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3201 C Street, Suite 505
Anchorage, AK 99503

ALASKA Letter of Transmittal Tel: +1 907 330.6300
Email: XMTL@agdc.us

Issue Date: May 14, 2025 Transmittal Number: 901-807-010392

From: Alaska LNG

To: 807 [ADEC]

Issue Reason:

Issued for Use

Summary:

AQ1524CPT02 Modified Files for Public Use

Notes/Instructions:

Hi Dave and James,

Attached as requested are Excel spreadsheets as backup to support BACT calculations in
the GTP air permit application. To address ADEC concerns about needing to make
information public, the spreadsheets have been modified to remove confidential
references. Further, we removed and revised content in the appendices to create public
versions. We request that the original confidential versions of the appendices be
maintained by ADEC as a record of our application and treated as confidential per our
original request and that the attached versions be used for public dissemination as
needed.

Thank you,
Lisa

Lisa Haas | Environmental, Regulatory, & Lands (ERL) Manager| Alaska Gasline
Development Corporation | T907.947.9353 | lhaas@agdc.us
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AKLNG-5000-HSE-RTA-DOC-00020, Appendices B-D | N/A App B-D Gas Turbines_GTP (Public).xlsx & .pdf

AKLNG-5000-HSE-RTA-DOC-00020, Appendix E N/A App E - GTP Heaters - NOx and CO (Public).xlIsx & .pdf

AKLNG-5000-HSE-RTA-DOC-00020, Appendix F N/A App F - BACT Cost Effectiveness Turbine Supporting Data
(Public).xlsx & .pdf
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SNCR - Urea



								Kscf/hr						Urea

		Boiler Size		MMBtu/hr		54		52.94		Concentration Stored				50%

		NOx Removal Efficiency				73%				Concentration Injected				10%

		Normalized Stochiometric Ratio				7.17				Density		lb/ft3		71

		Utilitization				10.14%				Molecular Weight		g/mole		60.06

		Mass Flow Rate		lb/hr		16.35				Reagent Cost		$/gal		$0.85

		Flow Rate		lb/hr		32.70

		Volume Flow Rate		gal/hr		3.45

		Tank Volume (2 week supply)		gallon		1157.62				Conversion Factor				7.4805



		AP-42 Uncontrolled NOx		lb/MMBtu		0.089				Water Cost		$/gal		$0.0004

		Proposed Controlled NOx		ppmv		20.00

		Proposed Controlled NOx		lb/MMBtu		0.0243





		Description				Cost		EPA Equation

		Total Direct Capital Costs				$581,789		A



		Indirect Installation Costs

		General Facilities				$29,089		0.05A

		Engineering and Home Office Fees				$58,179		0.10A

		Process Contingency				$29,089		0.05A

		Total Indirection Installation Costs				$116,358		B



		Project Contingency				$104,722		C=0.15(A + B)

		Total Plant Cost				$802,868		D = A + B + C

		Allowance for Funds During Construction				$0		E

		Royalty Allowance				$0		F

		Preproduction Cost				$16,057.36		G = 0.02*(D + E)

		Inventory Capital				$984		H = V * Reagent $				First Fill - Based on tank capacity

		Initial Catalyst and Chemicals				$0		I

		Total Capital Investment				$819,910		TCI = D + E + F + G + H + I





		Annual Costs

		Annual Maintenance				$12,299		0.015 TCI

		Reagent Consumption				$25,654

		Utilities

		Electricity				$1,625

		Water Consumption				$55

		Operating Labor				$6,640

		Total Direct Annual Costs				$46,272



		Capital Recovery Factor				0.1424

		Indirect Annual Costs				$116,737		IDAC = CRF * TCI



		Total Annual Costs				$163,009		TAC = DA + IDAC



		Estimate NOx Produced		TPY		21.05

		Estimated NOx Removal		TPY		15.30



		Cost Effectiveness		$/Ton		$10,653



		SCAQMD Threshold		$/Ton		$   25,702





		Estimated Operating Labor (Direct Annual Cost)										2010 Annual Averages for NAICS 2123, California - Per www.bls.gov/cew/

		Operator				$5,774		0.5 hr/shift				$   1,269.00		Weekly Wage

		Supervisor				$866		15% of operator				$   31.73		Est. Hourly Wage

						$6,640







		Discounted Net Cash Flow Method



				Discount Factor (@ 7% Interest Rate)		Discounted Net Cash Flow		Capital Recovery Factor (CRF) @ 7%

		Year 0				$819,910

		Year 1		0.93458		$766,271		1.0700		1

		Year 2		0.87344		$669,290		0.5531		2

		Year 3		0.81630		$546,340		0.3811		3

		Year 4		0.76290		$416,800		0.2952		4

		Year 5		0.71299		$297,173		0.2439		5

		Year 6		0.66634		$198,019		0.2098		6

		Year 7		0.62275		$123,316		0.1856		7

		Year 8		0.58201		$71,771		0.1675		8

		Year 9		0.54393		$39,039		0.1535		9

		Year 10		0.50835		$19,845		0.1424		10



		Net Present Value (NPV)				$3,967,775



		Capital Recovery Cost (CRC)				$564,922







		Notes:

		1. NOx reduction efficiency based on uncontrolled Kiln emissions and a 20 ppmv outlet limit.

		2. EPA Cost Control Manual suggests that no additional personnel are required to operate and maintain the SNCR, however practical experiences suggests that additional staffing is necessary.  A secondary cost effectiveness value has been calculated which considers the additional cost associated with an operator and supervisor.

