
















DOMINION WARREN COUNTY
Control of NH3 Emissions from Natural Gas Combined Cycle Plant
via Larger SCR Catalyst and Associated System Modifications
to Achieve 2.0 ppmvd @ 15% O2 Economic Impact Relative to Proposed BACT of 5.0 ppmvd @ 15% O2


EMISSIONS REDUCTION EFFECTIVENESS


Baseline emissions 5.0 ppmvd @ 15% O2 Proposed as BACT
263.18 TPY Based on operation at 100% load at 59 ºF


Target emissions 2.0 ppmvd @ 15% O2 Permit limit for Kleen Energy Systems, LLC
105.27 TPY 105.27 TPY = 263.18 TPY * 2.0 ppmvd @ 15% O2 / 5.0 ppmvd @ 15% O2


EMISSIONS REDUCTION 157.91 TPY ER ER = 157.91 TPY = 263.18 TPY - 105.27 TPY


COST ESTIMATION PARAMETERS


Interest rate on capital expenditure 7 % i Typical value
Economic life of equipment 20 yrs nsys Estimated equipment life


Economic life of catalyst 3 yrs ncat Estimated shorter catalyst life


Capital recovery factor (system) 0.094 CRFsys CRF = 0.094 = (7/100) * ((1+(7/100))^20) / ((1+(7/100))^20-1)


Capital recovery factor (catalyst) 0.381 CRFcat CRF = 0.381 = (7/100) * ((1+(7/100))^3) / ((1+(7/100))^3-1)
CRF = (i/100) * { [ 1 + (i/100) ]n } / { [1 + (i/100) ]n - 1 }


CAPITAL COSTS


DIRECT CAPITAL COSTS


Extra Catalyst Cost 645,000$       CAT
Equipment Upgrade Cost 795,000$       EQ


Purchased Equipment Cost: 1,440,000$    PEC Sum of above


Equipment and construction vendor cost estimate increase from 5 ppm to 2 ppm 
NH3 SCR system


Installation Cost 288,000$       IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
Project Contingency 259,200$       PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


Total Direct Capital Cost 1,987,200$    DCC DCC = PEC + IC + PC 
$1,987,200 = $1,440,000 + $288,000 + $259,200


INDIRECT CAPITAL COST 39,744$         ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


TOTAL CAPITAL COST 2,026,944$    TCC TCC = DCC + ICC
$2,026,944 = $1,987,200 + $39,744
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DOMINION WARREN COUNTY
Control of NH3 Emissions from Natural Gas Combined Cycle Plant
via Larger SCR Catalyst and Associated System Modifications
to Achieve 2.0 ppmvd @ 15% O2 Economic Impact Relative to Proposed BACT of 5.0 ppmvd @ 15% O2


OPERATIONAL COSTS


DIRECT OPERATIONAL COSTS


Electricity Unit Cost 0.0879$         /kWh EIA average price for retail electricity sales in Virginia, 2010, all sectors
http://www.eia.doe.gov/cneaf/electricity/epm/table5_6_b.html  (data through 3/2010)


Net Output Reduction from Installation 600 kW Power loss from performance curves for added backpressure (plant total)
Electricity Cost 462,002$       /yr Ce $462,002 = $0.0879/kWh * 600 kWh/hr * 8,760 hr/yr


Labor Costs
Maintenance Labor Cost 120,000$       /yr Cl Maintenance labor associated with catalyst cleaning and injection re-tuning


Catalyst Replacement 305,778$       /yr Ccat Cost for replacement catalyst and includes allowance for labor
Ccat = ( CAT * CRFcat ) + $60,000= ( $645,000 * 0.381 ) + $60,000


Total Direct Operational Cost 887,781$       /yr DOC DOC = Ce + Cl + Cm


DOC = $887,781 = $462,002 + $120,000 + $305,778
INDIRECT OPERATIONAL COSTS


Overhead 14,400$         /yr O 44% of direct labor cost + 12% of maintenance labor cost
Administration 40,539$         /yr A 2% of TCC
Insurance 20,269$         /yr I 1% of TCC


Total Indirect Operational Cost 75,208$         /yr IOC IOC = O + A + I
IOC $75 208 $14 400 $40 539 $20 269IOC = $75,208 = $14,400 + $40,539 + $20,269


TOTAL OPERATIONAL COST 962,989$       /yr TOC TOC = DOC + IOC
TOC = $962,989 = $887,781 + $75,208


ECONOMIC IMPACT


ANNUALIZED CAPITAL COST 130,446$       /yr ACC ACC = CRF * ( TCC - CAT )  -  system equipment upgrade net of catalyst cost
ACC = $130,446 =  0.094 * ( $2,026,944 - $645,000 )


TOTAL OPERATIONAL COST 962,989$       /yr TOC See above


TOTAL ANNUALIZED COST 1,093,435$    /yr TAC TAC = ACC + TOC
TAC = $1,093,435 = $130,446 + $962,989


EMISSIONS REDUCTION 157.91 TPY ER Calculated reduction from 5 ppmv to 2 ppmv NH3


COST-EFFECTIVENESS 6,920$           /ton C-E C-E = TAC / ER
reduction C-E = $6,920 = $1,093,435 / 157.91


NOTE:
1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual Section 1, Chapter 2 (Cost Estimataion) and Section 4.2, Chapter 2 (SCR)
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0.0067 lb NH3/MMBtu @ 5 ppm
0ºF case 59 ºF case


MMBtu/hr MMBtu/hr hr/yr
3496 3170 6000 With duct burner
2996 2608 2760 Without duct burner


97.85 87.73 tons NH3/unit
293.56 263.18 tons NH3/project


0.0027 lb NH3/MMBtu @ 2 ppm
0ºF case 59 ºF case


MMBtu/hr MMBtu/hr hr/yr
3496 3170 6000 With duct burner
2996 2608 2760 Without duct burner


39.14 35.09 tons NH3/unit
117.42 105.27 tons NH3/project
176.14 157.91 tons NH3 controlled


930,000$      2 ppm NH3 system/unit


- 715,000$      5 ppm NH3 system/unit
215,000$      difference between 5 ppm and 2 ppm catalyst amounts


+ 40,000$        injection grid upgrades/unit
+ 150,000$      flue gas mixers/unit
+ 25,000$        control system upgrade/unit (estimated)
+ 50,000$       extra catalyst housing/unit


480,000$      cost differential/unit
1,440,000$   total cost for three units
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STATE OF CONNECTICUT
DEPARTMENT OF ENVIRONMENTAL PROTECTION


January 21, 2009


Mr. James Shapiro
Senior Vice President
Towantic Energy, LLC
800 Long Ridge Road
Stamford, CT 06927


RE: BACT Recertification for Towantic Energy, LLC


Dear Mr. Shapiro:


The Department of Environmental Protection ("the Depm’tment") has reviewed the Best Available Control
Technology (BACT) recertification package, submitted by Towantic Energy, LLC on December 7, 2007 and
April 30, 2008 as required by New Source Review (NSR) permit numbers 144-0010 and 144-0011. The
Department has determined that the proposed limits are considered BACT. The re-evaluation resulted in all
annual emission limitations from the affected units remaining the same or being reduced.


Towantic Energy, LLC must now take the following actions to complete the requirements of the BACT
re-certification:


Submit minor permit modification applications for the two turbine permits (Permit Nos. 144-0010 and
144-0011) to incorporate the proposed BACT limitations, The applications should be submitted in
accordance with the Regulations of Connecticut State Agencies (RCSA) Section 22a-174-2a(e) and
include an ambient impact analysis of PM2.5 to show the project will not cause or contribute significantly
to a violation dfthe National Ambient Air Quality Standm’ds. The applications must also iuclude
documentation that the Selective Catalytic Reduction control system will be designed to an mnmonia slip
of no greater than 2.0 ppmvd while firing natural gas. While the modified permits will have an
enforceable ammonia slip of 5.0 ppmvd they are subject to possible modification after three years of
operational data.


Submit minor permit modification applications for the two internal combustion engine permits (Permit
Nos. 144-0016 and 144-0018) to incorporate the use of ultra-low sulfur diesel (15 ppm sulfur content)
and the recently promulgated New Source Performance Standard (NSPS) 40 CFR Part 60 Subpart IIII.
The applications should be submitted in accordance with RCSA Section 22a-174-2a(e).


Submit a permit revocation request for the Oil Tank Permits (Permit Nos. 144-0012 and 144-0013).
These sources no longer meet permit applicability requirements in RCSA 22a-174-3a. The request should
be submitted in accordance with RCSA Section 22a-174-2a(h)(1).


Pursuant to RCSA Section 22a-3a-2(e), nothing in this notice shall be deemed to preclude tlae Department fi’om
requesting additional information on any applications submitted. During technical review, it is not uncommon
for questions to arise that require additional information to resolve. The Department will make every effort to
work with you to resolve any such issues. Your prompt response to any requests for additional information will
expedite the processing of your applications.


(Printed on Recycled Paper)
79 Elm Street ¯ Hartford, CT 06106-5127


htt p://www.ct.gov/dep
Atl Equal OpportuniO, Employer







Mr. Shapiro
Towantic Energy, LLC
Gary S. Rose
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This letter in no way grants immunity from legal action resulting fi’om the failure of this source to remain in
compliance with existing air pollution regulations, nor does it provide an exemption from compliauce with future
Federal, State or local laws.


If you have any questions concerning this notice, please contact Mr. James Grillo at (860) 424-4152.


Sincerely,


GSR:jag
cc: Brendan Fox, Gaffney, Bennett & Assoc.


Raymond Pietrorazio


Director
Engineering mad Enforcement Division
Bureau of Air Management
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1.0  Introduction 


1.1 Overview 


In compliance with the requirements of the December 7, 2004 air permits for the Towantic Energy Project, 
Towantic Energy, LLC. (Towantic) is submitting a recertification of the Best Available Control Technology 
(BACT) determinations for the two permitted combustion turbines.  The Towantic Energy Project (referred to 
herein simply as the “Project”) will be a merchant power generation facility with a nominal gross power output 
capacity of 550 megawatts (MW), located in Oxford, Connecticut.   


The equipment associated with the Project will include several potential sources of emissions of regulated air 
pollutants, in particular two dual fuel-fired General Electric PG7421FA (GE 7FA) combustion turbines, two 
emergency engines, two (distillate) oil storage tanks, and one natural gas and propane-fired auxiliary boiler.  
The combustion turbines will be combined-cycle units, with heat recovery steam generators that will not 
employ duct burner firing, generating steam to power a single steam turbine generator.  The steam turbine 
generator will be equipped with an air-cooled condenser, and therefore the project will not include a cooling 
tower.  Other supporting ancillary equipment will include ammonia handling and storage, raw and treated 
water storage tanks, a electric switchyard/substation, and a storm water detention pond. 


A New Source Review Permit to Construct and Operate a Stationary Source was issued by the State of 
Connecticut Department of Environmental Protection (DEP) for each of the two combined-cycle units on 
December 7, 2004.  The requirements of the permits issued to each of the two combined-cycle units are 
identical.  Condition O of Part X of each of these permits specifies that: 


“Unless directed otherwise by the Commissioner, if the proposed facility is not constructed within three 


calendar years from the date of issuance of this permit, the Permittee shall be required to re-certify and 


conduct further BACT analysis.” 


This BACT recertification requirement is not specified in the permits issued for any of the other emissions units 
associated with the Project.  Accordingly based on direct guidance provided to Towantic by DEP, Towantic 
understands that: 


• The applicable control standard to be met for this recertification is BACT; 


• The BACT recertification applies to the two combined-cycle units; 


• The BACT recertification applies to control of emissions of nitrogen oxides (NOx), volatile organic 
compounds (VOCs), carbon monoxide (CO), sulfur dioxide (SO2), total suspended particulate (TSP), 
particulate matter with a mean diameter of less than 10 microns (PM10), and ammonia (NH3).   


• Because the attainment status designation for particulate matter with a mean diameter of less than 2.5 
microns (PM2.5) for the region that includes Oxford, Connecticut had not been promulgated as of 
December 7, 2004, the BACT recertification requirement does not apply to control of emissions of PM2.5. 


• BACT for NH3 is a state-only requirement.   


The findings and conclusions of the BACT recertification assessment are presented in this document.  More 
specifically: 


• Section 2.0 discusses the top-down assessment methods used in the assessments. 


• Section 3.0 discusses the findings and conclusions regarding BACT for the combined-cycle units. 
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• Section 4.0 summarizes the BACT recertification determinations for the for the combined-cycle units. 


• Appendix A documents the sources and basis for the emissions estimates and emissions-related data for  
 the combined-cycle units, upon which the BACT recertification assessments were based. 


• Appendix B documents the findings of an investigation of recent control technology determinations for 
 large combined-cycle units. 


• Appendix C documents the calculations performed to derive estimates of the economic impact of 
 alternative emissions limits considered for the combined-cycle units. 


• Appendix D presents the DEP’s Permit Transfer Approval are associated documentation for the Project. 


In this BACT recertification assessment document, except where noted otherwise, emissions concentration 
limits for gaseous air contaminants are given in units of parts per million by volume, dry basis, corrected to 15 
percent oxygen (ppmvd @ 15% O2).  All emissions rates are specified based on ambient conditions of 59


o
F, 


14.28 pounds per square inch absolute (psia) pressure, and 60.0% relative humidity.  Emission rate limits are 
also generally specified in units of pounds per million British Thermal Units (lbs/MMBtu) and heat input 
capacities are generally specified in units of MMBtu per hour (MMBtu/hr).  The MMBtu values underlying both 
the emission rate limits and heat input capacities are based upon the higher heating value (HHV) of the fuel.  
Finally, in this document, annual emissions levels are presented in units of tons per year (TPY), and hourly 
emissions levels are presented in pounds per hour (lb/hr). 


1.2 Ownership History 


Current Owners ............ Name.............................. Towantic Energy, LLC 
 ............ Address .......................... 120 Long Ridge Road, Stamford, CT  06967 
 ............ Contact Information ....... Mark Mellana, Senior Vice President 
 ............ Date of Ownership......... See Appendix D 


Prior Owners........................................................... See Appendix D 


1.3 Certification Statement 


The following certification is made in accordance with the Regulations of Connecticut State Agencies (RCSA), 
Title 22a, Section 22a-174-2a(a)(1)(B), (a)(2), and (a)(4) 


“I have personally examined and am familiar with the information submitted in this document and all 


attachments thereto, and I certify that based on reasonable investigation, including my inquiry of those 


individuals responsible for obtaining the information, the submitted information is true, accurate and 


complete to the best of my knowledge and belief. I understand that any false statement made in the 


submitted information may be punishable as a criminal offense under section 22a-175 of the Connecticut 


General Statutes, under section 53a-157b of the Connecticut General Statutes, and in accordance with 


any applicable statute.” 


 


Signed By:            
 
  Mark Mellana, Senior Vice President 
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2.0  Approach used in BACT analysis 


As indicated in Section 1.0, the permit imposes a BACT recertification requirement to the combined-cycle 
units for emissions of the following substances:  NOx, VOCs, CO, SO2, TSP, PM10, and NH3.  As discussed in 
Section 3.6, BACT for NH3 is applicable to the Project as a state-only requirement.  In accordance with the 
United States Environmental Protection Agency (USEPA) and DEP guidance, this BACT analysis was been 
conducted through a “top-down” assessment that started with the most stringent level of control found to be 
technically feasible for the subject pollutant (LAER) and proceeded through consideration of progressively 
lesser levels of control until the best available control technology was identified.  As permitted by USEPA and 
DEP, this BACT determination took into account energy, environmental, and economic impacts associated 
with potentially applicable control options.  The analysis method for updating of the control technology 
determinations for the project is discussed in more detail below. 


2.1 Identification and Ranking of Available Control Technology Options 


2.1.1 Methodology 


The first step in this BACT analysis was to conduct an investigation to identify the emissions control 
technology options and associated emissions levels to be evaluated.  The identification of emissions control 
technology options included consideration of transferable and innovative control measures that may not have 
previously been applied to combined-cycle units.  Because there have been permits issued throughout the 
United States in the past decade for similar combined-cycle units, and considering the tremendous 
improvement within the past decade in the availability of information concerning the findings and conclusions 
of the control technology assessments for those units, sufficient information for this BACT recertification was 
obtained by focusing the investigation specifically on control technology options and associated emissions 
limits applied to “large” combined-cycle units (defined by USEPA as those that have a power output capacity of 
greater than 25 MW) that are fired with natural gas and distillate oil and do not employ duct burner firing in their 
heat recovery steam generators.   


The investigation that was conducted started with a search of the USEPA’s RACT/BACT/LAER Clearinghouse 
(RBLC).  The information obtained through the RBLC search was supplemented by information obtained from 
USEPA Region V, the California Air Resources Board Statewide BACT Clearinghouse, and permit databases 
provided to the public by a number of other state agencies, including Connecticut, Maine, New York, Rhode 
Island, Kentucky, Georgia, Arkansas, South Dakota, Utah, and Arizona. Appendix B presents the information 
obtained in this investigation.  The information presented is not all-encompassing.  Information was found for 
several hundred large combined-cycle power plant projects permitted in the past decade.  The listings in 
Appendix B are for the projects with what were found to be the most stringent emissions limits for each of the 
pollutants subject to the BACT recertification requirement for the Project.  As shown, a total of 43 units were 
identified at 17 different facilities, including 12 units at six (6) facilities that either were never built or as yet have 
been permitted but not built. 


The second step in this assessment was to compile, based on the findings of the research effort described 
above, a ranking of emissions control technology options and associated emissions limits for each of the 
pollutants (see above) subject to the BACT recertification requirement.  For each identified technology/limit 
combination, the technical feasibility of its application to the Project combined-cycle units was evaluated.  
Options found to be infeasible for the Project were eliminated.   


After elimination of technically infeasible control technologies, the remaining options were ranked in order of 
the stringency of the associated emissions limit, establishing the top-down order for the subsequent analyses.  
In cases where either there was only one feasible option or Towantic determined that the most stringent level 
of control was acceptable, no further analysis was required.  In other cases, the top-down order for the 
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analysis was followed.  For options that are more stringent than the ones that were selected, information is 
provided about why these more stringent options are not applicable to the project.   


The minimum level of control for this BACT recertification determination is what is already required in the 
current Project permits.  To provide appropriate context for the findings and conclusions of this BACT 
recertification, for each of the pollutants for which the BACT recertification requirement applies, special 
notation is made in this document of the levels of control that have been specified by DEP as BACT for the 
Kleen Energy Systems, LLC (Kleen Energy) project that will be constructed in Middletown, CT.  As explained 
further below there are some significant differences between the proposed Project units and the proposed 
Kleen Energy units.  Correspondingly, since BACT is determined on a case-by-case basis, there are some 
differences in the levels of control that represent BACT for these two facilities.  When highlighting the BACT for 
the Kleen Energy units, we note where those differences occur.  Special notation is also made in this 
document of the limits imposed on the Linden Cogeneration project in Linden, New Jersey.  This project is 
highlighted because it includes the only dual fuel-fired GE 7FA combined-cycle turbine with no duct burner 
firing that was identified in the investigation, and thus is the only unit that is truly similar to the Towantic units. 


After ranking the technically feasible control technology/emissions limit combinations for each pollutant, the 
top-down assessment of those options was performed.  For each pollutant subject to the BACT recertification 
requirement, the most stringent control option with acceptable economic, energy, and environmental impacts 
was selected as BACT.  The approach taken in the analysis of economic, energy, and environmental impacts 
is discussed below. 


2.1.2 Consideration of Control Levels Applied to Different Turbine Models and Non-
Demonstrated Units 


A key issue in the BACT recertification analysis was that many of the large combined-cycle units identified in 
the investigation as being subject to what were found to be the most stringent emissions limits are (1) units 
that are a different combustion turbine model (i.e., not a GE 7FA turbine), and/or (2) units that have been 
permitted only and have not yet demonstrated compliance with those limits, including some units that will 
never be built.  For the following reasons, Towantic does not consider any such unit to be an appropriate basis 
for establishing BACT for the Project. 


• As shown in Appendix B, the same post-combustion treatment technologies (namely, selective catalytic 
reduction systems and oxidation catalysts) are both generally applicable to and are applied almost without 
exception to all large combined-cycle combustion turbine models.  Since the emissions-reducing 
mechanisms and capabilities of the treatment technologies are also generally the same irrespective of the 
turbine model to which they are applied, the major factor in determining the specific emissions capabilities 
for a given unit is which turbine is to be employed, both by manufacturer and model designation.  


• The minimization of emissions to the current unprecedented rates requires very complex and precise 
mixing of natural gas and air in exact proportions without variance and precise flame temperature control 
capability within the combustion chamber.  The technology-forcing BACT and LAER requirements have 
led to a continuing (but not necessarily equal) effort and significant investment by the turbine 
manufacturers to develop advancements in the emissions capabilities of their systems.  At the same time, 
market forces have dictated that the manufacturers increase both output and efficiency to gain competitive 
advantage.  This has been accomplished primarily by increasing firing temperature, which is directly 
contrary to the emissions-minimization design objectives.  Each manufacturer has therefore developed 
and repeatedly modified its own solutions, and consequently the general principles of combustor 
arrangements and the specific internal designs are very different between the different turbine 
manufacturers.  Detailed descriptive information is maintained as highly proprietary by the manufacturers, 
particularly as the industry progresses at the edge of the technical envelope dictated by unprecedented 
firing temperatures. 
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• When a new project is permitted therefore, the specific details upon which the applicable emissions limits 
were accepted are not revealed publicly, and therefore it is impossible for a different applicant to properly 
evaluate the differences that may exist between that project and theirs, and correspondingly explain 
specifically why it may be impossible to meet the same limits.  This is particularly true when the projects 
involve different turbine models (even when the models are from the same manufacturer). 


• The listings in Appendix B indicate no consistent pattern in the sets of emissions limits for the same 
turbine models.  This indicates that even for the same model, the specific engineering details can differ 
widely from project to project.  This variation also indicates the fact that even for the same model, other 
factors that directly impact on emissions capabilities can differ widely from project to project.  Most notably 
this includes ambient temperature, pressure, and relative humidity, fuel availability, and fuel composition.  
This also indicates the impact of non-engineering factors in setting permit limits.  Each project has its own 
set of financial objectives and limitations, regulatory requirements, local topography, meteorological 
conditions, ambient pollutant levels, and proximate major air emissions sources. 


• There have been numerous cases in which large combined-cycle unit projects have been permitted but 
were never able to demonstrate compliance with the permitted emissions limits.  This indicates that, unlike 
for certain types of emissions units such as conventional boilers that are not subject to the same number 
or variability of applicable engineering and non-engineering factors, for combustion turbine units the level 
of complexity involved in designing these systems combined with the variations in the factors noted above 
poses unique challenges that make it inappropriate to consider a permitted-but-not-demonstrated limit as 
an appropriate basis for BACT.  This is especially true for projects that were permitted but never built, such 
as the IDC Bellingham project in Massachusetts which to this day is listed in the RBLC as the project with 
the most stringent NOx emissions limits even though it was cancelled more than five years ago. 


In spite of these issues, the DEP directed Towantic that in this BACT recertification analysis, consideration 
must be given to the feasibility, cost, and other impacts associated with meeting limits imposed on non-
demonstrated and/or different turbine model units.  Towantic has complied with this directive and has therefore 
addressed each such limit that was found to have been imposed in a permit that is lower than the 
corresponding limit proposed as BACT for the Project. 


2.2 Economic Impact Analysis 


An economic impact analysis was performed for selected emissions control technology option/emissions limit 
combinations.  In other cases, an economic impact analysis was not necessary to determine BACT. 


Economic impact is defined in terms of cost-effectiveness, i.e., the ratio of the potential dollar cost of the option 
to the number of tons of emissions reduction it will potentially achieve.  As documented in Appendix C, 
estimates of both average and incremental cost-effectiveness were developed in this analysis, for 
determination of BACT for VOCs, CO, and NH3.  Economic impact was not determined for NOx, TSP, PM10, or 
SO2 because there were no emission control technology options and associated emissions levels identified for 
those pollutants that are both more stringent than the proposed BACT for the Project and judged technically 
feasible for the Project. 


The cost estimates developed for this analysis were based on estimates provided by turbine vendor and 
catalyst supplier, and the following cost basis factors: 


• A timeframe of either 10 years or equal to the estimated useful life of associated control system 
equipment, whichever is lower. 


• An interest rate of 8%. 


• An electricity unit cost of $0.09 per kilowatt-hour (kWh). 
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Average cost-effectiveness was estimated based on data provided by the turbine vendor for emissions exiting 
the turbine but upstream of the oxidation catalyst and selective catalytic reduction (SCR) unit.  The exception 
to this was for estimating economic impact for NH3.  Since NH3 will be emitted only because an SCR system 
will be employed to meet BACT requirements for NOx emissions, there is no relevant “uncontrolled” baseline 
emissions for NH3 as there is for the other pollutants addressed in this recertification analysis.  The baseline 
emissions level used for estimating the average cost-effectiveness of options for NH3, therefore, was set at the 
NH3 emissions level associated with the SCR system operating to meet the proposed BACT level for NOx. 


Incremental cost-effectiveness estimates for all pollutants addressed in this BACT recertification analysis were 
estimated relative to the proposed BACT levels for the Project.  For natural gas combustion VOCs and CO 
emissions, it was found in each case that there is more than one emissions limit that has been imposed on 
other large combined-cycle units that is lower than the proposed BACT levels.  In each of these cases it was 
found that the incremental cost-effectiveness is unacceptably high to go from the proposed BACT level to 
either the lowest-permitted BACT level or the next-lowest permitted BACT level.  Based on that finding it was 
unnecessary to determine incremental cost-effectiveness for the lowest versus next-lowest permitted BACT 
level (it would only be necessary to calculate that incremental cost-effectiveness if it the cost of going from the 
proposed BACT level to the next-lowest permitted BACT level was found to be acceptable). 


2.3 Energy Impact Analysis 


 An energy impact analysis was performed for selected emissions control technology option/emissions limit 
combinations.  In other cases, an energy impact analysis was not necessary to determine BACT. 


Two types of energy impacts were considered.  First, when the installation of a particular option would result in 
a reduction in either the power output capacity or the reliability of the units, the reduction is a quantifiable 
energy impact.  Second, the consumption of energy by the option itself is a quantifiable energy impact (the 
energy used by the control technology equipment would be generated by the combined-cycle units, and thus 
the usage of the energy would reduce the amount of energy that would otherwise be available for sale by the 
project or used for some other need).  To account for the first factor, increases in energy consumption resulting 
from increased heat rate, measured in either BTU or fuel units (cubic feet of natural gas or gallons of oil) were 
estimated.  To account for the second factor, the energy usage by the control technology equipment was 
estimated. 


2.4 Environmental Impact Analysis 


An environmental impact analysis was performed for selected emissions control technology option/limit 
combinations.  In other cases, an environmental impact analysis was not necessary to determine BACT. 


The primary focus of the environmental impact analysis was the assessment of the reduction in ambient 
concentrations of the air contaminant being controlled.  To account for this, the increases or decreases in 
emissions of other criteria or non-criteria air contaminants that may occur with some of the control 
technologies were estimated.  In addition, estimates were made of non-air quality environmental impacts, such 
as solid waste disposal and increased water consumption or treatment and solid waste by-products. 
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3.0  BACT Determinations 


3.1 BACT for Nitrogen Oxides (NOx) 


3.1.1 NOx Emissions Generation 


As indicated in Section 1, the heat recovery stem generators (HRSGs) associated with the combined-cycle 
units will not employ duct burner firing, and therefore, NOx emissions from the combined-cycle units associated 
with the Project will be generated by the two combustion turbines only.   


NOx emissions are formed in combustion turbines by the thermal oxidation of nitrogen contained in either the 
combustion air (referred to as “thermal NOx”) or in the fuel (referred to as “fuel NOx”).  Although natural gas 
contains free nitrogen, it does not contain fuel bound nitrogen, and, therefore, essentially all NOx generated in 
combustion of natural gas is thermal NOx.  NOx emissions from combustion of oil are also predominantly 
thermal NOx; variations in fuel nitrogen have relatively little effect on overall NOx emissions.   


