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Reasonably Available Control Technology (RACT) State Implementation Plan (SIP)
Revision for the 1997 8-hour Ozone National Ambient Air Quality Standard (NAAQS)

Statutory Authority:
25 Pennsylvania Code Subpart C Article III
Philadelphia Air Management Code 3-301 of the Philadelphia Code

Background:

The federal Clean Air Act (CAA) of 1990 gives states primary responsibility for achieving the
National Ambient Air Quality Standards (NAAQS). The NAAQSs are established by the U.S.
Environmental Protection Agency (EPA) as the maximum concentrations in the atmosphere for
specific air contaminants to protect public health and welfare. The principal mechanism at the
state and local level for complying with the CAA is the State Implementation Plan (SIP). A SIP
outlines the programs, actions, and commitments a state will carry out to implement its
responsibilities under the CAA. Once approved by the EPA, a SIP is a legally binding document
under both state and federal law.

In June 2004, EPA designated 126 areas of the country as “non-attainment” under the 1997 8-
hour ozone NAAQS. Among those non-attainment areas is the Philadelphia-Wilmington-Atlantic
City Moderate Non-Attainment Area (NAA) that includes three counties in Delaware, five
counties in eastern Pennsylvani i

dress nonattainment
SIP requirements plementation Rule;
70 FR 71612). In the Phase 2 Ozone Implementation Rule, EPA required that states meet the
RACT requirements under the 1997 8-hour ozone NAAQS, either through a certification that
previously adopted RACT controls in their SIP approved by EPA under the 1-hour ozone
NAAQS continue to represent adequate RACT control levels for 8-hour ozone attainment
purposes, or through the adoption of new or more stringent regulations that represent RACT
control levels (70 FR 71655).

On November 29,

On September 29, 2006, PADEP submitted on behalf of AMS a SIP revision for Philadelphia
County to meet the RACT requirements for the 1997 8-hour ozone NAAQS. The 2006 SIP
revision consisted of a demonstration that Philadelphia County has met the RACT requirements
for Nitrogen Oxides (NOy) and Volatile Organic Compounds (VOC), and included: (1) A
certification that previously adopted RACT controls in Pennsylvania's SIP that were approved by
EPA for Philadelphia County under the 1-hour ozone NAAQS are based on the currently
available technically and economically feasible controls, and continue to represent RACT for the
8-hour implementation purposes; (2) the adoption of federally enforceable permits that represent
RACT control levels for four major VOC sources; and (3) a negative declaration that certain
VOC sources do not exist in Philadelphia County.
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In November 2008, several parties challenged EPA's Phase 2 Ozone Implementation Rule. In
particular, EPA's determination that compliance with the NOy SIP Call could satisfy NOx RACT
requirements for EGUs in nonattainment areas was challenged. As a result of this litigation, the
Court decided that the provisions in the Phase 2 Ozone Implementation Rule providing that a
state need not perform (or submit) a NOx RACT analysis for EGU sources subject to a cap-and-
trade program in accordance with the NOy SIP Call were inconsistent with the statutory
requirements of section 172(c)(1) of the CAA. In the 2006 SIP Revision, AMS certified as
RACT, 25 PA Code Chapter 145 Subchapter A, which established a NOx budget and trading
program for EGUs and other large sources to control transport emissions.

On June 22, 2010, PADEP submitted another SIP revision supplementing Philadelphia County's
RACT demonstration under the 1997 8-hour ozone standard. The 2010 SIP revision consisted of:
(1) The adoption of two regulations to meet control technique guidelines (CTG) RACT
requirements, and (2) a negative declaration for a CTG source category.

On August 26, 2008 (73 FR 50270), EPA published a notice of proposed rulemaking (NPR)
proposing approval of the 2006 SIP revision. On June 19, 2013 (78 FR 36716), EPA withdrew
its August 26, 2008 proposed rule due to the Court decision regarding the Phase 2 Ozone
Implementation Rule EPA determined it could not approve the presumption in the 2006 SIP
submittal that the all i i ia County. In

i y and sufficiently
address source-sp required under 25 Pa
Code 129.91-94. ntrols for 46 major
sources in Philadelphia County under the 1-hour ozone NAAQS, for which AMS needs to
determine RACT under the 1997 8-hour ozone NAAQS.

On June 19, 2013, EPA also proposed conditionally approval of the Philadelphia County's RACT
demonstration under the 1997 8-hour ozone NAAQS, as provided in the 2006 and the 2010 SIP
revisions. The conditional approval was finalized on December 13, 2013 (78 FR 75902). The
conditional approval was based upon PADEP’s April 26, 2013 letter in which AMS committed
to submit to EPA additional SIP revisions to address the deficiencies in the current RACT
demonstration for Philadelphia County. The SIP revisions will provide source-specific RACT
determinations for 10 major sources of VOC and NOy in Philadelphia County, as listed in EPA’s
final notice, and a certification that previously adopted source-specific RACT controls approved
by EPA in Pennsylvania's SIP for the 1-hour ozone NAAQS for the remaining sources in
Philadelphia County continue to adequately represent RACT for the 1997 8-hour ozone NAAQS.
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SIP Revision:

This SIP revision is intended to partially satisfy AMS’ commitment by addressing source-
specific RACT determinations for the following major sources of NOx:

Exelon — Delaware Station (1325 N. Beach Street, Philadelphia, PA 19125), with three
15.5 MW combustion turbines and one 17.5 MW combustion turbine

Exelon Generating Company — Richmond Station (3901 N. Delaware Avenue,
Philadelphia, PA 19137), with two 66 MW combustion turbines

Exelon Generating Company — Schuylkill Station (2800 Christian Street, Philadelphia,
PA 19146), with one 233 MMBTU/hr combustion turbine, one 284 MMBTU/hr
combustion turbine, and one 2.75 MW emergency generator

Veolia Energy Philadelphia — Edison Station (908 Sansom Street, Philadelphia, PA
19107), with two 283 MMBTU/hr boilers and two 335 MMBTU'hr boilers

Veolia Energy — Schuylkill Station (2600 Christian Street, Philadelphia, PA 19146), with
two 795 MMBTU/hr boilers and one 761 MMBTU/hr boiler

AMS is providing technical analysis memos to demonstrate RACT for the 1997 8-hour ozone
standard.
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CITY OF PHILADELPHIA
Department of Public Health
Environmental Protection Division
Air Management Services

InterOffice Memo

To: File

From: Edward Wiener & Kassahun Sellassie

Date: June 26, 2014

Subject: 8-Hour RACT Analysis for Exelon Generating Company - Delaware Station
Introduction:

The Clean Air Act (CAA) requires that moderate (or worse) ozone nonattainment areas implement reasonably
available control technology (RACT) controls on all major sources of Volatile Organic Compounds (VOC) and
Nitrogen Oxides (NOx). Philadelphia County is part of the Philadelphia-Wilmington-Atlantic City moderate ozone
nonattainment area for the 1997 8-hour ozone NAAQS. This document presents the findings of the reevaluation of
NOx RACT for the 1997 8-hour ozone standard for this facility

Company Description:

Exelon (formerly PECO) - Delaware Station owns and operates an electric utility in Philadelphia, Pennsylvania.
Equipment currently used at the facility includes four simple cycle combustion turbines. The facility was owned by
PECO Energy Company at the time of the original RACT plan approval, but changed to ownership to Exelon in
October 2000

Applicability for NOx

Exelon - Delaware Stz s greater than 100 tons
per year, the major so : p T for the 1997 8-hour
ozone NAAQS. They are not a major source of VOC, due to having potential VOC emissions not greater than 50
tons per year, the major source threshold in Philadelphia County that is applicable to NOx RACT for the 1997 8-
hour ozone.

Process Descriptions:

Exelon - Delaware Station currently has four combustion turbines, three rated 15.5 MW and one at 17.5 MW. All
units burn #2 oil. These are the only NOx emission sources at the facility. The facility had three boilers and one
emergency generator that were part of the original 1-hour RACT analysis for the facility, but since have shut down
and are not listed in current Title V operating permit for the facility (No. V11-038). Boilers No 71 and 81 were shut
down in 2004, the auxiliary boiler around 2005, and the emergency generator around 2006.

