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7The same controls are required for SCCTs and for CCCTs.  But the relative costs are higher for SCCTs because

their equipment and installation costs are approximately 40 percent less compared to CCCTs.  Control costs

are discussed in Section 6.1.

8A similar figure and analysis apply for peak load power with the exception that peak load supply is generally

less responsive to price changes at the margin (i.e., base load elasticity of supply > peak load elasticity of

supply).
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The major market segments included in the model and the intermarket linkages

connecting the fuel markets and final product and service markets are described below. 

Because, as mentioned in Section 3, the overwhelming majority of combustion turbine units

are used to generate wholesale electric power, the discussion focuses on the electricity

market.

6.3.1 Electricity Markets

In this analysis, the market for base load energy and peak power are modeled

separately.  As the industry deregulates, it is becoming increasingly common for separate

market prices to be determined for these two commodity attributes of electricity.  In addition,

the growth of CCCTs is being driven primarily by growth in base load energy demand, and

the growth in SCCTs will be driven primarily by growth in peak demand.  And because the

relative impact on the control costs is greater for SCCTs compared to CCCTs, economic

impacts will be different for base load energy and peak power.7

The base load energy and peak power market analyses compare the baseline

equilibrium (without the regulation) to the regulated market equilibrium.  Figure 6-2a

presents a generalized market for the base load electricity that includes the installation of

new turbines to meet demand growth for base load power.8  Existing source supply is

characterized by an upward-sloping marginal cost (supply) curve.  The supply of new base

load generation capacity is characterized by constant marginal costs and is modeled as a

horizontal supply curve through the current market price.  Figure 6-2b shows that the control

costs associated with the rule will affect both existing and new sources of supply, shifting the

market supply curve and leading to an increase in price and decrease in quantity of base load

power consumed.

6.3.2 Other Energy Markets

The petroleum, natural gas, and coal markets are also included in the market

model.  Because the overwhelming majority of the affected combustion turbines is projected

to be used in the electricity market, the other energy markets are assumed not to be directly

affected by the rule.  However, these markets will be indirectly affected through changes in 
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Figure 6-2.  Electricity Market

input fuel prices (i.e., a supply shift) and changes in demand from final product and service

markets using these energy sources (i.e., a demand shift).  The ultimate impact on market

price and quantities depends on the relative magnitudes of these shifts.  Note the demand for

other fuels may increase (Figure 6-3a) as firms switch away from electricity to petroleum,

natural gas, or coal, or demand may decrease (Figure 6-3b) as the higher price for electricity

suppresses economic activity decreasing demand for all fuels.  

6.3.3 Supply and Demand Elasticities for Energy Markets

The market model incorporates behavioral changes based on the price

elasticities of supply and demand.  The price elasticities used to estimate the economic

impacts presented in Section 6.3 are given in Table 6-2.  Appendix B contains the sensitivity

analysis for the key supply and demand elasticity assumptions.

Because most of the direct cost impacts fall on the combustion turbines in

electricity markets, the price elasticities of supply in the electricity markets are important

factors influencing the size and distribution of the economic impacts associated with the

combustion turbine regulation.  The elasticities of supply are intended to represent the

behavioral 



9The supply curve for new sources is assumed to be horizontal, reflecting a constant marginal cost of production

for new sources.
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Figure 6-3.  Potential Market Effects of the NSPS on Petroleum, Natural Gas, or Coal

responses from existing sources.9  However, in general, there is no consensus on estimates of

the price elasticity of supply for electricity.  Estimates of the elasticity of supply for electric

power were unavailable.  This is in part because, under traditional regulation, the electric

utility industry had a mandate to serve all its customers.  In addition, utilities were

compensated on a rate-based rate of return.  As a result, the market concept of supply

elasticity was not the driving force in utilities’ capital investment decisions.  To

operationalize the model, a supply elasticity of 0.75 was assumed for the base load energy

market.  We assumed that the peak power market was one-half of base load energy elasticity. 

Given the uncertainty surrounding these parameters, the Agency conducted a sensitivity

analysis for this value.  The results of this sensitivity analysis are reported in Appendix B.

In contrast, many studies have been conducted on the elasticity of demand for

electricity, and it is generally agreed that, in the short run, the demand for electricity is

relatively inelastic.  Most residential, commercial, and industrial electricity consumers do not

significantly adjust short-run behavior in response to changes in the price of electricity.  The

elasticity of demand for electricity is primarily driven by long-run decisions regarding
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equipment efficiency and fuel substitution.  Table 6-3 shows the elasticities of demand used

for the commercial, residential, and transportation sectors.
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Table 6-2.  Supply and Demand Elasticities
Elasticity of Demand

Energy

Sectors

Elasticity of

Supply Manufacturing Commerciala Transportationa Residentiala

Electricity:

baseload

energy

0.75 Derived demand Derived

demand

–0.24 –0.23

Electricity:

peak power

0.375b Derived demand Derived

demand

–0.24 –0.23

Natural gas 0.41c Derived demand Derived

demand

–0.47 –0.26

Petroleum 0.58d Derived demand Derived

demand

–0.28 –0.28

Coal 1.0 e Derived demand Derived

demand

–0.28 –0.28

a U.S. Department of Energy, Energy Information Administration.  2000b.  “Issues in Midterm Analysis and

Forecasting 1999—Table 1.” <http://www.eia.doe.gov/oaif/issues/pricetbl1.html>.  As obtained on May 8,

2000.
b Assumed to be one-half  of baseload energy elasticity.
c Dahl, Carol A., and Thomas E. Duggan.  1996.  “U.S. Energy Product Supply Elasticities: A Survey and

Application to the U.S. Oil Market.” Resource and Energy Economics18:243-263.
d Hogman, William W.  1989.  “World Oil Price Projections: A Sensitivity Analysis.”  Prepared pursuant to

the Harvard-Japan World Oil Market Study.  Cambridge, MA: Energy Environmental Policy Center, John F.

Kennedy School of Government, Harvard U niversity.
e Zimmerman, M.B.  1977.  “Modeling Depletion in the Mineral Industry: The Case of Coal.”  The Bell

Journal of Economics 8(2):41-65.

