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SECTION 1
INTRODUCTION

The U.S. Environmenta Protection Agency (referred to as EPA or the Agency)
Is developing regulations under Section 111 of the Clean Air Act (CAA) for new stationary
combustion turbines. The maority of stationary combustion turbines burn natura gas and
are used in the eectric power and natural gas industries. The regulations are designed to
reduce emissions of nitrogen oxides (NO,) and sulfur dioxide (SO,) generated by the
combustion of fossil fuelsin new combustion turbines. To inform this rulemaking, the Air
Benefits and Costs Group (ABCG) of EPA’s Office of Air Quality Planning and Standards
(OAQPS) has developed an economic impact analyss (EIA) to estimate the potentid social
costs of the regulation. Thisreport presents the results of thisanalyssinwhich a market
model was used to anadyze the impacts of the ar pollution rule on society.

1.1 Agency Requirements for an EIA

Congress and the Executive Office have imposed statutory and administrative
requirements for conducting economic andyses to accompany regulatory actions. Section
317 of the CAA specificdly requires esimation of the cost and economic impacts for
specific regulations and standards proposed under the authority of the Act. In addition,
Executive Order (EO) 12866 requires a more comprehensive analysis of benefits and costs
for significant regulatory actions.! Other statutory and adminigtrative requirements include
examination of the composition and distribution of benefits and costs. For example, the
Regulatory Flexibility Act (RFA), as amended by the Small Business Regulatory
Enforcement and Fairness Act of 1996 (SBREFA), requires EPA to consder the economic
impacts of regulatory actions on small entities. Also, Executive Order 13211 requires EPA to
congder for particular rules the impacts on energy markets.

1.2 Scope and Purpose

The CAA’s purpose isto protect and enhance the qudity of the nation’s air
resources (Section 101(b)). Section 111 of the CAA establishes the authority of EPA to set
new source performance standards (NSPS) for criteriapollutants. Thisreport evaluatesthe
economic impacts of pollution control requirements placed on gationary combustion
turbines under these amendments. These control requirements are designed to reduce
releases of NO, and SO, from new sources into the atmosphere.

The regulation affects new stationary combustion turbines over 1 megawatt
(MW). To estimate the economic impacts associated with the regulation, new sationary
combugtion turbines are projected through the fifth year after promulgation.

'Office of Management and Budget (OMB) guidance under EO 12866 stipulates that a full benefit-cost analysis
isrequired only when the regulatory action has an annual effect on the economy of $100 million or more.
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1.3

Organization of the Report
The remainder of thisreport is divided into six sections that describe the

methodology and present results of this analysis:

Section 2 provides background information on combustion turbine technologies
and compares the equipment, ingdlation, and operating costs of smple-cycle
combugtion turbines (SCCTs) and combined-cycle combudtion turbines (CCCTs).

Section 3 provides background information on the regulatory dternatives
examined, information on the emission reductions associated with therule, and
health effects from exposure to the NO, emitted by combustion turbines.

Section 4 provides projections of new stationary combustion turbines through the
fifth year after promulgation. This section aso profilesthe population of existing
turbines.

Section 5 profiles the electric service industry (NAICS 221).

Section 6 presents the methodology for assessing the economic impacts of the
NSPS and describes the computerized market model used to estimate the social
cost impacts and to disaggregate impacts into changes in producer and consumer
surplus.

Section 7 presentsthe economic impact estimates for the NSPS. This section
also discusses the regulation’s impact on energy supply, distribution, and use.

Section 8 provides the Agency’ s analyss of the regulation’s impact on small
entities.

In addition to these sections, Appendix A details the market model gpoproach used to predict
the economic impacts of the NSPS. Appendix B describesthe limitations of the data and
market model and presents sensitivity analyses associated with key assumptions.
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SECTION 2

COMBUSTION TURBINE TECHNOLOGIES AND COSTS

This section provides background information on combustion turbine
technologies. Included is a discussion of simple-cycle combustion turbines (SCCTs) and
combined-cycde combustion turbines (CCCTs), along with a comparison of fuel efficiency
and capital costs between the two classes of turbines.

2.1 Simple-Cycle Combustion Turbine Technologies

Most stationary combustion turbines use natural gas to generate shaft power
that is converted into dectricity.? Combustion turbines have four basic components, as
shown in Figure 2-1.

1. The compressor raisesthe ar pressure up to thirty times atmospheric.
2. A fud compressor isused to pressurize the fuel.

3. The compressed air is heated in the combustion chamber a which point fuel is
added and ignited.

4. The hot, high pressure gases are then expanded through a power turbine,
producing shaft power, which is used to drive the air and fluid compressors and a
generator or other mechanical drive device. Approximately one-third of the
power developed by the power turbine can be required by the compressors.

