the three building blocks as 

                                                 
1 U.S. EPA. 2015. Technical Support Document (TSD) the Final Carbon Pollution Emission Guidelines for Existing 

Stationary Sources: Electric Utility Generating Units. CO2 Emission Performance Rate and Goal Computation. 
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part of their overall plans, as long as they achieve the required emission reductions from affected 

fossil fuel-fired EGUs. In addition, the final rule provides additional options to allow individual 

EGUs to use creditable out-of-state reductions to achieve required CO2 reductions, without the 

need for up-front interstate agreements.  

The modelled implementation plan approaches reflect states and affected EGUs pursuing 

building block strategies such as heat rate improvements, shifting generation to less CO2 ï

intensive generation, and increased deployment of renewable energy, which are more completely 

described in Chapter 3. However, the modelled strategies are not limited to the technologies and 

measures included in the BSER. While the final rule no longer includes demand-side energy 

efficiency potential as part of BSER, the rule does allow such potential to be used for 

compliance. These scenarios include a representation of demand-side energy efficiency 

compliance potential because energy efficiency is a highly cost-effective means for reducing 

CO2 from the power sector, and it is reasonable to assume that a regulatory requirement to 

reduce CO2 emissions will motivate parties to pursue all highly cost-effective means for making 

emission reductions accordingly, regardless of what particular emission reduction measures were 

assumed in determining the level of that regulatory requirement. In the rate-based approach, 

energy efficiency activities are modeled as being used by EGUs as a low-cost method of 

demonstrating compliance with their rate-based emissions standards. In the mass-based 

approach, energy efficiency activities are assumed to be adopted by states to lower demand, 

which in turn reduces the cost of achieving the mass limitations.  

Alternative compliance approaches other than those modelled are also possible, which 

may have different levels and distributions of emissions and electricity generation as well as 

costs. While IPM finds a least cost way to achieve the state goals implemented through the rate-

based or mass-based emissions constraints imposed in the illustrative plan approaches, individual 

states or multi-state regional groups may develop alternate approaches to achieve their state 

goals.  

It is very important to note that the differences between the analytical results for the rate-

based and mass-based illustrative plan approaches presented in this RIA may not be indicative of 

likely differences between the approaches if implemented by states and affected EGUs in 

response to the final guidelines. Rather, the two sets of analyses are intended to illustrate two 
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contrasting, stylized implementation approaches to accomplish the emission performance rates 

finalized in the Clean Power Plan Final Rule. In other words, if one approach performs 

differently than the other on a given metric during a given time period, this does not imply this 

will apply in all instances. 

To present a complete picture of costs and benefits of the final emission guidelines, this 

RIA presents results for the analysis years 2020, 2025, and 2030. While 2020 is before the first 

year of the interim compliance period (2022), the EPA expects states and affected EGUs to 

perform voluntary activities that will facilitate compliance with interim and final goals. These 

pre-compliance period activities might include investments in renewable energy or demand-side 

energy efficiency projects, for example, that produce emissions reductions in the compliance 

period. Activities might also include preparatory investments in transmission capacity or 

monitoring, reporting, and recordkeeping systems. As a result, there are likely to be benefits and 

costs in 2020, so these are reported in the illustrative analysis of this RIA. Meanwhile, cost and 

benefits are estimated in this RIA for 2025, which is intended to represent a central period of the 

interim compliance time-frame as states and tribes are on glide paths toward fully meeting the 

final CO2 emission performance goals. Lastly, the RIA presents costs and benefits for 2030, 

when the emission performance goals are fully achieved. 
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ES.4 Emissions Reductions 

Table ES-2 shows the emission reductions associated with the modelled rate-based 

illustrative plan approach.  

Table ES-2. Climate and Air Pollutant Emission Reductions for the Rate-Based 

Illustrative Plan Approach 1 

 

 

CO2  

(million  

short tons) 

SO2  

(thousand 

short tons) 

Annual NOX  

(thousand  

short tons) 

2020 Rate-Based Approach 

Base Case 2,155 1,311 1,333 

Final Guidelines 2,085 1,297 1,282 

Emissions Change -69 -14 -50 

2025 Rate-Based Approach 

Base Case 2,165 1,275 1,302 

Final Guidelines 1,933 1,097 1,138 

Emissions Change -232 -178 -165 

2030 Rate-Based Approach 

Base Case 2,227 1,314 1,293 

Final Guidelines 1,812 996 1,011 

Emission Change -415 -318 -282 

Source: Integrated Planning Model, 2015. Emissions change may not sum due to rounding. 
1 CO2 emission reductions are used to estimate the climate benefits of the guidelines. SO2, and NOX reductions are 

relevant for estimating air quality health co-benefits of the final guidelines. The final guidelines are also expected to 

achieve reductions in directly emitted PM2.5, which we were not able to estimate for this RIA. 

  

In 2020, the EPA estimates that CO2 emissions will be reduced by 69 million short tons 

under the rate-based scenario compared to base case levels. In 2025, the EPA estimates that CO2 

emissions will be reduced by 232 million short tons under the rate-based approach compared to 

base case levels. CO2 emission reductions increase to 415 million short tons annually in 2030 

when compared to the base case emissions. Table ES-2 also shows emission reductions for 

criteria air pollutants (in short tons).2 

  

                                                 
2 The final guidelines are also expected to achieve reductions in directly emitted PM2.5, which we were not able to 

estimate for this RIA. However, the SO2 and NOX reductions account for the large majority of the anticipated health 

co-benefits. Based on analyses for the proposed rule which included benefits from reductions in directly emitted 

PM2.5, those benefits accounted for less than 10 percent of total monetized health co-benefits. 
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Table ES-3 shows the emission reductions associated with the modeled mass-based 

illustrative plan approach. 

Table ES-3. Climate and Air Pollutant Emission Reductions for the Mass-Based 

Illustrative Plan Appproach 1 

 

 

CO2  

(million  

short tons) 

SO2  

(thousand 

short tons) 

Annual NOX  

(thousand  

short tons) 

2020 Mass-Based Approach    

Base Case 2,155 1,311 1,333 

Final Guidelines 2,073 1,257 1,272 

Emissions Change -82 -54 -60 

2025 Mass-Based Approach    

Base Case 2,165 1,275 1,302 

Final Guidelines 1,901 1,090 1,100 

Emissions Change -264 -185 -203 

2030 Mass-Based Approach    

Base Case 2,227 1,314 1,293 

Final Guidelines 1,814 1,034 1,015 

Emission Change -413 -280 -278 

Source: Integrated Planning Model, 2015. Emissions change may not sum due to rounding. 
1 CO2 emission reductions are used to estimate the climate benefits of the guidelines. SO2, and NOX reductions are 

relevant for estimating air quality health co-benefits of the final guidelines. The final guidelines are also expected to 

achieve reductions in directly emitted PM2.5, which we were not able to estimate for this RIA. 

  

In 2020, the EPA estimates that CO2 emissions will be reduced by 82 million short tons under 

the mass-based approach compared to base case levels. In 2025, the EPA estimates that CO2 

emissions will be reduced by 264 million short tons under the mass-based approach compared to 

base case levels. CO2 emission reductions increase to 413 million short tons annually in 2030 

when compared to the base case emissions. Table ES-3 also shows emission reductions for 

criteria air pollutants (in short tons).  
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Table ES-4 presents CO2 emission reductions relative to 2005. 

Table ES-4. Projected CO2 Emission Reductions, Relative to 2005 

  
CO2 Emissions  

(million short tons) 

CO2 Emissions:  

Change from 2005  

(million short tons) 

CO2 Emissions Reductions: 

Percent Change from 2005 

   2005  2020 2025 2030 2020 2025 2030 

Base Case  2,683  -528 -518 -456 -20% -19% -17% 

Rate-based  -  -598 -750 -871 -22% -28% -32% 

Mass-based  -  -610 -782 -869 -23% -29% -32% 

Source: Integrated Planning Model, 2015.  

 

In 2020, the EPA estimates that CO2 emissions will be reduced by 598 million short tons (22 

percent) under the rate-based approach compared to 2005 levels. In 2025, the EPA estimates that 

CO2 emissions will be reduced by 750 million short tons (28 percent) under the rate-based 

approach compared to 2005 levels. Under the rate-based approach, CO2 emission reductions 

increase to 871 million short tons (32 percent) in 2030 when compared to 2005 levels.  

Under the mass-based approach in 2020, the EPA estimates that CO2 emissions will be 

reduced by 610 million short tons (23 percent) under the rate-based approach compared to 2005 

levels. In 2025, the EPA estimates that CO2 emissions will be reduced by 782 million short tons 

(29 percent) under the mass-based approach compared to 2005 levels. Under the mass-based 

approach, CO2 emission reductions increase to 869 million short tons (32 percent) in 2030 when 

compared to 2005 levels.  

ES.5 Costs 

 The compliance cost estimates for this final action are represented in this analysis as the 

change in electric power generation costs between the base case and illustrative plan approach 

policy cases, including the cost of demand-side energy efficiency measures and costs associated 

with monitoring, reporting, and recordkeeping requirements (MR&R). In the rate-based 

approach, energy efficiency activities are modeled as being used by EGUs as a low-cost method 

of demonstrating compliance with their rate-based emissions standards. In the mass-based 

approach, energy efficiency activities are assumed to be adopted by states to lower demand, 

which in turn reduces the cost of achieving the mass limitations. The level of energy efficiency 

measures is determined outside of IPM and is assumed to be the same in the two illustrative plan 

approaches. The compliance assumptions, and therefore the projected ñcompliance costsò set 
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forth in this analysis, are illustrative in nature and do not represent the full suite of compliance 

flexibilities states may ultimately pursue. 

The annual incremental cost is the projected additional cost of complying with the final 

rule in the year analyzed and includes the net change in the annualized cost of capital investment 

in new generating sources and heat rate improvements at coal-fired steam generating units, the 

change in the ongoing costs of operating pollution controls, shifts between or amongst various 

fuels, demand-side energy efficiency measures, and other actions associated with compliance. 

The total compliance cost estimates presented here include the costs associated with monitoring, 

reporting, and recordkeeping.3 The costs for both illustrative plan approaches are reflected in 

Table ES-5 below and discussed more extensively in Chapter 3 of this RIA. All dollar estimates 

are in 2011 dollars. 

The EPA estimates the annual incremental compliance cost for the rate-based approach 

for final emission guidelines to be $2.5 billion in 2020, $1.0 billion in 2025 and $8.4 billion in 

2030, including the costs associated with monitoring, reporting, and recordkeeping.4 The EPA 

estimates the annual incremental compliance cost for the mass-based approach for final emission 

guidelines to be $1.4 billion in 2020, $3.0 billion in 2025 and $5.1 billion in 2030, including the 

costs associated with monitoring, reporting, and recordkeeping.  

Table ES-5. Compliance Costs for the Illustrative Rate-Based and Mass-Based Plan 

Approaches 

 Incremental Cost from Base Case (billions of 2011$) 

 Rate-based Approach  Mass-based Approach  

2020 $2.5 $1.4 

2025 $1.0 $3.0 

2030 $8.4 $5.1 

Source: Integrated Planning Model, 2015, with post-processing to account for exogenous demand-side management 

energy efficiency costs and monitoring, reporting, and recordkeeping costs. See Chapter 3 of this RIA for more 

details. 

                                                 
3 These costs are estimated outside of the IPM modelling framework as IPM only models the contiguous U.S. and 

does not incorporate monitoring, reporting, and recordkeeping requirements specific to the Clean Power Plan Final 

Rules. 