Table 6-3.  Fuel Price Elasticities

Inputs

Own and Cross Elasticities in 2015

Electricity Natural Gas Coal Residual Distillate

Electricity –0.074 0.092 0.605 0.080 0.017

Natural Gas 0.496 –0.229 1.087 0.346 0.014

Steam Coal 0.021 0.061 –0.499 0.151 0.023

Residual 0.236 0.036 0.650 –0.587 0.012

Distillate 0.247 0.002 0.578 0.044 –0.055

Source: U.S. Department of Energy, Energy Information Administration (EIA).  January 1998c.  Model

Documentation Report:  Industrial Sector Demand Module of the National Energy Modeling System. 

DOE/EIA-M064(98).  Washington, DC:  U.S. Department of Energy.
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Additional elasticity of demand parameters for the commercial, residential, and

transportation sectors, by fuel type (natural gas, petroleum and coal), were obtained from the

Energy Information Administration.  The elasticity of demand in the energy market for the

manufacturing sector is not specified because the model calculates the derived demand for

each of the five energy markets modeled.  In effect, adjustments in the final product markets

due to changes in production levels and fuel switching are used to estimate changes in

demand, eliminating the need for demand elasticity parameters in the energy markets. 

6.3.4 Final Product and Service Markets

Producers of final products and services are segmented into industrial,

commercial, transportation, and residential sectors.  The industrial sector is further

partitioned into the 23 manufacturing, agricultural, and mining sectors.  A partial equilibrium

analysis was conducted for each of these sectors.  Changes in production levels and fuel

switching due to the regulation’s impact on the price of electricity are then linked back into

the energy markets.

6.3.4.1 Modeling the Impact on the Industrial and Commercial Sectors

The impact of the regulation on these sectors was modeled using changes in the

cost of Btus used in production processes.  In this context, Btus refer to the generic energy

requirements that are used to generate process heat, process steam, or shaft power.  As shown

in Figure 6-4, the regulation will increase the cost of Btu production indirectly through

increases in the price of Btus due to control costs on wholesale electricity generators.  The

effect is similar to placing a tax on certain types of energy sources (i.e., on Btus generated by

combustion turbines).  The firms’ reactions to the change in the cost of Btu production feeds

back into the energy markets in two ways (see Figure 6-4).  The first feedback pathway is

through changing the fuel used in the production process.  This can include fuel switching,

such as switching from gas turbines to power processes to diesel engines, and/or process

changes that increase energy efficiency and reduce the amount of Btus required per unit of

output.  Fuel switching impacts are modeled using cross-price elasticities of demand between

energy sources and own-price elasticities.

EPA modeled fuel switching using secondary data developed by the U.S.

Department of Energy for the National Energy Modeling System (NEMS).  Table 6-3

contains fuel price elasticities of demand for electricity, natural gas, petroleum products, and

coal.  The diagonal elements in the table represent own-price elasticities.  For example, the

table indicates that for steam coal, a 1 percent change in the price of coal will lead to a

0.499 percent decrease in the use of coal.  The off diagonal elements are cross-price

elasticities and indicate fuel 
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Figure 6-4.  Fuel Market Interactions with Facility-Level Production Decisions

switching propensities.  For example, for steam coal, the second column indicates that a

1 percent increase in the price of coal will lead to a 0.061 percent increase in the use of

natural gas.

The second feedback pathway to the energy markets is through the facility’s

change in output. Because Btus are an input into the production process, price increases

(8$/Btu) lead to an upward shift in the industry supply curve.  In a perfectly competitive

market, the point where supply equals demand determines the market price and quantity.  A

shift in the industry supply curve leads to a change in the equilibrium market price and

quantity.  EPA assumed constant returns to scale in production so that the percentage change

in the equilibrium market quantity in each final product and service market equals the

percentage change in Btus consumed by industries.

The change in equilibrium supply and demand in each final industrial and

commercial sector was modeled using a partial equilibrium approach.  The size of the

regulation-induced shifts in the final product supply curves is a function of the indirect fuel

costs (determined by the change in fuel prices and the fuel intensity) relative to variable

production costs in each manufacturing industry. 

It was assumed that the demand for final industrial and commercial products

and services is unchanged by the regulation.  However, because the demand function

quantifies the change in quantity demanded in response to a change in price, the baseline

demand conditions are important in determining the regulation’s impact.  Because prices

changes are anticipated to be small, the key demand parameters are the elasticity of demand
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with respect to changes in the price of final products.  Demand elasticities for each of the

sectors included in the analysis are reported in Table 6-4.

6.3.4.2 Impact on the Residential Sector and Transportation Sectors

The residential and transportation sector does not bear any direct costs

associated with the regulation because they do not own combustion turbines.  However, they

bear indirect costs due to price increases.  These sectors’ change in energy demand in

response to changes in energy prices is modeled as a series of demand curves parameterized

by elasticity of demand parameters (see Table 6-2).

6.3.4.3 Impact on the Government Sector

All combustion turbines projected to be installed by government entities will be

for local generation of electricity.  These municipal generators are grouped into the

electricity energy market; thus the government sector is not explicitly included in the model.

6.4 Summary of the Economic Impact Model

We summarize the linkages used to operationalize the estimation of economic

impacts associated with the compliance costs in Figure 6-5.

Control costs on new turbines used for generators will shift the supply curve for

wholesale electricity.  The new equilibrium price and quantity in the electricity market will

determine the distribution of impacts between producers (electricity generators) and

consumers.  Changes in wholesale electricity generators’ demand for input fuels (due to

changes in the market quantity of electricity) feed back into the natural gas, coal, and

petroleum markets. 

Finally, manufacturers experience supply curve shifts due to changes in prices

for natural gas, petroleum, electricity, and coal.  The share of these costs borne by producers

(manufactures) and consumers is determined by the new equilibrium price and quantity in

the final product and service markets.  Changes in manufacturers’ Btu demands due to fuel

switching and changes in production levels feed back into the energy markets.