Electric utilities primarily use simple-cycle combustion turbines as peaking or backup units.
Their relatively low capital costs and quick start-up capabilities make them ideal for partial
operation to generate power at periods of high demand or to provide ancillary services, such
as fpinning reserves or black-start back-up capacity.® The disadvantage of Ssmple-cycle

2Combustion turbine technology used for aircraft engines is virtually the same except the energy is used to
generate thrust.

®Spinning reserves are unloaded generating capacity that is synchronized to the grid that can begin to respond
immediately to correct for generation/load imbalances caused by generation and transmission outages and
that is fully available within 10 minutes. Black-start capacity refers to generating capacity that can be made
fully available within 30 to 60 minutesto back up operating reserves and for commercial purposes.
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Figure 2-1. Simple-Cycle Gas Turbine

Source: Hay, Nelson E., ed. 1988. Guide to Natural Gas Cogeneration. Lilburn, GA: The Fairmont Press,
Inc.

systems s that they are relativey inefficient, thus making them less attractive as base load
generating units.

2.2 Combined-Cycle Combustion Turbines Technologies

The combined-cycle system incorporates two smple-cycle syssemsinto one
generation unit to maximize energy efficiency. Energy is produced in the first cycle using a
gas turbine; then the heat that remains is used to create steam, which is run through a steam
turbine. Thus, two single units, gas and steam, are put together to minimize lost potential
energy.

The second cycle is asteamturbine. 1na CCCT, the waste heat remaining from
the gas turbine cycle is used in aboiler to produce sseam. The steam is then put through a
steam turbine, producing power. The remaining steam is recondensed and ether returned to
the boiler where it is sent through the process again or sold to a nearby industria site to be
used in aproduction process. Hgure 2-2 shows a gas-fired CCCT.
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Figure 2-2. Combined-Cycle Gas Turbine

Source:  Siemens Westinghouse. August 31, 1999. Presentation.

There are sgnificant efficiency gainsin using a combined-cycle turbine
compared to simple-cycle systems. With SCCTs, adding a second stage allows for heat that
otherwise would have been emitted and completely wasted to be used to create additiond
power or steam for industrial purposes. For example, a SCCT with an efficiency of 38.5
percent, adding a second stage increases the efficiency to 58 percent, a20 percent increase in
efficiency (Siemens, 1999). Genera Electric (1999) has recently developed a 480 MW
system that will operate a 60 percent net combined-cycle efficiency.

In addition to energy efficiency gains, CCCTs dso offer environmental
efficiency gains compared to existing coal plants. In addition, efficiency gains associated
with the CCCT lead to lower emissions compared to SCCTs. As Table 2-1 shows, the 58
percent efficiency turbine decreases NO, emissons by 14 percent over smple-cycle
combugtion turbines and 89 percent over existing coal electricity generation plants. In
addition, CO, emissonswill be 5 percent lower than emissions from SCCTs and 64 percent
lower than exiging coal plants.



Table 2-1. Comparison of Emissions from Coal-Fired and Simple-Cycle Turbines and
Combined-Cycle Turbines

NO, Co,
(Ib/MW-hr) (Ib/MW-hr)
Coal electricity generation 5.7 2,190
Simple-cycle turbines 0.7 825
Combined-cycle turbines 0.6 780

Source: Siemens Westinghouse. August 31, 1999. Presentation.

23 Capital and Installation Costs

CCCT capitd and installation costs are gpproximately 30 percent less (¥MW)
than a conventional coal or oil steam power plant’s capital and installation costs, and CCCT
costs are likely to decrease over the next 10 years. Gas turbine combined-cyd e plants range
from approximately $300 per KW installed for very large utility-scale plants to $1,000 per
KW ($1998) for small industrial cogeneration instdlation (GTW Handbook, 1999). However,
the prices of congtruction can vary as aresult of local labor market conditions and the
geographic conditions of the Ste (GTW Handbook, 1999). SCCTs are approximately haf the
cost of CCCT units.

Table 2-2 breaks down the budgeted construction costs of a gas-fired 107 MW
combined-cycle cogenerating station at John F. Kennedy International Airport that was
installed several years ago. As shownin Table 2-2, the construction price can range
dramaticaly. Thisjob finished near the top of the budget, close to $133,600,000. According
to Gas Turbine World, the typical budget price for a 168 MW plant is $80,600,000,
($480/kW) for aplant with net efficiency of 50.9 percent (GTW Handbook, 1999).

24 O&M Costs Including Fuel

Fuel accounts for one-half to two-thirds of total production costs (annualized
capital, operation and maintenance, fuel costs) associated with generating power using
combustion turbines. Table 2-3 compares the percentage of costs spent on annualized
capital, operation and maintenance, and fuel for both simple turbines and CCCTs.