The major factors influencing thermal NOx formation are temperature, concentration of nitrogen and oxygen in 
the inlet air, and residence time within the combustion zone.  The rate of formation of thermal NOx is 
exponential with peak flame temperature.   


3.1.2 Identification and Ranking of NOx Emissions Control Technology Options 


Technology Options 


The available technologies for the control of NOx from combined-cycle combustion turbines are as follows: 


• Selective Catalytic Reduction (SCR) 


• SCONOx™ 


• Dry Low-NOx (DLN) Combustors 


• Water or Steam Injection 


• Other technologies 


SCR 


SCR is a post-combustion technology that removes NOx from the exhaust gas stream after it has been formed 
in the combustion turbine.  In an SCR system, ammonia is injected upstream of a catalyst bed.  In the 
presence of the catalyst, NOx and ammonia react to convert the NOx to nitrogen gas and water vapor.   


SCR systems have been employed successfully for natural gas-fired combustion turbines for nearly two 
decades.  SCR is capable of achieving NOx emissions reductions of 90% or more for combustion turbine 
applications.   


Since SCR requires the injection of ammonia, an unavoidable consequence of employing SCR will be 
emissions of unreacted ammonia, both from the operation of the combined-cycle units and from the storage 
and handling of the raw material (ammonia or urea) used to provide the reagent for injection.  Other limitations 
associated with SCR are that it only operates within a specific temperature range, and that while SCR systems 
have also been employed successfully for oil-fired combustion turbines, in order for such applications to be 
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successful, both the amount and the sulfur content of the oil fired must be closely restricted due to the potential 
for fouling of the SCR catalyst and downstream equipment as a result of the formation of ammonium sulfate 
and ammonium bisulfate from the reaction of ammonia with sulfur contained in the oil.  This concern will be 
mitigated by the proposed use of “ultra-low sulfur distillate” (ULSD) fuel.   


SCR is considered to be technically feasible for application to this project, for both natural gas and oil 
combustion.   


SCONOx
TM


 


SCONOx
TM


 is also a post-combustion technology, removing NOx from the exhaust gas stream after formation 
in the combustion turbine.  SCONOx


TM
 employs a potassium carbonate bed that adsorbs NOx, where it reacts 


to form potassium nitrates.  Periodically, a hydrogen gas stream is passed over the bed, resulting in the 
reaction of the potassium nitrates to re-form the potassium carbonate and eject nitrogen gas and water vapor.   


SCONOx
TM


 is also reportedly capable of achieving NOx emissions reductions of 90% or more for combustion 
turbine applications, and it is currently operating on several small natural gas-fired turbines.  The advantage of 
SCONOx


TM
 relative to SCR is that SCONOx


TM
 does not require ammonia injection to achieve NOx control.  


Like SCR, however, SCONOx
TM


 only operates within a specific temperature range. 


SCONOx
TM


 is not technically feasible, however, for application to this project, for a number of reasons.  First, 
SCONOx


TM
 is not being offered for either GE FA or any other type of large combustion turbines.  Second, due 


to concerns regarding catalyst poisoning, SCONOx
TM


 is not a proven technology for meeting BACT for NOx for 
oil firing in a combustion turbine.  The only known commercial application of this technology for a combustion 
turbine fired with oil is at the Wyeth Bio Pharma facility in Andover, Massachusetts, which is required to meet a 
NOx emissions limit of 15 ppmvd @ 15% O2.  The SCONOx


TM
 system at this facility experienced numerous 


problems meeting that limit and as a result has not been run on oil for more than several hours at a time.  In 
addition, SCONOx


TM
 is considerably more complex than SCR, consumes significantly more water, and 


requires more frequent cleaning and other maintenance. 


Dry Low-NOx Combustors 


DLN combustors are designed to control peak combustion temperature, combustion zone residence time, and 
combustion zone free oxygen, thereby minimizing thermal NOx formation.  This is accomplished by producing 
a lean, pre-mixed flame that burns at a lower flame temperature and higher oxygen levels than conventional 
combustors.   


DLN combustors have been employed successfully for natural gas-fired combustion turbines for more than 
fifteen years.  However, DLN combustors are employed for natural gas combustion only; they are not designed 
for oil combustion.    Thus, if DLN combustors were required for the the Towantic project, it would be 
necessary to add traditional combustors with water or steam injection because the Proiect will also burn oil. 


DLN combustors are considered to be technically feasible for application to this project, but for natural gas 
firing only.   


Water or Steam Injection 


Water and steam injection is also designed to control peak combustion temperature, combustion zone 
residence time, and combustion zone free oxygen, thereby minimizing thermal NOx formation.  This 
technology involves the injection of water or steam into the high temperature region of the flame, which 
minimizes thermal NOx formation by quenching peak flame temperature.   
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Water and steam injection has been employed successfully for nearly thirty years, for both natural gas and oil-
fired combustion turbines.  Water and steam injection remains the state-of-the-art combustion technology for 
minimizing NOx emissions for oil-fired combustion turbines.   


Water injection is considered to be technically feasible for application to this project.  Because a DLN 
combustor will be employed for natural gas combustion, water injection will be employed for distillate oil 
combustion only. 


Other Technologies 


A number of other combustion turbine NOx emissions control technologies for combustion turbines are being 
marketed.  These include Catalytica Energy Systems’ XONON


TM
 catalytic combustors, BOC Gases’ LoTOx


TM
 


ozone injection system, Thermal Energy’s THERMALLONOx
TM


 phosphorus injection/scrubber system, and 
Enviroscrub’s Pahlmann


TM
 Process, and many others.   


None of these technologies has reached the commercial development stage for large combustion turbines that 
will be fired with natural gas and oil, and thus none is considered to be technically feasible for this project. 


Combination of Technologies 


The three NOx emissions control technologies identified above that are considered to be technically feasible 
for application to this Project, SCR, DLN, and water injection, are capable of being used in combination, and in 
fact, such an arrangement represents the current state-of-the-art for NOx emissions control for large 
combustion turbines that burn both natural gas and oil.  Accordingly, this combination of technologies 
represents BACT for NOx for the Project. 


Ranking of Technology Options 


The following ranking of technically feasible NOx emissions control technologies and associated limits was 
determined based on the review of the RBLC and further investigation of control technology option/limit 
combinations for large combustion turbines: 


• Natural gas combustion: 
 
(1) 1.5 ppmvd @ 15% O2 specified for one identified project, IDC Bellingham in Massachusetts 
 via SCR and DLN 
 
(2) 2.0 ppmvd @ 15% O2 specified in the current Towantic permits, 
 via SCR and DLN the permit for Kleen Energy, and for 12 other identified projects  
 
(3) 2.5 ppmvd @ 15% O2 specified for Linden Cogeneration and two other identified projects 
 via SCR and DLN 


• Oil combustion: 
 
(1) 5.9 ppmvd @ 15% O2  specified in the current Towantic permit 
 via SCR and water and the permit for Kleen Energy  
 or steam injection 
 
(2) 6.0 ppmvd @ 15% O2  specified for Linden Cogeneration and five other identifed projects  
 via SCR and water  
 or steam injection 







 


 
 April 2007 3-4 


BACT Recertification Assessment.doc 


Neither SCONOx
TM


, XONON
TM


, nor any other technology option evaluated is technically feasible for this 
application. 


3.1.3 BACT Determination for NOx 


The current permit specifies the following BACT requirements for NOx: 


• Control technology:........ SCR, DLN for natural gas combustion, and water injection for oil combustion 


• Emissions Limits: ........... Natural gas........2.0 ppmvd @ 15% O2 
                                                           ........0.0075 lb/MMBtu 
                                                           ........12.72 lb/hr  
 
                           ............ Oil ......................5.9 ppmvd @ 15% O2 
                                             ......................0.0232 lb/MMBtu 
                                             ......................43.465 lb/hr 


Top-Down Assessment - Natural Gas Combustion 


The most stringent natural gas combustion NOx emissions limit identified for a large combined-cycle unit is  
1.5 ppmvd @ 15% O2.  This limit was found for one facility only, the IDC Bellingham project in Bellingham, 
Massachusetts.  That facility was permitted in September 2000 but was never constructed, and therefore did 
not demonstrate compliance with that limit.  If it had been constructed, this facility would have consisted of a 
single GE 7FA combined-cycle fired with natural gas only, with an unfired duct burner.  According to the state 
agency contact, the NOx limit was specified by the applicant.  This limit is not considered to be technically 
feasible for the Towantic units. 


A natural gas combustion NOx emissions limit of 1.5 ppmvd @ 15% O2 was rejected as BACT for the 
Project because it is based on a permit limit for one facility only, and the combined-cycle unit at that 
facility was never constructed and thus never demonstrated compliance with that limit, and would not 
have been dual fuel-fired. 


The next-most stringent natural gas combustion NOx emissions limit identified for a large combined-cycle unit 
is 2.0 ppmvd @ 15% O2.  As indicated above, this limit is specified in the current permits for the Project.  As 
the most stringent acceptable limit, this constitutes BACT for the Project combined-cycle units. 


Top-Down Assessment - Natural Gas Combustion 


The most stringent oil combustion NOx emissions limit identified for a large combined-cycle unit is 5.9 ppmvd 
@ 15% O2.  As indicated above, this limit is specified in the current permits for the Project.  As the most 
stringent acceptable limit, this constitutes BACT for the Project combined-cycle units. 


BACT Determination 


Based on these findings, the following emissions limits constitute BACT for NOx for the combined-cycle units: 


• Control technology:........ SCR, DLN for natural gas combustion, and water injection for oil combustion 


• Emissions Limits: ........... Natural gas........2.0 ppmvd @ 15% O2 
                                                           ........0.0075 lb/MMBtu 
                                                           ........12.72 lb/hr  
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                           ............ Oil ......................5.9 ppmvd @ 15% O2 
                                             ......................0.0232 lb/MMBtu 
                                             ......................43.465 lb/hr 


3.2 BACT for Volatile Organic Compounds (VOCs) 


3.2.1 VOC Emissions Generation 


As indicated in Section 1, the HRSGs associated with the combined-cycle units will not employ duct burner 
firing, and therefore, VOC emissions from the combined-cycle units associated with the Project will be 
generated by the two combustion turbines only.   


VOC emissions are formed in combustion turbines as a result of incomplete combustion of carbonaceous 
fuels.  Similar to the generation of NOx emissions, the primary factors influencing the generation of VOC 
emissions are temperature and residence time within the combustion zone.  Variations in fuel carbon content 
have relatively little effect on overall VOC emissions.  Generally, the effect of the combustion zone 
temperature and residence time on VOC emissions generation is the exact opposite of their effect on NOx 
emissions generation.  Higher combustion zone temperatures and residence times lead to more complete 
combustion and lower VOC emissions, but higher NOx emissions.  Thus, to simultaneously meet BACT 
requirements for these two pollutants requires a design representing a specifically-selected balance. 


3.2.2 Identification of VOC Emissions Control Technology Options 


Technology Options 


The only available technology for the control of VOC from a large combined-cycle combustion turbine fired with 
both natural gas and oil is an oxidation catalyst.  SCONOx


TM
 is capable of reducing VOC emissions from a 


small natural gas-fired combustion turbine, but for reasons discussed in Section 4.1.2, SCONOx
TM


 is not 
technically feasible for application to this project. 


An oxidation catalyst is a post-combustion technology that removes VOCs from the exhaust gas stream after 
they have been formed in the combustion turbine.  In the presence of a catalyst, VOC will react with oxygen 
present in the exhaust stream, converting it to carbon dioxide and water vapor.  No supplementary reactant is 
used in conjunction with an oxidation catalyst. 


Oxidation catalysts have been employed successfully for two decades, for both natural gas and oil-fired 
combustion turbines.  They are capable of achieving VOC emissions reductions for both natural gas and oil 
combustion.  Similar to SCR systems, for oxidation catalysts to minimize SOx formation in oil-fired combustion 
turbine applications, it is generally best to restrict both the amount and sulfur content of the oil fired.   


An oxidation catalyst is considered to be technically feasible for application to this project.   


Ranking of Technology Options 


The following ranking of technically feasible VOC emissions control technologies and associated limits was 
determined based on the review of the RBLC and further investigation of control technology option/emissions 
limit combinations for large combustion turbines: 


• Natural gas combustion: 
 
(1) 0.7 ppmvd @ 15% O2 specified for one identified project, in the permit for CPV Warren, LLC in 
Virginia  
 via Oxidation catalyst  
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(2) 1.0 ppmvd @ 15% O2 specified for six identified projects, all in either Arizona or Massachusetts  
 via Oxidation catalyst  
 
(3) 1.2 ppmvd @ 15% O2 specified for one identified project, Linden Cogeneration  
 via Oxidation catalyst  
 
(4) 1.3 - 2.0 ppmvd @ 15% O2 specified for six identified projects  
 via Oxidation catalyst  
 
(5) 5.0 ppmvd @ 15% O2 specified for one identified project, in the permit for Kleen Energy  
 via Oxidation catalyst   


• Oil combustion: 
 
(1) 1.2 ppmvd @ 15% O2  specified for one identified project, Linden Cogeneration  
 via Oxidation catalyst  
 
(2) 2.0 ppmvd @ 15% O2  specified for one identified project, Georgia Power in Georgia  
 via Oxidation catalyst Savannah Electric and Power Co., McIntosh Cogeneration Facility), in 
Georgia 
 
(3) 2.8 ppmvd @ 15% O2 specified for one identified project, FPL Turkey Point in Florida; a level 
 via Oxidation catalyst considered approximate to this is also specified for one identified project, 
PSEG Fossill in New Jersey 
 
(4) 3.4 ppmvd @ 15% O2 specified for one identified project, in the permit for Kleen Energy  
 via Oxidation catalyst  


3.2.3 BACT Determination for VOCs 


The current permit specifies the following BACT requirements for VOCs: 


• Control technology:........ Oxidation catalyst 


• Emissions Limits: ........... Natural gas........0.0016 lb/MMBtu 
                                                           ........2.66 lb/hr  
 
                           ............ Oil ......................0.0037 lb/MMBtu 
                                            .......................6.92 lb/hr 


In conjunction with this BACT recertification, Towantic has obtained new emissions control performance 
specifications for VOC emissions for the combined-cycle units that will allow acceptance of lower VOC 
emissions limits for both natural gas combustion and oil combustion than are specified in the current permit.  
For natural gas, the new specification level is 1.2 ppmvd @ 15% O2, while for oil, the new specification level is 
2.0 ppmvd @ 15% O2; an oxidation catalyst will be employed to meet these limits. 


Top-Down Assessment - Natural Gas Combustion 


The most stringent natural gas combustion VOC emissions limit identified for a large combined-cycle unit is  
0.7 ppmvd @ 15% O2.  This limit was found for one facility only, the CPV Warren, LLC (CPV Warren) project in 
Warren County, Virginia.  That facility has been permitted but has not been constructed, and therefore has not 
demonstrated compliance with that limit.  If built to current permit specifications, this will be a 580 MW plant 
consisting of two GE 7FA combined-cycle units equipped with duct burners and with power augmentation 







 


 
 April 2007 3-7 


BACT Recertification Assessment.doc 


capability.  The CPV Warren combustion turbines will employ the same VOC control technology as the 
Towantic turbines, an oxidation catalyst.   


In addition to the fact that CPV Warren has not proven in commercial practice that it can comply with this limit, 
there are several significant technical differences between CPV Warren and the Project that make the CPV 
Warren permit limit an inappropriate basis for establishing BACT for the Towantic facility.   


• First, the CPV Warren facility will burn natural gas only.  As shown in Appendix B, combined-cycle units 
that burn only natural gas can generally achieve lower VOC emissions limits than dual fuel-fired units.  
Most likely this is because for a unit that fires natural gas only, the oxidation catalyst can be placed in the 
HRSG in the most optimal location for controlling natural gas combustion VOC emissions.  For a dual fuel-
fired unit, the oxidation catalyst must go in a location that provides the best overall emissions reduction for 
both fuel firing scenarios, which will not necessarily be optimal for controlling emissions from either fuel 
individually.   


• A second key difference between the CPV Warren units and the Project units is that the CPV Warren units 
will employ duct burner firing.  Appendix B shows that combined-cycle units that employ duct burner firing 
appear more capable than those that don’t of meeting lower VOC (and CO) emissions limits, at least for 
natural gas combustion (which will always be the predominant if not only fuel for these types of units).  
Most likely this is because the duct burner can be designed to ensure the completion of combustion of 
VOC and CO generated but the turbine (similar to an afterburner in different types of VOC emission 
control applications).   


• Probably the most significant difference between the CPV Warren project and the Towantic Project in 
regard to VOC emissions, however, is that, for unknown reasons, CPV Warren accepted a cap on VOC 
emissions to avoid being a major VOC source facility.  It is evident that to stay within the facility-wide VOC 
emissions cap, CPV Warren was obligated to accept tighter VOC emissions limits for their combined-cycle 
units.  Towantic will not and cannot accept a similar facility-wide VOC emissions cap, and therefore the 
reduced margin for compliance associated with accepting corresponding tighter limits on VOC emissions 
from the turbines is not justifiable for the Project. 


An order-of-magnitude engineering evaluation was performed to assess the general technical feasibility and 
costs associated with controlling VOC and CO emissions from the Towantic combined-cycle units.  The 
catalyst supplier estimated that a 38,000 lb  oxidation catalyst would be capable of controlling both VOC and 
CO emissions from both natural gas and oil combustion, to the respective lowest-identified BACT levels.  This 
would be 3,000 lbs larger than the catalyst required to meet the proposed BACT for Towantic.  The larger 
catalyst would also have to operate at a temperature 50


o
F higher than the oxidation catalyst needed to meet 


the proposed BACT.  Using the larger-sized catalyst would add significantly to the capital cost and, because it 
would add backpressure to the system, would reduce net plant power output.  A potentially more significant 
detriment associated with this type of system modification is that in order to ensure that the catalyst operates 
at the higher temperature, the current HRSG design may have to be reconfigured, possibly to move the 
catalyst upstream of the high-pressure evaporator.  This would increase the capital cost of the HRSG.   


The catalyst supplier provided a study-level cost estimate of $2,500,000 on a purchased material basis for the 
38,000 lb catalyst, and the turbine vendor estimated the net plant output reduction associated with adding 
3,000 lbs of catalyst at 50 kilowatts (kW).  The catalyst supplier also estimated the useful life for the catalyst at 
25,000 hours.  No cost estimate was developed for this evaluation for HRSG design modifications, because it 
is not certain that it would be necessary.  The $2,500,000 cost estimate also does not include either any 
incremental life cycle service costs or any other additional operating costs.   


As indicated in Appendix C, the average cost-effectiveness associated with installing a larger, hotter-
operating oxidation catalyst to achieve compliance with a natural gas combustion VOC emissions limit of  
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0.7 ppmvd @ 15% O2 would be more than $280,000/ton reduction, and relative to the proposed oxidation 
catalyst that can achieve compliance with 1.2 ppmvd @ 15% O2, the incremental cost-effectiveness 
associated with installing an additional 3,000 lb of catalyst would be more than $34,000/ton reduction, well in 
excess of acceptable cost effectiveness thresholds. 


A natural gas combustion VOC emissions limit of 0.7 ppmvd @ 15% O2 was rejected as BACT for the 
Project for the following reasons: 


• The limit is based on a permit limit for one facility only, and that facility has not been constructed and 
therefore has not demonstrated compliance with that limit. 


• The facility for which this limit has been proposed will burn natural gas only in its combustion turbines.  The 
Project combustion turbines cannot be limited to natural gas combustion; they must be permitted to burn 
oil. 


• The facility for which this limit has been specified accepted, for unknown reasons, a cap on VOC 
emissions to avoid being permitted as a major VOC source.  A similar emissions cap cannot be accepted 
for the Project. 


• The facility for which this limit has been specified will employ an oxidation catalyst, exactly the same type 
of VOC emissions control technology as will be accepted for the Project combined-cycle units. 


• To ensure compliance with that limit, a larger and hotter-operating oxidation catalyst would have to be 
designed for and employed by the Project combined-cycle units.  Doing so would cause a reduction of the 
Project’s net power output capacity by 229 kW relative to baseline (uncontrolled) emissions and 50 kW 
relative to the proposed BACT for the Project.  This would constitute an unacceptable energy impact. 


• Employing a larger oxidation catalyst would involve unacceptable economic impacts of more than 
$280,000/ton reduction on an average cost-effectiveness basis, and more than $34,000/ton reduction on 
an incremental cost-effectiveness basis.  These estimates do not include potentially significant capital 
costs that may be incurred for HRSG system design modifications that may be necessary to ensure that 
the catalyst operates at a temperature sufficient to ensure compliance with that limit.  


The next-most stringent natural gas combustion VOC emissions limit for a large combined-cycle unit with an 
unfired duct burner is 1.0 ppmvd @ 15% O2.  This limit has been identified for six facilities, including two  
natural gas only projects in Arizona that employ GE 7FA turbines, and four projects in Massachusetts, two of 
which employ either Mitsubishi Heavy Industries (MHI), one which was never built that was to employ 
Siemens-Westinghouse (SW) 501G turbines, and one other that was also never built that was to employ a  
GE 7FA turbine.  Of the two MHI 501G projects in Massachusetts, only one is a dual fuel operation, and that 
one, the Fore River project, has only fired oil for compliance demonstration purposes.  Both of the two facilities 
in Arizona, AVEF II and the Salt River Project at the Santan generating plant, employ GE 7FA turbines, but as 
stated above, fire natural gas only.  The turbines at both of the Arizona projects employ duct burners. 


Since, as was discussed above, based on the order-of-magnitude engineering evaluation and the information 
provided by the catalyst supplier and turbine vendor, it was considered technically feasible to meet the lowest-
permitted BACT levels for both VOCs and CO, for both natural gas and oil combustion, it is also considered 
technically feasible to meet the next-most stringent identified limits for those pollutants for both fuels.   


As indicated in Appendix C, estimates of catalyst cost and net plant output reduction were derived based on 
the estimates provided for the lowest-permitted BACT cases.  These in turn yielded estimates to achieve 
compliance with a natural gas combustion VOC emissions limit of 1.0 ppmvd @ 15% O2.  The average cost-
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effectiveness to achieve this limit would be more than $471,000/ton reduction, and relative to the proposed 
oxidation catalyst that can achieve compliance with 1.2 ppmvd @ 15% O2, the incremental cost-effectiveness 
would be more than $31,000/ton reduction, well in excess of acceptable cost effectiveness thresholds. 


A natural gas combustion VOC emissions limit of 1.0 ppmvd @ 15% O2 was rejected as BACT for the 
Project for the following reasons: 


• To ensure compliance with that limit, a larger and hotter-operating oxidation catalyst would have to be 
designed for and employed by the Project combined-cycle units.  Doing so would cause a reduction of the 
Project’s net power output capacity by 199 kW relative to baseline (uncontrolled) emissions and 30 kW 
relative to the proposed BACT for the Project.  This would constitute an unacceptable energy impact. 


• Employing a larger oxidation catalyst would involve unacceptable economic impacts of more than 
$467,000/ton reduction on an average cost-effectiveness basis, and more than $34,500/ton reduction on 
an incremental cost-effectiveness basis.  These estimates do not include potentially significant capital 
costs that may be incurred for HRSG system design modifications that may be necessary to ensure that 
the catalyst operates at a temperature sufficient to ensure compliance with that limit.  


The next-most stringent natural gas combustion VOC emissions limit for a large combined-cycle unit is  
1.2 ppmvd @ 15% O2.  As indicated above, this new limit is acceptable to Towantic.  As the most stringent 
acceptable limit, this constitutes BACT for the Project combined-cycle units.  


Top-Down Assessment - Oil Combustion 


The most stringent oil combustion VOC emissions limit identified for a large combined-cycle unit is 1.2 ppmvd 
@ 15% O2.  This limit was found for one facility only, the Linden Cogeneration project in Linden, New Jersey.  
The limit applies to a new GE 7FA combined-cycle unit with an unfired HRSG that was installed at a facility 
with five previously-installed GE 7EA combined-cycle units.  The unit has been constructed, and has 
demonstrated compliance with that limit.  The Linden Cogeneration combustion turbines employ an oxidation 
catalyst to control VOC emissions, just as the Towantic turbines will.   


There are several significant differences between Linden Cogeneration and the Project that make the Linden 
Cogeneration permit limit an inappropriate basis for establishing BACT for the Towantic facility.   


• Most notable is that the overall set of emissions limits for the Linden facility compare unfavorably in terms 
of stringency to the overall set of limits being proposed for the Towantic Project.  While the Linden limit for 
VOC emissions from oil combustion is lower than the limit proposed for the Project, the natural gas 
combustion VOC limit is exactly the same 1.2 ppmvd @ 15% O2 limit proposed for the Project, and the 
Linden natural gas combustion CO emissions limit of 2.0 ppmvd @ 15% O2 is the same as is proposed for 
the Project.  The Linden oil combustion CO emissions limit of 6.0 ppmvd @ 15% O2 is much higher than 
the limit of 2.0 ppmvd @ 15% O2 that is now being proposed for the Project.  The Linden oil combustion 
NOx emissions limit of 6.0 ppmvd @ 15% O2 is slightly higher than the 5.9 ppmvd @ 15% O2 limit 
specified for the Project.  Most notably of all, the Linden natural gas combustion NOx emissions limit of  
2.5 ppmvd @ 15% O2 is higher than the 2.0 ppmvd @ 15% O2 limit specified for the Project.   


• Another important difference between the Linden facility and the Project is that Linden Cogeneration was 
required to employ a special “low conversion” oxidation catalyst to minimize emissions of condensible PM, 
which in turn was required to ensure compliance with ambient air quality standards and increments.  The 
issue for the Linden facility concerning PM standards and increments was in turn attributable to the five 
existing combustion turbines at the facility.  The Project is not subject to those same conditions.  Notably, 
however, in spite of employing the special oxidation catalyst to minimize its PM emissions, the Linden 
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facility combustion turbine is subject to PM emissions limits that are much higher than the PM emissions 
limits proposed for the Towantic facility.  For natural gas combustion PM emissions, the limit for the Linden 
facility is 0.026 lb/MMBtu while for the Project the PM limit for natural gas combustion is currently 0.0108 
lb/MMBtu and will be reduced to 0.008 lb/MMBtu.  For oil combustion PM emissions, the limit for the 
Linden facility is 0.0433 lb/MMBtu while for the Project the PM limit for oil combustion is currently 0.0361 
lb/MMBtu and will be reduced to 0.019 lb/MMBtu.   


As discussed above, based on the order-of-magnitude engineering evaluation and the information provided by 
the catalyst supplier and turbine vendor, it was considered technically feasible for the Project to meet the 
lowest-permitted BACT levels for both VOCs and CO, for both natural gas and oil combustion, including 
meeting an oil combustion VOC emissions limit of 1.2 ppmvd @ 15% O2.   


As indicated in Appendix C, the average cost-effectiveness associated with installing a larger, hotter-
operating oxidation catalyst to achieve compliance with an oil combustion VOC emissions limit of 1.0 ppmvd 
@ 15% O2 would be nearly $70,000/ton reduction, and relative to the proposed oxidation catalyst that can 
achieve compliance with 2.0 ppmvd @ 15% O2, the incremental cost-effectiveness associated with installing 
an additional 3,000 lb of catalyst would be nearly $50,000/ton reduction, well in excess of acceptable cost 
effectiveness thresholds. 


An oil combustion VOC emissions limit of 1.2 ppmvd @ 15% O2 was rejected as BACT for the Project 
for the following reasons: 


• The limit is based on a permit limit for one facility only, and that facility is an existing plant with five other 
combined-cycle units already in operation.  This affected the limits for that facility by narrowing the margins 
available for compliance with ambient air quality standards and increments.  The Project is not subject to 
similar narrow margins for compliance. 


• The facility for which this limit has been specified is subject to higher emissions limits for NOx, CO, and PM 
than are proposed for the Project.  The facility is subject to the same VOC and CO emission limits for 
natural gas combustion that is proposed for the Project. 


• The facility for which this limit has been specified was required to install a special “low conversion” 
oxidation catalyst to minimize PM emissions, and even with that catalyst is subject to PM emissions limits 
for both natural gas and oil combustion that are significantly higher than the PM emissions limits that are 
proposed for the Project. 


