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Ms. JoAnn Truchan, P.E. 
Allegheny County Health Department 
Air Quality Program 
301 39th Street, Building #7 
Pittsburgh, PA 15201 

RE: United States Steel Corporation 
Mon Valley Works - Clairton Plant (TVOP No. 0052) 
Installation Permit Application - Cogeneration Project Update 

Dear Ms. Truchan, 

·RECEIVED 

:JUN 2 0 2019 

United States Steel Corporation (U.S. Steel) operates the Clairton Plant in Clairton, Allegheny County. This 
facility is currently authorized via Title V Operating Permit (TVOP) No. 0052. On May 2, 2019, U.S. Steel 
submitted an Installation Permit Application for a project to install a new cogeneration process at the 
Clairton Plant. U. S. Steel has continued their design development of the Cogen Project and is providing 
ACHD with an updated permit application to reflect the changes from that process. To avoid confusion 
and ensure that the Department reviews the most accurate and up-to-date information, U. S. Steel is 
hereby submitting a complete revised Installation Permit Application which should replace the previous 
application in its entirety. We respectfully request that the previous application be returned at your 
earliest convenience. 

It should be noted that the overarching intent and strategy of the project as originally communicated 
remains intact. The updates provided in the enclosed permit application will meet or exceed the 
emissions reductions included in the prior permit application. The design refinement of the project has 
demonstrated that to meet the project's targets, two "trains" supported by emergency boilers will better 
support our goals than the initial three "trains" reflected in the original renderings. 

While there are other minor changes in the scope of the project, the primary design will still include the 
installation of the state-of-the-art, multi-pollutant control technologies that were previously specified. As 
noted before, this project is part of the overarching Mon Valley Works modernization and emissions 
reduction strategy. Employing this state of the art technology will strengthen our ability to improve air 
quality and reduce our carbon footprint. As a result of the proposed project, there will be no net increase 
in emissions of PMz.s and PM10, and a significant net decrease in emissions of S02, NOx, and CO. The project 
emissions increase will be below thresholds for triggering a major modification for all regulated New 
Source Review (NSR) pollutants. The overall project will result in a net decrease in emissions of air toxics 
and will not require further evaluation under the Department's Air Toxics Policy. 

Enclosed is a complete permit application package which includes the following elements: 

• Application Report; 
o Project Description 
o Emissions Calculation Methodology 
o Regulatory Applicability 
o New Source Review (NSR) Analysis 

• Air Permit Application Forms; 
• Compliance Review Form; 
• Detailed Emission Calculations; 



• , Best Availaqle Control Technology (BACT) Analysis; 
• 'Process Fl;·w Diagram; 

• Site Map; 
• · . Air Toxic~ Policy Review; and 
~ 'Applicatlo~ Fee. 

If you have ahy qu·estions .. c:in this application or need any additional information, please contact me by 
phone at (41.2) 433-5904 or by email at CWHardin@uss.com. 

1W Sincerely, 

Christopher W. Hardin 
Environmental Affairs 
United States Steel Corporation 
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1 . EXECUTIVE SUMMARY 

United States Steel Corporation (U.S. Steel) operates the Mon Valley Works, an integrated coke and steel-making 
operation located in Allegheny County, Pennsylvania. The complex is comprised of three (3) main plants: the Irvin 
Plant, the Clairton Plant, and the Edgar Thomson Plant The proposed project will involve the installation of new 
sources of air emissions at the Clairton Plant. The Clairton Plant is located in the City of Clairton, Pennsylvania and is 
currently authorized by Title V Operating Permit No. 0052. 

The Clairton Plant is an existing major source of nitrogen oxides (NOx), carbon monoxide (CO), sulfur dioxide (S02), 
particulate matter (PM), particulate matter less than 10 microns in diameter (PM10), particulate matter less than 2.5 
microns in diameter (PM2.s), hazardous air pollutants (HAPs), and volatile organic compounds (VOCs), as defined in 
§2101.20 of Article XXI. Allegheny County, or portions ofit, is currently designated as nonattainment for S02 and 
PM2.s. 

U. S. Steel is proposing to install a new cogeneration operation (Cogeneration Project) at the Clairton Plant. Because 
the new project will provide steam in the future, some existing boilers at the Clairton Plant will be permanently shut 
down, while others will only be needed on a limited basis. The design of the project will include the installation of 
state-of-the-art control technologies for multiple pollutants. This project is part of the overarching Mon Valley Works 
modernization and emissions reduction strategy. The addition of the Cogeneration Project will strengthen U.S. Steel's 
ability to improve air quality and reduce the carbon footprint of the Mon Valley Works. As a result of the proposed 
project, there will be no net increase in emissions of PM2.s and PM10, and a significant net decrease in emissions of S02, 
NOx, and C0.1 The project emissions increase will be below the Significant Emission Rate (SER) thresholds for 
triggering a major modification for all regulated New Source Review (NSR) pollutants. 

This application is for an Installation Permit requesting authorization to construct the proposed project. The required 
application elements are organized as follows: 

> Section 2: Facility Description 
> Section 3: Emission Calculations 
> Section 4: Regulatory Applicability Analysis 
> Section 5: New Source Review (NSR) Applicability Analysis 
> Section 6: Best Available Control Technology (BACT) Summary 
> Appendix A: Air Quality Permit Application Forms 
> Appendix B: Compliance Review Form 
> Appendix C: Emission Calculations 
> Appendix D: Best Available Control Technology (BACT) Analysis 
> Appendix E: Process Flow Diagrams 
> Appendix F: Site Map 
> Appendix G: Preliminary Emissions Specifications 
> Appendix H: Air Toxics Policy Review 

1 Direct emissions of C02e will increase as a result of the project However, this is a combined heat and power process which will offset electricity 
that is currently being purchased from the grid as well as producing steam in a more effi cient manner, resulting in a net decrease overall of C02e 
from current levels when considering both direct and indirect sources. 
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2. PROJECT DESCRIPTION 

The proposed project involves the installation of a new combined heat and power process (Cogeneration Project) at 
the Clairton Plant. The Cogeneration Project will be an energy efficient integrated combined heat and power process 
to generate electricity as well as steam to support the industrial processes of U.S. Steel's Mon Valley Works complex. 
The proposed Cogeneration Project will be configured with two (2) identical trains, each with a combustion turbine 
followed by a heat recovery steam generating (HRSG) unit (i.e., with duct burners). Each train will have a nominal heat 
input rating of 637 MM Btu/hr for the combustion turbine and 434 MMBtu/hr for the HRSG duct burner, with an 
electrical generation output capacity of approximately 47 megawatts (MW).2-3 The units will be designed to be fired 
primarily with coke oven gas (COG), with the capability to fire natural gas as an alternative ( e.g., for startup, 
shutdown, and/or malfunction events). The units may on occasion be fired with a blend of COG and natural gas. 
Following the installation of the new cogeneration units, some existing boilers (Boiler 1, Boiler 2, and Boiler R-1) at 
the Clairton Plant will not be needed and will be permanently shut down. The three remaining boilers (Boiler R-2, 
Boiler T-1, and Boiler T-2) will only be operated on a limited basis as needed to meet plant steam demands. In 
addition, the Clairton Plant is expected to be electrically independent, and/or may be a net exporter of electricity 
following the project, thereby significantly reducing the carbon footprint of the Mon Valley Works overall. 

The Cogeneration Project will be designed to utilize multiple state-of-the-art air pollution control techniques to 
minimize emissions of various pollutants. The use of water injection and selective catalytic reduction (SCR) will 
control NOx emissions. The units will also be equipped with oxidation catalysts to minimize emissions of CO and VOC. 
S02 emissions will be reduced through the use of a circulating dry scrubber. Finally, the exhaust will be routed 
through an advanced baghouse to minimize particulate matter emissions. 

New air emission sources to be installed with the proposed Cogeneration Project include the following primary and 
auxiliary emission units: 

> Two (2) gas-fired combustion gas turbine generators, each with a heat input rating of 637 MM Btu/hr; 
> Two (2) gas-fired HRSGs, each with duct burners with a heat input rating of approximately 434 MMBtu/hr; 
> One (1) auxiliary package boiler, natural gas fired with a heat input rating of approximately 99 MM Btu/hr; 
> Two (2) natural gas-fired dew point heaters, each with a heat input rating of 3.0 MMBtu/hr; 
> One (1) diesel-fired emergency fire pump engine, rated at 55 kW; 
> Two (2) lime storage silos and associated material handling systems; 
> One (1) diesel storage tank to supply fuel to the emergency fire pump engine; and 
> Paved haul roads for truck traffic (material receipts and waste deliveries). 

As noted above, the six ( 6) existing boilers at the Clairton Plant will have emissions changes associated with the 
project. Three (3) existing boilers will be permanently shut down as part of this project, and the three (3) remaining 
boilers will only operate on a limited basis in the future as needed to meet plant steam demands. There will be a 
transition period to facilitate the initial startup and commissioning phase of the new Cogeneration units, which is 
expected to occur over approximately six months. As each train comes on line, it will provide electricity and steam and 
the existing boilers will be systematically shut down. Some existing infrastructure may be used to support the Project, 
but there will be no other associated emissions increases from existing units that will occur as a result of this project. 

A schematic depicting the proposed equipment configuration is included in Appendix E. 

2 Heat input rating on a high heating value (HHV) basis. 

3 Turbine rati ng is nominal value at 50 degrees Fahrenheit ambient temperature. 
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2.1. COGENERATION UNITS (NEW) 

The proposed project will provide a nominal hourly power generating capacity of approximately 94 MW ( nominal, 
502F), and will consist of the installation of two (2) General Electric Frame 68 combustion turbines and two (2) 
HRS Gs that will provide steam to drive a single steam turbine ( existing). The project will supply electrical power and 
steam to industrial processes across the Mon Valley Works complex. Each HRSG will be equipped with duct burners 
which may be utilized at times of peak power demands to supplement power output by supplementing the heat from 
the combustion turbines. The combustion turbines will be fired primarily with COG ( or a blend of COG and natural 
gas), but will be capable of firing on 100% natural gas during periods of startup, malfunction, or unavailability of COG 
if needed. The duct burners will be fired with COG only. As the project design includes some inherent redundancy, and 
to account for required maintenance outages, each train is expected to operate less than 8,760 hours per year.4 

Emissions from each train will be routed through a series of air pollution control devices, including SCR for NOx 
reduction, oxidation catalyst for VOC/CO reduction, circulating dry scrubber for S02 control, and finally an advanced 
baghouse for removal of particulate matter. 

Under most scenarios, the proposed cogeneration units will provide ample steam to meet the facility's needs, and 
therefore three (3) of the six (6) existing boilers at the Clairton Plant will be shut down as part of this project. 

2.2. AUXILIARY PACKAGE BOILER (NEW) 

The scope of the proposed project will include a natural gas fired package boiler (- 99 MM Btu/hr) for auxiliary steam 
production. The boiler will be equipped with low-NOx burners and flue gas recirculation (FGR) and will be fired 
exclusively with natural gas. As this unit will be operated only on a limited basis to supplement plant steam when 
needed, it is expected to operate no more than 1,000 hours per year. 

2.3. DIESEL EMERGENCY FIRE PUMP ENGINE & STORAGE TANK (NEW) 

The scope of the proposed project will include a small 75-hp diesel-fired emergency fire pump engine. This engine is 
expected to meet EPA's Tier 3 engine standards, will burn ULSD, and will operate less than 100 hour per year based 
on its function. The fire pump engine will have a small dedicated fuel storage tank associated with it (-200 gallons). 

2.4. MATERIAL HANDLING (NEW) 

The Cogeneration Project will include equipment for storing and handling of lime for injection into the circulating dry 
scrubber as well as storage of waste lime. The emissions sources will include two (2) silos; one for storage of 
purchased lime and one for storage of waste lime. These silos will be equipped with high-efficiency bin vent filters for 
control of particulate matter during pneumatic transfer operations. There will be several smaller day bins installed as 
part of the material handling system which will be vented to the proposed Cogeneration Unit baghouses. 

2.5 . HEATERS (NEW) 

The fuel delivery system for the Cogeneration Units will be equipped with two (2) small natural gas-fired dew point 
heaters, each rated at 3.0 MM Btu/hr. These heaters will serve to prevent the formation of hydrates in the fuel lines 
feeding the combustion units. 

• See detailed calculations in Appendix C for operating assumptions. 
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2.6. HAUL ROADS (ASSOCIATED) 

There will be new truck traffic at the facility as a result of the proposed project. Deliveries of lime and anhydrous 
ammonia into the facility will be expected, as well as shipments of waste lime out of the facility. All new truck traffic 
will occur on paved roadways. 

2. 7. EXISTING BOILERS (ASSOCIATED) 

As previously noted, the Cogeneration Units will provide steam to the plant, and as a result three (3) existing boilers 
(Boiler #1, Boiler #2, and Boiler R-1) will no longer be needed. These boilers will be permanently removed from 
service following startup of the Cogeneration Units. The remaining three boilers (Boiler R-2, Boiler T-1, and Boiler T-
2) will remain in operation on a limited basis only as needed to meet plant steam demands. 
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3. EMISSION CALCULATIONS 

The characteristics of air emissions from the proposed sources for the Cogeneration Project, along with the 
methodology used for calculating emissions, are described in narrative form below. Detailed supporting calculations 
are also provided in Appendix C. Note that all emission calculations that are based on published emission factors, or 
historical site data, have included a 15% "safety factor" consistent with ACHD's historical practices. A 10% factor has 
been included for greenhouse gas emissions. 

Combustion-related emissions from the combustion turbines and HRSG duct burners are the primary sources 
associated with the project There will also be some minimal emissions associated with the limited operation of the 
new package boiler and the three existing boilers that will remain, as well as other auxiliary equipment Finally, there 
may be minimal fugitive particulate emissions from handling of dry sorbent materials (i.e., lime) injected into the 
proposed circulating dry scrubber. The methods by which emissions from each of these sources has been calculated 
are summarized below. A detailed analysis of the air toxics emissions and applicability of ACHD's Air Toxics Policy is 
included in Appendix H. 

Some existing facility infrastructure may be used to support the operation of the proposed project, however, no 
existing sources ( other than the 3 boilers that will remain) will have associated emissions increases as a result of the 
project 

3.1. COGEN - CRITERIA & GHG POLLUTANTS 

Combustion in the combustion turbines and duct burners will result in emissions of criteria pollutants such as CO, 
NOx, PM (and variants), S02, VOC, and ammonia, as well as greenhouse gas (GHG) pollutants such as carbon dioxide 
(CO2), methane (CH 4), nitrogen oxides (N20). Steady-state emission rates can vary over a wide-range of operating 
conditions. For the purposes of determining potential emissions, the following key variables were evaluated: 

> Ambient temperature; 
> CTG load/duct firing configuration; and 
> Fuel. 

For the proposed units, there are three potential fuel scenarios: (1) coke oven gas; (2) natural gas; and (3) blend of 
COG and natural gas. The maximum operating schedule has been considered for each of these fuels for operational 
flexibility, however, the primary fuel for the system will be COG or the blend. Criteria and GHG emission rates for all 
operating conditions and fuel scenarios are based on preliminary engineering data (see Appendix G). Maximum 
expected short-term emissions are based on the worst-case short-term operating scenario (i.e., one train operating at 
100% CTG load and full duct firing) from the full range of fuel scenarios and ambient temperatures. However, it is not 
possible for both units to operate at this worst-case scenario concurrently for extended periods of time. Therefore, 
maximum potential long-term emissions for each pollutant are based on the following criteria: 

> Worst-case annual operating schedule (i.e., slightly less than full year operation); AND 
> Maximum hourly emission rate of two units operating at average ambient conditions; OR 
> One unit operating at its worst-case load at average ambient conditions. 

This logic is shown for each fuel in Tables C-3a, C-3b and C-3c of Appendix C. 

Steady-state emission rates take into account control efficiencies from the operation of the various proposed air 
pollution control equipment as follows. Note that the combination of control strategies being proposed have been 
optimized to prioritize reduction of priority pollutants (e.g., S02 and PM 2.s) and their precursors. 
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> The turbines will employ water injection and will also have the SCR system which will inject anhydrous 
ammonia to achieve an outlet NOx concentration of7.5 parts per million dry volume (ppmvd) at 15% oxygen. 
Ammonia slip from the SCR will be 2 ppmvd or less. 

> The use of an oxidation catalyst will reduce both CO and VOC emissions to approximately 3 and 5 ppmvd, 
respectively) for all normal operating conditions/fuel scenarios. 

> The use of a circulating dry scrubber and fabric filter will reduce S02 emissions to 0.024 lb/MMBtu for 
operating conditions in the COG and COG blend fuel scenarios (as S02 is expected to be negligible from the 
natural gas only fuel scenario).s 

> Finally, the use of the advanced baghouse will significantly reduce filterable particulate matter for all 
operating conditions/fuel scenarios. Condensable PM estimates include the potential formation of ammonium 
salts and sulfates/sulfites through the process. Total particulate emissions (filterable plus condensable) will 
be reduced to 0.014 lb/MMBtu. 

Startup and shutdown (SU/SD) emissions are higher for certain pollutants than steady-state emissions due to two 
factors: (1) no or lower catalyst effectiveness; and (2) higher emitting combustion. During SU, neither catalyst is 
active until the end of the startup period. During SD, the SCR catalyst is inactive and the oxidation catalyst is less 
active. Further, during both SU and SD, the combustion turbines are not operating in the low emissions combustion 
mode that is achieved under steady-state operation. Planned SU/SD emissions have been calculated separately based 
on emission rates (on a lb/event basis) provided by the manufacturer, assuming ten (10) SU/SD events per unit per 
year, and conservatively added to the annual steady-state operating emissions. This approach was taken for the 
pollutants with higher emissions profiles during SU/SD than normal operations (i.e., NO x, CO, VOC and GHGs). 

3.2. COGEN - HAPS & AIR TOXICS 

HAP emissions are regulated by U.S. EPA under Title llI of the Clean Air Act Amendments of 1990 and comprise 187 
compounds. In addition, Allegheny County regulates toxic air pollutants. Emissions of these constituents from the 
Cogeneration Units were based on the following as outlined in more detail in Table C-23a through Table C-23e of 
Appendix C. 

> For ammonia, emissions are based on preliminary engineering data for ammonia slip from the NOx control 
system and assuming no conversion of the slip. This is conservative as the slip is expected to react to form 
ammonium salts that will be reduced by downstream controls. 

> Where available, U.S. EPA AP-42 emission factors were used for natural gas combustion for the duct burners, 
and natural gas combustion for the combustion turbines. 

> For COG combustion from the combustion turbines and duct burners, a combination of historical plant data 
(e.g., testing on other COG fueled combustion units as reported in annual emissions statements) and AP-42 
factors were used to estimate HAP and air toxic emissions. U. S. Steel conservatively scaled each AP-42 factor 
for combustion stack organic HAP emissions (Tables 12.2-16 and 12.2-17) through applying a ratio of the 
VOC engineering estimated rate from the proposed system to the VOC emission factor from AP-42.6 This 
approach was not applied to HAP metals for which the factors from Table 12.2-15 were used directly without 
adjustment Also note that the proposed controls (e.g., circulating dry scrubber) will reduce emissions of 
hydrogen chloride and accordingly a control efficiency of75% was applied. 

> For the blended fuel scenario, the factors for natural gas and COG combustion were weighted based on the 
corresponding heat input of each fuel. 

5 It should be noted that all COG fired in the Cogeneration Units will be pretreated to remove H2S with the existing system at the Clairton Plan t, 
which consists of a vacuum carbonate scrubber followed by a 2-stage Claus sulfur removal process and Shell Claus Off-gas Treatment (SCOT). 

• This approach aligns organic HAP emissions with total VOC emissions, taking into account the oxidation catalyst proposed for the system. Using 
AP-42 factors directly would result in organic HAP emissions estimates being greater than VOC. 
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3.3. AUXILIARY PACKAGE BOILER 

The combustion of natural gas in the package boiler will result in emissions of CO, NOx, PM, S02, and VOC as well as 
HAP and GHG emissions. The boiler's criteria emissions for NOx and CO are based on vendor-supplied emission 
factors. All other criteria pollutant and HAP emissions are based on AP-42 Chapter 1.4 emission factors for external 
combustion units. GHG emissions are based on emission factors from 40 CFR 98, Subpart C. Both HAP and GHG 
emissions factors include a 15% safety factor consistent with ACHD permitting preferences. Maximum potential 
emissions assume limited operation at a maximum of 1,000 hours per year given the anticipated function of the boiler. 
Detailed calculations are presented in Appendix C. 

3.4. DIESEL FIRE PUMP ENGINE 

The combustion of ultra-low sulfur diesel (ULSD) in the emergency fire pump engine will result in emissions of CO, 
NOx, PM, S02, and VOC as well as HAP and GHG emissions. The engine's criteria emissions are based on meeting NSPS 
engine standards (g/kW hr factors) and a maximum fuel sulfur content of 15 ppm by weight (as required by NSPS 
Subpart 1111). HAP emissions are based on AP-42 Chapter 3.4 and Chapter 3.3 emission factors for small diesel fired 
internal combustion engines. GHG emissions are based on emission factors from 40 CFR 98, Subpart C. Both HAP and 
GHG emissions factors include a 15% safety factor consistent with ACHD permitting preferences. The maximum 
operating schedule is limited to 100 hours per year, which includes readiness testing and maintenance as 
recommended by the manufacturer. Engine calculations are presented in Appendix C. 

3.5. DIESEL STORAGE TANK 

The storage ofULSD for fuel in the emergency fire pump engine will result in small quantities ofVOC and HAP 
emissions from working losses (when filling the tank) and breathing losses (due to ambient temperature 
fluctuations). Emissions are estimated using TankESP software based on the anticipated annual throughput and the 
latest AP-42 emission factors and calculation methods. Supporting calculations are included in Appendix C. A 15% 
safety factor was included on these emissions estimates. 