Table 2-2. Overall Installation Costs

Construction costs can vary dramatically. This table shows the budgeted cost for a gas-fired

107 MW combined-cycle cogenerating station at John F. Kennedy International Airport in
Brooklyn, New York. The power plant uses two 40 MW Stewart & Stevenson LM 6000 gas
turbine generators each exhausting into atriple pressure heat recovery steam generator raising
steam for processes and to power a nominal 27 MW steam turbine generator. Budgeted prices are
in 1995-1996 U.S. dollars.

Budget Equipment Pricing $ Amount
Gas turbine generators $24,000,000
Heat recovery steam generators 10,000,000
Steam turbine generator set 4,000,000
Condenser 300,000
Cooling towers 800,000
Transformer and switchgear 8,000,000
Balance of plant equipment 7,500,000
Subtotal, equipment $54,600,000

Budget Services and Labor
Mechanical and electrical construction $20-75,000,000
Engineering 4,000,000
Subtotal, services $24-79,000,000

Total Capital Cost $78,600,000-133,600,000

Source: 1998-99 GTW Handbook. “Turnkey Combined Cycle Plant Budget Price Levels.” Fairfield, CT:
Pequot Pub. Pgs. 16—26.

Table 2-3. Comparison of Percentage of Costs”

Simple Cycle Combined Cycle
% Capital costs 50 25
% Operation and maintenance 10 10
% Fuel 40 65

& Based on areview of marketing information from turbine manufacturers and the GTW Handbook.

The fuel costs may vary depending on the plant’s location. In areas where gas
costs are high, for abase-load CCCT power plant, fuel costs can account for up to 70 percent
of total plant costs—including acquisition, owning and operating costs, and debt service
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(GTW Handbook, 1999). General Electric’s“H” desgn goals for future CCCT systems are
to reduce power plant operating costs by at least 10 percent compared to today’ s technology
as adirect result of using less fuel. The higher efficiency allows more power to be generated
with the same amount of fuel, resulting in a substantial fuel cost savings for the plant owner

(General Electric, 1999).
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SECTION 3

BACKGROUND ON HEALTH AFFECTS AND REGULATORY ALTERNATIVES

3.1 Background

Section 111 of the CAA requires EPA to establish NSPS for major and area
sources within various source categories.

3.1.1 Summary of the Stationary Combustion Turbines NSPS

Does the rule apply to me?

The standards would apply to new stationary combustion turbines with a heat
input at peak load greater than or equal to 10.7 GJ (10 MMBtu) per hour that commerce
construction, modification, or reconstruction after February 18, 2005.  The applicability of
the rule issimilar to that of existing 40 CFR part 60, subpart GG, except that the rule would
apply to new, modified, and recongtructed sationary combustion turbines, and their
asociated heat recovery steam generators (HRSG) and duct burners. A new stationary
combustion turbineis defined as dl equipment, induding but not limited to the combustion
turbine, the fue, air, lubrication and exhaust gas systems, control systems (except emissions
control equipment), heat recovery system, and any ancillary components and sub-
components comprising any simple cycle stationary combustion turbine, any
regenerativelrecuperative cycle stationary combustion turbine, any combined cycle
combudtion turbine, and any combined heat and power combustion turbine based system.
The new stationary combustion turbines subject to the standards are exempt from the
requirements of 40 CFR part 60, subpart GG. Heat recovery seam generators and duct
burners subject to subpart KKKK are exempt from the requirements of 40 CFR part 60,
subparts Da, Db, and Dc.

What pollutants would be regulated?
The pollutants to be regulated by the standards are NOx and SO2.

What is the affected source?

The affected source for the stationary combustion turbine NSPS is each
stationary combustion turbine with a power output a peak load greater than or equa to 1
MW, that commences congtruction, modification, or reconstruction after proposal.
Integrated gasification combined cycle (IGCC) combustion turbine facilities covered by
subpart Daof 40 CFR part 60 (the Utility NSPS) are exempt from the requirements of the
rule.



What emission limits must I meet?