• To ensure compliance with that limit, a larger and hotter-operating oxidation catalyst would have to be 
designed for and employed by the Project combined-cycle units.  Doing so would cause a reduction of the 
Project’s net power output capacity by 229 kW relative to baseline (uncontrolled) emissions and 50 kW 
relative to the proposed BACT for the Project.  This would constitute an unacceptable energy impact. 


• Employing a larger oxidation catalyst would involve unacceptable economic impacts of nearly $70,000/ton 
reduction on an average cost-effectiveness basis, and nearly $50,000/ton reduction on an incremental 
cost-effectiveness basis.  These estimates do not include potentially significant capital costs that may be 
incurred for HRSG system design modifications that may be necessary to ensure that the catalyst 
operates at a temperature sufficient to ensure compliance with that limit.  


The next-most stringent oil gas combustion VOC emissions limit for a large combined-cycle unit is  
2.0 ppmvd @ 15% O2.  As indicated above, this new limit is acceptable to Towantic.  As the most stringent 
acceptable limit, this constitutes BACT for the Project combined-cycle units.  
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BACT Determination 


Based on these findings, the following emissions limits constitute BACT for VOCs for the combined-cycle units: 


• Control technology:........ Oxidation catalyst 


• Emissions Limits: ........... Natural gas........1.2 ppmvd @ 15% O2 
                                                           ........0.00152 lb/MMBtu 
                                                           ........2.6 lb/hr  
 
                           ............ Oil ......................2.0 ppmvd @ 15% O2 
                                            .......................0.00273 lb/MMBtu 
                                            .......................5.2 lb/hr 


3.3 BACT for Carbon Monoxide (CO) 


3.3.1 CO Emissions Generation 


As indicated in Section 1, the HRSGs associated with the combined-cycle units will not employ duct burner 
firing, and therefore, CO emissions from the combined-cycle units associated with the Project will be 
generated by the two combustion turbines only.   


Formation of CO emissions in combustion turbines is attributable to the same factors as described for VOC 
emissions in Section 4.2.1.  CO emissions are a result of incomplete combustion of carbonaceous fuels, and 
this is influenced primarily by the temperature and residence time within the combustion zone.  As with control 
of VOC emissions, control of CO emissions to simultaneously meet BACT for CO, NOx, and VOCs requires a 
design representing a specifically-selected balance. 


3.3.2 Identification and Ranking of CO Emissions Control Technologies 


Technology Options 


As with control of VOC emissions, for a large combined-cycle combustion turbine fired with both natural gas 
and oil, for control of CO emissions the only available option is an oxidation catalyst.  SCONOx


TM
 is capable of 


reducing CO emissions from a small natural gas-fired combustion turbine, but for reasons discussed in Section 
3.1.2, SCONOx


TM
 is not considered to be technically feasible for application to this project. 


An oxidation catalyst is considered to be technically feasible for application to this project.   


Ranking of Technology Options 


The following ranking of technically feasible CO emissions control technologies and associated limits was 
determined based on the review of the RBLC and further investigation of control technology option/emissions 
limit combinations for large combustion turbines: 


• Natural gas combustion: 
 
(1) 0.9 ppmvd @ 15% O2 specified for one identified project, in the permit for Kleen Energy 
 via Oxidation catalyst  
 
(2) 1.3 ppmvd @ 15% O2 specified for one identified project, in the permit for CPV Warren 
 via Oxidation catalyst  
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(3) 2.0 ppmvd @ 15% O2 specified for 10 identified projects, including Linden Cogeneration 
 via Oxidation catalyst   


• Oil combustion: 
 
(1) 1.8 ppmvd @ 15% O2  for one identified project, in the permit for Kleen Energy 
 via Oxidation catalyst  
 
(2) 2.0 ppmvd @ 15% O2  specified for one identified project, Georgia Power 
 via Oxidation catalyst  
 
(3) 4.0 ppmvd @ 15% O2  specified for one identified project, PSEG Fossill in New Jersey 
 via Oxidation catalyst  
 
(4) 6.0 ppmvd @ 15% O2  specified for two identified projects, including Linden Cogeneration  
 via Oxidation catalyst  


3.3.3 BACT Determination for CO 


The current permit specifies the following BACT requirements for CO: 


• Control technology:........ Oxidation catalyst 


• Emissions Limits: ........... Natural gas........5.0 ppmvd @ 15% O2 
                                                           ........0.0113 lb/MMBtu 
                                                           ........19.36 lb/hr  
 
                           ............ Oil ......................5.0 ppmvd @ 15% O2 
                                            .......................0.0119 lb/MMBtu 
                                            .......................22.42 lb/hr 


In conjunction with this BACT recertification, Towantic has obtained new emissions control performance 
specifications for CO emissions for the combined-cycle units that will allow acceptance of lower CO emissions 
limits for both natural gas combustion and oil combustion than are specified in the current permit.  For both 
natural gas and oil combustion, the new specification level is 2.0 ppmvd @ 15% O2; an oxidation catalyst will 
be employed to meet these limits. 


Top-Down Assessment - Natural Gas Combustion 


The most stringent natural gas combustion CO emissions limit identified for a large combined-cycle unit is  
0.9 ppmvd @ 15% O2.  This limit was found for Kleen Energy only.  The facility has been permitted but not 
constructed, and therefore has not demonstrated compliance with that limit.  If built to current permit 
specifications, this plant will include two Siemens SGT6-5000F combined-cycle units, each with a capacity of 
approximately 300 MW and equipped with duct burners and with power augmentation capability.  The Kleen 
Energy turbines will employ the same CO control technology as the Towantic turbines, an oxidation catalyst.   


In addition to the fact that Kleen Energy has not proven in commercial practice that it can comply with this limit, 
there are several significant technical differences between Kleen Energy and the Project that make the Kleen 
Energy limit an inappropriate basis for establishing BACT for the Towantic facility.   


• First, Kleen Energy will employ a different type of combustion turbine.  As discussed extensively in 
Section 2.1.2, minimization of emissions involves a complex and precise balancing of a variety of factors, 
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and the general principles of combustor arrangements and the specific internal designs are both highly 
proprietary and very different between the different turbine manufacturers.  Furthermore, the specific 
details upon which the applicable emissions limits are to be achieved are not revealed publicly and 
therefore it is impossible for a different applicant to properly evaluate the differences that may exist 
between that project and theirs, and correspondingly explain specifically why it may be impossible to meet 
the same limits.   


• A second key difference between the Kleen Energy units and the Project units is that the Kleen Energy 
units will employ duct burner firing.  As discussed previously in Section 3.2.3 in reference to CPV Warren, 
Appendix B shows that combined-cycle units that employ duct burner firing appear more capable than 
those that don’t of meeting lower VOC (and CO) emissions limits, at least for natural gas combustion 
(which will always be the predominant if not only fuel for these types of units).  Most likely this is because 
the duct burner can be designed to ensure the completion of combustion of VOC and CO generated by 
the turbine (similar to an afterburner in different types of VOC emission control applications).   


As discussed above, based on the order-of-magnitude engineering evaluation and the information provided by 
the catalyst supplier and turbine vendor, it was considered technically feasible for the Project to meet the 
lowest-permitted BACT levels for both VOCs and CO, for both natural gas and oil combustion, including 
meeting a natural gas combustion CO emissions limit of 0.9 ppmvd @ 15% O2.   


As indicated in Appendix C, the average cost-effectiveness associated with installing a larger, hotter-
operating oxidation catalyst to achieve compliance with a natural gas combustion CO emissions limit of  
1.0 ppmvd @ 15% O2 would be more than $16,500/ton reduction, and relative to the proposed oxidation 
catalyst that can achieve compliance with 2.0 ppmvd @ 15% O2, the incremental cost-effectiveness 
associated with installing an additional 3,000 lb of catalyst would be more than $27,000/ton reduction, well in 
excess of acceptable cost effectiveness thresholds. 


A natural gas combustion CO emissions limit of 0.9 ppmvd @ 15% O2 was rejected as BACT for the 
Project for the following reasons: 


• The limit is based on a limit for one facility only, and that facility has not been constructed and therefore 
has not demonstrated compliance with that limit. 


• The facility for which this limit has been proposed will employ a different type of combustion turbine than 
will be employed by the Project and thus any analysis justifying that BACT determination is inapplicable to 
Towantic. 


• The facility for which this limit has been specified is subject to higher emissions limits for VOCs than are 
proposed for the Project.  The facility is subject to the same NOx emission limits for natural gas 
combustion that is proposed for the Project. 


• The facility for which this limit has been specified will employ an oxidation catalyst, exactly the same type 
of CO emissions control technology as will be accepted for the Project combined-cycle units. 


• To ensure compliance with that limit, a larger and hotter-operating oxidation catalyst would have to be 
designed for and employed by the Project combined-cycle units.  Doing so would cause a reduction of the 
Project’s net power output capacity by 229 kW relative to baseline (uncontrolled) emissions and 50 kW 
relative to the proposed BACT for the Project.  This would constitute an unacceptable energy impact. 


• Employing a larger oxidation catalyst would involve unacceptable economic impacts of more than 
$16,500/ton reduction on an average cost-effectiveness basis, and more than $27,000/ton reduction on an 
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incremental cost-effectiveness basis.  These estimates do not include potentially significant capital costs 
that may be incurred for HRSG system design modifications that may be necessary to ensure that the 
catalyst operates at a temperature sufficient to ensure compliance with that limit.  


The next-most stringent natural gas combustion CO emissions limit for a large combined-cycle unit is  
1.3 ppmvd @ 15% O2.  This limit has been identified for one facility only, CPV Warren.  As discussed 
extensively in Section 3.2.3, that facility has been permitted but has not been constructed, and therefore has 
not demonstrated compliance with that limit, and in addition is significantly different from the Project.  Towantic 
does not consider this to be an appropriate basis for establishing BACT for the Project.   


Since, as was discussed above, based on the order-of-magnitude engineering evaluation and the information 
provided by the catalyst supplier and turbine vendor, it was considered technically feasible to meet the lowest-
permitted BACT levels for both VOCs and CO, for both natural gas and oil combustion, it is also considered 
technically feasible to meet the next-most stringent identified limits for those pollutants for both fuels including 
meeting a natural gas combustion CO emissions limit of 1.3 ppmvd @ 15% O2. 


As indicated in Appendix C, estimates of catalyst cost and net plant output reduction were derived based on 
the estimates provided for the lowest-permitted BACT cases.  These in turn yielded estimates to achieve 
compliance with a natural gas combustion CO emissions limit of 1.3 ppmvd @ 15% O2.  The average cost-
effectiveness to achieve this limit would be nearly $16,000/ton reduction, and relative to the proposed 
oxidation catalyst that can achieve compliance with 2.0 ppmvd @ 15% O2, the incremental cost-effectiveness 
would be more than $7000/ton reduction, well in excess of acceptable cost effectiveness thresholds. 


A natural gas combustion CO emissions limit of 1.3 ppmvd @ 15% O2 was rejected as BACT for the 
Project for the following reasons: 


• The limit is based on a permit limit for one facility only, and that facility has not been constructed and 
therefore has not demonstrated compliance with that limit. 


• The facility for which this limit has been specifiedwill burn natural gas only in its combustion turbines.  The 
Towantic Project combustion turbines cannot be limited to natural gas combustion; they must be permitted 
to burn oil. 


• The facility for which this limit has been specifiedaccepted, for unknown reasons, a cap on VOC emissions 
to avoid being permitted as a major VOC source.  A similar emissions cap cannot be accepted for the 
Towantic Project. 


• The facility for which this limit has been specifiedwill employ an oxidation catalyst, exactly the same type of 
CO emissions control technology as will be accepted for the Towantic Project combined-cycle units. 


• To ensure compliance with that limit, a larger and hotter-operating oxidation catalyst would have to be 
designed for and employed by the Project combined-cycle units.  Doing so would cause a reduction of the 
Project’s net power output capacity by 211W relative to baseline (uncontrolled) emissions and 18 kW 
relative to the proposed BACT for the Project.  This would constitute an unacceptable energy impact. 


• Employing a larger oxidation catalyst would involve unacceptable economic impacts of nearly $16,000/ton 
reduction on an average cost-effectiveness basis, and more than $7,000/ton reduction on an incremental 
cost-effectiveness basis.  These estimates do not include potentially significant capital costs that may be 
incurred for HRSG system design modifications that may be necessary to ensure that the catalyst 
operates at a temperature sufficient to ensure compliance with that limit.  
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The next-most stringent natural gas combustion CO emissions limit for a large combined-cycle unit is  
2.0 ppmvd @ 15% O2.  As indicated above, this new limit is acceptable to Towantic.  As the most stringent 
acceptable limit, this constitutes BACT for the Project combined-cycle units.  


Top-Down Assessment - Oil Combustion 


The most stringent oil combustion CO emissions limit identified for a large combined-cycle unit is 1.8 ppmvd @ 
15% O2.  This limit was found for one facility only, Kleen Energy.  As discussed extensively above, that facility 
has been permitted but has not been constructed, and therefore has not demonstrated compliance with that 
limit, and in addition is significantly different from the Project.  Towantic does not consider this to be an 
appropriate basis for establishing BACT for the Project.   


As discussed above, based on the order-of-magnitude engineering evaluation and the information provided by 
the catalyst supplier and turbine vendor, it was considered technically feasible for the Project to meet the 
lowest-permitted BACT levels for both VOCs and CO, for both natural gas and oil combustion, including 
meeting an oil combustion CO emissions limit of 1.8 ppmvd @ 15% O2.   


As indicated in Appendix C, the average cost-effectiveness associated with installing a larger, hotter-
operating oxidation catalyst to achieve compliance with an oil combustion CO emissions limit of 1.8 ppmvd  
@ 15% O2 would be more than $7,000/ton reduction, and relative to the proposed oxidation catalyst that can 
achieve compliance with 2.0 ppmvd @ 15% O2, the incremental cost-effectiveness associated with installing 
an additional 3,000 lb of catalyst would be nearly $29,000/ton reduction, well in excess of acceptable cost 
effectiveness thresholds. 


An oil combustion CO emissions limit of 1.8 ppmvd @ 15% O2 was rejected as BACT for the Project for 
the following reasons: 


• The limit is based on a limit in a permit only, for one facility only, and that facility has not been constructed 
and therefore has not demonstrated compliance with that limit. 


• The facility for which this limit has been specifiedwill employ a different type of combustion turbine than will 
be employed by the Towantic Project. 


• The facility for which this limit has been specifiedis subject to higher emissions limits for VOCs than are 
proposed for the Towantic Project.  The facility is subject to the same NOx emission limits for natural gas 
combustion that is proposed for the Towantic Project. 


• The facility for which this limit has been specifiedwill employ an oxidation catalyst, exactly the same type of 
CO emissions control technology as will be accepted for the Towantic Project combined-cycle units. 


• To ensure compliance with that limit, a larger and hotter-operating oxidation catalyst would have to be 
designed for and employed by the Project combined-cycle units.  Doing so would cause a reduction of the 
Project’s net power output capacity by 229 kW relative to baseline (uncontrolled) emissions and 50 kW 
relative to the proposed BACT for the Project.  This would constitute an unacceptable energy impact. 


• Employing a larger oxidation catalyst would involve unacceptable economic impacts of more than 
$7,000/ton reduction on an average cost-effectiveness basis, and nearly $29,000/ton reduction on an 
incremental cost-effectiveness basis.  These estimates do not include potentially significant capital costs 
that may be incurred for HRSG system design modifications that may be necessary to ensure that the 
catalyst operates at a temperature sufficient to ensure compliance with that limit.  
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The next-most stringent oil combustion CO emissions limit for a large combined-cycle unit is 2.0 ppmvd  
@ 15% O2.  As indicated above, this new limit is acceptable to Towantic.  As the most stringent acceptable 
limit, this constitutes BACT for the Project combined-cycle units.  


BACT Determination 


Based on these findings, the following emissions limits constitute BACT for CO for the Towantic combined-
cycle units: 


• Control technology:........ Oxidation catalyst 


• Emissions Limits: ........... Natural gas........2.0 ppmvd @ 15% O2 
                                                           ........0.00442 lb/MMBtu 
                                                           ........7.6 lb/hr  
 
                           ............ Oil ......................2.0 ppmvd @ 15% O2 
                                            .......................0.00476 lb/MMBtu 
                                            .......................9.1 lb/hr 


3.4 BACT for Sulfur Dioxide (SO2) 


3.4.1 SO2 Emissions Generation 


As indicated in Section 1, the HRSGs associated with the combined-cycle units will not employ duct burner 
firing, and therefore, SO2 emissions from the combined-cycle units associated with the Project will be 
generated by the two combustion turbines only.   


Formation of SO2 emissions in combustion turbines is attributable to the oxidation of sulfur compounds 
contained in the fuels being burned.  Generally, all sulfur compounds contained in the fuel will oxidize, virtually 
all of which form SO2.  A very small percentage will oxidize to SO3 and SO4, dependent on a number of factors 
including:  combustor design; temperature; pressure; oxygen level; and moisture level in the combustion zone 
and downstream in the combined-cycle system, exhaust stack, and ambient air proximate to the stack.  After 
being formed, the SO3 and SO4 will react to form H2SO4 and sulfate particulates.   


This section addresses control of SO2 emissions only.  As indicated in Section 2, facility-wide and individual 
emissions unit PTE for H2SO4 is below the applicable emissions control requirement thresholds.  Control of 
sulfate particulates is addressed in Section 4.5. 


3.4.2 Identification and Ranking of SO2 Emissions Control Technologies 


Technology Options 


The only available technology for the control of SO2 from a large combined-cycle combustion turbine fired with 
both natural gas and oil is the use of low sulfur fuel.   


For natural gas combustion, pipeline quality natural gas contains minimal sulfur as specified by the permit 
(natural gas sulfur content limit of 8 ppmw).   


For fuel oil combustion, the cleanest available fuel choice is ULSD.  This fuel has a maximum sulfur content of 
0.0015%, by weight.  Using this fuel in combination with a restriction on annual usage is the most stringent 
available control technology option for the project.   
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Use of pipeline quality natural gas and ULSD is technically feasible for this project and constitutes BACT for 
SO2 for the project. 


Ranking of Technology Options 


The following ranking of technically feasible SO2 emissions control technologies and associated limits was 
determined based on the review of the RBLC and further investigation of control technology option/emissions 
limit combinations for large combustion turbines: 


• Natural gas combustion: 
 
(1) 0.0008 lb/MMBtu specified for one identified project, in the permit for CPV Warren 
 
(2) 0.001 lb/MMBtu  specified for one identified project, Linden Cogeneration 
 
(3) 0.0013 lb/MMBtu specified for three identified projects 
 - 0.0022 lb/MMBtu  
 
(4) 0.0023 lb/MMBtu specified for four identified projects, including Kleen Energy 


• Oil combustion: 
 
(1) 0.0017 lb/MMBtu specified for one identified project, in the permit for Kleen Energy 
 
(2) 0.038 lb/MMBtu  specified for one identified project, Linden Cogeneration 


3.4.3 BACT Determination for SO2 


The permit specifies the following BACT requirements for SO2: 


• Control technology:........ Natural gas........Maximum sulfur content of 8 ppmw, and a combustion limit of 
                                                                   14,629.2 million cubic feet per consecutive 12 calendar months 
 
                               ........ Oil ......................Maximum sulfur content of 0.05%, by weight, and a combustion 
                                                                   limit of 9,600,000 gallons per consecutive 12 calendar months 


• Emissions Limits: ........... Natural gas........0.0007 lb/MMBtu 
                                                           ........1.205 lb/hr  
 
                           ............ Oil ......................0.0513 lb/MMBtu 
                                            .......................96.315 lb/hr 


In conjunction with this BACT recertification, Towantic has committed to burning only ULSD containing a 
maximum sulfur content of 0.0015%, by weight.  This will result in a significant reduction from what is currently 
required for the Project.  Corresponding changes to the oil combustion SO2 emissions limits for the Project will 
also be accepted; specifically, Towantic proposes new limits of 0.038 lb/MMBtu and 71.3 lb/hr.  No changes 
will be made to the current natural gas combustion SO2 emissions limits for the Project. 


Top-Down Assessment - Natural Gas Combustion 


The natural gas combustion SO2 emissions limit specified in the current permits for the Project is more 
stringent than any of the limits identified in the investigation of other large combined-cycle units.  As the most 
stringent acceptable limit, this constitutes BACT for the Project combined-cycle units. 
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Top-Down Assessment - Oil Combustion 


The most stringent oil combustion SO2 emissions level identified for a large combined-cycle unit is  
0.0017 lb/MMBtu.  This limit was found for one facility only, Kleen Energy.  The word “level” is used here rather 
than “limit,” because actual SO2 emissions limit in the permit for Kleen Energy is 3.7 lb/hr.  The cited lb/MMBtu 
value was estimated for the purposes of this BACT recertification analysis by combining the lb/hr limit with the 
MMBtu/hr firing rate limit for specified in the permit for natural gas (at high heating value).  The limits in the 
Kleen Energy permit are not explicitly specified for any associated ambient conditions.  Similar to Towantic, 
Kleen Energy’s turbines will employ ULSD to minimize SO2 emissions.  As discussed previously, the Kleen 
Energy facility has been permitted but not constructed, has not demonstrated compliance with its permit limits, 
and will employ a different turbine model and otherwise have certain significant differences in design and 
operation as compared with the Project.  On this basis, Towantic concludes that the limit should in fact not be 
considered more stringent than the proposed BACT for the Project. 


The next-most stringent oil combustion SO2 emissions limit for a large combined-cycle unit is 0.038 lb/MMBtu.  
As indicated above, this new limit, which is equivalent to the limit imposed on the only large combined-cycle 
unit (Linden Cogeneration) identified in the investigation that employs the same dual fuel-fired GE 7FA with 
unfired duct burner as is to be employed by the Project, is acceptable to Towantic.  As the most stringent 
acceptable limit, this constitutes BACT for the Project combined-cycle units.  


BACT Determination 


Based on these findings, the following emission limits constitute BACT for SO2 for the combined-cycle units: 


• Control technology:........ Natural gas........Maximum sulfur content of 8 ppmw, and a combustion limit of 
                                                                   14,629.2 million cubic feet per consecutive 12 calendar months 
 
                               ........ Oil ......................Maximum sulfur content of 0.0015%, by weight, and a  
                                                                   limit of 9,600,000 gallons per consecutive 12 calendar months 


• Emissions Limits: ........... Natural gas........0.0007 lb/MMBtu 
                                                           ........1.205 lb/hr  
 
                           ............ Oil ......................0.038 lb/MMBtu 
                                            .......................1.88 lb/hr 


3.5 BACT for Particulate Matter (TSP and PM10) 


3.5.1 TSP and PM10 Emissions Generation 


As indicated in Section 1, the HRSGs associated with the combined-cycle units will not employ duct burner 
firing.  Therefore, TSP and PM10 emissions from the combined-cycle units associated with the Project will be 
generated by the two combustion turbines only.   


Particulate matter emissions from combustion turbines are a combination of filterable (front-half) and 
condensable (back-half) particulate.  Filterable particulate matter is formed from impurities contained in the 
fuels and from incomplete combustion.  Condensable particulate emissions, which consists of PM10 but not 
TSP, is attributable primarily to the formation of secondary particulate from conversion of sulfates and nitrates 
in the exhaust stream after it has been vented from the stack into the atmosphere.   
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3.5.2 Identification and Ranking of TSP and PM10 Emissions Control Technologies 


Technology Options 


The only available technology for the control of TSP and PM10 emissions from a large combined-cycle 
combustion turbine fired with both natural gas and oil is the use of low sulfur fuel.   


For natural gas combustion, pipeline quality natural gas contains minimal sulfur as specified by the permit 
(natural gas sulfur content limit of 8 ppmw).   


For fuel oil combustion, the cleanest available fuel choice is ULSD.  This fuel has a maximum sulfur content of 
0.0015%, by weight.   Using this fuel in combination with a restriction on annual usage is the most stringent 
available control technology option for the project.   


Use of pipeline quality natural gas and ULSD is technically feasible for this project and constitutes BACT for 
TSP and PM10 for the project. 


Ranking of Technology Options 


The following ranking of technically feasible TSP and PM10 emissions control technologies and associated 
limits was determined based on the review of the RBLC and further investigation of control technology 
option/emissions limit combinations for large combustion turbines: 


• Natural gas combustion: 
 
(1) 0.0042 lb/MMBtu specified for one identified project, PSEG Fossill 
 
(2) 0.0051 lb/MMBtu specified for one identified project, in the permit for Kleen Energy 
 
(3) 0.008 lb/MMBtu  specified for one identified project, in the permit for IDC Bellingham  
 
(4) 0.009 lb/MMBtu  specified for 11 identified projects 
 - 0.014 lb/MMBtu 
 
(5) 0.026 lb/MMBtu  specified for one identified project, Linden Cogeneration 


• Oil combustion: 
 
(1) 0.016 lb/MMBtu  specified for one identified project, Georgia Power 
 
(2) 0.020 lb/MMBtu  specified for two identified projects 
 - 0.024 lb/MMBtu 
 
(3) 0.027 lb/MMBtu  specified for one identified project, in the permit for Kleen Energy 
 
(4) 0.0433 lb/MMBtu specified for one identified project, Linden Cogeneration 


3.5.3 BACT Determination for TSP and PM10 


The permit specifies the following BACT requirements for both TSP and PM10: 


• Control technology:........ Natural gas........Maximum sulfur content of 8 ppmw, and a combustion limit of 
                                                                   14,629.2 million cubic feet per consecutive 12 calendar months 
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                               ........ Oil ......................Maximum sulfur content of 0.05%, by weight, and a combustion 
                                                                   limit of 9,600,000 gallons per consecutive 12 calendar months 


• Emissions Limits: ........... Natural gas........0.0108 lb/MMBtu 
                                                           ........18.37 lb/hr  
 
                           ............ Oil ......................0.0361 lb/MMBtu 
                                            .......................67.80 lb/hr 


In conjunction with this BACT recertification, Towantic has obtained new emissions specifications for TSP and 
PM10 emissions for the combined cycle units that will allow acceptance of lower TSP and PM10 emissions limits 
for oil combustion than are specified in the current permit.  For natural gas combustion, while a small-scale 
adjustment in the emissions specifications is being made, this simply reflects newly revised data and not any 
changes in emissions control technology.  For natural gas combustion, the proposed new limits will be 0.008 
lb/MMBtu and 13.9 lb/hr.  For oil combustion, Towantic has committed to burning only ULSD containing a 
maximum sulfur content of 0.0015%, by weight.  This will result in a significant reduction from what is currently 
required for the Project.  Corresponding changes to the oil combustion TSP and PM10 emissions limits for the 
Project will also be accepted; specifically, Towantic proposes new limits of 0.019 lb/MMBtu and 36.5 lb/hr.   


Top-Down Assessment - Natural Gas Combustion 


The most stringent natural gas combustion TSP and PM10 emissions level identified for a large combined-cycle 
unit is 0.0042 lb/MMBtu.  This was found for one facility only, PSEG Fossill.  The PSEG Fossill project consists 
of four GE 7FA turbines.  The turbines burn pipeline natural gas and are not required to employ any specific 
types of particulate matter emissions controls.  The word “level” is used here rather than “limit,” because the 
actual limit specified in the permit for the turbines is 21 lb/hr.  The cited lb/MMBtu value was estimated for the 
purposes of this BACT recertification analysis by combining the lb/hr limit with the MMBtu/hr firing rate limit for 
specified in the permit for natural gas (at high heating value).  The agency contact consulted regarding the 
emissions and firing rate limits for this facility indicated that the information was specified by the applicant, and 
was unable to determine if the PSEG Fossill permit information is based on operation of the turbines at the 
same 59


o
F and 14.28 psia ambient temperature and pressure conditions for which the proposed BACT for 


Towantic is based.  Due to this uncertainty and based on the fact that the PSEG Fossill project employs the 
same type of turbines and fuel as will be employed by the Project, Towantic concludes that the limit should in 
fact not be considered more stringent than the proposed BACT for the Project.  


