


NRG Texas Power LLC
1201 Fannin
Houston, Tx 77002

Hand Delivery

May 8. 2014

Mr. Mike Wilson, PE
Director, Air Permits Division, MC-163
Texas Commission on Environmental Quality

¢/o Air & Waste Applications Team

Permits Administrative Review Section

Registration, Review and Reporting Division, MC-161
12100 Park 35 Circle

Building F, First Floor, Room 1206

Austin, Texas 78753

EG:9 Hd 91 AVH 4l

RE:  Application for PSD Air Quality Permit
Greenhouse Gas Emissions
Peaking Turbines, P.H. Robinson Generating Station
Galveston County, Texas
NRG Texas Power LLC
CN603207218; RN101062826

Mr. Wilson:

NRG Texas Power LLC (NRG Texas) is submitting the attached original and one copy
of an application requesting a new federal Prevention of Significant Deterioration (PSD)
authorization for greenhouse gas emissions to authorize the installation of gas-fired
combustion turbine electric generating units, and associated plant facilities at the existing
P.H. Robinson Electric Generating Station (Robinson Station), located in Galveston County,

Texas. : '

We believe this application is complete and we respectfully request that TCEQ staff
complete its review of this submittal in an expedited manner. We would be pleased to meet
with you or your staff at any time should you have any questions concerning this
application. Please contact me at craig.eckberg@nrgenergy.com or (832) 357-5291 with
any questions or requests for more information.

Sincerely,

¢R.

Craig R. Eckberg
Senior Manager
Environmental Business

Cc: Mr. Jeff Robinson, Chief, Air Permits Section, USEPA Region 6

Mr. Jason Harris, TCEQ Region 12
Director, Pollution Control Division, Galvesten County Health District
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Section 1
introduction

NRG Texas Power LLC (NRG Texas) owns and operates the P.H. Robinson Electric Generating Station (Robinson
Station) in Bacliff, Galveston County, Texas. NRG Texas proposes to add 6 simple cycle electric generating
units at the Robinson Station 1o be used for peaking purposes only. The proposed fagilities are existing units
that will be relocated and installed at the site. The units are General Electric 7B combustion turbines that have
~ been madified to include TE components. Each of the six units has an IS0 rating of 65 MW but is capable of a
nominal maximum generation capacity of about 80 MW at an ambient air temperature of 10 °F. The turbines
will be fired exclusively with natural gas. The maximum operating rate of each unit will not exceed a 10%
annual capacity factor (equivalent to 876 full load hours), averaged over three calendar years, or a 20%
capacity factor in any one year. This operating schedule qualifies the units as Acid Rain Peaking Units under
40 CFR §72.2. The annual NOx and SO2 emissions will be limited to less than 100 tpy and 25 tpy, respectively,
which will allow the units to be certified as Low Mass Emissions {LME) Units under 40 CFR §75.19.

NRG Texas has submitted an application to TCEQ for an air quality permit for this project that includes all
applicable state New Source Review (NSR) requirements and Prevention of Significant Deterioration (PSD)
review requirements for CO, PM/PM1o/PMas. The project emissions increases exceed the 75,000 tpy PSD
applicability threshold for greenhouse gases (GHG). This document constitutes NRG Texas' application for the

required GHG PSD permit. The application is organized as follows:

Section_1 identifies the project for which authorization is requested and presents the application document

organization.

Section 2 contains administrative information and completed TCEQ Federal NSR applicability Tables 1F, 2F,

and 3F.

Section 3 contains an area map showing the facility location and a plot plan showing the location of each

emission points with respect to the plant property.

. Section 4 contains more details about the proposad modifications and changes in operation and a brief.

process description and simplified process flow diagram,

Section 5 describes the basis of the calculations for the project GHG emissions increases and includes the

proposed GHG emission limits.
Section 6 includes an analysis of best available control technology for the new sources of GHG emissions.

Appendix A contains GHG emissions calculations for the affected facilities.




Appendix B contains RBLC Database search resulis.

Appendix C contains the procedure proposed for correction COze Ib/MWh to IS0 conditions.




Section 2
Application Forms

This section contains the following forms:

e Administrative Information
e TCEQTable 1F
e TCEQTable 2F
e TCEQ Table 3F

Tables 1F, 2F, and 3F are TCEQ's federal NSR applicability forms. Because this application covers only GHG
emissions, these forms only include GHG emissions. As shown in both the Table 1F and 2F, GHG emissions
from the project exceed 75,000 tpy of COag; therefore, a Table 3F, which includes the required netiing
analysis, is also included. The net increase in GHG emissions exceeds 75,000 tpy of COa¢; therefore, PSD

review is required.
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Administrative information

A. Company or Other Legal Name: NRG Texas Power LLC

B. Company Official Contact Name (B Mr. [ IMrs. [ [Ms. [ ]Dr.): Mr. Craig R. Eckberg

Title: Senior Manager, Environmental Business

Mailing Address: 1000 Main St.

City: Houston State: TX ZIP Code: 77002

Telephone No.: 832 357-6281 | Fax No.: E-mail Address: craig.eckberg@nrg.com

C. Technical Contact Name: Mr. Craig R. Eckberg

Title: Senior Manager, Environmental Business

Company Name: NRG Texas Power LLC

Mailing Address: 1000 Main St.

City: Houston State: TX - ]ZIP Code: 77002

Telephone No.: 832 357-5291 |Fax No.: E-mail Address: craig.eckberg@nrg.com

D. TFacility Location Information:

Street Address: 5501 Hwy 146

If no strect address, provide clear driving directions to the site in writing:

City: Bacliff County: Galveston ZIP Code: 77518

TCEQ Account Identification Number (leave blank if new site or facility): GB-0037-T

TCEQ Customer Reference Number (Teave blank if unknown): CN603207218

TCEQ Regulated Entity Number (feave blank if unknown}: RN101062826

Site Name: P.H. Robinson Electric Generating Station

Area Name/Type of Facility: Electric Generating Unit Permanent [_| Portable

Principal Company Product or Business: Electric Services

Principal Standard Industrial Classification Code: 4911

SEHEREEREE

Projected Start of Construction Date: 10/1/2014 Projected Start of Operation Date: 5/1/2015

SIGNATURE

The signature below confirms that I have knowledge of the facts included in this application and that these facts are true
and correct to the best of my knowledge and belief.

NAME: Mr. Craig R. Eckberg |

SIGNATURE. . AR M
D

Original Signature Required

DATE: 8 May 2014
-
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TABLE 1F

Bass AIR QUALITY APPLICATION SUPPLEMENT
Permit No.: TBD |Application Submittal Date: [ May 2014
Company. NRG Texas Power LLC
RN 101062826 Facility Location; 5501 Hwy 146
City: Bacliff County: Galveston
“Permit Unit 1LD.: Simple Cycle Peaking Plant Permit Name: P.H. Robinson Peaking Plant
||Permit Activity: New Source ___ Modification X
“Project or Process Description: Install New Combustion Turbines for Eleciric Power Generation
[Complete for all Pollutants with a Project Emissicn S S "POLLUTANTS - . Sl
[ncrease. ' ’ Ozone Other
' co | PM | PM, | PMys| NO, | SO, | HiS P

VOC| NO, 0| ™M ol * 2 | HaS | TRS | b CO2e
Nonattainment? (yes or no) Yes | Yes No No No No Neo No | NA | NA | No NA
Existing site PTE (ipy)? Na | NA | NA | Na | NA | NA | NA | NA | NA | NA | NA | <100,000
Proposed project emission increases (ipy frem o NA | NA | NA I NA[NA | NA| NA | NA | NA | NA | NA 570,653
s the existing site a major source? NA | NA | NA { NA | NA | NA | NA | NA | NA | NA | NA
PEf not, is the project a major source by itself? NA | NA | NA | NAJNA| NA| NA | NA | NA | NA | NA NA
Significance Level (tpy) 3 5 100 | 25 15 10 40 40 10 | 10 | 06 75,000
If site is major, is project increase significant? NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA Yes
If netting required, estimated stact of construction? 1-Oct-14
Five years prior to start of construction 1-Oct-09 contemporanéous
Estimated start of operation 1-May-15 period
Net contemporaneous change, including proposed
project, from Table 3F, (tpy) NA | NA | Nal NA | NMA| NA| NA | NA | NA | NA | NA | 570,653
FNSR APPLICABLE? (yes or no) Yes

1 Other PSD pollutants.
2 Sum of proposed emissions minus baseline emissions, increases only. Nonattainment thresholds are found in
Table 1in 30 TAC 116.12¢11) and PSD thresholds in 40 CFR § 51.166(b)23}.
1 Nonattainment major sousce is defined in Table | in 30 TAC 116.12(1 1) by pollutant and county.
PSD thresholds are found in 40 CFR § 51.166(b)(1).