		3. Electrical operating price obtained at the DOE as an average cost as of May 2011 for the industrial sector

		http://www.eia.doe.gov/cneaf/electricity/epm/table5_6_a.html

		4. Natural gas price based on January - September 2011 price average for Commercial Users in California

		http://tonto.eia.doe.gov/dnav/ng/ng_pri_sum_dcu_SCA_m.htm

		5. Maximum cost effectiveness is based on the average Cost/Ton as assessed by SCAQMD in 2003 using the Marshall and Swift Equipment Cost Index.  This value has been updated to the present cost using the 2011 M & S Index.
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				July		7.22

				August		7.37

				September		6.83
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				Average ($/kscf)		7.18
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SNCR - Ammonia



								Kscf/hr						Ammonia

		Boiler Size		MMBtu/hr		95		93.14		Concentration Stored				29%				Estimates based on EPA Cost Control Manual and

		NOx Removal Efficiency				50%				Concentration Injected				19.5%				ACT for Cement Kilns

		Normalized Stochiometric Ratio				4.93				Density		lb/ft3		56

		Utilitization				10.14%				Moles NH3/mole reagent				1

		Mass Flow Rate		lb/hr		7.74				Molecular Weight		g/mole		17.07

		Flow Rate		lb/hr		26.31				Reagent Cost		$/gal		$0.85

		Volume Flow Rate		gal/hr		3.52

		Tank Volume (2 week supply)		gallon		1181.07				Conversion Factor				7.4805



		Kiln NOx Factor		lb/MMBtu		0.089				Water Cost		$/gal		$0.0004

		Proposed Controlled NOx		ppmv		20.00												Based on average quarterly fuel use and hours of operation from 2001 - 2006.

		Proposed Controlled NOx		lb/MMBtu		0.0243				System Capacity Factor		CF		0.2





		Description				Cost		EPA Equation

		Total Direct Capital Costs				$627,319		A



		Indirect Installation Costs

		General Facilities				$31,366		0.05A

		Engineering and Home Office Fees				$62,732		0.10A

		Process Contingency				$31,366		0.05A

		Total Indirection Installation Costs				$125,464		B



		Project Contingency				$112,917		C=0.15(A + B)

		Total Plant Cost				$865,700		D = A + B + C

		Allowance for Funds During Construction				$0		E

		Royalty Allowance				$0		F

		Preproduction Cost				$17,314.00		G = 0.02*(D + E)

		Inventory Capital				$1,004		H = V * Reagent $				First Fill - Based on tank capacity

		Initial Catalyst and Chemicals				$0		I

		Total Capital Investment				$884,018		TCI = D + E + F + G + H + I





		Annual Costs

		Annual Maintenance				$13,260		0.015 TCI

		Reagent Consumption				$26,173

		Utilities

		Electricity				$1,967

		Water Consumption				$6

		Natural Gas				$0.004		Used to heat water in injected solution

		Operating Labor				$6,640

		Total Direct Annual Costs				$48,046



		Capital Recovery Factor				0.1424

		Indirect Annual Costs				$125,864		IDAC = CRF * TCI



		Total Annual Costs				$173,910		TAC = DA + IDAC



		Estimate NOx Produced		TPY		37.03

		Estimated NOx Removal		TPY		18.52		This assumes a 50% removal efficiency based on expected SNCR performance - however this does not meet the 20 ppmv criteria set by the APCD.  The SNCR would have to perform at ~ 75% reduction efficiency.



		Cost Effectiveness		$/Ton		$   9,392



		SCAQMD Threshold		$/Ton		$   25,702





		Estimated Operating Labor (Direct Annual Cost)										2010 Annual Averages for NAICS 2123, California - Per www.bls.gov/cew/

		Operator				$5,774		0.5 hr/shift				$   1,269.00		Weekly Wage

		Supervisor				$866		15% of operator				$   31.73		Est. Hourly Wage

						$6,640







		Discounted Net Cash Flow Method



				Discount Factor (@ 7% Interest Rate)		Discounted Net Cash Flow		Capital Recovery Factor (CRF) @ 7%

		Year 0				$884,018

		Year 1		0.93458		$826,185		1.0700		1

		Year 2		0.87344		$721,622		0.5531		2

		Year 3		0.81630		$589,058		0.3811		3

		Year 4		0.76290		$449,390		0.2952		4

		Year 5		0.71299		$320,409		0.2439		5

		Year 6		0.66634		$213,502		0.2098		6

		Year 7		0.62275		$132,958		0.1856		7

		Year 8		0.58201		$77,383		0.1675		8

		Year 9		0.54393		$42,091		0.1535		9

		Year 10		0.50835		$21,397		0.1424		10



		Net Present Value (NPV)				$4,278,013



		Capital Recovery Cost (CRC)				$609,093







		Notes:

		1. NOx reduction efficiency based on uncontrolled Kiln emissions and a 20 ppmv outlet limit.

		2. EPA Cost Control Manual suggests that no additional personnel are required to operate and maintain the SNCR, however practical experiences suggests that additional staffing is necessary.  A secondary cost effectiveness value has been calculated which considers the additional cost associated with an operator and supervisor.