A similar finding was made in regard to the next-most stringent natural gas combustion TSP and PM10 
emissions level identified for a large combined-cycle unit, 0.0051 lb/MMBtu for Kleen Energy.  The actual 
particulate matter emissions limit in the permit for Kleen Energy is 11.0 lb/hr, and the level cited above was 
estimated based on the natural gas firing rate limit also specified in the permit, which is not explicitly specified 
for any associated ambient conditions.  Similar to PSEG Fossill and Towantic, Kleen Energy’s turbines will not 
employ any specific types of particulate matter emissions controls, but will minimize the emissions by using 
pipeline natural gas.  As discussed previously, the Kleen Energy facility has been permitted but not 
constructed, has not demonstrated compliance with its permit limits, and will employ a different turbine model 
and otherwise have certain significant differences in design and operation as compared with the Project.  On 
this basis, Towantic concludes that the limit should in fact not be considered more stringent than the proposed 
BACT for the Project. 


The next-most stringent natural gas combustion TSP and PM10 emissions limit emissions limit for a large 
combined-cycle unit is 0.008 lb/MMBtu.  As indicated above, this new limit is acceptable to Towantic.  As the 
most stringent acceptable limit, this constitutes BACT for the Project combined-cycle units.  
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Top-Down Assessment - Oil Combustion 


The most stringent oil combustion TSP and PM10 emissions limit identified for a large combined-cycle unit is  
0.016 lb/MMBtu.  This limit was found for one facility only, Georgia Power.  The Georgia Power project 
consists of four GE 7FA turbines that started operations in 2004.  The turbines employ ULSD, with annual oil 
firing for the turbines limited to 1,000 hours each.  This limit was specified by the application.  Towantic is not 
able to obtain a guarantee from the turbine vendor to meet this low limit.  


The next-most stringent oil combustion TSP and PM10 emissions limit for a large combined-cycle unit is  
0.020 lb/MMBtu.  As indicated above, Towantic is proposing a new oil combustion TSP and PM10 emissions 
limit of 0.019 lb/MMBtu.  As the most stringent acceptable limit, this constitutes BACT for the Project 
combined-cycle units.  


BACT Determination 


Based on these findings, the following emission limits constitute BACT for TSP and PM10 for the combined-
cycle units: 


• Control technology:........ Natural gas........Maximum sulfur content of 8 ppmw, and a combustion limit of 
                                                                   14,629.2 million cubic feet per consecutive 12 calendar months 
 
                               ........ Oil ......................Maximum sulfur content of 0.0015%, by weight, and a  
                                                                   limit of 9,600,000 gallons per consecutive 12 calendar months 


• Emissions Limits: ........... Natural gas........0.008 lb/MMBtu 
                                                           ........13.9 lb/hr  
 
                           ............ Oil ......................0.019 lb/MMBtu 
                                            .......................36.5 lb/hr 


The TSP and PM10 emissions limits specified here represent total sulfate and non-sulfate particulate, and they 
represent front-half and back-half fractions. 


3.6 BACT for Ammonia (NH3) 


NH3 is not a regulated air pollutant under the federal Prevention of Significant Deterioration (PSD) or Non-
attainment New Source Review (NNSR) programs.  Under RCSA §22a-174-3a(j)(1)(C), however, Connecticut 
state-only BACT requirements apply to each pollutant for which the individual emissions unit-specific PTE is 15 
TPY or more.  The term “pollutant” for the purposes of this Connecticut regulation encompasses more 
chemical compounds than are regulated under the federal PSD or NNSR programs.  As indicated in 
Appendix A, NH3 is the only compound regulated as such by Connecticut that will be emitted by the Towantic 
combined-cycle units that will have an individual emissions unit-specific PTE of 15 TPY or more.  Accordingly, 
state-only BACT for NH3 only was addressed in this BACT recertification. 


3.6.1 NH3 Emissions Generation 


NH3 emissions from the combined-cycle units associated with the project are attributable to the injection of 
ammonia for the SCR NOx emissions control system.  While some NH3 may be emitted as a result of leakage 
from the ammonia storage and handling system (which is used to receive and store ammonia and then deliver 
it to the combustion turbine SCR units), the Connecticut BACT control requirement applies on an individual 
emissions unit basis only, and based on the PTE for the ammonia storage and handling system, it was 
determined that Connecticut BACT for NH3 applies to the combined-cycle units only. 
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NH3 emissions from the combustion turbines are an unavoidable consequence of employment of an SCR 
system for NOx emissions control.  In order to achieve as high a NOx emissions conversion efficiency as 
possible, it is necessary to inject more moles of NH3 than there will be moles of NOx.  All of the “excess” NH3 
will pass through the SCR system and will be vented to the atmosphere.  In addition, even for a system 
designed to achieve at least 90% NOx emissions reduction, as will be the case for the Project, as much as 
10% of the corresponding moles of NH3 will not react with NOx and will also pass through the SCR system and 
will be vented to the atmosphere. 


3.6.2 Identification and Ranking of NH3 Emissions Control Technologies 


Technology Options 


The only means through which NH3 emissions from SCR-controlled combustion turbines are minimized is 
through effective combustion process controls.  


Ranking of Technology Options 


The following ranking of technically feasible NH3 emissions control technologies and associated limits was 
determined based on the review of the RBLC and further investigation of control technology option/emissions 
limit combinations for large combustion turbines: 


• Natural gas combustion: 
 
(1) 2.0 ppmvd @ 15% O2 specified for seven identified facilities, including in the permit for  
    Kleen Energy and six projects in Massachusetts 
 
(2) 5.0 ppmvd @ 15% O2 specified in the current Towantic permits, and for three other  
    identified projects 
 
(3) 10.0 ppmvd @ 15% O2 specified for two identified projects 
 
(4) No limit   specified for five identified projects, including Linden Cogeneration 


• Oil combustion: 
 
(1) 2.0 ppmvd @ 15% O2 specified for one identified project, Fore River Development, LLC, in 
Massachusetts 
 
(2) 5.0 ppmvd @ 15% O2  specified in the current Towantic permits, and for two other identified  
    projects, including Kleen Energy 
 
(3) No limit   specified for four identified projects, including Linden Cogeneration 


3.6.3 BACT Determination for NH3 


The current permit specifies the following BACT requirements for NH3: 


• Control technology:........ None specified 


• Emissions Limits: ........... Natural gas........5.0 ppmvd @15% O2 
 
                           ............ Oil ......................5.0 ppmvd @15% O2 
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In the permit, Condition F of Part V requires that a study of NH3 emissions and emissions control effectiveness 
must be conducted in the first three years of commercial operation of the project, and then the results of this 
study submitted to DEP.   


Top-Down Assessment - Natural Gas Combustion 


The most stringent NH3 emissions limit identified for a large combined-cycle unit fired with natural gas only is 
2.0 ppmvd @ 15% O2.  This limit was found for the Kleen Energy Systems, LLC project in Middletown, 
Connecticut, and six projects in Massachusetts.   


As discussed extensively above, the Kleen Energy facility has been issued a permit only and has not been 
constructed, and therefore has not demonstrated compliance with that limit.  Moreover, Kleen Energy is 
significantly different from the Project.  The six Massachusetts facilities for which this limit was imposed include 
two that employ MHI 501G turbines, one which was never built that was to employ SW 501G turbines, two that 
employ ABB GT-24 turbines, and one other that was also never built that was to employ a GE 7FA turbine.  All 
of those projects are or were to be fired with natural gas only except for the Fore River project, which employs 
MHI 501G turbines and has only fired oil for compliance demonstration purposes.  None of those facilities 
provides an appropriate basis for establishing BACT for the Project.   


Similar to what was done in reference to VOC and CO emissions control, an order-of-magnitude engineering 
evaluation was performed to determine the general technical feasibility and costs associated with controlling 
natural gas combustion NH3 emissions from the Towantic combined-cycle units to be able to guarantee 
compliance with a limit of 2.0 ppmvd @ 15% O2.  To meet this limit, a more sophisticated NH3 injection system 
and a larger SCR catalyst will be required in comparison to what is needed to meet a limit of 5.0 ppmvd @ 
15% O2.   


The injection system needed will involve several design changes from the proposed system.  The injection grid 
would need to be designed with more nozzles.  The nozzles themselves would be smaller and would be 
distributed on the grid differently, and they would be designed to inject the NH3 to the SCR catalyst in a 
different pattern.  The injection system would also require a more complex feed-forward process control loop 
that would include both inlet and outlet NOx emissions continuous emissions monitoring systems (CEMS).  In 
combination these injection system design changes would provide more precise control of the distribution of 
NH3 to the SCR catalyst than is provided by the conventional injection system that is proposed, but this system 
would be more costly to install, operate, and maintain.  More significantly, in order to meet a limit of 2.0 ppmvd 
@ 15% O2 for NH3 for natural gas combustion, the SCR catalyst supplier estimates that the catalyst volume 
would need to be increased by approximately 10%, with corresponding changes made to the size of the 
catalyst support structure.  The impact of doing this would be an increase in the estimated gas-side pressure 
drop of the SCR by approximately 30% to 40%, depending on the SCR supplier.   


The SCR system supplier provided a study-level cost estimate of $1,100,000 on a purchased material and 
equipment basis for the additional catalyst and other system changes described above, and the turbine vendor 
estimated the net plant output reduction at 460 kW.  The catalyst supplier also estimated the useful life for the 
catalyst at three (3) years.   


As indicated in Appendix C, the average cost-effectiveness associated with installing a more sophisticated 
NH3 injection system and a larger SCR catalyst to meet an NH3 emissions limit of 2.0 ppmvd @ 15% O2 would  
be more than $80,000/ton reduction.  As discussed in Section 2.2, for NH3 there is no relevant baseline 
uncontrolled emissions scenario, and therefore the average cost-effectiveness estimate also represents the 
incremental cost-effectiveness relative to an SCR system that can meet 5.0 ppmvd @ 15% O2. The economic 
impact estimate is well in excess of acceptable cost effectiveness thresholds. 
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An NH3 emissions limit of 2.0 ppmvd @ 15% O2 for natural gas combustion was rejected as BACT for 
the Project for the following reasons: 


• None of the seven facilities identified for which this limit has been imposed are appropriately comparable 
to the Project, specifically, six do not employ (or were not to employ) GE 7FA turbines.  The one facility 
that was to employ a GE 7FA turbine was never built and would have burned natural gas only.  Thus, no 
demonstration of compliance with this limit has been made by a dual fuel-fired GE 7FA turbine. 


• As indicated in Appendix B, in general the emissions limits for pollutants that are relevant to control of 
NH3 from a combined-cycle unit are no higher for the Towantic units than they are for the units required to 
meet the 2.0 ppmvd @ 15% O2 limit.  Most notably given the inherent trade-off for a combustion turbine 
between NOx, VOC, and CO, emissions, all of those units are subject to the same natural gas combustion 
NOx emissions limit of 2.0 ppmvd @ 15% O2 and generally the same limits for VOC and CO as is 
proposed for the Towantic units.  Since NH3 will be emitted only as a result of the employment of the SCR 
system for NOx emissions control, and since a larger SCR catalyst is required to meet an NH3 limit of 2.0 
ppmvd @ 15% O2, what would be expected for the turbines subject to the lower NH3 limit is that they 
would be able to meet a lower limit for either NOx, VOC and CO, or both.  The results show that this is not 
the case.  This fact is even more notable when the limits for PM emissions are considered.  With one 
exception, the proposed Towantic PM emission limits will be lower, in some cases by an appreciable 
margin, than the PM emissions limits for the turbines that are subject to the lower NH3 emissions limit. 


• In order to ensure compliance with that limit, a larger SCR catalyst would have to be designed for and 
employed by the Towantic Project combined-cycle units.  Doing so would involve an unacceptable energy 
impact of 460 kW net power output loss relative to the proposed Towantic system design. 


Employing a larger SCR catalyst would also involve an unacceptable economic impact of more than 
$80,000/ton relative to the proposed Towantic system design. The next-most stringent NH3 emissions limit of 
5.0 ppmvd @ 15% O2 is specified in the current permits for the Project, and accordingly constitute Connecticut 
BACT for the Towantic Project combined-cycle units, for both natural gas and oil combustion.  


Top-Down Assessment - Oil Combustion 


The most stringent NH3 emissions limit identified for a large dual fuel-fired combined-cycle unit is 2.0 ppmvd @ 
15% O2.  This limit was found for one facility, the Sithe Fore River project in Massachusetts.  The Fore River 
project employs MHI 501G turbines with duct burners, and has only fired oil for compliance demonstration 
purposes.  Accordingly this project does not constitute an appropriate basis for establishing BACT for the 
Project.   


Compliance with an NH3 emissions limit of 2.0 ppmvd @ 15% O2 is more of a challenge for an oil-fired 
combined-cycle unit than it is for a unit fired with natural gas only, because of the considerably higher levels of 
fuel-bound nitrogen and sulfur in oil as compared with natural gas.  Even when ULSD is fired, as it will be in 
the Project units, the sulfur in the oil will convert to ammonium sulfate and bisulfate that will deposit on and 
impact the performance of the SCR catalyst.  While this can be dealt with effectively through more frequent 
maintenance, the deposits will impact overall catalyst activity which in turn will impact the ease with which an 
oil-fired system can meet a lower NH3 emissions limit.  The more frequent maintenance translates to lower 
system availability, both of which translate to higher economic impact for an oil-fired combined-cycle unit to 
meet a lower NH3 emissions limit than is estimated for a unit fired with natural gas only.  Since NH3 is not a 
regulated pollutant under the federal PSD or NNSR program, the higher costs, reduced system availability, 
and reduced margin for compliance associated with meeting a 2.0 ppmvd @ 15% O2 limit for oil combustion 
are not justifiable.  It is evident that this is the reason why this limit has only been required in one case and 
even in that case why oil firing has been limited to the compliance demonstration only.  
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Although for the reasons discussed above such a limit is not considered justifiable for the Project, the findings 
of the order-of-magnitude engineering evaluation described above for meeting 2.0 ppmvd @ 15% O2 for 
natural gas combustion apply also to meeting that limit level for oil combustion by the Towantic units.  The 
same more sophisticated NH3 injection system and larger SCR catalyst will be required.  Considering as 
discussed above that the maintenance requirements would be higher and the system availability would be 
lower for the oil combustion application, the study-level cost estimate of $1,100,000 and estimated net plant 
output reduction of 460 kW are more conservative estimates for the oil combustion case than they are for the 
natural gas combustion case.  Using those same cost and output reduction estimates for the oil combustion 
case, however, as indicated in Appendix C, the economic impact associated with installing a more 
sophisticated NH3 injection system and a larger SCR catalyst to achieve compliance with an NH3 emissions 
limit of 2.0 ppmvd @ 15% O2 in comparison to the proposed SCR catalyst that can achieve compliance with 
5.0 ppmvd @ 15% O2 is estimated to be more than $80,000/ton of emissions reduction. 


An NH3 emissions limit of 2.0 ppmvd @ 15% O2 for oil combustion was rejected as BACT for the 
Project for the following reasons: 


• For oil combustion, the only facility for which this limit has been imposed employs MHI 501G turbines with 
duct burners, and has only fired oil for compliance demonstration purposes.  Thus, no demonstration of 
compliance with this limit has been made by a dual fuel-fired GE 7FA turbine with an unfired HRSG. 


• As indicated in Appendix B, the emissions limits for the Fore River project are higher than the limits for 
the Towantic units for all pollutants except NH3.  Since NH3 will be emitted only as a result of the 
employment of the SCR system for NOx emissions control, and since a larger SCR catalyst is required to 
meet an NH3 limit of 2.0 ppmvd @ 15% O2, what would be expected for the turbines subject to the lower 
NH3 limit is that they would be able to meet a lower limit for either NOx, VOC and CO, or both.  The results 
show that this is not the case. 


• In order to ensure compliance with that limit, a larger SCR catalyst would have to be designed for and 
employed by the Towantic Project combined-cycle units.  Doing so would involve an unacceptable energy 
impact of 460 kW net power output loss relative to the proposed Towantic system design. 


• Employing a larger SCR catalyst would also involve an unacceptable economic impact of more than 
$80,000/ton relative to the proposed Towantic system design.  


The next-most stringent NH3 emissions limit of 5.0 ppmvd @ 15% O2 is specified in the current permits for the 
Project, and accordingly constitute Connecticut BACT for the Towantic Project combined-cycle units, for both 
natural gas and oil combustion.  


BACT Determination 


Based on these findings, the following the emission limits constitute NH3 Connecticut BACT for the combined-
cycle units: 


• Control technology:........ None specified 


• Emissions Limits: ........... Natural gas........5.0 ppmvd @ 15% O2 
 
                           ............ Oil ......................5.0 ppmvd @ 15% O2 
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4.0  Summary of BACT Determinations 


Summaries of the emissions control technologies and limits that represent current BACT for the 
combined-cycle units are presented in Table 8-1 


All of the proposed emissions limits represent full-load operation at an ambient temperature of 59oF 
and pressure of 14.28 psia.  The combined-cycle units will not employ duct burner firing. 


Table 4-1 BACT for the Combined-Cycle Units 


 
Regulated 
Pollutant 


 
 


Fuels 


 
Emissions Control Technology 


 
Emissions 


Limits 


Natural Gas SCR and DLN 2.0 ppmvd @ 15% O2 
NOx 


ULSD SCR and Water Injection 5.9 ppmvd @ 15% O2 


Natural Gas Oxidation catalyst 1.2 ppmvd @ 15% O2 
VOCs 


ULSD Oxidation catalyst 2.0 ppmvd @ 15% O2 


Natural Gas Oxidation catalyst 2.0 ppmvd @ 15% O2 
CO 


ULSD Oxidation catalyst 2.0 ppmvd @ 15% O2 


Natural Gas 


Maximum sulfur content of 8 ppmw  
 


14,629.2 million cubic feet per consecutive 12 calendar 
months 


0.0007 lb/MMBtu 


SO2 


ULSD 
Maximum sulfur content of 0.0015%, by weight  


 
9,600,000 gallons per consecutive 12 calendar months 


0.038 lb/MMBtu 


Natural Gas 


Maximum sulfur content of 8 ppmw  
 


14,629.2 million cubic feet per consecutive 12 calendar 
months 


0.008 lb/MMBtu 


TSP 


ULSD 
Maximum sulfur content of 0.0015%, by weight  


 
9,600,000 gallons per consecutive 12 calendar months 


0.019 lb/MMBtu 


Natural Gas 


Maximum sulfur content of 8 ppmw  
 


14,629.2 million cubic feet per consecutive 12 calendar 
months 


0.008 lb/MMBtu 


PM10 


ULSD 
Maximum sulfur content of 0.0015%, by weight  


 
9,600,000 gallons per consecutive 12 calendar months 


0.019 lb/MMBtu 


Natural Gas No control technology 5.0 ppmvd @ 15% O2 NH3 
(state-only 


BACT) ULSD No control technology 5.0 ppmvd @ 15% O2 
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX A


SUMMARY OF EMISSIONS ESTIMATES:


COMBUSTION TURBINES


Control


Pollutant Fuel Type Emissions Basis for Estimate


The emissions data summarized on the following pages are specified based on the following site and operational conditions:


Ambient Temperature 59
o
F Vendor-supplied data


Ambient Pressure 14.28 psia Vendor-supplied data
Ambient Relative Humidity 60.0 % Vendor-supplied data


Combustion Turbine Load Base Vendor-supplied data
HRSG Duct Burner No duct burner firing System design specification


Natural Gas Low Heating Value (LHV) 20,659 Btu/lb Vendor-supplied data


Natural Gas High Heating Value (HHV) 22,884 Btu/lb Vendor-supplied data (HHV = 1.1077 * LHV)
Natural Gas Sulfur Content 0.47 gr/100 scf Vendor-supplied data


Natural Gas Firing Rates 1,706 MMBtu/hr Current permit limit


1.67 MMcf/hr Current permit limit
14,629.2 MMcf/yr Current permit limit (consecutive 12-month period basis)


Distillate Oil Low Heating Value (LHV) 18,300 Btu/lb Vendor-supplied data


Distillate Oil High Heating Value (HHV) 19,398 Btu/lb Vendor-supplied data (HHV = 1.06 * LHV)
Distillate Oil Sulfur Content 0.0015 %, weight Vendor-supplied data / ENSR BACT Determination


Distillate Oil Firing Rates 1,877 MMBtu/hr Current permit limit


13,300 gal/hr Current permit limit
9.6 MMgal/yr Current permit limit (consecutive 12-month period basis)


Other notes explaining the basis for the emissions data are presented on the final page of this summary
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX A


SUMMARY OF EMISSIONS ESTIMATES:


COMBUSTION TURBINES


Control


Pollutant Fuel Type Emissions Basis for Estimate


NOx Gas DLN and SCR 2.0 ppm Current permit limit


0.0075 lb/MMBtu Current permit limit


12.72 lb/hr Current permit limit


Oil Water Injection 5.9 ppm Current permit limit


and SCR 0.0232 lb/MMBtu Current permit limit
43.465 lb/hr Current permit limit


VOCs Gas Oxidation Catalyst 1.2 ppm Vendor-supplied data / ENSR BACT Determination


0.00152 lb/MMBtu Vendor-supplied data / ENSR BACT Determination


2.6 lb/hr Vendor-supplied data / ENSR BACT Determination


Oil Oxidation Catalyst 2.0 ppm Vendor-supplied data / ENSR BACT Determination


0.00273 lb/MMBtu Vendor-supplied data / ENSR BACT Determination
5.2 lb/hr Vendor-supplied data / ENSR BACT Determination


CO Gas Oxidation Catalyst 2.0 ppm Vendor-supplied data / ENSR BACT Determination


0.00442 lb/MMBtu Vendor-supplied data / ENSR BACT Determination


7.6 lb/hr Vendor-supplied data / ENSR BACT Determination


Oil Oxidation Catalyst 2.0 ppm Vendor-supplied data / ENSR BACT Determination


0.00476 lb/MMBtu Vendor-supplied data / ENSR BACT Determination
9.1 lb/hr Vendor-supplied data / ENSR BACT Determination


SOx Gas Sulfur < 8 ppmw 0.00081 lb/MMBtu Vendor-supplied data / ENSR BACT Determination


1.4 lb/hr Vendor-supplied data / ENSR BACT Determination


Oil ULSD @ 0.0015% 0.038 lb/MMBtu Vendor-supplied data / ENSR BACT Determination
71.3 lb/hr Vendor-supplied data / ENSR BACT Determination
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX A


SUMMARY OF EMISSIONS ESTIMATES:


COMBUSTION TURBINES


Control


Pollutant Fuel Type Emissions Basis for Estimate


TSP Gas Sulfur < 8 ppmw 0.0080 lb/MMBtu Vendor-supplied data / ENSR BACT Determination


13.9 lb/hr Vendor-supplied data / ENSR BACT Determination


Oil ULSD @ 0.0015% 0.019 lb/MMBtu Vendor-supplied data / ENSR BACT Determination
36.5 lb/hr Vendor-supplied data / ENSR BACT Determination


PM10 Gas Sulfur < 8 ppmw 0.0080 lb/MMBtu Vendor-supplied data / ENSR BACT Determination


13.9 lb/hr Vendor-supplied data / ENSR BACT Determination


Oil ULSD @ 0.0015% 0.019 lb/MMBtu Vendor-supplied data / ENSR BACT Determination
36.5 lb/hr Vendor-supplied data / ENSR BACT Determination


NH3 Gas No controls 5.0 ppm Vendor-supplied data / ENSR BACT Determination


11.6 lb/hr Vendor-supplied data / ENSR BACT Determination


Oil No controls 5.0 ppm Vendor-supplied data / ENSR BACT Determination
13.9 lb/hr Vendor-supplied data / ENSR BACT Determination


H2SO4 Gas No controls 0.00073 lb/MMBtu Vendor-supplied data / ENSR BACT Determination


1.26 lb/hr Vendor-supplied data / ENSR BACT Determination


Oil ULSD @ 0.0015% 0.00087 lb/MMBtu Vendor-supplied data / ENSR BACT Determination
1.67 lb/hr Vendor-supplied data / ENSR BACT Determination


NOx 66.782 TPY Current permit limit


VOCs 13.184 TPY Current permit limit


CO 85.898 TPY Current permit limit


SOx 39.518 TPY Current permit limit


TSP 98.255 TPY Current permit limit


PM10 98.255 TPY Current permit limit


Pb De minimis Assume lead emissions from the turbines, if any, will be de minimis


NH3 51.57 TPY See Note 2


H2SO4 5.65 TPY See Note 2
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX A


SUMMARY OF EMISSIONS ESTIMATES:


COMBUSTION TURBINES


Control


Pollutant Fuel Type Emissions Basis for Estimate


NOTES:


1.  The TSP and PM10 emissions data represent total particulate, including sulfate and non-sulfate, and front-half and back-half fractions


2.  Estimation of annual emissions values for NH3 and H2SO4:


Maximum annual oil combustion hours 1,877 MMBtu/hr Current permit limit


18,300 Btu/lb Vendor-supplied data


7.05 lb/gal AP-42, Appendix A, for distillate oil


9.6 MMgal/yr Current permit limit (consecutive 12-month period basis)


659.85 hr/yr 660 hr/yr = hr/1,877 MMBtu * MMBtu/10^6 Btu * 18,300 Btu/lb * 7.05 lb/gal 


* ( 9.6 * 10^6 ) gal/yr


Corresponding maximum annual


natural gas combustion hours 8,100.15 hr/yr 8,100 hr/yr = 8,7601 hr/yr - 659.85 hr/yr


NH3 emissions, gas combustion 11.6 lb/hr Vendor-supplied data / ENSR BACT Determination


NH3 emissions, oil combustion 13.9 lb/hr Vendor-supplied data / ENSR BACT Determination


NH3 emissions, total combustion 51.57 TPY 51.57 TPY =[ (  11.6 lb/hr * 8,100.15 hr/yr ) + ( 13.9 lb/hr * 659.85 hr/yr ) ]


* ton/2,000 lb


H2SO4 emissions, gas combustion 1.26 lb/hr Vendor-supplied data / ENSR BACT Determination


H2SO4 emissions, oil combustion 1.67 lb/hr Vendor-supplied data / ENSR BACT Determination


H2SO4 emissions, total combustion 5.65 TPY 5.65 TPY =[ (  1.26 lb/hr * 8,100.15 hr/yr ) + ( 1.67 lb/hr * 659.85 hr/yr ) ]


* ton/2,000 lb
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-1


TOP-DOWN SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS FOR LARGE COMBINED-CYCLE UNITS


NATURAL GAS-FIRED TURBINES


Turbine Dual Duct Operating Control   


Facility Model Fuel? Burner? Status Type Limit Basis


 indicates where the cited project characteristic matches that of the Towantic project


 indicates where the cited limit matches that of the Towantic project


 indicates where the cited limit is less stringent than the proposed BACT for the Towantic project