The representations T ade above and on the accompanying tables are true and correct to the best of my knowledge.

& . Rzﬂl c - Senior Ma;nag.e-r - 7 7 & M 5{_;,_,4 2,0|4

Signature Title Date

TCEQ - 10154 {Revised 10/08) Table IF
These forms are for use by facilities subfect to air quality permit requirements and may
be revised periodically. (APDG 5912v1) ’ g

2-3 . 5/7/2014
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Section 3
Area Map and Plot Plan

An area map showing the general location of the facility is included as Figure 3-1. Figure 3-2is a plot plan that

shows the layout of the proposed peaking units.

3-1
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Section 4
Project and Process Description

4.1  Electric Generating Unit

The proposed electric generating facility will consist of six gas turbine-generators (GT) and associated support
equipment that will be operated in simple cycle mode to meet peak power demands. A process flow diagram
{PFD) for the facility is shown in Figure 4-1. As described in the introduction to this application, the annual
capacity factor of each unit will not exceed 10%, averaged over three calendar years, and 20% in any one year.

This operating schedule qualifies the turbines as Acid Rain Peaking Units.
4.2  Gas Turbines

Each GT has an ISO rating of 65 MW (at a 27.7% efficiency) but can generate up to a nominal 80 MW of power
each at an ambient temperature of 10°F. The exhaust from each GT will be routed directly to the atmosphere
at height of 50 ft from grade through a rectangular stack. The turbines will be fired exclusively with pipeline
quality natural gas. The proposed gas turbines are currently installed at an existing electric generating station
in Mississippi. The turbines are General Electric (GE} units originally manufactured in the 1970s as Frame 7B
turbines. In 1998/1999 the turbines were kemanufactured and converted to Frame 7E turbines, which include
dry low NOx {DLN) combustor technology. The turbines were putinto operation as peakers at the current

Mississippi location at that time.

4.3 Fuel Gas Heater

A small natural gas fired heater will be used to pre-heat the fuel prior to entering the turbines. This practice

results in a small increase in thermal efficiency.
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Section 5
Emission Rate Basis

This section contains a description of the increases in GHG emissions from new facilities associated with the
project. GHG emission calculations methods are also described, and the resulting GHG emission rates are

presented in Table 5-1 far each emission point. Emissions calculations are included in Appendix A.

5.1  Gas Turbines

Maximum annual GHG emission rates were calculated for each turbine. The emission rates are based on
100% load at the lowest expected ambient air temperature (10°F) and 75% relative humidity. Annual emission

rates were calculated based on 1,752 hours per year {20% annual capacity factor) at these conditions.

Emissions of CO2 were calculated by applying the 40 CFR Part 98 Subpart C (a) (3) (i) equation C-1 to the total
annual firing rates of the turbines. Emissions of CHa and N20 were calculated using emission factors of 0.001
kg/mmBtu and 0.0001 kg/mmBtu, respectively, from 40 CFR Part 98, Subpart C for natural gas combustion.

CO2e emissions were calculated by multiplying the emission rate of each GHG by the global warming potential

factors from the Mandatory Greenhouse Gas Reporting Rules.

During startup of the combustion turbines, emissicns of GHGs are not elevated above routine levels; therefore,
alternate emission rates were not calculated for these periods. Emissions during startup and shutdown
periods will be limited to an average of 8.2 tpy of COze per event, 365-day rolling average, and will be counted

toward total emissions in assessing compliance with the proposed annual {tpy) COze ernission limits.

5.2 Fuel Gas Heater

Emissions from the fuel gas heater were based on operating at capacity for 30% of the year (2,628 hr/yr).
Emissions of CO2 were calculated by applying the 40 CFR Part 88 Subpart C{a}(3)(i) Equation C-1 to the total
annual firing rates of the heater. Emissions of CHa and N20 were calculated using emission factors of 0.001
kg/mmBtu and 0.0001 kg/mmBtu, respectively, from 40 CFR Part 98, Subpart C for natural gas combustion.
COze emissions were calculated by multiplying the emission rate of each GHG by the global warming potential

factoré. frbm tﬁe Mandatory Greenhousé Gés i;'{epc')'rti-r{gm Rules.
5.3 Fugitives

Fugitive emissions of CHa originate from the natural gas fuel lines that provide fuel to the combustion turbines.
Fugitive emission rates were estimated using the methods outlined in the TCEQ's Air Permit Technical
Guidance for Chemical Sources: Equipment Leak Fugitives, October 2000. Each fugitive component was

classified first by equipment type (valve, pump, relief valve, etc.) and then by material type (gas/vapot, light




liquid, heavy liquid). Emission rates were obtained by multiplying the number of fugitive components of a
particular equipment/material type by the appropriate SOCMI without ethylene emission factor. No conrol
credit was applied for the natural gas fuel lines afthough periodic walk through inspections of lines will be
made. The methane emission rates for each compound were established by multiplying the total emission !
rates by the concentration (weight %) of methane in the natural gas, Tahle A-2. The CHs emissions rates wete
then converted to COze emissions using the global warming potential factor from the Mandatory Greenhouse

Gas Reporting Rules.
5.4  MSS Emissions from Gaseous Fuel Venting

Gaseous fuel venting includes, but is not limited to, venting prior to pipeline pigging, venting prior to unit
startup, lockout-tag out maintenance, and meter proving to inspect the pipeline integrity or to check the
performance of a meter measuring flow or volume throughput. Methane by weight is a major component of the
natural gas supply system used by the proposed turbines. The emissions of methane were calculated by
multiplying the weight parcent of methane in natural gas by the amount of natura! gas vented for each type of
venting times the expected number of gaseous fuel venting events par year. See Table A-3. The methane g
emission rates were then converted to COze emissions using the global warming potential factor from the

Mandatory Greenhouse Gas Reporting Rules.
5.5 SFs Emissions from Electrical Equipment Insulation

Emissions of sulfur hexafluoride {SFs), Table A-4, due to leaks from the insulation used in new circuit breakers
were estimated by applying a 0.5% annual leak rate to the weight of SFe estimated to be present in circuit

breakers associated with the new facilities.
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Table 5-1
Proposed GHG Emissions Limits

EPN Source Description CO,e Emissions (tpy)
PHR1 Combustion Turbine 1 94,543
PHR2 Combustion Turbine 2 94,543
PHR3 Combustion Turbine 3 94,543
PHR4 Combustion Turbine 4 94,543
PHRS Combustion Turbine 5 94 543
PHRG Combustion Turbine 6 94 543

FGHTR Fuel Gas Healer 2,716

FUG Fugitives 457

MSS-Fug Gaseous Fuel Venting 188
INS-FS8 SF; from Circuit Breakers 26
Total 570,645
startup/Shutdown (tons/event, average)*®
PHR-SU-SD | Startup/Shutdown - All Units | 8.2

*Startup/Shutdown emissions are per event per turbine. Annual limits for each combustion
turbing include emissions during SU/SD events.




Section 6
Best Available Control Technology

PSD regulations require that the best available control technology (BACT) be applied to each new and modified
facility that emits an air pollutant for which a significant net emissions increase will occur from the source. The
only PSD pollutant addressed in this permit application is GHG. The new emissions units associated with the
project that emit GHGs include six natural gas fired combustion turbines, one natural gas fired fuel gas heater, -
natural gas pipeline fugitives and venting for maintenance purposes, and SFe emissions from circuit breakers.

This BACT analysis addresses these emission units.
The PSD regulations define BACT at 40 CFR § 52.21(b){12) as follows:

[BACT] means an emissions limitation (including a visible emission standard) based on the
maximum degras of reduction for each pollutant subject to regulation under Act which would
be emitted from any proposed major stationary source or major modification which the
Administrator, on a case-by-case basis, taking into account energy, environmental, and
sconomic impacts and other costs, determines is achievable for such source or meodification
through application of production processes or avaitable methods, systems, and techniques,
including fue! cleaning or treatment or innovative fuel combustion techniques for controf of
such pollutant. In no event shall application of best available control technology result in
emissions of any pollutant which would exceed the emissions allowed by any applicable
standard under 40 CFR parts 60 and 61. If the Administrator determines that technological
or economic limitations on the application of measurement methodology to a particular
emissions unit would make the imposition of an emissions standard infeasible, a design,
equipment, work practice, operational standard, or combination thereof, may be prescribed
instead to satisfy the requirement for the application of best available control technology.
Such standard shall, to the degree possible, set forth the emissions reduction achievable by
implementation of such design, equipment, work practice or operation, and shall provide for
compliance by means which achieve equivalent results.