		3. Electrical operating price obtained at the DOE as an average cost as of May 2011 for the industrial sector

		http://www.eia.doe.gov/cneaf/electricity/epm/table5_6_a.html

		4. Natural gas price based on January - September 2011 price average for Commercial Users in California

		http://tonto.eia.doe.gov/dnav/ng/ng_pri_sum_dcu_SCA_m.htm

		5. Maximum cost effectiveness is based on the average Cost/Ton as assessed by SCAQMD in 2003 using the Marshall and Swift Equipment Cost Index.  This value has been updated to the present cost using the 2011 M & S Index.
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				Average ($/Btu)		$   0.000007
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SCR - Ammonia



								Kscf/hr						Ammonia

		Boiler Size		MMBtu/hr		145		130.40		Concentration Stored				29%

		NOx Removal Efficiency		ηNox		ERROR:#REF!				Concentration Injected

		Normalized Stochiometric Ratio		(NSR)		1.05				Density		lb/ft3		56

		Actual Stochiometric Ratio		(ASR)		1.05				Specific Volume		gal/ft3		7.481

		Utilitization				ERROR:#REF!				Stochiometric Ratio		SRt		1

		Mass Flow Rate (mreagent)		lb/hr		ERROR:#REF!				Molecular Weight		g/mole		17.03

		Flow Rate (msol)		lb/hr		ERROR:#REF!				Reagent Cost		$/gal		ERROR:#REF!

		Volume Flow Rate (qsol)		gal/hr		ERROR:#REF!

		Tank Volume (2 week supply)		gallon		ERROR:#REF!

										Conversion Factor		scf/gal		7.4805				Pressure Drop for SCR Ductwork		Pduct		3

		New Burner Outlet		lb/MMBtu		ERROR:#REF!		ERROR:#REF!		Electricity Cost		$/kWh		ERROR:#REF!						Pcatalyst		1

		Proposed Controlled NOx		ppmv		20.00				Natural Gas Cost		$/kscf		$6.46

		Proposed Controlled NOx		lb/MMBtu		ERROR:#REF!		ERROR:#REF!										Catalyst Layers		nlayer		ERROR:#REF!

																		Catalyst Height		hlayer (ft)		ERROR:#REF!

																		SCR Height		hscr (ft)		ERROR:#REF!

		Capacity Factor		Cfplant		ERROR:#REF!				Flue Gas Flow Rate		acfm		ERROR:#REF!

		Fuel HHV		Btu/scf		1,112				Catalyst Cross Sectional Area		Acatalyst (ft2)		ERROR:#REF!

		Max Actual Hours/Year				ERROR:#REF!												Catalyst Volume		ft3		ERROR:#REF!

		F Factor 		Ft3/MMBtu		ERROR:#REF!				Initial Catalyst Cost		$/ft3		ERROR:#REF!				NOx efficiency Adjustment		ηadj		ERROR:#REF!

										Replacement Term (Y)				ERROR:#REF!				Ammonia Slip Adjustment		Slipadj		ERROR:#REF!				Slip		ERROR:#REF!

										Interest Rate				7.0%				Inlet Nox Adjustment		Noxadj		ERROR:#REF!

																		Sulfur in Natural Gas?		Sadj		0.967						0.085		Sulfur Content of Fuel by Weight Fraction

																		Temperature Adjustment		Tadj		1.146						650		Temperature the scrubber exhaust is heated to prior to entering the SCR



										Indicates Default values per EPA Cost Control Manual











		Description				Cost		EPA Equation

		Total Direct Capital Costs				ERROR:#REF!		A

																		Flue Gas Flow Rate per Venturi Scrubber Design Specifications

		Indirect Installation Costs

		General Facilities				ERROR:#REF!		0.05A

		Engineering and Home Office Fees				ERROR:#REF!		0.10A

		Process Contingency				ERROR:#REF!		0.05A

		Total Indirection Installation Costs				ERROR:#REF!		B



		Project Contingency				ERROR:#REF!		C=0.15(A + B)

		Total Plant Cost				ERROR:#REF!		D = A + B + C

		Allowance for Funds During Construction				$0		E

		Royalty Allowance				$0		F

		Preproduction Cost				ERROR:#REF!		G = 0.02*(D + E)

		Inventory Capital				ERROR:#REF!		H = V * Reagent $		First Fill - Based on tank capacity

		Initial Catalyst and Chemicals				$0		I=0 per EPA for SCR

		Total Capital Investment				ERROR:#REF!		TCI = D + E + F + G + H + I





		Annual Costs

		Annual Maintenance				ERROR:#REF!		0.015 TCI

		Reagent Consumption				ERROR:#REF!		q*Cost*t

		Utilities

		Natural Gas				ERROR:#REF!				For Pre-Heater Burner Required

		Electricity				ERROR:#REF!

		Catalyst Replacement				ERROR:#REF!



		Total Direct Annual Costs				ERROR:#REF!