4 The MR&R costs estimates are $67 million in 2020, $16 million in 2025 and $16 million in 2030 and are assumed 

to be the same for both rate-based and mass-based illustrative plan approaches. Note the MR&R costs in 2020 are 

related to facilities setting up net energy output monitoring and upgrading data acquisition systems. 
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The costs reported in Table ES-5 represent the estimated incremental electric utility 

generating costs changes from the base case plus the estimates of demand-side energy efficiency 

program costs (which are paid by electric utilities), demand-side energy efficiency participant 

costs (which are paid by electric utility consumers), and MR&R costs. For example, in 2030, 

under the rate-based approach, the incremental electric utility generating costs decline by about 

$18.0 billion from the base case. MR&R requirements in 2030 are estimated at $16.0 million, 

and demand-side energy efficiency costs in 2030 are estimated to be $26.3 billion, split equally 

between program and participants using a 3 percent discount rate (see Chapter 3 of this RIA for 

more details on these estimates). These cost estimates sum to the $8.4 billion shown in Table ES-

3 and represent the total costs of the rate-based illustrative plan approach in 2030. The same 

approach applies in each year of analysis for the rate-based and the mass-based illustrative plan 

approaches. 

The compliance costs reported in Table ES-5 are not social costs. These costs represent 

the estimated expenditures incurred by EGUs and states to comply with the BSER goals for the 

Clean Power Plan Final Rule. These compliance cost estimates are compared to estimates of 

social benefits to derive net benefits of the final emission guidelines, which are presented later in 

this Executive Summary. For a more extensive discussion of social costs and benefits, see 

Chapter 3 and Chapter 4, respectively, of this RIA.  

ES.6 Monetized Climate Benefits and Health Co-benefits 

Implementing the final emission guidelines is expected to reduce emissions of CO2 and 

have ancillary emission reductions (i.e., co-benefits) of SO2, NO2, and directly emitted PM2.5, 

which would lead to lower ambient concentrations of PM2.5 and ozone. The climate benefits 

estimates have been calculated using the estimated values of marginal climate impacts presented 

in the Technical Support Document: Technical Update of the Social Cost of Carbon for 

Regulatory Impact Analysis under Executive Order 12866 (May 2013, Revised July 2015), 

henceforth denoted as the current SC-CO2 TSD.5 Also, the range of combined benefits reflects 

                                                 
5 Technical Support Document: Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis 

Under Executive Order 12866, Interagency Working Group on Social Cost of Carbon, with participation by Council 

of Economic Advisers, Council on Environmental Quality, Department of Agriculture, Department of Commerce, 

Department of Energy, Department of Transportation, Domestic Policy Council, Environmental Protection Agency, 

National Economic Council, Office of Management and Budget, Office of Science and Technology Policy, and 
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different concentration-response functions for the air quality health co-benefits, but it does not 

capture the full range of uncertainty inherent in the health co-benefits estimates. Furthermore, we 

were unable to quantify or monetize all of the climate benefits and health and environmental co-

benefits associated with the final emission guidelines, including reducing exposure to SO2, NOX, 

and hazardous air pollutants (e.g., mercury), as well as ecosystem effects and visibility 

improvement. The omission of these endpoints from the monetized results should not imply that 

the impacts are small or unimportant. Table ES-6 provides the list of the quantified and 

unquantified health and environmental benefits in this analysis.  

                                                 
Department of Treasury (May 2013, Revised July 2015). Available at: 

<https://www.whitehouse.gov/sites/default/files/omb/inforeg/scc-tsd-final-july-2015.pdf> Accessed 7/11/2015. 
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Table ES-6. Quantified and Unquantified Benefits 

Benefits Category Specific Effect 

Effect Has 

Been 

Quantified 

Effect Has 

Been 

Monetized 

More Information 

Improved 

Environment 
    

Reduced climate 

effects 

Global climate impacts from CO2 ð1 V SC-CO2 TSD 

Climate impacts from ozone and black carbon (directly 

emitted PM) 
ð ð 

Ozone ISA, PM 

ISA2 

Other climate impacts (e.g., other GHGs such as methane, 

aerosols, other impacts) 
ð ð IPCC2 

Improved Human Health (co-benefits)    

Reduced incidence of 

premature mortality 

from exposure to 

PM2.5 

Adult premature mortality based on cohort study estimates 

and expert elicitation estimates (age >25 or age >30) 
V V PM ISA 

Infant mortality (age <1) V V PM ISA 

Reduced incidence of 

morbidity from 

exposure to PM2.5 

Non-fatal heart attacks (age > 18) V V PM ISA 

Hospital admissionsðrespiratory (all ages) V V PM ISA 

Hospital admissionsðcardiovascular (age >20) V V PM ISA 

Emergency room visits for asthma (all ages) V V PM ISA 

Acute bronchitis (age 8-12) V V PM ISA 

Lower respiratory symptoms (age 7-14) V V PM ISA 

Upper respiratory symptoms (asthmatics age 9-11) V V PM ISA 

Asthma exacerbation (asthmatics age 6-18) V V PM ISA 

Lost work days (age 18-65) V V PM ISA 

Minor restricted-activity days (age 18-65) V V PM ISA 

Chronic Bronchitis (age >26) ð ð PM ISA2 

Emergency room visits for cardiovascular effects (all ages) ð ð PM ISA2 

Strokes and cerebrovascular disease (age 50-79) ð ð PM ISA2 

Other cardiovascular effects (e.g., other ages) ð ð PM ISA3 

Other respiratory effects (e.g., pulmonary function, non-

asthma ER visits, non-bronchitis chronic diseases, other 

ages and populations) 

ð ð PM ISA3 

Reproductive and developmental effects (e.g., low birth 

weight, pre-term births, etc) 
ð ð PM ISA3,4 

Cancer, mutagenicity, and genotoxicity effects ð ð PM ISA3,4 

Reduced incidence of 

mortality from 

exposure to ozone 

Premature mortality based on short-term study estimates (all 

ages) 
V V Ozone ISA 

Premature mortality based on long-term study estimates 

(age 30ï99) 
ð ð Ozone ISA2 

     

Reduced incidence of 

morbidity from 

exposure to ozone 

Hospital admissionsðrespiratory causes (age > 65) V V Ozone ISA 

Hospital admissionsðrespiratory causes (age <2) V V Ozone ISA 

Emergency department visits for asthma (all ages) V V Ozone ISA 

Minor restricted-activity days (age 18ï65) V V Ozone ISA 

School absence days (age 5ï17) V V Ozone ISA 

Decreased outdoor worker productivity (age 18ï65) ð ð Ozone ISA2 

Other respiratory effects (e.g., premature aging of lungs) ð ð Ozone ISA3 

Cardiovascular and nervous system effects ð ð Ozone ISA3 

Reproductive and developmental effects ð ð Ozone ISA3,4 
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Table ES-6.  Continued    

Reduced incidence of 

morbidity from 

exposure to NO2 

Asthma hospital admissions (all ages) ð ð NO2 ISA2 

Chronic lung disease hospital admissions (age > 65) ð ð NO2 ISA2 

Respiratory emergency department visits (all ages) ð ð NO2 ISA2 

Asthma exacerbation (asthmatics age 4ï18) ð ð NO2 ISA2 

Acute respiratory symptoms (age 7ï14) ð ð NO2 ISA2 

Premature mortality ð ð NO2 ISA2,3,4 

Other respiratory effects (e.g., airway hyperresponsiveness 

and inflammation, lung function, other ages and 

populations) 

ð ð NO2 ISA3,4 

Reduced incidence of 

morbidity from 

exposure to SO2 

Respiratory hospital admissions (age > 65) ð ð SO2 ISA2 

Asthma emergency department visits (all ages) ð ð SO2 ISA2 

Asthma exacerbation (asthmatics age 4ï12) ð ð SO2 ISA2 

Acute respiratory symptoms (age 7ï14) ð ð SO2 ISA2 

Premature mortality ð ð SO2 ISA2,3,4 

Other respiratory effects (e.g., airway hyperresponsiveness 

and inflammation, lung function, other ages and 

populations) 

ð ð SO2 ISA2,3 

Reduced incidence of 

morbidity from 

exposure to 

methylmercury 

Neurologic effectsðIQ loss ð ð IRIS; NRC, 20002 

Other neurologic effects (e.g., developmental delays, 

memory, behavior) 
ð ð IRIS; NRC, 20003 

Cardiovascular effects ð ð IRIS; NRC, 20003,4 

Genotoxic, immunologic, and other toxic effects ð ð IRIS; NRC, 20003,4 

Improved Environment (co-benefits)    

Reduced visibility 

impairment 

Visibility in Class 1 areas ð ð PM ISA2 

Visibility in residential areas ð ð PM ISA2 

Reduced effects on 

materials 

Household soiling ð ð PM ISA2,3 

Materials damage (e.g., corrosion, increased wear) ð ð PM ISA3 

Reduced PM 

deposition (metals and 

organics) 

Effects on Individual organisms and ecosystems ð ð PM ISA3 

Reduced vegetation 

and ecosystem effects 

from exposure to 

ozone 

Visible foliar injury on vegetation ð ð Ozone ISA2 

Reduced vegetation growth and reproduction ð ð Ozone ISA2 

Yield and quality of commercial forest products and crops ð ð Ozone ISA2 

Damage to urban ornamental plants ð ð Ozone ISA3 

Carbon sequestration in terrestrial ecosystems ð ð Ozone ISA2 

Recreational demand associated with forest aesthetics ð ð Ozone ISA3 

Other non-use effects   Ozone ISA3 

Ecosystem functions (e.g., water cycling, biogeochemical 

cycles, net primary productivity, leaf-gas exchange, 

community composition) 

ð ð Ozone ISA3 

Reduced effects from 

acid deposition 

Recreational fishing ð ð NOx SOx ISA2 

Tree mortality and decline ð ð NOx SOx ISA3 

Commercial fishing and forestry effects ð ð NOx SOx ISA3 

Recreational demand in terrestrial and aquatic ecosystems ð ð NOx SOx ISA3 

Other non-use effects   NOx SOx ISA3 

Ecosystem functions (e.g., biogeochemical cycles) ð ð NOx SOx ISA3 
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Table ES-6.  Continued 

   

Reduced effects from 

nutrient enrichment 

Species composition and biodiversity in terrestrial and 

estuarine ecosystems 
ð ð NOx SOx ISA3 

Coastal eutrophication ð ð NOx SOx ISA3 

Recreational demand in terrestrial and estuarine ecosystems ð ð NOx SOx ISA3 

Other non-use effects   NOx SOx ISA3 

Ecosystem functions (e.g., biogeochemical cycles, fire 

regulation) 
ð ð NOx SOx ISA3 

Reduced vegetation 

effects from exposure 

to SO2 and NOx 

Injury to vegetation from SO2 exposure ð ð NOx SOx ISA3 

Injury to vegetation from NOx exposure ð ð NOx SOx ISA3 

Reduced ecosystem 

effects from exposure 

to methylmercury 

Effects on fish, birds, and mammals (e.g., reproductive 

effects) 
ð ð 

Mercury Study 

RTC3 

Commercial, subsistence and recreational fishing ð ð 
Mercury Study 

RTC2 

1 The global climate and related impacts of CO2 emissions changes, such as sea level rise, are estimated within each 

integrated assessment model as part of the calculation of the SC-CO2. The resulting monetized damages, which 

are relevant for conducting the benefit-cost analysis, are used in this RIA to estimate the welfare effects of 

quantified changes in CO2 emissions. 
2 We assess these co-benefits qualitatively due to data and resource limitations for this analysis. 