The PSD regulations do not prescribe a procedure for conducting BACT analyses. Instead, the U.S. EPA has
consistently interpreted the BACT requirement as containing two core criteria: First, the BACT analysis must
include consideration of the maost stringent available technologies, i.e., those that provide the “maximum
degree of emissions reduction.” Second, any decision to require as BACT a control alternative that is less
effective than the most stringent available must be justified by an analysis of objective indicators showing that
energy, environmental, and.economic impacts rendet the most stringent alternative unreasonable or otherwise
not achievable. U.S. EPA has developed what it terms the “top-down” approach for conducting BACT analyses
and has indicated that this approach will generally vield a BACT determination satisfying the two core criteria.
Under the “top-down” approach, prograssively less stringent control tech nologies are analyzed untit a level of
control considered BACT is reached, based on the environmental, energy, and economic impacts. The top-

down approach was utilized in this BACT analysis.

In an October 1990 draft guidance document {New Source Review Workshop Manual (Draft), October 1990),

EPA set out a B-step process for conducting a top-down BACT review, as follows:
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1) Identification of available control technologies;
2y Technically infeasible alternatives are eliminated from consideration;
3) Remaining control technologies are ranked by control effectiveness;

4)  Evaluation of control technologies for cost-effectiveness, energy impacts, and
environmental effects in order of most effective control option to least effective; and

5) Selection of BACT.

in its PSD and Title V Permitting Guidance for Greenhouse Gases (November 2010), EPA reiterates that this is
also the recommended process for permitting of GHG emissions under the PSD program. As such, this BACT

analysis follows this B-step approach.
6.1 Combustion Turbines

The proposed combustion turbines will produce CQ2 emissions from the combustion of methane and other
minor hydrocatbon constitugnts in the natural gas. Small guantities of CHa and N20 will also be emitted based
on emission factors required for use in the Mandatory Greenhouse Gas Reporting Rufes. A RACT/BACT/LAER
Clearinghouse (RBLC) database search of CO2 and COze emissions from simple cycle natural gas fired
combustion turbines utilized for providing peaking electrical capacity was conducted to identify potential
controls and perfarmance standards. Additionally, a search of recently submitted GHG permit applications to
USEPA Region 6 was conducted to supplement the RBLC search. The search identified several projects of

peaking electrical generating simple cycle combustion turbines.

NRG Texas defined the proposed project to meet market requirements in its service area. The objective of the
project is to support existing generator resources during periods of increasing (peak) power demand. The
proposed project at the Rohinson site will utilize existing turbines that will be relocated from another site. The
search of the database identified results describing only new simple cycle combustion turbines. It is important

to note that USEPA’s PSD and Title V permitting guidance for GHGs states:

“a Step 1 list of options need not necessarily Include inherently lower polluting processes that would

fundamentally redefine the nature of the source proposed by the permit applicant.”
On March 27, 2012, USEPA proposed Standards of Performance for Greenhouse Gas Emissions for New
Stationary Sources for Electric Utility Generating Units (EGU GHG NSPS). The proposed NSPS contains an
output based CO2 standard for combined cycle technology, which as.of this application is not final. However,
the proposed rule as published is not applicable to simple cycle combustion turbines per 40 CFR Part
60.5520(d). Therefore the BACT analysis presented below is based on RACT/BACT/LAER Clearinghouse
{RBLC) database search and permit applications that have been submitted to EPA Region 6 for simple cycle

combustion turbine peaking units.




6.1.1 Step 1 - Identification of Potential Control Technologies

o Perlodic Maintenance and Tune-up — Periodic tune-up of the turbines helps to maintain optimal
thermal efficiency. After several months of operation of the combustion turbines, fouling and
degradation results in a loss of thermal efficiency. A petiodic maintenance program consisting of
inspection of key equipment components and tune up of the combustor will restore performance
to near original conditions. The manufacturer of the proposed turbines has an extensive
inspection and maintenance program that NRG Texas can implement.

s Good Combustion Practices ~ Good combustion practices include general accepted
operating practices that allow for operating the proposed turhines in a manner to
maximize efficiency at the lowest possible emissions of GHG. Efficient tuning of the air-to-
fuel ratio in the combustion zone minimizes generation of unburned carbon.

e Design/Selection of SCCT - Simple cycle gas turbines that meet the requirements of supplying
electricity during peak times and are efficient in providing the lowest possible cost to consumeis
are important considerations in selection of turbines. For the purpose of this application, NRG
Texas will discuss using both combined cycle and simple cycle designs to satisfy customer
requirements. Good turbine design and operation is important in maximizing efficiency of the
turbines.

¢ Instrumentation and Controls — Proper instrumentation ensures efficient turbine operation to
minimize fuel consumption and resufting GHG emissions. F-Class turbines like those being
considered for this project include a digital control package. These systems control turbine
operation, including fuel and air flow, to optimize combustion for controt of criteria pollutant
emissions {NOx and CO) in addition to maintaining high operating efficiency to minimize fuel usage
over the full range of operating conditions and loads.

o Fuel Pre-Heating - Thermal efficiency of the turbines can be increased by pre-heating the fuel
prior to combustion. In combined cycle turbines, this is usually accomplished by heat exchange
with hot water from the HRSG. In simple cycle turbines, either an electric heater or a small gas-
firad heater is usually used.

e Oz Capture and Storage - Capture and compression, transport, and geologic storage of the COz
is a post-combustion technology that is not considered commercially viable at this time for natural
gas combustion sources. However, based on requests by EPA Region 6 for other GHG permit
applications, carbon capture and sequestration (CCS) is evaluated further in this analysis.

o Use of Low Carbon Fuel {olher than_natural gas) - Natural gas is the lowest carbon fossil fuel that

is available at the site. Some fuel gas, which contains significant amounts of hydrogen, which
produces no CO2 when burned, can be burned in specially designed turbines if available and is an
effective means of reducing GHG emissions in such situations.

6.1.2 Step 2 - Elimination of Technically Infeasible Altematives

All options identified in Step 1 are considered “technically” feasible for the proposed turbines. NRG Texas

successfully uses all of these efficiency and control measures, with the exception of CO2 capture and storage
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and use of low carbon fuel gas (containing hydrogen), on simitar simple cycle facilities at other existing electric

generating stations; thus, they are considered viable for the proposed facilitics.

NRG Texas is currently in the process of permitting a CCS demonstration project (supported by federal grant
funds) to be applied to a slip stream from the exhaust from one of its coal fired gencrating units at another
station in Texas. However, CCS is not considered to be a viable commercially proven alternative for controlling
GHG emissions from natural gas fired peaking facilities at the current time. This conclusion is supported by
the EPA’s BACT guidance document PSD and Title V Permitting Guidance for Greenhouse Gases (March 2011)
page 33 which states,

“For the purposes of a BACT analysis for GHGs, EPA classifies CCS as an add-on pollution
control technology that is available for large COz2-emitting facilities including fossii fuel-fired
power plants and industrial facilities with high-purity COz streams (e.g., hydrogen production,
ammonia production, natural gas processing, sthanol production, ethylene oxide production,
cement production, and iron and steel manufacturing). For these types of facilities, CCS
should be listed in Step 1 of a top-down BACT analysis for GHGs.”

Another CCS project that EPA Region 6 has requested to be addressed in GHG BACT analyses is the Indiana
Gasification Project. This project differs from the Robinson Project in several significant ways. The Indiana
project will gasify coal, with the primary product being substitute natural gas (SNG), or methane. When coal is
gasified, the product is a mixture consisting primarily of CO, GO, and Ha. A series of reactions is then used to
convert the CO and Hz to methane. To meet pipeline specifications, the CO2 must be removed from the SNG,
which produces a relatively pure CO2 stream that is inherently ready for sequestration. -Combustion turbines
oh the aother hand produce an exhaust stream with a low COz concentration. According to the Interagency Task
Force on CCS, the exhaust from natural gas-fired combustion turbines contains only 3 1o 4 percent CO=z This
Jow concentration of CO= from a natural gas-fired combustion turbine adds technical challenges for the

adsorption or absorption of CO2 compared to other commercial applications.

Other technical challenges occur with the application of CO2 capture to a simple cycle peaking turbine
application. The exhaust temperature can be up to 1,000 degrees F from the proposed turbines, which is much
higher than any existing pilot application for a CO2 capture system. For COz capture to be effective, additional
process steps of cooling the exhaust gases would have to be employed on the turbines. The peaking operation
of the proposed gas turbines presents ancther challenge since these units start up quickly, within 10 minutes,
and may not operate for long durations. The adsorption or absorption process in a COz capture system is not

likely to start up as quickly as a fast-start peaking turbine, limiting the amount of COz that can be captured.

Thus, while the Indiana Gasification Project will produce a COz byproduct that is amenable to sequestration or use in
enhanced oil recovery without significant further processing, the Robinson peaking turbines wilt not. Separation

{purification) of the €Oz from the turbine combustion exhaust streams requires additional costly steps not otherwise

necessary to the process.