NOx


IDC Bellingham GE 7FA No No Never built SCR, DLN 1.5 ppmvd @ 15% O2 BACT-PSD


Salt River Project GE 7FA No Yes Operating SCR, DLN 2.0 ppmvd @ 15% O2 LAER


AVEF II GE 7FA No Yes Operating SCR, DLN 2.0 ppmvd @ 15% O2 BACT-PSD


Kleen Energy SW SGT6-5000F Yes Yes Permit only SCR, DLN 2.0 ppmvd @ 15% O2 N/S


CPV Warren GE 7FA No Yes Permit only SCR, DLN 2.0 ppmvd @ 15% O2 BACT-PSD


Fore River MHI 501G Yes Yes Operating SCR 2.0 ppmvd @ 15% O2 BACT-PSD


Sithe Mystic MHI 501G No Yes Operating SCR 2.0 ppmvd @ 15% O2 BACT-PSD


ANP Bellingham ABB GT-24 No No Operating SCR 2.0 ppmvd @ 15% O2 LAER


ANP Blackstone ABB GT-24 No No Operating SCR 2.0 ppmvd @ 15% O2 LAER


Cabot Power SW 501G No Yes Never built SCR, DLN 2.0 ppmvd @ 15% O2 LAER


Diamond Wanapa GE 7FA No Yes Permit only SCR, DLN 2.0 ppmvd @ 15% O2 BACT-PSD


Gila Bend GE 7FA No Yes Operating SCR, DLN 2.0 ppmvd @ 15% O2 BACT-PSD


Turkey Point GE 7FA Yes Yes Operating SCR, DLN 2.0 ppmvd @ 15% O2 BACT-PSD


PSEG Fossill GE 7FA Yes Yes Operating SCR, DLN 2.0 ppmvd @ 15% O2 BACT-PSD


Georgia Power GE 7FA Yes Yes Operating SCR, DLN 2.5 ppmvd @ 15% O2 BACT-PSD


Linden Cogeneration GE 7FA Yes No Operating SCR, DLN 2.5 ppmvd @ 15% O2 LAER


James City GE 7FA Yes Yes Never built SCR, DLN 2.5 ppmvd @ 15% O2 BACT-PSD


CO


Kleen Energy SW SGT6-5000F Yes Yes Permit only OC 0.9 ppmvd @ 15% O2 N/S


CPV Warren GE 7FA No Yes Permit only OC 1.3 ppmvd @ 15% O2 BACT-PSD


IDC Bellingham GE 7FA No No Never built OC 2.0 ppmvd @ 15% O2 BACT-PSD


Salt River Project GE 7FA No Yes Operating OC 2.0 ppmvd @ 15% O2 LAER


AVEF II GE 7FA No Yes Operating OC 2.0 ppmvd @ 15% O2 BACT-PSD


Georgia Power GE 7FA Yes Yes Operating OC 2.0 ppmvd @ 15% O2 BACT-PSD


Linden Cogeneration GE 7FA Yes No Operating OC 2.0 ppmvd @ 15% O2 BACT-State


Fore River MHI 501G Yes Yes Operating OC 2.0 ppmvd @ 15% O2 BACT-PSD


Sithe Mystic MHI 501G No Yes Operating OC 2.0 ppmvd @ 15% O2 BACT-PSD


Cabot Power SW 501G No Yes Never built OC 2.0 ppmvd @ 15% O2 BACT-PSD


Diamond Wanapa GE 7FA No Yes Permit only OC 2.0 ppmvd @ 15% O2 BACT-PSD


PSEG Fossill GE 7FA Yes Yes Operating OC 2.0 ppmvd @ 15% O2 BACT-PSD


ANP Bellingham ABB GT-24 No No Operating OC 3.0 ppmvd @ 15% O2 BACT-PSD


ANP Blackstone ABB GT-24 No No Operating OC 3.0 ppmvd @ 15% O2 BACT-PSD


Gila Bend GE 7FA No Yes Operating OC 4.0 ppmvd @ 15% O2 BACT-PSD


Turkey Point GE 7FA Yes Yes Operating GCC 4.1 ppmvd @ 15% O2 BACT-PSD


James City GE 7FA Yes Yes Never built GCC 9.0 ppmvd @ 15% O2 BACT-PSD
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-1


TOP-DOWN SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS FOR LARGE COMBINED-CYCLE UNITS


NATURAL GAS-FIRED TURBINES


Turbine Dual Duct Operating Control   


Facility Model Fuel? Burner? Status Type Limit Basis


VOCs


CPV Warren GE 7FA No Yes Permit only OC 0.7 ppmvd @ 15% O2 N/S


IDC Bellingham GE 7FA No No Never built OC 1.0 ppmvd @ 15% O2 BACT-PSD


Salt River Project GE 7FA No Yes Operating OC 1.0 ppmvd @ 15% O2 LAER


AVEF II GE 7FA No Yes Operating OC 1.0 ppmvd @ 15% O2 BACT-PSD


Fore River MHI 501G Yes Yes Operating OC 1.0 ppmvd @ 15% O2 BACT-State


Sithe Mystic MHI 501G No Yes Operating OC 1.0 ppmvd @ 15% O2 LAER


Cabot Power SW 501G No Yes Never built OC 1.0 ppmvd @ 15% O2 BACT-PSD


Linden Cogeneration GE 7FA Yes No Operating OC 1.2 ppmvd @ 15% O2 BACT-State


Turkey Point GE 7FA Yes Yes Operating GCC 1.3 ppmvd @ 15% O2 BACT-PSD


ANP Bellingham ABB GT-24 No No Operating OC 1.4 ppmvd @ 15% O2 LAER


ANP Blackstone ABB GT-24 No No Operating OC 1.4 ppmvd @ 15% O2 LAER


Gila Bend GE 7FA No Yes Operating OC 1.4 ppmvd @ 15% O2 BACT-PSD


James City GE 7FA Yes Yes Never built GCC 1.4 ppmvd @ 15% O2 BACT-PSD


Georgia Power GE 7FA Yes Yes Operating OC 2.0 ppmvd @ 15% O2 BACT-PSD


Kleen Energy SW SGT6-5000F Yes Yes Permit only OC 5.0 ppmvd @ 15% O2 N/S


PSEG Fossill GE 7FA Yes Yes Operating OC 0.0086 lb/MMBtu LAER
Diamond Wanapa GE 7FA No Yes Permit only OC No limit specified BACT-PSD


PM


PSEG Fossill GE 7FA Yes Yes Operating N/C 0.0042 lb/MMBtu BACT-PSD


Kleen Energy SW SGT6-5000F Yes Yes Permit only N/C 0.0051 lb/MMBtu N/S


IDC Bellingham GE 7FA No No Never built N/C 0.008 lb/MMBtu BACT-PSD


Georgia Power GE 7FA Yes Yes Operating N/C 0.009 lb/MMBtu BACT-PSD


James City GE 7FA Yes Yes Never built N/C 0.0094 lb/MMBtu BACT-PSD


Salt River Project GE 7FA No Yes Operating N/C 0.01 lb/MMBtu LAER


AVEF II GE 7FA No Yes Operating N/C 0.0103 lb/MMBtu BACT-PSD


Fore River MHI 501G Yes Yes Operating N/C 0.011 lb/MMBtu BACT-PSD


Sithe Mystic MHI 501G No Yes Operating N/C 0.011 lb/MMBtu BACT-PSD


ANP Bellingham ABB GT-24 No No Operating N/C 0.012 lb/MMBtu BACT-PSD


ANP Blackstone ABB GT-24 No No Operating N/C 0.012 lb/MMBtu BACT-PSD


Cabot Power SW 501G No Yes Never built N/C 0.012 lb/MMBtu BACT-PSD


CPV Warren GE 7FA No Yes Permit only N/C 0.013 lb/MMBtu BACT-PSD


Gila Bend GE 7FA No Yes Operating N/C 0.014 lb/MMBtu BACT-PSD


Linden Cogeneration GE 7FA Yes No Operating N/C 0.026 lb/MMBtu BACT-PSD


Diamond Wanapa GE 7FA No Yes Permit only N/C No limit specified BACT-PSD
Turkey Point GE 7FA Yes Yes Operating N/C No limit specified BACT-PSD
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-1


TOP-DOWN SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS FOR LARGE COMBINED-CYCLE UNITS


NATURAL GAS-FIRED TURBINES


Turbine Dual Duct Operating Control   


Facility Model Fuel? Burner? Status Type Limit Basis


SO2


CPV Warren GE 7FA No Yes Permit only N/C 0.0008 lb/MMBtu N/S


Linden Cogeneration GE 7FA Yes No Operating N/C 0.001 lb/MMBtu BACT-State


PSEG Fossill GE 7FA Yes Yes Operating N/C 0.0013 lb/MMBtu BACT-PSD


IDC Bellingham GE 7FA No No Never built N/C 0.002 lb/MMBtu BACT-PSD


Cabot Power SW 501G No Yes Never built N/C 0.0022 lb/MMBtu BACT-PSD


Kleen Energy SW SGT6-5000F Yes Yes Permit only N/C 0.0023 lb/MMBtu N/S


Fore River MHI 501G Yes Yes Operating N/C 0.0023 lb/MMBtu BACT-PSD


ANP Bellingham ABB GT-24 No No Operating N/C 0.0023 lb/MMBtu BACT-PSD


ANP Blackstone ABB GT-24 No No Operating N/C 0.0023 lb/MMBtu BACT-PSD


Sithe Mystic MHI 501G No Yes Operating N/C 0.0029 lb/MMBtu BACT-State


James City GE 7FA Yes Yes Never built N/C 0.0059 lb/MMBtu BACT-PSD


AVEF II GE 7FA No Yes Operating N/C 26.7 TPY BACT-PSD


Salt River Project GE 7FA No Yes Operating N/C 34.8 TPY N/S


Georgia Power GE 7FA Yes Yes Operating N/C No limit specified N/S


Diamond Wanapa GE 7FA No Yes Permit only N/C No limit specified BACT-PSD


Gila Bend GE 7FA No Yes Operating N/C No limit specified N/S
Turkey Point GE 7FA Yes Yes Operating N/C No limit specified BACT-PSD


NH3


IDC Bellingham GE 7FA No No Never built N/C 2.0 ppmvd @ 15% O2 BACT-PSD


Kleen Energy SW SGT6-5000F Yes Yes Permit only N/C 2.0 ppmvd @ 15% O2 N/S


Fore River MHI 501G Yes Yes Operating N/C 2.0 ppmvd @ 15% O2 BACT-State


Sithe Mystic MHI 501G No Yes Operating N/C 2.0 ppmvd @ 15% O2 BACT-State


ANP Bellingham ABB GT-24 No No Operating N/C 2.0 ppmvd @ 15% O2 BACT-PSD


ANP Blackstone ABB GT-24 No No Operating N/C 2.0 ppmvd @ 15% O2 BACT-PSD


Cabot Power SW 501G No Yes Never built N/C 2.0 ppmvd @ 15% O2 BACT-PSD


CPV Warren GE 7FA No Yes Permit only N/C 5.0 ppmvd @ 15% O2 N/S


Diamond Wanapa GE 7FA No Yes Permit only N/C 5.0 ppmvd @ 15% O2 N/S


Turkey Point GE 7FA Yes Yes Operating N/C 5.0 ppmvd @ 15% O2 BACT-PSD


Salt River Project GE 7FA No Yes Operating N/C 10.0 ppmvd @ 15% O2 N/S


AVEF II GE 7FA No Yes Operating N/C 10.0 ppmvd @ 15% O2 N/S


Georgia Power GE 7FA Yes Yes Operating N/C No limit specified N/S


Linden Cogeneration GE 7FA Yes No Operating N/C No limit specified N/S


Gila Bend GE 7FA No Yes Operating N/C No limit specified N/S


James City GE 7FA Yes Yes Operating N/C No limit specified N/S
PSEG Fossill GE 7FA Yes Yes Operating N/C No limit specified N/S


NOTES:


1.  This summary presents the most current readily-available information on emissions control technology


and associated emissions limits for large combined-cycle units.  It is intended to present the following 


information relevant to the BACT recertification for Towantic Energy, LLC:


(A)  The five most stringent limits, irrespective of turbine model, fuel capability, and/or operating status


(B)  The five most stringent limits for GE 7FA units, irrespective of fuel capability, and/or operating status


(C)  The five most stringent limits for dual fuel GE 7FA units, irrespective of operating status


(D)  The five most stringent limits for dual fuel GE 7FA units that are operating


2.  N/C = No controls specified


N/S = No control standard specified
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-2


TOP-DOWN SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS FOR LARGE COMBINED-CYCLE UNITS


OIL-FIRED TURBINES


Turbine Dual Duct Operating Control   


Facility Model Fuel? Burner? Status Type Limit Basis


 indicates where the cited project characteristic matches that of the Towantic project


 indicates where the cited limit matches that of the Towantic project


 indicates where the cited limit is less stringent than the proposed BACT for the Towantic project


NOx


Kleen Energy SW SGT6-5000F Yes Yes Permit only SCR, WI 5.9 ppmvd @ 15% O2 N/S


Georgia Power GE 7FA Yes Yes Operating SCR, WI 6.0 ppmvd @ 15% O2 BACT-PSD


Linden Cogeneration GE 7FA Yes No Operating SCR, WI 6.0 ppmvd @ 15% O2 LAER


Fore River MHI 501G Yes Yes Operating SCR 6.0 ppmvd @ 15% O2 BACT-PSD


James City GE 7FA Yes Yes Operating SCR 6.0 ppmvd @ 15% O2 BACT-PSD


PSEG Fossill GE 7FA Yes Yes Operating SCR, WI 6.0 ppmvd @ 15% O2 BACT-PSD


Turkey Point GE 7FA Yes Yes Operating SCR, WI 8.0 ppmvd @ 15% O2 BACT-PSD


CO


Kleen Energy SW SGT6-5000F Yes Yes Permit only OC 1.8 ppmvd @ 15% O2 N/S


Georgia Power GE 7FA Yes Yes Operating OC 2.0 ppmvd @ 15% O2 BACT-PSD


PSEG Fossill GE 7FA Yes Yes Operating OC 4.0 ppmvd @ 15% O2 BACT-PSD


Linden Cogeneration GE 7FA Yes No Operating OC 6.0 ppmvd @ 15% O2 BACT-State


James City GE 7FA Yes Yes Operating GCC 6.0 ppmvd @ 15% O2 BACT-PSD


Fore River MHI 501G Yes Yes Operating OC 7.0 ppmvd @ 15% O2 BACT-PSD


Turkey Point GE 7FA Yes Yes Operating GCC 8.0 ppmvd @ 15% O2 BACT-PSD


VOCs


Linden Cogeneration GE 7FA Yes No Operating OC 1.2 ppmvd @ 15% O2 BACT-State


Georgia Power GE 7FA Yes Yes Operating OC 2.0 ppmvd @ 15% O2 BACT-PSD


PSEG Fossill GE 7FA Yes Yes Operating OC 0.0018 lb/MMBtu LAER
Turkey Point GE 7FA Yes Yes Operating GCC 2.8 ppmvd @ 15% O2 BACT-PSD


Kleen Energy SW SGT6-5000F Yes Yes Permit only OC 3.4 ppmvd @ 15% O2 N/S


James City GE 7FA Yes Yes Operating GCC 3.5 ppmvd @ 15% O2 BACT-PSD


Fore River MHI 501G Yes Yes Operating OC 7.0 ppmvd @ 15% O2 BACT-State


PM


Georgia Power GE 7FA Yes Yes Operating LSO (0.0015) 0.016 lb/MMBtu BACT-PSD


James City GE 7FA Yes Yes Operating N/C 0.020 lb/MMBtu BACT-PSD


PSEG Fossill GE 7FA Yes Yes Operating LSO (0.05) 0.024 lb/MMBtu BACT-PSD


Kleen Energy SW SGT6-5000F Yes Yes Permit only LSO (0.0015) 0.027 lb/MMBtu N/S


Linden Cogeneration GE 7FA Yes No Operating LSO (0.05) 0.0433 lb/MMBtu BACT-PSD


Fore River MHI 501G Yes Yes Operating LSO (0.05) 0.05 lb/MMBtu BACT-PSD
Turkey Point GE 7FA Yes Yes Operating LSO (0.0015) No limit specified BACT-PSD


SO2


Kleen Energy SW SGT6-5000F Yes Yes Permit only LSO (0.0015) 0.0017 lb/MMBtu N/S


Linden Cogeneration GE 7FA Yes No Operating LSO (0.05) 0.038 lb/MMBtu BACT-State


James City GE 7FA Yes Yes Operating N/C 0.051 lb/MMBtu BACT-PSD


Fore River MHI 501G Yes Yes Operating LSO (0.05) 0.052 lb/MMBtu BACT-PSD


PSEG Fossill GE 7FA Yes Yes Operating LSO (0.05) 0.056 lb/MMBtu BACT-PSD


Georgia Power GE 7FA Yes Yes Operating LSO (0.0015) No limit specified N/S
Turkey Point GE 7FA Yes Yes Operating LSO (0.0015) No limit specified BACT-PSD


Appendix B.xls


Oil Page 4 of 18


April 2008


6:03 PM







TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-2


TOP-DOWN SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS FOR LARGE COMBINED-CYCLE UNITS


OIL-FIRED TURBINES


Turbine Dual Duct Operating Control   


Facility Model Fuel? Burner? Status Type Limit Basis


NH3


Fore River MHI 501G Yes Yes Operating N/C 2.0 ppmvd @ 15% O2 BACT-State


Kleen Energy SW SGT6-5000F Yes Yes Permit only N/C 5.0 ppmvd @ 15% O2 N/S


Turkey Point GE 7FA Yes Yes Operating N/C 5.0 ppmvd @ 15% O2 BACT-PSD


Georgia Power GE 7FA Yes Yes Operating N/C No limit specified N/S


Linden Cogeneration GE 7FA Yes No Operating N/C No limit specified N/S


James City GE 7FA Yes Yes Operating N/C No limit specified N/S
PSEG Fossill GE 7FA Yes Yes Operating N/C No limit specified N/S


NOTES:


1.  This summary presents the most current readily-available information on emissions control technology


and associated emissions limits for large combined-cycle units.  It is intended to present the following 


information relevant to the BACT recertification for Towantic Energy, LLC:


(A)  The five most stringent limits, irrespective of turbine model, fuel capability, and/or operating status


(B)  The five most stringent limits for GE 7FA units, irrespective of fuel capability, and/or operating status


(C)  The five most stringent limits for dual fuel GE 7FA units, irrespective of operating status


(D)  The five most stringent limits for dual fuel GE 7FA units that are operating


2.  N/C = No controls specified


N/S = No control standard specified
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-3


SUMMARY OF EMISSIONS LIMITS IMPOSED ON 


LARGE COMBINED-CYCLE UNITS 


SUBJECT TO AN NH 3  LIMIT OF 2.0 PPMVD @ 15% O 2


Turbine Dual Duct Operating NH3 NOx CO VOC PM


Facility Model Fuel? Burner? Status (ppmvd @ 15% O2) (ppmvd @ 15% O2) (ppmvd @ 15% O2) (ppmvd @ 15% O2) (lb/MMBtu)


 indicates where the cited project characteristic matches that of the Towantic project
 indicates where the cited limit matches that of the Towantic project
 indicates where the cited limit is less stringent than the proposed BACT for the Towantic project


NATURAL GAS COMBUSTION


Towantic Energy GE7FA Yes No Under review 5.0 2.0 2.0 1.2 0.0080


IDC Bellingham GE 7FA No No Never built 2.0 1.5 2.0 1.0 0.0080
Kleen Energy SW SGT6-5000F Yes Yes Permit only 2.0 2.0 0.9 5.0 0.0051
Fore River MHI 501G Yes Yes Operating 2.0 2.0 2.0 1.0 0.011
Sithe Mystic MHI 501G No Yes Operating 2.0 2.0 2.0 1.0 0.011
ANP Bellingham ABB GT-24 No No Operating 2.0 2.0 3.0 1.4 0.012
ANP Blackstone ABB GT-24 No No Operating 2.0 2.0 3.0 1.4 0.012
Cabot Power SW 501G No Yes Never built 2.0 2.0 2.0 1.0 0.012


OIL COMBUSTION


Towantic Energy GE7FA Yes No Under review 5.0 5.9 2.0 2.0 0.019


Fore River MHI 501G Yes Yes Operating 2.0 6.0 7.0 7.0 0.05


Appendix B.xls


NH3 Comparison Page 6 of 18


April 2008


6:03 PM







TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-4


SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS


FOR LARGE COMBINED-CYCLE UNITS


FACILITY / CAPACITY EMISSIONS LEVELS EMISSIONS CONTROL ADDITIONAL INFORMATION


LOCATION (MW) Pollutant Limit TECHNOLOGY  State Agency Contact


1 ANP Bellingham / 180 NOx 2.0 ppmvd @ 15% O2 SCR � Permit date: 4-Aug-1999 Gary Roscoe


2 Bellingham, MA (each of 2) CO 3.0 ppmvd @ 15% O2 OC � Startup date: 2001 MA DEP


VOC 1.4 ppmvd @ 15% O2 OC � Turbine Model: ABB GT-24 (508) 767-2773


PM 0.012 lb/MMBtu No controls specified � Fuel type: Natural gas (3,630 MMBtu/hr, HHV)


SO2 0.0023 lb/MMBtu No controls specified � Duct burner firing? No


NH3 2.0 ppmvd @ 15% O2 No controls specified � BACT basis: LAER for NOx and VOC, BACT-PSD for CO, 


PM, SO2, and NH3


� Alternative limits:


NOx 0.0074 lb/MMBtu


CO 0.0055 lb/MMBtu


VOC 0.0018 lb/MMBtu


� Averaging time: All limits are specified on a 1-hr avg


� Other information: Limits shown are for 100% load at 59
o
F


� Compliance verified? YES


3 ANP Blackstone / 180 NOx 2.0 ppmvd @ 15% O2 SCR � Permit date: 16-Apr-1999 Gary Roscoe


4 Bellingham, MA (each of 2) CO 3.0 ppmvd @ 15% O2 OC � Startup date: 2001 MA DEP


VOC 1.4 ppmvd @ 15% O2 OC � Turbine Model: ABB GT-24 (508) 767-2773


PM 0.012 lb/MMBtu No controls specified � Fuel type: Natural gas (3,630 MMBtu/hr, HHV)


SO2 0.0023 lb/MMBtu No controls specified � Duct burner firing? No


NH3 2.0 ppmvd @ 15% O2 No controls specified � BACT basis: LAER for NOx and VOC, BACT-PSD for CO, 


PM, SO2, and NH3


� Alternative limits:


NOx 0.0074 lb/MMBtu


CO 0.0055 lb/MMBtu


VOC 0.0018 lb/MMBtu


� Averaging time: All limits are specified on a 1-hr avg


� Other information: Limits shown are for 100% load at 59
o
F


� Compliance verified? YES
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-4


SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS


FOR LARGE COMBINED-CYCLE UNITS


FACILITY / CAPACITY EMISSIONS LEVELS EMISSIONS CONTROL ADDITIONAL INFORMATION


LOCATION (MW) Pollutant Limit TECHNOLOGY  State Agency Contact


5 Cabot Power / 230 NOx 2.0 ppmvd @ 15% O2 SCR, DLN � Permit date: 7-May-2000 Marc Altobelli


Everett, MA CO 2.0 ppmvd @ 15% O2 OC � Startup date: Never built MassDEP


VOC 1.0 ppmvd @ 15% O2 OC � Turbine Model: SW 501G (978) 874-1373


PM 0.012 lb/MMBtu No controls specified � Fuel type: Natural gas (2,493 MMBtu/hr, HHV)


SO2 0.0022 lb/MMBtu No controls specified � Duct burner firing? Yes


NH3 2.0 ppmvd @ 15% O2 No controls specified � BACT basis: LAER for NOx, BACT-PSD for CO, VOC, PM, 


SO2, and NH3


� Alternative limits:


NOx 0.0080 lb/MMBtu


CO 0.0050 lb/MMBtu


VOC 0.0015 lb/MMBtu


� Averaging time: All limits are specified on a 1-hr avg


� Other information: Facility equipment also includes auxiliary boiler


� Compliance verified? NO


6 CPV Warren, LLC / 180 NOx 2.0 ppmvd @ 15% O2 SCR, DLN � Permit date: 5-Jun-2007 Laura Justin


7 Warren County, VA (each of 2) CO 1.3 ppmvd @ 15% O2 OC � Startup date: Permit only VA DEQ


VOC 0.7 ppmvd @ 15% O2 OC � Turbine Model: GE 7FA


PM 0.013 lb/MMBtu No controls specified � Fuel type: Natural gas only (1,717 MMBtu/hr)


SO2 0.0008 lb/MMBtu No controls specified � Duct burner firing? Yes (500 MMBtu/hr, natural gas only)


NH3 5.0 ppmvd @ 15% O2 No controls specified Limits shown are for unfired duct burner case


H2SO4 0.00025 lb/MMBtu No controls specified � BACT basis: BACT-PSD for NOx, CO, PM, and H2SO4 


� Alternative limits:


NOx 17.9 lb/hr


� Averaging time: 3-hr avg for NOx, CO, VOC, PM, SO2, and NH3 


� Other information: Facility will also include one diesel generator


and one diesel fire pump


� Compliance verified? NO
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-4


SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS


FOR LARGE COMBINED-CYCLE UNITS


FACILITY / CAPACITY EMISSIONS LEVELS EMISSIONS CONTROL ADDITIONAL INFORMATION


LOCATION (MW) Pollutant Limit TECHNOLOGY  State Agency Contact


8 Diamond Wanapa I, LLP NOx 2.0 ppmvd @ 15% O2 SCR, DLN � Permit date: 8-Aug-2005 Dan Meyer


9 Wanapa Energy Center / (each of 4) CO 2.0 ppmvd @ 15% O2 OC � Startup date: USEPA Region X


10 Wanapa, OR VOC No limit specified OC � Turbine Model: GE 7241FA (206) 553-4150 


11 PM No limit specified No controls specified � Fuel type: Natural gas (1,778.5 MMBtu/hr, HHV)


SO2 No limit specified No controls specified � Duct burner firing? Yes (605.6 MMBtu/hr, natural gas only)


NH3 5.0 ppmvd @ 15% O2 No controls specified � BACT basis: BACT-PSD for NOx, CO, VOC, PM, and SO2


� Averaging time: 3-hr for NOx, CO, NH3


� Compliance verified? UNKNOWN


12 Duke Energy Arlington Valley, 170 NOx 2.0 ppmvd @ 15% O2 SCR, DLN � Permit date: 12-Nov-2003 Robert Kard


13 AVEF II / (each of 2) CO 2.0 ppmvd @ 15% O2 OC � Startup date: 2005 Maricopa County ESD


Arlington, AZ VOC 1.0 ppmvd @ 15% O2 OC � Turbine Model: GE 7FA (602) 506-6701 


PM 18 lb/hr No controls specified � Fuel type: Natural gas only (1,756 MMBtu/hr, HHV)


SO2 26.7 TPY No controls specified � Duct burner firing? Yes (670 MMBtu/hr, natural gas only)


NH3 10.0 ppmvd @ 15% O2 No controls specified Limits shown are for unfired duct burner case


� BACT basis: BACT-PSD for all pollutants


However, LAER-level limits were accepted to meet local requirements


� Alternative limits:


PM 0.0103 lb/MMBtu, HHV


The permit also specifies lb/event limits during startup and shutdown


PM limits represent filterable and condensible PM


� Averaging time: 1-hr avg for NOx, 3-hr for CO, VOC and PM,


24-hr avg for NH3


� Other information: New turbines at existing facility (AVEF I, with 


2 CTG:1 STG arrangement, also GE 7FA CTGs, with smaller duct burne


Total facility will also include two auxiliary boilers, two wet cooling towers, 


and two sets of emergency generators and fire pumps


� Compliance verified? YES
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-4


SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS


FOR LARGE COMBINED-CYCLE UNITS


FACILITY / CAPACITY EMISSIONS LEVELS EMISSIONS CONTROL ADDITIONAL INFORMATION


LOCATION (MW) Pollutant Limit TECHNOLOGY  State Agency Contact


14 Fore River Development, LLC / 250 Natural gas: � Permit date: 10-Mar-2000 Marc Altobelli


15 Weymouth, MA (each of 2) NOx 2.0 ppmvd @ 15% O2 SCR � Startup date: 2003 MassDEP


CO 2.0 ppmvd @ 15% O2 OC � Turbine Model: MHI 501G (978) 874-1373


VOC 1.0 ppmvd @ 15% O2 OC � Fuel type: Natural gas (2,676 MMBtu/hr, HHV)


PM 0.011 lb/MMBtu No controls specified and distillate oil (2,955 MMBtu/hr, HHV)


SO2 0.0023 lb/MMBtu No controls specified � Duct burner firing? Yes (279 MMBtu/hr, natural gas only)


NH3 2.0 ppmvd @ 15% O2 No controls specified Limits shown are for unfired duct burner case


� BACT basis: BACT-PSD for NOx, CO, PM, SO2, and H2SO4 


Distillate oil: � Alternative limits:


NOx 6.0 ppmvd @ 15% O2 SCR NOx 0.0074 lb/MMBtu (natural gas)


CO 7.0 ppmvd @ 15% O2 OC 0.0233 lb/MMBtu (oil)


VOC 7.0 ppmvd @ 15% O2 OC CO 0.0045 lb/MMBtu (natural gas)