3.6. DEW POINT HEATERS 

The combustion of natural gas in the dew point heaters will result in emissions of CO, N Ox, PM, S02, and VOC as well as 
HAP and GHG emissions. Each heater's criteria emissions are based on vendor-supplied emission factors. HAP 
emissions are based on AP-42 Chapter 1.4 emission factors for external combustion units. GHG emissions are based 
on emission factors from 40 CFR 98, Subpart C. Both HAP and GHG emissions factors include a 15% safety factor 
consistent with ACHD permitting preferences. Maximum potential emissions conservatively assume full-time 
operation (8,760 hours per year for each heater). Detailed calculations are presented in Appendix C. 

3. 7. MATERIAL HANDLING 

The handling of purchased lime and waste lime will result in emissions of filterable particulate matter from the 
storage silos. Each silo will be equipped with a high-efficiency bin vent filter. Emissions are estimated based on the 
flow rate through the bin vent ( cfm) and the outlet grain loading of the filter (gr/ dscf) along with the maximum 
expected hours of operation (12 hours per day, 5 days per week) based on operating schedule. There are smaller day 
bins associated with the material handling system which will be routed to the baghouse (and therefore will not have 
separate/individual emission points). Similarly, the loading of waste lime into trucks will be done via pneumatic 
transfer in a completely enclosed system, and will not have any associated emissions. 

3.8. HAUL ROADS 

Truck traffic associated with the operation of the new proposed sources will result in emissions of filterable 
particulate matter from certain segments of paved plant roadways. Emissions have been estimated using AP-42 
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Chapter 13.2 emission factors and calculations methods based on the total vehicle miles traveled and weight of the 
trucks associated with the project Emissions estimates account for routine dust mitigation procedures (e.g., 
sweeping, applying dust suppressant, etc.) employed by the plant 

3.9. EXISTING BOILERS 

Emissions from the three existing boilers will result from their limited operation in the future. The future projected 
emissions have been estimated using emission factors derived from a statistical analysis of historical stack test values 
along with projected annual fuel use based on limited operation. 
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4. REGULATORY APPLICABILITY ANALYSIS 

This section documents the applicability determinations made for state, local and Federal air quality regulations. 
Applicability or non-applicability of the following regulatory programs is addressed: 

> New Source Review (Prevention of Significant Deterioration/Nonattainment New Source Review); 
> New Source Performance Standards (NSPS); 
> National Emission Standards for Hazardous Air Pollutants (NESHAP); and 
> Allegheny County Health Department air quality regulation (Article XXl). 

In addition to providing a summary of applicable requirements, this section of the application also provides non­
applicability determinations for certain regulations, allowing ACHD to confirm that identified regulations are not 
applicable. Note that explanations of non-applicability are limited to those regulations for which there may be some 
question of applicability to specific operations associated with the project Regulations that are categorically non­
applicable are not discussed (e.g., NSPS Subpart J, Standards of Performance for Petroleum Refineries). 

4.1. NEW SOURCE REVIEW APPLICABILITY 

The federal NSR program regulates the installation of new major sources or major modifications to existing major 
sources. The NSR permitting regulations are comprised of two (2) programs: 1) Prevention of Significant 
Deterioration for projects located in areas where specified pollutant levels have met National Ambient Air Quality 
Standards (NAAQS); and 2) Nonattainment New Source Review (NNSR) for projects located in areas where pollutant 
levels have not attained the corresponding NAAQS. 

4. 1. 1. Major Source Status 

The Clairton Plant is an existing major source located in the City of Clairton, Allegheny County, Pennsylvania which is 
currently designated as being in non-attainment with the National Ambient Air Quality Standards (NAAQS) for S02 
and PM2.s. In addition, because the county is located within the Ozone Transport Region (OTR), the area is considered 
non-attainment for ozone precursor pollutants (NOx and VOC). Therefore, both Non-Attainment New Source Review 
(NNSR) and Prevention of Significant Deterioration (PSD) permitting requirements are potentially applicable to the 
proposed project As an existing major source, a major modification under NSR is triggered when a project results in a 
net increase in emissions for any regulated pollutant greater than the respective significant emission rate (SER). 

4. 1. 2. NSR Analysis 

ACHD's Article XXI regulations adopt the Federal PSD permitting procedures from 40 CFR §52.21 and the state NNSR 
permitting procedures from 25 PA Code §127.203. To determine the major NSR applicability for the Cogeneration 
Project under these two programs, the steps outlined in the U.S. EPA's NSR Workshop Manual, pages A.46-49 were 
generally followed. A traditional NSR applicability analysis is based on two steps: (1) determining emissions increases 
from the proposed project; and if increases are greater than the corresponding SER for any pollutant (2) determining 
the net emissions increases from the proposed project and other contemporaneous changes at the facility. These steps 
are discussed in detail in the following sections. 

Step 1 - Determine Emissions Increases from the Proposed Project 

Only project-related emissions are evaluated in this step; any contemporaneous increases or decreases are considered 
in Step 2. 
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1. Determine baseline actual emissions (BAE) from the highest 24-month average actuals over the last 10 years for 
PSD pollutants and the last 5 years for NNSR pollutants. The same 24-month period must be used for all sources 
affected by the project (existing sources that will be modified or will see an increase associated with the project). 
A different baseline period can be used for different pollutants, but must include all affected sources of that 
pollutant. 

2. Determine future emissions after the project. For new sources, use potential-to-emit (PTE). For existing sources 
that are modified or otherwise associated with the project, use projected actual emissions (PAE). 

3. Calculate project increase= PAE (or PTE) - BAE. 

4. Compare project increase of each pollutant to the corresponding SER. If any pollutant exceeds the SER, then 
proceed to Step 2 for that pollutant. 

The proposed Cogeneration Project involves the installation of new sources and the concurrent shut down of existing 
sources. In addition, U.S. Steel is establishing restrictions to limit the future operation of three (3) boilers at Clairton 
[Boiler R-2, Boiler T-1, and Boiler T-2] .. Therefore, PTE from the proposed new sources, the actual emissions increases 
from the three (3) existing boilers that will remain, and the decreases from the shutdown of three (3) of the plant's 
existing boilers were used in determining the project emissions increase for comparison against the SERs. As shown 
in Table 4-1, project increases associated with the project do not exceed the SER for any pollutant, so it is not 
necessary to proceed to Step 2 netting for major modifications under NSR. A detailed analysis of NSR applicability for 
the project is provided in Section 5 of this report Detailed emission calculations for all sources are included in 
Appendix C. 

Table 4-1. NSR Evaluation Step 1 - Project Increases 

Project 
NSRSER 

NSRMajor 
Pollutant Increase 

(tpy) 
Modification? 

(tovl 
PM -21.5 25 NO 

PM 10 -1.2 15 NO 

PM 2.s -1.4 10 NO 

Lead 0.00 0.6 NO 

S02 -180.5 40 NO 

NOx -643.4 40 NO 

co -53.4 100 NO 

voe 29.3 40 NO 

Ammonia 17.2 40 NO 
C02e 642,568 75,000 N07 

4.2. NEW SOURCE PERFORMANCE STANDARDS 

New Source Performance Standards (NSPS), located in 40 CFR 60, require new, modified, or reconstructed sources to 
control emissions to the level achievable by the best demonstrated technology as specified in the applicable 

7 Per 40 CFR §52.21(b)(49) (iv), as an existing major stationary source, the pollutant GHGs (C02e) is only subject to PSD if there is an emissions 
increase of a regulated NSR pollutant AND an emissions increase of 75,000 tpy C02e or more. Since there is no emissions increase of a regulated 
NS R pollutant, PSD is not triggered for C0 2e. 
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provisions. Moreover, any source subject to an NSPS is also subject to the general provisions of NSPS Subpart A, 
except where expressly noted. 

The following is a summary of applicability and non-applicability determinations for NSPS regulations of relevance to 
the Cogeneration Project 

4. 2. 1. NSPS Subpart A - General Provisions 

All affected sources subject to source-specific NSPS are subject to the general provisions of NSPS Subpart A unless 
specifically excluded by the source-specific NSPS. Subpart A requires initial notification, performance testing, 
recordkeeping and monitoring, provides reference methods, and mandates general control device requirements for all 
other subparts as applicable. 

4.2.2. NSPS Subpart D - Standards of Performance for Fossil Fuel-Fired Steam Generating 
Units 

NSPS Subpart D applies to fossil-fuel-fired steam generating units with heat input ratings greater than 250 MMBtu/hr, 
which were installed after August 17, 1971. This rule provides standards for PM, S02, and NOx, as well as emission 
monitoring and testing procedures. Per 40 CFR 60.40 (e), any facility subject to 40 CFR Subpart KKKK is not subject to 
Subpart D. As the turbines, duct burners, and heat recovery steam generators are subject to Subpart KKKK, this 
subpart does not apply to those sources. The package boiler will have a heat input rating well below 250 MM Btu/hr, 
and therefore will not be subject to this Subpart Finally, the dew point heaters do not meet the definition of a steam 
generating unit and have heat input ratings well below 250 MM Btu/hr, and therefore are not subject to this Subpart. 

4.2.3. NSPS Subpart Da - Standards of Performance for Electric Utility Steam Generating 
Units 

This subpart applies to electric utility steam generating units with a heat input rating greater than 250 MMBtu/hr, 
which construction, modification, or reconstruction commenced after September 18, 1978. NSPS Subpart Da contains 
emission standards for PM, S02, and NOx, as well as compliance, monitoring, and reporting requi rements. 40 CFR 
60.40Da (e) exempts heat recovery steam generators with duct burners that are subject to applicable requirements of 
NSPS Subpart KKKK. As the turbines, duct burners, and heat recovery steam generators are subject to Subpart KKKK, 
this subpart does not apply to those sources. The package boiler will have a heat input rating well below 250 
MM Btu/hr, and therefore will not be subject to this Subpart. Finally, the dew point heaters do not meet the definition 
of a steam generating unit and have heat input ratings well below 250 MM Btu/hr, and therefore are not subject to this 
Subpart. 

4.2.4. NSPS Subpart Db - Standards of Performance for Industrial-Commercial Steam 
Generating Units 

NSPS Subpart Db applies to steam generating un its with heat input ratings greater than 100 MMBtu/hr, which were 
installed after June 19, 1984. This subpart does not include stationary gas turbines in its definition of steam 
generating units, however duct burners do meet the definition of steam generating unit NSPS Subpart KKKK 
specifically exempts heat recovery steam generators and duct burners regulated under Subpart KKKK from the 
requirements ofNSPS Subpart Db. As the dew point heaters being installed as part of this project do not meet the 
definition of steam generating units, they are not subject to this Subpart. The proposed package boiler will have a heat 
input rating less than 100 MMBtu/hr, and will also not be subject. 

4. 2.5 . NSPS Subpart De - Standards of Performance for Small Industrial-Commercial­
Institutional Steam Generating Unit 

NSPS Subpart De applies to a steam generating units and process heaters for which construction, modification, or 
reconstruction is commenced after June 9, 1989 and that has a maximum design heat input capacity of 100 MM Btu/hr 
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or less, but greater than or equal to 10 MMBtu/hr. The combustion sources (turbines and duct burners) proposed as 
part of the Cogeneration Project have a rated heat input greater than the maximum applicability heat input of 100 
MMBtu/hr. In addition, NSPS Subpart KKKK specifically exempts heat recovery steam generators and duct burners 
regulated under Subpart KKKK from the requi rements of NSPS Subpart De. The dew point heaters do not meet the 
definition of steam generating units and have heat input ratings below 10 MM Btu/hr. Therefore, NSPS Subpart De 
does not apply to those sources. Finally, the proposed package boiler will have a heat input rating that falls into the 
criteria specified for this Subpart. However, because this boiler will burn natural gas exclusively, the only applicable 
requirements under this Subpart will be maintaining records of the quantity and type of fuel combusted during each 
calendar month. 

4.2 .6 . NSPS Subpart GG - Standards of Performance for Stationary Gas Turbines 

40 CFR 60 Subpart GG applies to stationary gas turbines with a peak load heat input rating greater than or equal to 10 
MM Btu/ hr which commenced construction, modification, or reconstruction after October 3, 1977. The Cogeneration 
Project involves the installation of two coke oven gas-fired combustion turbines, each rated at greater than 10 
MM Btu/hr. However, NSPS Subpart KKKK specifically exempts stationary combustion turbines subject to Subpart 
KKKK from the requirements of Subpart GG. Therefore, the requirements ofNSPS Subpart GG do not apply to this 
project. 

4.2. 7. NSPS Subpart Kb - Standards of Performance for Volatile Organic Liquid Storage 
Vessels 

NSPS Subpart Kb applies to storage vessels with a capacity greater than or equal to 75 cubic meters (approximately 
19,800 gallons) used to store volatile organic liquids with a maximum true vapor pressure greater than 15 k:ilopascals 
(kPa) that were constructed after July 23, 1984. The storage tank being installed to supply fuel to the emergency fire 
pump engine is well below the applicability threshold of 19,800 gallons, and will store diesel fuel which has a 
maximum true vapor pressure less than 1 kPa. Therefore, Subpart Kb is not applicable to the proposed storage tank. 

4. 2.8 . NSPS Subpart 1111 - Stationary Compression Ignition Internal Combustion Engines 

This NSPS applies to owners and operations of stationary compression ignition (Cl) internal combustion engines (ICE) 
that are not fire pumps and are manufactured after April 1, 2006; fire pumps that are manufactured after July 1, 2006; 
and CJ IC Es that are modified or reconstructed after July 11, 2005. Units subject to this subpart are also subject to the 
provisions of 40 CFR 60 Subpart A, except where expressly noted. 

NSPS Subpart 1111 has specific requirements based on several criteria, including model year, engine displacement, and 
status as a fire pump. The emergency fire pump engine will be newer than model year 2011, and will need to be 
certified to meet emission standards for Tier 3 engines. No stack testing is required as a result of this regulation. 

Per 40 CFR §60.4207 (b ), the engine must use non-road diesel fuel with a maximum sulfur content of 15 ppm. As the 
fire pump engine will be fue led using ULSD, which by definition has a maximum sulfur content of 15 ppm, the unit will 
meet this requirement. Per 40 CFR §60.4209(a), the unit must install a non-resettable hour meter prior to startup. 

4.2. 9 . NSPS Subpart KKKK - Standards of Performance for Stationary Combustion 
Turbines 

NSPS Subpart KKKK establishes emissions standards for stationary combustion turbines with a peak load heat input 
greater than or equal to 10 MM Btu/hr that are constructed after February 18, 2005. The applicable heat input 
threshold is exclusive of fuel burned in the duct burners, though heat recovery steam generators and duct burners are 
subject to the requirements of this subpart when associated with a turbine that is subject to NSPS Subpart KKKK. As 
the turbines being installed as part of th is project have a heat input greater than 10 MMBtu/hr, they and their 
associated HRSGs and duct burners are subject to this subpart. 
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This subpart has emission limits for NOxand S02, monitoring, reporting, and testing requirements which apply to 
these turbines and associated HRSGs and duct burners. The turbines being installed have a maximum heat input 
rating of approximately 637 MM Btu/hr and can burn coke oven gas, natural gas, or a blend of the two fuels. 

The NOx emission limits in Table 1 of this subpart apply to the stationary combustion turbines. During operation 
when coke oven gas makes up greater than 50% of the heat input, a NOx limit of74 parts per million (ppm) at 15% 0 2 
applies (new turbine firing fuels other than natural gas, rated between 50 and 850 MMBtu/hr). When operating on 
natural gas, a NOx limit of 25 ppm at 15% 0 2 applies. Compliance with the NOx emission limits will be demonstrated 
with a continuous emissions monitoring system. 

40 CFR §60.4330 (a) lists the S02 emission limit for the turbines on either a gross power output basis (0.90 lb/MWh) 
or a fuel sulfur concentration basis (0.06 lb/MM Btu). Compliance with the fuel input based S02 limit requires daily 
fuel sulfur content monitoring, unless exempted under the provisions of representative fuel sampling in 40 CFR 
§60.4365. Compliance with the output based S02 limit requires annual stack testing. 

This subpart specifically exempts turbines regulated under this subpart from the requirements of NSPS GG, and 
exempts heat recovery steam generators and duct burners regulated under this subpart from the requirements of 
NSPS Subparts Da, Db, and De. 

4. 2. 10. NSPS Subpart TTTT - Standards of Performance for Greenhouse Gas Emissions for 
Electric Generating Units 

This NSPS establishes greenhouse gas emission standards and compliance schedules for stationary combustion 
turbines which commenced construction after January 8, 2014 and have a heat input rating greater than 250 
MM Btu/hr of fossil fuel. Fossil fuel is defined as "natural gas, petroleum, coal, and any form of solid, liquid, or gaseous 
fuel derived from such material for the purpose of creating useful heat " This subpart defines natural gas as : 

a fluid mixture of hydrocarbons (e.g., methan e, ethane, or propane) ... natural gas does not include the following 
gaseous fuels: landfill gas, digester gas, refin ery gas, sour gas, blast furnace gas, coal-derived gas, producer gas, 
coke oven gas, or any gaseous fuel produced in a process which might result in highly variable CO2 content or 
heating value. 
[40 CFR §60.5580) 

As coke oven gas is not produced for the purpose of creating useful heat and specifically excluded in the definition of 
natural gas, it does not meet the definition of fossil fuel in this subpart. As these units com bust natural gas as a startup 
and secondary fuel, they are considered fossil fuel-fired stationary combustion turbines. An electric generating unit is 
defined in this subpart as "any steam generating unit, IGCC unit, or stationary combustion turbine that is subject to 
this rule (i.e. meets the applicability criteria)." 

The applicability criteria in 40 CFR 60.5509 (b)(3) exempts combined heat and power units that are limited to no 
more than 219,000 MWh or the product of the design efficiency and the potential electric output, whichever is greater, 
in net-electricity sales. Combined heat and power units are defined as "an electric generating unit that uses a steam 
generating unit or stationary combustion turbine to simultaneous produce both electric (or mechanical) and useful 
thermal output from the same primary energy source." As the turbines will produce both electricity and process 
steam, they meet the definition of combined heat and power units. The turbines will not have net electricity sales 
greater than 219,000 MWh, and are therefore exempt from this subpart 

4. 2. 11 . Non-Applicability of All Other NSPS 

NSPS standards are developed for particular industrial source categories, and the applicability of a particular NSPS to 
a facility can be readily ascertained based on the industrial source category covered. All other NSPS are categorically 
not applicable to the proposed project 
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4.3. NATIONAL EMISSION STANDARDS FOR HAZARDOUS AIR POLLUTANTS (NESHAP) 

National Emission Standards for Hazardous Air Pollutants (NESHAPs), located in 40 CFR 61 and 63 are applicable to 
major sources of HAPs and certain designated area sources of HAPs. A major source of HAP is one with potential 
emissions in excess of 25 tpy for total HAPs and/or potential emissions in excess of 10 tpy for any individual HAP. The 
Clairton Plant is an existing major source of HAP since its potential emissions of HAP are greater than the major 
source thresholds. NESHAP apply to sources in specifically regulated industrial source categories (Clean Air Act 
Section 112(d)) or on a case-by-case basis (Section 112(g)) for facilities not regulated as a specific industrial source 
type. 

The following is a summary of applicability and non-applicability determinations for NESHAP regulations ofrelevance 
to the proposed project 

4. 3. 1. NESHAP Subpart A - General Provisions 

NESHAP Subpart A, General Provisions, contains national emissions standards for HAP defined in Section 112(b) of 
the Clean Air Act. All affected sources, which are subject to another NESHAP, are subject to the general provisions of 
NESHAP Subpart A, unless specifically excluded by the source specific NESHAP. 

4.3.2. NESHAP Subpart L - Coke Oven Batteries 

NESHAP Subpart L applies to existing and new coke oven batteries. As part of this project no changes are being made 
to the coke oven batteries at this facility, and thus there are no changes in regulatory applicability of this subpart 

4.3 . 3. NESHAP Subpart YYYY - Stationary Combustion Turbines 

NESHAP Subpart YYYY applies to stationary combustion turbines located at major sources of HAP. This rule 
establi shes emission and operating limits to reduce HAP emissions, and provides compliance requirements for 
affected units. The turbines being installed as part of this project are gas-fired stationary combustion turbines and 
subject to this rule; the duct burners and heat recovery steam generators are not subject to the provisions of this rule, 
however emission limits are allowed to be met while duct burners are in operation. 

Per 40 CFR §63.6095 (d), lean premix and diffusion flame gas-fired stationary combustion turbines must comply with 
the Initial Notification requirements in 40 CFR 63.6145, however all other requirements of this subpart have been 
stayed.8 

4. 3.4. NESHAP Subpart ZZZZ - Stationary Reciprocating Internal Combustion Engines 
(RICE) 

This NESHAP applies to stationary CI and spark-ignition (SI) reciprocating internal combustion engines (RICE) based 
on engine size, source HAP classification (major or area), and RICE status (new or existing). As the proposed 
emergency fire pump engine is a CI I CE that will be a new RICE located at a major source of HAP, this engine will be 
subject to NESHAP Subpart ZZZZ. 