Adjustments in price and quantity in all energy and final product markets occur

simultaneously.  A computer model was used to numerically simulate market adjustments by

iterating over commodity prices until equilibrium is reached (i.e., until supply equals demand

in all markets being modeled) and to estimate the economic impact of the regulation (change

in producer and consumer surplus) in the sectors of the economy being modeled.
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Table 6-4.  Supply and Demand Elasticities for Industrial and Commercial Sectors

NAICS Description Supply Demand

Industrial Sectors

311 Food 0.75 –1.00

312 Beverage and Tobacco Products 0.75 –1.30

313 Textile Mills 0.75 –1.50

314 Textile Product Mills 0.75 –1.50

315 Apparel 0.75 –1.10

316 Leather and Allied Products 0.75 –1.20

321 Wood Products 0.75 –1.00

322 Paper 0.75 –1.50

323 Printing and Related Support 0.75 –1.80

325 Chemicals 0.75 –1.80

326 Plastics and Rubber Products 0.75 –1.80

327 Nonmetallic Mineral Products 0.75 –1.00

331 Primary Metals 0.75 –1.00

332 Fabricated Metal Products 0.75 –0.20

333 Machinery 0.75 –0.50

334 Computer and Electronic Products 0.75 –0.30

335 Electrical Equip., Appliances, and

Components

0.75 –0.50

336 Transportation Equipment 0.75 –0.50

337 Furniture and Related Products 0.75 –1.80

339 Miscellaneous 0.75 –0.60

11 Agricultural Sector 0.75 –1.80

23 Construction Sector 0.75 –1.00

21 Other Mining Sector 0.75 –0.30

Commercial Sector (NAICS 42-45;51-56;61-72) 0.75 –1.00
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This model comprises a series of computer spreadsheet modules.  The modules

integrate the engineering inputs and the market-level adjustment parameters to estimate the

regulation’s impact on the price and quantity in each market being analyzed.  At the heart of

the model is a market-clearing algorithm that compares the total quantity supplied to the total

quantity demanded for each market commodity.  Appendix A describes the computer model

in more detail.

6.4.1 Estimating Changes in Social Welfare

The combustion turbine regulation will impact almost every sector of the

economy either directly through control costs or indirectly through changes in the price of

energy and final products.  For example, a share of control costs that originate in the energy

markets are passed through the final product markets and are borne by both the producers

and consumers of final products.  To estimate the total change in social welfare without

double-counting impacts across the linked partial equilibrium markets being modeled, EPA

quantified social welfare changes for the following categories:

C change in producer surplus in the energy markets,

C change in producer surplus in the final product and service markets,

C change in consumer surplus in the final product and service markets, residential
and transportation energy markets.

Figure 6-6 illustrates the change in producer and consumer surplus in the intermediate energy

market and the final product markets.  For example, assume a simple world with only one

energy market, wholesale electricity, and one final product market, pulp and paper.  If the

regulation increased the cost of generating wholesale electricity, then part of the cost of the

regulation will be borne by the electricity producers as decreased producer surplus and part

of the costs will be passed on to the pulp and paper manufacturers.  In Figure 6-6a, the pulp

and paper manufacturers are the consumers of electricity, so the change in consumer surplus

is displayed.  This change in consumer surplus in the energy market is captured by the final

product market (because the consumer is the pulp and paper industry in this case), where it is

split between consumer surplus and producer surplus in those markets.  Figure 6-6b shows

the change in producer surplus in the energy market.

As shown in Figures 6-6c and 6-6d, the cost affects the pulp and paper industry

by shifting up the supply curve in the pulp and paper market.  These higher electricity prices

therefore lead to costs in the pulp and paper industry that are distributed between producers



6-18

Figure 6-6.  Changes in Economic Welfare with Regulation

and consumers of paper products in the form of lower producer surplus and lower consumer

surplus.  Note that the change in consumer surplus in the intermediate energy market must 



6-19

equal the total change in consumer and producer surplus in the final product market.  Thus,

to avoid double-counting, the change in consumer surplus in the intermediate energy market

was not quantified; instead the total change in social welfare was calculated as

Change in Social Welfare = 3)PSE +  3)PSF + 3)CSF + 3)CSRT (6.1)

where 

)PSE = change in producer surplus in the energy markets,

)PSF = change in producer surplus in the final product markets,

)CSF = change in consumer surplus in the final product markets, and

)CSRT = change in consumer surplus residential and transportation energy

markets.

Appendix A contains the detailed equations used to calculate the change in producer and

consumer surplus in the appropriate intermediate and final product markets.
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SECTION 7

ECONOMIC IMPACT ANALYSIS

Control measures implemented to comply with the NSPS will impose

regulatory costs on affected facilities in the energy, manufacturing, commercial, and

government sectors.  These costs will be distributed between producers and consumers

through changes in energy prices and changes in prices of final products and services.  This

section describes the compliance costs of the regulatory alternatives and presents the

economic impact estimates, including energy impacts, of the NSPS.

7.1 Engineering Control Cost Inputs

To calculate the total cost of the NOx emission standard by the fifth year after

promulgation, one calculated them based on the requirements of the NSPS.  It has been noted

earlier in this EIA (Chapter 3) that the add-on controls that the ten new turbines would have

to apply to comply with this proposal will already be applied in response to Prevention of

Significant Deterioration/New Source Review (PSD/NSR) requirements.  Thus, the total

capital cost of this proposal is essentially zero.   The requirements of this NSPS are those for

inital performance testing, fuel sampling, monitoring and recordkeeping.  Table 7-1 shows

the total annual cost associated with these requirements in the fifth year after promulgation

for each MW range.  These annual costs total $3.4 million.  As a result, the total annual cost

of the NSPS is $3.4 million (1998$).

7.1.1 Computing Supply Shifts in the Electricity Market

For the purpose of the market model, the electric services industry is broken

into two market sectors:  base load energy and peak power.  As shown in Section 4 (Table 4-

3), EPA estimates approximately two-thirds of new combustion turbine units are projected to

contribute to the base load energy market, and the remaining one-third are projected to

contribute to the peak power market.  As a result, the control costs for the electricity are

distributed 67 percent to the electric base load energy market and 33 percent to the peak

power market.  The relative shift in the supply curve for each segment is presented as the

percentage shift in the price of the marginal unit produced.  The percentage shift is calculated



10
Revenue in the electric utility industry was segmented into the base load and peak power markets assuming an

80/20 sp lit, respectively.  This ratio was estimated based on discussions with industry experts.
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Table 7-1.  Total Capital and Annual Cost of the Proposed NSPS in the Fifth Year

Total Capital Cost

Control cost $0

Total Annual Cost

Control cost $0

Initial performance testing $369,200

Fuel sampling $206,681

Monitoring and recordkeeping $2,393,730

Reporting $440,519

Total $3,410,130

Source: Alpha-Gamma Technologies, Inc.  January 30, 2005 .  “Cost Impact of Proposed NSPS for

Stationary Combustion Turbines.”  Memorandum to Jaime Pagan, EPA O AQPS ESD Combustion
Group from Melanie Taylor, Alpha-Gamma Technologies, Inc.

as the ratio of compliance costs to the revenue of the affected portion of the industry10 (see

Table 7-2).   Affected sources with performance testing, fuel sampling, monitoring and

recordkeeping, and reporting have shifts of 0.1 percent for base and peak load.  The

remaining segments are unaffected (i.e., supply shift equals zero).  