		Capital Recovery Factor				0.0944		Equipment Life = 20 Years

		Indirect Annual Costs				ERROR:#REF!		IDAC = CRF * TCI



		Total Annual Costs				ERROR:#REF!		TAC = DA + IDAC



		Estimate NOx Produced		TPY		ERROR:#REF!		ERROR:#REF!

		Estimated NOx Removal		TPY		ERROR:#REF!		Based on assumed 71% control efficiency				ERROR:#REF!



		Cost Effectiveness		$/Ton		ERROR:#REF!









		Discounted Net Cash Flow Method



				Discount Factor (@ 7% Interest Rate)		Discounted Net Cash Flow		Capital Recovery Factor (CRF) @ 7%

		Year 0				ERROR:#REF!

		Year 1		0.93458		ERROR:#REF!		1.0700		1

		Year 2		0.87344		ERROR:#REF!		0.5531		2

		Year 3		0.81630		ERROR:#REF!		0.3811		3

		Year 4		0.76290		ERROR:#REF!		0.2952		4

		Year 5		0.71299		ERROR:#REF!		0.2439		5

		Year 6		0.66634		ERROR:#REF!		0.2098		6

		Year 7		0.62275		ERROR:#REF!		0.1856		7

		Year 8		0.58201		ERROR:#REF!		0.1675		8

		Year 9		0.54393		ERROR:#REF!		0.1535		9

		Year 10		0.50835		ERROR:#REF!		0.1424		10

		Year 11		0.47509		ERROR:#REF!		0.1334		11

		Year 12		0.44401		ERROR:#REF!		0.1259		12

		Year 13		0.41496		ERROR:#REF!		0.1197		13

		Year 14		0.38782		ERROR:#REF!		0.1143		14

		Year 15		0.36245		ERROR:#REF!		0.1098		15

		Year 16		0.33873		ERROR:#REF!		0.1059		16

		Year 17		0.31657		ERROR:#REF!		0.1024		17

		Year 18		0.29586		ERROR:#REF!		0.0994		18

		Year 19		0.27651		ERROR:#REF!		0.0968		19

		Year 20		0.25842		ERROR:#REF!		0.0944		20





		Net Present Value (NPV)				ERROR:#REF!



		Capital Recovery Cost (CRC)				ERROR:#REF!







		Notes:

		NOx reduction efficiency based on emission guarantee for SCR pre-heater (100 ppmv) and a 20 ppmv outlet limit.

		3. Electrical operating price obtained at the DOE as an average cost as of May 2011 for the industrial sector

		http://www.eia.doe.gov/cneaf/electricity/epm/table5_6_a.html

		4. Natural gas price based on January - September 2011 price average for Commercial Users in California

		http://tonto.eia.doe.gov/dnav/ng/ng_pri_sum_dcu_SCA_m.htm

		5. Maximum cost effectiveness is based on the average Cost/Ton as assessed by SCAQMD in 2003 using the Marshall and Swift Equipment Cost Index.  This value has been updated to the present cost using the 2011 M & S Index.
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				July		7.22

				August		7.37
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Summary

								SCR		CO Catalyst

								$/Ton		$/Ton

						Power Generation		$   66,205		$   14,133

						CO2 Compression		$   28,824		$   9,681

						Treated Gas		$   22,635		$   7,223

						SCR:

						Control Option		Power Generation		CO2 Compression		Treated Gas

						Baseline emissions ppmvd@15%O2		9		9		9

						Baseline emissions (tpy)		60.37		111.92		160.10

						Controlled emissions ppmvd@15%O2		2		2		2

						Controlled emissions (tpy)		13.41		16.12		22.55

						NOx emission reduction (tpy)		46.95		95.80		137.55

						Total Annualized Operating Cost		$3,108,429		$2,761,347		$3,113,446

						Cost of NOx removal ($/ton)		$66,205		$28,824		$22,635

						CO Catalyst:

						Control Option		Power Generation		CO2 Compression		Treated Gas

						Baseline emissions ppmvd@15%O2		25		25		25

						Baseline emissions (tpy)		102.17		143.02		201.91

						Controlled emissions ppmvd@15%O2		5		5		5

						Controlled emissions (tpy)		20.43		24.55		34.35

						CO emission reduction (tpy)		81.74		118.47		167.56

						Total Annualized Operating Cost		$1,155,173		$1,146,884		$1,210,237

						Cost of CO removal ($/ton)		$14,133		$9,681		$7,223





Treated Gas Compressor

		Alaska Gasline Development Corporation

		Treated Gas Compressor Turbines

		NOx BACT Analysis - SCR Installation

		Design Parameters



										Reagent Parameters

		Turbine Size2		QB (MMBtu/hr)		702.64				Reagent Used				Ammonia

		NOx Removal Efficiency		ηNox		0.859				Concentration Stored		Csol		29%

		Normalized Stochiometric Ratio		(NSR)		1.05				Concentration Injected

		Actual Stochiometric Ratio		(ASR)		1.05				Density (psol)		lb/ft3		58

		Utilitization				81.82%				Specific Volume (Vsol)		gal/ft3		7.782

		Mass Flow Rate (mreagent)		lb/hr		7.78				Stochiometric Ratio		SRt		1

		Flow Rate (msol)		lb/hr		26.84				Molecular Weight		g/mole		17.03

		Volume Flow Rate (qsol)		gal/hr		3.60				Reagent Cost5		$/gal		$6.70

		Tank Volume (2 week supply)		gallon		1210.07



		Nox Removal Efficiency						Supplemental Firing

		Turbine Outlet3		lb/MMBtu		0.033		0.08		Catalyst Paramaters

		SCR Inlet (Flow Weighted Avg)		lb/MMBtu		0.033		0.08		Flue Gas Flow Rate2		qfluegas (acfm)		385,879