8 On April 2, 2019, U.S. EPA proposed amendments to this rule which could have applicable requirements to the proposed combustion turbines 
depending on the final rule. The proposal was published in the Federal Register on April 12, 2019. U.S. Steel will monitor the rule development and 
ensure compliance with any fina l applicable requirements for the proposed units. 
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The fire pump engine will operate for emergency purposes only. As the emergency fire pump engine will be a new CI 
ICE less than 250 hp, there are no additional requirements under this subpart 

4.3.5. NESHAP Subpart CCCCC - Coke Ovens: Pushing, Quenching, and Battery Stacks 

NESHAP Subpart CCCCC establishes HAP standards for pushing, soaking, quenching, and battery stacks at coke oven 
batteries. No changes are being made to any of these operations as part of the Co generation Project There are no 
changes to the regulatory applicability of this subpart 

4.3.6. NESHAP Subpart DDDDD - Industrial, Commercial , and Institutional Boilers (Area 
Source Boiler MACT) 

40 CFR 63 Subpart DODOO regulates HAP emissions from new, reconstructed and existing industrial, commercial, and 
institutional boilers and process heaters at major HAP sources. This subpart defines a boiler as: 

an enclosed device using controlled flame combustion and having the primary purpose of recovering thermal 
energy in the form of steam or hot water. Controlled flame combustion refers to a steady-state, or near steady­
state, process wherein fuel and/or oxidizer feed rates are controlled. A device combusting solid waste, as defined 
in §241.3 of this chapter, is not a boiler unless the device is exempt from the definition of a solid waste 
incineration unit as provided in section 129(g)(l} of the Clean Air Act Waste heat boilers are excluded from this 
definition. 
[40 CFR §63.7575] 

Waste heat boilers are specifically excluded from the definition of boilers in this subpart. Waste heat boilers are 
defined as follows: 

a device that recovers normally unused energy (i. e., hot exhaust gas) and converts it to usable heat Waste heat 
boilers are also referred to as heat recovery steam generators. Waste heat boilers are heat exchangers 
generating steam from incoming hot exhaust gas from an industrial (e.g., thermal oxidizer, kiln,furnace) or 
power (e.g., combustion turbine, engine) equipment Duct burners are sometimes used to increase the 
temperature of the incoming hot exhaust gas. 
[40 CFR §63.7575} 

The turbines being installed as part of this project do not meet the definition of boiler, and the associated heat 
recovery steam generators and duct burners are explicitly excluded from the definition of boiler. However, the 
proposed package boiler will meet the definition of a boiler as described above and will be subject to the rule. Because 
this unit will be fired exclusively with natural gas, it will be subject to annual tune-ups and associated recordkeeping 
and reporting requirements under the rule. 

Under the rule, process heaters are defined as follows: 

an enclosed device using controlled flame, and the unit's primary purpose is to transfer heat indirectly to a 
process material (liquid, gas, or solid) or to a heat transfer material (e.g., glycol or a mixture of glycol and 
water) for use in a process unit, instead of generating steam. Process heaters are devices in which the 
combustion gases do not come into direct contact with process materials ... 
[40 CFR §63.7575] 

The dew point heaters proposed as part of this project do meet the definition of process heaters under the rule. 
Because these units will be designed to burn natural gas exclusively, and will be less than 5.0 MM Btu/hr heat input, 
the only requirement under the rule will be to conduct a tune up once every 5 years as specified in §63.7540. 
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4.3 . 7. Non-Applicability of All Other NESHAP 

NESHAP standards are developed for particular industrial source categories, and the applicability of a particular 
subpart to a facili ty can be readily ascertained based on the industrial source category covered. All other NESHAP 
subparts are categorically not applicable to the proposed project 

4.4. ARTICLE XXI APPLICABILITY 

The Allegheny County Air Pollution Control Regulations (from Article XXI) that are applicable to the sources proposed 
for the Cogeneration Project are outlined below. 

4.4.1. Article XXI §2104.0 1 a - Visible Emissions 

This regulation states that opacity shall not equal or exceed 20% for a period aggregating more than 3 minutes in any 
60 minute period, or 60% at any time. The operations of the Clairton Plant, including the sources proposed as part of 
this project, will be subject to these general opacity requirements. Compliance will be demonstrated through the use 
of good combustion practices for the emission un its and associated air pollution control devices. 

4.4. 2. Article XXI §2104.02.a - Particulate Emissions: Processes - Fuel Burning or 
Combustion Equipment 

This regulation applies to fuel -burning or combustion equipment, where the actual heat input to such equipment is 
greater than 0.5 0 MMBtu/h r. This regulation will apply to the combustion turbines and HRSG duct burners proposed 
as part of the project PM emissions from the combustion sources for each of the fuel scenarios will be limited to the 
rates shown in Table 4-2 below. These emission limits have been calculated in accordance with the formulas specified 
in §2104.02.a.2.B and §2104.02.a.3. Since the combustion turbines and HRSG duct burners for each train share a 
common stack, the allowable limit was based on a weighted average of the individual unit allowable rates and their 
rated heat input capacity. Compliance with these limits is based on stack test Method 5, or equivalent 

Table 4-2. PM Emission Limits 

PM Limit (lb/MMBtu) 
Fuel Scenario Combustion 

HRSG Duct Burners Combined Flue 
Turbine 

100% Natural Gas 0.015 0.008 0.012 
100% Coke Oven Gas 0.094 0.020 0.064 
Blend (COG I Natura l Gas) 0.070 0.020 0.050 

This regulation will also apply to the emergency fire pump engine. This unit will be fired with diesel (No. 2 fuel oil) 
and PM emissions will be limi ted to 0.28 lb/ MM Btu accordingly. Finally, the regulation will app ly to the dew point 
heaters and the package boilers. These units will be fired with natural gas and PM emissions from them will be li mited 
to 0.008 lb/MM Btu accordingly. Detailed emission calculations which demonstrate compliance with these limits for all 
sources are included in Appendix C. 

4.4.3. Article XXl §2104.02.b - Particulate Emissions: Processes - General 

This Subsection applies to processes not specifically listed under other sections of this regulation. This regulation will 
apply to the lime storage silos proposed as part of this project. The rule limits PM from these sources to less than 7 lbs 
per hour or 100 lbs per day. As shown in Table C-7 of Appendix C, emissions from the silo bin vents wi ll be we ll below 
these limits. All other new sources proposed for this project will be subject to the requirements under 2104.02.a, 
therefore this Subsection wi ll not apply to those sources. 

U. S. Steel - Clairton Plant I Cogeneration Project 
Trinity Consultants 
Updated June 2019 16 



4.4.4. Article XXI §2104.03.a - S02 Emissions 

For equipment fired only with natural gas and/or liquefied petroleum gas, this regulation limi ts S02 emissions at a 
rate no greater than the potential to emit This applies to the dew point heaters and package boiler proposed for the 
project. For other equipment with a heat input rating greater than 0.5 MM Btu/hr and less than 50 MM Btu/hr, S02 
emissions are limited to 1.0 lb/MM Btu. This limit will apply to the emergency fire pump engine. Using ultra low sulfur 
diesel, the emergency engine will be compliant with this requirement. For equipment with a heat input rating greater 
than 50 MMBtu/hr and less than 2000 MMBtu/hr, S02 emission limits are calculated in accordance with the formula 
in Subsection a.2.B. Since the combustion turbines and HRSGs share a stack, the allowable rate is based on the total 
heat input per Subsection b.1. Based on this formula and common flue, the S02 emissions from the stack will be 
limited to 0.64 lb/MMBtu. As shown in the detailed calculations in Appendix C, all of the proposed new units will meet 
the applicable limits of this regulation. 

4.4.5. Article XXI §2104.04 - Odor Emissions 

Under this regulation, malodors are prohibited beyond the property line. U. S. Steel will ensure that the facility does 
not emit malodors beyond the property line through proper operation and maintenance of equipment 

4.4.6. Article XXI §2104.05 - Materials Handling 

Emissions from materials handling shall not be visible beyond the property line. As discussed previously, lime storage 
silos will be equipped with high-efficiency bin vent filters with outlet grain loadings < 0.002 gr/ dscf. All other 
handling of lime for the circulating dry scrubber will be accomplished with pneumatic systems. As such, no visible 
emissions from material handling activities are anticipated. 

4.4. 7. Article XXI §2104.07 - Stack Heights 

This regulation specifies that the degree of emission limitation required of any source for purposes of demonstrating 
compliance with a NAAQS shall not be affected by that portion of any stack height that exceeds Good Engineering 
Practice (GEP) or any other dispersion techniques as defined by federal regulations. U.S. Steel will comply with this 
regulation as required. 

4.4.8. Article XXI §2104.08 - National Emission Standards for Hazardous Air Pollutants 

The federal NESHAP and MACT requirements are incorporated into ACHD regulations by reference. The potentially 
applicable regulations are discussed in Section 4.3 above. 

4.4. 9. Article XXI §2105.03 - Proper Operation and Maintenance of Air Pollution 
Equipment 

All required air pollution control equipment must be properly installed, operated and maintained consistent with 
good air pollution control practices. The proposed project scope includes air pollution control equipment which is 
inherent to the design as well as add-on controls. All equipment will be operated and maintained in accordance with 
manufacturer's recommended emissions-related instructions. 

4.4.10. Article XXI §2105.05 - New Source Performance Standards 

The federal NSPS requirements are incorporated into ACHD regulations by reference. The potentially applicable NSPS 
regulations are discussed in Section 4.2 above. 
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4.4.11. Article XXI §2105.06 - Major NOx and voe Sources 

This section applies to all major sources of N Ox or VO Cs in existence as of November 1, 1992, for which no applicable 
emission limitations have been established by regulations under Article XXI. The facility is an existing major source 
with respect to NOxand VOC, and as such this regulation does apply. All sources proposed as part of the Cogeneration 
Project will emit NOx and VOC. The cogeneration units are greater than 250 MMBtu/hr, and will be equipped with 
continuous emissions monitoring systems (CEMS) for NOx. The proposed emergency fire pump engine will operate 
less than 100 hours per year, and the dew point heaters will have individual rated heat input less than 20 MMBtu/hr. 
As such, these sources will be subject to presumptive RACT requirements under §2105.06.d.6.E. which require 
installation, maintenance, and operation in accordance with manufacturer's specifications. The proposed package 
boiler will not have any applicable requirements under this regulation. It should be noted also that all of these sources 
will be subject to BACT requirements as new sources. 

4.4. 12. Article XXI §2105. 12.a - VOC Storage Tanks 

This regulation prohibits the storage of volatile organic liquids with vapor pressures greater than 1.5 psia in above 
ground storage tanks between 2,000 - 40,000 gallons unless the tanks are equipped with pressure relief valves as 
specified. The storage tank associated with the emergency fire pump engine will be less than 2,000 gallons and 
therefore not subject to this rule. 

4.4.13. Article XXI §2105.21 - Coke Ovens and Coke Oven Gas 

Under §2105.21.h. of this regulation, coke oven gas supplied by the Clairton Coke Works cannot be combusted unless 
the concentration of hydrogen sulfide (H2S) is less than or equal to 40 grains per 100 scf. The combustion units 
proposed as part of the Cogeneration Project will be designed to burn coke oven gas, so this limit will apply. The 
existing air permits for this facility specify a lower limit of 35 grains per 100 scf, which will ensure compliance with 
this Article XXI requirement. 

4.4.14. Article XXI §2105.40.a - Fugitive Sources (Permitted Sources) 

This section of Article XXI specifies that a permitted source may not be operated in a manner that emissions are 
visible beyond the property line, have opacity of more than 20% or more for a period aggregating more than 3 
minutes in any 60 minute period, or 60% at any time. U.S. Steel will ensure that emissions from the proposed sources 
are not visible beyond the property line, and will comply with the opacity requirements. 

4.4.15. Article XXI §2105.42 - Parking Lots & Roadways 

Under this regulation, emissions from plant roadways cannot be visible beyond the property line, cannot have opacity 
greater than 20% for more than three minutes in any 60-minute period, or great than 60% at any time. The Clairton 
Plant is subject to this regulation, and routinely utilizes dust suppression techniques to comply. 

4.4.16. Article XXI §2105.43 - Transport Emissions (Permitted Sources) 

This section requires that no person transport, or allow to be transported, any solid or liquid material outside the 
boundary line of any source in such manner that there is any visible emission, leak, spill, or other escape of such 
material during transport. U.S. Steel will ensure that there are no visible emissions, leaks or spills during transporting 
of materials associated with the proposed project. 
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4.4. 17. Article XXI §2105.45 - Construction and Land Clearing 

This regulation prohibits opacity in excess of 20% for more than three minutes in any 60-minute period, or great than 
60% at any time from construction or land clearing activities. U.S. Steel will ensure that all construction activities 
related to the proposed project meet this requirement 

4.4.1. Article XXI §2105.47 - Demolition 

This regulation prohibits opacity in excess of 20% for more than three minutes in any 60-minute period, or great than 
60% at any time from demolition activities. U. S. Steel will ensure that all demolition activities related to the proposed 
project meet this requirement 

4.4.2. Article XXI §2105.49 - Fugitive Emissions 

This rule requires reasonable action must be taken to prevent fugitive emissions from becoming air-borne. U.S. Steel 
will employ measures to prevent fugitive emissions from becoming airborne as needed to comply with this rule. 
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5. NSR APPLICABILITY ANALYSIS 

This section presents the detailed New Source Review (NSR) applicability analysis for the proposed Cogeneration 
Project, with a particular focus on determining whether the project constitutes a major modification under either PSD 
or NNSR. As described in Section 2 of this report, the Cogeneration Project involves the installation of new equipment, 
associated emissions increases at existing boilers, and the shutdown of existing boilers at the Clairton Plant Existing 
equipment that will be shut down as part of this project will generate emissions decreases. Some existing 
infrastructure may continue to be utilized in conjunction with the new sources proposed as part of the Cogeneration 
Project Three existing boilers will remain, but will have limited operation in the future. There will be no other 
associated emissions increases at existing sources as a result of this project Furthermore, there will be no physical 
changes or changes in the method of operation at upstream or downstream production operations at the facility, and 
thus all existing emission units that will continue to operate in the future have been excluded from the analysis in this 
section, with the exception of the aforementioned three boilers (Boiler R-2, Boiler T-1, and Boiler T-2). 

This analysis demonstrates that the project will not result in an emissions increase that constitutes a major 
modification under NSR. In fact, the project will result in no net emissions increase for PM2.s and PM10, and will 
actually result in a significant decrease in several pollutants ( e.g., NOx, CO, and S02).9 

5. 1. NSR PERMITTING APPLICABILITY 
If a major source will undergo a physical or operational change, the applicant must review that project to determine if 
it results in a significant emissions increase (Step 1) and a significant ntl emissions increase of a regulated air 
pollutant (Step 2). If both the project's increase and the net emissions increase are significant, then PSD or NNSR 
permitting is required depending on the attainment status of the regulated air pollutant resulting in the significant net 
emissions increase. A significant net emissions increase is defined as a net emissions increase resulting from a 
modification at a major source that exceeds the established SER for that pollutant Table 5-1 identifies the NSR 
regulated pollutants evaluated for this project and their associated SERs. 

Appendix C is provided as a detailed assessment of the calculations forming the basis for the applicability 
determination discussed in this section. The procedures used in to make these determinations are consistent with 40 
CFR §52.21 and 25 Pa Code §§127.203 - 204, which are incorporated by reference in Article XXI. 

9 Direct emissions of C02e will increase as a result of the project However, this is a Cogeneration Project which will offset the electricity that is 
currently being purchased from the grid, resulting in a net decrease overall ofC02e from both direct and indirect sources. 
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Table 5-1. PSD Significant Emission Rates 

Significant 
Regulated Under 

Pollutant10 Emission Rate 
(Tons/Year) 

PSD or NNSR? 

PM 25 PSD 
PM10 15 PSD 
PM2.s 10 NNSR 
Lead 0.6 PSD 

40 
NNSR 

S02 
[and PM 2.s precursor) 

40 
NNSR 

NOx [ozone and PM2.s precursor) 
co 100 PSD 

voe 40 
NNSR 

(ozone and PM 2.s precursor) 

40 
NNSR 

Ammonia 
f PM2.s precursor) 

C02e 75,000 PSD 

As previously mentioned, a detailed analysis of the project emissions is included in Appendix C. Table 5-2 summarizes 
the results of this analysis for NSR applicability. Future emissions from new and associated existing units as a result of 
the project are shown as "Project Increases" in the table, whereas the shutdown of existing equipment is represented 
as "Project Decreases." The scope of the proposed project involves not only the installation of the new cogeneration 
units and auxiliary equipment, but also the subsequent shut down of three of the plant's existing boilers and limited 
operation of the remaining three boilers (since the HRSGs will provide the primary source of plant steam in the 
future). The analysis looks at the sum of the project impacts (increases and decreases) and compares the result to the 
SERs. U. S. Steel has prepared this analysis for all three of the anticipated fuel scenarios, since different scenarios may 
result in higher emiss ions of some pollutants but lower emissions of others. Table 5-2 below depicts the "worst-case" 
annual project emissions values from all three fuel scenarios (see Table C-2 of Appendix C). 

10 PSD also has established SERs for hydrogen sulfide, total reduced sulfur, and sulfuric acid mist, which could be emitted from the sources being 
permitted in this action. If present at all, these compounds are expected to be at concentrations below method detection limits. Given the air 
pollution control devices and strategies being employed, these compounds would be expected to show up in the "back-half' of the particulate 
matter sampling train. The condensable particulate matter estimates for the proposed sources account for the possible presence of these 
compounds. The proposed project is not expected to increase emissions of any other NSR regulated pollutants (e.g., CFCs). 
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Table 5-2 . Proj ect Emissions Summary 

Future Emissions Baseline Actual Sum of 

from Newand Emissions Emissions Significant Trigger 

Associated Units (Shutdown Units) Changes Emission NSR? 

Pollutant PSD / NNSR (tvv) (tpv) (tvv) Rates (Yes/No) 

PM PSD 12.9 -34.4 -21.5 25 No 

PM 10 PSD 44.4 45.6 -1.2 15 No 

PM 2.s NNSR 44.3 -45.6 -1.4 10 No 

Lead PSD 0.0 -0.0 0.0 0.6 No 

S02 NNSR 234.6 -415.1 -180.S 40 No 

NOx NNSR 287.9 931.3 -643.4 40 No 

co PSD 86.8 -140.2 -53.4 100 No 

voe NNSR 31.9 -2.6 29.3 40 No 

Ammonia NNSR 19.0 -1.7 17.2 40 No 

C02e PSD 925,401 -282,833 642,568 75,000 Noll 

The fo llowing sections discuss the methodology used to assess NSR applicability. The NSR permitting program 
generally requi res that a source obtain a permit and undertake other obligations prior to construction of any project 
at an industrial faci lity if the pro posed project results in the potential to emit air po llution in excess of certain 
threshold levels. ACHD has incorporated by reference 40 CFR §52.21 as well as 25 Pa Code §§127.203 - 204. 

5. 1. 1. Defining Existing versus New Emission Units 

Different calculation methodologies are used for existing and new units; therefore, it is important to clarify whether a 
source affected by the proposed project is considered a new or existing emission unit 

40 CFR §52.21 (b )(7) (i) and (ii), as we ll as 25 PA Code § 121.1, define new unit and existing units: 

{i) A new emissions unit is any emissions unit that is (or will be) newly constructed and that has existed for less 
than 2 years from the date such emissions unit first opera ted. 

{ii) An existing emissions unit is any unit that does not meet the requirements in paragraph (b)(7J{i) of this 
section. A replacement unit, as defined in paragraph (b)(33) of this section, is an existing emissions unit 

New sources associated with the project are the combustion turbines and HRSGs as we ll as the package auxiliary 
boi ler, emergency fire pump engine and associated fuel tank, the dew point heaters, and the material handling 
systems. Existing sources that will be impacted by the Cogeneration Project are the six boilers and certain segments of 
paved roadways. 

5.1.2. Annual Emission Increase Calculation Methodology 

As the facility is classified as an existing major source for NSR, if the Cogeneration Project were classified as a major 
modification, then the full NSR permitting requ irements would apply. U. S. Steel has determined the project emissions 

11 Per 40 CFR §52.21(b)(49) (iv) , as an existing major stationary source, the pollutant GHGs (C02e) is only subject to PSD if there is an emissions 
increase of a regu lated NSR pollutant AND an emissions increase of 75,000 tpy C02e or more. Since there is no emissions increase of a regulated 
NSR pollu tant, PSD is not trigge red fo r CO, e. 
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increase in accordance with EPA guidance to determine if the proposed project is a major modification. The 
methodology outlined in 25 Pa Code §127.203a(a)(l)(i) was relied upon for conducting this applicability analysis for 
nonattainment pollutants. For PSD, the procedures of 40 CFR §52.21 have been followed. 

§127.203a(a)(l)(i)(A) provides the emission increase calculation method for existing units (i.e., the boilers in this 
case): 

(A) For existing emissions units, an emissions increase of a regulated NSR pollutant is the difference between the 

projected actual emissions and the previous actual emissions for each unit, as determined in paragraphs (4) and 

(5). When calculating an increase in emissions that results from the particular project, exclude that portion of the 

unit's emissions following completion of the project that existing units could have accommodated during the 

consecutive 24-month period used to establish the baseline actual emissions and that is also unrelated to the 

particular project, including all increased utilization due to product demand growth as specified in paragraph 

(S)(i)(C). 

§127.203a(a)(l)(i)(8) provides the emission increase calculation method for new emission units (i.e., the combustion 
turbines, HRSGs, package boiler, emergency fire pump engine, diesel storage tank, heaters, and material handling 
sources in this case): 

(B) For new emissions units, the emissions increase of a regulated NSR pollutant will be the potential to emit from 

each new emissions unit 

Major modification is defined by 40 CFR §52.21(b)(2)(i) and 25 Pa Code §121 as: 

"Major Modification " means any physical change in or change in the method of operation of a major stationary 

source that would result in a significant emission increase ... of a regulated NSR pollutant ... and a significant net 

emissions increase of that pollutant ... 

As the project is classified as a physical change, the project needs to be analyzed to determine if a significant 
emissions increase, or a significant nft emissions increase will occur. The first step (Step 1) is commonly referred to 
as the "project emission increases" as it accounts only for emissions changes related to the proposed project itself. If 
the emission increases estimated per Step 1 exceed the major modification thresho lds, then the applicant may move 
to Step 2, commonly referred to as "netting". The netting analysis includes all projects for which emission increases or 
decreases have occurred or will occur during a period of time contemporaneous to the project If the resulting net 
emission increases exceed the major modification thresho ld, then NSR permitting is required. These basic procedures 
are the same for both PSD and NNSR. 