Figure 7-1 illustrates the supply shifts and shows the with-regulation supply

curve S1.  In this example, the regulation leads to an increased supply by unaffected units,

crowding out the new units with compliance costs.  

7.2 Market-Level Results

The model projects the NSPS standard will increase base load electricity price

by 0.03 percent and peak power prices by 0.04 percent (see Table 7-3).  Domestic production

declines by 0.005 and 0.011 percent, respectively. 
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Table 7-2.  Summary of Turbine Cost Information and Supply Shifts

Share Units

of Market

(%)

Revenuea

($109)

Control

Costsa ($106)

Supply Shift

(%)

Base Load Energy

Existing 97.5% $173.29 — 0.0%

New affected:  initial performance

testing, fuel sampling, monitoring and

recordkeeping, and reporting only

2.3% $4.17 $2.2 0.1%

Total 100.0% $177.64 $2.2 0.0%

Peak Power

Existing 97.5% $43.32 — 0.0%

New affected:  initial performance

testing, fuel sampling, monitoring and

recordkeeping, and reporting only

2.3% $1.04 $1.2 0.1%

Total 100.0% $44.40 $3.4 0.0%

aRevenues and costs are in 1998$.  

The analysis also shows the impact on distribution of electricity supply (see

Table 7-4).   The increase in the price of electricity will make it profitable for unaffected

sources to increase supply, displacing approximately 0.1 percent of affected new supply. 

This increase in supply implies that fewer older units may be retired as a result of the

regulation.  The remaining change in quantity results from decreased consumer demand as

the prices of base load energy and peak power increase.  However, all these effects are very

small.

In the natural gas and petroleum markets, both the price and quantity increase,

indicating that an increase in demand for the fuel (due to fuel switching) dominates the

upward shift in the supply curve (increased electricity costs as a fuel input).  Price increases

in these markets are below 0.1 percent.  Price and quantity decrease in the coal market,

reflecting the decreased demand for coal as electric utilities reduce output.  Market-level

impacts on downstream product and service markets are essentially zero.
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Figure 7-1.  Market for Baseload Electricity

7.3 Social Cost Estimates

The social impact of a regulatory action is traditionally measured by the change

in economic welfare that it generates.  The social costs of the rule will be distributed across

producers of energy and their customers.  Producers experience welfare impacts resulting

from changes in profits corresponding with the changes in production levels and market

prices.  Consumers experience welfare impacts due to changes in market prices and 
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Table 7-3.  Market-Level Impacts of Stationary Combustion Turbines NSPS Standard: 
2010

Percent Change

Energy Markets Price Quantity

Petroleum 0.002 0.001

Natural Gas 0.007 0.002

Base Electricity 0.028 –0.005

Peak Electricity 0.044 –0.011

Coal –0.001 –0.001

Industrial Sectors
NAICS Description Description

Percent Change

Price Quantity

311 Food 0.000 0.000

312 Beverage and Tobacco Products 0.000 0.000

313 Textile Mills 0.000 –0.000

314 Textile Product Mills 0.000 0.000

315 Apparel 0.000 0.000

316 Leather and Allied Products 0.000 0.000

321 Wood Products 0.000 0.000

322 Paper 0.000 –0.000

323 Printing and Related Support 0.000 0.000

325 Chemicals 0.000 –0.000

326 Plastics and Rubber Products 0.000 –0.000

327 Nonmetallic Mineral Products 0.000 –0.000

331 Primary Metals 0.000 –0.000

332 Fabricated Metal Products 0.000 0.000

333 Machinery 0.000 0.000

334 Computer and Electronic Products 0.000 0.000

335 Electrical Equipment, Appliances, and
Components

0.000 0.000

336 Transportation Equipment 0.000 0.000

337 Furniture and Related Products 0.000 0.000

339 Miscellaneous 0.000 0.000

11 Agricultural Sector 0.000 –0.000

23 Construction Sector 0.001 –0.001

21 Other Mining Sector 0.001 0.000

Commercial Sector 0.000 0.000

aActual value for all 0.000 entries for the various sectors is > –0.001 and < 0.



7-6

consumption levels.  However, it is important to emphasize that this measure does not

include benefits that occur outside the market, that is, the value of reduced levels of air

pollution with the regulation.

The national compliance cost estimates are often used to approximate the social

cost of the rule.  The engineering analysis estimated annual costs of $3.4 million.  In cases

where the engineering costs of compliance are used to estimate social cost, the burden of the

regulation is measured as falling solely on the affected producers, who experience a profit

loss exactly equal to these cost estimates.  Thus, the entire loss is a change in producer

surplus with no change (by assumption) in consumer surplus, because no change in market

price is estimated.  This is typically referred to as a “full-cost absorption” scenario in which

all factors of production are assumed to be fixed and firms are unable to adjust their output

levels when faced with additional costs.

In contrast, the economic analysis conducted by the Agency accounts for

behavioral responses by producers and consumers to the regulation, as affected producers

shift costs to other economic agents.  This approach results in a social cost estimate that may

differ from the engineering compliance cost estimate and also provides insights on how the

regulatory burden is distributed across stakeholders.  As shown in Table 7-5, the economic

model estimates the total social cost of the rule to be $2 million.  The social cost estimate is

slightly less than the estimated engineering costs as a result of behavioral changes of

producers and consumers.  Therefore the social costs primarily reflect higher costs by

existing units to increase supply, and the deadweight loss to consumers as price increases and

quantity decreases.  It should be noted that this social cost estimate does not account for the

benefits of emission reductions associated with this NSPS and hence is not net of these

impacts to society.  