To satisfy EPA Region 6 requests, NRG Texas has assumed that CCS is a viable control option in the remainder

of this BACT analysis.

Virtually all GHG emissions from fuel combustion result from the conversion of the carbon in the fuel to CO2.
Fuels available to be used in industrial processes and power generation typically include coal, fuel oil, natural
gas, or process fuel gas. Of these, natural gas is typically the lowest carbon fuel that can be burned, with a CO2
emission factor in Ib/MMBtu about 55% of that of subbituminous coal. Process fuel gas is a byproduct of
chemical processes, which typically contains a higher fraction of longer chain carbon compounds than natural
gas and thus results in more CO2 emissions. Tahle C-2 in 40 CFR Part 98 Subpart C, which contains CO2
emission factors for a variety of fuels, gives a 00z factor of 59 kg/MMBtu for fuel gas compared to 53.02
kg/MMBtu for natural gas. Of over 50 fuels identified in Table C-2, coke oven gas, with a COz2 factor of 46.85
kg/MMBtu, is the only fuel with a lower COz factor than natural gas, and is not an available fuel for the
proposed project. Use of a completely carbon-free fuel such as 100% hydrogen, has the potential of reducing
CO2 emissions by up to 100%. Hydrogen fuel, in any concentration, is not a readily available fuel for most
electric generaling facilities and is only a viable low carbon fuel at industrial plants that generate hydrogen
internally. Hydrogen is not produced at the Robinson Station and is not an available fuel for the proposed
turbines. Natural gas is the lowest carbon fuel available for use in the proposed facilities; thus, use of low

carbon fuels, other than natural gas, was eliminated due to lack of availability.
6.1.3 Step 3 - Ranking of Remaining Technologies Based on Effectiveness

The remaining technologies that were considered for controlling GHG emissions from the proposed turbines in
order of most effective to least effective include:

e (02 capture and storage,

e Turbine selection and design,

e Instrumentation and control system,

e Fuel pre-heating,

e Good combustion practices,

¢ Periodic maintenance and tune-ups.

€Oz capture and storage is capable of achieving 90% reduction of produced CO2 emissions and thus is

_considerad to be the most effective.control method.. . . .

Selection and design of the turbine system that meets the system requirements is important and is capable of

maximizing the turbine efficiency and thus providing the lowest possible emissions.

An instrumentation and control package to continuously monitor key turbine operating parameters ensures

the turbine is operating in the most efficient manner. Instrumentation and controls include:

» Gas flow rate monitoring,
e Fuel gas flow and usage,




o Exhaust gas temperature monitoring,

e Pressure monitoring around the turbine package,

o Temperature monitoring around the turbine package,
e Vibration monitoring, and

e  Air/fuel ratio monitoring.

At similar NRG Texas facilities, periodic maintenance and tune-ups of existing turbines are performed per the
manufacturer's recommended program. These programs consist of thorough inspection and maintenance of
all turbine components on a daily, monthly, semi-annual, or annual frequency depending on the parameter or

component and as recommended by the turbine vendor.

The effectiveness of instrumentation and control, maintenance and tune-ups, and fuel pre-heating cannot be
quantitatively estimated, but are each generally in the <1% to 3% range, but any attempt to rank them in order

of effectiveness would not be meaningful.

6.1.4 Step 4 - Evaluation of Control Technologies in Order of Most Effective to Least
Effective

A brief evaluation of each technically feasible combustion turbine control option follows.

CCS - The technology to capture and store COa in permanent underground storage facilities exists and has
been used in limited pilot applications, but as stated praviously, is not economically viable for most commercial
applications. However, since the technology has been demonstrated on some processes and is potentially
feasible for the proposed turbines, it cannot be completely ruled out based only on technical infeasibility;
therefore, a cost effective analysis was performed for this option. The results of the analysis, presented in
Tables 6-1 and 6-2, show that the cost of CCS for the project would be approximately $119 per ton of CO2
controlled, which is not considered to be cost effective for GHG control. This equates to a total cost of about
$30,000,000 per year for the six peaking turbines. The estimated total capital cost of the proposed project is
$136,000,000. Based on a 7% interest rate, and 20 year equipment life, this cost equates to an annualized
cost of about $13,000,000 for the project alone. Thus, the annualized cost of CCS would exceed the cost of
the entire project without CCS. An additional cost of this magnitude would make the project economically

unviable; therefore, CCS was rejected as a control option on the basis of excessive cost.

It should be noted that the cost per ton factors used for the CCS cost analysis were developed for a baseload
plant that would typically have a capacity factor of about 80%. The capital cost of a CCS system for a supet-
peaking plant of the same capacity with a 10% capacity factor {the 3«year average capacity factor that the
proposed facility will be limited to) would be the same; however, the CO2 emissions raduction would be about
one-eighth of that of the baseload plant. Thus, the capital cost component of the $/ton factor would be about
eight times higher than that of the baseload plant. As such, the actual cost effectiveness of CCS for the

proposed facility would be much higher than $419/ton. Additional technical and logistical chalienges exist




with the required intermittent operation of a CCS system that would likely render the system technically

infeasible for a super-peaking power facility.

There are additional negative impacts associated with use of CCS. The additional process equipment required to
separate, cool, and compress the CO2 would require a sighificant additional power and energy expenditure. This
equipment would include amine units, cryogenic units, dehydration units, and compression facilities. The power and
energy must be provided from additional combustion units, and/or increase the parasitic load on the proposed
facilities which significantly reduces the net heat rate (efficiency) of the plant. Significant additional GHG emissions,

as well as additional criteria pollutant {NOx, CO, VOC, PM, SO2) emissions, would occur per MW of net electricity

produced.

Based on both the excessive cost in $/ton of GHG emissions controlled, the inability of the project to bear the high
cost and the associated negative environmental and energy impacts, CCS is rejected as a control option for the

proposed project.

Turbine Selection and Design - In accordance with EPA guidance, a natural gas-fired combined cycle CT power
plant is to be considered as a potential control option when proposing gas turhines. A combined cycle power
plant is typically more energy efficient than a comparable simple cycle power plant due to the fact that a
portion of the thermal energy containad in the turbine exhaust gas is recovered in a heat recovery unit. The
heat is then used to generate steam to drive a steam turhine and produce additional power output. Typically, a
combined cycle gas turbine is used to provide base or immediate pawer load due to the fact that combined
cycle plants take longer to startup and shutdown; therefore, it operates most efficiently for extended periods of
time, 50 to 98% loading, compared to the 10% annual capacity factor of the proposed facility. Whereas, for a
peaking unit, a simple cycle turbine by its design can startup and shutdown in typically twenty minutes or less.
This operating configuration of quick startup provides the peak power demand of the electric grid during
maximum demand periods. Even though combined cycle plants provide greater efficiencies for base loading,
simple cycle units are a better fit for the operating requirements of short term peak demand. Therefore,

combined cycle gas turbine option was rejected for this proposed project.

The RBLC and USEPA Region 6 search also indicated one site in south Texas proposing to use simple cycle
reciprocating engines as peaking units. NRG Texas rejected the use of reciprocating engines due to higher
emissions of NOx and otfer criteTia pollutants, in sore ¢ases two to three times higher from reciprocating

engines, compared to gas turbines.

NRG Texas is proposing to use existing simple cycle gas turbine units that are being relocated from ancther
site. Table 6-3 indicates that when compared to other simple cycle turbines, the proposed GE 7B/E units have
similar GHG emission rates per unit of power output. Table 6-3 shows a GHG emission rate range of 1,100 to

1,600 Ib C02e/MWh for various simple cycle turbines in permits that have been recently issued or are currently

under review by either the USEPA or state agencies. The COze emissions from the proposed turbines for the
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Robinson project will range from about 1,350 to 1,600 Ib/MWh at full load, depending on ambient conditions.
When corrected to 1SO conditions, CO2e emissions are projected to average no more than 1,450 Ib/MWh over
any 365 day period. Peak power reguirements in Texas occur during hot summer months, conditions which
are not conducive to the most efficient turbine operation. Although peaking needs may also be primatily in the
summer in northern states, the lower ambient temperature results in more efficient turbine operation and
lower GHG emissions per MWh. The fact that the proposed turbines are not new units will also contribute to a
somewhat lower efficiency compared to the units in Table 6-3. Selection of used turbines for the proposed
facility is a prudent decision. The turbines still have useful remaining life, and selecting them for the project
avoids the environmental impacts, including increased GHG and other pollutant emissions associated with

manufacture of hew units in addition to providing a more economical source of power to consumers.

Instrumentation and Controls - Instrumentation and controls that can be applied 1o the combustion turbines are

identified in Section 6.1.1 and are considered an effective means of control for the proposed turbine configuration.