3 We assess these co-benefits qualitatively because we do not have sufficient confidence in available data or 

methods. 

4 We assess these co-benefits qualitatively because current evidence is only suggestive of causality or there are other 

significant concerns over the strength of the association. 

 

ES.6.1 Estimating Global Climate Benefits 

We estimate the global social benefits of CO2 emission reductions expected from this 

rulemaking using the SC-CO2 estimates presented in the current SC-CO2 TSD. We refer to these 

estimates, which were developed by the U.S. government, as ñSC-CO2 estimatesò for the 

remainder of this document. The SC-CO2 is a metric that estimates the monetary value of 

impacts associated with marginal changes in CO2 emissions in a given year. It includes a wide 

range of anticipated climate impacts, such as net changes in agricultural productivity and human 

health, property damage from increased flood risk, and changes in energy system costs, such as 

reduced costs for heating and increased costs for air conditioning. It is typically used to assess 

the avoided damages as a result of regulatory actions (i.e., benefits of rulemakings that lead to an 

incremental reduction in cumulative global CO2 emissions).  

The SC-CO2 estimates used in this analysis have been developed over many years, using 

the best science available, and with input from the public. The EPA and other federal agencies 
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have considered the extensive public comments on ways to improve SC-CO2 estimation received 

via the notice and comment period that was part of numerous rulemakings. In addition, OMBôs 

Office of Information and Regulatory Affairs recently issued a response to the public comments 

it sought through a separate comment period on the approach used to develop the SC-CO2 

estimates.6 

An interagency working group (IWG) that included the EPA and other executive branch 

entities used three integrated assessment models (IAMs) to develop SC-CO2 estimates and 

recommended four global values for use in regulatory analyses. The SC-CO2 estimates represent 

global measures because of the distinctive nature of the climate change problem. Emissions of 

greenhouse gases contribute to damages around the world, even when they are released in the 

United States, and the worldôs economies are now highly interconnected. Therefore, the SC-CO2 

estimates incorporate the worldwide damages caused by carbon dioxide emissions in order to 

reflect the global nature of the problem, and we expect other governments to consider the global 

consequences of their greenhouse gas emissions when setting their own domestic policies. See 

RIA Chapter 4 for more discussion. 

The IWG first released the estimates in February 2010 and updated them in 2013 using 

new versions of each IAM. The SC-CO2 values was estimated using three integrated assessment 

models (DICE, FUND, and PAGE)7, which the IWG harmonized across three key inputs: the 

probability distribution for equilibrium climate sensitivity; five scenarios for economic, 

population, and emissions growth; and three constant discount rates. The 2010 SC-CO2 

Technical Support Document (2010 SC-CO2 TSD) provides a complete discussion of the 

methodology and the current SC-CO2 TSD8 presents and discusses the updated estimates. The 

four SC-CO2 estimates are as follows: $12, $40, $60, and $120 per short ton of CO2 emissions in 

the year 2020 (2011$), and each estimate increases over time.9 These SC-CO2 estimates are 

                                                 
6 See https://www.whitehouse.gov/sites/default/files/omb/inforeg/scc-response-to-comments-final-july-2015.pdf  

7 The full models names are as follows: Dynamic Integrated Climate and Economy (DICE); Climate Framework for 

Uncertainty, Negotiation, and Distribution (FUND); and Policy Analysis of the Greenhouse Gas Effect (PAGE). 

8 The IWG published the updated TSD in 2013, then issued two minor corrections to it in July 2015.  

9 The 2010 and 2013 TSDs present SC-CO2 in 2007$ per metric ton. The estimates were adjusted to (1) short tons 

for using conversion factor 0.90718474 and (2) 2011$ using GDP Implicit Price Deflator, 

http://www.gpo.gov/fdsys/pkg/ECONI-2013-02/pdf/ECONI-2013-02-Pg3.pdf. 
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associated with different discount rates. The first three estimates are the model average at 5 

percent discount rate, 3 percent, and 2.5 percent, respectively, and the fourth estimate is the 95th 

percentile at 3 percent.  

The 2010 SC-CO2 TSD noted a number of limitations to the SC-CO2 analysis, including 

the incomplete way in which the IAMs capture catastrophic and non-catastrophic impacts, their 

incomplete treatment of adaptation and technological change, uncertainty in the extrapolation of 

damages to high temperatures, and assumptions regarding risk aversion. Currently integrated 

assessment models do not assign value to all of the important physical, ecological, and economic 

impacts of climate change recognized in the climate change literature because of a lack of 

precise information on the nature of damages and because the science incorporated into these 

models understandably lags behind the most recent research. In particular, the IPCC Fourth 

Assessment Report concluded that ñIt is very likely that [SC-CO2 estimates] underestimate the 

damage costs because they cannot include many non-quantifiable impacts.ò Nonetheless, these 

estimates and the discussion of their limitations represent the best available information about 

the social benefits of CO2 emission reductions to inform the benefit-cost analysis.  

In addition, after careful evaluation of the full range of comments submitted to OMBôs 

Office of Information and Regulatory Affairs, the IWG continues to recommend the use of these 

SC-CO2 estimates in regulatory impact analysis. With the release of the response to comments, 

the IWG announced plans to obtain expert independent advice from the National Academies of 

Sciences, Engineering, and Medicine (Academies) to ensure that the SC-CO2 estimates continue 

to reflect the best available scientific and economic information on climate change.10 The 

Academies process will be informed by the public comments received and focus on the technical 

merits and challenges of potential approaches to improving the SC-CO2 estimates in future 

updates.  

ES 6.2 Estimating Air Quality Health Co-Benefits 

The final emission guidelines would reduce emissions of precursor pollutants (e.g., SO2, 

NOX, and directly emitted particles), which in turn would lower ambient concentrations of PM2.5 

                                                 
10 See <https://www.whitehouse.gov/blog/2015/07/02/estimating-benefits-carbon-dioxide-emissions-reductions>. 
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and ozone. This co-benefits analysis quantifies the monetized benefits associated with the 

reduced exposure to these two pollutants.11 Unlike the global SC-CO2 estimates, the air quality 

health co-benefits are only estimated for the contiguous U.S. The estimates of monetized PM2.5 

co-benefits include avoided premature deaths (derived from effect coefficients in two cohort 

studies [Krewski et al. 2009 and Lepeule et al. 2012] for adults and one for infants [Woodruff et 

al. 1997]), as well as avoided morbidity effects for ten non-fatal endpoints ranging in severity 

from lower respiratory symptoms to heart attacks (U.S. EPA, 2012). The estimates of monetized 

ozone co-benefits include avoided premature deaths (derived from the range of effect 

coefficients represented by two short-term epidemiology studies [Bell et al. (2004) and Levy et 

al. (2005)]), as well as avoided morbidity effects for five non-fatal endpoints ranging in severity 

from school absence days to hospital admissions (U.S. EPA, 2008, 2011). 

We use a ñbenefit-per-tonò approach to estimate the PM2.5 and ozone co-benefits in this 

RIA. Benefit-per-ton approaches apply an average benefit per ton derived from modeling of 

benefits of specific air quality scenarios to estimates of emissions reductions for scenarios where 

no air quality modeling is available. The benefit-per-ton approach we use in this RIA relies on 

estimates of human health responses to exposure to PM and ozone obtained from the peer-

reviewed scientific literature. These estimates are used in conjunction with population data, 

baseline health information, air quality data and economic valuation information to conduct 

health impact and economic benefits assessments.  

Specifically, in this analysis, we multiplied the benefit-per-ton estimates by the 

corresponding emission reductions that were generated from air quality modeling of the 

proposed Clean Power Plan. Similar to the co-benefits analysis conducted for the RIA for this 

rule at proposal, we generated regional benefit-per-ton estimates by aggregating the impacts in 

BenMAP12 to the region (i.e., East, West, and California) rather than aggregating to the nation. 

To calculate the co-benefits for the final emission guidelines, we then multiplied the regional 

                                                 
11 We did not estimate the co-benefits associated with reducing direct exposure to SO2 and NOX. For this RIA, we 

did not estimate changes in emissions of directly emitted particles. As a result, quantified PM2.5 related benefits are 

underestimated by a relatively small amount. In the proposal RIA, the benefits from reductions in directly emitted 

PM2.5 were less than 10 percent of total monetized health co-benefits across all scenarios and years. 

12 BenMAP is a computer program developed by the EPA that calculates the number and economic value of air 

pollution-related deaths and illnesses. The software incorporates a database that includes many of the concentration-

response relationships, population files, and health and economic data needed to quantify these impacts. 
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benefit-per-ton estimates for the EGU sector by the corresponding emission reductions. All 

benefit-per-ton estimates reflect the geographic distribution of the modeled emissions, which 

may not exactly match the emission reductions in this rulemaking, and thus they may not reflect 

the local variability in population density, meteorology, exposure, baseline health incidence 

rates, or other local factors for any specific location.  

Our estimate of the monetized co-benefits is based on the EPAôs interpretation of the best 

available scientific literature (U.S. EPA, 2009) and methods and supported by the EPAôs Science 

Advisory Board and the NAS (NRC, 2002). Below are key assumptions underlying the estimates 

for PM2.5-related premature mortality, which accounts for 98 percent of the monetized PM2.5 

health co-benefits:  

1. We assume that all fine particles, regardless of their chemical composition, are 

equally potent in causing premature mortality. This is an important assumption, 

because PM2.5 varies considerably in composition across sources, but the scientific 

evidence is not yet sufficient to allow differentiation of effect estimates by particle 

type. The PM ISA concluded that ñmany constituents of PM2.5 can be linked with 

multiple health effects, and the evidence is not yet sufficient to allow differentiation 

of those constituents or sources that are more closely related to specific outcomesò 

(U.S. EPA, 2009b). 

2. We assume that the health impact function for fine particles is log-linear without a 

threshold in this analysis. Thus, the estimates include health co-benefits from 

reducing fine particles in areas with varied concentrations of PM2.5, including both 

areas that do not meet the National Ambient Air Quality Standard for fine particles 

and those areas that are in attainment, down to the lowest modeled concentrations.  

3. We assume that there is a ñcessationò lag between the change in PM exposures and 

the total realization of changes in mortality effects. Specifically, we assume that some 

of the incidences of premature mortality related to PM2.5 exposures occur in a 

distributed fashion over the 20 years following exposure based on the advice of the 

SAB-HES (U.S. EPA-SAB, 2004c), which affects the valuation of mortality co-

benefits at different discount rates. 
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Every benefits analysis examining the potential effects of a change in environmental 

protection requirements is limited, to some extent, by data gaps, model capabilities (such as 

geographic coverage) and uncertainties in the underlying scientific and economic studies used to 

configure the benefit and cost models. In addition, given the flexibilities afforded states in 

complying with the emission guidelines, the co-benefits estimated presented in this RIA are not 

definitive estimates, but are instead illustrative of approaches that states may take. Despite these 

uncertainties, we believe this analysis provides a reasonable indication of the expected health co-

benefits of the air quality emission reductions for the final emission guidelines under a set of 

reasonable assumptions. This analysis does not include the type of detailed uncertainty 

assessment found in the 2012 PM2.5 National Ambient Air Quality Standard (NAAQS) RIA (U.S. 

EPA, 2012) because we lack the necessary air quality input and monitoring data to conduct a 

complete benefits assessment. In addition, using a benefit-per-ton approach adds another 

important source of uncertainty to the benefits estimates.  