The format of the standards for NO,, is alow the turbine owner or operator the
choice of a concentration-based or an output-based emission limit. The concentration-based
limit is in units of parts per million by volume (ppmv) at 15 percent oxygen. The output-
based emission limit isin in units of emissions mass per unit useful recovered energy,
nanograms/Joule (ng/J) or pounds per megawatt-hour (IKMW-hr). The Nox limits differ
based on the fuel input at peak load, fuel, application, and location of the turbine. The fuel
input of the turbine does not include any supplemental fuel input to the heat recovery system
and refers to the rating of the combustion turbine itself. The 50 mmBTU/hr category peak
heat input isbased on the fuel input to a 23 percent efficient 3.5 MW combusdtion turbine.
The 850 mmBTU/hr category peak heat input is based on the fuel input to a 44 percent
efficient 110 MW combustion turbine. The 30 MW category for turbines located north of
the Arctic Circle, turbines operating at lessthan 75 percent of peak load, modified and
reconstructed offshore turbines, and turbines operating at temperatures less than O degress
Fahrenheit isbased on the categories in the originad NSPS for combustion turbines, subpart
GG. Theseare presented in Table 3-1.

Table 3-1. NOy Emission Standards (ng/J)

Combustion Turbine Type | Combustion Turbine Heat Input NOx Emisson

at Peak Load (HHV) Standard
New turbine firing natural <=50 mmBTU/hr 42 ppm a 15
gas, electric generating percent oxygen (O,)

or 290 ng/J of useful
output (2.3 Ib/MWh)

New turbine firing natural <=50 mmBTU/hr 100 ppm a 15

gas, mechanicd drive percent O2 or 690
ng/J of useful output
(5.5 Ib/IMWh)

New turbine firing natural gas | > 50 mmBTU/hr and <=850 25 ppm a 15

mmBTU/hr percent oxygen (O,)

or 150 ng/J of useful
output (0.43
Ib/MWh)

New turbine firing fuels other | <= 50 mmBTU/hr 96 ppm a 15

than naturd gas, dectric percent oxygen (O,)

generating or 700 ng/J of useful

output (2.3 Ib/MWh)
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New turbine firing fuels other
than natural gas, mechanical
drive

<=50 MMBTU/hr

150 ppm a 15
percent oxygen (O,)
or 1,100 ng/J of
useful output (8.7
Ib/MWh)

New turbine firing fuels other
than natural gas

> 50 mmBTU/hr and <=850
mmBTU/hr

74 ppm a 15

percent oxygen (O,)
or 460 ng/J of useful
output (2.3 Ib/MWh)

New turbine firing natural
gas, electric generating

<=50 mmBTU/hr

42 ppm a 15

percent oxygen (O,)
or 290 ng/J of useful
output (2.3 Ib/MWh)

New, modified, or
reconstructed turbine firing
fuels other than natural gas

> 850 mmBTU/hr

42 ppm a 15

percent oxygen (O,)
or 160 ng/J of useful
output (1.3 Ib/MWh)

Modified or reconstructed
turbines

<=50 mmBTU/hr

150 ppm a 15
percent oxygen (O,)
or 1,100 ng/J of
useful output (8.7
Ib/MWh)

Modified or reconstructed
turbine firing natural gas

> 50 mmBTU/hr and <= 850
mmBTU/hr

42 ppm a 15

percent oxygen (O-)
or 250 ng/J of useful
output (2.0 Ib/MWh)

Modified or reconstructed
turbine firing fuels other than
natural gas

>50 mmBTU/hr and <= 850
mmBTU/hr

96 ppm a 15

percent oxygen (O-)
or 590 ng/J of useful
output (4.7 Ib/MWh)

Turbines located north of the
Arctic Circle (latitude 66.5
north), turbines operating at
less than 75 percent of peak
load, modified and
reconstructed offshore
turbines, and turbines
operating at temperatures less
than O degree Fahrenheit

<= 30 MW output

150 ppm & 15
percent oxygen (O,)
or 1,100 ng/J of
useful output (8.7
Ib/MWh)
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Turbineslocated north of the | > 30 MW output 96 ppm a 15

Arctic Circle (latitude 66.5 percent O2 or 590
north), turbines operating at ng/J of useful output
less than 75 percent of peak (4.7 Ib/MW-hr)
load, modified and

reconstructed offshore

turbines, and turbines
operating at temperatures less

than O degree Fahrenheit

Heat recovery units operating | All szes 54 ppm a 15
independent of the percent O2 or 110
combustion turbine ng/J of useful output

(0.86 Ib/MW-hr)

We have determined that it is gppropriate to exempt emergency combustion
turbines from the NO, limit. We have defined these units asturbinesthat operatein
emergency situations. For example, turbines used to supply electric power when the local
utility service is interrupted are consdered to fall under this definition. In addition, we are
proposing that combustion turbines used by manufacturersin research and development of
equipment for both combustion turbine emission control techniques and combustion turbine
efficiency improvements be exempted from the NO, limit. Given the small number of
turbines that are expected to fall under this category and snce there is not one definition that
can provide an all-inclusive description of the type of research and development work that
qualifiesfor the exemption from the NOXx limit, we have decided that it is gppropriate to
meke these exemption determinations on case by case bads only.