Fuel Pre-Heating — Thermal efficiency of the combustion turbines increases with increased fuel temperature. A small

natural gas-fired heater can be used for this purpose for turbines in simple cycle operation.

Good Combustion Practices — Maintaining proper air to fuel ratios helps ensure complete combustion of the natural

gas in the turbine. NRG Texas will utilize these practices for the proposed project.

Periodic Maintenance and Tune-ups - Periodic maintenance and tune-ups of the turbines include:
s Preventive maintenance check of fuel gas flow meters annually,
s Cleaning of combustors on an as-needed basis, and

e Implementation of manufacturer's recommended inspection and maintenance program.
6.1.5 Step b - Selection of BACT

The following specific BACT practices are proposed for the turbines:
Proposed BACT Turbine Work Practices and Operational Requirements:

Turbine Design - The turbines are designed for maximum efficiency and to burn natural gas only.
Periodic Maintenance and Tune-up - Preventative maintenance, cleaning, and implementation of the
manufacturer’s recommended inspection and maintenance program will be followed to ensure continued

operation at maximum thermal efficiency.

Fuel Pre-Heating - A small natural gas-fired heater will be used to pre-heat the natural gas prior to combusting

it in the turbines.




Instrumentation and Conirols — Instrumentation and controls will be applied to the combustion turbines for
effective control of turbine operation. NRG Texas shall install an instrumentation and control package as
provided by the turbine manufacturer. This includes:

e The gross energy output (MWh} will be measured and recorded hourly,

s The natural gas fue! flow rate shall be measured and recorded using non-resettable elapsed flow
meters on each turbine,

e The air/fuel ratio shall be calculated and recorded daily, and

e Natural gas used in the turbines will be sampled and analyzed once per quarter for speciated gas
composition. The sampled data will be used to calculate GHG emissions to show compliance with the
emission limit.

Proposed Emission Limits

o NRG Texas proposes to limit emissions from the Robinson peaking turbines to 1,450 lbs of COze per
MWh (gross, corrected to ISO conditions), based on a rolling 365-day average, excluding startup and
shutdown periods. Correction to ISC conditions will be performed in accordance with the procedure

described in Appendix C using turbine-specific correction curves provided by GE.

e NRG Texas will limit total annual emissions of COze to 94,543 tpy per turbine, based on a rolling 365-
day average.

o NRG Texas will limit emissions of CO2e during startup and shutdown of the turbines to an average of
8.2 tons per event per turbine, based on a 365-day rolling average basis.

6.2 Fuel Gas Heater

The fuel gas heater will be a minor source of GHG emissions. The total COze emission rate will be about 2,700

tpy, which is 0.5% of the total project GHG emissions.
6.2.1 Step 1 - Identification of Potential Control Technologies
The potentially applicable GHG control technologies for the fuel gas preheater include:

e Use of low carbon fuel.
o Periodic Tune-up - Periodically tune-up of the héa{ér fo maintain bptimal :cherma] efﬁciency.
e Heater Design - Good heater design to maximize thermal efficiency,

e Heater Air/Fuel Control - Monitoring of oxygen concentration in the flue gas to be used to control
air to fuel ratio on a continuous basis for optimal efficiency.

s Waste Heat Recovery — Use of heat recovery from the heater exhaust elsewhere at the site.

e Oz Capture and Storage (CCS) - Capture and compression, transport, and geologic storage of the
CO2.




6.2.2 Step 2 - Elimination of Technically Infeasible Alternatives

Use of low carbon fuel, periodic tune-up, and good heater design are technically feasible control technologies
for a small fuel gas heater such at the heater proposed for use at Robinson. In this instance, an existing
heater that will be purchased as part of the turbine package will be used, making heater design not applicabie.
Monitoring of air/fuel ratio, use of waste heat recovery, and CCS are not considered to be technically feasible x

for equipment of this size that is in intermittent operation.
6.2.3 Step 3 - Ranking of Remaining Technologies Based on Effectiveness

Two feasible control technologies remain. Of these, use of low carbon fuel is considered to be more effective

than periodic tune-ups.

6.2.4 Step 4 - Evaluation of Control Technologies in Order of Most Effective to Least
Effective

Natural gas is a low carbon fuel and is the proposed fuel for use in the turbines and is thus readily available for
use in the fuel gas heater. As discussed in Section 6.1.2, no other fuels with a lower carbon content are
available at the site. Periodic tune-ups will have a neglible effect on the thermal efficiency of the heater for
several reasons. First, the simple design of a heater of this type includes no significant components that
require petiodic maintenance to maintain good thermal efficiency. Second, due to the small size and
intermittent operation, which result in an insignificant amount of GHG emissions, any marginal efficiency

improvement would not result in a quantifiable reduction in total GHG emissions.

6.2.56 Step 5 - Selection of BACT :

Use of low carbon natural gas as the only fuel is proposed as BACT to limit GHG emissions from the fuel gas
heater to no more than 2,7:16 tpy of CO2e. The GHG emissions will be further minimized by the limited use of
the heater that is inherent and collateral with the limited operating schedule of the proposed super-peaking

combustion turbines.
6.4  Process Fugitives

small amounts of methane emissions may occur from leaking natural gas piping components {process
fugitives) associated with the proposed project. The methane emissions from processes fugitives have been

conservatively estimated to be 384 tpy as COze. Thisisa negligible contribution to the total GHG emissions |

from the project; however, for completeness, they are addressed in this BACT analysis.




6.4.1 Step 1 - Identification of Potentia! Control Technologies

A search of the RACT/BACT/LAER Clearinghouse {(RBLC) database and permit applications that have been
submittad to EPA Region 6 for fugitive emissions from simple cycle combustion turbine peaking units was

conducted to determine possible BACT technologies.

Based on these searches, the following available control technologies were identified.

e Install leakless technology componeants to eliminate fugitive emission sources; and

e Implementing an LDAR program.
6.4.2 Step 2 -~ Elimination of Technically Infeasible Alternatives
All options identified in Step 1 are considered “technically” feasible.
6.4.3 Step 3 - Ranking of Remaining Technologies Based on Effectiveness

Leakless eomponenis - By installing leak free valves and piping systems the site could achieve close to 100%

reduction in GHG {methaneg) emissions from leaking valves in natural gas service.
LDAR program - A formal LDAR program could control GHG fugitive emissions by at least 75%.

6.4.4 Step 4 - Evaluation of Control Technologies in Order of Most Effective to Least
Effective

Leakless components - Leakless technology components are available and currently in use in operations that
produce or use highly toxic and hazardous materials. These operations represent a serious threat to human
health from even the smallest amount of fugitive emissions; therefore, leakless technology is a practical cost
effective technology to use in highly toxic or hazardous environments. These technologies have not heen
incorporatad as BACT into the designs of natural gas fired electric generating stations, such as the proposed
Robinson site, since thete are no highly toxic or hazardous materials used or produced by the site. Recognizing
that leakless technologies have not been universally adopted as LAER or BACT, even for toxic or extremely
_hazardous services, it is reasonable to state that these technologies are impractical for control of GHG
emissions. Any further consideration of available leakless technologies for GHG controls is not appropriate;

therefore, this control is rejected from further consideration.

LDAR program - Although technically feasible, use of an LDAR program to control the negligible amount of
GHG emissions that may occur from process fugitives at the Robinson site is clearly not cost effective due to
the already insignificant level of emissions. However, a cost effectiveness analysis for a basic LDAR program
to control process fugitive CHa emissions is presented in Table 6-4 to demonstrate this point. The analysis

shows that even the least stringent LDAR program (TCEQ's 28M program) would cost $48/ton of COze
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controlled. This costis considered excessive for GHGs. The primary purpose of implementing an LDAR
program as BACT is to control fugitive emissions of VOCs to the atmosphere. TCEQ guidance suggests thatan
LDAR program is not necessary to satisfy BACT when uncontrolled fugitive VOC emissions are less than 10 tpy.
Because the fugitive VOC emissions from the proposed project would not meet the 10 tpy threshold, the TCEQ
would not require NRG Texas to implement LDAR for VOC control. Since LDAR is not being implemented at the
site for VOC control, and the cost of the program to control GHG emissions alone would be excessive, NRG

Texas rejected LDAR from further consideration.
6.4.5 Step b - Selection of BACT

Due to the negligible amount of GHG emissions from process fugitives, implementation of an LDAR program or
installing leakless components is clearly not cost effective and would result in no significant reduction in
overall project GHG emissions. Based on these considerations, BACT for the Robinson site is determined to be
using high engineering standards for the selection of equipment and following normal plant maintenance

practices as needed for a safety and reliability purposes.
6.5 MSS Emissions from Gaseous Fuel Venting

Prior to maintenance of natural gas lines and unit startup, the iines must be vented to the atmosphere which >
results in CHa emissions due to the CHs content of the natural gas. While gaseous fuel venting prior to unit
startup and for minor maintenance activities such as meter proving occurs frequently, the segment of pipeline
isolated for these activitiles is small, resulting in minimal emissions of CHa. On the other hand, occasional
maintenance activities are required that involve venting of larger segments of pipeline. Emissions are
minimized by limiting the frequaney of occutrence to no more than one time per year for large segments of
pipeline. This standard industry work practice is the only practical means of minimizing emissions and is

therefore considered to be BACT for the proposed project.
6.6  SFs Emissions from Electrical Equipment Insulation

6.6.1 Step 1 - Ideniification of Potential Control Technologies

Emissions of sulfur-hexafluoride {SFs) due-to.Jleaks from the insulatioh used in new circuit breakers are
estimated to be less than 3 Ib/yr of actual mass emissions and less than 30 tpy of COze. These emissions are
negligible, and consideration of emissions controls for BACT purposes is not warranted. However, for
completeness, they have been included in the BACT analysis. There are two methods for reducing or

eliminating SFs emissions:

e. Replace SFs with ancther insulation material, and

e Design the insulation systems to minimize SFe leaks. i
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6.6.2 Step 2 - Elimination of Technically Infeasible Alternatives

Both methods identified for reducing or eliminating SFs emissions are technically feasible for the project.