ES 6.3 Combined Benefits Estimates 

The EPA has evaluated the range of potential impacts by combining all four SC-CO2 

values with health co-benefits values at the 3 percent and 7 percent discount rates. Different 

discount rates are applied to SC-CO2 than to the health co-benefit estimates; because CO2 

emissions are long-lived and subsequent damages occur over many years. Moreover, several 

discount rates are applied to SC-CO2 because the literature shows that the estimate of SC-CO2 is 

sensitive to assumptions about discount rate and because no consensus exists on the appropriate 

rate to use in an intergenerational context. The U.S. government centered its attention on the 

average SC-CO2 at a 3 percent discount rate but emphasized the importance of considering all 

four SC-CO2 estimates. Table ES-7 (rate-based illustrative plan approach) and Table ES-8 

(mass-based illustrative plan approach) provide the combined climate benefits and health co-

benefits for the Clean Power Plan Final Rule estimated for 2020, 2025, and 2030 for each 

discount rate combination. All dollar estimates are in 2011 dollars. 
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Table ES-7. Combined Estimates of Climate Benefits and Health Co-Benefits for Rate-

Based Approach (billions of 2011$)* 

SC-CO2 Discount Rate and Statistic**  

Climate 

Benefits 

Only 

Climate Benefits plus Health Co-benefits  

(Discount Rate Applied to Health Co-benefits) 

3% 7% 

In 2020 69  million short tons CO2   

5% $0.80 $1.5 to $2.6 $1.4 to $2.5 

3% $2.8 $3.5 to $4.6 $3.5 to $4.5 

2.5% $4.1 $4.9 to $6.0 $4.8 to $5.9 

3% (95th percentile) $8.2 $8.9 to $10 $8.9 to $9.9 

In 2025 232  million short tons CO2   

5% $3.1 $11 to $21 $9.9 to $19 

3% $10 $18 to $28 $17 to $26 

2.5% $15 $23 to $33 $22 to $31 

3% (95th percentile) $31 $38 to $49 $38 to $47 

In 2030 415  million short tons CO2   

5% $6.4 $21 to $40 $19 to $37 

3% $20 $34 to $54 $33 to $51 

2.5% $29 $43 to $63 $42 to $60 

3% (95th percentile) $61 $75 to $95 $74 to $92 

*All benefit estimates are rounded to two significant figures. Climate benefits are based on reductions in CO2 

emissions. Co-benefits are based on regional benefit-per-ton estimates. Ozone co-benefits occur in analysis year, so 

they are the same for all discount rates. The health co-benefits reflect the sum of the PM2.5 and ozone co-benefits 

and reflect the range based on adult mortality functions (e.g., from Krewski et al. (2009) with Bell et al. (2004) to 

Lepeule et al. (2012) with Levy et al. (2005)). The monetized health co-benefits do not include reduced health 

effects from reductions in directly emitted PM2.5, direct exposure to NOX, SO2, and HAP; ecosystem effects; or 

visibility impairment. See Chapter 4 for more information about these estimates and for more information 

regarding the uncertainty in these estimates. 

**Unless otherwise specified, it is the model average. 
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Table ES-8. Combined Estimates of Climate Benefits and Health Co-benefits for Mass-

Based Approach (billions of 2011$)* 

SC-CO2 Discount Rate and Statistic** 

Climate 

Benefits 

Only 

Climate Benefits plus Health Co-benefits  

(Discount Rate Applied to Health Co-benefits) 

3% 7% 

In 2020 82  million short tons CO2   

5% $0.94 $2.9 to $5.7 $2.8 to $5.3 

3% $3.3 $5.3 to $8.1 $5.1 to $7.7 

2.5% $4.9 $6.9 to $9.7 $6.7 to $9.3 

3% (95th percentile) $9.7 $12 to $14 $11 to $14 

In 2025 264  million short tons CO2   

5% $3.6 $11 to $21 $10 to $19 

3% $12 $19 to $29 $18 to $27 

2.5% $17 $24 to $35 $24 to $33 

3% (95th percentile) $35 $42 to $52 $42 to $51 

In 2030 413  million short tons CO2   

5% $6.4 $18 to $34 $17 to $32 

3% $20 $32 to $48 $31 to $46 

2.5% $29 $41 to $57 $40 to $55 

3% (95th percentile) $60 $72 to $89 $71 to $86 

*All benefit estimates are rounded to two significant figures. Climate benefits are based on reductions in CO2 

emissions. Co-benefits are based on regional benefit-per-ton estimates. Ozone co-benefits occur in analysis year, so 

they are the same for all discount rates. The health co-benefits reflect the sum of the PM2.5 and ozone co-benefits 

and reflect the range based on adult mortality functions (e.g., from Krewski et al. (2009) with Bell et al. (2004) to 

Lepeule et al. (2012) with Levy et al. (2005)). The monetized health co-benefits do not include reduced health 

effects from reductions in directly emitted PM2.5, direct exposure to NOX, SO2, and HAP; ecosystem effects; or 

visibility impairment. See Chapter 4 for more information about these estimates and for more information 

regarding the uncertainty in these estimates. 

**Unless otherwise specified, it is the model average. 

 

ES.7 Net Benefits 

Table ES-9 and ES-10 provide the estimates of the climate benefits, health co-benefits, 

compliance costs and net benefits of the final emission guidelines for rate-based and mass-based 

approaches, respectively. There are additional important benefits that the EPA could not 

monetize. Due to current data and modeling limitations, our estimates of the benefits from 

reducing CO2 emissions do not include important impacts like ocean acidification or potential 

tipping points in natural or managed ecosystems. Unquantified benefits also include climate 

benefits from reducing emissions of non-CO2 greenhouse gases and co-benefits from reducing 

exposure to SO2, NOX, and hazardous air pollutants (e.g., mercury), as well as ecosystem effects 

and visibility impairment. Upon considering these limitations and uncertainties, it remains clear 

that the benefits of this final rule are substantial and far outweigh the costs.  
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Table ES-9. Monetized Benefits, Compliance Costs, and Net Benefits Under the Rate-

based Illustrative Plan Approach (billions of 2011$) a 

  Rate-Based Approach  

 2020 2025 2030 

Climate Benefits b       

5% discount rate $0.80  $3.1  $6.4  

3% discount rate $2.8  $10  $20  

2.5% discount rate $4.1  $15  $29  

95th percentile at 3% 

discount rate 
$8.2  $31  $61  

 Air Quality Co-benefits Discount Rate 

 3% 7% 3% 7% 3% 7% 

Air Quality Health 

Co-benefits c 
$0.70 to $1.8 $0.64 to $1.7 $7.4 to $18 $6.7 to $16 $14 to $34 $13 to $31 

Compliance Costs d $2.5 $1.0 $8.4 

Net Benefits e $1.0 to $2.1 $1.0 to $2.0 $17 to $27 $16 to $25 $26 to $45 $25 to $43 

Non-Monetized 

Benefits 

Non-monetized climate benefits 

Reductions in exposure to ambient NO2 and SO2 

Reductions in mercury deposition 

Ecosystem benefits associated with reductions in emissions of NOX, SO2, PM, and mercury 

Visibility impairment 

a All are rounded to two significant figures, so figures may not sum. 
b The climate benefit estimate in this summary table reflects global impacts from CO2 emission changes and does 

not account for changes in non-CO2 GHG emissions. Also, different discount rates are applied to SC-CO2 than to the 

other estimates because CO2 emissions are long-lived and subsequent damages occur over many years. The benefit 

estimates in this table are based on the average SC-CO2 estimated for a 3 percent discount rate, however we 

emphasize the importance and value of considering the full range of SC-CO2 values. As shown in the RIA, climate 

benefits are also estimated using the other three SC-CO2 estimates (model average at 2.5 percent discount rate, 3 

percent, and 5 percent; 95th percentile at 3 percent). The SC-CO2 estimates are year-specific and increase over time.  
c The air quality health co-benefits reflect reduced exposure to PM2.5 and ozone associated with emission reductions 

of SO2 and NOX. The co-benefits do not include the benefits of reductions in directly emitted PM2.5. These 

additional benefits would increase overall benefits by a few percent based on the analyses conducted for the 

proposed rule. The range reflects the use of concentration-response functions from different epidemiology studies. 

The reduction in premature fatalities each year accounts for over 98 percent of total monetized co-benefits from 

PM2.5 and ozone. These models assume that all fine particles, regardless of their chemical composition, are equally 

potent in causing premature mortality because the scientific evidence is not yet sufficient to allow differentiation of 

effect estimates by particle type. Estimates in the table are presented for three analytical years with air quality co-

benefits calculated using two discount rates. The estimates of co-benefits are annual estimates in each of the 

analytical years, reflecting discounting of mortality benefits over the cessation lag between changes in PM2.5 

concentrations and changes in risks of premature death (see RIA Chapter 4 for more details), and discounting of 

morbidity benefits due to the multiple years of costs associated with some illnesses. The estimates are not the 

present value of the benefits of the rule over the full compliance period. 
d Total costs are approximated by the illustrative compliance costs estimated using the Integrated Planning Model for 

the final emission guidelines and a discount rate of approximately 5 percent. This estimate also includes monitoring, 

recordkeeping, and reporting costs and demand-side energy efficiency program and participant costs. 
e The estimates of net benefits in this summary table are calculated using the global SC-CO2 at a 3 percent discount 

rate (model average). The RIA includes combined climate and health estimates based on additional discount rates. 
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Table ES-10. Monetized Benefits, Compliance Costs, and Net Benefits under the Mass-

based Illustrative Plan Approach (billions of 2011$) a 

  Mass-Based Approach  

 2020 2025 2030 

Climate Benefits b       

5% discount rate $0.94  $3.6  $6.4  

3% discount rate $3.3  $12  $20  

2.5% discount rate $4.9  $17  $29  

95th percentile at 3% 

discount rate 
$9.7  $35  $60  

 Air Quality Co-benefits Discount Rate 

 3% 7% 3% 7% 3% 7% 

Air Quality Health 

Co-benefits c 
$2.0 to $4.8 $1.8 to $4.4 $7.1 to $17 $6.5 to $16 $12 to $28 $11 to $26 

Compliance Costs d $1.4 $3.0 $5.1 

Net Benefits e $3.9 to $6.7 $3.7 to $6.3 $16 to $26 $15 to $24 $26 to $43 $25 to $40 

Non-Monetized 

Benefits 

Non-monetized climate benefits 

Reductions in exposure to ambient NO2 and SO2 

Reductions in mercury deposition 

Ecosystem benefits associated with reductions in emissions of NOX, SO2, PM, and 

mercury 

Visibility improvement 

a All are rounded to two significant figures, so figures may not sum. 
b The climate benefit estimate in this summary table reflects global impacts from CO2 emission changes and does 

not account for changes in non-CO2 GHG emissions. Also, different discount rates are applied to SC-CO2 than to the 

other estimates because CO2 emissions are long-lived and subsequent damages occur over many years. The benefit 

estimates in this table are based on the average SC-CO2 estimated for a 3 percent discount rate, however we 

emphasize the importance and value of considering the full range of SC-CO2 values. As shown in the RIA, climate 

benefits are also estimated using the other three SC-CO2 estimates (model average at 2.5 percent discount rate, 3 

percent, and 5 percent; 95th percentile at 3 percent). The SC-CO2 estimates are year-specific and increase over time.  
c The air quality health co-benefits reflect reduced exposure to PM2.5 and ozone associated with emission reductions 

of, SO2 and NOX. The co-benefits do not include the benefits of reductions in directly emitted PM2.5. These 

additional benefits would increase overall benefits by a few percent based on the analyses conducted for the 

proposed rule. The range reflects the use of concentration-response functions from different epidemiology studies. 