NOx RACT Analysis for the 8-hour Ozone Standard:

Each combustion turbine accepted a 5% annual capacity factor in the RACT Plan Approval (PA Permit Number 51-
4904) dated July 11, 2001 and is covered under the presumptive RACT limitations of 25 PA Code Section
129.93(c)(5). Therefore, the only remaining significant NOx sources at the facility (the combustion turbines) are
covered by Pennsylvania’s presumptive RACT. No further analysis is needed for 8-hour RACT.

Conclusions and Recommendations:
It is recommended that the 1-hour ozone RACT in the RACT Plan Approval (PA Permit Number 51-4901) dated

July 11, 2001 still be considered to represent NOx RACT for the 8-hour ozone standard for the Exelon - Delawarel
Station.
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CITY OF PHILADELPHIA
Department of Public Health
Environmental Protection Division
Air Management Services

InterOffice Memo

To: File

From: Edward Wiener & Kassahun Sellassie

Date: June 26, 2014

Subject: 8-Hour RACT Analysis for Exelon Generating Company - Richmond Station
Introduction:

The Clean Air Act (CAA) requires that moderate (or worse) ozone nonattainment areas implement reasonably
available control technology (RACT) controls on all major sources of Volatile Organic Compounds (VOC) and
Nitrogen Oxides (NOx). Philadelphia County is part of the Philadelphia-Wilmington-Atlantic City moderate ozone
nonattainment area for the 1997 8-hour ozone NAAQS. This document presents the findings of the reevaluation of
NOx RACT for the 1997 8-hour ozone standard for this facility

Company Description:

Exelon Generation Company - Richmond Station owns and operates an electric utility at 3901 North Delaware
Avenue, Philadelphia, PA, 19137. Equipment used at the facility includes two (2) simple cycle combustion turbines.
The facility was owned by PECO Energy Company at the time of the original RACT plan approval, but changed to
ownership to Exelon in October 2000.

Applicability for NOx

Exelon - Richmond is

x emissions greater than 100 tons per year,
the major source thres a Cou i to[NOx RACT for the|1997 8-hour ozone

NAAQS. They are no VOC, i 1allVOC emissions net greater than 50 tons per
year, the major source threshold in Philadelphia County that is applicable to NOx RACT for the 1997 8-hour ozone.

Process Descriptions:

Exelon - Richmond Station currently has two simple cycle combustion turbines, each rated 66 MW. Each burns No.
2 oil.

The following were considered possible NOx controls for each combustion turbine: Water/Steam Injection,
Selective Catalytic Reduction (SCR), and conversion to natural gas. Conversion to natural gas was determined
technologically infeasible because the facility does not have access to natural gas at this time.

SCR injects ammonia upstream of a catalyst. NOx, ammonia (NH3), and oxygen (O,) react on the surface of the
catalyst to form nitrogen (N,) and water (H,0). NOx emissions are reduced by around 80%. Water/Steam Injection
increases thermal mass by dilution which reduces peak temperatures in the flame zone. This reduces NOx emissions
by around 60%.

Uncontrolled NOx emissions for each unit was determined based on an 838 MMBTU'hr capacity, 8,760 hours per
year, a 0.7 lbssMMBTU NOx emission limit from the original RACT Plan Approval (PA Permit Number 51-4903)
issued on July, 2001, and a 15% capacity factor limit from the same RACT plan approval. The 15% capacity factor
means the unit can operate at 15% of its maximum capacity for the year. The maximum capacity is 838 MMBTU/hr
for 8,760 hour per year. Uncontrolled emissions are 385.40 tons per year for each unit.

Source Control Uncontrolled NOx | NOx NOx Total Cost Effectiveness
Technologies | (tpy) Reduction | Reduction | Annualized | ($/Ton)
(%) (tpy) Cost
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Exelon Water/Steam | 385.40 60 231.24 $725,492 3,137
Richmond | Injection
SCR 385.40 80 308.32 $2,913,987 | 9,451

Both of these technologies are determined economically unreasonable. Please see the Appendix for more details on
the calculations.

NOx RACT Analysis for the 8-hour Ozone Standard:

Each combustion turbine was given a rolling 12-month capacity factor limit of less than 15% (based on net
generation), a NOx emission limit of less than 0.7 pounds per MMBTU, and a requirement to install, maintain, and
operate the unit in accordance with manufacturer’s specifications in the original RACT Plan Approval (PA Permit
Number 51-4903) issued on July, 2001.

Conclusions and Recommendations:

It is recommended that the 1-hour ozone RACT in the RACT Plan Approval (PA Permit Number 51-4903) dated

July 11, 2001 still be considered to represent NOx RACT for the 8-hour ozone standard for the Exelon - Richmond
Station.
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Detail Calculations Summary Estimating Approach and Basis
Estimates of Total Capital Investment (TCI), annual costs, Potential emission reductions, and cost effectiveness are
prepared for each of the feasible control technology cases above.

- EPA’s Air Pollution Control Cost Estimate Manual, January 2002, 6™ edition was used The following costs
are calculated in order to evaluate the cost effectiveness of each emission control technology:

- Total Capital Investment (TCI)

- Direct Annual Cost (DAC) ($/yr)

- NOx Emission Reduction (tons/yr)
- Cost Effectiveness ($/ton)

o Capital Recovery = Convert from P (present) to A(Annual amount), A=P(A/P,i%,n),
_i+”

S A+i) -1

Where i= Annual interest Rate; n= control system life; Annual cost = TCI x CRF

10% interest and 20 yrs = A/P=0.1175

References for Cost Calculations for all cost elements

North East States for Coordinated Air Use Management (NESCAUM); Office of Air Quality
Planning and Standards (OAQPS) - Environmental Protection Agency (EPA) Air Pollution
Control Manual, Six Edition, EPA/452/B-02-001, January 2002; Cost analysis and engineering
economics book (Michael R. L1ndebur and PADEP GUIdellneS for RACT SIP revision
under the 8-hr Ozone om this
document of page tandards (OAQPS)
Environmental Pr Edition,
EPA/452/B-02-00
other States

Reference for Consumer Price Index (CPI) is used to adjusted for inflation by taking
percentage increases from 1999 to 2014 (for each $1,000,000 of 2013 it is $1,004,000 for
2014 (0.4%) from United States Department of Labor-Bureau of Labor Statistics, which is
considered as very minimum increment. www.bls.gov

1. From US Bureau of Labor Statics
2. EPA Cost Manual, 6" Edition , Jan 2002, Appendix A.2.3
The big change is from 2004 through 2007 control equipment increase by 70%

For the Catalyst, The catalyst life is 5 years. The annual cost is given by the sinking fund factor,
the amount of money the facility will need to set aside each year to be able to replace the catalyst
at the end of its life, based on the lifespan of the catalyst and the interest rate.
Sinking Fund Factor (SFF) = Convert from F (Future) to A(Annual amount), A=F(A/F,i1%,n),
SFF = ; 8% interest and 5 yrs = A/F=0.1705

A+ -1

Where i= Annual interest Rate (8%); n= catalyst system life (5 years);

Catalyst Annual Cost = SFF x Catalyst Cost
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EXELON RICHMOND

Table 1 Detail Calculations for Exelon Richmond Turbines SCR

Exelon Richmond Data Factors used

Turbine Capacity 66 MW (each) 15 % Capacity Factor

Total capital Cost

Total Capital Investment Cost (TCI) | $17,414,613 TCI from original RACT proposal
plus inflation adjustment. Original
TCI includes equipment cost
estimates from vendor-supplied
estimates for similar units or
industry data gathered for similar

projects.