The proposed standard for SO2 is the same for all turbines regardless of sze
and fuel type. Y ou may not cause to be discharged into the atmosphere from the subject
stationary combustion turbine any gases which contain SO, in excess of 110 ng/J (0.90
Ib/MW-hr) gross energy output for turbines located in continental areas, and 780 ng/J (6.2
Ib/MW-hr) gross energy output for turbines located esewhere. You can choose to comply
with the SO, limit itself or with a limit on the sulfur content of the fuel. The fuel sulfur
content is 26 ng SO2/J (0.060 Ib SO2/mmBTU) heat input for turbines in continental areas
and 180 ng SO2/J (0.42 Ib SO2/mmBTU) heat input for turbines in noncontinental aress.

If I modify or reconstruct my existing turbine, does the rule apply to me?

The standards apply to stationary combustion turbines that are modified or
recongructed after proposal. The guiddlines for determining whether a sourceis modified or
reconstructed are given in 40 CFR 60.14 and 60.15, respectively. A turbine that is overhauled
as part of amaintenance program is not consdered amodification if thereis no increase in
emissions.
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How do I demonstrate compliance?

In order to demonstrate compliance with the NO, limit, an initial performance
test isrequired. If you are using water or steam injection, you must continuously monitor
your water or steam to fuel ratio in order to demonstrate compliance and you are not required
to perform annual stack testing to demongrate compliance. 1f you are not usng water or
steam injection, you would conduct performance tests annually following the initial
performance tes in order to demonstrate compliance. Alternatively, you may choose to
demonstrate continuous compliance with the use of a continuous emission monitoring system
(CEMYS) or parametric monitoring; if you choose this option, you are not required to conduct
subsequent annual performance tests.

If you areusing a NOX CEMS, theinitial performance test required under 40
CFR 60.8 may, alternativey, coincde with the relative accuracy test audit (RATA). If you
choose thisas your initial performance test, you must perform a minimum of nine reference
method runs, with a minimum time per run of 21 minutes, at a single load level, between 90
and 100 percent of peak (or the highest achievable) load. You must use the test data both to
demonstrate compliance with the applicable NO, emission limit and to provide the required
reference method data for the RATA of the CEMS.

What monitoring requirements must I meet?

If you are using water or steam injection to control NO, emissions, you must
install and operate a continuous monitoring system to monitor and record the fuel
consumption and the ratio of water or seam to fud being fired in the turbine. Alternatively,
you could use a CEM S consisting of NO, and oxygen (O ) or carbon dioxide (CO»)
monitors. During each full unit operatlng hour, each monltor would complete a mlnlmum of
one cycle of operation for each 15-minute quadrant of the hour. For partia unit operating
hours, at least one valid data point would be obtained for each quadrant of the hour inwhich
the unit operates.

If you operate any new turbine which does not use water or geam injection to
control NO, emissions, you would have to perform annua stack tegting to demonstrate
continuous compliance with the NO, limit. Alternatively, you could elect either to use a
NO, CEMS or perform continuous parameter monitoring as follows:

(1) For adiffuson flame turbine without add-on selective catalytic reduction
(SCR) controls, you would define at least four parameters indicative of the unit’s NO,
formation characterigics, and you would monitor these parameters continuously.

(2) For any lean premix stationary combustion turbine, you would continuously
monitor the appropriate parameters to determine whether the unit is operating in the lean
premixed combustion mode.

(3) For any turbine that uses SCR to reduce NO, emissions, you would
continuoudy monitor appropriate parametersto verify the proper operation of the emisson
controls.



(4) For afected unitsthat are also regulated under part 75 of this chapter, if
you elect to monitor the NO, emission rate using the methodology in appendix E to part 75
of this chapter, or the low mass emissions methodology in 40 CFR 75.19, the monitoring
requirements of the turbine NSPS may be met by performing the parametric monitoring
described in section 2.3 of appendix E of part 75 of this chapter or in 40 CFR
75.19(c)(1)(iv)(H).

Alternatively, you could petition the Administrator for other acceptable
methods of monitoring your emissions. |If you chooseto use a CEMS or perform parameter
monitoring to demonstrate continuous compliance, annual stack testing is not required.

If you operate any stationary combustion turbine subject to the provisions of the
rule, and you choose not to comply with the SO, stack limit, you would monitor the total
sulfur content of the fuel being fired in the turbine. There are several options for determining
the frequency of fuel sampling, consistent with appendix D to part 75 of this chapter for fuel
oil; and the sulfur content would be determined and recorded once per unit operating day for
gaseous fud, unless a custom fuel sampling schedule is used. Alternatively, you could elect
not to monitor the total sulfur content of the fuel combusted in the turbine, if you
demongreate that the fuel does not to exceed atota sulfur content of 300 ppmw. This
demongration may be performed by using the fuel quality characterigics in a current, valid
purchase contract, tariff sheet, or transportation contract, or through representative fuel
sampling data which show that the sulfur content of the fuel does not exceed 300 ppmw.