5.1.3 . Baseline Actual Emissions (BAE) 

For the purposes of NNSR, baseline actual emissions are defined in 25 Pa Code §127.203a(a)( 4)(i) as follows: 

For an existing emissions unit, baseline actual emissions are the average rate, in TPY, at which the unit emitted 
the regulated NSR pollutant during a consecutive 24-month period selected by the owner or the operator within 
the 5-year period immediately prior to the date a complete plan approval application is received by the 
Department The Department may approve the use of a different consecutive 24-month period within the last 10 
years upon a written determination that it is more representative of normal source operation .... 

Per §127.203a(a)(4)(i)(D), when a project involves multiple emission units, only one consecutive 24-month period 
may be used to determine the baseline actual emissions for all of the emission units being changed. However, there 
are provisions to use a different consecutive 24-month period can be used for each pollutant. 
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U.S. Steel elected to use the 24 consecutive calendar months, as reported in annual emissions report (i.e., annual 
totals), in each of the selected baseline periods for simplicity and did not seek to evaluate each 24 calendar month 
period in the last 5 years. For the Cogeneration Project, a baseline period of2014 and 2015 was selected for all non­
attainment pollutants with the exception of PM z.s.12 These two years (2014 & 2015) reflect the maximum coke 
production and fuel combustion rates observed in the most recent five-year period. 

ACHD adopts by reference EPA's PSD program outlined in 40 CFR §52.21. For the PSD program, baseline actual 
emissions for an emissions unit, other than an electric utility steam generating unit, are defined in 40 CFR 
§52.21(b)( 48)(ii) 

... the average rate, in tons per year, at which the emissions unit actually emitted the pollutant during any 

consecutive 24-month period selected by the owner or operator within the 10-year period immediately preceding 
either the date the owner or operator begins actual construction of the project, or the date a complete permit 
application is received by the Administrator ... 

Further clarification is given that only one consecutive 24-month period may be used to determine the baseline for all 
the emission units being changed but that a different period can be used for each regulated pollutant. U.S. Steel 
computed actual baseline emissions for PSD pollutants following this procedure and selected the following as baseline 
periods: 

> PM= 2010 and 2011; 
> PM10=2016and2017; 
> CO= 2012 and 2013; 
> NOz = 2014 and 2015; 
> GHG = 2013 and 2014; and 
> Lead= 2015 and 2016. 

5.1.4. Potential Emissions (PTE) 

Potential to emit is defined by 25 Pa Code §121.1 and §2101.20 as: 

... The maximum capacity of a source to emit a pollutant under its physical and operational design. Any physical or 

operational limitation on the capacity of the source to emit a pollutant, including air pollution control equipment 

and limitations on hours of operation or on the type or amount of material combusted, stored or processed shall 

be treated as part of the design if the limitation or the effect it would have on emissions is Federally enforceable 

or legally and practicably enforceable by an operating permit condition. The term does not include secondary 

emission from an offsite facility. 

Any modification to the faci li ty that has the potential to increase emissions of any air po llutant(s) regu lated under the 
PSD or NNSR program must be evaluated to determine if the changes are subject to PSD or NNSR. Per §2101.20, a 
"modification" is defined as: 

... A physical change in a source or a change in the method of operation of a source which would increase the 

amount of an air contaminant emitted by the source or which would result in the emission of an air contaminant 

12 PM2.S baseline years are 2016 and 2017. 
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not previously emitted, except that routine maintenance, repair and replacement are not considered physical 

changes. 

The Cogeneration Project at the Clairton Plant qualifies as a "modification" under this definition. Therefore, the 
proposed process changes are identified as a potential modification requiring evaluation under the NSR permitting 
program. 

5.1.5. Proposed Project Emissions Increases 

The following sections summarize the methods to estimate the emissions increases from the Cogeneration Project for 
comparison to the NSR permitting major modification thresholds. In determining the potential emissions from the 
new units, U.S. Steel assumed year-round operation of the cogeneration units, taking into account redundancy and 
required routine maintenance outages. These details were discussed in detail in Section 3 and can be seen in 
Appendix C calculations. For the purposes of the NSR analysis, annual emissions were estimated based on 
representative average operating conditions (e.g., load, ambient temperatures, and fuels). Potential emissions from 
the package boiler and the emergency fire pump engine were based on the assumption that each unit would operate 
no more than 1,000 hours and 100 hours per year, respectively, based on their intended function . 

For the three existing boilers that will remain in operation, U.S. Steel estimated their future projected emissions using 
emission factors derived from a statistical analysis of historical stack test data along with projected annual fuel 
consumption based on limited operation due to their intended function in the future (i.e., plant steam production only 
when needed). 

5.1.6. Proposed Project Emissions Decreases 

The sources listed below will cease to operate upon start up and commencement of normal operation of the 
Cogeneration Project. As such, emission decreases for this equipment will occur within the scope of the project and 
can be credited in the NSR applicability analysis. 

> Boiler #1 - 760 MM Btu/hr (coke oven gas and/or natural gas fired) 
> Boiler #2 - 481 MMBtu/hr (coke oven gas and/or natural gas fired) 
> Boiler R-1- 229 MMBtu/hr (coke oven gas and/or natural gas fired) 

The methodology used to establish baseline actual emissions for these sources is discussed in Section 5.1.3. The actual 
emissions used in the applicability analysis are the same actual emissions that have been reported to ACHD in the 
Clairton Plant's Annual Emissions Inventory Statement These actual emissions are summarized in Appendix C (Tables 
C-10 through C-19). 

5. 1. 7. Sum of Project Emissions 

U.S. Steel determined the project emissions increase by summing both the increases and the decreases in emissions 
as a result of the project. Because this resulting sum was below the SER for all pollutants, and GHG is not subject to 
regulation, there was no need to proceed to Step 2 netting to account for contemporaneous increases and decreases 
not associated with the project. 

The calculations in Appendix C provide a detailed summary of emissions changes as a result of the project. As the sum 
of these changes is below the corresponding SER for all pollutants, the Co generation Project is not a major 
modification and not subject to major PSD/NNSR permitting. 
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5.1.8. Minor (De Minimis) NNSR Provisions for Ozone Precursors and S02 

Since this project is considered a de minimis (non-major) emissions increase as the result of the major modification 
applicability review for NO x, VOC and S0 2, then a second applicability test is performed in accordance with 25 Pa Code 
§127.203a(a)(2). Note that these provisions do not apply to PM2.s or PM2.s precursors. 

This applicability determination is an additional netting analysis that is performed similar to the major NNSR 
applicability determination except for the following elements: 

> All contemporaneous increases/decreases that occurred within 10 years prior to the receipt of a completed 
application are to be included in the analysis; 

> The analysis does not apply to PM2.s or PM2.s precursors; and 
> If the net emissions increase, using the above methodology, is significant, then only the requirement to obtain 

emissions offsets applies. 

U.S. Steel has identified the following contemporaneous projectsn at Clairton that fall within this window for NO x, 
VOC and/or S02: 

> C Battery (IP-11); 
> Crude tar processing (IP-15, voe only); and 
> Truck light oil loading (IP-16, voe only). 

The final step is to sum the project increases with these contemporaneous projects to reevaluated minor NNSR 
applicability. Table 5-3 provides this analysis and shows that the net emissions increase is greater than the SER. 
Therefore, the de minimis NNSR provisions (i.e., offsets) are triggered for voe as a result of this project. U.S. Steel will 
work with ACHD to satisfy this requirement. As part of this effort and per 25 Pa Code §127.206(0), U.S. Steel will 
evaluate potential for interpollutant trading of N Ox offsets for voe offsets given the significant quantities of N Ox 
decreases that have occurred, or are proposed to occur at the Mon Valley Works. 

Table 5-3 . De Minimis NNSR Applicability Summary 

Sum of Contemp. 
Emissions Increase Contemp. Contemp. Net Offsets Final Net 

Changes from from IP- Increase from Increase Emissions to be Emissions 
Project 15 IP-16 from IP-11 Change Applied after Offsets 

Pollutant ftovl ftovl ftovl ftovl ftovl ftovl (tovl 
S02 -180.5 0 0 33.3 -147.2 -- -147.2 

NOx -643.4 0 0 -429.5 -1072.5 -- * 
voe 29.3 6.2 0.6 38.2 74.3 -85.4 0 

~The net emissions change will be adjusted after voe offsets are applied (interpollutant trading is fina lized) . 

13 Note that the Quench Tower SA/7 A project (IP14) involved replacement of existing quench towers. As such, there were no actual S02, NOx. or 
VOC emissions increases associated with thi s project to consider in the de minimis NNSR analysis. 
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6. BEST AVAILABLE CONTROL TECHNOLOGY SUMMARY 

As part of the permit application process for the new equipment, U. S. Steel has conducted a detailed BACT review. 
While more details regarding the top-down review can be found in Append ix D, the following is a brief tabular 
summary of the technology and emission rates for the cogeneration units that were determined to satisfy BACT. Other 
ancillary equipment controls are discussed further in Appendix D. 

Table 6-1. Summary ofBACT 

Pollutant 
Control Technology 

NOx SCR and Good 
Combustion Practices 

co Oxidation Catalyst and 
Good Combustion 

Practices 
PM/PM 10/PM2.s (total) Advanced Baghouse 

(see other precursor 
controls) 

voe Oxidation Catalyst and 
Good Combustion 

Practices 
S02 Combustion controls, 

scrubber 
NH 3 N/A (Limiting 

ammonia input, use of 
ammonia instead of 

urea in SCR) 
C02e Project Design (use of 

COG and natural gas as 
fuels, efficient turbine 

desil!Tl) 
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BACT Summarv 

Emission Rate 

7.5 

3 

0.014 

5.1 

0.024 

2 

864,096 

Emission Rate Units 

ppmvd at 15% 0 2 
(30-day average) 
ppmvd at 15% 0 2 

lb/MMBtu 

ppmvd at 15% 0 2 

lb/MMBtu 

ppmvd at 15% 0 2 

tpy (12-month 
rolling basis) 
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l_ 
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l Abbreviation Term/Phrase/Name 
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1.0 EXECUTIVE SUMMARY 

United States Steel Corporation (U. S. Steel) operates the Mon Valley Works, an integrated coke and 

steel-making operation located in Allegheny County, Pennsylvania. The complex is comprised of three 

(3) main plants: the Irvin Plant, the Clairton Plant, and the Edgar Thomson Plant. The proposed project 

will involve the installation of new sources of air emissions at the Clairton Plant. The Clairton Plant is 

located in the City of Clairton, Pennsylvania and is currently authorized by Title V Operating Permit No. 

0052. 

The Clairton Plant is an existing major source of nitrogen oxides (NOx), carbon monoxide (CO), sulfur 

dioxide (S02), particulate matter (PM), particulate matter less than 10 microns in diameter (PM10), 

particulate matter less than 2.5 microns in diameter (PM2.s), hazardous air pollutants (HAPs), and volatile 

organic compounds (VOCs), as defined in Allegheny County Health Department (ACHD) Air Pollution 

Regulations, §2101.20 of Article XXI. Portions of Allegheny County are currently designated as 

nonattainment for S02 and PM2.s. The Clairton Plant is located in the portion of Allegheny County 

designated as nonattainment for S02 and PM2.s. In addition, because the county is located within the 

Ozone Transport Region (OTR), the area is considered nonattainment for ozone precursor pollutants 

(NOx and VOC). 

U.S. Steel is proposing to install a new cogeneration operation (Cogeneration Project) at the Clairton 

Plant. As part of this Project, three existing boilers at the Clairton Plant will be shut down. The Project 

will include the installation of state-of-the-art control technologies for multiple pollutants. As a result of 

the proposed project, there will be no net increase in emissions of PM2.s and PM10, and a significant net 

decrease in emissions of S02, NOx, and CO. The Project emissions increase will be below the Significant 

Emission Rate (SER) thresholds for triggering a major modification for all regulated New Source Review 

(NSR) pollutants. 

The proposed Project involves the installation of a new cogeneration process at the Clairton Plant. The 

cogeneration process will be an energy-efficient, integrated combined heat and power process to generate 

electricity and steam to support the industrial processes ofU. S. Steel's Mon Valley Works complex. The 

proposed cogeneration process will be configured with two (2) identical trains, each with a combustion 

turbine operated in combined cycle mode and a heat recovery steam generator (HRSG) with supplemental 

duct burning to provide additional heat in the HRSG. The units will be designed to be fired primarily with 

coke oven gas (COG), with the capability to fire natural gas or a COG/natural gas blend as an alternative 

(e.g., for startup, shutdown, and/or malfunction events). 
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The ACHD requires the application of Best Available Control Technology (BACT) for each regulated 

NSR pollutant regardless of Prevention of Significant Deterioration (PSD) program applicability. As 

such, a BACT analysis was prepared for NOx, CO, PM10/PM2.s, VOC, S02, ammonia, and greenhouse 

gases (as carbon dioxide equivalents [C02e]) for the combined cycle (cogeneration) combustion turbines. 

The BACT analysis was performed using the "top-down" approach. A summary of the BACT emission 

limits and the associated control technologies for the combined cycle combustion turbine are shown in 

Table 1-1. 

Table 1-1: Summary of BACT Results: Combined Cycle Combustion Turbines 

BACT Emission Compliance 
Pollutant Control Limitationa,b Method/ 

Averagina Periodc 

NOx 
Selective catalytic reduction (SCR) 

7.5 ppm 
30-day rolling via 

and water injection CEMs 

co Good combustion practices, oxidation 
3ppm 3-run stack test 

catalyst 
PMIPM10/ Combustion controls, baghouse, and 

0.014 lb/MMBtu 3-run stack test 
PM2.s d low ash fuels 

voe Good combustion practices, oxidation 
5.1 ppm 3-run stack test 

catalyst 
Combustion controls, 

S02 low sulfur fuels, circulating dry 0.024 lb/MMBtu 3-run stack test 
scrubber 

Ammonia 
Limiting ammonia input, use of 

2ppm 3-run stack test 
ammonia instead of urea in SCR 

Greenhouse Use of COG and natural gas as fuels, 
864,096 tpy C02ee - both 

12-month rolling 
combustion turbines/duct gases efficient turbine design 

burners combined 
based on CEMs 

(a) ppm= parts per million, dry volume basis; lb/MMBtu = pounds per million British thermal units; tpy = tons per year 
(b) Concentration at 15% oxygen, dry volume basis, while operating at 70% load and greater under steady state 

conditions, unless otherwise noted. 
(c) 3-run stack tests will be performed in accordance with ACHD-approved stack testing protocol. 
(d) Filterable plus condensable particulate emissions. 
(e) GHG BACT emission limitation includes combustion turbines/duct burners emissions combined from both turbine 

stacks. Includes carbon dioxide (CO2), methane (C~) and nitrous oxide (N20) emissions multiplied by their global 
warming potentials and added to determine carbon dioxide equivalents (C02e). 

In addition to the BACT analysis for the combustion turbines, a BACT analysis for the auxiliary emission 

sources was also conducted. 
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2.0 INTRODUCTION 

United States Steel Corporation (U. S. Steel) operates the Mon Valley Works, an integrated coke and 

steel-making operation located in Allegheny County, Pennsylvania. The complex is comprised of three 

(3) main plants: the Irvin Plant, the Clairton Plant, and the Edgar Thomson Plant. The proposed project 

will involve the installation of new sources of air emissions at the Clairton Plant. The Clairton Plant is 

located in the City of Clairton, Pennsylvania and is currently authorized by Title V Operating Permit No. 

0052. 

The Clairton Plant is an existing major source of nitrogen oxides (NOx), carbon monoxide (CO), sulfur 

dioxide (S02), particulate matter (PM), particulate matter less than IO microns in diameter (PM,o), 

particulate matter less than 2.5 microns in diameter (PM2.s), hazardous air pollutants (HAPs), and volatile 

organic compounds (VOCs), as defined in Allegheny County Health Department Air Pollution 

Regulations, §2101.20 of Article XXI. Allegheny County, or portions of it, is currently designated as 

nonattainment for S02 and PM2.s, 

U.S. Steel is proposing to install a new cogeneration operation (Cogeneration Project) at the Clairton 

Plant. As part of this project, existing boilers at the Clairton Plant will be shut down. The design of the 

project will include the installation of state-of-the-art control technologies for multiple pollutants. As a 

result of the proposed project, there will be no net increase in emissions of PM2.s and PM10, and a 

significant net decrease in emissions of S02, NOx, and C0.1 The Project emissions increase will be 

below the Significant Emission Rate (SER) thresholds for triggering a major modification for all 

regulated New Source Review (NSR) pollutants. 

The proposed Project involves the installation of a new combined heat and power process (Cogeneration 

Project) at the Clairton Plant. The Cogeneration Project will be an energy-efficient, integrated combined 

heat and power process to generate electricity as well as steam to support the industrial processes ofU. S. 

Steel's Mon Valley Works complex. The proposed Cogeneration Project will be configured with two (2) 

identical trains, each with a General Electric 6B combustion turbine operated in combined cycle mode 

(hereinafter referred to as combustion turbine) and a heat recovery steam generator (HRSG) with duct 

1 Direct emissions ofC02e will increase as a result of the project. However, this is a combined heat and power 
process which will offset the electricity that is currently being purchased from the grid as well as producing steam in 
a more efficient manner, resulting in a net decrease overall of C02e from current levels when considering both direct 
and indirect sources. 
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burning to provide additional heat in the HRSG. Each combustion turbine will have a maximum heat 

input rating of 637 million British thermal units per hour (MMBtu/hr) on a higher heating value (HHV) 

basis, and each HRSG will have a duct burner with a maximum heat input of 434 MMBtu/hr on an HHV 

basis, with a nominal output of 47 megawatts (MW)2. The units will be designed to be fired primarily 

with coke oven gas (COG), with the capability to fire natural gas or a COG/natural gas blend as an 

alternative (e.g., for startup, shutdown, and/or malfunction events). Following the installation of the new 

cogeneration units, existing boilers at the Clairton Plant will not be needed and will be shut down. In 

addition, the Clairton Plant is expected to be electrically independent, and/or may be a net exporter of 

electricity after completion of the Project, thereby significantly reducing the carbon footprint of the Mon 

Valley Works overall. 

In addition to the two combined cycle combustion turbine trains, several other auxiliary emissions sources 

will also be added to the site as part of the Project. These auxiliary emission units include the following: 

• Two 3.0-MMBtu/hr natural gas-fired dew point heaters 

• One 75-horsepower (hp) emergency diesel fire pump with associated storage tank (200 gallons) 

• One natural gas fired auxiliary package boiler (99 MMBtu/hr) 

• Material handling emission sources (silos, truck unloading, and etc.) 

• Paved haul roads 

The Allegheny County Health Department (ACHD) requires the application of Best Available Control 

Technology (BACT) for each regulated NSR pollutant regardless of Prevention of Significant 

Deterioration (PSD) program applicability. As such, a BACT analysis was prepared for NOx, CO, 

PM10/PM2.s, VOC, S02, ammonia, and greenhouse gases (as carbon dioxide equivalents [C02e]) for the 

combined cycle (cogeneration) combustion turbines. Additionally, a BACT analysis was performed for 

the auxiliary equipment/emission sources. 

2 Nominal output at 50 degrees Fahrenheit. 
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3.0 BACT ANALYSIS DISCUSSION 

This section describes the process used for developing the BACT analysis for the combined cycle 

combustion turbines. 

BACT is an emission limitation based on the maximum degree of reduction which the ACHD determines 

is achievable, on a case-by-case basis, taking into account energy, environmental, and economic impacts 

and other costs. 

The ACHD has directed by policy that BACT be determined using a "top-down" process. The ''top­

down" process was outlined in a December I, 1987, memorandum from the EPA Assistant Administrator 

for Air and Radiation. 

For purposes of this Installation Permit application, the U.S. Steel has prepared this BACT analysis 

consistent with EPA's top down approach, which consists of the following steps: 

Step 1 - Identify all potential control technologies 

Step 2 - Determine technical feasibility (of potential technologies) 

Step 3 - Rank control technologies by control effectiveness 

Step 4 - Evaluate most effective controls and document results 

Step S - Select BACT 

Each of these steps is discussed in further detail below. 

Step 1 - Identify all potential control technologies. The first step in a "top-down" analysis is to identify, 

for all applicable emission units, all "available" control options. Available control options are defined as 

those air pollution control technologies or techniques that have a practical potential for application to the 

emissions unit and the regulated pollutant under evaluation and have been demonstrated in practice. Air 

pollution control technologies and techniques include the application of production processes or available 

methods, systems, and techniques, including innovative fuel combustion techniques and add-on controls. 

Step 2 - Determine technical feasibility (of potential options). In the second step, the technical feasibility 

of the control options identified in Step I is evaluated with respect to source-specific factors. A 

demonstration of technical infeasibility should be documented and should show, based on physical, 

chemical, and engineering principles, that technical difficulties would preclude the successful use of the 

control option on the emissions unit under review. Technically infeasible control options are then 

eliminated from further consideration in the BACT analysis. 
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Step 3 - Rank control technologies by control effectiveness. All remaining control alternatives not 

eliminated in Step 2 are ranked and then listed in order of overall control effectiveness for the pollutant 

under review, with the most effective control alternative at the top. A list should be prepared for each 

pollutant and for each emissions unit ( or grouping of similar units) subject to a BACT analysis. 