Annual Operating Costs

Direct Annual Cost

Electricity Cost® $70,080 100kw @ $0.08/kwh, 8760 hrs/yr
(PA DEP RACT State

Implementation Plan (SIP)
revision, Sep, 2006, page 18)

Operator” $16,425 0.5hr/shift, 3 shift/day, $30/hr
Supervisor” $2,463.75 15% of Operator
Maintenance® $19,162.50 0. Shr/shift, 3 shift/day, $35/hr
Material® $19,162.50 10 0% of Maintenance
Catalyst cost’ $190,000 total catalyst

Sinking Fund Factor

Total catalyst Replace

Total Direct Annual

Indirect Annual Cos

Overhead” $11,497 60% of maintenance-OAQPS'
Administrative Charge” $348,292 2% of TCI-OAQPS'
Property Taxes" $174,146 1% of TCI-OAQPS'
Insurance” $174,146 1% of TCI-OAQPS'
Capital Recovery $2,046,217 20 yrs @10% -OAQPS'
Total Indirect Annual Cost $2,754,298

Total Annual Operating Costs $2,913,987

NOx Emission Reduction (TPY) 308.32

Cost Effectiveness ($/ton NOx $9,451

removed)

o 'Office of Air Quality Planning and standards (OAQPS) Environmental Protection Agency (EPA) Air Pollution Control Manual, Six
Edition, EPA/452/B-02-001, January 2002.
o ?Sinking Fund Factor: For the Catalyst, The catalyst life is 5 years. The annual cost is given by the sinking fund factor. Sinking Fund
Factor (SFF) = Convert from F (Future cost) to A(Annual amount), A=F(A/F,i%,n), Catalyst Annual Cost = SFF x Catalyst Total Cost
o *Electricity cost: we assume 75 kw@ $0.08/kw-hr for one year. Reference PA DEP RACT State Implementation Plan (SIP) revision,
Sep, 2006, page 18; EPA Cost Calculation, Appendix A- NOx Control Analysis, A.1 Vendor Information, A-2 Cost Calculation
o “Cost calculations for each elements are from references: North East States for Coordinated Air Use Management (NESCAUM), EPA' s
Office of Air Quality Planning and standards (OAQPS) edition 6, 2002; Cost analysis and engineering economics book (Michael R.
Lindeburg), from Facility, and PADEP Guidelines for RACT SIP revision under the 8-hr Ozone NAAQS, Sep 2006 (Most elements of
costs are taken from this doc of page 5 and 18) and from *Office of Air Quality Planning and standards (OAQPS) Environmental Protection
Agency (EPA) Air Pollution Control Manual, Six Edition, EPA/452/B-02-001, January 2002 (page 2-27(2.5.5), I-52 table 1.13, Appendix A)
and from other States
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Table 2 Detail Calculations for Exelon Richmond Turbines Water Injection

Exelon Richmond Data

Factors used

Turbine Capacity 66 MW (each) 15 % Capacity Factor
Total capital Cost

Total Capital Investment Cost $3,725,099 TCI from original RACT

(TCI) proposal plus inflation
adjustment. Original TCI
includes equipment cost
estimates from vendor-supplied
estimates for similar units or
industry data gathered for
similar projects.

Annual Operating Costs

Direct Annual Cost

Electricity Cost $70,080 100kw @ $0.08/kwh, 8760
hrs/yr

Operator $16,425 0.5hr/shift, 3 shift/day, $30/hr

Supervisor $2,463.75 15% of Operator

Maintenance $19,162.50 0.5hr/shift, 3 shift/day, $35/hr

Material $19,162.50 100% of Maintenance

Total Direct Annual Cost $127,294

Indirect Annual Cost

Overhead tenance-OAQPS
Administrative Charg TCI-OAQPS'
Property Taxes TCI-OAQPS'
Insurance TCI-OAQPS'

Capital Recovery @10%-OAQPS'
Total Indirect Annua 598,198

Total Annual Operating Costs $725,492

NOx Emission Reduction (TPY) 231.24

Cost Effectiveness ($/ton NOx $3,137

removed)

o 'Office of Air Quality Planning and standards (OAQPS) Environmental Protection Agency (EPA) Air Pollution Control Manual, Six

Edition, EPA/452/B-02-001, January 2002.
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CITY OF PHILADELPHIA
Department of Public Health
Environmental Protection Division
Air Management Services

InterOffice Memo

To: File

From: Kassahun Sellassie & Edward Wiener

Date: June 26, 2014

Subject: 8-Hour RACT Analysis for Exelon Generating Company - Schuylkill Station
Introduction:

The Clean Air Act (CAA) requires that moderate (or worse) ozone nonattainment areas implement reasonably
available control technology (RACT) controls on all major sources of Volatile Organic Compounds (VOC) and
Nitrogen Oxides (NOx). Philadelphia County is part of the Philadelphia-Wilmington-Atlantic City moderate ozone
nonattainment area for the 1997 8-hour ozone NAAQS. This document presents the findings of the reevaluation of
NOx RACT for the 1997 8-hour ozone standard for this facility

Company Description:
Exelon Generation Company - Schuylkill Station owns and operates an electric utility in Philadelphia, Pennsylvania.

Equipment used at the facility includes two (2) simple cycle combustion turbines and one (1) emergency generator.
The facility was owned by PECO Energy Company at the time of the original RACT plan approval, but changed to

Applicability for NOx

Exelon - Schuylkill St tial NOx emissions greater than 100 tons
per year, the major so : plicable to NOx T for the 1997 8-hour
ozone NAAQS. They are not a major source of VOC, due to having potential VOC emissions not greater than 50
tons per year, the major source threshold in Philadelphia County that is applicable to NOx RACT for the 1997 8-
hour ozone.

Process Descriptions:

Exelon - Schuylkill Station currently has two simple cycle combustion turbines and one emergency generator. One
combustion turbine is rated 233 MMBTU/hr, one rated 284 MBTU/hr, both burn #2 oil and kerosene. The
emergency generator is rated 2.75 MW and burns #2 oil or kerosene.

The facility had one boiler in the original RACT plan approval that was rated 1,530 MMBTU/hr and burned No. 6
oil as the primary fuel and No. 2 oil as the ignition fuel. This boiler was shutdown in 2012 and is expected to be
permanently retired.

NOx RACT Analysis for the 8-hour Ozone Standard:

Each combustion turbine accepted a 5% annual capacity factor in the RACT Plan Approval (PA Permit Number 51-
4904) dated July 11, 2001 and is covered under the presumptive RACT limitations of 25 PA Code Section
129.93(c)(5). The emergency generator was given an operating limit of less than 500 hours per rolling 12-month
period in the same RACT Plan Approval and is covered under the presumptive RACT requirements of 25 PA Code
Section 129.93(c)(5). Therefore, the only remaining significant NOx sources at the facility (the combustion turbines
and emergency generator) are covered by Pennsylvania’s presumptive RACT. No further analysis is needed for 8-
hour RACT.

Conclusions and Recommendations:
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It is recommended that the 1-hour ozone RACT in the RACT Plan Approval (PA Permit Number 51-4904) dated
July 11, 2001 still be considered to represent NOx RACT for the 8-hour ozone standard for the Exelon - Schuylkill
Station.
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CITY OF PHILADELPHIA
Department of Public Health
Environmental Protection Division
Air Management Services

InterOffice Memo

To: File
From: Edward Wiener & Kassahun Sellassie
Date: June 26, 2014

Subject: 1997 8-Hour RACT Analysis for Veolia Energy - Edison Station

Introduction:

The Clean Air Act (CAA) requires that moderate (or worse) ozone nonattainment areas implement reasonably
available control technology (RACT) controls on all major sources of Volatile Organic Compounds (VOC) and
Nitrogen Oxides (NOX). Philadelphia County is part of the Philadelphia-Wilmington-Atlantic City moderate ozone
nonattainment area for the 1997 8-hour ozone national ambient air quality standard (NAAQS). This document
presents the findings of the reevaluation of NOx RACT for the 8-hour ozone standard for this facility.

Company Description:

Veolia Energy Philadelphia - Edison Station owns and operates a steam generating facility at 908 Sansom Street,
Philadelphia, PA 19107. Equipment used at the facility includes four (4) boilers. The facility was formerly named
Trigen Philadelphia Energy Company, but adopted the name of its parent company Veolia Energy Philadelphia in
December 2000.