If you choose to monitor combustion parameters or parameters indicative of
proper operation of NO, emission controls, the gppropriate parameters would be
continuously monitored and recorded during each run of the initial performance teg, to
establish acceptable operating ranges, for purposes of the parameter monitoring plan for the
affected unit.

If you are required to periodically determine the sulfur content of the fuel
combusted in the turbine, a minimum of three fuel samples would be collected during the
performancetest. For liquid fuels, the samplesfor the total sulfur content of the fuel must be
analyzed using American Society of Testing and Materials (ASTM) methods D129-00,
D2622-98, D4294-02, D1266-98, D5453-00 or D1552-01. For gaseous fuels, ASTM
D1072-90 (Reapproved 1999); D3246-96; D4468-85 (Reapproved 2000); or D6667-01 must
be used to andyze the total sulfur content of the fuel.

The applicable ranges of some ASTM methods mentioned above are not
adequate to measure the levels of sulfur in some fuel gases. Dilution of samples before
analysis (with verification of the dilution ratio) may be used, subject to the approval of the
Administrator.

What reports must I submit?

For each affected unit for which you continuoudy monitor parameters or
emissons, or periodicdly determinethe fuel sulfur content under the rule, you would submit
reports of excess emissons and monitor downtime, in accordance with 40 CFR 60.7(c). For
simple cycle turbines, excess emissions must be reported for all 4-hour rolling average
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periods of unit operation, including startup, shutdown, and malfunctions where emissions
exceed the allowable emisson limit or where one or more of the monitored process or
control parameters exceeds the acceptable range as determined in the monitoring plan.
Combined cycle and combined heat and power units use a 30 day rolling average to
determine excess emissions.

For each affected unit for which you perform an annual performance test, you
must submit an annual written report of the results of each performance test.

3.2 Health Effects Associated with NO, and SO, Emissions from Stationary
Combustion Turbines
3.2.1 Benefits of Reduced Nitrous Oxide Emissions

Emissions of NO, produce a wide variety of health and welfare effects.
Nitrogen dioxide can irritate the lungs at high occupational levels and may lower resistance
to respiratory infection (such as influenza), although the research has been equivocal. NO,
emissons are an important precursor to acid rain and may affect both terrestria and aquatic
ecosystems. Atmospheric deposition of nitrogen leads to excess nutrient enrichment
problems (“eutrophication”) in the Chesapeake Bay and severd nationaly important
estuaries along the East and Gulf Coasts. Eutrophication can produce multiple adverse
effects on water quality and the aquatic environment, including increased algal blooms,
excessive phytoplankton growth, and low or no dissolved oxygen in bottom waters.
Eutrophication also reduces sunlight, causing lossesin submerged aguatic vegetation critical
for heathy estuarine ecosystems. Depostion of nitrogen-containing compounds also affects
terrestrid ecosystems. Nitrogen fertilization can ater growth patterns and change the
balance of species in an ecosystem.

Nitrogen dioxide and airborne nitrate also contribute to pollutant haze (often
brown in color), which impairs visibility and can reduce residentia property values and the
value placed on scenic views.

NO, in combination with volatile organic compounds (VOC) aso servesasa
precursor to ozone. Based on alarge number of recent studies, EPA hasidentified several
key hedlth effects that may be associated with exposure to elevated levels of ozone.
Exposures to high ambient ozone concentrations have been linked to increased hospital
admissons and emergency room visits for respiratory problems. Repeated exposure to
0zone may increase susceptibility to respiratory infection and lung inflammation and can
aggravate preexisting respiratory disease, such as asthma. Repeated prolonged exposures
(i.e., 6 to 8 hours) to ozone at levels between 0.08 and 0.12 ppb, over monthsto years may
lead to repeated inflammation of the lung, impairment of lung defense mechanisms, and
irreversible changesin lung structure, which could in turn lead to premature aging of the
lungs and/or chronic respiratory illnesses such as emphysema, chronic bronchitis, and
asthma.