Table 7-4.  Changes in Market Shares for Electricity Suppliers

Baseline Shares (%)
With Regulation Shares

(%)

Existing—unaffected 97.5 97.6

New—initial performance testing,
fuel sampling, monitoring and
recordkeeping, reporting only

2.3 2.3

New—controls, initial performance
testing, fuel sampling, monitoring and
recordkeeping, reporting 

0.1 0.0
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Table 7-5.  Distribution of Social Costs of Stationary Combustion Turbines NSPS: 2010
($1998 106)

Change in:

Sectors/Markets

Producer

Surplus

Consumer

Surplus

Social

Welfare

Energy Sector

Petroleum (NAICS 32411, 4861) $7 NA NA

Natural Gas (NAICS 21111, 4862, 2212) $6 NA NA

Electricity (NAICS 22111, 221122, 221121) $68 NA NA

Coal (NAICS 2121) –$1 NA NA

Subtotal: $80 NA NA

Change in:

Industrial Sector 

NAICS Description

Producer

Surplus

Consumer

Surplus

Social

Welfare

311 Food –$1 –$0 –$1

312 Beverage and Tobacco Products $0 $0 $0

313 Textiles Mills –$0 $0 –$0

314 Textile Product Mills $0 $0 $0

315 Apparel $0 $0 $0

316 Leather and Allied Products $0 $0 $0

321 Wood Products $0 $0 –$0

322 Paper –$1 –$0 –$1
323 Printing and Related Support $0 $0 –$0

325 Chemicals –$2 –$1 –$3

326 Plastics and Rubber Products –$1 –$0 –$1

327 Nonmetallic Mineral Products –$1 –$0 –$1

331 Primary Metals –$2 –$1 –$3

332 Fabricated Metal Products $0 –$1 –$1

333 Machinery $0 –$0 –$0

334 Computer and Electronic Products $0 –$0 –$0
335 Electrical Equipment, Appliances, and

Components

$0 $0 –$0

336 Transportation Equipment –$1 –$0 –$1

337 Furniture and Related Products $0 $0 $0

339 Miscellaneous $0 $0 $0

11 Agricultural Sector –$1 –$1 –$2

23 Construction Sector –$8 –$6 –$14

21 Other Mining Sector $0 $1 –$1
Industrial Sector Subtotal: –$18 –$11 –$29

Commercial Sector –$14 –$10 –$24

Residential Sector NA –$23 –$26

Transportation Sector NA –$6 –$6

Subtotal –32 –$50 –$82

Grand Total $48 –$50 –$2
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The analysis also shows important distributional impacts across stakeholders. 

For example, the model projects consumers will bear a burden of $50 million, as a result of

higher energy prices.  In contrast, producer surplus increases by $48 million as energy

producers, particularly the electricity industry, become more profitable with higher prices.

7.4 Energy Impact Analysis

Executive Order 13211, “Actions Concerning Regulations That Significantly

Affect Energy Supply, Distribution, or Use” (66 Fed. Reg. 28355 [May 22, 2001]), requires

EPA to prepare and submit a Statement of Energy Effects to the Administrator of the Office

of Information and Regulatory Affairs, Office of Management and Budget, for certain

actions identified as “significant energy actions.”  Section 4(b) of Executive Order 13211

defines “significant energy actions” as “any action by an agency (normally published in the

Federal Register) that promulgates or is expected to lead to the promulgation of a final rule

or regulation, including notices of inquiry, advance notices of proposed rulemaking, and

notices of proposed rulemaking:

C that is a significant regulatory action under Executive Order 12866 or any
successor order, and is likely to have a significant adverse effect on the supply,
distribution, or use of energy; or 

C that is designated by the Administrator of the Office of Information and
Regulatory Affairs as a significant energy action.” 

Although the NSPS is considered to be a significant regulatory action under

Executive Order 12866, it is not a “significant energy action” because it is not likely to have

a significant adverse effect on the supply, distribution, or use of energy.   No Statement of

Energy Effects is required for this rule, but the following energy impact estimates are

included for informational purposes.

Energy Price Effects.  As described in the market-level results section,

electricity prices are projected to increase by less than 0.1 percent.  Petroleum and natural

gas prices are all projected to increase by less than 0.1 percent.  The price of coal is projected

to decrease slightly.

Impacts on Electricity Supply, Distribution, and Use.  We project the increased

compliance costs for the electricity market will result in an annual production decline of

approximately 0.2 billion kWh.  Note these effects have been mitigated to some degree since

sectors previously using electricity in the baseline will switch to other energy sources (see

below).
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Impacts on Petroleum, Natural Gas, and Coal Supply, Distribution, and Use. 

The rule will lead to higher electricity prices relative to other fuel types, resulting in fuel

switching.  The model projects increases in petroleum production/consumption of

approximately 300 barrels per day.  Similarly, natural gas production/consumption is

projected to increase by 2 million cubic feet per day.  The model also projects decreases in

coal production/consumption of approximately 30 short tons per year.  We expect that there

will be no discernable impact on the import of foreign energy supplies, and no other adverse

outcomes are expected to occur with regards to energy supplies.  Also, the increase in cost of

energy production should be minimal given the very small increase in fuel consumption

resulting from back pressure related to operation of add-on control devices, such as SCR

emission control devices.  All of the estimates presented above account for some passthrough

of costs to consumers as well as the direct cost impact to producers. 
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SECTION 8

SMALL ENTITY IMPACTS

The regulatory costs imposed on domestic producers and government entities to

reduce air emissions from combustion turbines will have a direct impact on owners of

the affected facilities.  Firms or individuals that own the facilities with combustion turbines

are legal business entities that have the capacity to conduct business transactions and make

business decisions that affect the facility.  The legal and financial responsibility for

compliance with a regulatory action ultimately rests with these owners, who must bear the

financial consequences of their decisions.  Environmental regulations potentially affect all

sizes of businesses, but small businesses may have special problems relative to large

businesses in complying with such regulations.