6.6.3 Step 3 - Ranking of Remaining Technologies Based on Effectiveness

e  Replacing SFs with another non SFs insulation material would pravide 100% reduction in GHG from
the process.

e Design of the insulation systems to minimize SFe Ieéks would be marginaliy effective in reducing the
overall GHG emissions from the project.

6.6.4 Step 4 - Evaluation of Control Technologies in Order of Most Effective to Least
Effective

Replace SFs with another insulation material - substitution of SFs with another non-GHG substance is
determined to be technically infeasible. While dielectric oil or compressad air circuit breakers have been used
historically, these units require [arge equipment components o achieve the same insulating capabilities of SFs

circuit breakers. In addition, per the EPA:

“No ciear alternative exists for this gas that is used extensively in cireuit breakers,

gas-insulated substations, and switch gear, due to its inertness and dielectric properties.”
SFes Is a proven material for the proposed application and is considered to be a superior insulating material to
alternatives currently available. Because even complete elimination of the emissions would resuit in no
quantifiable benefit with respect to global warming potential, replacing it with an infarior alternative is not

considered to be a prudent option and was eliminated from further consideration.

Design of the insulation systems fo minimlze SFe leaks - Modern high voltage circuit breakers are designed

with totally enclosed insulation systems that result in minimal SFs leak potential. Alarm systems that can
detect when a portion of the SFs has been lost from the system are available to identify leaks for repair before'
further losses oceur. Although such systems would not necessarily be considered cost effective when
expressed in traditional BACT $/ton of emissions avoided terms, their cost relative to the proiect cost is not

prohibitive.
6.6.5 Step b - Selection of BACT

NRG Texas proposes to use circuit breakers with totally enclosed insulation systems equipped with a low
pressure alarm and low pressure Jockout. The lockout will prevent operation of the circuit breaker if

insufficient SFs remains in the system.
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Table 6-1 Cost Analysis for Post-Combustion CCS for Turbines

Cost {$/ton of CO,

Tons of CO,

Total Annualized

CCS System Component Gontrolled) Controlled per Year® Cost
CO, Capture and Compression Facilities $103 255,267 $26,292,486
CO, Transport Facilities (Table 6-2) $15.67 255,267 $4,000,212
CO, Storage Facilities $0.51 255,267 $130,186
Total CCS System Cost $119 255,267 $30,422,884

Proposed Plant Cost

Total Capital Cost

Capital Recovery
Factor®

Annualized Capital
Cost

Cost of Proposed Units w/o CCS

$136,000,000

0.0944

$12,837,438

1. Costs are from Report of the inferagency Task Force on Carbon Capture (August, 2010). A range of costs was
provided for transport and storage facilities; for conservatism, the low ends of these ranges were used in this analysis
as they contribute littte to the total cost. Reported costs in $/tonne were converted fo $/ton.

2. Tons of CO, controlled assumes 80% capture of all CO, emissions from the six turbines, based on 3-year average

capacity factor of 10%.

3. Capital recovery factor based on 7% interest rate and 20 year equipment life.

Interest rate
Equipent Life (yrs)

7%
20
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Table 6-2 CO, Pipeline Construction Cost Estimate

Description

Cost Basis

Capital Cost:

AGI Pipeline - 36" Diameter

10-mile pipeline 24-inch diameter
{10 mites is location of nearest pipeline or storage cavern).
$16,000,000 |DOE/NETL calculation method (see below).

Total Capital Cost for GO2 Compression,
Pipeline, and Well

$16,000,000

Capital Recovery Factor'

0.0944 7% interest rate and 20 year equipment fife

Annualized Capital Cost {$/yr)

$1,510,287 |Total capital cost times capital recovery factor

Operating Cost:

Power Cost, $fyear

10,000 hp electric compressor and $0.075/kwh electricity cost
$489,925 for 876 hours per year {hased on 10% capacity factor)

O&M Cost, $fyear

$2,000,000 |O&M estimate

Total Annual Operating Cost {$iyr)

$2,489,925

Total Cost:

Total Annual Cost ($/yr)

$4,000,212 |Annualized capital cost plus annuat operating cost

GHG Emissions Confrolled {ton/yr)

From GH®G Calculations in Appendix A (based on 3-year
255,267 average capacity factor of 10%)

Gost Eifectiveness ($/ton)

$15.67 Total Annual Cost!GHG Emissions Controlled

1. Capital recovery factor based on 7% interest rate and 20 year equipment life.

Interest rate:
Equipent Life (yrs):

7%
20

Capital Cost for Construction of CO2 Pipeline to Nearest Storage Cavern:

Length in miles (L): 10
Diameter in inches (D}): 24
Component Cost
Materials $4,390,095
Labor $8,064,863
Miscellaneous $3,456,190
Right-of-Way $571,669
Total Cost of Pipeline 516,482,816

Severat candidate storage reservoirs exist within 10 to 50 miles of the proposed
project; however, none of these have been confirmed to be viable for large
scale COZ storage at this ime. However, it was assumed for this analysis

that a suitable storage reservoir would be available within 10 miles.

Cost Equation®

Materials = $64,632 + $1.85 x L x (330.5 x D* + 686.7 x D + 26,960)

Labor = $341,627 + $1.85 x L x (343.2 x D* + 2,074 x D + 170,013)

Misc. = $150,166 + $1.58 x L x (8,417 x D + 7,234}

Right-of-Way = §48,037 + $1.20 x L x (677 x D + 20,788}

2; Pipeline cost equations are from: Quality Guidelines for Energy System Studies: Estimaling Carbon Dioxide Transport
" ‘and Storage Costs , National Enérgy Technology Laboratory, U.S. Dept. of Energy, DOE/NETL-2010/1447, March 2010, -
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Table 6-3 GHG Performance Limits for Simple Gycle Combustion Turbines

Project Information

Turbine Information

BACT Limits Proposed or Permitted

Robison Station Bacliff, Texas

this application

GHG Permit
Station Status Type Capacity Ib CO,e/MWh Comments
‘ icati Ib CO2e/MWh i
Exelon LaPorte LP Mountain sﬁgfrl:i::e::o Siemens SGT6- 201.2 MW gross, NA fimi ng’f inc[udc;Lei:UIz::;t
Creek SES Dalfas County, TX ; 5000F(4) IS0 udedinp
EPA Region 6 application
Et Paso Electric Company Application
Montana Power Station East | submitted to GE EMS100 100 MW 1,194 Proposed Limits
El Paso County, TX EPA Region 6
Cheyenne Prairie Generating {PSD-WY-
Station Black Hills 000001~ GE LMB000 PF Sprint 37 MW 1,600 Limit as stated in permit
Corporation Cheyenne, WY 2011.001)
GE 7FA.05 207 MW 1,299
Fredoni
Puget Sound Energy Fredonia), .\ cedin|  GE7FA04 181 MW 1,310 o
Generating Station Expansion 5013 Final limits, per net output
Project Fredonia, WA SGT6-5000F4 197 MW 1,278
Two GE LMS100 100 MW, each 1,138
Guadalue Power Part Aoplication GE 7FA.03 191 MW 1,100 Proposed btu/kwh limits
uadalupe Fower Fariners ppiicat! GE7FA.04 165 MW {Note 1) 1,270 converted to [b COZe/MWH
LP; Guadalupe Genrating submitted to . £
Station EPA Region 6 GE7FA-05 192 MW {Note 1) 1,250 using EPA factor of 53
SGT6-5000F(4) 227 MW 1,200 kg/mmBtu
Application .
b COZe/MWh or equivalent
Montana-Dakota Utilities Co. | submitted to
EA MW A I ti i it
R.M. Heskett Station North dakota (GE) PG7121(7EA) 88 N fm no a:ndllij:iaet?o: permi
bept of Health PR
Golden Spread Electric Application S s
P d limit
Cooperative - Antelope submitted GE 7F-5-Series 202 MW 1,514 roposed permit limit @ any
. ioad from 50% to 100% load
Station February 2013
Golden Spread Electric Application s
P d permit limit
Cooperative - Floydada submitted GE 7F-5-Series 202 MW 1,514 roposed permi it @ any
. load from 50% to 100% load
Station February 2013
Sandy Hills Generating . .
i MW
Station Permit Issued GE 7EA.05 218 MW 1,377 Final Limit, per gross MW,
. R . January 2014 corvected ta 150 conditions
Spring Hill, Florida
Project .
NR P .H. P limit, W,
G Texas Power LLCP.H proposad by GE7E 30 MW 1,450 roposed limit, per gross M

corrected to ISO conditions

Note 1: MW not expressed in permit application. Permit application stated MW for GE 7FA.03 and SGETE-5000({F} uniis only.