Children have the highest exposures to ozone because they typically are active
outside playing and exercising, during the summer when ozone levels are highest. Further,
children are more at risk than adults from the effects of ozone exposure because their
respiratory systems are still developing. Adultswho are outdoors and moderately active
during the summer months, such as construction workers and other outdoor workers, also are
among those with the highest exposures. These individuals, aswell as people with
respiratory illnesses such as asthma, especially children with asthma, experience reduced
lung function and increased respiratory symptoms, such as chest pain and cough, when
exposed to relatively low ozone levels during periods of moderate exertion. Inaddition to
human health effects, 0zone adversaly affects crop yield, vegetation and forest growth, and
the durability of materids. Ozone causes noticeable foliar damage in many crops, trees, and
ornamentd plants (i.e., grass, flowers, shrubs, and trees) and causes reduced growthin
plants.

Particulate matter (PM) can also be formed from NO, emissions. Secondary
PM is formed in the atmosphere through a number of physcal and chemical processes that
transform gases such as sulfur dioxide, NO,, and VOC into particles. Scientific studies have
linked PM (alone or in combination with other air pollutants) with a series of hedth effects
(see Chapter 8 for a detailed discussion of sudies used to evaluate hedth impacts of PM
emissons). Coarse particles can accumulate in the respiratory system and aggravate hedth
problems such as asthma. Fine particles can penetrate deep into the lungs and are more
likely than coarse particlesto contribute to a number of the hedth effects. These heath
effectsinclude decreased lung function and dterationsin lung tissue and structure and in
respiratory tract defense mechanisms which may be manifest in increased respiratory
symptoms and disease or in more severe cases, increased hospital admissions and emergency
room visits or premature death. Children, the ederly, and people with cardiopulmonary
disease, such as asthma, are most at risk from these health effects.

PM also causes a number of adverse effects on the environment. Fine PM isthe
magor cause of reduced visibility in parts of the United States, including many of our national
parks and wilderness areas. Other environmental impacts occur when particles depost onto
soil, plants, water, or materials. For example, particles containing nitrogen and sulfur that
deposit onto land or water bodies may change the nutrient balance and acidity of those
environments, leading to changesin species compostion and buffering capacity.

Particlesthat are deposited directly onto leaves of plants can, depending on
their chemical composition, corrode leaf surfaces or interfere with plant metabolism.
Finally, PM causes soiling and erosion damage to materials.

Thus, reducing the emissions of NO, from stationary combustion turbines can
help to improve some of the effects mentioned above, either those directly related to NO,
emissions, or the effects of ozone and PM resulting from the combination of NO, with other
pollutants.
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3.2.2 Benefits of Sulfur Dioxide Reductions

Very high concentrations of sulfur dioxide (SO,) affect breathing and ambient
levels have been hypotheszed to aggravate existing respiratory and cardiovascular disease.
Potentially sengtive populationsindude ashmatics, individuas with bronchitis or
emphysema, children and the elderly. SO, is dso aprimary contributor to acid depostion, or
acid rain, which causes acidification of lakes and streams and can damage trees, crops,
historic buildings and satues. In addition, sulfur compoundsin the air contribute to visibility
impairment in large parts of the country. Thisis especially noticeable in national parks.

PM can also be formed from SO, emissions. Secondary PM isformed in the
atmosphere through a number of physical and chemical processes that transform gases, such
as SO,, into particles. Overall, emissions of SO, can lead to some of the effects discussed in
this section—aeither those directly related to SO, emissions, or the effects of ozone and PM
resulting from the combination of SO, with other pollutants.

33 Emission Reductions from the NSPS

The reductions of NOx from this NSPS for new stationary combustion turbines
will essentially be zero because the new turbines that may need to instal add-on cortrols to
meet the NOx emissons limits will already be required to instdl these add-on controls to
meet NOx reduction requirements under the Prevention of Significant Deterioration/New
Source Review (PSD/NSR) programs. Therefore, we conclude that the NOx reductions
resulting from the rule will essentially be zero. The expected SO, reductions resulting from
the rule will be approximately 830 tons/year in the fifth year after promulgation of the
standards
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SECTION 4

PROJECTION OF UNITS AND FACILITIES IN AFFECTED SECTORS

The regulation will affect new turbine units with capacity over 1 MW. Asa
result, the economic impact estimates presented in Section 7 and the small entity screening
analysis presented in Section 8 are based on the population of existing units and the
projection of new combustion turbine units for the next 5 years. This section beginswith a
review of thetechnica characteristics and industry distribution of existing combustion
turbines contained in the Agency’ sInventory Database. It presents projected growth
estimates for combustion turbines greater than 1 MW and describestrends in the eectric
utility indugtry. 1t also presents (in Section 4.3) the estimated number of new combustion
turbines that will be affected by thisrule.

4.1 Profile of Existing Combustion Turbine Units
4.1.1 Distribution of Units and Facilities by Industry

Table 4-1 presents the number of combustion turbines and facilities owning
turbines by NAICS code. Forty-seven percent of existing combustion turbinesarein
Utilities (NAICS 221), 22 percent arein Fipdine Trangportation, and 18 percent arein Qil
and Gas Extraction (NAICS 211). Section 4 presents industry profiles for the electric power,
natura gas pipeines, and oil and gasindustries. The remaining units are primarily
distributed across the manufacturing sector and are concentrated in the chemica and
petroleum industries.