PM 0.05 lb/MMBtu LSO (0.05) 0.0166 lb/MMBtu (oil)


SO2 0.0522 lb/MMBtu LSO (0.05) Oil usage is limited to 720 hr/yr, and emergency conditions only


NH3 2.0 ppmvd @ 15% O2 No controls specified during May 1 - September 30 ozone season period


� Averaging time: All limits are specified on a 1-hr avg


� Other information: New turbines at existing peaking facility


Facility equipment also includes an auxiliary boiler, and an emergency 


diesel generator


� Compliance verified? YES
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-4


SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS


FOR LARGE COMBINED-CYCLE UNITS


FACILITY / CAPACITY EMISSIONS LEVELS EMISSIONS CONTROL ADDITIONAL INFORMATION


LOCATION (MW) Pollutant Limit TECHNOLOGY  State Agency Contact


16 FPL Turkey Point / 180 Natural gas: � Permit date: 8-Feb-2005 Teresa Heron


17 Homestead, FL (each of 4) NOx 2.0 ppmvd @ 15% O2 SCR, DLN � Startup date: May 2007 FL DNR


18 CO 4.1 ppmvd @ 15% O2 GCC � Turbine Model: GE 7FA (850) 921-9529


19 VOC 1.3 ppmvd @ 15% O2 GCC � Fuel type: Natural gas (1,608 MMBtu/hr, HHV)


PM No limit specified No controls specified and distillate oil (1,830 MMBtu/hr, HHV)


SO2 No limit specified No controls specified � Duct burner firing? Yes


NH3 5.0 ppmvd @ 15% O2 No controls specified Limits shown are for unfired duct burner case


� BACT basis: BACT-PSD for NOx, CO, VOC, PM, SO2, 


Distillate oil: and NH3


NOx 8.0 ppmvd @ 15% O2 SCR, WI � Alternative limits:


CO 8.0 ppmvd @ 15% O2 GCC NOx 0.0081 lb/MMBtu (natural gas)


VOC 2.8 ppmvd @ 15% O2 GCC 0.0339 lb/MMBtu (oil)


PM No limit specified LSO (0.0015) CO 0.0101 lb/MMBtu (natural gas)


SO2 No limit specified LSO (0.0015) 0.0207 lb/MMBtu (oil)


NH3 5.0 ppmvd @ 15% O2 No controls specified VOC 0.0018 lb/MMBtu (natural gas)


0.0041 lb/MMBtu (oil)


PM limits represent front half only


Oil firing is limited to 500 hr/yr


� Averaging time: 24-hr for NOx


� Other information: New turbines at existing oil-fired power plant


� Compliance verified? YES
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-4


SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS


FOR LARGE COMBINED-CYCLE UNITS


FACILITY / CAPACITY EMISSIONS LEVELS EMISSIONS CONTROL ADDITIONAL INFORMATION


LOCATION (MW) Pollutant Limit TECHNOLOGY  State Agency Contact


20 Georgia Power, 180 Natural gas: � Permit date: 17-Apr-2003 John Yntema


21 McIntosh Cogeneration Facility / (each of 4) NOx 2.5 ppmvd @ 15% O2 SCR, DLN � Startup date: 2004 GADNR


22 Rincon, GA CO 2.0 ppmvd @ 15% O2 OC � Turbine Model: GE 7FA (404) 363-7117


23 VOC 2.0 ppmvd @ 15% O2 OC � Fuel type: Natural gas


PM 0.009 lb/MMBtu No controls specified and distillate oil


SO2 No limit specified No controls specified � Duct burner firing? Yes (541.7 MMBtu/hr, natural gas only)


NH3 No limit specified No controls specified Limits shown are for unfired duct burner case


� BACT basis: BACT-PSD for NOx, CO, VOC, PM, and H2SO4 


Distillate oil: � Alternative limits:


NOx 6.0 ppmvd @ 15% O2 SCR, WI PM limits represent sulfate and non-sulfate, and filterable and condensible


CO 2.0 ppmvd @ 15% O2 OC � Averaging time: Not listed


VOC 2.0 ppmvd @ 15% O2 OC � Other information: New turbines at existing facility


PM 0.016 lb/MMBtu LSO (0.0015) � Compliance verified? YES


SO2 No limit specified LSO (0.0015)


NH3 No limit specified No controls specified


24 Gila Bend Power Station / 170 NOx 2.0 ppmvd @ 15% O2 SCR, DLN � Permit date: 15-May-2002 Eric Massey


25 Gila Bend, AZ (each of 3) CO 4.0 ppmvd @ 15% O2 OC � Startup date: August 2003 Maricopa County ESD


26 VOC 1.4 ppmvd @ 15% O2 OC � Turbine Model: GE MS7001FA (602) 771-2288


PM 0.014 lb/MMBtu No controls specified � Fuel type: Natural gas only


SO2 No limit specified No controls specified � Duct burner firing? Yes (375 MMBtu/hr, natural gas only)


NH3 No limit specified No controls specified � BACT basis: BACT-PSD for NOx, CO, VOC, PM


� The permit also specifies lb/event limits during startup and shutdown


PM limits represent filterable and condensible PM


� Averaging time: 1-hr for NOx, 3-hr for CO, VOC, PM, SO2, 


24-hr for NH3


� Other information: Facility equipment also includes a wet cooling 


tower, diesel generator, and diesel fire pump


� Compliance verified? YES
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-4


SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS


FOR LARGE COMBINED-CYCLE UNITS


FACILITY / CAPACITY EMISSIONS LEVELS EMISSIONS CONTROL ADDITIONAL INFORMATION


LOCATION (MW) Pollutant Limit TECHNOLOGY  State Agency Contact


27 IDC Bellingham, LLC / 170 NOx 1.5 ppmvd @ 15% O2 SCR, DLN � Permit date: 11-Sep-2000 Gary Roscoe


Bellingham, MA CO 2.0 ppmvd @ 15% O2 OC � Startup date: Never built MA DEP


VOC 1.0 ppmvd @ 15% O2 OC � Turbine Model: GE 7FA (508) 767-2773


PM 0.008 lb/MMBtu No controls specified � Fuel type: Natural gas only


SO2 0.002 lb/MMBtu No controls specified � Duct burner firing? No


NH3 2.0 ppmvd @ 15% O2 No controls specified � BACT basis: BACT-PSD for all pollutants


� Averaging time: All ppm limits are specified on a 1-hr avg


� Compliance verified? NO


28 James City Energy Park, LLC / 170 Natural gas: � Permit date: 1-Dec-2003 Laura Corl


29 James City, VA (each of 2) NOx 2.5 ppmvd @ 15% O2 SCR, DLN � Startup date: Never built VA DEQ


CO 9.0 ppmvd @ 15% O2 GCC � Turbine Model: GE 7FA (757) 518-2178


VOC 1.4 ppmvd @ 15% O2 GCC � Fuel type: Natural gas (1,923 MMBtu/hr, HHV)


PM 18.0 lb/hr No controls specified and distillate oil (2,167 MMBtu/hr, HHV)


SO2 11.4 lb/hr No controls specified � Duct burner firing? Yes (352 MMBtu/hr, natural gas only)


NH3 No limit specified No controls specified Limits shown are for unfired duct burner case


� BACT basis: BACT-PSD for NOx, CO, VOC, PM, SO2


Distillate oil: � Alternative limits:


NOx 6.0 ppmvd @ 15% O2 SCR PM 0.0094 lb/MMBtu (natural gas)


CO 6.0 ppmvd @ 15% O2 GCC 0.0203 lb/MMBtu (oil)


VOC 3.5 ppmvd @ 15% O2 GCC SO2 0.0059 lb/MMBtu (natural gas)


PM 43.9 lb/hr No controls specified 0.0510 lb/MMBtu (oil)


SO2 110.5 lb/hr No controls specified � Averaging time:


NH3 No limit specified No controls specified � Other information: Facility equipment also includes a wet cooling 


tower, diesel generator, and diesel fire pump


� Compliance verified? NO
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-4


SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS


FOR LARGE COMBINED-CYCLE UNITS


FACILITY / CAPACITY EMISSIONS LEVELS EMISSIONS CONTROL ADDITIONAL INFORMATION


LOCATION (MW) Pollutant Limit TECHNOLOGY  State Agency Contact


30 Kleen Energy Systems, LLC / 300 Natural gas: � Permit date: 25-Feb-2008


31 Middletown, CT (each of 2) NOx 2.0 ppmvd @ 15% O2 SCR, DLN � Startup date: Permit only CT DEP


CO 0.9 ppmvd @ 15% O2 OC � Turbine Model: SW SGT6-5000F


VOC 5.0 ppmvd @ 15% O2 OC � Fuel type: Natural gas (2,136 MMBtu/hr)


TSP 11.0 lb/hr No controls specified and distillate oil  (2,117 MMBtu/hr)


PM10/PM2.5 11.0 lb/hr No controls specified � Duct burner firing? Yes (445 MMBtu/hr, natural gas only)


SO2 4.9 lb/hr No controls specified Limits shown are for unfired duct burner case


NH3 2.0 ppmvd @ 15% O2 No controls specified � BACT basis: Not listed


H2SO4 1.6 lb/hr No controls specified � Alternative limits:


PM10/PM2.5 0.0051 lb/MMBtu  (natural gas, no db)


Distillate oil: 0.0269 lb/MMBtu  (oil, no db)


NOx 5.9 ppmvd @ 15% O2 SCR, WI SO2 0.0023 lb/MMBtu  (natural gas, no db)


CO 1.8 ppmvd @ 15% O2 OC 0.0017 lb/MMBtu  (oil, no db)


VOC 3.4 ppmvd @ 15% O2 OC � Averaging time: 1-hr avg for NOx, CO, PM, SO2, and NH3 


TSP 57.0 lb/hr LSO (0.0015) � Other information: Limits shown are for 60% - 100% load on 


PM10/PM2.5 57.0 lb/hr LSO (0.0015) natural gas and 75% - 100% load for distillate oil


SO2 3.7 lb/hr LSO (0.0015) � Compliance verified? NO


NH3 5.0 ppmvd @ 15% O2 No controls specified


H2SO4 1.02 lb/hr LSO (0.0015)
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-4


SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS


FOR LARGE COMBINED-CYCLE UNITS


FACILITY / CAPACITY EMISSIONS LEVELS EMISSIONS CONTROL ADDITIONAL INFORMATION


LOCATION (MW) Pollutant Limit TECHNOLOGY  State Agency Contact


32 Linden Cogeneration / 180 Natural gas: � Permit date: 9-May-2001 Negib Harfouche


Linden, NJ NOx 2.5 ppmvd @ 15% O2 SCR, DLN � Startup date: 2002 NJDEP


CO 2.0 ppmvd @ 15% O2 OC � Turbine Model: GE 7FA (609) 292-2137


VOC 1.2 ppmvd @ 15% O2 OC � Fuel type: Natural gas (1,928 MMBtu/hr)


PM 0.026 lb/MMBtu No controls specified and distillate oil  (2,115 MMBtu/hr)


SO2 0.001 lb/MMBtu No controls specified � Duct burner firing? No


NH3 No limit specified No controls specified � BACT basis: LAER and BACT-PSD for NOx, BACT-PSD for 


PM; other limits represent NJDEP SOTA


Distillate oil: � Alternative limits:


NOx 6.0 ppmvd @ 15% O2 SCR, WI NOx 0.0093 lb/MMBtu (natural gas)


CO 6.0 ppmvd @ 15% O2 OC 0.023 lb/MMBtu (oil)


VOC 1.2 ppmvd @ 15% O2 OC CO 0.0046 lb/MMBtu (natural gas)


PM 0.0433 lb/MMBtu LSO (0.05) 0.014 lb/MMBtu (oil)


SO2 0.038 lb/MMBtu LSO (0.05) VOC 0.0020 lb/MMBtu (natural gas)


NH3 No limit specified No controls specified 0.0016 lb/MMBtu (oil)


� Averaging time: Not listed


� Other information: New turbines at existing facility with 5 GE 7EAs


A special "low conversion" oxidation catalyst was required in order for


the facility to meet ambient standards and increments for PM


� Compliance verified? YES
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-4


SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS


FOR LARGE COMBINED-CYCLE UNITS


FACILITY / CAPACITY EMISSIONS LEVELS EMISSIONS CONTROL ADDITIONAL INFORMATION


LOCATION (MW) Pollutant Limit TECHNOLOGY  State Agency Contact


33 PSEG Fossill / 170 Natural gas: � Permit date: 24-Aug-2001 Negib Harfouche


34 Linden, NJ (each of 4 NOx 2.0 ppmvd @ 15% O2 SCR, DLN � Startup date: NJDEP


35 CO 2.0 ppmvd @ 15% O2 OC � Turbine Model: GE 7FA (609) 292-2137


36 VOC 2.1 lb/hr OC � Fuel type: Natural gas (1,651 MMBtu/hr, HHV)


PM 21.0 lb/hr No controls specified and distillate oil (1,925 MMBtu/hr, HHV)


SO2 2.0 lb/hr No controls specified � Duct burner firing? Yes


NH3 No limit specified No controls specified Limits shown are for unfired duct burner case


� BACT basis: LAER for VOC, BACT-PSD for NOx, CO, PM


Distillate oil: and SO2


NOx 6.0 ppmvd @ 15% O2 SCR, WI � Alternative limits:


CO 4.0 ppmvd @ 15% O2 OC VOC 0.0086 lb/MMBtu (natural gas)


VOC 3.5 lb/hr OC 0.002 lb/MMBtu (oil)


PM 0.024 lb/MMBtu LSO (0.05) PM 0.0042 lb/MMBtu (natural gas)


SO2 0.056 lb/MMBtu LSO (0.05) 0.024 lb/MMBtu (oil)


NH3 No limit specified No controls specified SO2 0.0013 lb/MMBtu (natural gas)


� Averaging time: Not listed


� Compliance verified? YES


37 Salt River Project, 175 NOx 2.0 ppmvd @ 15% O2 SCR, DLN � Permit date: 7-Mar-2003 Robert Kard


38 Santan Generating Plant / (each of 3) CO 2.0 ppmvd @ 15% O2 OC � Startup date: Not listed Maricopa County ESD


39 AZ VOC 1.0 ppmvd @ 15% O2 OC � Turbine Model: GE 7FA (602) 506-6701 


PM 0.01 lb/MMBtu No controls specified � Fuel type: Natural gas only


SO2 34.8 TPY No controls specified � Duct burner firing? Yes (490 MMBtu/hr, natural gas only)


NH3 10.0 ppmvd @ 15% O2 No controls specified Limits shown are for unfired duct burner case


� BACT basis: LAER for NOx, CO, VOC, PM


� Averaging time: 1-hr avg for NOx, 3-hr for CO, VOC and PM,


24-hr avg for NH3


� Other information: New turbine at existing facility


� Compliance verified? YES
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-4


SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS


FOR LARGE COMBINED-CYCLE UNITS


FACILITY / CAPACITY EMISSIONS LEVELS EMISSIONS CONTROL ADDITIONAL INFORMATION


LOCATION (MW) Pollutant Limit TECHNOLOGY  State Agency Contact


40 Sithe Mystic Development, LLC / 250 NOx 2.0 ppmvd @ 15% O2 SCR � Permit date: 29-Sep-1999 Marc Altobelli


41 Everett, MA (each of 4) CO 2.0 ppmvd @ 15% O2 OC � Startup date: 2001 MassDEP


42 VOC 1.0 ppmvd @ 15% O2 OC � Turbine Model: MHI 501G (978) 874-1373


43 PM 0.011 lb/MMBtu No controls specified � Fuel type: Natural gas (2,699 MMBtu/hr, HHV)


SO2 0.0029 lb/MMBtu No controls specified � Duct burner firing? Yes (279 MMBtu/hr, natural gas only)


NH3 2.0 ppmvd @ 15% O2 No controls specified Limits shown are for unfired duct burner case


� BACT basis: LAER for VOC, BACT-PSD for NOx, CO, PM,,


and SO2


� Alternative limits:


NOx 0.0074 lb/MMBtu


CO 0.0045 lb/MMBtu


VOC 0.0013 lb/MMBtu


� Averaging time: All limits are specified on a 1-hr avg


� Other information: New turbines at existing oil-fired power plant


Facility equipment also includes an auxiliary boiler, and an emergency 


diesel generator


� Compliance verified? YES
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX B-4


SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS


FOR LARGE COMBINED-CYCLE UNITS


FACILITY / CAPACITY EMISSIONS LEVELS EMISSIONS CONTROL ADDITIONAL INFORMATION


LOCATION (MW) Pollutant Limit TECHNOLOGY  State Agency Contact


NOTES:


1.  The information and data presented in this table were compiled through the following method:


(a) A search of the USEPA RACT/BACT/LAER Clearinghouse on-line database system, conducted in November 2007


(b) A search of the State of California Air Resource Board BACT Clearinghouse on-line database system, conducted in November 2007


(c) A telephone survey of permitting engineers at state environmental agencies, and environmental and operating personnel at referenced facilities.


There are several facilites and/or individual units that were not listed in the Clearinghouses, but were added to this list through information obtained in the telephone survey.


2.  BACT emissions levels presented herein represent limits (specified in permits) specific to emissions from printing operations.


3.  Emissions levels shown in italics (see "Comments" column) represent equivalent emission levels derived from emissions limits (or other data) and capacities specified in permits.


These are not permit limits, but are presented here for the comparison purposes only.  In some cases, a conversion calculation was necessary to derive these values.  


4.  Abbreviations for control technologies:


SCR Selective catalytic reduction OC Oxidation catalyst


DLN Dry low-NOx combustor GCC Good combustion control


WI Water Injection LoS(n) Low sulfur content oil, sulfur content limited to n%, by weight


SI Steam Injection
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


NATURAL GAS-FIRED TURBINES


Average Cost-Effectiveness


Baseline Lowest Purchased Total Total Emissions Economic


(Uncontrolled) Permitted Equipment Capital Operational Reduction Impact


Pollutant Emissions BACT Cost Cost Cost (TPY) ($/ton reduction)


NOx NOT ADDRESSED IN THIS ANALYSIS


VOCs 1.4 ppmvw @ 15% O2 0.7 ppmvd @ 15% O2 $2,500,000 $3,519,000 $305,241 6.13 $282,599


1.4 ppmvw @ 15% O2 1.0 ppmvd @ 15% O2 $2,381,579 $3,352,311 $276,588 3.50 $467,072


CO 9.0 ppmvd @ 15% O2 0.9 ppmvd @ 15% O2 $2,500,000 $3,519,000 $305,241 103.81 $16,694


9.0 ppmvd @ 15% O2 1.3 ppmvd @ 15% O2 $2,428,230 $3,417,976 $287,876 104.93 $15,959


TSP NOT ADDRESSED IN THIS ANALYSIS


PM10 NOT ADDRESSED IN THIS ANALYSIS


NH3 5.0 ppmvd @ 15% O2 2.0 ppmvd @ 15% O2 $1,100,000 $1,548,360 $427,938 30.22 $34,040


Incremental Cost-Effectiveness


Lowest Purchased Total Total Emissions Economic


Proposed Permitted Equipment Capital Operational Reduction Impact


Pollutant BACT BACT Cost Cost Cost (TPY) ($/ton reduction)


NOx NOT ADDRESSED IN THIS ANALYSIS


VOCs 1.2 ppmvd @ 15% O2 0.7 ppmvd @ 15% O2 $197,368 $277,816 $66,578 5.26 $34,111


1.2 ppmvd @ 15% O2 1.0 ppmvd @ 15% O2 $78,947 $111,126 $45,809 2.63 $34,586


CO 2.0 ppmvd @ 15% O2 0.9 ppmvd @ 15% O2 $544,932 $767,047 $81,254 14.45 $27,151


2.0 ppmvd @ 15% O2 1.3 ppmvd @ 15% O2 $125,598 $176,792 $38,461 15.57 $7,075


TSP NOT ADDRESSED IN THIS ANALYSIS


PM10 NOT ADDRESSED IN THIS ANALYSIS


NH3 NOT ADDRESSED IN THIS ANALYSIS
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OIL-FIRED TURBINES


Average Cost-Effectiveness


Baseline Lowest Purchased Total Total Emissions Economic


(Uncontrolled) Permitted Equipment Capital Operational Reduction Impact


Pollutant Emissions BACT Cost Cost Cost (TPY) ($/ton reduction)


NOx NOT ADDRESSED IN THIS ANALYSIS


VOCs 3.5 ppmvw @ 15% O2 1.2 ppmvd @ 15% O2 $2,500,000 $3,519,000 $305,241 25.05 $69,168


CO 20.0 ppmvd @ 15% O2 1.8 ppmvd @ 15% O2 $2,500,000 $3,519,000 $305,241 240.90 $7,193


TSP NOT ADDRESSED IN THIS ANALYSIS


PM10 NOT ADDRESSED IN THIS ANALYSIS


NH3 5.0 ppmvd @ 15% O2 2.0 ppmvd @ 15% O2 #REF! #REF! #REF! #REF! #REF!


Incremental Cost-Effectiveness


Lowest Purchased Total Total Emissions Economic


Proposed Permitted Equipment Capital Operational Reduction Impact


Pollutant BACT BACT Cost Cost Cost (TPY) ($/ton reduction)


NOx NOT ADDRESSED IN THIS ANALYSIS


VOCs 2.0 ppmvd @ 15% O2 1.2 ppmvd @ 15% O2 $544,932 $767,047 $81,254 7.97 $49,230


CO 2.0 ppmvd @ 15% O2 1.8 ppmvd @ 15% O2 $544,932 $767,047 $81,254 13.58 $28,903


TSP NOT ADDRESSED IN THIS ANALYSIS


PM10 NOT ADDRESSED IN THIS ANALYSIS


NH3 NOT ADDRESSED IN THIS ANALYSIS
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-1


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


GENERAL


Interest rate on capital expenditure 8 % Specified for this estimate - typical value


Economic life of equipment 3 yrs Specified for this estimate - 25,000 hours


Electricity Unit Cost $0.09 /kWh USDOE, current average wholesale electricity price for the NEPOOL region in 2008, see www.eia.doe.gov/fuelelectric.html


NATURAL GAS-FIRED TURBINES


VOCs


Baseline (uncontrolled) Emissions 1.4 ppmvw @ 15% O2 Turbine vendor specification: 7 ppmvw UHC, 20% VOC in UHC


Emissions 2.8 lb/hr Turbine vendor specification: 14 lb/hr; assume 20% VOC in UHC also applies


Proposed BACT Emissions 1.2 ppmvd @ 15% O2 Turbine vendor specification


Emissions 2.6 lb/hr Turbine vendor specification


Oxidation catalyst weight 35,000 lb Turbine vendor specification


Purchased material cost $2,302,632 Linear extrapolation from cost specified for lowest permitted BACT case, based on catalyst weight


Net plant output reduction 179 kW Incremental net plant output reduction specified by turbine vendor for lowest-permitted BACT case


Alternative Lower BACT Emissions 1.0 ppmvd @ 15% O2 Permit limit for several facilities


Emissions 2.0 lb/hr Linear extrapolation based on emissions specified for the baseline (uncontrolled) case


Oxidation catalyst weight 36,200 lb Linear extrapolation based on emissions and catalyst weights specified for the proposed and lowest-permitted BACT cases


Purchased material cost $2,381,579 Linear extrapolation from cost specified for lowest permitted BACT case, based on catalyst weight


Net plant output reduction 199 kW Linear extrapolation based on emissions and output reductions specified for the proposed and lowest-permitted BACT cases


Incremental purchased material cost $78,947 Difference in purchased material cost relative to the proposed BACT case


Incremental net plant output reduction 30 kW Incremental net plant output reduction specified by turbine vendor for lowest-permitted BACT case


Lowest Permitted BACT Emissions 0.7 ppmvd @ 15% O2 Permit limit for CPV Warren, LLC - current lowest known limit for VOCs for natural gas combustion in a large combined-cycle unit


Emissions 1.4 lb/hr Linear extrapolation based on emissions specified for the baseline (uncontrolled) case


Oxidation catalyst weight 38,000 lb Turbine vendor specification


Purchased material cost $2,500,000 Turbine vendor specification


Net plant output reduction 229 kW "Six-tenths" extrapolation from incremental net plant output reduction estimated for lowest permitted BACT case


Incremental purchased material cost $197,368 Difference in purchased material cost relative to the proposed BACT case


Incremental net plant output reduction 50 kW Turbine vendor specification
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-1


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


NATURAL GAS-FIRED TURBINES


CO


Baseline (uncontrolled) Emissions 9.0 ppmvd @ 15% O2 Turbine vendor specification


Emissions 28.0 lb/hr Turbine vendor specification


Proposed BACT Emissions 2.0 ppmvd @ 15% O2 Turbine vendor specification


Emissions 7.6 lb/hr Turbine vendor specification


Oxidation catalyst weight 35,000 lb Turbine vendor specification


Purchased material cost $2,302,632 Linear extrapolation from cost specified for lowest permitted BACT case, based on catalyst weight


Net plant output reduction 179 kW Incremental net plant output reduction specified by turbine vendor for lowest-permitted BACT case


Alternative Lower BACT Emissions 1.3 ppmvd @ 15% O2 Permit limit for CPV Warren, LLC - current lowest known limit for VOCs for natural gas combustion in a large combined-cycle unit


Emissions 4.0 lb/hr Linear extrapolation based on emissions specified for the baseline (uncontrolled) case


Oxidation catalyst weight 36,909 lb Linear extrapolation based on emissions and catalyst weights specified for the proposed and lowest-permitted BACT cases


Purchased material cost $2,428,230 Linear extrapolation from cost specified for lowest permitted BACT case, based on catalyst weight


Net plant output reduction 211 kW Linear extrapolation based on emissions and output reductions specified for the proposed and lowest-permitted BACT cases


Incremental purchased material cost $125,598 Difference in purchased material cost relative to the proposed BACT case


Incremental net plant output reduction 18 kW Incremental net plant output reduction specified by turbine vendor for lowest-permitted BACT case


Lowest Permitted BACT Emissions 0.9 ppmvd @ 15% O2 Permit limit for Kleen Energy Systems, LLC - current lowest known limit for CO for natural gas combustion in a large combined-cycle unit


Emissions 4.3 lb/hr Linear extrapolation based on emissions specified for the baseline (uncontrolled) case


Oxidation catalyst weight 38,000 lb Turbine vendor specification


Purchased material cost $2,500,000 Turbine vendor specification


Net plant output reduction 229 kW "Six-tenths" extrapolation from incremental net plant output reduction estimated for lowest permitted BACT case


Incremental purchased material cost $544,932 Difference in purchased material cost relative to the proposed BACT case


Incremental net plant output reduction 50 kW Turbine vendor specification


NH3


Baseline (uncontrolled) Emissions 5.0 ppmvd @ 15% O2 Turbine vendor specification


Emissions 11.6 lb/hr Turbine vendor specification


Lowest Permitted BACT Emissions 2.0 ppmvd @ 15% O2 Permit limit for Kleen Energy Systems, LLC and six Massachusetts facilities  - current lowest known limit for NH3 for a large combined-cycle unit


Emissions 4.7 lb/hr Turbine vendor specification


Purchased material cost $1,100,000 Turbine vendor specification


Net plant output reduction 460 kW Turbine vendor specification
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-1


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OIL-FIRED TURBINES


VOCs


Baseline (uncontrolled) Emissions 3.5 ppmvw @ 15% O2 Turbine vendor specification


Emissions 9.1 lb/hr Turbine vendor specification


Proposed BACT Emissions 2.0 ppmvd @ 15% O2 Turbine vendor specification


Emissions 5.2 lb/hr Turbine vendor specification


Oxidation catalyst weight 35,000 lb Turbine vendor specification


Purchased material cost $2,302,632 Linear extrapolation from cost specified for lowest permitted BACT case, based on catalyst weight


Net plant output reduction 179 kW Incremental net plant output reduction specified by turbine vendor for lowest-permitted BACT case


Lowest Permitted BACT Emissions 1.2 ppmvd @ 15% O2 Permit limit for Linden Cogeneration - current lowest known limit for VOCs for oil combustion in a large combined-cycle unit