		Proposed Controlled NOx		ppmv		2.00				Catalyst Cross Sectional Area		Acatalyst (ft2)		402.0

		Proposed Controlled NOx		lb/MMBtu		0.0074

										Initial Catalyst Cost9		$/ft3		$155.32

						0.778		21.70		Replacement Term (Y)				2.74

		Operational Data								Interest Rate6				7.0%

		Max Potential Hours/Year				8,760

		Capacity Factor		Cfplant		1.00

										Pressure Drop for SCR Ductwork		Pduct		3

		Fuel Data										Pcatalyst		1

		Fuel HHV1		Btu/scf		1,077

										Total Catalyst Layers		ntotal		4

										Catalyst Layers		nlayers		3

										Empty Layers		nempty		1

										Catalyst Height		hlayer (ft)		2.62

										SCR Height		hscr (ft)		47

										Number of Reactor Chambers		Nscr		1

		Utilities

		Electricity Cost7		$/kWh		$0.14				Catalyst Volume		ft3		2613

		Natural Gas Cost8		$/kscf		$6.46				NOx Efficiency Adjustment		ηadj		1.196

										Ammonia Slip Adjustment		Slipadj		1.273

										Inlet Nox Adjustment		Noxadj		0.863

										Sulfur in Natural Gas?		Sadj		0.964

										Temperature Adjustment4		Tadj		1.045

										Ammonia Slip		Slip		0.19











		Design Notes

		Indicates Default values per EPA Cost Control Manual

		1GTP Fuel Gas Specifications as identified in Emission Calculations for GTP rev7

		2Turbine size includes supplemental firing

		3Turbine outlet/SCR inlet Nox as described in BACT document and associated emission calculations.

		4Assumed temperature of the exhaust to SCR 750 deg F.

		5Ammonia cost per Brenntag quote (June 15, 2015).

		6 7% Interest Rate per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06

		7 Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers in Alaska: https://www.eia.gov/electricity/data.php#sales

		8 Natural Gas per Department of Energy: Alaska Natural Gas Prices for Industry 2017: https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SAK_m.htm

		9 Catalyst cost estimate per EPA Cost Control Manual, adjusted from 2012 dollars.







		Cost Analysis







		Description				Cost		EPA Equation

		Total Direct Capital Costs				$4,645,781		Equation 2.36





Attachment B
Celite System 7 Modification
NOx BACT Analysis - Ultra Cat Installation
Based on EPA Algorithms for Traditional SCR	




TG Compression -  SCR

		Alaska LNG Project

		Natural Gas Turbines

		TG Compression SCR Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$2,603,001				-		A				See Appendix F						$2,603,001		$		FALSE		Need input

		Ammonia System		$1,677,405				-		B				See Appendix F						$1,677,405		$		FALSE		Need input

		Instrumentation & Controls				$104,120		4%		C = 0.04 x A				See Appendix F						$104,120		$

		Freight				$606,862		14.2%		D = 0.14 x (A+B)				See Appendix F						$606,862		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$4,991,388				-		PE										$4,991,388		$

		Direct Installation Costs:

		Foundation & Supports				$203,222		4%		0.04 x PE				See Appendix F						$203,222		$

		Erection and Handling				$762,947		15%		0.15 x PE				See Appendix F						$762,947		$

		Electrical				$197,553		4%		0.04 x PE				See Appendix F						$197,553		$

		Piping				$131,659		3%		0.03 x PE				See Appendix F						$131,659		$

		Insulation				$60,987		1%		0.01 x PE				See Appendix F						$60,987		$

		Painting				$12,800		0.3%		0.00 x PE				See Appendix F						$12,800		$

		Site Preparation				$3,991		0.1%		Project-Specific				See Appendix F						$3,991		$		Req'd

		Total Direct Installation Cost (DI)		$1,373,159				-		DI										$1,373,159		$

		Total Direct Capital Costs (DC)		$6,364,547				-		DC = PE + DI										$6,364,547		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$1,205,785		24%		0.24 x PE				See Appendix F						$1,205,785		$		FALSE

		Construction and Field Expenses				$529,233		10%						See Appendix F						$529,233		$		FALSE

		Contractor Fees				$126,976		3%		0.03 x PE				See Appendix F						$126,976		$		FALSE

		Startup-up				$115,289		2%		0.02 x PE				See Appendix F						$115,289		$		FALSE

		Performance Testing				$49,914		1.0%		0.01 x PE				Default assumption						$49,914		$		FALSE

		Total Indirect Costs (TIC)		$2,027,197				-		IC										$2,027,197		$



		Capital Investment:

		Project Contingency				$2,310,342.29		28%		E = 0.28 x (DC+IC)				See Appendix F						$2,310,342		$

		Preproduction Cost				$321,062.61		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$321,063		$