Applicability for NO

Veolia — Edison Static
year but not applicabl tons per year that is
applicable to NOx RA . rce. As aresult of a
case-by-case RACT determlnatlon the facility is subject to the RACT plan approval (PA Permit Number 51-4902)
dated December 1, 1999, approved into the SIP by EPA on May 29, 19955 (65 FR 78418). All four boilers, Boiler
#1, Boiler #2, Boiler #3, and Boiler #4 were covered by 1-hour RACT determination, and thus are required a re-
evaluation for the 1997 8-hour RACT standard.

reater than 100 tons per

Process Descriptions:

Veolia - Edison Station currently has two (2) boilers rated 283 MMBTU/hr (CU01 & CUO02-boilers No. 1 and No. 2)
and two (2) boilers rated 335 MMBTU/hr (CU03 & CU04-Boilers No. 3 and No. 4). Each boiler is front fired and
burns No. 6 oil as the primary fuel and No. 2 oil as the ignition fuel.

NOx RACT Evaluation:

In the SIP-approved1-hour RACT Plan Approval (PA Permit Number 51-04902) dated December 1, 1999, the
boilers were given a combined No. 6 oil limit of 65,526,316 gallons per rolling 12-month period and a combined
NOx emission limit 2,195 tons per rolling 12-month period. Also, each boiler was given a NOx emissions limit of
0.50 pounds per MMBTU of heat input.

The following were considered additional possible NOx controls for each boiler: Selective Catalytic Reduction
(SCR), Ultra Low-NOx Burners and switch to natural gas (ULNB with NG), Selective Non-Catalytic Reduction
(SNCR), Flue Gas Recirculation (FGR), Ultra Low NOx Burners without switching fuel type (ULNB), and Burners
Out of Service (BOOS) and other combustion controls.
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Burners-out-of-service and other combustion modifications for each boiler were determined technologically
infeasible because they would cause a reduction in boiler capacity, which could cause issues during peak periods.
Selective Catalytic Reduction was determined technologically infeasible for each boiler because of space
limitations. Selective Non-Catalytic Reduction was determined to be technologically infeasible for each boiler
because the boilers have frequent load changes and periods of low load operation. ULNB, ULNB with NG, and
FGR are considered technologically feasible for all boilers.

ULNB are burners designed to create a larger, lower temperature flame. They reduce NOx emissions by around
30%.

LNB are burners designed to create a larger, lower temperature flame. They reduce NOx emissions by around 20%.

FGR takes some of the exhaust gas from the stack and ducts it to the burner. It lowers peak flame temperatures and
lowers the oxygen content of the air, reducing NOx emission by around 40%.

ULNB with NG are ULNB that are accompanied by a switch from oil to natural gas. They reduce NOx emissions
by around 62%. This option requires the installation of a new gas pipeline and a pressure regulating station.

Boilers #1 and #2:

Boiler # 1and boiler #2 each has a NOx emission limit of 0.50 IbssyMMBTU from the 1-hour RACT determination.
Each boiler has a Federally enforceable annual 30% capacity limit based on hourly maximum heat input, as listed in
Section D. 2 (a)(1) of Title V/State Operating Permit No. V11-021 issued May 13, 2013. The baseline NOx
emissions are 185.93 tons per year for each Boiler No. 1 & No.2 [283 mmbtu/hr *8760 hr/yr * 0.5 Ib/MMBTU
*0.3= 185.93 tons per year].

The following NOx controls were determined technologically feasible for Boilers #1 & #2: ULNB, ULNB with NG,
FGR, and LNB. The table below provides a summary of cost-effectiveness of each control on each boiler. For more
details, refer to the Appendix.

Source Control Cost
Technolog Effectiveness
($/Ton)
Edison 17,596
Boilers ) 17,309
FGR 185 93 40 74.37 $1,124,514 15,121
LNB 185.93 20 37.19 $998,340 26,844

The controls evaluated were determined economically unreasonable for Boilers #1 and #2, based on AMS cost
effectiveness threshold of $2,500 per tons of NOx removed.

Although no additional RACT control is reasonable, the existing 30% capacity factor limit for each of boilers #1 &
#2 is more stringent than the current SIP-approved RACT limit on an annual basis. Thus, to further reduce NOx
emissions AMS is proposing to incorporate as RACT a 185.93 tons per 12-month rolling NOx emissions limit based
on the 30% capacity factor for Boilers 1 and 2.

Currently allowed RACT emissions: 619.77 tons per rolling of 12 months
Proposed allowed RACT emissions; 185.93 tons per rolling of 12 months

Boilers #3 and #4:

Boiler #3 and Boiler #4 each have a NOx emission limit of 0.50 Ibs/MMBTU from the 1-hour RACT determination.
Each boiler has a Federally enforceable annual 30% capacity limit based on hourly maximum heat input, as listed in
Section D. 2 (a)(1) established in Title \V/State Operating Permit No. VV11-021 issued May 13, 2013. The baseline
NOX emissions are 220.1 tons per year for Boilers No. 3 & No.4 [335 mmbtu/hr *8760 hr/yr * 0.5 Ib/MMBTU
*0.3=220.1 tons per year]. Boilers #3 & #4 will be more stringent than the current SIP approved limit on an annual
basis By taking the limit based on the 30%. Currently allowed RACT emissions: 733.67 tons per rolling of 12
months Proposed allowed RACT emissions: 220.1 tons per rolling of 12 months.
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The following NOx controls were determined technologically feasible for Boilers #3 & #4: ULNB, ULNB with NG,
FGR, and LNB. The table below provides a summary of cost-effectiveness of each control on each boiler. For more
details, refer to the Appendix.

Source | Control NOx Emissions NOXx NOXx Total Cost
Technology (tons per year) Reduction | Reduction Annualized Effectiveness
(%) (tpy) Cost ($1y) ($/Ton)
Edison | ULNB 220.1 30 66.03 $981,486 14,864
Boilers | ULNB with NG | 220.1 62 136.46 $1,995,437 14,623
FGR 220.1 40 88.04 $1,124,514 12,773
LNB 220.1 20 44.02 $998,340 22,679

The controls evaluated were determined economically unreasonable for Boilers #3 & #4, based on AMS cost
effectiveness threshold of $2,500 per tons of NOx removed.

Although no additional RACT control is reasonable, the existing 30% capacity factor limit for each of boilers #3 &
#4 is more stringent than the current SIP-approved RACT limit on an annual basis. Thus, to further reduce NOx
emissions AMS is proposing to incorporate as RACT a 220.1 tons per 12-month rolling NOx emissions limit based
on the 30% capacity factor for Boilers 3 and 4.

By taking this restriction on Boilers #1,#2, #3, and #4, the total potential emissions from Boilers #1,#2, #3, and #4
(812.06 tons per year) are:

A. Less than the existing combined emissions limit of 2,195 tons in any rolling 12-month period. These
combined limits are greater than the potential emissions of the boilers. AMS proposes that these combined
limits cannot continue to represent RACT for the boilers as a result the combined emissions limit of 2,195
tpy is being removed.

B. Less than the

—

i ions of the boilers to
® gal * 1 ton/20

1539.8 tons [ Ibs= 1539.8 tons per
rolling 12 mg otential emissions of the boilers.
AMS propos RACT for the boilers as a result the
combined the

Monitoring & Recordkeeping

The facility shall monitor and record compliance with them based on fuel usage and the annual NOx stack tests. The
facility shall maintain a file containing all the records and other data that are required to be collected to demonstrate
compliance with NOx RACT requirements of 25 PA Code §129.91-129.94.; including monthly records of fuel
consumption, fuel sulfur content, and NOx emissions.