Emissions 3.38 lb/hr Permit limit for Linden Cogeneration - current lowest known limit for VOCs for oil combustion in a large combined-cycle unit


Oxidation catalyst weight 38,000 lb Turbine vendor specification


Purchased material cost $2,500,000 Turbine vendor specification


Net plant output reduction 229 kW "Six-tenths" extrapolation from incremental net plant output reduction estimated for lowest permitted BACT case


Incremental purchased material cost $544,932 Difference in purchase material cost relative to the proposed BACT case


Incremental net plant output reduction 50 kW Turbine vendor specification


CO


Baseline (uncontrolled) Emissions 20.0 ppmvd @ 15% O2 Turbine vendor specification


Emissions 61.0 lb/hr Turbine vendor specification


Proposed BACT Emissions 2.0 ppmvd @ 15% O2 Turbine vendor specification


Emissions 9.1 lb/hr Turbine vendor specification


Oxidation catalyst weight 35,000 lb Turbine vendor specification


Purchased material cost $2,302,632 Linear extrapolation from cost specified for lowest permitted BACT case, based on catalyst weight


Net plant output reduction 179 kW Incremental net plant output reduction specified by turbine vendor for lowest-permitted BACT case


Lowest Permitted BACT Emissions 1.8 ppmvd @ 15% O2 Permit limit for Kleen Energy Systems, LLC - current lowest known limit for CO for oil combustion in a large combined-cycle unit


Emissions 6.0 lb/hr Permit limit for Kleen Energy Systems, LLC - current lowest known limit for CO for oil combustion in a large combined-cycle unit


Oxidation catalyst weight 38,000 lb Turbine vendor specification


Purchased material cost $2,500,000 Turbine vendor specification


Net plant output reduction 229 kW "Six-tenths" extrapolation from incremental net plant output reduction estimated for lowest permitted BACT case


Incremental purchased material cost $544,932 Difference in purchase material cost relative to the proposed BACT case


Incremental net plant output reduction 50 kW Turbine vendor specification


NH3


Baseline (uncontrolled) Emissions 5.0 ppmvd @ 15% O2 Turbine vendor specification


Emissions 13.9 lb/hr Turbine vendor specification


Lowest Permitted BACT Emissions 2.0 ppmvd @ 15% O2 Permit limit for Kleen Energy Systems, LLC and six Massachusetts facilities  - current lowest known limit for NH3 for a large combined-cycle unit


Emissions 5.6 lb/hr Turbine vendor specification


Purchased material cost $1,100,000 Turbine vendor specification


Net plant output reduction 460 kW Turbine vendor specification
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-2


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 0.7 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


EMISSIONS REDUCTION EFFECTIVENESS


� Baseline emissions 1.4 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


2.8 lb/hr See "Cost Basis Data" worksheet
12.26 TPY 12.26 TPY = 2.8 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� Target emissions 0.7 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


1.40 lb/hr See "Cost Basis Data" worksheet
6.13 TPY 6.13 TPY = 1.40 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� EMISSIONS REDUCTION 6.13 TPY ER ER = 6.13 TPY = 12.26 TPY - 6.13 TPY


COST ESTIMATION PARAMETERS


� Interest rate on capital expenditure 8 % i See "Cost Basis Data" worksheet
� Economic life of equipment 3 yrs n See "Cost Basis Data" worksheet


� Capital recovery factor 0.406 CRF CRF = (i/100) * { [ 1 + (i/100) ]
n
 } / { [1 + (i/100) ]


n
 - 1 }


CRF = 0.406 = (8/100)*((1+(8/100))^3)/((1+(8/100))^3-1)


CAPITAL COSTS


� DIRECT CAPITAL COSTS


� Purchased Equipment Cost: $2,500,000 PEC See "Cost Basis Data" worksheet
� Installation Cost $500,000 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
� Project Contingency $450,000 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


� Total Direct Capital Cost $3,450,000 DCC


DCC = PEC + IC + PC 
$3,450,000 = $2,500,000 + $500,000 + $450,000


� INDIRECT CAPITAL COST $69,000 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


� TOTAL CAPITAL COST $3,519,000 TCC


TCC = DCC + ICC
$3,519,000 = $3,450,000 + $69,000
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-2


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 0.7 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


OPERATIONAL COSTS


� DIRECT OPERATIONAL COSTS


� Electricity Unit Cost $0.09 /kWh See "Cost Basis Data" worksheet
� Net Output Reduction from Installation 229 kW See "Cost Basis Data" worksheet


� Electricity Cost $180,848 /yr Ce $180,848 = $0.0900/kWh * 229 kWh/hr * 8,760 hr/yr


� Labor Costs


� Operator $8,213 /yr Clo Estimate:  $15/hr * 547.5 hr/yr


� Supervisor $1,232 /yr Cls Estimate:  15% of operator labor


� Maintenance $2,464 /yr Clm Estimate:  30% of operator labor


� Total Labor Cost $11,908 /yr Cl Cl  =  Clo + Cls + Clm


Cl = $11,908.13 = $8,212.50 + $1,231.88 + $2,463.75


� Maintenance Materials $2,464 /yr Cm Estimate:  100% of maintenance labor cost


� Total Direct Operational Cost $195,220 /yr DOC DOC = Ce + Cl + Cm


DOC = $195,220 = $180,848 + $11,908 + $2,464


� INDIRECT OPERATIONAL COSTS


� Overhead $4,451 /yr O 44% of direct labor cost + 12% of maintenance labor cost
� Administration $70,380 /yr A 2% of TCC
� Insurance $35,190 /yr I 1% of TCC


� Total Indirect Operational Cost $110,021 /yr IOC IOC = O + A + I


IOC = $110,021 = $4,451 + $70,380 + $35,190


� TOTAL OPERATIONAL COST $305,241 /yr TOC TOC = DOC + IOC


TOC = $305,241 = $195,220 + $110,021
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-2


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 0.7 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


ECONOMIC IMPACT


� ANNUALIZED CAPITAL COST $1,427,656 /yr ACC ACC = TCC * CRF


ACC = $1,427,656 = $3,519,000 * 0.406


� TOTAL OPERATIONAL COST $305,241 /yr TOC See above


� TOTAL ANNUALIZED COST $1,732,897 /yr TAC TAC = ACC + TOC


TAC = $1,732,897 = $1,427,656 + $305,241


� EMISSIONS REDUCTION 6.13 TPY ER See above


COST-EFFECTIVENESS $282,599 /ton C-E C-E = TAC / ER


reduction C-E = $282,599 = $1,732,897 / 6.13


NOTE:


1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-3


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.0 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


EMISSIONS REDUCTION EFFECTIVENESS


� Baseline emissions 1.4 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


2.8 lb/hr See "Cost Basis Data" worksheet
12.26 TPY 12.26 TPY = 2.8 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� Target emissions 1.0 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


2.0 lb/hr See "Cost Basis Data" worksheet
8.76 TPY 8.76 TPY = 2.00 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� EMISSIONS REDUCTION 3.50 TPY ER ER = 3.50 TPY = 12.26 TPY - 8.76 TPY


COST ESTIMATION PARAMETERS


� Interest rate on capital expenditure 8 % i See "Cost Basis Data" worksheet
� Economic life of equipment 3 yrs n See "Cost Basis Data" worksheet


� Capital recovery factor 0.406 CRF CRF = (i/100) * { [ 1 + (i/100) ]
n
 } / { [1 + (i/100) ]


n
 - 1 }


CRF = 0.406 = (8/100)*((1+(8/100))^3)/((1+(8/100))^3-1)


CAPITAL COSTS


� DIRECT CAPITAL COSTS


� Purchased Equipment Cost: $2,381,579 PEC See "Cost Basis Data" worksheet
� Installation Cost $476,316 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
� Project Contingency $428,684 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


� Total Direct Capital Cost $3,286,579 DCC


DCC = PEC + IC + PC 
$3,286,579 = $2,381,579 + $476,316 + $428,684


� INDIRECT CAPITAL COST $65,732 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


� TOTAL CAPITAL COST $3,352,311 TCC


TCC = DCC + ICC
$3,352,311 = $3,286,579 + $65,732
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-3


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.0 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


OPERATIONAL COSTS


� DIRECT OPERATIONAL COSTS


� Electricity Unit Cost $0.09 /kWh See "Cost Basis Data" worksheet
� Net Output Reduction from Installation 199 kW See "Cost Basis Data" worksheet


� Electricity Cost $157,196 /yr Ce $157,196 = $0.0900/kWh * 199 kWh/hr * 8,760 hr/yr


� Labor Costs


� Operator $8,213 /yr Clo Estimate:  $15/hr * 547.5 hr/yr


� Supervisor $1,232 /yr Cls Estimate:  15% of operator labor


� Maintenance $2,464 /yr Clm Estimate:  30% of operator labor


� Total Labor Cost $11,908 /yr Cl Cl  =  Clo + Cls + Clm


Cl = $11,908.13 = $8,212.50 + $1,231.88 + $2,463.75


� Maintenance Materials $2,464 /yr Cm Estimate:  100% of maintenance labor cost


� Total Direct Operational Cost $171,568 /yr DOC DOC = Ce + Cl + Cm


DOC = $171,568 = $157,196 + $11,908 + $2,464


� INDIRECT OPERATIONAL COSTS


� Overhead $4,451 /yr O 44% of direct labor cost + 12% of maintenance labor cost
� Administration $67,046 /yr A 2% of TCC
� Insurance $33,523 /yr I 1% of TCC


� Total Indirect Operational Cost $105,020 /yr IOC IOC = O + A + I


IOC = $105,020 = $4,451 + $67,046 + $33,523


� TOTAL OPERATIONAL COST $276,588 /yr TOC TOC = DOC + IOC


TOC = $276,588 = $171,568 + $105,020


Appendix C.xls


C-3 NG - ACE - VOC - 1.0 Page 10 of 44


April 2008


6:23 PM







TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-3


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.0 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


ECONOMIC IMPACT


� ANNUALIZED CAPITAL COST $1,360,030 /yr ACC ACC = TCC * CRF


ACC = $1,360,030 = $3,352,311 * 0.406


� TOTAL OPERATIONAL COST $276,588 /yr TOC See above


� TOTAL ANNUALIZED COST $1,636,619 /yr TAC TAC = ACC + TOC


TAC = $1,636,619 = $1,360,030 + $276,588


� EMISSIONS REDUCTION 3.50 TPY ER See above


COST-EFFECTIVENESS $467,072 /ton C-E C-E = TAC / ER


reduction C-E = $467,072 = $1,636,619 / 3.50


NOTE:


1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-4


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 0.9 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


EMISSIONS REDUCTION EFFECTIVENESS


� Baseline emissions 9.0 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


28.0 lb/hr See "Cost Basis Data" worksheet
122.64 TPY 122.64 TPY = 28.0 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� Target emissions 0.9 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


4.3 lb/hr See "Cost Basis Data" worksheet
18.83 TPY 18.83 TPY = 4.3 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� EMISSIONS REDUCTION 103.81 TPY ER ER = 103.81 TPY = 122.64 TPY - 18.83 TPY


COST ESTIMATION PARAMETERS


� Interest rate on capital expenditure 8 % i See "Cost Basis Data" worksheet
� Economic life of equipment 3 yrs n See "Cost Basis Data" worksheet


� Capital recovery factor 0.406 CRF CRF = (i/100) * { [ 1 + (i/100) ]
n
 } / { [1 + (i/100) ]


n
 - 1 }


CRF = 0.406 = (8/100)*((1+(8/100))^3)/((1+(8/100))^3-1)


CAPITAL COSTS


� DIRECT CAPITAL COSTS


� Purchased Equipment Cost: $2,500,000 PEC See "Cost Basis Data" worksheet
� Installation Cost $500,000 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
� Project Contingency $450,000 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


� Total Direct Capital Cost $3,450,000 DCC


DCC = PEC + IC + PC 
$3,450,000 = $2,500,000 + $500,000 + $450,000


� INDIRECT CAPITAL COST $69,000 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


� TOTAL CAPITAL COST $3,519,000 TCC


TCC = DCC + ICC
$3,519,000 = $3,450,000 + $69,000
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-4


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 0.9 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


OPERATIONAL COSTS


� DIRECT OPERATIONAL COSTS


� Electricity Unit Cost $0.09 /kWh See "Cost Basis Data" worksheet
� Net Output Reduction from Installation 229 kW See "Cost Basis Data" worksheet


� Electricity Cost $180,848 /yr Ce $180,848 = $0.0900/kWh * 229 kWh/hr * 8,760 hr/yr


� Labor Costs


� Operator $8,213 /yr Clo Estimate:  $15/hr * 547.5 hr/yr


� Supervisor $1,232 /yr Cls Estimate:  15% of operator labor


� Maintenance $2,464 /yr Clm Estimate:  30% of operator labor


� Total Labor Cost $11,908 /yr Cl Cl  =  Clo + Cls + Clm


Cl = $11,908.13 = $8,212.50 + $1,231.88 + $2,463.75


� Maintenance Materials $2,464 /yr Cm Estimate:  100% of maintenance labor cost


� Total Direct Operational Cost $195,220 /yr DOC DOC = Ce + Cl + Cm


DOC = $195,220 = $180,848 + $11,908 + $2,464


� INDIRECT OPERATIONAL COSTS


� Overhead $4,451 /yr O 44% of direct labor cost + 12% of maintenance labor cost
� Administration $70,380 /yr A 2% of TCC
� Insurance $35,190 /yr I 1% of TCC


� Total Indirect Operational Cost $110,021 /yr IOC IOC = O + A + I


IOC = $110,021 = $4,451 + $70,380 + $35,190


� TOTAL OPERATIONAL COST $305,241 /yr TOC TOC = DOC + IOC


TOC = $305,241 = $195,220 + $110,021
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-4


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 0.9 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


ECONOMIC IMPACT


� ANNUALIZED CAPITAL COST $1,427,656 /yr ACC ACC = TCC * CRF


ACC = $1,427,656 = $3,519,000 * 0.406


� TOTAL OPERATIONAL COST $305,241 /yr TOC See above


� TOTAL ANNUALIZED COST $1,732,897 /yr TAC TAC = ACC + TOC


TAC = $1,732,897 = $1,427,656 + $305,241


� EMISSIONS REDUCTION 103.81 TPY ER See above


COST-EFFECTIVENESS $16,694 /ton C-E C-E = TAC / ER


reduction C-E = $16,694 = $1,732,897 / 103.81


NOTE:


1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-5


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.3 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


EMISSIONS REDUCTION EFFECTIVENESS


� Baseline emissions 9.0 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


28.0 lb/hr See "Cost Basis Data" worksheet
122.64 TPY 122.64 TPY = 28.0 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� Target emissions 1.3 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


4.0 lb/hr See "Cost Basis Data" worksheet
17.71 TPY 17.71 TPY = 4.0 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� EMISSIONS REDUCTION 104.93 TPY ER ER = 104.93 TPY = 122.64 TPY - 17.71 TPY


COST ESTIMATION PARAMETERS


� Interest rate on capital expenditure 8 % i See "Cost Basis Data" worksheet
� Economic life of equipment 3 yrs n See "Cost Basis Data" worksheet


� Capital recovery factor 0.406 CRF CRF = (i/100) * { [ 1 + (i/100) ]
n
 } / { [1 + (i/100) ]


n
 - 1 }


CRF = 0.406 = (8/100)*((1+(8/100))^3)/((1+(8/100))^3-1)


CAPITAL COSTS


� DIRECT CAPITAL COSTS


� Purchased Equipment Cost: $2,428,230 PEC See "Cost Basis Data" worksheet
� Installation Cost $485,646 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
� Project Contingency $437,081 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


� Total Direct Capital Cost $3,350,957 DCC


DCC = PEC + IC + PC 
$3,350,957 = $2,428,230 + $485,646 + $437,081


� INDIRECT CAPITAL COST $67,019 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


� TOTAL CAPITAL COST $3,417,976 TCC


TCC = DCC + ICC
$3,417,976 = $3,350,957 + $67,019
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-5


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.3 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


OPERATIONAL COSTS


� DIRECT OPERATIONAL COSTS


� Electricity Unit Cost $0.09 /kWh See "Cost Basis Data" worksheet
� Net Output Reduction from Installation 211 kW See "Cost Basis Data" worksheet


� Electricity Cost $166,514 /yr Ce $166,514 = $0.0900/kWh * 211 kWh/hr * 8,760 hr/yr


� Labor Costs


� Operator $8,213 /yr Clo Estimate:  $15/hr * 547.5 hr/yr


� Supervisor $1,232 /yr Cls Estimate:  15% of operator labor


� Maintenance $2,464 /yr Clm Estimate:  30% of operator labor


� Total Labor Cost $11,908 /yr Cl Cl  =  Clo + Cls + Clm


Cl = $11,908.13 = $8,212.50 + $1,231.88 + $2,463.75


� Maintenance Materials $2,464 /yr Cm Estimate:  100% of maintenance labor cost


� Total Direct Operational Cost $180,885 /yr DOC DOC = Ce + Cl + Cm


DOC = $180,885 = $166,514 + $11,908 + $2,464


� INDIRECT OPERATIONAL COSTS


� Overhead $4,451 /yr O 44% of direct labor cost + 12% of maintenance labor cost
� Administration $68,360 /yr A 2% of TCC
� Insurance $34,180 /yr I 1% of TCC


� Total Indirect Operational Cost $106,990 /yr IOC IOC = O + A + I


IOC = $106,990 = $4,451 + $68,360 + $34,180


� TOTAL OPERATIONAL COST $287,876 /yr TOC TOC = DOC + IOC


TOC = $287,876 = $180,885 + $106,990
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-5


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.3 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


ECONOMIC IMPACT


� ANNUALIZED CAPITAL COST $1,386,671 /yr ACC ACC = TCC * CRF


ACC = $1,386,671 = $3,417,976 * 0.406


� TOTAL OPERATIONAL COST $287,876 /yr TOC See above


� TOTAL ANNUALIZED COST $1,674,546 /yr TAC TAC = ACC + TOC


TAC = $1,674,546 = $1,386,671 + $287,876


� EMISSIONS REDUCTION 104.93 TPY ER See above


COST-EFFECTIVENESS $15,959 /ton C-E C-E = TAC / ER


reduction C-E = $15,959 = $1,674,546 / 104.93


NOTE:


1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-6


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of NH3 Emissions from Natural Gas Combustion


via Larger SCR Catalyst and Associated System Modifications


to Achieve 2.0 ppmvd @ 15% O2


Average Economic Impact Relative to Proposed BACT of 5.0 ppmvd @ 15% O2


EMISSIONS REDUCTION EFFECTIVENESS


� Baseline emissions 5.0 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


11.6 lb/hr See "Cost Basis Data" worksheet
50.81 TPY 50.81 TPY = 11.6 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� Target emissions 2.0 ppmvd @ 15% O2 Permit limit for Kleen Energy Systems, LLC and six facilities in Massachusetts


4.7 lb/hr See "Cost Basis Data" worksheet
20.59 TPY 20.59 TPY = 4.7 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� EMISSIONS REDUCTION 30.22 TPY ER ER = 30.22 TPY = 50.81 TPY - 20.59 TPY


COST ESTIMATION PARAMETERS


� Interest rate on capital expenditure 8 % i See "Cost Basis Data" worksheet
� Economic life of equipment 3 yrs n See "Cost Basis Data" worksheet


� Capital recovery factor 0.388 CRF CRF = (i/100) * { [ 1 + (i/100) ]
n
 } / { [1 + (i/100) ]


n
 - 1 }


CRF = 0.388 = (8/100)*((1+(8/100))^3)/((1+(8/100))^3-1)


CAPITAL COSTS


� DIRECT CAPITAL COSTS


� Purchased Equipment Cost: $1,100,000 PEC GE Energy Systems estimate
� Installation Cost $220,000 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
� Project Contingency $198,000 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


� Total Direct Capital Cost $1,518,000 DCC


DCC = PEC + IC + PC 
$1,518,000 = $1,100,000 + $220,000 + $198,000


� INDIRECT CAPITAL COST $30,360 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


� TOTAL CAPITAL COST $1,548,360 TCC


TCC = DCC + ICC
$1,548,360 = $1,518,000 + $30,360
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-6


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of NH3 Emissions from Natural Gas Combustion


via Larger SCR Catalyst and Associated System Modifications


to Achieve 2.0 ppmvd @ 15% O2


Average Economic Impact Relative to Proposed BACT of 5.0 ppmvd @ 15% O2


OPERATIONAL COSTS


� DIRECT OPERATIONAL COSTS


� Electricity Unit Cost $0.09 /kWh See "Cost Basis Data" worksheet
� Net Output Reduction from Installation 460 kW See "Cost Basis Data" worksheet


� Electricity Cost $362,664 /yr Ce $362,664 = $0.0900/kWh * 460 kWh/hr * 8,760 hr/yr


� Labor Costs


� Operator $8,213 /yr Clo Estimate:  $15/hr * 547.5 hr/yr


� Supervisor $1,232 /yr Cls Estimate:  15% of operator labor


� Maintenance $2,464 /yr Clm Estimate:  30% of operator labor


� Total Labor Cost $11,908 /yr Cl Cl  =  Clo + Cls + Clm


Cl = $11,908.13 = $8,212.50 + $1,231.88 + $2,463.75


� Maintenance Materials $2,464 /yr Cm Estimate:  100% of maintenance labor cost


� Total Direct Operational Cost $377,036 /yr DOC DOC = Ce + Cl + Cm


DOC = $377,036 = $362,664 + $11,908 + $2,464


� INDIRECT OPERATIONAL COSTS


� Overhead $4,451 /yr O 44% of direct labor cost + 12% of maintenance labor cost
� Administration $30,967 /yr A 2% of TCC
� Insurance $15,484 /yr I 1% of TCC


� Total Indirect Operational Cost $50,902 /yr IOC IOC = O + A + I


IOC = $50,902 = $4,451 + $30,967 + $15,484


� TOTAL OPERATIONAL COST $427,938 /yr TOC TOC = DOC + IOC


TOC = $427,938 = $377,036 + $50,902
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-6


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of NH3 Emissions from Natural Gas Combustion


via Larger SCR Catalyst and Associated System Modifications


to Achieve 2.0 ppmvd @ 15% O2


Average Economic Impact Relative to Proposed BACT of 5.0 ppmvd @ 15% O2


ECONOMIC IMPACT


� ANNUALIZED CAPITAL COST $600,816 /yr ACC ACC = TCC * CRF


ACC = $600,816 = $1,548,360 * 0.388


� TOTAL OPERATIONAL COST $427,938 /yr TOC See above


� TOTAL ANNUALIZED COST $1,028,753 /yr TAC TAC = ACC + TOC


TAC = $1,028,753 = $600,816 + $427,938


� EMISSIONS REDUCTION 30.22 TPY ER See above


COST-EFFECTIVENESS $34,040 /ton C-E C-E = TAC / ER


reduction C-E = $34,040 = $1,028,753 / 30.22


NOTE:


1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-7


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 0.7 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 1.2 ppmvd @ 15% O2


EMISSIONS REDUCTION EFFECTIVENESS


� Baseline emissions 1.2 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


2.6 lb/hr See "Cost Basis Data" worksheet
11.39 TPY 11.39 TPY = 2.6 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� Target emissions 0.7 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


1.4 lb/hr See "Cost Basis Data" worksheet
6.13 TPY 6.13 TPY = 1.40 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� EMISSIONS REDUCTION 5.26 TPY ER ER = 5.26 TPY = 11.39 TPY - 6.13 TPY


COST ESTIMATION PARAMETERS


� Interest rate on capital expenditure 8 % i See "Cost Basis Data" worksheet
� Economic life of equipment 3 yrs n See "Cost Basis Data" worksheet


� Capital recovery factor 0.406 CRF CRF = (i/100) * { [ 1 + (i/100) ]
n
 } / { [1 + (i/100) ]


n
 - 1 }


CRF = 0.406 = (8/100)*((1+(8/100))^3)/((1+(8/100))^3-1)


CAPITAL COSTS


� DIRECT CAPITAL COSTS


� Purchased Equipment Cost: $197,368 PEC See "Cost Basis Data" worksheet
� Installation Cost $39,474 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
� Project Contingency $35,526 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


� Total Direct Capital Cost $272,368 DCC


DCC = PEC + IC + PC 
$272,368 = $197,368 + $39,474 + $35,526


� INDIRECT CAPITAL COST $5,447 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


� TOTAL CAPITAL COST $277,816 TCC


TCC = DCC + ICC
$277,816 = $272,368 + $5,447
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BACT RECERTIFICATION


APPENDIX C-7


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 0.7 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 1.2 ppmvd @ 15% O2


OPERATIONAL COSTS


� DIRECT OPERATIONAL COSTS


� Electricity Unit Cost $0.09 /kWh See "Cost Basis Data" worksheet
� Net Output Reduction from Installation 50 kW See "Cost Basis Data" worksheet


� Electricity Cost $39,420 /yr Ce $39,420 = $0.0900/kWh * 50 kWh/hr * 8,760 hr/yr


� Labor Costs


� Operator $8,213 /yr Clo Estimate:  $15/hr * 547.5 hr/yr


� Supervisor $1,232 /yr Cls Estimate:  15% of operator labor


� Maintenance $2,464 /yr Clm Estimate:  30% of operator labor


� Total Labor Cost $11,908 /yr Cl Cl  =  Clo + Cls + Clm


Cl = $11,908.13 = $8,212.50 + $1,231.88 + $2,463.75


� Maintenance Materials $2,464 /yr Cm Estimate:  100% of maintenance labor cost


� Total Direct Operational Cost $53,792 /yr DOC DOC = Ce + Cl + Cm


DOC = $53,792 = $39,420 + $11,908 + $2,464


� INDIRECT OPERATIONAL COSTS


� Overhead $4,451 /yr O 44% of direct labor cost + 12% of maintenance labor cost
� Administration $5,556 /yr A 2% of TCC
� Insurance $2,778 /yr I 1% of TCC


� Total Indirect Operational Cost $12,786 /yr IOC IOC = O + A + I


IOC = $12,786 = $4,451 + $5,556 + $2,778


� TOTAL OPERATIONAL COST $66,578 /yr TOC TOC = DOC + IOC


TOC = $66,578 = $53,792 + $12,786
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-7


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 0.7 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 1.2 ppmvd @ 15% O2


ECONOMIC IMPACT


� ANNUALIZED CAPITAL COST $112,710 /yr ACC ACC = TCC * CRF


ACC = $112,710 = $277,816 * 0.406


� TOTAL OPERATIONAL COST $66,578 /yr TOC See above


� TOTAL ANNUALIZED COST $179,287 /yr TAC TAC = ACC + TOC


TAC = $179,287 = $112,710 + $66,578


� EMISSIONS REDUCTION 5.26 TPY ER See above


COST-EFFECTIVENESS $34,111 /ton C-E C-E = TAC / ER


reduction C-E = $34,111 = $179,287 / 5.26


NOTE:


1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-8


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.0 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 1.2 ppmvd @ 15% O2


EMISSIONS REDUCTION EFFECTIVENESS


� Baseline emissions 1.2 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


2.6 lb/hr See "Cost Basis Data" worksheet
11.39 TPY 11.39 TPY = 2.6 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� Target emissions 1.0 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


2.0 lb/hr See "Cost Basis Data" worksheet
8.76 TPY 8.76 TPY = 2.00 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� EMISSIONS REDUCTION 2.63 TPY ER ER = 2.63 TPY = 11.39 TPY - 8.76 TPY


COST ESTIMATION PARAMETERS


� Interest rate on capital expenditure 8 % i See "Cost Basis Data" worksheet
� Economic life of equipment 3 yrs n See "Cost Basis Data" worksheet


� Capital recovery factor 0.406 CRF CRF = (i/100) * { [ 1 + (i/100) ]
n
 } / { [1 + (i/100) ]


n
 - 1 }


CRF = 0.406 = (8/100)*((1+(8/100))^3)/((1+(8/100))^3-1)


CAPITAL COSTS


� DIRECT CAPITAL COSTS


� Purchased Equipment Cost: $78,947 PEC See "Cost Basis Data" worksheet
� Installation Cost $15,789 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
� Project Contingency $14,211 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