		Inventory Capital (initial reagent fill)				$268,000		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$268,000		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$11,291,149				-		TCI = DC + IC + E + F + G										$11,291,149		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor						-						EPA Assumes equipment is managed by existing staff.						$0				Req'd		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$169,367		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$169,367

		Maintenance Materials				$169,367		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$169,367

		Annual Reagent Cost				$469,536		-		q*Cost*[op hr/yr]				See parameters below						$469,536						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$498,039		-		See parameters below				See parameters below						$498,039						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$78,587		-		See parameters below				See parameters below						$78,587

		Catalyst Disposal Cost				$7,859		10%		0.100 x Cat Repl				Engineering Estimate						$7,859

		Fuel Penalty Costs (specify)						-						Vendor Supplied						$0				Req'd		Need input

		Other Maintenance Cost (specify)						-						Vendor Supplied						$0				Req'd		Need input

		Total Direct Annual Costs		$1,392,755				-		DAC										$1,392,755



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$203,241		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$203,241

		Property Tax				$112,911		1.0%		0.0100 x TCI				OAQPS (1%)						$112,911

		Insurance				$112,911		1.0%		0.010 x TCI				OAQPS (1%)						$112,911

		General Administrative				$225,823		2.0%		0.020 x TCI				OAQPS (2%)						$225,823

		Total Indirect Annual Costs		$654,887				-		DAC										$654,887



		Capital Recovery Cost

		Equipment Life (years)				20		-		n				EPA Default						20		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.0944				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$1,065,805				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$1,065,805						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$3,113,446				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$3,113,446		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled NOx (tpy)		160.10										Calculated below

		Controlled NOx Emissions (tpy)		22.55										Calculated below

		NOx Reduction (tpy)		137.55										Calculated below



		Total Annual Costs		$3,113,446										Calculated above

		Cost Effectiveness ($/ton/yr)		$22,635										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Turbine heat capacity:		418.00		MMBtu/hr														418		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:		284.64		MMBtu/hr														284.6357142857		MMBtu/hr		FALSE



		NOx Emission Rates

														Reference

		Turbine uncontrolled NOx concentration:				lb NOx/MMBtu												0.000		0.033		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		9.00		ppmv @ 15% O2								Assumption for baseline/uncontrolled emissions with supplemental fire				0.033						FALSE

		or (default)				ppmv @ 15% O2												0.000						N/A



		Duct burner uncontrolled NOx concentration:		0.08		lb NOx/MMBtu												0.080		0.080		lb/MMBtu		FALSE

		or				lb NOx/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled NOx concentration:				lb NOx/MMBtu												0.000		0.007		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		2		ppmv @ 15% O2								EPA specified BACT limit.				0.007						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]		1077		Btu/scf								GTP Fuel Gas Specification				1050		1077		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		8760		hr/yr												8760		8760		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:		407.2284		kW								See Appendix F				154.74		407.2		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		N/A

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		N/A

		number of layers of catalyst		4																4.00		# layers		N/A

		Calculated Power demand:		407.2		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										N/A



		Electricity Cost  [Default:  $/kWh]		0.14		$/kWh								Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers in Alaska in 2023.						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:		$6.70		$/gallon								See Appendix F						$6.7000		$/gallon		FALSE

		Aqueous ammonia storage volume:		40000		gallons								See Appendix F						40000		gallons		FALSE

		or				days' worth								Engineering Estimate						0		gallons		N/A



		Aqueous ammonia consumption rate:		8.00		gal/hr								See Appendix F				8		8		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		N/A		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)		62.10		lb/hr								See Appendix F				62.91		62.10		lb/hr		N/A		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]		7.76		lb/gal								Engineeering Data				7.78		7.76		lb/gal		N/A

		Calculated Aqueous ammonia consumption rate:		8.0		gal/hr								See Appendix F										N/A



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$451,931										See Appendix F						$451,931		$		FALSE

		Catalyst replacement frequency:		5		years														5		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$78,587										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$78,587		$78,587		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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TG Compression -  Co Cat

		Alaska LNG Project

		Natural Gas Turbines

		TG Compression CO Catalyst Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$2,204,895				-		A				See Appendix F						$2,204,895		$		FALSE		Need input

				$0				-		B				N/A						$0		$		FALSE		Need input

		Instrumentation & Controls				$88,196		4%		C = 0.04 x A				See Appendix F						$88,196		$

		Freight				$312,603		14.2%		D = 0.14 x (A+B)				See Appendix F						$312,603		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$2,605,693				-		PE										$2,605,693		$

		Direct Installation Costs:

		Foundation & Supports				$106,090		4%		0.04 x PE				See Appendix F						$106,090		$

		Erection and Handling				$398,287		15%		0.15 x PE				See Appendix F						$398,287		$

		Electrical				$103,130		4%		0.04 x PE				See Appendix F						$103,130		$

		Piping				$68,731		3%		0.03 x PE				See Appendix F						$68,731		$

		Insulation				$31,838		1%		0.01 x PE				See Appendix F						$31,838		$

		Painting				$6,682		0.3%		0.00 x PE				See Appendix F						$6,682		$

		Site Preparation				$2,083		0.1%		Project-Specific				See Appendix F						$2,083		$		Req'd