The reduction in premature fatalities each year accounts for over 98 percent of total monetized co-benefits from 

PM2.5 and ozone. These models assume that all fine particles, regardless of their chemical composition, are equally 

potent in causing premature mortality because the scientific evidence is not yet sufficient to allow differentiation of 

effect estimates by particle type. Estimates in the table are presented for three analytical years with air quality co-

benefits calculated using two discount rates. The estimates of co-benefits are annual estimates in each of the 

analytical years, reflecting discounting of mortality benefits over the cessation lag between changes in PM2.5 

concentrations and changes in risks of premature death (see RIA Chapter 4 for more details), and discounting of 

morbidity benefits due to the multiple years of costs associated with some illnesses. The estimates are not the 

present value of the benefits of the rule over the full compliance period. 
d Total costs are approximated by the illustrative compliance costs estimated using the Integrated Planning Model for 

the final emission guidelines and a discount rate of approximately 5 percent. This estimate also includes monitoring, 

recordkeeping, and reporting costs and demand-side energy efficiency program and participant costs. 
e The estimates of net benefits in this summary table are calculated using the global SC-CO2 at a 3 percent discount 

rate (model average). The RIA includes combined climate and health estimates based on additional discount rates. 



   

 

ES-24 

ES.8 Economic Impacts 

The final emission guidelines have important energy market implications. Table ES-11 

presents a variety of important energy market impacts for 2020, 2025, and 2030 for both the rate-

based and mass-based illustrative plan approaches. 

Table ES-11. Summary Table of Important Energy Market Impacts (Percent Change from 

Base Case) 

  Rate-Based   Mass-Based 

  2020 2025 2030   2020 2025 2030 

Retail electricity prices 3% 1% 1%  3% 2% 0% 

Price of coal at minemouth -1% -5% -4%  -1% -5% -3% 

Coal production for power sector use -5% -14% -25%  -7% -17% -24% 

Price of natural gas delivered to power sector 5% -8% 2%  4% -3% -2% 

Natural gas use for electricity generation 3% -1% -1%  5% 0% -4% 

 

Energy market impacts from the guidelines are discussed more extensively in Chapter 3 of this 

RIA.  

Additionally, changes in supply or demand for electricity, natural gas, and coal can 

impact markets for goods and services produced by sectors that use these energy inputs in the 

production process or that supply those sectors. Changes in cost of production may result in 

changes in price and/or quantity produced by these sectors and these market changes may affect 

the profitability of firms and the economic welfare of their consumers. The EPA recognizes that 

these final emission guidelines provide flexibility, and states implementing the guidelines may 

choose to mitigate impacts to some markets outside the EGU sector. Similarly, demand for new 

generation or energy efficiency, for example, can result in changes in production and 

profitability for firms that supply those goods and services.  

ES.9 Employment Impacts 

Executive Order 13563 directs federal agencies to consider the effect of regulations on 

job creation and employment. According to the Executive Order, ñour regulatory system must 

protect public health, welfare, safety, and our environment while promoting economic growth, 

innovation, competitiveness, and job creation. It must be based on the best available scienceò 

(Executive Order 13563, 2011). Although standard benefit-cost analyses have not typically 

included a separate analysis of regulation-induced employment impacts, we typically conduct 
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employment analyses. During the current economic recovery, employment impacts are of 

particular concern and questions may arise about their existence and magnitude. 

Given the wide range of approaches that may be used to meet the requirements of the 

Clean Power Plan Final Rule, quantifying the associated employment impacts is difficult. The 

EPAôs illustrative employment analysis includes an estimate of projected employment impacts 

associated with these guidelines for the utility power sector, coal and natural gas production, and 

demand-side energy efficiency activities. These projections are derived, in part, from the detailed 

model of the utility power sector used for this regulatory analysis, and U.S government data on 

employment and labor productivity.  

In the electricity, coal, and natural gas sectors, the EPA estimates that these guidelines 

could result in a net decrease of approximately 25,000 job-years in 2025 for the final guidelines 

under the rate-based illustrative plan approach and approximately 26,000 job-years in 2025 

under the mass-based approach. For 2030 the estimates of the net decrease in job-years is 30,900 

under the rate-based plan, and 33,700 under the mass-based plan. The Agency is also offering an 

illustrative calculation of potential employment effects due to demand-side energy efficiency 

programs. Employment impacts from demand-side energy efficiency programs in 2030 could 

range from approximately 52,000 to 83,000 jobs under the final guidelines. More detail about 

these analyses can be found in Chapter 6 of this RIA.  
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CHAPTER 1: INTRODUCTION AND BACKGROUND FOR THE CLEAN POWER PLAN  

1.1 Introduction  

This document presents estimates of potential benefits, costs, and economic impacts of 

illustrative approaches states may implement to comply with the Final Carbon Pollution 

Emission Guidelines for Existing Stationary Sources: Electric Utility Generating Units (herein 

referred to as ñfinal emission guidelinesò or the ñClean Power Plan Final Ruleò). This chapter 

contains background information on these rules and an outline of the chapters in the report. 

1.2 Legal, Scientific and Economic Basis for this Rulemaking 

1.2.1 Statutory Requirement 

Clean Air Act section 111, which Congress enacted as part of the 1970 Clean Air Act 

Amendments, establishes mechanisms for controlling emissions of air pollutants from stationary 

sources. This provision requires the EPA to promulgate a list of categories of stationary sources 

that the Administrator, in his or her judgment, finds ñcauses, or contributes significantly to, air 

pollution which may reasonably be anticipated to endanger public health or welfare.ò13 The EPA 

has listed more than 60 stationary source categories under this provision.14 Once the EPA lists a 

source category, the EPA must, under CAA section 111(b)(1)(B), establish ñstandards of 

performanceò for emissions of air pollutants from new sources in the source categories.15 These 

standards are known as new source performance standards (NSPS), and they are national 

requirements that apply directly to the sources subject to them.  

When the EPA establishes NSPS for new sources in a particular source category, the 

EPA is also required, under CAA section 111(d)(1), to prescribe regulations for states to submit 

plans regulating existing sources in that source category for any air pollutant that, in general, is 

not regulated under the CAA section 109 requirements for the NAAQS or regulated under the 

CAA section 112 requirements for hazardous air pollutants (HAP). CAA section 111(d)ôs 

mechanism for regulating existing sources differs from the one that CAA section 111(b) provides 

                                                 
13 CAA §111(b)(1)(A). 

14 See 40 CFR 60 subparts Cb ï OOOO. 

15 CAA §111(b)(1)(B), 111(a)(1). 
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for new sources because CAA section 111(d) contemplates states submitting plans that establish 

ñstandards of performanceò for the affected sources and that contain other measures to 

implement and enforce those standards.  

ñStandards of performanceò are defined under CAA section 111(a)(1) as standards for 

emissions that reflect the emission limitation achievable from the ñbest system of emission 

reduction,ò considering costs and other factors, that ñthe Administrator determines has been 

adequately demonstrated.ò CAA section 111(d)(1) grants states the authority, in applying a 

standard of performance to a particular source, to take into account the sourceôs remaining useful 

life or other factors.  

Under CAA section 111(d), a state must submit its plan to the EPA for approval, and the 

EPA must approve the state plan if it is ñsatisfactory.ò16 If a state does not submit a plan, or if the 

EPA does not approve a stateôs plan, then the EPA must establish a plan for that state.17 Once a 

state receives the EPAôs approval of its plan, the provisions in the plan become federally 

enforceable against the entity responsible for noncompliance, in the same manner as the 

provisions of an approved State Implementation Plan (SIP) under the Act. 

1.2.2 Health and Welfare Impacts from Climate Change 

According to the National Research Council, ñEmissions of CO2 from the burning of 

fossil fuels have ushered in a new epoch where human activities will largely determine the 

evolution of Earthôs climate. Because CO2 in the atmosphere is long lived, it can effectively lock 

Earth and future generations into a range of impacts, some of which could become very severe. 

Therefore, emission reduction choices made today matter in determining impacts experienced 

not just over the next few decades, but in the coming centuries and millennia.ò18  

In 2009, based on a large body of robust and compelling scientific evidence, the EPA 

Administrator issued the Endangerment Finding under CAA section 202(a)(1).19 In the 

                                                 
16 CAA section 111(d)(2)(A). 

17 CAA section 111(d)(2)(A). 

18 National Research Council, Climate Stabilization Targets, p.3.  
19 ñEndangerment and Cause or Contribute Findings for Greenhouse Gases Under Section 202(a) of the Clean Air 

Act,ò 74 Fed. Reg. 66,496 (Dec. 15, 2009) (ñEndangerment Findingò). 
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Endangerment Finding, the Administrator found that the current, elevated concentrations of 

GHGs in the atmosphereðalready at levels unprecedented in human historyðmay reasonably 

be anticipated to endanger public health and welfare of current and future generations in the 

United States.  

Since the administrative record concerning the Endangerment Finding closed following 

the EPAôs 2010 Reconsideration Denial, the climate has continued to change, with new records 

being set for a number of climate indicators such as global average surface temperatures, Arctic 

sea ice retreat, CO2 concentrations, and sea level rise. Additionally, a number of major scientific 

assessments have been released that improve understanding of the climate system and strengthen 

the case that GHGs endanger public health and welfare both for current and future generations. 

These assessments are from the Intergovernmental Panel on Climate Change (IPCC), the U.S. 

Global Change Research Program (USGCRP), and the National Research Council (NRC). These 

and other assessments are discussed in more detail in the preamble and in Chapter 4 of this 

Regulatory Impact Assessment (RIA). 

1.2.3 Market Failure 

Many regulations are promulgated to correct market failures, which otherwise lead to a 

suboptimal allocation of resources within the free market. Air quality and pollution control 

regulations address ñnegative externalitiesò whereby the market does not internalize the full 

opportunity cost of production borne by society as public goods such as air quality are unpriced.  

GHG emissions impose costs on society, such as negative health and welfare impacts, 

that are not reflected in the market price of the goods produced through the polluting process. 

For this regulatory action the good produced is electricity. If a fossil fuel-fired electricity 

producer pollutes the atmosphere when it generates electricity, this cost will be borne not by the 

polluting firm but by society as a whole, thus imposing a negative externality. The equilibrium 

market price of electricity may fail to incorporate the full opportunity cost to society of 

generating electricity. All else equal, given this externality, the composition of EGUs used to 

generate electricity in a free market will not be socially optimal, and the quantity of electricity 

generated may not be at the socially optimal level. Fossil fuel-fired EGUs may produce more 

electricity  than would occur if they had to account for the cost associated with this negative 

externality. Consequently, absent a regulation on emissions, the composition of the fleet of 
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EGUs used to generate electricity may not be socially optimal, and the marginal social cost of 

the last unit of electricity produced may exceed its marginal social benefit. This regulation will 

regulation will work towards addressing this market failure by causing affected EGUs to begin to 

internalize the negative externality associated with CO2 emissions.  

1.3 Summary of Regulatory Analysis 

In accordance with Executive Order 12866, Executive Order 13563, OMB Circular A-4, 

and the EPAôs ñGuidelines for Preparing Economic Analyses,ò the EPA prepared this RIA for 

this ñsignificant regulatory action.ò This action is an economically significant regulatory action 

because it is expected to have an annual effect on the economy of $100 million or more or 

adversely affect in a material way the economy, a sector of the economy, productivity, 

competition, jobs, the environment, public health or safety, or state, local, or tribal governments 

or communities.20  

This RIA addresses the potential costs, emission reductions, and benefits of the final 

emission guidelines that are the focus of this action. Additionally, this RIA includes information 

about potential impacts on electricity markets, employment, and markets outside the electricity 

sector.  