The RFA of 1980 requires that special consideration be given to small entities

affected by federal regulations.  The RFA was amended in 1996 by SBREFA to strengthen

the RFA’s analytical and procedural requirements.  Prior to enactment of SBREFA, EPA

exceeded the requirements of the RFA by requiring the preparation of a regulatory flexibility

analysis for every rule that would have any impact, no matter how minor, on any number, no

matter how small, of small entities.  Under SBREFA, however, the Agency decided to

implement the RFA as written and to require a regulatory flexibility analysis only for rules

that will have a significant impact on a substantial number of small entities.  In practical

terms, the amount of analysis of impacts to small entities has not changed, for SBREFA

required EPA to increase involvement of small entities in the rulemaking process.  

This section investigates characteristics of businesses and government entities that

are likely to install new combustion turbines affected by this rule and provides a preliminary

screening-level analysis to assist in determining whether this rule is likely to impose a

significant impact on a substantial number of the small businesses within this industry. 

The screening-level analysis employed here is a “sales test,” which computes the

annualized compliance costs as a share of sales/revenue for existing companies/government

entities.  Existing companies/government entities with combustion turbines are used to

provide insights into future companies/government entities that are likely to install new

turbines that are affected by the regulation. 



11Public and private electric service providers are defined as small if their annual generation is less than 4

million kWh.  Local government entities that own combustion turbines are defined as small if the city

population is fewer than 50,000.  In the manufacturing sector, companies are defined as small if the total

employment of the parent company is fewer than 500.
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8.1 Identifying Small Businesses

As described in Section 3 of this report, the Agency has projected that approximately

355 new combustion turbines will begin operation during the next 5-years.  Approximately

10 sources would be required to comply with the NOx emission standard for the Gas Turbine

NSPS by applying add-on controls, as mentioned earlier in this report (Chapter 3). However,

as also mentioned earlier in this report, these 10 new turbines will already be required to

install add-on controls to meet NOx reductions under the PSD/NSR programs.  The only

requirements on them due to this NSPS will be initial performance testing, fuel sampling,

monitoring and recordkeeping, and reporting.  No existing combustion turbines will be

affected by the regulation.  However, because it is not possible to project specific companies

or government organizations that will purchase combustion turbines in the future, the small

entity screening analysis for the combustion turbine rule is based on the evaluation of

existing owners of combustion turbines.  It is assumed that the existing size and ownership

distribution of combustion turbines contained in the Inventory Database is representative of

the future growth in new combustion turbines.  The remainder of this section presents cost

and sales information on small companies and government organizations that own existing

combustion turbines of 1 MW or greater.

8.2 Screening-Level Analysis

Based on the Inventory Database and Small Business Administration (SBA)

definitions, 29 small entities own 51 units, which are located at 35 facilities.11  The 51 units

owned by small entities represent approximately 2.5 percent of the 2,072 units in the

Inventory Database with valid capacity information.  This implies that approximately 1 out

of the 10 new affected units will be owned by a small entity.  Based on our previous

research, the 29 small entities have an average revenue (sales) of approximately $80 million. 

We compared the average unit compliance costs ($3.4/10 = $0.34 million) with the average

sales value and for a typical small entities and calculated the cost to sales ratio for the

potentially affected small entity is 0.3 percent.
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8.3 Assessment

The RFA generally requires an agency to prepare a regulatory flexibility analysis of

any rule subject to notice and comment rulemaking requirements under the Administrative

Procedure Act or any other statute unless the agency certifies that the rule will not have a

significant economic impact on a substantial number of small entities.  Small entities include

small businesses, small organizations, and small governmental jurisdictions.

For purposes of assessing the impacts of today’s rule on small entities, small entity is

defined as:

C a small business whose parent company has fewer than 100 or 1,000  employees,
depending on size definition for the affected NAICS code, or fewer than 4 billion
kW-hr per year of electricity usage;

C a small governmental jurisdiction that is a government of a city, county, town,
school district, or special district with a population of fewer than 50,000; and

C a small organization that is any not-for-profit enterprise, which is independently
owned and operated and is not dominant in its field.

It should be noted that small entities in one three-digit NAICS codes are affected by this rule,

and the small business definition applied to this industry by NAICS code is that listed in the

SBA size standards (13 CFR 121). 

The economic impacts of the NSPS are expected to be insignificant.   In addition,

since there is only one small entity affected by this rule, there is no significant impact

(economic) to a substantial number of small entities (or SISNOSE).
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APPENDIX A

OVERVIEW OF THE MARKET MODEL

To develop estimates of the economic impacts on society resulting from the

regulation, the Agency developed a computational model using a framework that is

consistent with economic analyses performed for other rules.  This approach employs

standard microeconomic concepts to model behavioral responses expected to occur

with the regulation.  This appendix describes the spreadsheet model in detail and

discusses how the Agency

C characterized the supply and demand in the energy markets,

C characterized supply and demand responses in industrial and commercial
markets,

C introduced a policy “shock” into the electricity market by using control
cost-induced shifts in the supply functions of affected supply segments
(new and existing sources),

C introduced indirect shifts in market supply functions resulting from
changes in energy prices

C used a solution algorithm to determine a new with-regulation equilibrium
in each  market.

A.1 Energy Markets

The operational model includes five energy markets:  coal, electricity (base load

energy), electricity (peak power), natural gas, and petroleum.  The following sections

describe supply and demand equations the Agency developed to characterize these

markets.  The data source for the price and quantity data used to calibrate the model

is the Department of Energy’s Supplemental Tables to the Annual Energy Outlook

2000 (DOE, EIA, 2001). 

A.1.1 Supply Side Modeling

The Agency modeled the existing market supply of energy markets (QSi) using a

single representative supplier with an upward-sloping supply curve.  The Cobb-

Douglas (CD) function specification is
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(A.1)

(A.2)

where

= the supply of energy product i,

Ai = a parameter that calibrates the supply equation to replicate the

estimated 2005 level of production (Btu),

pi = the 2005 ($/Btu) market price for product i, and

ci = direct compliance costs (electricity markets only).  Supply

shifts were computed and reported in Section 6, Table 6-2.

= indirect effects of changes in input prices,  where α is the fuel

share, i indexes the energy market.  The fuel share is allowed

to vary using a fuel switching rule using cross-price elasticities

of demand between energy sources, as described in Section 5

of the report.

= the domestic supply elasticity for product i. 