		Total Direct Installation Cost (DI)		$716,841				-		DI										$716,841		$

		Total Direct Capital Costs (DC)		$3,322,534				-		DC = PE + DI										$3,322,534		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$629,465		24%		0.24 x PE				See Appendix F						$629,465		$		FALSE

		Construction and Field Expenses				$529,233		10%						See Appendix F						$529,233		$		FALSE

		Contractor Fees				$66,286		3%		0.03 x PE				See Appendix F						$66,286		$		FALSE

		Startup-up				$60,185		2%		0.02 x PE				See Appendix F						$60,185		$		FALSE

		Performance Testing				$26,057		1.0%		0.01 x PE				Default assumption						$26,057		$		FALSE

		Total Indirect Costs (TIC)		$1,311,227				-		IC										$1,311,227		$



		Capital Investment:

		Project Contingency				$1,275,726.95		28%		E = 0.28 x (DC+IC)				See Appendix F						$1,275,727		$

		Preproduction Cost				$177,284.65		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$177,285		$

		Inventory Capital (initial reagent fill)				$0		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$0		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$6,086,773				-		TCI = DC + IC + E + F + G										$6,086,773		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor						-						EPA Assumes equipment is managed by existing staff.						$0				Req'd		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$91,302		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$91,302

		Maintenance Materials				$91,302		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$91,302

		Annual Reagent Cost				$0		-		q*Cost*[op hr/yr]				See parameters below						$0						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$0		-		See parameters below				See parameters below						$0						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$90,957		-		See parameters below				See parameters below						$90,957

		Catalyst Disposal Cost				$9,096		10%		0.100 x Cat Repl				Engineering Estimate						$9,096

		Fuel Penalty Costs (specify)						-						Vendor Supplied						$0				Req'd		Need input

		Other Maintenance Cost (specify)						-						Vendor Supplied						$0				Req'd		Need input

		Total Direct Annual Costs		$282,656				-		DAC										$282,656



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$109,562		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$109,562

		Property Tax				$60,868		1.0%		0.0100 x TCI				OAQPS (1%)						$60,868

		Insurance				$60,868		1.0%		0.010 x TCI				OAQPS (1%)						$60,868

		General Administrative				$121,735		2.0%		0.020 x TCI				OAQPS (2%)						$121,735

		Total Indirect Annual Costs		$353,033				-		DAC										$353,033



		Capital Recovery Cost

		Equipment Life (years)				20		-		n				EPA Default						20		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.0944				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$574,548				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$574,548						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$1,210,237				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$1,210,237		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled CO (tpy)		201.91										Calculated below

		Controlled CO Emissions (tpy)		34.35										Calculated below

		CO Reduction (tpy)		167.56										Calculated below



		Total Annual Costs		$1,210,237										Calculated above

		Cost Effectiveness ($/ton/yr)		$7,223										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Turbine heat capacity:		418.00		MMBtu/hr														418		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:		284.64		MMBtu/hr														284.6357142857		MMBtu/hr		FALSE



		NOx Emission Rates

														Reference

		Turbine uncontrolled CO concentration:				lb CO/MMBtu												0.000		0.056		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		25.00		ppmv @ 15% O2								Assumption for baseline/uncontrolled emissions				0.056						FALSE

		or (default)				ppmv @ 15% O2												0.000						N/A



		Duct burner uncontrolled CO concentration:		0.08		lb CO/MMBtu												0.080		0.080		lb/MMBtu		FALSE

		or				lb CO/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled CO concentration:				lb CO/MMBtu												0.000		0.011		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		5		ppmv @ 15% O2								EPA specified BACT limit.				0.011						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]		1077		Btu/scf								GTP Fuel Gas Specification				1050		1077		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		8760		hr/yr												8760		8760		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:		0		kW								No additional power requirements for CO Catalyst				155.57		0.0		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		N/A

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		N/A

		number of layers of catalyst		4																4.00		# layers		N/A

		Calculated Power demand:		0.0		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										N/A



		Electricity Cost  [Default:  $/kWh]		0.14		$/kWh								Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers in Alaska in 2023.						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:				$/gallon								Ammonia cost per Fluor Quote (1/17/2025)						$0.0000		$/gallon		Req'd

		Aqueous ammonia storage volume:				gallons								Appendix H - Fluor January 2025						0		gallons		Req'd

		or				days' worth								Engineering Estimate						0		gallons		Req'd



		Aqueous ammonia consumption rate:				gal/hr								Appendix H - Fluor January 2025				9.8483661256		9.8483661256		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		FALSE		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)				lb/hr								Appendix H - Fluor January 2025				76.64		76.64		lb/hr		FALSE		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]				lb/gal								Engineeering Data				7.78		7.78		lb/gal		FALSE

		Calculated Aqueous ammonia consumption rate:				gal/hr								Appendix H - Fluor January 2025										FALSE



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$523,069										See Appendix F						$523,069		$		FALSE

		Catalyst replacement frequency:		5		years														5		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$90,957										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$90,957		$90,957		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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CO2 Compressor