4.1.2 Technical Characteristics

This section characterizes the population of 2,072 units by MW capecity, fud
type, hours of operation, annual MWh produced (or equivalent), and simple or combined
cycle.

« MW Capacity: Unit capadities in the population range between 1 and 368 MW.
Although some units have large capacities in excess of 100 MW, about half
(1,000 units) have capacities between 1 and 10 MW (see Figure 4-1). Only
approximately 13 percent (278 units) have capacities greater than 100 MW. The
total estimated capacity of al the unitsin the population is 79,909 MW.



Table 4-1. Facilities With Units Having Capacities Above 1 MW by Industry Grouping
and Government Sector

NAICS Description # Units # Facilities
112 Animal Production 1 1
211 Oil and Gas Extraction 365 105
212 Mining (Except Oil and Gas) 3 3
221 Utilities 983 393
233 Building, Developing, and General Contracting 1 1
235 Special Trade Contractors 2 1
311 Food Manufacturing 18 11
321 Wood Products Manufacturing 3 2
322 Paper Manufacturing 17 11
324 Petroleum and Coal Products M anufacturing 34 11
325 Chemical Manufacturing 63 39
326 Plastics and Rubber Products M anufacturing 4 3
327 Nonmetallic Mineral Product M anufacturing 1 1
331 Primary Metal Manufacturing 13 4
332 Fabricated Metal Product M anufacturing 2 2
333 Machinery Manufacturing 2 2
334 Computer and Electronic Product Manufacturing 6 5
335 Electrical Equipment, Appliance, and Component 1 1

Manufacturing

336 Transportation Equipment Manufacturing 3 3
337 Furniture and Related Product Manufacturing 1 1
339 Miscellaneous M anufacturing 3 3
422 Wholesale Trade, N ondurable Goods 6 4
486 Pipeline Transportation 448 244
488 Support Activities for Transportation 1 1
513 Broadcasting and Telecommunications 1 1
522 Credit Intermediation and Related Activities 3 1
541 Professional, Scientific, and Technical Services 2 2
561 Administrative and Support Services 1 1
611 Educational Services 10 8
622 Hospitals 23 14
721 Accommodation 1 1
923 Administration of Human Resource Programs 1 1
926 Administration of Economic Programs 1 1
928 National Security and International Affairs 42 12
Unknown Industry Classification Unknown 6 5
Total 2,072 899

Source: Industrial Combustion Coordinated Rulemaking (ICCR). 1998. Data/lnformation Submitted to the
Coordinating Committee at the Final Meeting of the Industrial Combustion Coordinated Rulemaking
Federal Advisory Committee. EPA Docket Numbers A-94-63, 11-K-4b2 through -4b5. Research
Triangle Park, North Carolina. September 16-17.
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Figure 4-1. Number of Units by MW Capacity

Fuel type: To determine the breakdown of turbines by fuel type, the EPA Region
4 spreadsheet of national combustion turbines permitted in the past few years was
used. According to the spreadsheet, 41 percent of turbines were dud fuel, 3
percent fired didtillate oil only, and the remaining 56 percent fired natural gas
only. Many dual fud turbines are permitted to operate up to 10 percent of the
time on distillate ail, so for purposes of this estimate it was assumed that dual fuel
turbines would operate 10 percent of thetime on distillate oil.

Hours of Operation: This EIA uses assumptions that new simple cycle stationary
combustion turbines typically operate at a 20 percent capacity factor (or 1,752
hours per year) and combined cycle turbinestypically operate at a 60 percent
capacity factor (or 5,256 hoursper year). Thesefigures are based on information
submitted during the public comment period for the proposed Stationary
Combustion NESHAP. The same hours of operation are used in this analysis.



Table 4-2. Stationary Combustion Turbine Projections

Total Number of New Units

Smplecycle 286
Combined cycle 69
Total in 5" year 355
Average per year 71

« Annua MWh Equivalent: Figure 4-2 presents the distribution of units by the
estimated annual MWh equivalent produced by each unit. For units that are used
for compression or other functions, their likely MWh output was estimated using
their MW capacity and annua hours of operation. Annua MWh for 245 units
lacking annual hours of operation information was not calculated. Figure 4-3
includes data for the other 1,827 units, more than one-third of which have output
of between 10,000 and 50,000 MWh a year. 360 units have output of less than

5,000 MWh, and 217 units have output greater than 500,000 MWHh.
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