Step 4 - Evaluate most effective controls and document results. After the identification of available and 

technically feasible control technology options, the energy, environmental, and economic impacts are 

taken into account in this Step. For each control option, an objective evaluation of each impact is 

presented. Both beneficial and adverse impacts should be discussed and, where possible, quantified. If the 

permittee accepts the top alternative in the listing as BACT, the permittee proceeds to consider whether 

impacts of unregulated air pollutants or impacts in other media would justify selection of an alternative 

control option. If there are no outstanding issues regarding collateral environmental impacts, the analysis 

ends, and the results are proposed as BACT. If the top candidate is shown to be inappropriate due to 

energy, environmental, or economic impacts, the rationale for this finding is documented and the next 

level of control is analyzed. 

Step 5 - Select BACT. The final BACT determination is presented in this Step. 

The BACT analysis for the Project is also based on the following concepts: 

• Emission limits are defined on a "case-by-case" analysis that considers site specific factors. 

• Emission limits must be "achievable" on a long-term, day in and day out, basis. 

• The technology must be available and feasible for a specific project. 

• BACT does not redefine the facility as proposed (including fuels). 

In establishing the emission limits, the BACT analysis must confirm that emission limits are achievable 

by the specific facility that is subject to the emission limits: (1) over the life of the facility; and (2) during 

all operating conditions, not just ideal conditions. The use of a safety factor or margin is well-established 

in the air permitting context to appropriately account for the uncertainty and operational variability that 

will occur over the life of a facility. This safety factor must be sufficient to allow permit holders to 

comply on a continuous basis. Emission limits should not be based on the lowest emissions rate or highest 

control efficiency ever documented by a similar facility for a short-term period. The emission limits must 

account for a full range of operating conditions and the inherent variability of complex fuel combustion 

and air pollution control systems. 
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To be considered in the permitting process, a control technology must be commercially available (i.e., it 

must be offered for sale on a commercial scale through commercial channels). Permittees are not required 

to explore research and development projects to determine whether a specific technology is suitable. In 

addition, to be considered feasible technology for purposes of inclusion in an analysis, a particular 

technology must have been previously demonstrated on a long-term basis and at commercial scale. In 

fact, even 2-3 years of operating history on a commercial scale has been determined to be insufficient to 

demonstrate that a particular technology is feasible. 

The air permit and/or BACT analysis process cannot redefine the source. U.S. Steel has defined the 

"proposed facility" including the goals, objectives, purpose and basic design of the Project. Requiring 

alteration as to the type of power generating unit and/or range of fuels to be used would redefine the 

source. 

Fuels can be an inherent part of a project design. In such cases, the air permitting process cannot be used 

to require a fuel other than the fuels proposed by U.S. Steel. As Congress explained, "the Administrator 

may consider the use of clean fuels to meet BACT requirements if a permit applicant proposes to meet 

such requirements by using clean fuel. In no case is the Administrator compelled to require the mandatory 

use of clean fuels by a permit applicant." (emphasis added). S. Rep. No. 101-228 at 338 (1989). 

The first step in the "top-down" BACT process is the identification of potentially available control 

technologies. One of the ways to identify available control technologies is to review previous BACT 

determinations for similar sources. EPA's RACT/BACT/LAER Clearinghouse (RBLC) database was 

reviewed to identify recent BACT determinations for similar projects. This database is maintained on 

EPA's Technology Transfer Network website at www.epa.gov/ttn/catc. Advanced queries of the database 

were conducted to identify control technology determinations from January 2009 to March 2019 for 

sources similar to the proposed combined cycle combustion turbine. The results of the RBLC query can 

be found in Appendix A and Appendix B of this BACT analysis. 

To identify previous control technology determinations for comparable sources, a query was run using the 

"standard search" in which the RBLC database was searched using the following parameters: 

• Combustion turbines, Combined cycle >25 megawatts (MW), 15.250-0ther Gaseous Fuel & 

Gaseous Fuel Mixtures 

• Combustion turbines, Combined cycle >25 MW, 15.210 - Natural Gas Combustion 

• Draft Determinations and RBLC Permits issued during or after January 2000 
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After the queries were run, combustion turbines that were not similar (e.g., digester gas-fired, fuel oil­

fired, boilers, larger than 200 MW, etc.) were eliminated from the search. Information on turbine 

emissions was sorted from the remaining combustion turbine listings. Very few entries for "other gaseous 

fuels and gaseous fuel mixtures" were found in the RBLC. A few refinery gas options were identified, but 

no specific combustion turbines combusting COG were identified. U. S. Steel is unaware of any other 

combustion turbines operating on COG. There are boilers that are operating on COG, however the boiler 

process and resulting emissions are significantly different than the combustion turbine process, therefore 

results of COG combustion in boilers is not considered to be comparable to this Project for the purposes 

of establishing BACT. 

Appendix A contains the non-natural gas gaseous fuels RBLC results. Because the combustion turbines 

will also combust natural gas and/or a blend of natural gas with COG as backup to utilizing COG, the 

RBLC results from typical similar-sized frame combined cycle combustion turbines that combust natural · 

gas only were also reviewed. Appendix B contains the similar-in-size RBLC results for combustion 

turbines utilizing natural gas for fuel. 

A discussion of control options identified in the RBLC database is included in each subsection. COG is 

higher in sulfur than most natural gas found in the US and thus additional control was reviewed for S02 

which is not typical for combined cycle combustion turbines which use traditional fuels such as natural 

gas. In addition, typical controls for natural gas combustion in combustion turbines do not include 

particulate matter (PM10/PM2.s) control, but for this project utilizing COG for fuel, additional PM control 

methods were reviewed. 

It is important to keep in mind that this project is not subject to PSD, however emission rates presented 

are reflective of PSD BACT controls and emission limitations. 
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4.0 NOX BACT ANALYSIS - COMBUSTION TURBINES 

The following sections outline the top-down steps for NOx emissions from the combustion turbines. 

4.1 Step 1. Identify All Potential Control Strategies 

NOx is primarily formed in combustion processes in two ways: 

I. The combination of elemental nitrogen with oxygen in the combustion air within the high 

temperature environment of the combustor (thermal NOx), 

2. The oxidation of nitrogen contained in the fuel (fuel NOx), 

COG contains molecular nitrogen and ammonia. Therefore, the majority of the NOx emissions from the 

combustion turbines will originate as thermal NOx, However, some NOx will be generated as the result of 

fuel-bound nitrogen oxidation. The rate of formation of thermal NOx is a function of residence time and 

free oxygen and is exponential with peak flame temperature. Natural gas contains negligible amounts of 

fuel-bound nitrogen, although some molecular nitrogen is present. Therefore, it is assumed that most NOx 

emissions from the combustion turbines will originate as thermal NOx when combusting either fuel or a 

blend of the two fuels. 

The combustion turbines will be subject to the NOx emission limits set by the Standards of Performance 

for Stationary Combustion Turbines in Title 40 of the Code of Federal Regulations (CPR), Part 60, 

Subpart KKKK, and thus the BACT determination and resulting emission limits must be at least as 

stringent as this New Source Performance Standard (NSPS). During combined cycle operation, the duct 

burners in the HRSGs will also contribute to emissions exiting the stack. The NSPS limit for the 

combustion turbines and duct burners are: 

• 25 ppm at 15% 02 when combusting greater than 50% natural gas 

• 74 ppm at 15% 02 when combusting greater than 50% COG 

Section 4.2 of the application narrative report identifies the applicable Subpart KKKK limits for the 

combustion turbines and duct burners. 

Control ofNOx emissions from combustion turbines is generally aimed at either the prevention ofNOx 

formation or the capture and oxidation of post-combustion NOx, Since the rate of formation of thermal 

NOx is a function of residence time and free oxygen, and is exponential with peak flame temperature, 

"front-end" control techniques are aimed at controlling one or more of these variables. These controls 
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include the XONON™ system and low-NOx burners. The XONON system uses a catalyst to keep the 

system temperatures lower while low-NOx burners offer a staged combustion process, resulting in a lower 

peak flame temperature. Steam injection reduces the combustion temperature, thereby reducing the 

formation of NOx. 

Other control methods utilize add-on control equipment to remove NOx from the exhaust gas stream after 

its formation. The most common control techniques involve the injection of ammonia into the gas stream 

to reduce the NOx to molecular nitrogen and water. Ammonia can either be injected into the system 

without the use of a catalyst (selective non-catalytic reduction SNCR) or with the use of a catalyst 

(selective catalytic reduction, SCR). Finally, EMx™ (formerly SCONOx™), a multi-pollutant control 

technology, relies upon a catalyst similar to the SCR process to reduce NOx emissions but does so without 

injecting ammonia into the exhaust gas stream. 

The output from the RBLC search provided in Appendix A shows that a variety of emission limits and 

control technologies have been applied to combustion turbines for natural gas and other gaseous fuels 

combustion. The most stringent limits found during a review of EPA's database were for facilities located 

in ozone non-attainment areas. These facilities were required to meet such low emission limits since they 

were subject to Lowest Achievable Emission Rate (LAER) requirements. . 

Typical BACT determinations for combined cycle units that are located in attainment areas were in the 2 

to 15 ppm range using low-NOx burners, water/steam injection, SCR, or a combination of these 

technologies. The lower emission rates listed utilize SCR. 

4.2 Step 2. Identify Technically Feasible Control Technologies 

The primary methods for controlling NOx emissions are evaluated for technical feasibility in the 

following sections. 

4.2.1 XONON™ System 

The XONON™ system controls NOx emissions by preventing their formation. The key to the XONON™ 

system is the utilization of a chemical process versus a flame to combust fuel, thus limiting temperature 

and NOx formation. The XONON™ system is an integral part of the combustor. The fuel and air that are 

supplied to the combustor are thoroughly mixed before entering the catalyst. The catalyst is responsible 

for combusting the fuel to release its energy. Due to the low catalyst operating temperatures, the nitrogen 

molecules are not involved in the reaction chemistry; they pass through the catalyst unchanged, thereby 

eliminating NOx formation. The XONON™ system does have the same high outlet temperature, and 
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some NOx is fonned in the post-combustion process. However, use of the technology has limited NOx 

emissions to less than 2.5 ppm. 

Currently, the XONON™ system has not had wide-scale application. It has been demonstrated on a 1.5-

MW unit in California, with the unit operating in a base load capacity (24 hours a day, 7 days a week). 

Tests are underway to apply this technology to other types and sizes of turbines; however, testing data is 

currently unavailable. As this is a much larger combined cycle project, and the XONON™ system has yet 

to demonstrate applicability for such units, the XONONTM system has been deemed technically 

infeasible for this Project. 

4.2.2 EMx TM System (formerly SCONOx ™) 

The EM/M system (fonnerly SCONOx™) uses a single catalyst to remove NOx emissions from 

combustion exhaust gas by oxidizing nitric oxide to nitrogen dioxide (N02) and then absorbing the N02 

onto a catalytic surface using a potassium carbonate absorber coating. The potassium carbonate coating 

reacts with N02 to fonn potassium nitrites and nitrates, which are deposited onto the catalyst surface. The 

optimal temperature window for operation of the EM/M catalyst ranges from 300 degrees Fahrenheit (°F) 

to 700 °F. EM/M does not use ammonia. Therefore, there are no ammonia emissions from this 

technology. 

When all of the potassium carbonate absorber coating has been converted to nitrogen compounds, NOx 

can no longer be absorbed and the catalyst must be regenerated. Regeneration is accomplished by passing 

a dilute hydrogen-reducing gas across the surface of the catalyst in the absence of oxygen. Hydrogen in 

the gas reacts with the nitrites and nitrates to fonn water and nitrogen. Carbon dioxide (CO2) in the gas 

reacts with the potassium nitrite and nitrates to fonn potassium carbonate, which is the absorbing surface 

coating on the catalyst. The regeneration gas is produced by reacting natural gas with a carrier gas (such 

as steam) over a steam-refonning catalyst. 

The demonstrated application for EM/M is currently limited to combined cycle combustion turbines 

under approximately 50 MW in size. The EMx TM system has not been demonstrated on any type of 

combustion source other than a combustion turbine. There are technical differences between the proposed 

combustion turbines versus those few sources where this technology has been demonstrated in practice. In 

addition, this is a combined cycle project that will utilize COG which has higher sulfur content than 

natural gas, and the EMx™ system has yet to demonstrate applicability for such units. Therefore, the 

EMx TM system has not been demonstrated to function efficiently on combined cycle combustion turbines 

utilizing COG and is not technically feasible. (Environmental Resource Management, 2014). 

U. S. Steel - Clairton 4-3 Burns & McDonnell 



C 

C 

BACT Analysis Revision 1 NOx BACT Analysis - Combustion Turbines 

Therefore, EMx™ is technically infeasible for this Project. 

4.2.3 Selective Non-Catalytic Reduction 

SNCR is a post-combustion NOx control technology in which a reagent (ammonia or urea) is injected into 

the exhaust gases to react chemically with NOx, forming nitrogen and water. The success of this process 

in reducing NOx emissions is highly dependent on the ability to uniformly mix the reagent into the flue 

gas at a zone in the exhaust stream at which the flue gas temperature is within a narrow range, typically 

from 1,700°P to 2,000°P. To achieve the necessary mixing and reaction, the residence time of the flue gas 

within this temperature window should be at least 0.5 to 1.0 seconds. The consequences of operating 

outside the optimum temperature range are severe. Above the upper end of the temperature range, the 

reagent will be converted to NOx, Below the lower end of the temperature range, the reagent will not react 

with the NOx and the ammonia slip concentrations (ammonia discharge from the stack) will be very high. 

The flue gases from the HRSG have an exhaust temperature of approximately 350°F. Even strategically 

placing the ammonia injection further upstream would probably result only in peak temperatures of 

around 1,300°P. Such a low temperature would require that additional fuel be combusted at some point in 

order to raise the temperature to the levels where SNCR will operate effectively. Combustion of the 

additional fuel would not only increase the NOx emissions, but also all other criteria pollutants, especially 

CO. In addition, the added fuel used to raise the exhaust gas temperature will increase the annual 

operating costs for the facility. 

SNCR has not been applied to any combustion turbines according to the RBLC database. Because of the 

comparatively low exhaust temperatures, fuel and energy requirements, environmental implications and 

economic considerations; SNCR is considered to be technically infeasible for the combustion 

turbines and duct burners under consideration for this Project. 

4.2.4 Selective Catalytic Reduction 

SCR is a post-combustion technology that employs ammonia in the presence of a catalyst to convert NOx 

to nitrogen and water. The function of the catalyst is to lower the activation energy of the NOx 

decomposition reaction. Technical factors related to this technology include the catalyst reactor design, 

optimum operating temperature, sulfur content of the fuel, de-activation due to aging, ammonia slip 

emissions, and the design of the ammonia injection system. 

SCR represents state-of-the-art control for combined cycle, back-end gas turbine NOx removal. SCR 

technology is being permitted as LAER and BACT for combined cycle turbines at 2 to 9 ppm NOx for 
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natural gas and refinery gas. Conventional SCR uses a metal honeycomb or "foil" catalyst support 

structure and requires the HRSG to reduce flue gas temperatures to less than 600°F. 

The Project's turbines will operate with the exhaust gases reaching temperatures over 1, 100°F prior to 

entering the HRSG. Duct burner firing and passage of the flue gasses through the HRSG will lower the 

temperature of the gas stream to approximately 350°F. By placing the catalyst bed at the correct strategic 

point within the HRSG, an SCR could effectively operate and reduce NOx emissions. A disadvantage of 

this system is that particles from the catalyst may become entrained in the exhaust stream and contribute 

to increased particulate matter emissions. In addition, ammonia slip reacts with the sulfur in the fuel 

creating ammonia bisulfates that become particulate matter. SCR can be applied to the combined cycle 

turbines and duct burners and is considered technically feasible. 

4.2.5 Low-NOx Burners 

Low NOx burners are currently available from most turbine manufacturers. This technology seeks to 

reduce combustion temperatures, thereby reducing NOx formation. In a conventional combustor, the air 

and fuel are introduced at an approximately stoichiometric ratio and air/fuel mixing occurs at the flame­

front where diffusion of fuel and air reaches the combustible limit. A lean premixed com bus tor design 

premixes the fuel and air prior to combustion. Premixing results in a homogenous air/fuel mixture, which 

minimizes localized fuel-rich pockets that produce elevated combustion temperatures and higher NOx 

emissions. A lean air-to-fuel ratio approaching the lean flammability limit is maintained, and the excess 

air serves as a heat sink to lower combustion temperatures, which lowers NOx formation. A pilot flame is 

used to maintain combustion stability in this fuel-lean environment. 

The low NOx burners for this turbine cannot handle the COG fuel without significant mixing with natural 

gas. In order to handle the higher levels of hydrogen in the fuel, traditional diffusion combustors are 

required. As such, low NOx burners are not considered technically feasible for the combined cycle 

combustion turbines. 

4.2.6 Water or Steam Injection 

Steam and water injection work to increase the thermal mass by dilution and thereby reduce peak 

temperatures in the flame zone. With steam injection, there is an additional benefit of absorbing the latent 

heat of vaporization from the flame zone. Water or steam is typically injected at a water-to-fuel ratio of 

less than one. 

Water or steam injection is usually accompanied by an efficiency penalty (typically 2 to 3%), but there is 

an increase in power output (typically 5 to 6%) due to the increased mass flow required to maintain 
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turbine inlet temperature at manufacturer's specifications. Both CO and VOC emissions are increased by 

water injection depending on the amount of water that is injected. Water/steam injection is available for 

the combined cycle turbines and under consideration for this Project and is therefore considered 

technically feasible for the combined cycle combustion turbines. 

4.2.7 Summary of the Technically Feasible Control Options 

Technically feasible NOx control options for the combined cycle combustion turbines are summarized in 

Table 4-1. The expected performance has been determined considering the performance of existing 

systems, vendor guarantees, permitted emission limits, and the design requirements for the combustion 

turbines. 

Table 4-1: Summary of Technically Feasible NOx Control 
Technologies for Combined cycle Combustion Turbines 

Expected 
Performance Technical 

Control System (ppm @15% 02) Feasibility Comments 

LowNOx burners 

Low NOx burners 
Not cannot handle COG -- feasible without mixing with Combustion 

Controls natural gas 

Water injection 42 Feasible 
Standard on 

combustion turbine 

Testing is still 

Not 
underway. Only used 

XONON™ NIA 
feasible 

on one 1.5-MW unit 
not operating 
continuously. 

Post Not Not proven to work 
combustion EMx™ NIA 

feasible on COG. 
controls 

SNCR NIA Not Exhaust temperature 
feasible is too low. 

7.5 ppm is achievable 
SCR <9 Feasible with SCR on the 

COG 

4.3 Step 3. Rank the Technically Feasible Control Technologies 

Add-on controls may be used for combustion turbines firing COG and natural gas. The combustion 

turbines under consideration come with steam injection as part of their standard packages; therefore, 

steam injection is assumed as the baseline for the proposed combustion turbines. 
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The technically feasible NOx control technologies for the combustion turbines are ranked by control 

effectiveness in Table 4-2. 

Table 4-2: Ranking of Technically Feasible NOx Control 
Technologies for Combined cycle Combustion Turbines 

Reduction Controlled Emission Level 
Control Technology (%) (ppm)B 

Selective catalytic 
-80% 7.5 ppm 

reduction 

Water injection NIA (baseline) 42ppm 

(a) Emission rate for 70% toI00% load, with and without duct firing for all fuels, at 15% 02. 

4.4 Step 4. Evaluate the Most Effective Controls 

Recent BACT determinations have indicated NOx emission limits of 2 to 15 ppm for combined cycle 

units that are fired with natural gas (Appendix A). The combustion turbines under consideration are able 

to achieve< 9 ppm on a long-term basis with SCR while combusting either COG, natural gas or a blend 

of the two fuels. 

The Project's combined cycle units will have an SCR system located in the HRSG, along with water 

injection which is standard on the combustion turbines. The SCR vendors have indicated that NOx 

emission rates below 9 ppm are achievable with or without the duct burners for natural gas combustion. 

The SCR system will therefore be able to meet 7 .5 ppm for all loads down to 70% load, including when 

duct firing while combusting COG, natural gas or a COG-natural gas blend. Because SCR represents the 

most effective control and has been selected as BACT, an economic feasibility determination is not 

required, per 40 CFR 52.21. The energy and environmental considerations for the selected BACT are 

discussed below for informational purposes. 

SCR is selected as BACT for control ofNOx emissions from the proposed combined cycle 

combustion turbines, along with water injection. 

4.4.1 Selective Catalytic Reduction 

4.4.1.1 Energy Impacts 

An SCR system results in a loss of energy due to the pressure drop across the SCR catalyst. To 

compensate for the energy loss in the SCR system, additional fuel combustion is required to maintain the 

net energy output, which also results in additional air pollutant emissions. 
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4.4.1.2 Environmental Impacts 

SCR systems consist of an ammonia injection system and a catalytic reactor. Unreacted ammonia may 

escape through to the exhaust gas. This is commonly called "ammonia slip." Because ammonia is a PM2.s 

precursor and the Project is located in a nonattainment area, the Project is being designed to have no 

greater than 2 ppm ammonia slip. The ammonia that is released may also react with other pollutants in the 

exhaust stream to create fine particulates in the form of ammonium salts. The storing of the ammonia on­

site is also an environmental and safety concern. SCR catalysts must be replaced on a routine basis, and in 

some cases, these catalysts may be classified as a hazardous waste. This typically requires either returning 

the material to the manufacturer for recycling and reuse or disposal in designated landfills. 

4.4.2 Water Injection 

4.4.2.1 Energy Impacts 

Water injection is usually accompanied by an efficiency penalty (typically 2 to 3%) and an increase in 

power output (typically 5 to 6%). No significant energy impacts are associated with water injection. 

4.4.2.2 Environmental Impacts 

Water injection uses water, a natural resource, to control NOx emissions. 

4.5 Step 5. Proposed NOx BACT Determination 

The BACT recommended for control ofNOx emissions from the combined cycle combustion turbines is 

water injection with SCR. These controls will meet a NOx emission limit of 7.5 ppm at 15% oxygen (02) 

for all loads down to 70%, with and without duct firing, for COG and natural gas combustion, including 

blends. Compliance will be determined with a NOx Continuous Emissions Monitoring System (CEMS) on 

a 30-day rolling average, excluding start-up and shutdown. 