Conclusions and Recommendations:

AMS is determining the 185.93 tons of NOXx per rolling 12-month period emission limit for Boiler #1 and Boiler #2
and the 220.1 tons of NOx per rolling 12-month period emission limit for Boiler #3 and Boiler #4 as an additional
RACT requirement. AMS requests this limit to be approved into the SIP. Also, AMS requests to remove the
combined NOx emissions limit and a combined fuel limit for Boilers #1, #2, #3, #4. AMS recommends that these
updates to the NOx RACT requirements currently approved in the SIP for the 1-hour ozone standard represent NOx
RACT for the 1997 8-hour ozone standard for Veolia Edison.
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Appendix

Detail Calculations Summary

The following costs are calculated in order to evaluate the cost effectiveness of each emission control technology:

- Total Capital Investment (TCI)

Direct Annual Cost (DAC) ($/yr)

- NOx Emission Reduction (tons/yr)

- Cost Effectiveness ($/ton)

o Capital Recovery = Convert from P (present Value) to A(Annual amount),
G 20% interest and 10 yrs = A/P=0.2385

@+i"-1
Where i= Annual interest Rate; n= control system life; Annual Cost = TCI x CRF

DRAFT

A=P(A/P,i%,n), CR =
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VEOLIA EDISON (Boilers #1, #2, #3, and #4)

Table 1- Detailed Calculations for Veolia-Edison Boilers (Boiler #1,2, 3, & 4) for ULNB

Veolia Edison Data

Capacity Factor =30%

Boilers Capacity

283 mmbtu/hr
335 mmbtu/hr

Total capital Cost

Total Capital Investment Cost | $3,025,835 TCI from 1-hour RACT proposal plus

(TClI) inflation adjustment. Original TCI
includes equipment cost estimates from
Riley Stoker Corp. and installation cost
estimates from JACA Corp®.

Capital Recovery $721,662 10 yrs @20% -from 1 hr RACT
CRF=0.2385

Annual Operating Costs

Direct Annual Cost

Electricity Cost’ $70,080 100kw @ $0.08/kwh, 8760 hrs/yr

Operator® $16,425 0.5hr/shift, 3 shift/day, $30/hr

Supervisor® $2,463.75 15% of Operator

Maintenance’ $19,162.50 0.5hr/shift, 3 shift/day, $35/hr

Material® $19,162.50 100% of Maintenance

Total Direct Annual Cost $ 127,294

Indirect Annual Cos

Overhead®

Administrative Charg

Property Taxes®

Insurance®

Total Indirect Annual Cost

Total Annual Operating Costs

$981,486

NOXx Baseline Emissions (TPY)

B#1 & 2 =185.93
B#3 &4 = 220.1

B#1 & 2 =283 mmbtu/hr *8760 hr/yr *
0.5 Ib/MMBTU *0.3

B#3 &4 = 335 mmbtu/hr *8760 hr/yr *
0.5 Ib/MMBTU *0.3= 220.1 tons per year

NOx Emission Reduction
(TPY)

B#1 & 2 = 55.78 tpy
B#3 &4 = 66.03 tpy

Assumed 30% NOXx removal.

Cost Effectiveness ($/ton NOx
removed)

$17,596 (B #1 &#2)
$14,864 (B #3 &#4)
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Table 2 Detail Calculations for Exelon Edison Boiler ULNB with NG

Veolia Edison Capacity Factor =30%

Boiler 1&2=283 MMBTU/hr &
Boiler 3 & 4 =335 MMBTU/Hr

Turbine Capacity

Total capital Cost

Total Capital Investment $3,326,735 | For NG Line TCI from 1 hr RACT proposal plus
Cost (TCI) construction from inflation adjustment. Original TCI includes
PGW $3.9 million | equipment cost estimates from vendor-

supplied estimates for similar units or
industry data gathered for similar projects
and new pipeline from PGW.

TCI with NG Line $7,226,735 $3,900,000

Capital Recovery $1,723,576 0.2385 10 yrs @20% -from 1 hr RACT

Annual Operating Costs

Direct Annual Cost

Electricity Cost? $70,080 100kw @ $0.08/kwh, 8760 hrs/yr

Operator’ $16,425 0.5hr/shift, 3 shift/day, $30/hr

Supervisor® $2,463.75 15% of Operator

Maintenance’ $19,162.50 0.5hr/shift, 3 shift/day, $35/hr

Material* $19,162.50 100% of Maintenance

Total Direct Annua

Indirect Annual Co

Overhead® $11,498 60% of maintenance-OAQPS*
Administrative Charge® $66,535 2% of TCI-OAQPS!

Property Taxes® $33,267 1% of TCI-OAQPS!
Insurance® $33,267 1% of TCI-OAQPS'

Total Indirect Annual $144,567

Cost

Total Annual Operating $1,995,437

Costs

NOx Emission Reduction 115.28 136.46 | boiler #1 &2=115.28 ; Boiler #3 &#4
(TPY) =136.46

Cost Effectiveness ($/ton $17,309 $14,623

NOXx removed)
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Table 3 Detail Calculations for Exelon Edison Boiler FGR

Veolia Edison Data

Capacity Factor =30%

Boilers Capacity

2 x 283 mmbtu/hr
2 x 335 mmbtu/hr

Total capital Cost

Total Capital Investment Cost | $3,539,400 TCI from 1-hour RACT proposal plus

(TCI) inflation adjustment. Original TCI includes
cost estimates from Riley Stoker Corp. and
JACA Corp.

Capital Recovery $844,147 10 yrs @20% -from 1 hr RACT

Annual Operating Costs

Direct Annual Cost

Electricity Cost $70,080 100kw @ $0.08/kwh, 8760 hrs/yr

Operator $16,425 0.5hr/shift, 3 shift/day, $30/hr

Supervisor $2,463.75 15% of Operator

Maintenance $19,162.50 0.5hr/shift, 3 shift/day, $35/hr

Material $19,162.50 100% of Maintenance

Total Direct Annual Cost $ 127,294

Indirect Annual Cost

Overhead $11,497 60% of maintenance-OAQPS®

Administrative Charge $70,788 2% of TCI-OAQPS!

Property Taxes $35,394 1% of TCI-OAQPS!

Insurance $35,394 1% of TCI-OAQPS!

Total Indirect Annuz

Total Annual Operating Costs

NOx Emission Redu
(TPY)

Cost Effectiveness ($/ton NOx
removed)

$15,121 (B #1 &#2)
$12,773 (B #3 &#4)
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Table 4 Detail Calculations for Exelon Edison Boiler LNB

Veolia Edison

Capacity Factor =30%

283 MMBTU/hr &335 MMBTU/Hr

Total capital Cost

Total Capital Investment $3,086,352 TCI from 1 hr RACT proposal plus

Cost (TCI) inflation adjustment. Original TCI
includes equipment cost estimates
from vendor-supplied estimates for
similar units or industry data gathered
for similar projects.

Capital Recovery $736,095 0.2385 | 19 yrs @20% -from 1 hr RACT

Annual Operating Costs

Direct Annual Cost

Electricity Cost $70,080 100kw @ $0.08/kwh, 8760 hrs/yr

Operator $16,425 0.5hr/shift, 3 shift/day, $30/hr

Supervisor $2,463.75 15% of Operator

Maintenance $19,162.50 0.5hr/shift, 3 shift/day, $35/hr

Material $19,162.50 100% of Maintenance

Total Direct Annual Cost $127,294

Indirect Annual Cost

Overhead $11,498 60% of maintenance-OAQPS*

Administrative Charg

Property Taxes

Insurance

Total Indirect Annual $134,952

Cost

Total Annual Operating $998,340

Costs

NOx Emission Reduction 37.19 44.02 | boiler #1 &2=37.19; Boiler #3 &#4
(TPY) =44.02

Cost Effectiveness ($/ton $26,844 $22,679

NOx removed)

References

1. Office of Air Quality Planning and standards (OAQPS) Environmental Protection Agency (EPA) Air
Pollution Control Manual, Six Edition, EPA/452/B-02-001, January 2002.

2. Electricity cost: EPA cost calculation, Appendix A-NOx Control Analysis

3. North East States for Coordinated Air Use Management (NESCAUM)

>

http://new.abb.com/power-generation
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CITY OF PHILADELPHIA
Department of Public Health
Environmental Protection Division
Air Management Services

InterOffice Memo

To: File

From: Edward Wiener & Kassahun Sellassie

Date: June 26,2014

Subject: 1997 8-Hour RACT Analysis for Veolia Energy — Schuylkill Station.