� Total Direct Capital Cost $108,947 DCC


DCC = PEC + IC + PC 
$108,947 = $78,947 + $15,789 + $14,211


� INDIRECT CAPITAL COST $2,179 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


� TOTAL CAPITAL COST $111,126 TCC


TCC = DCC + ICC
$111,126 = $108,947 + $2,179
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BACT RECERTIFICATION


APPENDIX C-8


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.0 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 1.2 ppmvd @ 15% O2


OPERATIONAL COSTS


� DIRECT OPERATIONAL COSTS


� Electricity Unit Cost $0.09 /kWh See "Cost Basis Data" worksheet
� Net Output Reduction from Installation 30 kW See "Cost Basis Data" worksheet


� Electricity Cost $23,652 /yr Ce $23,652 = $0.0900/kWh * 30 kWh/hr * 8,760 hr/yr


� Labor Costs


� Operator $8,213 /yr Clo Estimate:  $15/hr * 547.5 hr/yr


� Supervisor $1,232 /yr Cls Estimate:  15% of operator labor


� Maintenance $2,464 /yr Clm Estimate:  30% of operator labor


� Total Labor Cost $11,908 /yr Cl Cl  =  Clo + Cls + Clm


Cl = $11,908.13 = $8,212.50 + $1,231.88 + $2,463.75


� Maintenance Materials $2,464 /yr Cm Estimate:  100% of maintenance labor cost


� Total Direct Operational Cost $38,024 /yr DOC DOC = Ce + Cl + Cm


DOC = $38,024 = $23,652 + $11,908 + $2,464


� INDIRECT OPERATIONAL COSTS


� Overhead $4,451 /yr O 44% of direct labor cost + 12% of maintenance labor cost
� Administration $2,223 /yr A 2% of TCC
� Insurance $1,111 /yr I 1% of TCC


� Total Indirect Operational Cost $7,785 /yr IOC IOC = O + A + I


IOC = $7,785 = $4,451 + $2,223 + $1,111


� TOTAL OPERATIONAL COST $45,809 /yr TOC TOC = DOC + IOC


TOC = $45,809 = $38,024 + $7,785
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BACT RECERTIFICATION


APPENDIX C-8


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.0 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 1.2 ppmvd @ 15% O2


ECONOMIC IMPACT


� ANNUALIZED CAPITAL COST $45,084 /yr ACC ACC = TCC * CRF


ACC = $45,084 = $111,126 * 0.406


� TOTAL OPERATIONAL COST $45,809 /yr TOC See above


� TOTAL ANNUALIZED COST $90,893 /yr TAC TAC = ACC + TOC


TAC = $90,893 = $45,084 + $45,809


� EMISSIONS REDUCTION 2.63 TPY ER See above


COST-EFFECTIVENESS $34,586 /ton C-E C-E = TAC / ER


reduction C-E = $34,586 = $90,893 / 2.63


NOTE:


1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
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BACT RECERTIFICATION


APPENDIX C-9


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 0.9 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 2.0 ppmvd @ 15% O2


EMISSIONS REDUCTION EFFECTIVENESS


� Baseline emissions 2.0 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


7.6 lb/hr See "Cost Basis Data" worksheet
33.29 TPY 33.29 TPY = 7.6 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� Target emissions 0.9 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


4.3 lb/hr See "Cost Basis Data" worksheet
18.83 TPY 18.83 TPY = 4.3 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� EMISSIONS REDUCTION 14.45 TPY ER ER = 14.45 TPY = 33.29 TPY - 18.83 TPY


COST ESTIMATION PARAMETERS


� Interest rate on capital expenditure 8 % i See "Cost Basis Data" worksheet
� Economic life of equipment 3 yrs n See "Cost Basis Data" worksheet


� Capital recovery factor 0.406 CRF CRF = (i/100) * { [ 1 + (i/100) ]
n
 } / { [1 + (i/100) ]


n
 - 1 }


CRF = 0.406 = (8/100)*((1+(8/100))^3)/((1+(8/100))^3-1)


CAPITAL COSTS


� DIRECT CAPITAL COSTS


� Purchased Equipment Cost: $544,932 PEC See "Cost Basis Data" worksheet
� Installation Cost $108,986 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
� Project Contingency $98,088 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


� Total Direct Capital Cost $752,007 DCC


DCC = PEC + IC + PC 
$752,007 = $544,932 + $108,986 + $98,088


� INDIRECT CAPITAL COST $15,040 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


� TOTAL CAPITAL COST $767,047 TCC


TCC = DCC + ICC
$767,047 = $752,007 + $15,040
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BACT RECERTIFICATION


APPENDIX C-9


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 0.9 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 2.0 ppmvd @ 15% O2


OPERATIONAL COSTS


� DIRECT OPERATIONAL COSTS


� Electricity Unit Cost $0.09 /kWh See "Cost Basis Data" worksheet
� Net Output Reduction from Installation 50 kW See "Cost Basis Data" worksheet


� Electricity Cost $39,420 /yr Ce $39,420 = $0.0900/kWh * 50 kWh/hr * 8,760 hr/yr


� Labor Costs


� Operator $8,213 /yr Clo Estimate:  $15/hr * 547.5 hr/yr


� Supervisor $1,232 /yr Cls Estimate:  15% of operator labor


� Maintenance $2,464 /yr Clm Estimate:  30% of operator labor


� Total Labor Cost $11,908 /yr Cl Cl  =  Clo + Cls + Clm


Cl = $11,908.13 = $8,212.50 + $1,231.88 + $2,463.75


� Maintenance Materials $2,464 /yr Cm Estimate:  100% of maintenance labor cost


� Total Direct Operational Cost $53,792 /yr DOC DOC = Ce + Cl + Cm


DOC = $53,792 = $39,420 + $11,908 + $2,464


� INDIRECT OPERATIONAL COSTS


� Overhead $4,451 /yr O 44% of direct labor cost + 12% of maintenance labor cost
� Administration $15,341 /yr A 2% of TCC
� Insurance $7,670 /yr I 1% of TCC


� Total Indirect Operational Cost $27,463 /yr IOC IOC = O + A + I


IOC = $27,463 = $4,451 + $15,341 + $7,670


� TOTAL OPERATIONAL COST $81,254 /yr TOC TOC = DOC + IOC


TOC = $81,254 = $53,792 + $27,463
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BACT RECERTIFICATION


APPENDIX C-9


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 0.9 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 2.0 ppmvd @ 15% O2


ECONOMIC IMPACT


� ANNUALIZED CAPITAL COST $311,190 /yr ACC ACC = TCC * CRF


ACC = $311,190 = $767,047 * 0.406


� TOTAL OPERATIONAL COST $81,254 /yr TOC See above


� TOTAL ANNUALIZED COST $392,445 /yr TAC TAC = ACC + TOC


TAC = $392,445 = $311,190 + $81,254


� EMISSIONS REDUCTION 14.45 TPY ER See above


COST-EFFECTIVENESS $27,151 /ton C-E C-E = TAC / ER


reduction C-E = $27,151 = $392,445 / 14.45


NOTE:


1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-10


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.3 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 2.0 ppmvd @ 15% O2


EMISSIONS REDUCTION EFFECTIVENESS


� Baseline emissions 2.0 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


7.6 lb/hr See "Cost Basis Data" worksheet
33.29 TPY 33.29 TPY = 7.6 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� Target emissions 1.3 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


4.0 lb/hr See "Cost Basis Data" worksheet
17.71 TPY 17.71 TPY = 4.0 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� EMISSIONS REDUCTION 15.57 TPY ER ER = 15.57 TPY = 33.29 TPY - 17.71 TPY


COST ESTIMATION PARAMETERS


� Interest rate on capital expenditure 8 % i See "Cost Basis Data" worksheet
� Economic life of equipment 3 yrs n See "Cost Basis Data" worksheet


� Capital recovery factor 0.406 CRF CRF = (i/100) * { [ 1 + (i/100) ]
n
 } / { [1 + (i/100) ]


n
 - 1 }


CRF = 0.406 = (8/100)*((1+(8/100))^3)/((1+(8/100))^3-1)


CAPITAL COSTS


� DIRECT CAPITAL COSTS


� Purchased Equipment Cost: $125,598 PEC See "Cost Basis Data" worksheet
� Installation Cost $25,120 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
� Project Contingency $22,608 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


� Total Direct Capital Cost $173,325 DCC


DCC = PEC + IC + PC 
$173,325 = $125,598 + $25,120 + $22,608


� INDIRECT CAPITAL COST $3,467 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


� TOTAL CAPITAL COST $176,792 TCC


TCC = DCC + ICC
$176,792 = $173,325 + $3,467
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TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-10


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.3 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 2.0 ppmvd @ 15% O2


OPERATIONAL COSTS


� DIRECT OPERATIONAL COSTS


� Electricity Unit Cost $0.09 /kWh See "Cost Basis Data" worksheet
� Net Output Reduction from Installation 18 kW See "Cost Basis Data" worksheet


� Electricity Cost $14,335 /yr Ce $14,335 = $0.0900/kWh * 18 kWh/hr * 8,760 hr/yr


� Labor Costs


� Operator $8,213 /yr Clo Estimate:  $15/hr * 547.5 hr/yr


� Supervisor $1,232 /yr Cls Estimate:  15% of operator labor


� Maintenance $2,464 /yr Clm Estimate:  30% of operator labor


� Total Labor Cost $11,908 /yr Cl Cl  =  Clo + Cls + Clm


Cl = $11,908.13 = $8,212.50 + $1,231.88 + $2,463.75


� Maintenance Materials $2,464 /yr Cm Estimate:  100% of maintenance labor cost


� Total Direct Operational Cost $28,706 /yr DOC DOC = Ce + Cl + Cm


DOC = $28,706 = $14,335 + $11,908 + $2,464


� INDIRECT OPERATIONAL COSTS


� Overhead $4,451 /yr O 44% of direct labor cost + 12% of maintenance labor cost
� Administration $3,536 /yr A 2% of TCC
� Insurance $1,768 /yr I 1% of TCC


� Total Indirect Operational Cost $9,755 /yr IOC IOC = O + A + I


IOC = $9,755 = $4,451 + $3,536 + $1,768


� TOTAL OPERATIONAL COST $38,461 /yr TOC TOC = DOC + IOC


TOC = $38,461 = $28,706 + $9,755


Appendix C.xls


C-10 NG - ICE - CO - 1.3 Page 31 of 44


April 2008


6:23 PM







TOWANTIC ENERGY, LLC
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BACT RECERTIFICATION


APPENDIX C-10


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Natural Gas Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.3 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 2.0 ppmvd @ 15% O2


ECONOMIC IMPACT


� ANNUALIZED CAPITAL COST $71,724 /yr ACC ACC = TCC * CRF


ACC = $71,724 = $176,792 * 0.406


� TOTAL OPERATIONAL COST $38,461 /yr TOC See above


� TOTAL ANNUALIZED COST $110,186 /yr TAC TAC = ACC + TOC


TAC = $110,186 = $71,724 + $38,461


� EMISSIONS REDUCTION 15.57 TPY ER See above


COST-EFFECTIVENESS $7,075 /ton C-E C-E = TAC / ER


reduction C-E = $7,075 = $110,186 / 15.57


NOTE:


1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-11


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Oil Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.2 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


EMISSIONS REDUCTION EFFECTIVENESS


� Baseline emissions 3.5 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


9.1 lb/hr See "Cost Basis Data" worksheet
39.86 TPY 39.86 TPY = 9.1 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� Target emissions 1.2 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


3.38 lb/hr See "Cost Basis Data" worksheet
14.80 TPY 14.80 TPY = 3.38 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� EMISSIONS REDUCTION 25.05 TPY ER ER = 25.05 TPY = 39.86 TPY - 14.80 TPY


COST ESTIMATION PARAMETERS


� Interest rate on capital expenditure 8 % i See "Cost Basis Data" worksheet
� Economic life of equipment 3 yrs n See "Cost Basis Data" worksheet


� Capital recovery factor 0.406 CRF CRF = (i/100) * { [ 1 + (i/100) ]
n
 } / { [1 + (i/100) ]


n
 - 1 }


CRF = 0.406 = (8/100)*((1+(8/100))^3)/((1+(8/100))^3-1)


CAPITAL COSTS


� DIRECT CAPITAL COSTS


� Purchased Equipment Cost: $2,500,000 PEC See "Cost Basis Data" worksheet
� Installation Cost $500,000 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
� Project Contingency $450,000 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


� Total Direct Capital Cost $3,450,000 DCC


DCC = PEC + IC + PC 
$3,450,000 = $2,500,000 + $500,000 + $450,000


� INDIRECT CAPITAL COST $69,000 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


� TOTAL CAPITAL COST $3,519,000 TCC


TCC = DCC + ICC
$3,519,000 = $3,450,000 + $69,000
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TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-11


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Oil Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.2 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


OPERATIONAL COSTS


� DIRECT OPERATIONAL COSTS


� Electricity Unit Cost $0.09 /kWh See "Cost Basis Data" worksheet
� Net Output Reduction from Installation 229 kW See "Cost Basis Data" worksheet


� Electricity Cost $180,848 /yr Ce $180,848 = $0.0900/kWh * 229 kWh/hr * 8,760 hr/yr


� Labor Costs


� Operator $8,213 /yr Clo Estimate:  $15/hr * 547.5 hr/yr


� Supervisor $1,232 /yr Cls Estimate:  15% of operator labor


� Maintenance $2,464 /yr Clm Estimate:  30% of operator labor


� Total Labor Cost $11,908 /yr Cl Cl  =  Clo + Cls + Clm


Cl = $11,908.13 = $8,212.50 + $1,231.88 + $2,463.75


� Maintenance Materials $2,464 /yr Cm Estimate:  100% of maintenance labor cost


� Total Direct Operational Cost $195,220 /yr DOC DOC = Ce + Cl + Cm


DOC = $195,220 = $180,848 + $11,908 + $2,464


� INDIRECT OPERATIONAL COSTS


� Overhead $4,451 /yr O 44% of direct labor cost + 12% of maintenance labor cost
� Administration $70,380 /yr A 2% of TCC
� Insurance $35,190 /yr I 1% of TCC


� Total Indirect Operational Cost $110,021 /yr IOC IOC = O + A + I


IOC = $110,021 = $4,451 + $70,380 + $35,190


� TOTAL OPERATIONAL COST $305,241 /yr TOC TOC = DOC + IOC


TOC = $305,241 = $195,220 + $110,021
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BACT RECERTIFICATION


APPENDIX C-11


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Oil Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.2 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


ECONOMIC IMPACT


� ANNUALIZED CAPITAL COST $1,427,656 /yr ACC ACC = TCC * CRF


ACC = $1,427,656 = $3,519,000 * 0.406


� TOTAL OPERATIONAL COST $305,241 /yr TOC See above


� TOTAL ANNUALIZED COST $1,732,897 /yr TAC TAC = ACC + TOC


TAC = $1,732,897 = $1,427,656 + $305,241


� EMISSIONS REDUCTION 25.05 TPY ER See above


COST-EFFECTIVENESS $69,168 /ton C-E C-E = TAC / ER


reduction C-E = $69,168 = $1,732,897 / 25.05


NOTE:


1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
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BACT RECERTIFICATION


APPENDIX C-12


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Oil Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.8 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


EMISSIONS REDUCTION EFFECTIVENESS


� Baseline emissions 20.0 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


61.0 lb/hr See "Cost Basis Data" worksheet
267.18 TPY 267.18 TPY = 61.0 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� Target emissions 1.8 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


6.0 lb/hr See "Cost Basis Data" worksheet
26.28 TPY 26.28 TPY = 6.0 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� EMISSIONS REDUCTION 240.90 TPY ER ER = 240.90 TPY = 267.18 TPY - 26.28 TPY


COST ESTIMATION PARAMETERS


� Interest rate on capital expenditure 8 % i See "Cost Basis Data" worksheet
� Economic life of equipment 3 yrs n See "Cost Basis Data" worksheet


� Capital recovery factor 0.406 CRF CRF = (i/100) * { [ 1 + (i/100) ]
n
 } / { [1 + (i/100) ]


n
 - 1 }


CRF = 0.406 = (8/100)*((1+(8/100))^3)/((1+(8/100))^3-1)


CAPITAL COSTS


� DIRECT CAPITAL COSTS


� Purchased Equipment Cost: $2,500,000 PEC See "Cost Basis Data" worksheet
� Installation Cost $500,000 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
� Project Contingency $450,000 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


� Total Direct Capital Cost $3,450,000 DCC


DCC = PEC + IC + PC 
$3,450,000 = $2,500,000 + $500,000 + $450,000


� INDIRECT CAPITAL COST $69,000 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


� TOTAL CAPITAL COST $3,519,000 TCC


TCC = DCC + ICC
$3,519,000 = $3,450,000 + $69,000
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TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-12


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Oil Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.8 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


OPERATIONAL COSTS


� DIRECT OPERATIONAL COSTS


� Electricity Unit Cost $0.09 /kWh See "Cost Basis Data" worksheet
� Net Output Reduction from Installation 229 kW See "Cost Basis Data" worksheet


� Electricity Cost $180,848 /yr Ce $180,848 = $0.0900/kWh * 229 kWh/hr * 8,760 hr/yr


� Labor Costs


� Operator $8,213 /yr Clo Estimate:  $15/hr * 547.5 hr/yr


� Supervisor $1,232 /yr Cls Estimate:  15% of operator labor


� Maintenance $2,464 /yr Clm Estimate:  30% of operator labor


� Total Labor Cost $11,908 /yr Cl Cl  =  Clo + Cls + Clm


Cl = $11,908.13 = $8,212.50 + $1,231.88 + $2,463.75


� Maintenance Materials $2,464 /yr Cm Estimate:  100% of maintenance labor cost


� Total Direct Operational Cost $195,220 /yr DOC DOC = Ce + Cl + Cm


DOC = $195,220 = $180,848 + $11,908 + $2,464


� INDIRECT OPERATIONAL COSTS


� Overhead $4,451 /yr O 44% of direct labor cost + 12% of maintenance labor cost
� Administration $70,380 /yr A 2% of TCC
� Insurance $35,190 /yr I 1% of TCC


� Total Indirect Operational Cost $110,021 /yr IOC IOC = O + A + I


IOC = $110,021 = $4,451 + $70,380 + $35,190


� TOTAL OPERATIONAL COST $305,241 /yr TOC TOC = DOC + IOC


TOC = $305,241 = $195,220 + $110,021
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BACT RECERTIFICATION


APPENDIX C-12


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Oil Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.8 ppmvd @ 15% O2


Average Economic Impact Relative to Uncontrolled Emissions


ECONOMIC IMPACT


� ANNUALIZED CAPITAL COST $1,427,656 /yr ACC ACC = TCC * CRF


ACC = $1,427,656 = $3,519,000 * 0.406


� TOTAL OPERATIONAL COST $305,241 /yr TOC See above


� TOTAL ANNUALIZED COST $1,732,897 /yr TAC TAC = ACC + TOC


TAC = $1,732,897 = $1,427,656 + $305,241


� EMISSIONS REDUCTION 240.90 TPY ER See above


COST-EFFECTIVENESS $7,193 /ton C-E C-E = TAC / ER


reduction C-E = $7,193 = $1,732,897 / 240.90


NOTE:


1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
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BACT RECERTIFICATION


APPENDIX C-13


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Oil Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.2 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 2.0 ppmvd @ 15% O2


EMISSIONS REDUCTION EFFECTIVENESS


� Baseline emissions 2.0 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


5.2 lb/hr See "Cost Basis Data" worksheet
22.78 TPY 22.78 TPY = 5.2 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� Target emissions 1.2 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


3.38 lb/hr See "Cost Basis Data" worksheet
14.80 TPY 14.80 TPY = 3.38 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� EMISSIONS REDUCTION 7.97 TPY ER ER = 7.97 TPY = 22.78 TPY - 14.80 TPY


COST ESTIMATION PARAMETERS


� Interest rate on capital expenditure 8 % i See "Cost Basis Data" worksheet
� Economic life of equipment 3 yrs n See "Cost Basis Data" worksheet


� Capital recovery factor 0.406 CRF CRF = (i/100) * { [ 1 + (i/100) ]
n
 } / { [1 + (i/100) ]


n
 - 1 }


CRF = 0.406 = (8/100)*((1+(8/100))^3)/((1+(8/100))^3-1)


CAPITAL COSTS


� DIRECT CAPITAL COSTS


� Purchased Equipment Cost: $544,932 PEC See "Cost Basis Data" worksheet
� Installation Cost $108,986 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
� Project Contingency $98,088 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


� Total Direct Capital Cost $752,007 DCC


DCC = PEC + IC + PC 
$752,007 = $544,932 + $108,986 + $98,088


� INDIRECT CAPITAL COST $15,040 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


� TOTAL CAPITAL COST $767,047 TCC


TCC = DCC + ICC
$767,047 = $752,007 + $15,040
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BACT RECERTIFICATION


APPENDIX C-13


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Oil Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.2 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 2.0 ppmvd @ 15% O2


OPERATIONAL COSTS


� DIRECT OPERATIONAL COSTS


� Electricity Unit Cost $0.09 /kWh See "Cost Basis Data" worksheet
� Net Output Reduction from Installation 50 kW See "Cost Basis Data" worksheet


� Electricity Cost $39,420 /yr Ce $39,420 = $0.0900/kWh * 50 kWh/hr * 8,760 hr/yr


� Labor Costs


� Operator $8,213 /yr Clo Estimate:  $15/hr * 547.5 hr/yr


� Supervisor $1,232 /yr Cls Estimate:  15% of operator labor


� Maintenance $2,464 /yr Clm Estimate:  30% of operator labor


� Total Labor Cost $11,908 /yr Cl Cl  =  Clo + Cls + Clm


Cl = $11,908.13 = $8,212.50 + $1,231.88 + $2,463.75


� Maintenance Materials $2,464 /yr Cm Estimate:  100% of maintenance labor cost


� Total Direct Operational Cost $53,792 /yr DOC DOC = Ce + Cl + Cm


DOC = $53,792 = $39,420 + $11,908 + $2,464


� INDIRECT OPERATIONAL COSTS


� Overhead $4,451 /yr O 44% of direct labor cost + 12% of maintenance labor cost
� Administration $15,341 /yr A 2% of TCC
� Insurance $7,670 /yr I 1% of TCC


� Total Indirect Operational Cost $27,463 /yr IOC IOC = O + A + I


IOC = $27,463 = $4,451 + $15,341 + $7,670


� TOTAL OPERATIONAL COST $81,254 /yr TOC TOC = DOC + IOC


TOC = $81,254 = $53,792 + $27,463
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BACT RECERTIFICATION


APPENDIX C-13


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of VOC Emissions from Oil Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.2 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 2.0 ppmvd @ 15% O2


ECONOMIC IMPACT


� ANNUALIZED CAPITAL COST $311,190 /yr ACC ACC = TCC * CRF


ACC = $311,190 = $767,047 * 0.406


� TOTAL OPERATIONAL COST $81,254 /yr TOC See above


� TOTAL ANNUALIZED COST $392,445 /yr TAC TAC = ACC + TOC


TAC = $392,445 = $311,190 + $81,254


� EMISSIONS REDUCTION 7.97 TPY ER See above


COST-EFFECTIVENESS $49,230 /ton C-E C-E = TAC / ER


reduction C-E = $49,230 = $392,445 / 7.97


NOTE:


1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
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BACT RECERTIFICATION


APPENDIX C-14


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Oil Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.8 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 2.0 ppmvd @ 15% O2


EMISSIONS REDUCTION EFFECTIVENESS


� Baseline emissions 2.0 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


9.1 lb/hr See "Cost Basis Data" worksheet
39.86 TPY 39.86 TPY = 9.1 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� Target emissions 1.8 ppmvd @ 15% O2 See "Cost Basis Data" worksheet


6.0 lb/hr See "Cost Basis Data" worksheet
26.28 TPY 26.28 TPY = 6.0 lb/hr * 8,760 hr/yr * ton/2,000 lbs


� EMISSIONS REDUCTION 13.58 TPY ER ER = 13.58 TPY = 39.86 TPY - 26.28 TPY


COST ESTIMATION PARAMETERS


� Interest rate on capital expenditure 8 % i See "Cost Basis Data" worksheet
� Economic life of equipment 3 yrs n See "Cost Basis Data" worksheet


� Capital recovery factor 0.406 CRF CRF = (i/100) * { [ 1 + (i/100) ]
n
 } / { [1 + (i/100) ]


n
 - 1 }


CRF = 0.406 = (8/100)*((1+(8/100))^3)/((1+(8/100))^3-1)


CAPITAL COSTS


� DIRECT CAPITAL COSTS


� Purchased Equipment Cost: $544,932 PEC See "Cost Basis Data" worksheet
� Installation Cost $108,986 IC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  IC = 0.20 * PEC
� Project Contingency $98,088 PC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  PC = 0.15 * IC


� Total Direct Capital Cost $752,007 DCC


DCC = PEC + IC + PC 
$752,007 = $544,932 + $108,986 + $98,088


� INDIRECT CAPITAL COST $15,040 ICC EPA Manual, Section 4.2, Chapter 2, Table 2.5:  ICC = 0.02 * DCC


� TOTAL CAPITAL COST $767,047 TCC


TCC = DCC + ICC
$767,047 = $752,007 + $15,040
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-14


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Oil Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.8 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 2.0 ppmvd @ 15% O2


OPERATIONAL COSTS


� DIRECT OPERATIONAL COSTS


� Electricity Unit Cost $0.09 /kWh See "Cost Basis Data" worksheet
� Net Output Reduction from Installation 50 kW See "Cost Basis Data" worksheet


� Electricity Cost $39,420 /yr Ce $39,420 = $0.0900/kWh * 50 kWh/hr * 8,760 hr/yr


� Labor Costs


� Operator $8,213 /yr Clo Estimate:  $15/hr * 547.5 hr/yr


� Supervisor $1,232 /yr Cls Estimate:  15% of operator labor


� Maintenance $2,464 /yr Clm Estimate:  30% of operator labor


� Total Labor Cost $11,908 /yr Cl Cl  =  Clo + Cls + Clm


Cl = $11,908.13 = $8,212.50 + $1,231.88 + $2,463.75


� Maintenance Materials $2,464 /yr Cm Estimate:  100% of maintenance labor cost


� Total Direct Operational Cost $53,792 /yr DOC DOC = Ce + Cl + Cm


DOC = $53,792 = $39,420 + $11,908 + $2,464


� INDIRECT OPERATIONAL COSTS


� Overhead $4,451 /yr O 44% of direct labor cost + 12% of maintenance labor cost
� Administration $15,341 /yr A 2% of TCC
� Insurance $7,670 /yr I 1% of TCC


� Total Indirect Operational Cost $27,463 /yr IOC IOC = O + A + I


IOC = $27,463 = $4,451 + $15,341 + $7,670


� TOTAL OPERATIONAL COST $81,254 /yr TOC TOC = DOC + IOC


TOC = $81,254 = $53,792 + $27,463
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TOWANTIC ENERGY, LLC


TOWANTIC ENERGY PROJECT - Oxford, CT


BACT RECERTIFICATION


APPENDIX C-14


ESTIMATION OF ECONOMIC IMPACT OF ALTERNATIVE EMISSIONS LIMITS


FOR THE COMBINED-CYCLE UNITS


OPTION: Control of CO Emissions from Oil Combustion


via Larger Oxidation Catalyst and Associated System Modifications


to Achieve 1.8 ppmvd @ 15% O2


Incremental Economic Impact Relative to Proposed BACT of 2.0 ppmvd @ 15% O2


ECONOMIC IMPACT


� ANNUALIZED CAPITAL COST $311,190 /yr ACC ACC = TCC * CRF


ACC = $311,190 = $767,047 * 0.406


� TOTAL OPERATIONAL COST $81,254 /yr TOC See above


� TOTAL ANNUALIZED COST $392,445 /yr TAC TAC = ACC + TOC


TAC = $392,445 = $311,190 + $81,254


� EMISSIONS REDUCTION 13.58 TPY ER See above


COST-EFFECTIVENESS $28,903 /ton C-E C-E = TAC / ER


reduction C-E = $28,903 = $392,445 / 13.58


NOTE:


1.  "EPA Manual" refers to the EPA Air Pollution Control Cost Manual
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