U.S. Steel - Clairton 4-8 Burns & McDonnell 

-r-, -------------------------------------------------~ 



( 

( __ 

BACT Analysis Revision 1 CO BACT Analysis - Combustion Turbines 

5.0 CO BACT ANALYSIS - COMBUSTION TURBINES 

The following sections outline the top-down BACT analysis for CO emissions from the Project 

combustion turbines. 

5.1 Step 1. Identify Potential Control Strategies 

CO is a byproduct resulting from incomplete fuel combustion. Control of CO is typically accomplished 

by providing adequate fuel residence time and a high temperature in the combustion zone to complete 

combustion. These control factors, however, also tend to result in increased emissions of NOx. 

Conversely, a lower NOx emission rate achieved through flame temperature control (by steam injection or 

dry lean pre-mix) can result in higher levels of CO emissions. A compromise is usually established where 

the flame temperature reduction is set to achieve a low NOx emission rate while keeping CO emissions to 

an acceptable level. 

CO emissions from combustion turbines are a function of oxygen availability ( excess air), flame 

temperature, residence time at flame temperature, combustion zone design, and turbulence. Post­

combustion CO control involves the use of catalytic oxidation; front-end CO control involves controlling 

the combustion process to suppress CO formation. 

The technologies identified for reducing CO emissions from the Project's combustion turbines are the 

EMx TM system, an oxidation catalyst, and combustion controls. The standard technology for reducing CO 

emissions is to maintain "good combustion" through proper control and monitoring of the combustion 

process. 

A survey of the RBLC database (Appendix A) indicated that most new combined cycle turbines in 

attainment areas have been required to install add-on controls to control CO emissions from combined 

cycle turbines combusting natural gas. CO emissions from natural gas-fired combined cycle turbines in 

the RBLC ranged from 0.9 to 25 ppm. 

5.2 Step 2. Identify Technically Feasible Control Technologies 

The primary methods for controlling CO emissions are evaluated for technical feasibility in the following 

sections. 

5.2.1 EMx TM System 

The EMx TM system was described in the BACT analysis for NOx. The EMx TM system simultaneously 

oxidizes CO to CO2, NO to N02, and then absorbs N02 onto the surface of a catalyst using a potassium 
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carbonate absorber coating. VOCs are also removed by the catalyst system. The system does not use 

ammonia and operates most effectively at temperatures ranging from 300°F to 700°F. Operation of 

EMx™ requires natural gas, water, steam, electricity, and ambient air. Steam and reformed natural gas are 

used periodically to regenerate the catalyst bed and are an integral part of the process. Because EMx ™ 

does not use ammonia there are no ammonia emissions from this technology. 

Regeneration of the catalyst is accomplished by passing a dilute hydrogen-reducing gas across the surface 

of the catalyst in the absence of oxygen. Hydrogen in the gas reacts with the nitrites and nitrates to form 

water and nitrogen. CO2 in the gas reacts with the potassium nitrite and nitrates to form potassium 

carbonate, which is the absorbing surface coating on the catalyst. The regeneration gas is produced by 

reacting natural gas with a carrier gas (such as steam) over a steam-reforming catalyst. 

The demonstrated application for EM/M is currently limited to combined cycle combustion turbines 

under approximately 50 MW in size. The EM/M system has not been demonstrated on any type of fuel 

other than natural gas on a small combustion turbine. 

Therefore, the EMx TM system is not considered a technically feasible method of controlling CO 

emissions from the proposed combined cycle combustion turbines and duct burners. 

5.2.2 Oxidation Catalyst 

Oxidation catalysts are a post-combustion technology which does not rely on the introduction of 

additional chemicals, such as ammonia, for a reaction to occur. The oxidation of CO to CO2 utilizes 

excess air present in the turbine exhaust. The activation energy required for this reaction to occur is 

lowered in the presence of a catalyst. Products of combustion are introduced into a catalyst bed, with the 

optimum temperature range for these systems being between 700°F and I, 100°F. The addition of a 

catalyst bed onto the turbine exhaust will create a pressure drop, resulting in back pressure to the turbine. 

This has the effect ofreducing the efficiency of the turbine and its power generating capabilities. It is 

expected that the catalyst will be placed in the HRSG where the temperature will be optimal for the 

catalytic reaction. 

The use of an oxidation catalyst is considered to be a technically feasible method of controlling CO 

emissions from the proposed combined cycle combustion turbines and duct burners. 

5.2.3 Combustion Control 

"Good combustion practices" include operational and combustion design elements to control the amount 

and distribution of excess air in the flue gas to ensure there is enough oxygen present for complete 
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combustion. Such control practices applied to the proposed turbines can achieve CO emission levels of 4 

ppm at 100% load. 

Good combustion practices are considered to be a technically feasible method of controlling CO 

emissions from the proposed combined cycle combustion turbines and duct burners. 

5.2.4 Summary of the Technically Feasible Control Options 

The technically feasible CO control options for the proposed combined cycle combustion turbines are 

summarized in Table 5-1. The expected performance has been determined considering the performance of 

existing systems, vendor guarantees, permitted emission limits, and the design requirements for the 

turbines. 

Table 5-1: Summary of Technically Feasible CO Control 
Technologies for Combined cycle Combustion Turbines 

Expected Technical 
Control System Performance (ppm)8 Feasibility 

Combustion controls 42b Feasible 

Oxidation 
3 Feasible Post catalyst 

combustion 
controls EMxTM NIA 

Not 
feasible 

(a) Limits valid for 100% load with duct firing down to 70% load. 
(b) Average ppm at 100% load with no duct firing on 70°F day. 

Comments 

Standard on turbines. Not an add-
on control 

Produces CO2 emissions 

Not demonstrated on COG. 

5.3 Step 3. Rank the Technically Feasible Control Technologies 

The technically feasible CO control technologies for the combustion turbines are ranked by control 

effectiveness in Table 5-2. 

Table 5-2: Ranking of Technically Feasible CO Control 
Technologies for Combined cycle Combustion Turbines 

Reduction Controlled Emission Level 
Control Technology (%) 

Oxidation catalyst 90% 

Combustion control Not applicable (baseline) 

(a) Limits valid for 100% load with duct firing down to 70% load. 
(b) Average ppm at 100% load with no duct firing on a 70°F day. 
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5.4 Step 4. Evaluate the Most Effective Control Technologies 

Operating the proposed combined cycle combustion turbines with good combustion practices will achieve 

approximately 42 ppm at 15 % 02 on a long-term basis for 100% load without duct firing. With an 

oxidation catalyst, the emission will be reduced to 3 ppm at 15% 02 for all fuels, with and without duct 

burning. The next step is to review each of the technically feasible control options for environmental, 

energy, and economic impacts. 

5.4.1 Oxidation Catalyst 

5.4.1.1 Energy Impacts 

The addition of an oxidation catalyst bed into the turbine exhaust will create additional pressure drop, 

resulting in back pressure to the turbine. This has the effect ofreducing the efficiency of the turbine and 

its power-generating capabilities. 

5.4.1.2 Environmental Impacts 

The oxidation catalyst oxidizes CO to CO2, which would be released to the atmosphere. CO2 is a 

greenhouse gas and a regulated pollutant. However, the oxidation catalyst will also reduce the amount of 

methane (CH4, also a greenhouse gas). Considering the global warming potential of both greenhouse 

gases, the net effect is an overall decrease in greenhouse gas emissions on a C02e basis. 

As with many controls that utilize catalysts for removal of pollutants, the catalyst must be disposed of 

after it is spent. The catalyst may be considered hazardous waste and require special treatment or disposal. 

Even if it is not hazardous, it adds to the existing landfills. 

5.4.1.3 Economic Impacts 

U. S. Steel has selected the highest control available for CO emissions; therefore, no economic analysis is 

necessary. 

The energy and environmental impacts listed above do not outweigh the benefits of controlling CO 

emissions with the use of an oxidation catalyst. 

An oxidation catalyst along with good combustion practices was selected as BACT for control of 

CO emissions from the combined cycle combustion turbines. 
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5.5 Step 5. Proposed CO BACT Determination 

The BACT recommended for control of CO emissions from the proposed combustion turbines is good 

combustion practices and the use of an oxidation catalyst. These controls will meet a CO emission limit 

of 3 ppm at 15% 02 during steady-state conditions for all loads down to 70% with and without duct firing 

for all fuels. Compliance with the proposed limit is based on a 3-run stack test average as conducted in 

accordance with the approved stack testing protocol. 
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6.0 voe BACT ANALYSIS • COMBUSTION TURBINES 

The following sections outline the top-down BACT process for VOC emissions from combustion turbines 

and duct burners. 

6.1 Step 1. Identify Potential Control Strategies 

Like CO, VOC is a product resulting from incomplete combustion. VOC emissions occur when a portion 

of the fuel remains unburned or is only partially burned during the combustion process. With COG and 

natural gas, some organics are unreacted trace constituents of the gas, while others may be products of the 

heavier hydrocarbon constituents. Partially-burned hydrocarbons result from poor air-to-fuel mixing prior 

to, or during, combustion or incorrect air-to-fuel ratios in the combustion turbine. 

The technologies identified for reducing VOC emissions from combined cycle combustion turbines are 

the same as identified for CO control: the EMx™ system, an oxidation catalyst (also referred to as a CO 

catalyst), and combustion controls. The standard technology for reducing VOC emissions is to maintain 

"good combustion" through proper control and monitoring of the combustion process through the air-to­

fuel ratio. In addition, since most of the BACT determinations for CO for combined cycle combustion 

turbines also include an oxidation catalyst, determinations for VOC emissions often include an oxidation 

catalyst along with good combustion practices. A survey of the RBLC database (see results in Appendix 

A) indicates that combustion controls is the most prevalent BACT control for VOC emissions from 

combustion turbines. Oxidation catalysts are also listed as LAER and BACT for VOC emissions from the 

combustion of natural gas and other gaseous fuels. VOC emissions from the permitted facilities ranged 

from I ppm to 4 ppm for natural gas-fired combustion turbines and I ppm to 4 ppm for other gaseous 

fuels combustion. 

6.2 Step 2. Identify Technically Feasible Control Technologies 

The primary methods for controlling VOC emissions are evaluated for technical feasibility in the 

following sections. 

6.2.1 EMx TM System 

The EMx TM system was described in the BACT analysis for NOx (Section 4.2.2). It can also be evaluated 

for controlling VOC emissions by up to 20%. The EMx TM system does not use ammonia and operates 

most effectively at temperatures ranging from 300°F to 700°F. Operation ofEM/M requires natural gas, 

water, steam, electricity, and ambient air. Steam and reformed natural gas are used periodically to 
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regenerate the catalyst bed and are an integral part of the process. Because EMx TM does not use ammonia 

as a reagent, there are no ammonia emissions from this technology. 

Regeneration of the catalyst is accomplished by passing a dilute hydrogen reducing gas across the surface 

of the catalyst in the absence of oxygen. Hydrogen in the gas reacts with the nitrites and nitrates to form 

water and nitrogen. CO2 in the gas reacts with the potassium nitrite and nitrates to form potassium 

carbonate, which is the absorbing surface coating on the catalyst. The regeneration gas is produced by 

reacting natural gas with a carrier gas (such as steam) over a steam-reforming catalyst. 

The demonstrated application for EM/M is currently limited to combined cycle combustion turbines 

under approximately 50 (MW) in size, combusting natural gas only. The EM/M system has not been 

demonstrated on any type of fuel other than natural gas. 

Therefore, the EMx TM system is not considered a technically feasible method of controlling voe 
emissions from the proposed combined cycle combustion turbines and duct burners. 

6.2.2 Oxidation Catalyst 

As discussed in Section 5.2.2, oxidation catalysts are a post-combustion technology that do not rely on the 

introduction of additional chemicals, such as ammonia or urea, for a reaction to occur. The catalyst beds 

that reduce CO also promote the oxidation ofVOC, thereby reducing VOC emissions. Such systems 

typically achieve a maximum of 35 to 40% removal of VOC, as opposed to the much higher efficiencies 

achieved for CO reduction. 

The use of an oxidation catalyst for voe control is considered to be technically feasible for the 

combined cycle combustion turbines. 

6.2.3 Combustion Control 

"Good combustion practices" include operational and design elements to control the amount and 

distribution of excess air in the flue gas to ensure there is enough oxygen present for complete 

combustion (i.e. controlling the air-to-fuel ratio). Such control practices applied to the proposed 

combustion turbines can achieve VOC emission levels of approximately 12 ppm when combusting 

natural gas or COG without an oxidation catalyst for all loads down to 70% without duct firing. 

Good combustion practices are a technically feasible method of controlling VOC emissions from the 

proposed combustion turbines. 
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6.2.4 Summary of the Technically Feasible Control Options 

The technical feasibility of the VOC control options for the proposed combustion turbines is summarized 

in Table 6-1. The expected performance has been determined considering the performance of existing 

systems, vendor guarantees, permitted emission limits, and the design requirements for the turbines. 

Table 6-1: Summary of Technically Feasible voe Control 
Technologies for Combined cycle Combustion Turbines 

Technical 
Control System Expected Performance (ppm) Feasibility 

12 
Combustion controls (with duct firing) Feasible 

Oxidation 
5.1 Feasible 

Post catalyst 

combustion 
controls EMxTM NIA Not feasible 

6.3 Step 3. Rank the Technically Feasible Control Technologies 

Comments 

Standard on the 
proposed 

combustion 
turbine. Not an 
add-on control 

Produces CO2 
emissions. 

Not 
demonstrated on 

. COG fuel 

The technically feasible VOC control technologies for the proposed combined cycle combustion turbines 

are ranked by control effectiveness in Table 6-2. 

Table 6-2: Ranking of Technically Feasible voe 
Control Technologies for Combined cycle Combustion Turbines 

Control Reduction Controlled Emission Level 
Technology (%) (ppm)B 

Oxidation 
40% 5.1 

catalyst 

Combustion 
Not applicable (baseline) 12 

control 

(a) Emission rate for 100% load to 70% load, with and without duct firing. 

6.4 Step 4. Evaluate the Most Effective Control Technologies 

The next step is to review each of the technically feasible control options for environmental, energy, and 

economic impacts. 

U.S. Steel - Clairton 6-3 Burns & McDonnell 



( 

( 

\"--

BACT Analysis Revision 1 voe BACT Analysis - Combustion Turbines 

6.4.1 Oxidation Catalyst 

6.4.1.1 Energy Impacts 

The addition of a catalyst bed onto the turbine exhaust for the oxidation catalyst will create additional 

pressure drop, resulting in increased back pressure to the turbines. This has the effect of reducing the 

efficiency of the turbines and their power-generating capabilities. 

6.4.1.2 Environmental Impacts 

The oxidation catalyst oxidizes CO and VOC to CO2 which is released to the atmosphere. CO2 is a 

greenhouse gas and a regulated pollutant. 

As with many controls that utilize catalysts for pollutant removal, the catalyst must be disposed of after it 

is spent. The catalyst may be considered hazardous waste and require special treatment or disposal. Even 

if it is not hazardous, it adds to the existing landfills. 

6.4.1.3 Economic Impacts 

U. S. Steel has selected the highest control available for VOC emissions; therefore, no economic analysis 

is necessary. 

6.4.2 Combustion Control 

No energy, environmental, or economic impacts are associated with combustion controls. 

6.5 Step 5. Proposed voe BACT Determination 

The BACT recommended for control of VOC emissions from the proposed combustion turbine is the use 

of good combustion practices with the added control of an oxidation catalyst. These controls will meet a 

VOC emission limit of 5.1 ppm at 15% 02 with and without duct firing, for all steady state loads down to 

70% for COG and natural gas combustion. This emission rate represents the lowest emission rate 

achievable for VOC emissions with an oxidation catalyst for these turbines combusting primarily COG. 

Compliance with the proposed limit is based on a 3-run stack test average as conducted in accordance 
• 

with the approved stack testing protocol. 
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7.0 502 BACT ANALYSIS - COMBUSTION TURBINES 

The following sections outline the top-down BACT analysis for S02 emissions from combustion turbines. 

Typical natural gas combustion in combustion turbines results in very low S02 emissions and as such, 

S02 is typically much lower than other uncontrolled criteria pollutants. However, to further reduce S02 

emissions, U. S. Steel has reviewed post-combustion techniques that may be applicable to the combustion 

turbines and duct burners. 

The combustion turbines will be subject to the S02 emission limits set by the Standards of Performance 

for Stationary Combustion Turbines in Title 40 of the Code of Federal Regulations (CFR), Part 60, 

Subpart K.KKK, and thus the BACT determination and resulting emission limits must be at least as 

stringent as this New Source Performance Standard (NSPS). During combined cycle operation, the duct 

burners in the HRSGs will also contribute to emissions exiting the stack. The NSPS S02 limit for the 

combustion turbines and duct burners is 0.06 lb/MMBtu heat input or 0.90 lb/MW-hr (gross) heat output 

and thus the BACT limit needs to be at least as stringent as the NSPS limit. Part 4.2 in the application 

narrative identifies the applicable Subpart KKKK limits for the combustion turbines and duct burners. 

7.1 Step 1. Identify Potential Control Strategies 

The majority of the fuel sulfur combusted in the combustion turbine leaves the turbine as S02 or is 

converted to other forms of sulfur such as sulfuric acid (H2S04) mist or as ammonium sulfate. The RBLC 

does not list any add-on controls for S02 emissions from combustion turbines. However, due to the 

combustion of COG, RBLC entries for S02 controls typical of a coal-fired boiler were evaluated for these 

turbines. 

7.1.1 Pre-Combustion Control of 502 

U. S. Steel already pre-treats the COG prior to combustion at Clairton with a vacuum carbonate scrubber 

followed by a two stage Claus process and Shell Claus Off-gas Treatment (SCOT) to remove nearly all of 

the hydrogen sulfide contained in the fuel. This process is not capable of removing the remaining organic 

sulfur compounds present in low concentrations in the coke oven gas. A review of available technologies 

did not identify a single stage process capable ofremoving the multiple compounds to further reduce the 

sulfur in the gas prior to combustion. 

7.1.2 Post-Combustion Control of S02 

As stated previously, S02 emission control on simple-cycle and combined cycle combustion turbines has 

traditionally not been required. Due to the expected sulfur content of the COG, U.S. Steel has reviewed 
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post-combustion techniques that may be applicable to the combustion turbines and duct burners. The S02 

controls typically applied to coal-fired power plants are robust systems that have been proven in practice 

to control S02 emissions from the combustion of coal. Common technologies used for S02 emission 

control at coal-fired power plants, generally referred to as flue gas desulfurization (FGD), include the 

following: 

• WetFGD 

• Semi-dry FGD 

o Circulating dry scrubber (CDS) 

o Spray dryer absorber 

• DryFGD 

o ReACT 

o Dry sorbent injection 

7.2 Step 2. Identify Technically Feasible Control Technologies 

Each of the potential S02 emission control technologies, and their technical feasibility, are discussed in 

this section. 

7 .2.1 Pre-combustion 502 Control 

The pre-combustion sulfur removal that U. S. Steel performs on the COG is state of the art and among the 

highest level of treatment performed in the United States. Additional pre-combustion sulfur removal 

options were reviewed but were dismissed as technically infeasible for several reasons, but most 

importantly is that no other facilities are using these systems for additional sulfur controls. These 

processes for further sulfur removal are associated with excessive costs, ground-space requirements 

(especially considering this is an existing facility), corrosion problems, potential reagent fouling due to 

other constituents in the COG, and other process issues. As such control of S02 will be limited to review 

of post-combustion controls. The pretreatment of the COG that U.S. Steel is performing currently is 

considered the baseline for this BACT discussion and further removal via pre-treatment processes 

is not considered feasible for the combustion turbines and duct burners. 

7 .2.2 Post-combustion 502 Control 

7.2.2.1 Wet FGD 

Wet FGD processes are similar to dry FGD technology, except the sorbent is injected into the flue in an 

aqueous slurry instead of a dry powder. S02 in the flue gas dissolves into the alkaline slurry to form an 
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aqueous solution of neutralized sulfate salts, which are then dewatered and disposed of or marketed as a 

by-product. Wet FGD systems have S02 removal efficiencies of 90 to 95% depending on the sorbent 

used. While wet FGD is widely used on coal-fired power plants to achieve high levels of S02 control, this 

technology cannot achieve H2S04 mist or particulate emission reductions as high as those seen with a dry 

FGD process. Wet FGD is considered technically feasible for use on the combustion turbines. 

7.2.2.2 Semi-Dry FGD 

Two types of semi-dry FGD processes are available with different operating characteristics. Each type is 

discussed below. 

7.2.2.2.1 Spray Dryer Absorber 

Semi-dry FGD, also called spray dryer absorption (SDA) is ery similar to dry FGD, except the alkaline 

sorbent is injected into the flue gas as a highly-concentrate alkaline slurry. The water in the alkaline 

slurry typically evaporates, leaving the alkaline sorbent to react with the gas-phase sulfur compounds to 

form sulfate salts. Fabric filters and electrostatic preceptors (ESPs) are suitable means of particulate 

control following FGD reactors. Particulate matter controls are discussed further in Section 8.0. S,emi-dry 

FGD systems have achieved S02 removal efficiencies between 80 and 90% at coal-fired power plants. 

The use of SDA paired with particulate matter control is a technically feasibly control option for 

the combustion turbines although it has not been placed on combustion turbines. 