For the electricity markets, new supply sources are characterized with a constant

marginal cost (supply) curve.  In baseline, these units are willing to supply their

generation capacity at the baseline market price (P0i).  With regulation, affected

sources are willing to supply their generation capacity if the new price (P1i) exceeds

costs (baseline + direct + indirect) :

A.1.2 Demand Side Modeling

Market demand in the energy markets (QDi) is expressed as the sum of the energy,

residential, transportation, industrial, and commercial sectors:



A-9

(A.3)

(A.4)

(A.5)

where i indexes the energy market and j indexes the consuming sector.  The Agency modeled

the residential, and transportation sectors as single representative demanders using a

simple Cobb Douglas specification:

where p is the market price, η is an assumed demand elasticity (actual values are presented in

Section 5, Table 5-2), and A is a demand parameter.  In contrast, the energy,

industrial and commercial sectors demand is modeled as a derived demand resulting

from the production/consumption choices in agricultural, energy, mining,

manufacturing, and service industries.  Changes in energy demand for these

industries respond to changes in output and fuel switching that occurs in response to

changes in relative energy prices projected in the energy markets.  For each sector, 

energy demand is expressed as follows:

where qD is demand for energy, QD is output in the final product or service market, FSW is a

factor generated by the fuel switching algorithm, i indexes the energy market, j

indexes the market.  The subscripts 0 and 1 represent baseline and with regulation

conditions, respectively.

A.2  Industrial and Commercial Markets

Given data limitations associated with the scope of potentially affected industrial and

commercial markets, EPA used an alternative approach to estimate the relative

changes in price and quantities.  These measures are used to compute change in

economic welfare as described in Section A.4.

A.2.1 Compute Percentage Change in Market Price

First, we computed the change in production costs resulting from changes in the

market price of fuels (determined in the energy markets): 



12The fuel share is allowed to vary using a fuel switching rule using cross-price elasticities of demand between

energy sources, as described in Section 5 . 
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(A.6)

(A.7)

where α is the fuel share,12 i indexes the energy market, and j indexes the industrial or

commercial market.  We use the results from equation A.6 and the market supply and

demand elasticities to compute the change in market price:

A.2.2 Compute Percentage Change in Market Quantity

Using the percentage change in the price calculated in Equation A.7 and assumptions

regarding the market demand elasticity, the relative change in quantity was

computed.  For example, in a market where the demand elasticity is assumed to be -1

(i.e., unitary), a 1 percent increase in price results in a 1 percent decrease in quantity. 

This change was then input into equation A.5 to determine energy demand. 

A.3 With-Regulation Market Equilibrium Determination

Market adjustments can be conceptualized as an interactive feedback process.  Supply

segments face increased production costs as a result of the rule and are willing to

supply smaller quantities at the baseline price.  This reduction in market supply leads

to an increase in the market price that all producers and consumers face, which leads

to further responses by producers and consumers and thus new market prices, and so

on.  The new with-regulation equilibrium is the result of a series of iterations in

which price is adjusted and producers and consumers respond, until a set of stable

market prices arises where total market supply equals market demand (i.e., Qs = QD)

in each market.  Market price adjustment takes place based on a price revision rule

that adjusts price upward (downward) by a given percentage in response to excess

demand (excess supply).

The algorithm for determining with-regulation equilibria can be summarized by

seven recursive steps:
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1. Impose the control costs on electricity supply segments, thereby affecting
their supply decisions.

2. Recalculate the market supply in the energy markets.  Excess demand
exists.

3. Determine the new energy prices via a price revision rule. 

4. Recalculate energy market supply.

5. Account for fuel switching given new energy prices.  Solve for new
equilibrium in final product and service market.

6. Compute energy demand.

7. Compare supply and demand in energy markets.  If equilibrium conditions
are not satisfied, go to Step 3, resulting in a new set of energy prices. 
Repeat until equilibrium conditions are satisfied (i.e., the ratio of supply to
demand is arbitrarily close to one).

A.4 Computing Social Costs

In the energy markets, consumers(residential and transportation) and producer

surplus were calculated using standard methods based on the price and quantity

before and after regulation.  In the industrial and commercial markets, however, there

is no easily defined price or quantity due to the wide variety of products that fall

under each sector (i.e. NAICs code).  Therefore, methods of calculating consumer

and producer surplus are defined based on relative changes in price and quantity and

total industry sales rather than on the price and quantity directly.  The following

sections describe how we derive welfare estimates for these markets.

A.4.1 Change in Consumer Surplus 

If price and quantities were available, a linear approximation of the change in

consumer surplus can be calculated using the following formula:

)CS = –[(∆P) Q0 –0.5(∆Q) (∆P)], (A.8)

where Q0 denotes the baseline quantity.  Given the model only estimates relative changes in

price and quantity for each industrial/commercial market, changes in consumer

surplus were calculated using these data and total revenue by NAICS code as shown

below: 



13Multiplying price and quantity in an industry yields total industry revenue.  The U.S. Census Bureau provides

shipment data for the N AICs codes included in the economic model.
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∆CS = –[(∆P) Q1 – 0.5 (∆Q) (∆P)] (P1 Q1)/(P1 Q1)

)CS = –[%)P – 0.5  (%)P) (%)Q)] (P1 Q1). (A.9)

A.4.2 Change in Producer Surplus

If  price and quantities were available, a linear approximation could also be used to

compute the change in producer surplus:

∆PS =–[((CC/Q1) – ∆P)(Q1 – ∆Q)]+ 0.5 [(CC/Q1 – ∆P) (∆Q)], (A.10)

where CC/Q1 equals the per-unit “cost-shifter” of the regulation.  Again, we transform this

equation into one that relies only on percentage changes in price and quantity, total

revenue,13 and compliance costs:

∆PS = – [((CC/Q1) – ∆P)(Q1 – ∆Q)]+ 0.5 [((CC/Q1) – ∆P)(∆Q)](P1 Q1)/(P1 Q1)

∆PS = – [(% cost shift – %∆P)(1 – %∆Q)+ 0.5 (% cost shift – %∆P )(%∆Q)][P1 Q1]

∆PS = – [% cost shift – %∆P ][1 – 0.5(%∆Q)][TR], (A.11)
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APPENDIX B

ASSUMPTIONS AND SENSITIVITY ANALYSIS

In developing the economic model to estimate the impacts of the stationary

combustion turbine NSPS, several assumptions were necessary to make the model

operational.  This appendix lists and explains the major model assumptions and

describes their potential impact on the analysis results.  Sensitivity analyses are

presented for numeric assumptions.  