In evaluating the impacts of the final guidelines, we analyzed a number of uncertainties. 

For example, the analysis includes an evaluation of two illustrative plan approaches that states 

and affected EGUs may take to accomplish state emission performance goals, a rate-based and a 

mass-based approach. The RIA also examines key uncertainties in the estimated benefits of 

reducing carbon dioxide and other air pollutants. For a further discussion of key evaluations of 

uncertainty in the regulatory analyses for this rulemaking, see Chapter 8 of this RIA. 

1.4 Background for the Final Emission Guidelines 

1.4.1 Base Case and Years of Analysis 

The rule analyzed in this RIA finalizes emission guidelines for states to limit CO2 

emissions from certain existing EGUs. The base case for this analysis, which uses the Integrated 

                                                 
20 The analysis in this RIA and the RIA that accompanied the proposal together constitute the economic assessment 

required by CAA section 317. In the EPAôs judgment, the assessment is as extensive as practicable taking into 

account the EPAôs time, resources, and other duties and authorities. 
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Planning Model (IPM), includes state rules that have been finalized and/or approved by a stateôs 

legislature or environmental agencies, as well as final federal rules. The IPM Base Case v.5.15 

includes the Cross-State Air Pollution Rule (CSAPR), the Mercury and Air Toxics Rule 

(MATS), the proposed Carbon Pollution Standards for New Power Plants, the Cooling Water 

Intakes (316(b)) Rule, the Combustion Residuals from Electric Utilities (CCR), and other state 

and Federal regulations to the extent that they contain measures, permits, or other air-related 

limitations or requirements. Additional legally binding and enforceable commitments for GHG 

reductions considered in the base case are discussed in the documentation for IPM.21  

Costs and benefits are presented for illustrative plan approaches for the analysis years of 

2020, 2025, and 2030. These years were selected because they represent initial build up, interim, 

and full implementation years for the two illustrative approaches analyzed. Analyses of energy, 

economic, and employment impacts are presented for illustrative plan approaches in 2020, 2025, 

and 2030. All dollar estimates are presented in 2011 dollars.  

1.4.2 Definition of Affected Sources 

For the emission guidelines, an affected EGU is any fossil fuel-fired electric utility steam 

generating unit or stationary combustion turbine that was in operation or had commenced 

construction as of January 8, 2014,22 and that meets the following criteria, which differ 

depending on the type of unit. To be an affected source, such a unit, if it is a steam generating 

unit or integrated gasification combined cycle (IGCC), must serve a generator capable of selling 

greater than 25 MW to a utility power distribution system and have a base load rating greater 

than 260 GJ/h (250 MMBtu/h) heat input of fossil fuel (either alone or in combination with any 

other fuel). If such a unit is a stationary combustion turbine, the unit must meet the definition of 

a combined cycle or combined heat and power combustion turbine, serve a generator capable of 

selling greater than 25 MW to a utility power distribution system, and have a base load rating of 

greater than 260 GJ/h (250 MMBtu/h). Certain EGUs are exempt from inclusion in a state plan. 

For specifics on these criteria see section IV of the preamble.  

                                                 
21 Detailed documentation for IPM v.5.15 is available at: http://www.epa.gov/airmarkets/powersectormodeling.html  

22 Under Section 111(a) of the CAA, determination of affected sources is based on the date that the EPA proposes 

action on such sources. January 8, 2014 is the date the proposed GHG standards of performance for new fossil fuel-

fired EGUs were published in the Federal Register (79 FR 1430). 
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When considering and understanding applicability, the following definitions may be 

helpful. Simple cycle combustion turbine means any stationary combustion turbine which does 

not recover heat from the combustion turbine engine exhaust gases for purposes other than 

enhancing the performance of the stationary combustion turbine itself. Combined cycle 

combustion turbine means any stationary combustion turbine which recovers heat from the 

combustion turbine engine exhaust gases to generate steam that is used to create additional 

electric power output in a steam turbine. Combined heat and power (CHP) combustion turbine 

means any stationary combustion turbine which recovers heat from the combustion turbine 

engine exhaust gases to heat water or another medium, generate steam for useful purposes other 

than exclusively for additional electric generation, or directly uses the heat in the exhaust gases 

for a useful purpose. 

1.4.3 Regulated Pollutant 

The purpose of this CAA section 111(d) rule is to address CO2 emissions from fossil 

fuel-fired power plants in the U.S. because they are the largest domestic stationary source of 

emissions of carbon dioxide (CO2), the most prevalent of the greenhouse gases (GHG), which 

are air pollutants that the EPA has determined endangers public health and welfare through their 

contribution to climate change. This rule establishes for the first time federal emission guidelines 

for existing power plants that will lead to significant reductions in CO2 emissions. 

1.4.4 Emission Guidelines 

In this action, the Environmental Protection Agency (EPA) is establishing final emission 

guidelines for states to follow in developing plans to reduce greenhouse gas emissions from 

existing fossil fuel-fired EGUs. Specifically, the EPA is establishing: 1) CO2 emission 

performance rates representing the best system of emission reduction (BSER) for two 

subcategories of existing fossil fuel-fired EGUs ï fossil fuel-fired electric utility steam 

generating units and stationary combustion turbines, 2) state-specific CO2 goals reflecting the 

CO2 emission performance rates, and 3) guidelines for the development, submittal and 

implementation of state plans that establish emission standards or other measures to implement 

the CO2 emission performance rates, which may be accomplished by meeting the state goals 
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1.4.5 State Plans 

After the EPA establishes the emission guidelines that set forth the BSER, each state23 

shall then develop, adopt and submit a state plan under CAA section 111(d) that establishes 

standards of performance for the affected EGUs in its jurisdiction in order to implement the 

BSER. The final guidelines include three approaches that states may adopt for purposes of 

implementing the BSER, any one of which a state may use in its plan. These are: 1) establishing 

standards of performance that apply the subcategory specific CO2 emission performance rates to 

their affected EGUs, 2) adopting a combination of standards and/or other measures that achieve 

state-specific rate-based goals that represent the weighted aggregate of the CO2 emission 

performance rates applied to the affected EGUs in each state, and 3) adopting a program to meet 

mass-based CO2 emission goals that represent the equivalent of the rate-based goal for each 

state. These alternatives, as well as the other options we are finalizing, ensure that both states and 

affected EGUs enjoy the maximum flexibility and latitude in meeting the requirements of the 

emission guidelines and that the BSER is fully implemented by each state. 

1.5 Organization of the Regulatory Impact Analysis 

This report presents the EPAôs analysis of the potential benefits, costs, and other 

economic effects of the final emission guidelines to fulfill the requirements of an RIA. This RIA 

includes the following chapters: 

¶ Chapter 2, Electric Power Sector Industry Profile 

¶ Chapter 3, Cost, Emissions, Economic, and Energy Impacts 

¶ Chapter 4, Estimated Climate Benefits and Health Co-benefits 

¶ Chapter 5, Economic Impacts ï Markets Outside the Electricity Sector 

¶ Chapter 6, Employment Impact Analysis 

¶ Chapter 7, Statutory and Executive Order Analyses 

¶ Chapter 8, Comparison of Benefits and Costs 

                                                 
23 In this section, the term ñstateò encompasses the 48 contiguous states and the District of Columbia, and any Indian 

tribe that has been approved by the EPA pursuant to 40 CFR 49.9 as eligible to develop and implement a CAA 

section 111(d) plan. 
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CHAPTER 2: ELECTRIC POWER SECTOR INDUSTRY PROFILE  

2.1  Introduction  

This chapter discusses important aspects of the power sector that relate to the Final Carbon 

Pollution Emission Guidelines for Existing Stationary Sources: Electric Utility Generating Units, 

including the types of power-sector sources affected by the regulation, and provides background 

on the power sector and EGUs. In addition, this chapter provides some historical background on 

trends in the past decade in the power sector, as well as about existing EPA regulation of the 

power sector. 

In the past decade there have been significant structural changes in the both the mix of 

generating capacity and in the share of electricity generation supplied by different types of 

generation. These changes are the result of multiple factors in the power sector, including normal 

replacements of older generating units with new units, changes in the electricity intensity of the 

US economy, growth and regional changes in the US population, technological improvements in 

electricity generation from both existing and new units, changes in the prices and availability of 

different fuels, and substantial growth in electricity generation by renewable and unconventional 

methods. Many of these trends will continue to contribute to the evolution of the power sector. 

The evolving economics of the power sector, in particular the increased natural gas supply and 

subsequent relatively low natural gas prices, have resulted in more gas being utilized as base load 

energy in addition to supplying electricity during peak load. This chapter presents data on the 

evolution of the power sector from 2002 through 2012. Projections of new capacity and the 

impact of this rule on these new sources are discussed in more detail in Chapter 4 of this RIA. 

2.2  Power Sector Overview 

The production and delivery of electricity to customers consists of three distinct segments: 

generation, transmission, and distribution.  

2.2.1  Generation 

Electricity generation is the first process in the delivery of electricity to consumers. There 

are two important aspects of electricity generation; capacity and net generation. Generating 

Capacity refers to the maximum amount of production from an EGU in a typical hour, typically 
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measured in megawatts (MW) or gigawatts (1 GW = 1000 MW). Electricity Generation refers to 

the amount of electricity actually produced by EGUs, measured in kilowatt-hours (kWh) or 

gigawatt-hours (GWh = 1 million kWh). Net generation is the amount of electricity that is 

available to the grid from the EGU (i.e., excluding the amount of electricity generated but used 

within the generating station for operations). In addition to producing electricity for sale to the 

grid, generators perform other services important to reliable electricity supply, such as providing 

backup generating capacity in the event of unexpected changes in demand or unexpected 

changes in the availability of other generators. Other important services provided by generators 

include facilitating the regulation of the voltage of supplied generation. 

Individual EGUs are not used to generate electricity 100 percent of the time. Individual 

EGUs are periodically not needed to meet the regular daily and seasonal fluctuations of 

electricity demand. Furthermore, EGUs relying on renewable resources such as wind, sunlight 

and surface water to generate electricity are routinely constrained by the availability of adequate 

wind, sunlight or water at different times of the day and season. Units are also unavailable during 

routine and unanticipated outages for maintenance. These factors result in the mix of generating 

capacity types available (e.g., the share of capacity of each type of EGU) being substantially 

different than the mix of the share of total electricity produced by each type of EGU in a given 

season or year.  

Most of the existing capacity generates electricity by creating heat to create high pressure 

steam that is released to rotate turbines which, in turn, create electricity. Natural gas combined 

cycle (NGCC) units have two generating components operating from a single source of heat. The 

first cycle is a gas-fired turbine, which generates electricity directly from the heat of burning 

natural gas. The second cycle reuses the waste heat from the first cycle to generate steam, which 

is then used to generate electricity from a steam turbine. Other EGUs generate electricity by 

using water or wind to rotate turbines, and a variety of other methods including direct 

photovoltaic generation also make up a small, but growing, share of the overall electricity 

supply. The generating capacity includes fossil-fuel-fired units, nuclear units, and hydroelectric 

and other renewable sources (see Table 2-1). Table 2-1 also shows the comparison between the 

generating capacity in 2002 and 2012. 
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In 2012 the power sector consisted of over 19,000 generating units with a total capacity24 

of 1,168 GW, an increase of 188 GW (or 19 percent) from the capacity in 2002 (980 GW). The 

188 GW increase consisted primarily of natural gas fired EGUs (134 GW) and wind generators 

(55 GW), with substantially smaller net increases and decreases in other types of generating 

units.  