Introduction:

The Clean Air Act (CAA) requires that moderate (or worse) ozone nonattainment areas implement reasonably
available control technology (RACT) controls on all major sources of Volatile Organic Compounds (VOC) and
Nitrogen Oxides (NOx). Philadelphia County is part of the Philadelphia-Wilmington-Atlantic City moderate ozone
nonattainment area for the 1997 8-hour ozone NAAQS. This document presents the findings of the reevaluation of
NOx RACT for the 1997 8-hour ozone standard for this facility

Company Description:
Veolia Energy Philadelphia - Schuylkill Station owns and operates a steam generating facility in 2600 Christian
Street, Philadelphia, PA 19146. Equipment used at the facility includes three (3) boilers. The facility was named

Trigen Philadelphia Energy Company, but adopted the name of its parent company Veolia Energy Philadelphia in
December 2000.

Applicability for NO

Veolia — Schuylkill St
per year, the major so
ozone NAAQS. The
tons per year, the majc
hour ozone.

s greater than 100 tons
T for the 1997 8-hour
ons not greater than 50
CT for the 1997 8-

Veolia Schuylkill’s three boilers, Boiler #23, #24, and 26, are subject to 1-hour RACT. As a result of a case-by-
case-RACT determination, the facility is subject to a RACT Plan Approval (PA Permit Number 51-04942) issued on
December 1, 1999 and approved into the SIP by EPA on December 15, 2000 (65 FR 78418).

Veolia is also part owner of the adjacent Veolia Energy Efficiency PA (LLC), which owns and operates a steam
generating facility at 2600 Christian Street, Philadelphia, PA 19146. The facility has two (2) 297.91 MMBTU/hr
new boilers burning natural gas and No.2 fuel oil that were installed in 2013 Applicability for NOx and VOC
RACT. The CT is equipped with Selective Catalytic Reduction (SCR) and Dry Low NOx (DLN) when firing gas;
SCR and water injection (WI) when firing oil. The CT has NOx emission limits of 0.0344 pounds per MMBTU (9
ppm) when firing gas and 0.168 pounds per MMBTU (42 ppm) when firing oil. The PTE for CT is 228.3 tons per
year when burning gas and 1114.8 tons per year when burning #2 oil. Boiler #25 and the CT have a combined NOx
limit of 540 tons per year in the plan approval and TVOP. The RACT analysis will be prepared separately.

Process Descriptions:

Veolia - Schuylkill Station currently has two (2) tangential-fired boilers rated 795 MMBTU/hr (CU02 and CUO1-
Boilers No. 23 and No. 24) and one (1) front wall-fired boiler rated 761 MMBTU/hr (CUO5-Boiler No. 26). Each
boiler burns No. 6 oil as the primary fuel. Boilers No. 23 and No. 24 both burn No. 2 oil as the ignition fuel.
These boilers do not operate at maximum capacity for 365 days per year. The boilers at Schuylkill Station operate

seasonally and predominately supply district steam heat as such the boilers operate at peak capacity in the non-
ozone season and operate minimally or not at all during ozone season. See emissions inventories in Appendix.
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NOx RACT Evaluation:

In the 1-hour RACT Plan Approval, the boilers were given a combined No. 6 oil limit of 65,526,316 gallons per
rolling 12-month period and a combined NOx emissions limit of 1,646 tons in any rolling 12-month period. Also,
Boilers No. 23 and No. 24 each were given NOx emission limits of 0.35 pounds per MMBTU. Boiler No. 26 was
required to have low NOx burners (LNB) installed and was given a NOx emission limit of 0.36 pounds per
MMBTU on a 30-day rolling average.

Boiler No. 24 is shut down as part of Plan Approval No. 10277 and thus is not being re-evaluated for RACT. The
boiler was shut down in January 2014. Regardless, the analysis would be the same as Boiler No. 23.

The following were considered possible NOx controls for each boiler: (1) Selective Catalytic Reduction (SCR), (2)
Ultra Low-NOx Burners and switch to natural gas (ULNB with NG), (3) Selective Non-Catalytic Reduction
(SNCR), (4) Flue Gas Recirculation (FGR), (5) Low NOx Burner (LNB) without switching fuel type, (6) Ultra Low
NOx Burners (ULNB), and (7) Burners Out of Service (BOOS) and other combustion modifications.

The following were determined technologically infeasible for all boilers: Burners-out-of-service and other
combustion modifications were determined technologically infeasible for both boilers because they would cause a
reduction in boiler capacity, which could cause issues during peak periods. Selective Non-Catalytic Reduction was
determined to be technologically infeasible for both boilers because the boilers have frequent load changes and
periods of low load operation.

ULNB are burners designed to create a larger, lower temperature flame. They would reduce NOx emissions by
around 30% for Boiler #23 and around 12.3% for Boiler #26 (the reduction for Boiler #26 is lower because it was
modified with Low-NOx Burners as a result of the 1 hr case-by-case RACT).

LNB are burners designed to create a larger, lower temperature flame. They would reduce NOx emissions by
around 20% for Boileid# oiler #2 ified with kLew-NOx hr case-by-case
RACT.

flame temperatures and
lowers the oxygen co rs. FGR is determined

technologically infeas

ULNB with NG are ULNB that are accompanied by a switch from oil to natural gas. They reduce NOx emissions
by around 57.2% for Boiler #23 and around 34.4% for Boiler #26 (the reduction is greater than ULNB alone due to
the switch from oil to lower emitting natural gas, Boiler #26 has a lower reduction because it has Low-NOx Burners
from the 1 hr case-by-case RACT).

SCR injects ammonia upstream of a catalyst. NOx, ammonia (NH3), and oxygen (O2) react on the surface of the
catalyst to form nitrogen (N2) and water (H20). NOx emissions are reduced by around 80%. SCR is determined
technologically infeasible for Boiler No. 23 due to space limitations.

Boiler # 23 has a NOx emission limit of 0.35 1lbs/MMBTU from the 1-hour RACT determination. Federally
enforceable and listed in Section D. 2 (b)(3) established in Title V/State Operating Permit No. V11-014 issued May
24,2012 has an annual 30% capacity limit based on hourly maximum heat input. The baseline NOx emissions with
capacity factor of 30% are 365.6 tons per year for Boiler No. 23 [795 mmbtu/hr *8760 hr/yr * 0.35 Ib/mmbtu *0.3=
365.6 tons per year].

The baseline emission for Boiler #26 was determined based on the rated capacity of 761 MMBTU/hr, 8,760 hours
per year, and the 0.36 Ibs/MMBTU NOx emission limit from the 1-hour RACT determination.

The following NOx controls were determined technologically feasible for Boilers No. 23 and No. 26. A summary of
cost effectiveness is provided below. For more detailed calculations, please see the Appendix.

Source Control Baseline NOx NOx NOx Total Annualized | Cost
Technology Emissions (tons Reduction | Reduction | Cost ($/year) Effectiveness
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per year) (%) (tpy) ($/Ton)
Schuylkill | ULNB 365.6 30 109.68 1,049,236 9,566
Boiler #23 | LNB 365.6 20 73.12 986,193 13,487
ULNB with NG | 365.6 57.2 209.12 1,972,937 9,434
Schuylkill | ULNB 1199.9 12.3 147.59 653,905 4,431
Boiler #26 | ULNB with NG | 1199.9 344 412.77 1,552,809 3,762
FGR 1199.9 40 479.96 1,357,452 2,828
SCR 1199.9 80 959.92 2,598,401 2,707

These controls were determined economically unreasonable, because their respective cost-effectiveness is above
$2,500/ton, which AMS has determined as the threshold for economic feasibility.

Although no additional RACT control is reasonable, the existing 30% capacity factor limit for Boiler #23 is more
stringent than the current SIP-approved RACT limit on an annual basis. Thus, to further reduce NOx emissions
AMS is proposing to incorporate as RACT 365.6 tons per 12-month rolling NOx emissions limit based on the 30%
capacity factor for Boilers # 23.

Currently allowed RACT emissions: 1,218.7 tons per rolling of 12 months
Proposed allowed RACT emissions: 365.6 tons per rolling of 12 months

By taking this restriction on Boiler #23, the total potential emissions from Boilers #23 and #26 (1,565.5 tons per
year) are less than the existing combined emissions limit of 1,646 tons in any rolling 12-month period. AMS is
proposing:

The combined fuel usage limit of 65,526,316 gal/yr restricts potential emissions of the boilers to 1539.8 tons per 12-
month rolling (65,526,316 gal/yr * 47 1bs/10° gal * 1 ton/2000 Ibs= 1539.8 tons per rolling 12 months), which
continues to restrict adequately potential emissions of the boilers. AMS proposes that this limit continue to
represent RACT for the boilers.