Assumption:  The domestic markets for energy are perfectly competitive.

Explanation:  Assuming that the markets for energy are perfectly competitive implies that

individual producers are not capable of unilaterally affecting the prices they receive

for their products.  Under perfect competition, firms that raise their price above the

competitive price are unable to sell at that higher price because they are a small share

of the market and consumers can easily buy from one of a multitude of other firms

that are selling at the competitive price level.  Given the relatively homogeneous

nature of individual energy products (petroleum, coal, natural gas, electricity), the

assumption of perfect competition at the national level seems to be appropriate.

Possible Impact:  If energy markets were in fact imperfectly competitive, implying that

individual producers can exercise market power and thus affect the prices they

receive for their products, then the economic model would understate possible

increases in the price of energy due to the regulation as well as the social costs of the

regulation.  Under imperfect competition, energy producers would be able to pass

along more of the costs of the regulation to consumers; thus, consumer surplus losses

would be greater, and producer surplus losses would be smaller in the energy

markets.

Assumption:  Base load energy and peak power represent 80 percent and 20 percent,

respectively, of the total cost of electricity production.

Explanation:  With deregulation, it is increasingly common for base load energy and peak

power to be traded as different commodities.  This economic model segments the

electricity market into these separate markets.  However, no production cost or sales

data are currently available to partition the electricity market into base load and peak
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power markets.  The 80/20 percent was obtained from discussions with industry

experts. 

Sensitivity Analysis:  Table B-1 shows how estimated economic impacts change as the share

of  base load versus peak power costs varies.

Assumption:  The elasticity of supply in the base load and peak power electricity

markets for existing sources is approximately 0.75 and 0.38, respectively. 

Explanation:  The price elasticity of supply in the electricity markets represents the

behavioral responses from existing sources to changes in the price of electricity. 

However, there is no consensus on estimates of the price elasticity of supply for

electricity.  This is in part because, under traditional regulation, the electric utility

industry had a mandate to serve all its customers and utilities were compensated on a

rate-based rate of return.  As a result, the market concept of supply elasticity was not

the driving force in utilities’ capital investment decisions.  This has changed under

deregulation.  The market price for electricity has become the determining factor in

decisions to retire older units or to make higher cost units available to the market.

Sensitivity Analysis:  Table B-2 shows how the economic impact estimates vary as the

elasticity of supply in the electricity markets varies.

Table B-1.  Sensitivity Analysis:  Base Load and Peak Power Markets’ Share of
Electricity Production Costs ($106)

Base Load = 70%
Peak = 30%

Base Load = 80%
Peak = 20%

Base Load = 90%
Peak = 10%

Change in producer
surplus

213 208 203

Change in consumer
surplus

–215 –209 –204

Change in social welfare –2 –2 –2
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Assumption:  The domestic markets for final products and services are all

perfectly competitive.  

Explanation:  Assuming that these markets are perfectly competitive implies that the

producers of these products are unable to unilaterally affect the prices they receive for

their products.  Because the industries used in this analysis are aggregated across a

large number of individual producers, it is a reasonable assumption that the individual

producers have a very small share of industry sales and cannot individually influence

the price of output from that industry.  

Possible Impact:  If these product markets were in fact imperfectly competitive, implying

that individual producers can exercise market power and thus affect the prices they

receive for their products, then the economic model would understate possible

increases in the price of final products due to the regulation as well as the social costs

of the regulation.  Under imperfect competition, producers would be able to pass

along more of the costs of the regulation to consumers; thus, consumer surplus losses

would be greater, and producer surplus losses would be smaller in the final product

markets.  

Assumption:  The elasticity of supply in final product markets.

Explanation:  The final product markets are modeled at the two-, and three-digit NAICS

codes level to operationalize the economic model.  Because of the high level of

aggregation, elasticities of supply and demand estimates are not often available in the

literature.  The elasticities of supply and demand in the final product markets

primarily determine the distribution of economic impacts between producers and

consumers.

Sensitivity Analysis:  Table B-3 shows how the economic impact estimates vary as the

supply and demand elasticities in the final product markets vary.

Table B-2.  Sensitivity Analysis:  Elasticity of Supply in the Electricity Markets

ES = –25% Base Case ES = + 25%

Change in producer surplus 235 208 185

Change in consumer
surplus

–237 –209 –187

Change in social welfare –2 –2 –2



B-4

Table B-3.  Sensitivity Analysis:  Supply and Demand Elasticities in the Final Product
Markets

ES = –25%
ED = +25%

ES = Base Case
ED = Base Case

ES = +25%
ED = –25%

Change in producer surplus 185 208 231

Change in consumer surplus –187 –209 –233

Change in social welfare –2 –2 –2
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Assumption:  The amount of energy (in terms of Btus) required to produce a unit of

output in the final product markets remains constant as output changes and

prices.

Explanation:  The importance of this assumption is that when output in the final product

markets changes as a result of a change in energy prices, it is assumed that the

amount of fuel used changes in the same proportion as output, although the

distribution of fuel usage among fuel types may change due to fuel switching.  This

change in the demand for fuels feeds into the energy markets and affects the

equilibrium price and quantity in the energy markets.

Possible Impact:  For example, fuel usage per unit output may change if the price of energy

increases because of increased energy efficiency.  National energy-efficiency trends

are included in the model through projected Btu consumption (i.e., Btu consumption

is projected to grow more slowly than output).  However, if the regulation leads to

increased energy efficiency because of higher fuel prices, this will result in a smaller

economic impact than the model results presented in Section 6 indicate. 

Assumption: Sensitivity to Fuel Switching.

Sensitivity Analysis:  Table B-4 shows how the economic impact estimates vary as fuel-

switching is turned on or off in the model. 

Table B-4.  Sensitivity Analysis:  Own- and Cross-Price Elasticities Used to Model Fuel
Switching

Base Case Without Fuel Switching

Change in producer surplus 208 207

Change in consumer surplus –209 –208

Change in social welfare –2 –2
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