7.2.2.2.2 Circulating Dry Scrubber 

Circulating dry FGD, or CDS, is a semi-dry FGD technology that recirculates the alkaline sorbent in the 

system after it has reacted with S02 in the flue gas to form sulfate salts. Hydrated lime is injected into the 

system along with a separate nozzle for water injection. Sulfate salts are formed and then are removed 

from the flue gas by the downstream, particulate control technology. The salts are then recirculated into 

the flue gas for enhanced S02 removal and improved sorbent usage. CDS systems have achieved S02 

removal efficiencies of greater than 95% at coal-fired power plants. CDS paired with particulate matter 

control is technically feasible for this project although it has not been placed on combustion 

turbines. 

7.2.2.3 Dry FGD 

Dry FGD processes can vary, but the basic control process involves injecting a dry alkaline sorbent, such 

as lime or limestone, directly into the furnace (for a coal-fired steam generator), an FGD reactor, or 

downstream ductwork. The alkaline sorbent reacts with the gas-phase sulfur compounds to form sulfate 

salts, which are then removed using downstream particulate control technologies. Fabric filters and 
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electrostatic preceptors (ESPs) are suitable means of particulate control following dry FGD reactors. Two 

types of dry FGD are discussed below. 

7.2.2.3.1 ReACT™ 

The ReACT™ system for S02 control is a regenerative dry FGD system with a three-stage process. 

Ammonia is injected into flue gas and the gas passes through a slowly-moying bed of activated coke (an 

adsorber). The activated coke adsorbs S02, and clean gas is vented to the exhaust stack. The activated 

coke is then conveyed to a regenerator, which thermally desorbs sulfur compounds from the coke to 

create a sulfur-rich gas. The regenerated activated coke is returned to the adsorber, and the sulfur-rich gas 

is vented to a sulfuric acid recovery unit which extracts sulfur compounds from the regenerator gas. The 

first U.S. commercial installation of this technology was implemented at a 321-MW coal-fired power 

plant and controls S02 emissions by more than 90%. With very little operating data, even on coal-fired 

power plants, the use of the ReACTJ'M system for S02 control is not considered technically feasible 

for reduction of S02 emissions from combustion turbines utilizing COG. 

7.2.2.3.2 Dry Sorbent Injection 

Sorbent injection technologies employed to control S02 emissions consist of injecting a dry, powdered 

sorbent or reactant upstream of a particulate control device. The most common injection chemicals for 

S02 removal include sodium carbonate (Na2C03), sodium bicarbonate (NaHC03) and hydrated lime 

(Ca(OH)2). Trona (sodium sesquicarbonate dihydrate, Na2C03•NaHC03•2H20) has also been used. The 

sorbents react with S02 to produce a solid byproduct that can be collected in the particulate control 

system. Adequate mixing of the sorbent in the flue gas and sufficient residence time for reaction are 

needed to achieve S02 removal. 

Sorbent injection has been used at coal-fired power plants to control H2S04 emissions. These applications 

have also achieved S02 emission reductions, but at a lower control efficiency. The sorbents used in the 

sorbent injection process will react preferentially with sulfur trioxide (S03), H2S04 and hydrochloric acid 

(HCl) in the flue gas before reacting with the S02. Therefore, large quantities of sorbent are needed to 

achieve moderate levels of S02 removal ( 40% to 60% control). Adding large quantities of sorbent 

increases the loading on the downstream particulate control device, which impacts its performance. 

Additional loading leads to higher pressure drop across the particulate control device, requiring more fan 

power to operate. Sorbent injection is considered technically feasible for use on the combustion 

turbines. 
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7.2.3 Summary of the Technically Feasible Control Options 

The technical feasibility of the S02 control options evaluated for the proposed combustion turbines is 

summarized in Table 7-1. The expected performance of these technologies has been determined 

considering the performance of existing systems, vendor guarantees, permitted emission limits, and the 

design requirements for the turbines. 

Table 7-1: Summary of Technically Feasible 502 Control 
Technologies for Combined cycle Combustion Turbines 

Expected Technical 
Control System Reduction a,b Feasibility Comments 

Further pre-combustion 

Pre-combustion controls NI A (baseline) Feasible 
controls beyond baseline have 
many identified issues: space 

required, corrosion and fouling 

WetFGD 70%-95% Feasible 
Increases or does not control 

PM 

Semi-dry FGD - Not demonstrated on 
Circulating dry 70-95% Feasible combustion turbines, requires 

scrubber downstream PM control device 

Semi-dry FGD - Not demonstrated on 
Post 70%- 90% Feasible combustion turbines, requires 

combustion 
Spray dry absorber 

downstream PM control device 
controls 

Not demonstrated on 

Dry FGD - ReACT 90% Not feasible 
combustion turbines, very little 
experience on coal-fired power 

plants 

DryFGD- Dry Not demonstrated on 

sorbent injection 
40-60% Feasible combustion turbines, requires 

downstream PM control device 
(a) Based on U.S. EPA Atr Pollut1on Control Technology Fact Sheet for Flue Gas Desulfunzat10n (FGD)- Wet, Spray-dry and 

Dry Scrubbers (EPA-452/F-03-034). 
(b) Note most performance data is based on coal-fired boiler applications. The sulfur content of the COG, natural gas and 

COG-natural gas blend will be lower. The S02 removal efficiency will therefore be lower than that seen with a coal-fired 
boiler application. The lower end of ranges shown is more reflective of a lower-sulfur gaseous fuel. 

7.3 Step 3. Rank the Technically Feasible Control Technologies 

The technically feasible S02 control technologies for the combustion turbines are ranked by control 

effectiveness in Table 7-2. 
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Table 7-2. Ranking of Technically Feasible 502 Control Technologies for Combined cycle 
Combustion Turbines 

Combustion Turbine Option Reduction 
(%) 

Circulating Dry Scrubber (CDS) 70- 95% 

WetFGD 70-95% 

Spray Dryer Absorber (SDA) 70-90% 

Dry sorbent injection 40-60% 

7.4 Step 4. Evaluate the Most Effective Control Technologies 
Step 4 evaluates the energy, environmental and economic impacts from the add-on S02 control 

technologies for S02 emissions from the combustion turbines. 

7.4.1 Wet FGD 

7.4.1.1 Energy Impacts 

The pumping of sorbent slurry is the most energy intensive component in the operation of an FGD 

system. As such, wet and semi-dry FGD systems have higher overall energy demands than dry FGD 

systems. Wet and semi-dry FGD systems do not require as fine of a sorbent powder as dry FGD systems. 

This results in a smaller energy requirement for sorbent pulverization. 

7.4.1.2 Environmental Impacts 

Most wet FGD systems use calcium or sodium-based sorbents. A wet FGD system typically uses 

limestone for the reaction and produces gypsum as a by-product. The limestone and gypsum material 

handling will increase PMIPM10/PM2.s emissions from the Project. Since Allegheny County is 

nonattainment for PM2.s, this could be a significant issue. Wet FGD systems also create additional 

emissions of CO2, a regulated greenhouse gas. Further, a wet FGD system will not control H2S04 

emissions as well as semi-dry arid dry FGD technologies. 

7.4.1.3 Economic Impacts 

Wet FGD systems have higher capital and annual operating costs than dry and semi-dry FGD systems. As 

wet FGD systems saturate the flue gas, the absorber tower and inlet and outlet ductwork must be 

constructed of high-grade alloy materials. Wet FGD systems use large pumps to circulate the alkaline 
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slurry, which increases the power consumption of the system. However, wet FGD systems require less 

expensive reagents (limestone, CaC03) than dry or semi-dry FGD systems. 

Because wet scrubbing may increase emissions of PMIPM10/PM2.s from the Project in a PM2.s 

nonattainment area and because wet scrubbing is much more expensive than dry FGD and semi-dry FGD 

systems, wet FGD has been removed from consideration for S02 control from the combustion 

turbines. 

7.4.2 Semi-Dry FGD-Spray Dryer Absorber 

7.4.2.1 Energy Impacts 

The pumping of sorbent slurry is considered to be the most energy intensive component in the operation 

of an FGD system. As such, semi-dry FGD systems have higher overall energy demands than dry FGD 

systems. Semi-dry FGD systems do not require as fine of a sorbent powder as dry FGD systems. This 

results in a smaller energy requirement for sorbent pulverization. Semi-dry FGD systems require the use 

of a downstream particulate control device. These devices contribute additional pressure drop to the 

system, which requires additional fan power. 

7.4.2.2 Environmental Impacts 

Most semi-dry FGD systems use calcium-based sorbents. The reaction of these alkaline reagents with 

gas-phase sulfur compounds results in the formation of sulfur salts, which must be disposed of. Semi-dry 

FGD systems absorb HCl, HF and mercury from flue gas in addition to S02, which is considered to be an 

environmentally-beneficial impact of operating a semi-dry FGD system. 

7.4.2.3 Economic Impacts 

SDA systems will have higher annual costs than CDS systems due to the higher amount of sorbent that is 

required and not "circulated" back into the system. As the flue gas is not saturated, it is Jess corrosive and 

lower-cost materials of construction can be used. However, semi-dry FGD systems require more 

expensive reagents (lime, CaO) than wet FGD systems. 

7.4.3 Semi-Dry FGD-Circulating Dry Scrubber 

7.4.3.1 Energy Impacts 

Dry and semi-dry systems benefit from not requiring the pumping of a sorbent slurry. The pumping of a 

sorbent slurry is the most energy intensive component in the operation of an FGD system. As such, dry 

FGD systems have lower overall energy demands than wet and semi-dry FGD systems. Semi-dry FGD 
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systems do not require the finer sorbent that dry FGD systems require. This results in less energy 

requirements for sorbent pulverization for the semi-dry systems. Dry and semi-dry FGD systems also 

require the use of a downstream particulate control device. These devices contribute additional pressure 

drop to the system, which requires additional fan power. 

7.4.3.2 Environmental Impacts 

Semi-dry FGD systems use calcium-based sorbents, and the reaction of these alkaline reagents with gas­

phase sulfur compounds results in the formation of sulfur salts, which must be disposed of. These systems 

FGD systems absorb HCl, hydrofluoric acid (HF), and other acid gases from flue gas in addition to S02, 

which is considered to be an environmentally-beneficial impact of operating a dry FGD system. 

7.4.3.3 Economic Impacts 

CDS systems have lower annual operating costs than dry FGD and spray dryer absorber because the 

design require less water and power. As the flue gas is dry, it is less corrosive and lower-cost materials of 

construction can be used. However, CDS FGD systems require more expensive reagents (lime, CaO) than 

wet FGD systems. 

7.4.4 Dry FGD - Dry Sorbent Injection 

7.4.4.1 Energy Impacts 

Dry sorbent injection is not an energy-intensive technology. Blowers are used to inject the dry sorbent 

into the flue gas, so large pumps are not required as in a wet FGD system. However, dry sorbent injection 

does require the use of a downstream particulate control device. These devices contribute additional 

pressure drop to the system, which requires additional fan power. 

7.4.4.2 Environmental Impacts 

Dry sorbent injection will also absorb acid gases, such as HCl and HF from flue gas in addition to S02, 

which is considered to be an environmentally-beneficial impact of operating a dry sorbent injection 

system. 

7.4.4.3 Economic Impacts 

Dry sorbent injection systems have lower capital costs than dry, semi-dry and wet FGD systems because 

the designs require no water and less power. This technology does not require a large reactor. However, 

dry sorbent injection requires large amounts of expensive reagents to achieve moderate levels of S02 

removal. 
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7.5 Step 5. Proposed 502 BACT Determination 

The use of a circulating dry scrubber and a fabric filter represents BACT for S02 control in the proposed 

combined cycle combustion turbines. These operational controls will limit S02 emissions, including duct 

burner emissions, to 0.024 lb/MMBtu. Compliance with the proposed limit is based on a 3-run stack test 

average as conducted in accordance with the approved stack testing protocol. 

U. S. Steel - Clairton 7-9 Burns & McDonnell 



C 

L 

BACT Analysis Revision 1 PM BACT Analysis - Combustion Turbines 

8.0 PM BACT ANALYSIS - COMBUSTION TURBINES 

The following sections outline the top-down steps for particulate matter (PM/PM10/PM2.s) emissions from 

the combustion turbines. 

8.1 Step 1. Identify Potential Control Strategies 

Particulate (PM/PM10/PM2.s) emissions from gaseous fuels in combustion sources consist of inert 

contaminants in gas, sulfates from fuel sulfur or mercaptans used as odorants, dust drawn in from the 

ambient air, and particles of carbon and hydrocarbons resulting from incomplete combustion. Therefore, 

units firing fuels with low ash content, low sulfur content and high combustion efficiency exhibit 

correspondingly low particulate emissions. COG is proposed as the primary fuel for the combustion 

turbines with natural gas and blends of the two fuels as back-up. The COG has a higher sulfur content 

than natural gas, therefore, as discussed in the S02 BACT, additional sulfur control is proposed. 

A contributor to PM/PM10/PM2.s emissions in combined cycle turbines with SCR for NOx control is the 

ammonium sulfates that are produced when NOx and ammonia react with sulfur in the fuel. Sulfur is 

present in all proposed fuels for this Project. Because of the sulfur, ammonium sulfates can form, as 

illustrated by the following equations: 

Ammonium sulfates are also formed when the ammonia content of the flue gas exceeds that of S03. The 

amount of ammonium bisulfate can then increase as the ammonia slip increases. Other variables include 

velocity and temperature profiles, oxygen levels, water content, cycling, presence of an oxidation catalyst 

or duct burner and ammonia-to-S03 ratios. Therefore, it is expected that combustion turbines with SCR 

will have higher particulate emissions than those without SCR. 

Post-combustion controls, such as ESPs or baghouses, have never been applied to commercial gas-fired 

combustion turbines. However, the project anticipates the use of dry flue gas desulfurization (FGD) to 

control S02 emissions while combusting COG. This method of S02 control consists of injecting alkaline 

reagents into the flue gas. The reagent absorbs and reacts with S02 in the flue gas to form salt particles 

that must be removed from the gas stream. Because the selected method of S02 control will require the 

control of particulate matter emissions, control technologies that have never been implemented on 
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commercial combustion turbines (fabric filters, dry ESPs and wet ESPs) are being considered for this 

project. 

A survey of the RBLC database (Appendix A and Appendix B) shows no add-on PM/PM10/PM2.s control 

technologies for combined cycle combustion turbine units. Proper combustion control and the firing of 

fuels with negligible or zero ash content (such as natural gas) is the predominant control method listed. 

8.2 Step 2. Identify Technically Feasible Control Technologies 

Particulate control devices are not typically installed on gas turbines. Post-combustion controls, such as 

ESPs or baghouses, have never been applied to commercial gas-fired turbines. However, due to the 

expected particulate loading (including the PM due to the circulating dry scrubber), review of the options 

for post-combustion control of PM emissions was performed. 

8.2.1 Dry Electrostatic Precipitator (ESP) 

A dry ESP is a PM control technology that utilizes electrical charges to attract particulate matter present 

in the gas stream. An ESP consists of negatively charged discharge electrodes and positively charged 

collection plates. The negatively charged electrodes create a corona of electrical charges transmitting a 

negative charge to the particulate matter in the gas stream. The negatively charged particulate matter is 

then attracted to the ESP's positively charged collection plate. Particulate matter accumulates on the 

collection plate until the plate is mechanically "rapped" causing the PM to fall into hoppers. The PM that 

collects in the hoppers is then removed by the waste handling system. An ESP consists of a series of the 

electrical fields described above in order to capture any PM that may be re-entrained in the flue gas 

stream during rapping. Some emissions during rapping of the last field are unavoidable. 

Dry ESPs are intentionally operated at high temperatures to prevent corrosion problems that can result 

from condensable acid gases. Dry ESPs are technically feasible, demonstrated, and an accepted control 

technology for reducing PM emissions. Dry ESPs will be retained for further BACT analysis as a 

feasible control technology for filterable PM emissions. 

8.2.2 Wet Electrostatic Precipitator (WESP) 

A wet ESP (WESP) operates in saturated flue gas conditions where the flue gas is below the dew point of 

many acid gases and other condensable particulate materials. The collector plates of a WESP are washed 

with water instead of by "rapping" as in a dry ESP. The typical location of a WESP is downstream of a 

wet FGD system used for S02 control. WESP systems have limited demonstrated performance on coal-
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fired applications. In the few applications that have included a WESP system, the unit fired high-sulfur 

bituminous coal, and the WESP system was primarily installed for H2S04 control. 

This Project proposes the use of dry FGD technology for S02 control, which will reduce H2S04 upstream 

of the particulate fabric filter. The dry FGD system will require a baghouse as the downstream particulate 

control device as an integral part of the system. The particulate loading from the dry FOG system is too 

high for a dry ESP or WESP. The fabric filter is also needed to provide to residence time required to 

complete the reaction between the reagent (lime) and the S02 in the flue gas. 

A WESP is not considered technically feasible for this project because WESPs operate in saturated 

conditions typical of those following wet FGD, and wet FGD has been eliminated as a technically 

feasible control option. 

8.2.3 Fabric Filter Baghouse 

A fabric filter baghouse is a particulate collection device that utilizes fabric filters or "bags" to collect 

particulate matter. The design for a fabric filter baghouse is fairly simple. The flue gas enters an enclosure 

that contains compartmentalized groups of bags, then is directed through the bags. As the flue gas enters 

the fabric filter enclosure, particulate matter accumulates on the bags and a "filter cake" is formed on the 

outside of the bags. The filter cake is a significant part of the filtering media in a fabric filter. The filtered 

flue gas then exits the baghouse. 

When the pressure drop across the baghouse reaches a set level due to filter cake buildup, ambient air is 

pulsed into the inside of bags to knock the filter cake off the bag and into hoppers below. The particulate 

matter is then handled by a pneumatic ash handling system and sent to disposal. The bags are operated in 

a manner to allow for cleaning, maintenance, and repair of one compartment (or group of bags) at a time. 

Fabric filter baghouses are highly efficient, technically feasible, demonstrated, and an accepted control 

technology for reducing filterable PM emissions. Fabric filter baghouses are considered a technically 

feasible control technology for PM emissions from the combustion turbines. 

8.3 Step 3. Rank the Technically Feasible Control Technologies 

The technically feasible PMIPM10/PM2.s control technologies for the combustion turbines are ranked by 

control effectiveness in Table 8-1. 
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Table 8-1: Ranking of Technically Feasible PM/PM10/PM2.s 
Control Technologies for Combined cycle Combustion Turbine 

Control Technology Control Efficiency (Range, %) 

Fabric Filter (Baghouse) 99 - 99.98 

Dry ESP 96.0- 99.2b 
(a) Based on U.S. EPA A1r Pollution Control Technology Fact Sheet for Fabnc Filter- Pulse-Jet Cleaned Type (EPA-452/F-03-

025) and Fabric Filter - Reverse-Air/Jet Cleaned Type (EPA-452/F-03-026). 
(b) Based on U.S. EPA Air Pollution Control Technology Fact Sheet for Dry ESP - Wire-Pipe Type (EPA-452/F-03-027) and 

Dry ESP - Wire-Plate Type (EPA-452/F-03-028). Note this is based on coal-fired boiler applications with likely much higher 
particulate loading. There is no direct information on how a dry ESP will perform on a high-sulfur gaseous fuel. 

8.4 Step 4. Evaluate the Most Effective Control Technologies 

A baghouse was identified as the control technology with the greatest control efficiency. Because a 

baghouse is the highest ranked technology, further energy, environmental, and economic analyses are not 

warranted. 

8.5 Step 5. Proposed PM/PM10/PM2.s BACT Determination 

The use of a baghouse represents BACT for PMIPM1o!PM2.s control in the proposed combined cycle 

combustion turbines. These controls will limit PMIPM10IPM2.s emissions, including duct burner 

emissions, to 0.014 lb/MMBtu for COG and natural gas combustion. This emission rate includes front 

and back half PM/PM1o/PM2.s emissions, takes into account emissions from the ammonium sulfate 

produced from sulfur and ammonia slip that could be emitted as PM/PM1o/PM2.s, and includes the duct 

burner emissions that will be emitted out of the turbine stack. Compliance with this limit is based on 3-

run stack tests based on an approved stack testing protocol. 
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9.0 AMMONIA BACT ANALYSIS - COMBUSTION TURBINES 

Because Allegheny County is nonattainment for PM2.s, the ACHD has determined that ammonia 

emissions are also a criteria pollutant that should be subject to BACT requirements. The following 

sections outline the top-down BACT analysis for ammonia emissions from the Project combustion 

turbines. 

9.1 Step 1. Identify Potential Control Strategies 

9.1.1 Limiting Ammonia Input 

Limiting the amount of ammonia injected upstream of an SCR system is the primary method to prevent 

ammonia slip. The proposed NOx BACT emissions limitation takes into account the need to also limit 

ammonia slip. As the NOx limit decreases, more ammonia is needed and ammonia slip emissions 

increase. For this analysis, maintaining a proper stoichiometric ratio to limit ammonia slip is considered a 

technically feasible, efficient, and demonstrated control strategy for controlling ammonia emissions. 

9.1.2 Using Ammonia Instead of Urea in the SCR 

The SCR can use various forms of ammonia for the reagent. Anhydrous ammonia, aqueous ammonia and 

urea are the most common forms of ammonia used in SCR systems. Because U. S. Steel already has 

support facilities and tanks of anhydrous ammonia on-site, they will continue to use the existing ammonia 

storage and handling systems for the new SCR system for the combustion turbines. The use of anhydrous 

ammonia as a reagent results in lower levels of ammonia slip than urea. The use of ammonia as a reagent 

is considered a technically feasible control technology. 

9.2 Step 2. Identify Technically Feasible Control Technologies 

There are no add-on controls available for ammonia emissions from combustion turbines. The two 

methods ofreducing ammonia emissions, using ammonia as the reagent and limiting ammonia input, are 

both technically feasible options for reducing ammonia emissions from the combustion turbines and duct 

burners. 