Conclusions and Rec

AMS is determining t oiler #23 as an
additional RACT req AMS requests to remove
the combined NOx emissions 11m1t for Boilers 23 and 26. AMS recommends that these updates to the NOx RACT
requirements currently approved in the SIP for the 1-hour ozone standard represent NOx RACT for the 1997 8-hour
ozone standard for Veolia Schuylkill.

The following requirements are recommended as RACT:

- Boiler No. 23 NOx emission shall not exceed 0.35 pounds per MMBTU and 365.6 tons of NOx per rolling
12-month period.

- Boiler No. 26 is required to have low NOx burners (LNB). Its NOx emissions shall not exceed 0.36
pounds per MMBTU on a 30-day rolling average.

- Boilers 23 and 26 have a combined No. 6 oil limit of 65,526,316 gallons per rolling 12-month period.

- Compliance shall be monitored and recorded based on annual NOx stack tests for each boiler
and NOx CEMS for Boiler #26.

- Compliance shall be monitored and recorded based on annual NOx stack tests for each boiler
and NOx CEMS for Boiler#26. The facility shall monitor and record compliance with them based on daily
hours of operation, fuel type, fuel usage, fuel sulfur content for each boiler, and NOX CEMs for boiler #26
and annual stack test for Boiler #23 compliance with them based on fuel usage and the annual NOx stack
tests
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Appendix

Ozone Season Emission Inventory for Veolia Schuylkill Boiler #26 & Boiler 23 combined

Year of Month of NOx Emissions

Inventory | Inventory (tons)
2011 April 17.85
2011 May 0.00
2011 June 0.10
2011 July 0.00
2011 August 0.00
2011 September 0.35
2011 October 12.24
2012 April 9.32
2012 May 0.00
2012 June 0.00
2012 July 0.39
2012 August 0.00
2012 September 1.09
2012 October 0.05
2013 April 5.36
2013 May 0.00
2013 June 0.05
2013 July 0.00
201

Detailed Calculations Summary
The following costs are calculated in order to evaluate the cost effectiveness of each emission control
technology:

- Total Capital Investment (TCI)
- NOx Emission Reduction (tons/yr)
- Cost Effectiveness ($/ton)

- Capital Recovery = Convert from P (present) to A(Annual amount), A=P(A/P,i%,n),
i(1+i)"
o i(+)

= a _)n | 20% interest and 10 yrs = A/P=0.2385; Annual Cost = TCI x CRF
+1) —

For the Catalyst, The catalyst life is 5 years. The annual cost is given by the sinking fund factor,
the amount of money the facility will need to set aside each year to be able to replace the catalyst
at the end of its life, based on the lifespan of the catalyst and the interest rate.

Sinking Fund Factor (SFF) = Convert from F (Future) to A(Annual amount), A=F(A/F,i1%,n),
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=———— 10% interest and 5 yrs = A/F=0.1638
1+n" -1

SFF

Where i= Annual interest Rate (10%); n= catalyst system life (5 years);
Catalyst Annual Cost = SFF x Catalyst Cost

4NH; + 2NO, + O, —» 3N, + 6H,0O
Ammonia Cost = (17/46 * 4moles of NH;3/2 moles of NO2 *1.05 * NOx emission (tpy) *$410/ton*5 yrs)

NH; = Ammonia, NO, = Nitrogen Dioxide; O, = Oxygen; H,O = Water; 1.05= Ammonia slip and excess ammonia

DRAFT
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Veolia - Schuylkill Boiler #23

Table 1 Detail Calculations for Veolia - Schuylkill Boiler for ULNB with NG

Veolia SCH Boiler # 23

Factors used CF=30% Summer time no NOx
emission or very low NOx <1 tpy

Boiler Capacity 795 MMBTU/hr

Total capital Cost

Total Capital Investment Cost $6,585,800 TCI from 1 hour RACT Proposal plus

(TClI) inflation adjustment. Original TCI includes
equipment and installation cost estimates
from ABB Power Plan Service Sales and
JACA Corp".

Capital Recovery $1,570,713 | 0.2385 | 10 yrs @20% from 1 hr RACT; A/P=0.2385

Annual Operating Costs

Direct Annual Cost

Electricity Cost® $70,080 100kw @ $0.08/kwh, 8760 hrs/yr

Operator® $16,425 0.5hr/shift, 3 shift/day, $30/hr

Supervisor® $2,463.75 15% of Operator

Maintenance” $19,162.50 0.5hr/shift, 3 shift/day, $35/hr

Material® $19,162.50 100% of Maintenance

Total Direct Annual Cost $127,294

Indirect Annual Co

Overhead®

Administrative Char

Property Taxes $65,858 1% of TCI-OAQPS'

Insurance’ $65,858 1% of TCI-OAQPS'

Total Indirect Annual Cost $274,930

Total Annual Operating Costs $1,972,937

NOx Baseline Emissions (TPY) 365.6 Based on 795 mmbtu/hr, 8760 hr/yr , 0.35
Ib/mmbtu RACT limit, and 0.3 capacity
factor

NOx Emission Reduction (TPY) 209.12 Based on 57.2 % of NOx removed.

Cost Effectiveness ($/ton NOx $9,434

removed)
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Table 2 Detail Calculations for Veolia Schuylkill Boiler ULNB

Veolia SCH Boiler # 23

Factors used CF=30% Summer time no NOx
emission or very low NOx <1 tpy

Boiler Capacity 795 mmbtu/hr

Total capital Cost

Total Capital Investment | $3,269,100 TCI from 1 hr RACT proposal plus inflation

Cost (TCI) adjustment. Original TCI includes equipment and
installation cost estimates from ABB Power Plan
Service Sales and JACA Corp.

Capital Recovery $779,680 0.2385 | 10 yrs @20% -from 1-hr RACT ; A/P=0.2385

Annual Operating Costs

Direct Annual Cost

Electricity Cost $70,080 100kw @ $0.08/kwh, 8760 hrs/yr

Operator $16,425 0.5hr/shift, 3 shift/day, $30/hr

Supervisor $2,463.75 15% of Operator

Maintenance $19,162.50 0.5hr/shift, 3 shift/day, $35/hr

Material $19,162.50 100% of Maintenance

Total Direct Annual Cost $127,294

Indirect Annual Co

Overhead

Administrative Char

Property Taxes $32,691 1% of TCI-OAQPS'

Insurance $32,691 1% of TCI-OAQPS'

Total Indirect Annual $142,262

Cost

Total Annual Operating $1,049,236

Costs

NOXx Baseline Emissions 365.6 Based on 795 mmbtu/hr, 8760 hr/yr, 0.35
(TPY) Ib/mmbtu RACT limit, and 0.3 capacity factor
NOx Emission Reduction 109.68 Based on 30 % of NOx removed.