Calculation of Ib/MWh at |50 Conditions {59°F and 60% RH), includes 2% heat rate degradation and 3% power output degradation:

783.8 MMBtu/hr
63.1 MW

116.8 Ib/MMBtu

Maximum firing rate:
Gross Turbine Qutput:
CO,e Emissions Factor:

CO.e {Ib/MWh})

1l

116.8 Ib/MMBtu x 783.8 MMBtu/hr /63.1 MW
1,450 Ib/MWh




Table 6-4 Cost Analysis for Natural Gas Fugitives LDAR Program

Monitoring Cost:

$2.50 per component per quarter

Number of Valves:

140 monitored

Number of Flanges:

350 not monitored

Number of PRVs:

10 monitored

Number of Pumps:

0 monitored

Number of Comps:

0 monitored

Total Number Monitored:

150 monitored

Total Cost of Monitoring:

$1,500 per year

Number of Repairs:

72 per year (12% of monitored components per quarter)

Cost of Repairs:

$12,240 per year @ $200 per component {85% of leaking components;
remaining 15% only require minor repair)

Cost io re-monitor repairs:

$180 peryear

Total Cost of LDAR:

$13,920 per year {montoring + repair + re-monitor)

Emission Reduction:

13.70 tpy of methane

Emission Reduction;

287.66 tpy of CO,e

Cost Effectiveness:

$1,016 per ton of CH,

Cost Effectiveness:

$48 per ton of CO,e




Appendix A

Emissions Calculations




Table A-1
NRG Texas P.H. Robinson Peaker Project
Turbine and Total GHG Emissions

Emission Factors

Constituent G0O2e Convetsion Factor
CO2 1
CH4 25
N2O 298
Summary of GHG Emissions (CO2e)
FIN EPN Source (Fn;';'sfsf::f F;;‘:ﬁy’;ﬁfe CO2 (tpy)  |CHE (toy)| N2O (tpy)| cO2e (tpy)
PHR1 PHR1 Combustion Turbine 1 921.67 1,573,850,971 94,446 1.78 0.8 94,543
PHR2 PHR2 Combustion Turbine 2 921.67 1,573,850,871 94,446 1.78 0.18 94,543
PHR3 PHR3 Combustion Turbine 3 921.67 1,573,850,971 94,446 1.78 0.18 94,543
PHR4 PHR4 Combustion Turbine 4 92167 1,573,850,971 94,446 178 0.18 94,543
PHR5 PHRS Combustion Turbine 5 921.67 1,573,850,971 94,446 1.78 d.18 94,543
PHRS PHRE Combustion Turbine 6 921.67 1,573,850,871 94,446 1.78 Q.18 94 543
FGHTR FGHTR Fuzl Gas Heater 17.65 45,208,772 2,713 0.05 0.1 2,716
FUG-NGAS FUG-NGAS Fugitives - - 0.00 18 0 457
FUG-MSS FUG-MSS Gaseous Fuel Venting | - - 0.00 8 0 188
iNS-FS6 INS-FS6 SF6 from Circuit Breakers - - - - - 26
TOTAL 570,645
Startup/Shutdown Events {average tonsfevent)
(MMBtulevent) | (scfievent) | CO2 (tons) (;':‘; (:,2,,2} gf::
PHR-SU-SD | PHR-SUSD |  SU/SD-All Units 140.00 136,452 5.2 15E-04 | 1.5E-05 8.2
Notes:
* Firing rate is for peak emission conditions of 10°F and 75% relative humidity.
** Total annuaij firing rates and resulting emissions are intended to include startup/shutdown events.
Equation 98.33(a)(1): CO2, metric fonsfyr = 1x1 0* x scilyr x 1.026 MMBtu/scf x10° x 53.06 kgCO2/MMbtu
Metric tons were converted to short tons by muitiplying by 4.102311 short tons per metric fon.
Default Nat. Gas Heafing Value: 1.026E-03 mmbiu/scf (hhwv)
Operating Hours 1,752 hriyr
Startup Hours 150 hefyr
Shutdown Hours 75 hrlyr
Fuel Gas Heater Cperating Hrs: 2,628 hriyr
CH4 and N20 Emission fagtors from Table C-2 of Appendix A 0
40 CFR Part 98 Ghapter C
kg CH4 /mmBtu kg N20/mmBtu
Natural Gas 0.001 0.0001
Process Gas 0.003 0.0006
kg to b conversion factor: 2.20462-
i
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Table A-2
NRG Texas P.H. Robinson Peaker Project
Fugitive Emissions

. FUG-NGAS _ |Fugit
s en
Gas/Vapor 5.4575
Valves Light Liquid 0 0.0000
Heavy Liguid 0 0.0000
Pumps Light Liquid 0 0.0000
Heavy Liquid 0 0.0000
Gas/Vapor 350 4.4457
Flanges Light Liquid 0.0005 0 0.0000
Heavy Liquid 0.00007 0 0.0000
Compressors Gas/Vapor 0.5027 0 0.0000
Relief Valves Gas/\Vapor 0.2293 10 10.0433
Qpen Ends 0.004 0 0.0000
Sample Con. 0.033 0 0.0000
Gas/Vapor 0 0 0.0000
Ot e vy Liquid 0 0 0.0000
Process Drains 0.07 0 0.0000
Total 500 19.95
% Methane 91.57%
Methane Emissions 18.26

A-2 5/7/2014




Table A-3
NRG Texas P.H. Robinson Peaker Project
SF¢ Emission Calculations for Electrical Equipment Insulation Leaks

EPN: INS-SF6

Emissions of from leaks of SF; gas used to insulate circuit breakers used in proposed plant.

Estimated quaniity of SF4 in new equipment: 75 b each times & units
= 450 |b total

Annual Leak Rate: 0.50% of quantity present

Annual Emission Rate: 2.25 lbfyr

0.001125 tpy of SF6

Global Warming Potential Factor for SFg: 22,800

Annual Emission Rate (CO2 Equivalent): 25.7 tpy of COse

A3 5/7/2014
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Appendix C

ISO Correction Procedure




Procedure for determining CO; emissions corrected to ISO

Purpose
This document outlines the procedure to determine CO; emissions corrected to IS0 operating

conditions.

ISO Conditions for Gas Turbines are defined as:
59°F Dry Bulb
60% Relative Humidity or 0.0064 Specific Humidity
14.696 psia Barometric Pressure
0 inch Hz0 Inlet dP
0inch H.0 Exhaust dP

Summary

€O; can be directly measured, but it is simpler and sufficiently accurate to calculate it from the
measured fuel composition and flow rate assuming 100% conversion of Carbon to Carbon Dioxide. Once
the CO; quantity for a given test condition is known, vendor’s gas turbine correction curves can be used
to correct the gas turbine output and fuel consumption from test conditions to I50 conditions. From
this, the CO; emissions corrected to ISO {CO3 50} can be determined.

Procedure

Obtain vendor’s correction curves for Output (P), Fuel Input {Q) and/or Heat Rate {HR). These curves are
functions of Compressor Inlet Temperature {CIT), Specific Humidity (w), Barometric Pressure {baro), inlet
Pressure Loss (dP\), and Exhaust Pressure Loss {dPe). Sample curves (for a GE 7121EA) are included in
Appendix A.