9.3 Step 3. Rank the Technically Feasible Control Technologies 

Because using ammonia as the reagent and limiting ammonia input are both inherent to the ammonia use 

in the SCR, there is nothing to rank. Both options for ammonia reduction will be employed for the 

combustion turbines. 
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9.4 Step 4. Evaluate the Most Effective Control Technologies 

Reducing the amount of ammonia input can potentially increase the emissions ofNOx, however with 

state-of-the-art methods to monitor the operation of the SCR and ammonia injection, the risk of not 

meeting the NOx limit is very low, even with reduced over-injection of ammonia. Thus, there are no 

energy or economic considerations for either utilizing ammonia as the reagent or limiting the ammonia 

injection rate. 

9.5 Step 5. Proposed Ammonia BACT Determination 

The use of ammonia as the reagent in the SCR and limiting the ammonia injection rate is considered 

BACT for the proposed combined cycle combustion turbines with duct burners. These operational 

controls will limit ammonia emissions to 2 ppm at 15% 02 for COG and natural gas combustion. 

Compliance with this limit is based the average of 3-run stack tests conducted in accordance with the 

approve stack testing protocol. 
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10.0 GHG BACT ANALYSIS - COMBUSTION TURBINES 

For the proposed combined cycle combustion turbines, the C02e emissions are due to CO2, CH4 and 

nitrous oxide (N20) emissions. The global warming potential (GWP) of Cfu and N20 emissions are 

normalized to the warming potential of carbon dioxide (as C02e) by multiplying the CH4 emissions by 25 

and the N20 emissions by 298. Despite the higher warming potentials ofCH4 and N20 compared to CO2, 

it is expected that CO2 emissions will still account for over 99 percent of the GWP for the combustion 

turbines, based on published emission factors. 

There are two broad strategies for reducing CO2 emissions from stationary combustion processes such as 

combustion turbines. The first is to minimize the production of CO2 through the use of low-carbon fuels 

and through aggressive energy-efficient design. The use of gaseous fuels, such as natural gas and COG, 

reduces the production of CO2 during the combustion process relative to burning solid fuels (e.g., coal or 

coke) and liquid fuels (e.g., distillate or residual oils). Additionally, a highly-efficient operation requires 

less fuel for process heat, which directly impacts the amount of CO2 produced. Establishing an aggressive 

basis for energy recovery and facility efficiency will reduce CO2 production. 

Energy efficiency reduces CO2 emissions by optimizing the operation of the combustion turbine, thereby 

reducing the amount of fuel burned per megawatt-hour produced. Energy efficiency reduces CO2 

emissions by shifting fuel consumption from the existing boilers to the new cogeneration unit, thereby 

reducing the amount of fuel burned per steam produced. Additionally, the cogeneration unit produces 

power reducing U. S. Steel's net import of power, further reducing the total CO2 emissions. 

Combustion control optimization and energy efficient equipment is a main control strategy for emissions 

of greenhouse gases. Potential options that may increase efficiency include the following: 

• Reduced overall fuel input to produce the same amount of steam 

• Electricity generation to offset imported power to the site 

• Use of waste heat from power generation to produce process steam 

• Fuel gas heating via gas compression to improve turbine efficiency 

• Inlet air filtration system utilizing high efficiency media filters to remove combustion air 

contaminants 

• Steam injected combustors for improved performance, enhanced operability, and lower 

emissions. 
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The second strategy for CO2 emission reduction is carbon capture and sequestration. The inherent design 

of the combustion turbines produces a dilute CO2 stream for potential capture. No commercially­

available, post-combustion CO2 capture systems are known to have been installed on combined cycle 

combustion turbines. The systems that do exist are only demonstration projects on coal-fired power 

plants. Therefore, post-combustion capture is technically infeasible for the control of CO2 emissions from 

the proposed combined cycle combustion turbines. Further, CO2 sequestration requires the CO2 to be 

captured, and capture methods are not considered technically feasible for this project. 

BACT for greenhouse gas emissions from the combustion turbines is determined to be the use of COG 

and natural gas (backup) as fuels and efficient turbine design. These design options will allow the 

combustion turbines to not exceed a total of 864,096 tpy C02e for both combustion turbines/duct burners 

combined of greenhouse gases as C02e. 
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11.0 BACT ANALYSIS FOR AUXILIARY EQUIPMENT 

The following sections outline a review ofBACT for the auxiliary equipment and emission sources 

proposed for the Project. 

11.1 Emergency Diesel Fire Pump 

One 74-hp emergency diesel fire pump will be constructed as part of the Project. The fire pump will 

operate for up to 100 hours per year or less for testing, maintenance, and other non-emergency operations. 

BACT for the fire pump must be at least as stringent as required in the NSPS for Compression Ignition 

RICE ( 40 CFR Part 60, Subpart IIII). Because of the limited hours of operation, post-combustion controls 

are not economically feasible. However, pre-combustion controls such as burning ULSD fuel can be 

utilized to reduce S02 and PM/PM10/PM2.s emissions. Additionally, good combustion practices inherent to 

the design and proper operation of the generators will be used. 

The use ofULSD fuel, good combustion practices, and compliance with the NSPS emissions standards 

(Tier 3 for the fire pump) have been selected as BACT for the emergency diesel fire pump. These 

emission standards are shown in Table 11-1 below. 

Table 11-1: Tier 3 Emission Standards for Emergency Diesel Fire Pumps 37 :S kW :S 75 

Pollutant 
Emission Factor 
g/kW-hr (g/hp-hr) 

NMHC+NOx 4.7 (3.5) 

co 5.0 (3.7) 

PM 0.40 (0.30) 

(a) NMHC + NOx = nonmethane hydrocarbons plus nitrogen oxides, CO= carbon 
monoxide, PM= particulate matter, g/kW-hr = grams per kilowatt hour, g/hp-hr = 
grams per horsepower hour. 

11.2 Dew Point Heaters 

Two 3-MMBtu/hr dew point heaters will be constructed as part of the Project. The dew point heaters will 

combust natural gas and will be utilized to heat the natural gas (back up fuel) as needed prior to 

combustion in the combustion turbines. Although permitted for full-time operation, in actuality the dew 

point heaters are only expected to operate up to one hour per day when the combustion turbines are 

operating on natural gas (which is a back-up fuel and should be very intermittent). Dew point heaters are 

not typically designed for post-combustion add-on controls and control on such small units are not typical 

nor economically feasible. As such, controls typical include pre-combustion controls such as limiting the 

ash content of fuel to reduce PM/PM10/PM2.s emissions and limiting the sulfur content of the fuel to 

U.S. Steel - Clairton 11-1 Burns & McDonnell 

T--------------------------------------------------



C 

l 

l 

BACT Analysis Revision 1 BACT Analysis for Auxiliary Equipment 

reduce S02 emissions. The dew point heaters will be equipped with low NOx burners to control emissions 

of NOx. Combustion controls such as good combustion practices will be used to control NOx, CO and 

voe emissions. 

The use of low-ash, low-sulfur fuels (natural gas), low NOx burners and good combustion practices have 

been selected as BACT for the small dew point heaters. 

11.3 Material Handling - Silos 

Material handling systems for hydrated lime as well as baghouse waste will have the potential to release 

PM/PM 10/PM2.s filterable emissions. The hydrated lime will be delivered to the site via haul trucks which 

will pneumatically unload the hydrated lime into the hydrated lime storage silo. The hydrated lime storage 

silo will have a bin vent filter on the silo to control emissions of PM/PM10/PM2.s. From there, the hydrated 

lime will be pneumatically conveyed to one of two lime day bins (one for each cogeneration unit). Each 

of the day bins will be vented into its corresponding cogeneration unit so therefore there will be no 

emissions from the day bins. Waste from the baghouse will be removed to a waste storage silo via 

pneumatic conveying. The waste storage silo will also be controlled via a bin vent filter. 

Bin vent filters collect PM emissions in the same manner as a fabric filter baghouse; i.e., the vent filter 

separates PM from an exhaust stream by filtering the stream. The filter is located atop a silo and the 

collected material is discharged directly back into the silo. Bin vent filters are a technically feasible 

control technology for collecting PM/PM10/PM2.s filterable emissions from an enclosed point source. Bin 

vent filters are the most common and one of the most efficient control technologies from material 

handling point sources, such as silos. 

Bin vent filter grain loading guarantees vary from 0.2 gr/dscf down to as low as 0.001 gr/dscf for select 

vendors for limited applications. Based on a review of material handling sources at similar facilities, grain 

loading BACT rates are typically seen at 0.02 gr/dscf to 0.005 gr/dscf. 

Bin vent filters with grain loading of 0.002 gr/dscf for the hydrated lime and waste silos is considered 

BACT for the material handling emission sources for the control of PM/PM10/PM2.s emissions. 

11.4 Haul Roads 

The Project, specifically the air pollution controls, will require the hauling of material on- and off-site. 

This includes delivery of hydrated lime and anhydrous ammonia for the reduction of S02 in the 

circulating dry scrubber and reduction ofNOx in the selective catalytic reduction system, respectively. In 
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addition, particulate waste that is collected in the baghouse will be hauled off-site for disposal from the 

waste silo. PM/PM10/PM2.5 emissions will be released during the hauling of these materials on the roads as 

silt on the roads becomes resuspended into the atmosphere within the U.S. Steel - Clairton Plant. 

Several methods of control of the emissions from the haul roads is currently in-use at the facility. These 

controls will also be used to control emissions from the existing and new haul routes proposed for this 

Project. All haul roads will be paved; this includes the new roadways that may be built to accommodate 

the Project. In addition to the paving of the haul roads, U. S. Steel proposes to use best management 

practices which consist of watering, vacuum sweeping, maintenance, and dust suppression. The use of 

paved haul roads as well as best management practices has been selected as BACT for the paved roads. 
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12.0 BACT FOR AUXILIARY BOILER 

The auxiliary boiler is rated at 99.0 MMBtu/hr and is proposed to operate only up to 1,000 hours per year. 

The RBLC has limited information on BACT conclusions for natural gas-fired auxiliary boilers that are 

similar in size to the proposed boiler (50 to 150 MMBtu/hr.) (See Appendix C.) The RBLC tables also 

show high variability for emission rates for each pollutant. 

12.1 BACT for Nitrogen Oxides -Auxiliary Boiler 

The following sections outline the top-down steps for NOx emissions from the auxiliary boiler. 

12.1.1 Step 1. Identify Potential Control Strategies 

SCR, low-NOx burners, combustion controls, and FGR are listed as BACT in the RBLC for auxiliary 

boilers. NOx emissions listed in the RBLC range from 0.01 to 0.36 lb/MMBtu for similar-sized auxiliary 

boilers utilizing low-NOx burners, ultra-low NOx burners, flue gas recirculation (FGR) and combustion 

controls. Only one similar-sized boiler has SCR listed and it is located in Alaska. 

12.1.2 Step 2. Identify Technically Feasible Control Technologies 

The primary methods for controlling NOx emissions are evaluated for technical feasibility in the 

following sections. 

12.1.2.1 SCR 

The RBLC listed one unit with SCR as BACT for a similarly sized auxiliary boiler (approximately 50 

MMBtu/hr). An SCR can likely reduce emissions further, however the cost to add SCR to remove less 

than a ton of NOx emissions will not be economically feasible on this small unit, therefore, SCR is not 

considered further. 

As a result, an SCR system will not be reviewed further for the auxiliary boiler. 

12.1.2.2 Low-NOx Burners 

Low-NOx burners are currently available from most auxiliary boiler manufacturers. This technology seeks 

to reduce combustion temperatures, thereby reducing NOx, In a conventional combustor, the air and fuel 

are introduced at an approximately stoichiometric ratio, and air/fuel mixing occurs at the flame front 

where diffusion of fuel and air reaches the combustible limit. A lean premixed combustor design 

premixes the fuel and air prior to combustion. Premixing results in a homogenous air/fuel mixture, which 

minimizes localized fuel-rich pockets that produce elevated combustion temperatures and higher NOx 

emissions. A lean air-to-fuel ratio approaching the lean flammability limit is maintained, and the excess 
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air serves as a heat sink to lower combustion temperatures, which lowers NOx formation. A pilot flame is 

used to maintain combustion stability in this fuel-lean environment. Various emission rates are given by 

vendors for low-NOx burners. 

Low-NOx burners are available on auxiliary boilers and are considered both baseline and 

technically feasible for the auxiliary boiler. 

12.1.2.3 Flue Gas Recirculation (Ultra-low NOx Burners) 

In most cases, ultra-lowNOx burners are low-NOx burners with the addition of flue gas recirculation 

(FGR). FGR provides additional control of NOx emissions through the burning process. 

Flue gas recirculation is available on auxiliary boiler and is considered both baseline and 

technically feasible for the auxiliary boiler. 

12.1.2.4 Combustion Control 

"Good combustion practices" include operational and design elements to control the amount and 

distribution of excess air in the flue gas to confirm that there is enough oxygen present for complete 

combustion. 

As a result, combustion control is considered baseline for the auxiliary boiler and is technically 

feasible. 

12.1.3 Step 3. Rank the Technically Feasible Control Technologies 

The technically feasible NOx control technologies for the 99 MMBtu/hr auxiliary boiler are ranked by 

control effectiveness in Table 12-1. 

Table 12-1. Ranking of NOx Control Technologies for the Auxiliary Boiler 

Control Technology Reduction Controlled Emission Level 
(%) (lb/MMBtu) 

FGR and low-NOx 
50 0.02 burners 

Low-NOx burners, and 
Not applicable (baseline) 0.04 combustion control 

Source: Based on vendor data 

12.1.4 Step 4. Evaluate the Most Effective Control Technologies 

Each technically feasible control technology was evaluated for energy, environmental, and economic 

impacts. These impacts are discussed below for each control technology. 
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12.1.5 Low-NOx Burners, FGR and Combustion Control 

Because the low-NOx burners come standard on most auxiliary boilers and combustion control is 

accomplished through operation of the auxiliary boiler, there are no incremental energy, environmental, 

or economic impacts associated with these controls. Further, there is an additional cost associated with 

FGR (to achieve ultra-low NOx emissions), but this cost is considered insignificant. 

12.1.6 Steps 5. Proposed BACT for NOx 

Since low-NOx burners. FGR, and combustion control are considered economically feasible, low-NOx 

burners and FGR was selected as BACT for NOx from the auxiliary boiler at an emission rate of 0.02 

lb/MMBtu. 

12.2 BACT for Carbon Monoxide -Auxiliary Boiler 

The following sections outline the top-down steps for CO emissions from the auxiliary boiler. 

12.2.1 Step 1. Identify Potential Control Strategies 

The RBLC cites good combustion practices for BACT control for all but one entry, which also includes 

an oxidation catalyst. As with the turbine, good combustion control will help control emissions of CO 

from the auxiliary boiler. An oxidation catalyst system may be available to control CO emissions from the 

auxiliary boiler, along with good combustion practices. Emission limits range from 0.0075 lb/MMBtu to 

0.0842 lb/MMBtu. It is important to note that NOx and CO are inversely related in boiler emissions. 

Therefore, if a unit has very low NOx emissions, the CO emissions may be higher. 

12.2.2 Step 2. Identify Technically Feasible Control Technologies 

The primary methods for controlling CO emissions are evaluated for technical feasibility in the following 

sections. 

12.2.2.1 Oxidation Catalyst System 

The oxidation catalyst system is an add-on control that converts CO and VOC to CO2 by use of a catalyst, 

Section 5.2.2 describes the oxidation catalyst system for gas-fired units. While an oxidation catalyst is a 

potential control for the auxiliary boiler, with such few permitted hours of operation (up to 1,000 hours), 

an oxidation catalyst would not be considered economically feasible and would only remove up to 1.5 

tons of co and voe combined. 

An oxidation catalyst system is not considered feasible for this small auxiliary boiler with limited 

hours of operation. 
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12.2.2.2 Combustion Control 

"Good combustion practices" include operational and design elements to control the amount and 

distribution of excess air in the flue gas to confirm that there is enough oxygen present for complete 

combustion. 

Good combustion practices are a technically feasible method of controlling CO emissions from the 

auxiliary boiler. 

12.2.3 Step 3. Rank the Technically Feasible Control Technologies 

The feasible CO control technologies for the 99 MMBtu/hr auxiliary boiler are ranked by control 

effectiveness in Table 12-2. 

Table 12-2: Ranking of CO Control Technologies for the Auxiliary Boiler 

Reduction Controlled Emission Level 
Control Technology (%) (lb/MMBtu) 

Combustion control Not applicable (baseline) 0.055 

Source: Based on AP-42 

12.2.4 Step 4. Evaluate the Most Effective Control Technologies 

Combustion control does not have any economic, environmental or energy impacts. 

12.2.5 Step 5. Proposed BACT for CO 

Since add-on controls are not economically feasible for CO, combustion control was selected as BACT 

for CO from the auxiliary boiler at an emission rate of 0.055 lb/MMBtu. 

BACT for CO emissions from the auxiliary boiler is good combustion practices. 

12.3 BACT for Volatile Organic Compounds· Auxiliary Boiler 

The following sections outline the top-down steps for VOC emissions from the auxiliary boiler. 

12.3.1 Step 1. Identify Potential Control Strategies 

The RBLC lists good combustion practices for VOC BACT for all entries except for two facilities. It is 

likely that these two facilities have add-on controls due to high hours of operation and/or because it was 

determined to be BACT for CO emissions. As with the turbine, good combustion control will help control 

emissions ofVOC from the auxiliary boiler. Emission rates vary from the various sized auxiliary boilers, 

ranging from 0.0026 lb/MMBtu to 0.0164 lb/MMBtu. 
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12.3.2 Step 2. Identify Technically Feasible Control Technologies 

The primary methods for controlling VOC emissions are evaluated for technical feasibility in the 

following sections. 

12.3.2.1 Oxidation Catalyst System 

An oxidation catalyst system may be used on an auxiliary boiler this size. The oxidation catalyst system is 

an add-on control that converts CO and VOC to CO2 by use of a catalyst. Section 6.2.2 describes the 

oxidation catalyst system for gas-fired units. However, as described in Section 12.2.2.1 for CO emissions, 

an oxidation catalyst would not be economically feasible on this limited-use (up to 1,000 hours per year) 

auxiliary boiler. Further, an oxidation catalyst can only remove between 30 and 50% of VOC emissions. 

Only up to 1.5 tons of all pollutants would be removed by such a system and thus the oxidation catalyst is 

not considered feasible for the auxiliary boiler. 

An oxidation catalyst system is not considered feasible for the auxiliary boiler with limited hours of 

operation. 

12.3.2.2 Combustion Control 

"Good combustion practices" include operational and design elements to control the amount and 

distribution of excess air in the flue gas to confirm that there is enough oxygen present for complete 

combustion. 

Good combustion practices are a technically feasible method of controlling VOC emissions from the 

proposed auxiliary boiler. 

12.3.3 Step 3. Rank the Technically Feasible Control Technologies 

The technically feasible VOC control technologies for the I 00 MMBtu/hr auxiliary boiler are ranked by 

control effectiveness in Table 12-3. 

Table 12-3: Ranking of voe Control Technologies for the Auxiliary Boiler 

Reduction Controlled Emission Level 
Control Technology (%) (lb/MM Btu) 

Combustion control Not applicable (baseline) 0.0055 

Source: Based on AP-42 

12.3.4 Step 4. Evaluate the Most Effective Control Technologies 

Technically feasible control technology was evaluated for energy, environmental, and economic impacts. 
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12.3.5 Step 5. Proposed BACT for voe 
Since add-on controls are not economically feasible for voe, combustion control was selected as BAeT 

for voe from the auxiliary boiler at an emission rate of 0.0055 lb/MMBtu. 

BACT for VOC emissions from the auxiliary boiler is good combustion practices. 

12.4 BACT for Particulate Matter - Auxiliary Boiler 

The following sections outline the top-down steps for PM/PM1o/PM2.s emissions from the auxiliary boiler. 

12.4.1 Steps 1-5. Identify, Rank, and Select BACT 

The RBLC does not list any control strategies other than good combustion practices and low ash fuel 

(natural gas). No add-on controls were identified for significant removal of these pollutants from the 

auxiliary boiler exhaust. The only technically feasible option for control of PM is good combustion 

practices. The RBLe lists emission rates of0.0005 Ib/MMBtu for similar sized auxiliary boilers 

(approximately 100 MMBtu/hr) up to 0.0164 lb/MMBtu for both PM10 and PM2.s. 

Since add-on controls are not feasible for PM emissions for such a small gas-fired unit, combustion 

control was selected as BAeT for PM/PM1o/PM2.s from the auxiliary boiler at an emission rate of 0.0075 

lb/MMBtu. 

12.5 BACT for Sulfur Dioxide - Auxiliary Boiler 

The following sections outline the top-down steps for S02 emissions from the auxiliary boiler. 

12.5.1 Step 1-5 Identify, Rank and Select BACT 

There are no add-on control technologies for controlling S02 emissions from an auxiliary boiler. As with 

the combustion turbine, using low sulfur fuel and controlling combustion is the only technologically 

feasible control option. 

BAeT is use of lower sulfur fuel and good combustion practices. This will achieve an emission rate of 

0.03 tons per year of S02 from the auxiliary boiler. 

12.6 BACT for Greenhouse Gases -Auxiliary Boiler (Steps 1-5) 

The auxiliary boiler will be fired exclusively on natural gas, is rated at 99 MMBtu/hr, and will be 

permitted to be fired a total of 1,000 hours per year. GHG emissions from this unit are estimated to be on 

the order of 5,796 tons e02e per year. The basic GHG BAeT reasoning presented for the turbine 

essentially applies to this boiler as well. GHG BAeT for this boiler will be the following: 

U.S. Steel - Clairton 12-6 Burns & McDonnell 

.,.------------------------------------------------



BACT Analysis Revision 1 BACT for Auxiliary Boiler 

C • Use of clean fuels (exclusive use of natural gas) 

• Maintain the unit according to the manufacturer's specifications, and 

• Record the annual hours of operation and annual fuel use and report the GHG emissions annually. 

l_ 
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