Table 2-1.         Existing Electricity Generating Capacity by Energy Source, 2002 and 

2012 

  2002 2012 Change Between '02 and '12 

Energy Source 

Generator 

Nameplate 

Capacity 

(MW)  

% Total 

Capacit

y 

Generator 

Nameplate 

Capacity 

(MW)  

% Total 

Capacit

y 

% 

Increas

e 

Nameplate 

Capacity 

Change 

(MW)  

% of 

Total 

Capacity 

Increase 

Coal 338,199 35% 336,341 29% -1% -1,858 -1% 

Natural Gas1 352,128 36% 485,957 42% 38% 133,829 71% 

Nuclear 104,933 11% 107,938 9% 3% 3,005 2% 

Hydro 96,344 10% 99,099 8% 3% 2,755 1% 

Petroleum 66,219 7% 53,789 5% -19% -12,430 -7% 

Wind 4,531 0.5% 59,629 5.1% 1216% 55,098 29% 

Other 

Renewable 14,208 1.5% 20,986 1.8% 47.7% 6,778 3.6% 

Misc 3,023 0.3% 4,257 0.4% 40.8% 1,234 0.7% 

Total 979,585 100% 1,167,995 100% 19% 188,410 100% 

Note: This table presents generation capacity. Actual net generation is presented in Table 2-2.  
Source: U.S. EIA.  Downloaded from EIA Electricity Data Browser, Electric Power Plants Generating Capacity By 

energy source, by producer, by state back to 2000 (annual data from EIA Form 860). Available online at: 

<http://www.eia.gov/electricity/data.cfm#gencapacity.> Accessed 12/19/2014 

1 Natural Gas information in this chapter (unless otherwise stated) reflects data for all generating units using natural 

gas as the primary fossil heat source. This includes Combined Cycle Combustion Turbine (31 percent of 2012 

natural gas-fired capacity), Gas Turbine (30 percent), Combined Cycle Steam (19 percent), Steam Turbine (17 

percent), and miscellaneous (< 1 percent). 

 

                                                 
24 As with all data presented in this section, this includes generating capacity not only at EGUs primarily operated to 

supply electricity to the grid, but also generating capacity at commercial and industrial facilities that produce both 

electricity used onsite as well as dispatched to the grid. Unless otherwise indicated, capacity data presented in this 

RIA is installed nameplate capacity (also known as nominal capacity), defined by EIA as ñThe maximum rated 

output of a generator, prime mover, or other electric power production equipment under specific conditions 

designated by the manufacturer.ò Nameplate capacity is consistently reported to regulatory authorities with a 

common definition, where alternate measures of capacity (e.g., net summer capacity and net winter capacity) can 

use a variety of definitions and specified conditions. 
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The 19 percent increase in generating capacity is the net impact of newly built generating 

units, retirements of generating units, and a variety of increases and decreases to the nameplate 

capacity of individual existing units due to changes in operating equipment, changes in emission 

controls, etc. During the period 2002 to 2012, a total of 315,752 MW of new generating capacity 

was built and brought online, and 64,763 MW existing units were retired. The net effect of the 

re-rating of existing units reduced the total capacity by 62,579 MW. The overall net change in 

capacity was 188,410 MW, as shown in Table 2-1. 

The newly built generating capacity was primarily natural gas (226,605 MW), which was 

partially offset by gas retirements (29,859 MW). Wind capacity was the second largest type of 

new builds (55,583 MW), augmented by 2,807 MW of solar.25 The overall mix of newly built 

and retired capacity, along with the net effect, is shown on Figure 2-1. 

 

Figure 2-1. New Build and Retired Capacity (MW) by Fuel Type, 2002-2012 

Source: EIA Form 860 

Not displayed: wind and solar retirements = 87 MW, net change in coal capacity = -56 MW 

                                                 
25 Partially offset by 87 MW retired older wind or solar capacity.  
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In 2012, electric generating sources produced a net 4,058 trillion kWh to meet electricity 

demand, a 5 percent increase from 2002 (3,858 trillion kWh). As presented in Table 2-2, almost 

70 percent of electricity in 2012 was produced through the combustion of fossil fuels, primarily 

coal and natural gas, with coal accounting for the largest single share. Although the share of the 

total generation from fossil fuels in 2012 (67 percent) was only modestly smaller than the total 

fossil share in 2002 (71 percent), the mix of fossil fuel generation changed substantially during 

that period. Coal generation declined by 18 percent and petroleum generation by 72 percent, 

while natural gas generation increased by 60 percent. This reflects both the increase in natural 

gas capacity during that period as well as an increase in the utilization of new and existing gas 

EGUs during that period. Wind generation also grew from a very small portion of the overall 

total in 2002 to 4.1 percent of the 2012 total. 

Table 2-2.         Net Generation in 2002 and 2012 (Trillion kWh = TWh)  

 2002 2012 Change Between '02 and '12 

  

Net 

Generation 

(TWh)  

Fuel 

Source 

Share 

Net 

Generation 

(TWh)  

Fuel 

Source 

Share 

Net 

Generation 

Change 

(TWh)  

% Change in 

Net 

Generation 

Coal 1,933.1 50% 1,514.0 37% -419.1 -21.7% 

Natural Gas 702.5 18% 1,237.8 31% 535.3 76.2% 

Nuclear 780.1 20% 769.3 19% -10.7 -1.4% 

Hydro 255.6 7% 271.3 7% 15.7 6.1% 

Petroleum 94.6 2.5% 23.2 0.6% -71.4 -75.5% 

Wind 10.4 0.3% 140.8 3.5% 130.5 1260.0% 

Other Renewable 68.8 1.8% 77.5 1.9% 8.8 12.7% 

Misc 13.5 0.4% 12.4 0.3% -1.2 -8.7% 

Total 3,858 100% 4,046 100% 188 5% 

Source: U.S. EIA Monthly Energy Review, December 2014. Table 7.2a Electricity Net Generation: Total (All 

Sectors). Available online at: <http://www.eia.gov/totalenergy/data/monthly/>. Accessed 12/19/2014 

 

Coal-fired and nuclear generating units have historically supplied ñbase loadò electricity, 

the portion of electricity loads which are continually present, and typically operate throughout all 

hours of the year. The coal units meet the part of demand that is relatively constant. Although 

much of the coal fleet operates as base load, there can be notable differences across various 

facilities (see Table 2-3). For example, coal-fired units less than 100 megawatts (MW) in size 
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compose 37 percent of the total number of coal-fired units, but only 6 percent of total coal-fired 

capacity. Gas-fired generation is better able to vary output and is the primary option used to meet 

the variable portion of the electricity load and has historically supplied ñpeakò and 

ñintermediateò power, when there is increased demand for electricity (for example, when 

businesses operate throughout the day or when people return home from work and run appliances 

and heating/air-conditioning), versus late at night or very early in the morning, when demand for 

electricity is reduced.  

Table 2-3 also shows comparable data for the capacity and age distribution of natural gas 

units. Compared with the fleet of coal EGUs, the natural gas fleet of EGUs is generally smaller 

and newer. While 55 percent of the coal EGU fleet is over 500 MW per unit, 77 percent of the 

gas fleet is between 50 and 500 MW per unit. Many of the largest gas units are gas-fired steam-

generating EGUs. 
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Table 2-3.         Coal and Natural Gas Generating Units, by Size, Age, Capacity, and 

Thermal Efficiency (Heat Rate) 

Unit Size 

Grouping 

(MW) 

No. 

Units 

% of All 

Units 

Avg. 

Age 

Avg. Net 

Summer 

Capacity 

(MW) 

Total Net 

Summer 

Capacity 

(MW) 

% Total 

Capacity 

Avg. Heat 

Rate 

(Btu/kWh) 

COAL 

0 ï 24 223 18% 40.7 11.4 2,538 1% 11,733 

25 ï 49 108 9% 44.2 36.7 3,963 1% 11,990 

50 ï 99 157 12% 49.0 74.1 11,627 4% 11,883 

100 - 149 128 10% 50.6 122.7 15,710 5% 10,971 

150 - 249 181 14% 48.7 190.4 34,454 11% 10,620 

250 - 499 205 16% 38.4 356.2 73,030 23% 10,502 

500 - 749 187 15% 35.4 604.6 113,056 36% 10,231 

750 - 999 57 5% 31.4 823.9 46,963 15% 9,942 

1000 - 1500 11 1% 35.7 1259.1 13,850 4% 9,732 

Total Coal 1257 100% 42.6 250.7 315,191 100% 11,013 

NATURAL GAS 

0 ï 24 1992 37% 37.6 7.0 13,863 3% 13,531 

25 ï 49 410 8% 21.8 125.0 51,247 12% 9,690 

50 ï 99 962 18% 15.6 174.2 167,536 39% 8,489 

100 - 149 802 15% 23.4 39.9 31,982 8% 11,765 

150 - 249 167 3% 28.7 342.4 57,179 13% 9,311 

250 - 499 982 18% 24.6 71.1 69,788 16% 12,083 

500 - 749 37 1% 40.0 588.8 21,785 5% 11,569 

750 - 1000 14 0.3% 35.9 820.9 11,492 3% 10,478 

Total Gas 5366 100% 27.7 79.2 424,872 100% 11,652 

Source: National Electric Energy Data System (NEEDS) v.5.14 

Note: The average heat rate reported is the mean of the heat rate of the units in each size category (as opposed to a 

generation-weighted or capacity-weighted average heat rate.) A lower heat rate indicates a higher level of fuel 

efficiency. Table is limited to coal-steam units in operation in 2013 or earlier, and excludes those units in NEEDS 

with planned retirements in 2014 or 2015. 

 

In terms of the age of the generating units, 50 percent of the total coal generating capacity 

has been in service for more than 38 years, while 50 percent of the natural gas capacity has been 

in service less than 15 years. Figure 2-2 presents the cumulative age distributions of the coal and 

gas fleets, highlighting the pronounced differences in the ages of the fleets of these two types of 

fossil-fuel generating capacity. Figure 2-2 also includes the distribution of generation. 
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Figure 2-2. Cumulative Distribution in 2010 of Coal and Natural Gas Electricity 

Capacity and Generation, by Age 

Source: National Electric Energy Data System (NEEDS) v.5.13 

Not displayed: coal units (376 MW total, 1 percent of total) and gas units (62 MW, < .01 percent of total)) over 70 

years old for clarity. Figure is limited to coal-steam units in NEEDS v5.13 in operation in 2013 or earlier (excludes 

~2,100 MW of coal-fired IGCC and fossil waste capacity), and excludes those units in NEEDS with planned 

retirements in 2014 or 2015. 

 

The locations of existing fossil units in EPAôs National Electric Energy Data System 

(NEEDS) v.5.13 are shown in Figure 2-3. 
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Figure 2-3. Fossil Fuel-Fired Electricity Generating Facilities, by Size 

Source: National Electric Energy Data System (NEEDS) v.5.13 

Note: This map displays fossil capacity at facilities in the NEEDS v.5.13 IPM frame. NEEDS v.5.13 reflects 

generating capacity expected to be on-line at the end of 2015. This includes planned new builds already under 

construction and planned retirements. In areas with a dense concentration of facilities, some facilities may be 

obscured.  