Using the correction curves for Output {P), lookup the correction vaiues for each of the independent
conditions {(CIT, baro, w, dP,, and dPg) at both Test conditions and iSO conditions. Each independent
condition will have a correction factor for both Test conditions and 1SO conditions {Corr,Prest and
Corr,Piso). These are combined to make the combined correction factor (Corr,P) as shown in Eq.1

Eg.1) Corr,P =Corr,Piso / Corr,Peest

The Output, corrected to ISO {Po), is determined by multiplying the measured Output {Preat) by the
product of Corr,P for each independent condition as shown in Eq.2

Eq.2) Piso(MW,) = Presex Corr,P {CIT) x Corr,P {w) x Corr,P {baro) x Corr,P {dP;) x Corr,P {dP¢)

Repeat the above procedure for Fuel Input {Q) and/or Heat Rate (HR) to determine Quso (MMBtu/hr
HHV) and/or HRiso (Btu/kwh HHV).

if HRisowas obtained instead of Qusg, Qiso can be determined using Eq.3:

Eq.3) Quiso = Pio x HRiso




Since CO, flow rate is directly proportional to fuel flow rate for a given fuel composition, the CO; flow
rate at 1SO {COys0 wimn) can be determined from the measured CO; flow rate (COzrest (o/en), Quso, and
Qrrest Using Eq.4)

Eq.4} COu50 Eisshr) = CO2,test (b/ir) X (Quso / Qrest)

The Ibh/MWHh CO, rate and Ib/MMBtu HHV CO, rate at ISO can be determined from Eq.5 and Eq.6
Eq.5} COzsoqmmwn) = COzi50 (kbmn / Piso
Eq.6) COzis0 gbmmetu ikv) = CO2150 (kbshr) / Quso

Note that CO;,s0 gb/mmew vy Will always be equal to COg rest ib/mmatu Hhv) -




Appendix A: Sample Correction Curves

General Electric Model PG7121EA Gas Turbine
Estimated Performance - Configuration: DLN Combustor
Compressor Inlet Conditions 58 F {15 G, 0% Relative Humidity
Atmospheric Pressure 14.7 psia (1.013 bar)
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GEMERAL ELECTRIC MODEL PG7121EA GAS TURBINE

Effect of Compressor Inlet Temperature on
Oudput, Heat Rato, Heat Consumption, Exhaust Flow
And Exhaust Temperatura st Base Load and 100% speed.

Configuration: DLN Combustor
Fuel: Naturaf Gas
Design Values on Curve 522HA2EZ Rev 2
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Afmospheric Pressure (PSIA)
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GENERAL ELECTRIC GAS TURBINE
ALTITUDE CORRECTION CURVE

ALTITUDE ¥S ATMOSPHERIC PRESSURE

AND

ALTITUDE VS CORRECTION FACTOR
FOR GASTURBINE QUTFUT, FUEL CONSUMETION, AND EXHAUST FLOW
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CORRECTION FACTOR

General Electric M$6001, MS7001 And MS9007 Gas Turbines

Carreciions To Ouiput And Heat Rate
For Non-1so Specific Humidity Conditions

For Operation At Base Load On Exhaust
Temperature Cantral Curve
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Appendix B: Sample Calculations

This Appendix demonstrates the use of the procedures and equations presented previously to calculate

CO; emissions for a typical gas fired simply cycle gas turbine and correct them to I1SO conditions.

Reference and Test Conditions

Parameter 150 Condition Test Condition Units
Compressor Inlet 59 20 °F
Temperature .
Relative Humidity 60 45 %
Specific Humidity .0064 .01355 b/l
Barometric Pressure 14.696 14.750 psia
Inlet Pressure Loss 0 4.0 inch H;0
Exhaust Pressure Loss 0 4.0 inch H;0

Measurements at Test Conditions

Parameter Value Units
Output gross 75.480 MW
Fuel Flow 38.05 kib/hr
Fuel Methane 90 % vol
Fuel Ethane 10 % vol

Results at Test Conditions
Prest= 75.430 MW

Fuel Properties:

90% CH4 vol%, 10% CHs vol%

82.76% CHs wit%, 17.24% CiHs wt%

21,328 Btu/Ib LHV
23,606 Btu/lb HHV

Fuelinput:

Qrest = {38.05 kib/hr) x (23,606 Btu/ib HHV) / 1000 = 898.21 MMBtu/hr HHV

HRrest = Qrest / Prest = (898.21 MMBtu/hr HHV) / (75.480 MW) x 1000 = 11,900 Btu/kwh HHV

CO R testibyh) = (38.05 kib/hr) X [(0.8276 x 1 x (44.01/16.04) + (0.1724 x 2 x (44.01/30.07)] = 105.60 klb/hr

COZ,Test[lb/MWh) = COZ,Test{kIh/hr) / Prest
COZ,Test[lb/MWh) = (10560 klb/hr) / (75480 MW) %X 1000 =1399.0 Eb/MWh

CO2rest (ib/mmety iiv) = CO2,test gabshr) / Qlrest
COy1est /MMty vy = (105.60 k|b/hl’) / (898.21 MMBtu/hr HHV) x 1000 = 117.57 [b/MMMBtu HHV




Correction Factors
From GE curve 522HA283: ClTiso= 59°F, ClT1est=90°F

Corr,Piso (CIT} = 100
Corr,Prest (CIT) = 89.11
Corr,P (CIT) =100/ 89.11 = 1.1222

Corr,Quso (CIT) = 100
CO[T,QTest (ClT) =91.34
Corr,Q=100/91.34 = 1.0948

Corr,HRiso (CIT) = 100
Corr,HRrest (CIT) = 102.50
Corr,HR = (CIT) 100 / 102.50 = 0.9756

From GE curve 498HAG97: wiso = .006400 Ib/lb, wres =.013553 Ib/lb

Corr,Piso {w} = 1.000
Corr,Prest (W) = 0.99900
Corr,P {w) = 1,000 / 0.99900 = 1.0010

Corr,HRiso (W) =1.000
Corr,HRrest (W) = 1.00272
Corr,HR = (w) 1.000 / 1.00272 = 0.9973

From GE curve 416HAG62 (Notes: 1 & 2): baroiso = 14.696 psia, barore: = 14.750 psia

Corr,Pio (baro) = 14.696 / 14.7 = 0.9997
Corr,Prest {baro) = 14,750 / 14.7 = 1.0034
Corr,P {haro} = 0.9997 / 1.0034 = 0.9963

From GE curve 522HA282 (Note: 6): dPyso = 0 inch Ho0, dPyest = 4.0 inch Hz0

Corr,Piso (dp|) = 100+ ((0/4) X -1.40) =100
COrT, Prest {dPr) = 100 + ({4.00/4) x -1.40) = 98.60
Corr,P {dP)} =100/ 98.6 = 1.0142

Corr,HRiso (dP() = 100 + {(0/4) x +0.42) = 100
Corr,HRrest (dP1) = 100 + ((4.00/4) x +0.42) = 100.42
Corr,HR {dP;) = 100 / 100.42 = 0.9558




From GE curve 522HA282 (Note: 6): dPgs0 = 0 inch H30, dPgrest =4.0 inch H,0

Corr,Piso (dPg) = 100 + {{0/4) x -0.42) = 100
" COrr,Prest (AP} =100 + {{4.00/4) x -0.42) = 99.58
Corr,P {dPg) = 100 / 99.58 = 1.0042

Corr,HRiso (dPg) = 100 + ((0/4) x +0.40) = 100
Corr,HRrest {dPe) = 100 + {(4.00/4) x +0.40) = 100.40
Corr,HR (dPg) = 100 / 100.40 = 0.9960 :

Results Corrected to I1SO

Piso= Prestx Corr,P {CIT) x Corr,P (w) x Corr,P {baro) x Corr,P (dP;) x Corr,P {dPe)
Pio={75.480 MW) x 1.1222 x 1.0010 x 0.9963 x 1.0142 x 1.0042= 86.034 MW

HRiso = HRyeq x Corr,HR (CIT) x Corr,HR (w) x Corr,HR {baro) x Corr,HR {dP; } x Corr,HR {dP¢}
HRiso= (11,200 Btu/kwh HHV) x 0.9756 x 0.9973 x 1 x 0.9958 x 0.9960 = 11,484 Btu/kwh HHV

Quso = Piso X HRiso
Qiso = (86.034 MW} x (11,484 Btu/kwh HHV)} / 1000 = 988.01 MMBtu/hr HHV

CO42.150 i) = CO27est tubjnn X (Quso / Qrest)
CO2s0 b/ = (105.60 kib/hr) x (988.01/ 898.21) = 116.16 kib/hr

COzisopbmawny = CO2,150 iyhe / Piso
COgz,s00bmwhy = (116.16 klb/hr} / {86.034 MW) x 1000 = 1350.2 Ib/MWh

Coz,lso {IbfMMBtu HHV) = Coz,lso {klly/hr) / Quso
COy,50 (bfaamero wavy = {116.16 klb/hr) / (988.01 MMBtu/hr HHV) x 1000 = 117.57 Ib/MMMBtu HHV