(TPY)

Cost Effectiveness ($/ton $9,566

NOXx removed)
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Table 3 Detail Calculations for Veolia Schuylkill Boiler LNB

Veolia SCH Boiler # 23

Factors used CF=30% Summer time no NOx
emission or very low NOx <1 tpy

Boiler #23 Capacity 795 MMBTU/hr

Total capital Cost

LNB is 2-5% less in TCI than ULNB EPA 454/R-94-
0022; NOx Control report, Northeast States for
Coordinated Air Use Management, Dec

2000(NESCAUM)
$3,105,645 TCI from 1-hr RACT proposal plus inflation

Total Capital Investment adjustment. Original TCI includes equipment cost
Cost (TCI) estimates from vendor-supplied estimates for similar

units or industry data gathered for similar projects.
Capital Recovery $740,696 0.2385 | 10 yrs @20% -from 1 hr RACT
Annual Operating Costs
Direct Annual Cost

$52,560

Electricity Cost 75kw @ $0.08/kwh, 8760 hrs/yr
Operator $16,425 0.5hr/shift, 3 shift/day, $30/hr
Supervisor $2,463.75 15% of Operator
Maintenance $19,16 0.5hw(shift, 3 shi
Material

Total Direct Annua

Indirect Annual Co

Overhead $11,498 60% of maintenance-OAQPS'
Administrative Charge $62,113 2% of TCI-OAQPS'
Property Taxes $31,056 1% of TCI-OAQPS'

Insurance $31,056 1% of TCI-OAQPS'

Total Indirect Annual $135,723

Cost

Total Annual Operating $986,193

Costs

NOx Baseline Emissions 365.6 Based on 795 mmbtu/hr, 8760 hr/yr , 0.35 Ib/mmbtu
(TPY) RACT limit, and 0.3 capacity factor
?.II_(I)DXYI)EmISSI(m Reduction 73.12 Based on 20 % of NOx removed.
Cost Effectiveness ($/ton $13,487

NOX removed)
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Veolia - Schuylkill Boiler #26

Table 4 Detail Calculations for Veolia - Schuylkill Boiler for SCR

Veolia Sch Boiler # 26

No Factors used but Summer time no NOx
emission or very low NOx <1 tpy

Boiler Capacity 761 MMBTU/hr

Total capital Cost
$6,385,200 TCI from 1 hr RACT proposal plus inflation
Total Capital Investment adjustment. Original TCI includes equipment and
Cost (TCI) installation cost estimates from Sierra
Environmental Engineering, Inc.
Capital Recovery $1,522,870 | 0.2385 | 10 yrs @20% -from 1-hr RACT; ; A/P=0.2385
Annual Operating Costs
Direct Annual Cost
70,080
Electricity Cost §70, 100kw @ $0.08/kwh, 8760 hrs/yr
Operator $16,425 0.5hr/shift, 3 shift/day, $30/hr
Supervisor $2,463.75 15% of Operator
Maintenance $19,162.50 0.5hr/shift, 3 shift/day, $35/hr
Material $19,162.50 100% of Maintenance
$190,000 $190,000 total catalyst from literature and
Catalyst cost
vendors
Sinking Fund Factor 0.1705 year 5, interest 8%= A/F=0.1705
Total catalyst Replao
Cost

Ammonia cost AF=

2014 cost (41%

(17/46 £1.05 * 4 mole
o
> yrat8% NO2 *NOx emission (1199.9tpy)
yr=$325,487)
Total Direct Annual Cost $808,625
Indirect Annual Cost
Overhead $11,498 60% of maintenance-OAQPS'
Administrative Charge $127,704 2% of TCI-OAQPS'
Property Taxes $63,852 1% of TCI-OAQPS'
Insurance $63,852 1% of TCI-OAQPS'
Total Indirect Annual Cost $266,906
Total Annual Operating $2,598,401
Costs
NOXx Baseline Emissions 1199.9 Based on 761 mmbtu/hr, 8760 hr/yr, and 0.36
(TPY) Ib/mmbtu RACT limit
?.II_OPXYI)EmISSIOH Reduction 939.92 Based on 80 % of NOx removed.
Cost Effectiveness ($/ton $2,707

NOXx removed)
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Table 5 Detail Calculations for Veolia Schuylkill Boiler FGR

Veolia SCH Boiler # 26

No Factors used but Summer time no NOx
emission or very low NOx <1 tpy

Boiler Capacity 761 MMBTU/hr

Total capital Cost

$4,375,800 TCI from 1 hr RACT proposal plus inflation
Total Capital Investment adjustment. Original TCI includes equipment and
Cost (TCI) installation cost estimates from Sierra
Environmental Engineering, Inc.

Capital Recovery $1,043,628 | 0.2385 | 10 yrs @20% -from 1-hr RACT; ; A/P=0.2385
Annual Operating Costs
Direct Annual Cost

$70,080
Electricity Cost 100kw @ $0.08/kwh, 8760 hrs/yr
Operator $16,425 0.5hr/shift, 3 shift/day, $30/hr
Supervisor $2,463.75 15% of Operator
Maintenance $19,162.50 0.5hr/shift, 3 shift/day, $35/hr
Material $19,162.50 100% of Maintenance
Total Direct Annual Cost $127,294

Indirect Annual Cost

Overhead

Administrative Char

$11,498

Property Taxes

Insurance

Total Indirect Annual $186,530

Cost

Egts‘i‘l Annual Operating | $1,357,452 761 mmbtu/hr *8760 hr/yr * 0.36 Ib/mmbtu
NOx Baseline Emissions 1199.9 Based on 761 mmbtu/hr, 8760 hr/yr, and 0.36
(TPY) 1b/mmbtu RACT limit

?_II_OPXYI)EmISSIOH Reduction 479.96 Based on 40 % of NOx removed.

Cost Effectiveness ($/ton 2,828

NOX removed)
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Table 6 Detail Calculations for Veolia Schuylkill Boiler ULNB with NG

Veolia SCH Boiler # 26

No Factors used but Summer time no NOx
emission or very low NOx <1 tpy

Boiler Capacity 761 MMBTU/hr

Total capital Cost

Total Capital Investment | $5,077,264 TCI from 1 hr RACT proposal plus inflation

Cost (TCI) adjustment. Original TCI includes equipment
and installation cost estimates from Sierra
Environmental Engineering, Inc.; A/P=0.2385

Capital Recovery $1,210,927 | 0.2385 | 10 yrs @20% -from 1-hr RACT

Annual Operating Costs

Direct Annual Cost

Electricity Cost $70,080 75kw @ $0.08/kwh, 8760 hrs/

Operator $16,425 0.5hr/shift, 3 shift/day, $30/hr

Supervisor $2,463.75 15% of Operator

Maintenance $19,162.50 0.5hr/shift, 3 shift/day, $35/hr

Material $19,162.50 100% of Maintenance

Total Direct Annual Cost $127,294

Indirect Annual Cost

Overhead

Administrative Char

Property Taxes

Insurance

Total Indirect Annual $214,588

Cost

Total Annual Operating $1,552,809

Costs

NOx Baseline Emissions 1199.9 Based on 761 mmbtu/hr, 8760 hr/yr, and 0.36
(TPY) Ib/mmbtu RACT limit

NOx Emission Reduction 412.77 Based on 34.4 % of NOx removed.

(TPY)

Cost Effectiveness ($/ton $3,762

NOX removed)
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Table 7 Detail Calculations for Veolia Schuylkill Boiler ULNB

Veolia SCH Boiler # 26 No Factors used but Summer time no NOx
emission or very low NOx <1 tpy

Boiler Capacity 761 MMBTU/hr

Total capital Cost

Total Capital Investment | $1,849,600 TCI from 1 hr RACT proposal plus inflation
Cost (TCI) adjustment. Original TCI includes equipment
and installation cost estimates from Sierra
Environmental Engineering, Inc.

Annual Operating Costs

Direct Annual Cost

Electricity Cost $70,080 75kw @ $0.08/kwh, 8760 hrs/yr
Operator $16,425 0.5hr/shift, 3 shift/day, $30/hr
Supervisor $2,463.75 15% of Operator

Maintenance $19,162.50 0.5hr/shift, 3 shift/day, $35/hr
Material $19,162.50 100% of Maintenance

Total Direct Annual Cost $127,294

Indirect Annual Cost

Overhead $1 149 0% of mai

Administrative Char

Property Taxes

Insurance

Capital Recovery , 4282 1 10 yrs @20% -from 1-hr RACT

Total Indirect Annual $526,611
Cost

Total Annual Operating $653,905
Costs

NOXx Baseline Emissions 1199.9 Based on 761 mmbtu/hr, 8760 hr/yr, and
(TPY) 0.36 Ib/mmbtu RACT limit

NOx Emission Reduction 147.59 Based on 12.3 % of NOx removed.
(TPY)

Cost Effectiveness ($/ton $4,431
NOX removed)

References

L. Office of Air Quality Planning and standards (OAQPS) Environmental Protection Agency (EPA) Air
Pollution Control Manual, Six Edition, EPA/452/B-02-001, January 2002.

2. Electricity cost: EPA cost calculation, Appendix A-NOx Control Analysis
North East States for Coordinated Air Use Management (NESCAUM)

4, http://new.abb.com/power-generation
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