 

2.2.2  Transmission 

Transmission is the term used to describe the bulk transfer of electricity over a network of 

high voltage lines, from electric generators to substations where power is stepped down for local 

distribution. In the U.S. and Canada, there are three separate interconnected networks of high 

voltage transmission lines,26 each operating synchronously. Within each of these transmission 

                                                 
26 These three network interconnections are the Western Interconnection, comprising the western parts of both the 

US and Canada (approximately the area to the west of the Rocky Mountains), the Eastern Interconnection, 

comprising the eastern parts of both the US and Canada (except those part of eastern Canada that are in the Quebec 

Interconnection), and the Texas Interconnection (which encompasses the portion of the Texas electricity system 

commonly known as the Electric Reliability Council of Texas (ERCOT)). See map of all NERC interconnections at 

http://www.nerc.com/AboutNERC/keyplayers/Documents/NERC_Interconnections_Color_072512.jpg 
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networks, there are multiple areas where the operation of power plants is monitored and 

controlled by regional organizations to ensure that electricity generation and load are kept in 

balance. In some areas, the operation of the transmission system is under the control of a single 

regional operator27; in others, individual utilities28 coordinate the operations of their generation, 

transmission, and distribution systems to balance the system across their respective service 

territories. 

2.2.3  Distribution 

Distribution of electricity involves networks of lower voltage lines and substations that 

take the higher voltage power from the transmission system and step it down to lower voltage 

levels to match the needs of customers. The transmission and distribution system is the classic 

example of a natural monopoly, in part because it is not practical to have more than one set of 

lines running from the electricity generating sources to substations or from substations to 

residences and businesses. 

Over the last few decades, several jurisdictions in the United States began restructuring the 

power industry to separate transmission and distribution from generation, ownership, and 

operation. Historically, the transmission system had been developed by vertically integrated 

utilities, establishing much of the existing transmission infrastructure. However, as parts of the 

country have restructured the industry, transmission infrastructure has also been developed by 

transmission utilities, electric cooperatives, and merchant transmission companies, among others. 

Distribution, also historically developed by vertically integrated utilities, is now often managed 

by a number of utilities that purchase and sell electricity, but do not generate it. As discussed 

below, electricity restructuring has focused primarily on efforts to reorganize the industry to 

encourage competition in the generation segment of the industry, including ensuring open access 

of generation to the transmission and distribution services needed to deliver power to consumers. 

In many states, such efforts have also included separating generation assets from transmission 

                                                 
27 E.g., PMJ Interconnection, LLC, Western Area Power Administration (which comprises 4 sub-regions). 

28 E.g., Los Angeles Department of Power and Water, Florida Power and Light. 
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and distribution assets to form distinct economic entities. Transmission and distribution remain 

price-regulated throughout the country based on the cost of service. 

2.3  Sales, Expenses and Prices 

These electric generating sources provide electricity for commercial, industrial and 

residential ultimate customers. Each of the three major ultimate categories consume roughly a 

quarter to a third of the total electricity produced29 (see Table 2-4). Some of these uses are highly 

variable, such as heating and air conditioning in residential and commercial buildings, while 

others are relatively constant, such as industrial processes that operate 24 hours a day. The 

distribution between the end use categories changed very little between 2002 and 2012. 

Table 2-4. Total U.S. Electric Power Industry Retail Sales in 2012 (billion kWh) 

  2002 2012 

    

Sales/Direct 

Use (Billion 

kWh)  

Share of Total 

End Use 

Sales/Direct 

Use (Billion 

kWh)  

Share of Total End 

Use 

Sales 

Residential 1,265 35% 1,375 35.9% 

Commercial 1,104 30% 1,327 34.6% 

Industrial 990 27% 986 25.7% 

Transportation NA   7 0.2% 

Other 106 3% NA   

Total   3,465 95% 3,695 96% 

Direct Use 166 5% 138 4% 

Total End Use 3,632 100% 3,832 100% 

Source: Table 2.2, EIA Electric Power Annual, 2013 

Notes:    Retail sales are not equal to net generation (Table 2-2) because net generation includes net exported 

electricity and loss of electricity that occurs through transmission and distribution. 

Direct Use represents commercial and industrial facility use of onsite net electricity generation; and 

electricity sales or transfers to adjacent or co-located facilities for which revenue information is not 

available. 

2.3.1 Electricity Prices 

Electricity prices vary substantially across the United States, differing both between the 

ultimate customer categories and also by state and region of the country. Electricity prices are 

typically highest for residential and commercial customers because of the relatively high costs of 

                                                 
29 Transportation (primarily urban and regional electrical trains) is a fourth ultimate customer category which 

accounts less than one percent of electricity consumption. 
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distributing electricity to individual homes and commercial establishments. The high prices for 

residential and commercial customers are the result both of the necessary extensive distribution 

network reaching to virtually every part of the country and every building, and also the fact that 

generating stations are increasingly located relatively far from population centers (which 

increases transmission costs). Industrial customers generally pay the lowest average prices, 

reflecting both their proximity to generating stations and the fact that industrial customers 

receive electricity at higher voltages (which makes transmission more efficient and less 

expensive). Industrial customers frequently pay variable prices for electricity, varying by the 

season and time of day, while residential and commercial prices historically have been less 

variable. Overall industrial customer prices are usually considerable closer to the wholesale 

marginal cost of generating electricity than residential and commercial prices. 

On a state-by-state basis, all retail electricity prices vary considerably. In 2011 the national 

average retail electricity price (all sectors) was 9.90 cents/KWh, with a range from 6.44 cents 

(Idaho) to 31.59 (Hawaii). The Northeast, California and Alaska have average retail prices that 

can be as much as double those of other states (see Figure 2-4), and Hawaii has the most 

expensive retail price of electricity in the country. 
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Figure 2-4. Average Retail Electricity Price by State (cents/kWh), 2011 

Average national overall retail electricity prices increased between 2002 and 2012 by 36.7 

percent in nominal (current year $) terms. The amount of increase differed for the three major 

end use categories (residential, commercial and industrial). National average residential prices 

increased the most (40.8 percent), and commercial prices increased the least (27.9 percent). The 

nominal year prices for 2002 through 2012 are shown in Figure 2-5.  
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Figure 2-5. Nominal National Average Electricity Prices for Three Major End-Use 

Categories 

Source: EIA AEO 2012, Table 2.4 

Electricity prices for all three end-use categories increased more than overall inflation 

through this period, measured by either the GDP implicit price deflator (23.5 percent) or the 

consumer price index (CPI-U, which increased by 27.7 percent)30. Most of these electricity price 

increases occurred between 2002 and 2008; since 2008 nominal electricity prices have been 

relatively stable while overall inflation continued to increase. The increase in nominal electricity 

prices for the major end use categories, as well as increases in the GDP price and CPI-U indices 

for comparison, are shown in Figure 2-6. 

                                                 
30 Source: Federal Reserve Economic Data, FRB St. Louis. Available online at: http://research.stlouisfed.org/fred2/. 
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Figure 2-6. Relative Increases in Nominal National Average Electricity Prices for Major 

End-Use Categories, With Inflation Indices 

 

The real (inflation-adjusted) change in average national electricity prices can be calculated 

using the GDP implicit price deflator. Figure 2-7 shows real31 (2011$) electricity prices for the 

three major customer categories from 1960 to 2012, and Figure 2-8 shows the relative change in 

real electricity prices relative to the prices in 1960. As can be seen in the figures, the price for 

industrial customers has always been lower than for either residential or commercial customers, 

but the industrial price has been more volatile. While the industrial real price of electricity in 

2012 was relatively unchanged from 1960, residential and commercial real prices are 23 percent 

and 28 percent lower respectively than in 1960. 

                                                 
31 All prices in this section are estimated as real 2011 prices adjusted using the GDP implicit price deflator unless 

otherwise indicated. 
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Figure 2-7. Real National Average Electricity Prices (2011$) for Three Major End-Use 

Categories 

Source: EIA Monthly Energy Review, April 2015, Table 9.8 
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Figure 2-8. Relative Change in Real National Average Electricity Prices (2011$) for 

Three Major End-Use Categories 

Source: EIA Monthly Energy Review, April 2015, Table 9.8 

2.3.2 Prices of Fossil Fuels Used for Generating Electricity 

Another important factor in the changes in electricity prices are the changes in fuel prices 

for the three major fossil fuels used in electricity generation; coal, natural gas and oil. Relative to 

real prices in 2002, the national average real price (in 2011$) of coal delivered to EGUs in 2012 

had increased by 54 percent, while the real price of natural gas decreased by 22 percent. The real 

price of oil increased by 203 percent, but with oil declining as an EGU fuel (in 2012 oil 

generated only 1 percent of electricity) the doubling of oil prices had little overall impact in the 

electricity market. The combined real delivered price of all fossil fuels in 2012 increased by 23 

percent over 2002 prices. Figure 2-9 shows the relative changes in real price of all 3 fossil fuels 

between 2002 and 2012. 

 

 

Figure 2-9. Relative Real Prices of Fossil Fuels for Electricity Generation; Change in 

National Average Real Price per MBtu Delivered to EGU 

Source: EIA AEO 2012, Table 9.9 
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2.3.3 Changes in Electricity Intensity of the U.S. Economy Between 2002 to 2012 

An important aspect of the changes in electricity generation (i.e., electricity demand) 

between 2002 and 2012 is that while total net generation increased by 4.9 percent over that 

period, the demand growth for generation has been low, and in fact was lower than both the 

population growth (9.2 percent) and real GDP growth (19.8 percent). Figure 2-10 shows the 

growth of electricity generation, population and real GDP during this period. 

 

Figure 2-10. Relative Growth of Electricity Generation, Population and Real GDP Since 

2002 

Sources: U.S. EIA Monthly Energy Review, December 2014. Table 7.2a Electricity Net Generation: Total (All 

Sectors). U.S. Census.  

Because demand for electricity generation grew more slowly than both the population and 

GDP, the relative electric intensity of the U.S. economy improved (i.e., less electricity used per 

person and per real dollar of output) during 2002 to 2012. On a per capita basis, real GDP per 

capita grew by 10.9 percent, increasing from $44,900 (in 2011$) per person in 2002 to 

$49,800/person in 2012. At the same time electricity generation per capita decreased by 3.9 

percent, declining from 13.4 MWh/person in 2002 to 12.8 MWh/person in 2012. The combined 

effect of these two changes improved the overall electricity efficiency of the U.S. market 

economy. Electricity generation per dollar of real GDP decreased 12.5 percent, declining from 

299 MWh per $1 million of GDP to 261 MWh/$1 million GDP. These relative changes are 

shown in Figure 2-11. Figures 2-10 and 2-11 clearly show the effects of the 2007 ï 2009 
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recession on both GDP and electricity generation, as well as the effects of the subsequent 

economic recovery. 

 

 

Figure 2-11. Relative Change of Real GDP, Population and Electricity Generation 

Intensity Since 2002 

Sources: U.S. EIA Monthly Energy Review, December 2014. Table 7.2a Electricity Net Generation: Total (All 

Sectors). U.S. Census 

2.4  Deregulation and Restructuring 

The process of restructuring and deregulation of wholesale and retail electric markets has 

changed the structure of the electric power industry. In addition to reorganizing asset 

management between companies, restructuring sought a functional unbundling of the generation, 

transmission, distribution, and ancillary services the power sector has historically provided, with 

the aim of enhancing competition in the generation segment of the industry. 

Beginning in the 1970s, government policy shifted against traditional regulatory 

approaches and in favor of deregulation for many important industries, including transportation 

(notably commercial airlines), communications, and energy, which were all thought to be natural 

monopolies (prior to 1970) that warranted governmental control of pricing. However, 

deregulation efforts in the power sector were most active during the 1990s. Some of the primary 

drivers for deregulation of electric power included the desire for more efficient investment 