		Alaska Gasline Development Corporation

		CO2 Compressor Turbines

		NOx BACT Analysis - SCR Installation

		Design Parameters



										Reagent Parameters

		Turbine Size2		QB (MMBtu/hr)		502.22				Reagent Used				Ammonia

		NOx Removal Efficiency		ηNox		85.6%				Concentration Stored		Csol		29%

		Normalized Stochiometric Ratio		(NSR)		1.05				Concentration Injected

		Actual Stochiometric Ratio		(ASR)		1.05				Density		lb/ft3		58

		Utilitization				81.52%				Specific Volume (Vsol)		gal/ft3		7.782

		Mass Flow Rate (mreagent)		lb/hr		5.54				Stochiometric Ratio		SRt		1

		Flow Rate (msol)		lb/hr		19.11				Molecular Weight		g/mole		17.03

		Volume Flow Rate (qsol)		gal/hr		2.56				Reagent Cost5		$/gal		$6.70

		Tank Volume (2 week supply)		gallon		861.73



		Nox Removal Efficiency						Supplemental Firing

		Turbine Outlet		lb/MMBtu		0.033		0.08		Catalyst Paramaters

		SCR Inlet (Flow Weighted Avg)4		lb/MMBtu		0.033		0.08		Flue Gas Flow Rate2		qfluegas (acfm)		268,183

		Proposed Controlled NOx		ppmv		2.00				Catalyst Cross Sectional Area		Acatalyst (ft2)		279.4

		Proposed Controlled NOx		lb/MMBtu		0.0074

										Initial Catalyst Cost9		$/ft3		$155.32

						0.778		21.70		Replacement Term (Y)				2.74

		Operational Data								Interest Rate6				7.0%

		Max Potential Hours/Year				8,760

		Capacity Factor		Cfplant		1.00

										Pressure Drop for SCR Ductwork		Pduct		3

		Fuel Data										Pcatalyst		1

		Fuel HHV1		Btu/scf		1,077

										Total Catalyst Layers		ntotal		4

										Catalyst Layers		nlayers		3

										Empty Layers		nempty		1

										Catalyst Height		hlayer (ft)		2.67

										SCR Height		hscr (ft)		48

										Number of Reactor Chambers		Nscr		1

		Utilities

		Electricity Cost7		$/kWh		$0.14				Catalyst Volume		ft3		1862

		Natural Gas Cost8		$/kscf		$6.46				NOx Efficiency Adjustment		ηadj		1.193

										Ammonia Slip Adjustment		Slipadj		1.272

										Inlet Nox Adjustment		Noxadj		0.863

										Sulfur in Natural Gas?		Sadj		0.964

										Temperature Adjustment5		Tadj		1.045

										Ammonia Slip		Slip		0.19











		Design Notes

		Indicates Default values per EPA Cost Control Manual

		1GTP Fuel Gas Specifications as identified in Emission Calculations for GTP rev7

		2Turbine size includes supplemental firing

		3Turbine outlet/SCR inlet Nox as described in BACT document and associated emission calculations.

		4Assumed temperature of the exhaust to SCR 750 deg F.

		5Ammonia cost per Brenntag quote (June 15, 2015).

		6 7% Interest Rate per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06

		7 Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers in Alaska: https://www.eia.gov/electricity/data.php#sales

		8 Natural Gas per Department of Energy: Alaska Natural Gas Prices for Industry 2017: https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SAK_m.htm

		9 Catalyst cost estimate per EPA Cost Control Manual, adjusted from 2012 dollars.







		Cost Analysis







		Description				Cost		EPA Equation

		Total Direct Capital Costs				$3,698,751		Equation 2.36





Attachment B
Celite System 7 Modification
NOx BACT Analysis - Ultra Cat Installation
Based on EPA Algorithms for Traditional SCR	




CO2 Compression -  SCR

		Alaska LNG Project

		Natural Gas Turbines

		CO2 Compression SCR Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$2,331,347				-		A				See Appendix F						$2,331,347		$		FALSE		Need input

		Ammonia System		$1,715,339				-		B				See Appendix F						$1,715,339		$		FALSE		Need input

		Instrumentation & Controls				$93,254		4%		C = 0.04 x A				See Appendix F						$93,254		$

		Freight				$573,726		14.2%		D = 0.14 x (A+B)				See Appendix F						$573,726		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$4,713,666				-		PE										$4,713,666		$

		Direct Installation Costs:

		Foundation & Supports				$191,915		4%		0.04 x PE				See Appendix F						$191,915		$

		Erection and Handling				$720,496		15%		0.15 x PE				See Appendix F						$720,496		$

		Electrical				$186,561		4%		0.04 x PE				See Appendix F						$186,561		$

		Piping				$124,333		3%		0.03 x PE				See Appendix F						$124,333		$

		Insulation				$57,594		1%		0.01 x PE				See Appendix F						$57,594		$

		Painting				$12,088		0.3%		0.00 x PE				See Appendix F						$12,088		$

		Site Preparation				$3,769		0.1%		Project-Specific				See Appendix F						$3,769		$		Req'd

		Total Direct Installation Cost (DI)		$1,296,756				-		DI										$1,296,756		$

		Total Direct Capital Costs (DC)		$6,010,422				-		DC = PE + DI										$6,010,422		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$1,138,695		24%		0.24 x PE				See Appendix F						$1,138,695		$		FALSE

		Construction and Field Expenses				$529,233		10%						See Appendix F						$529,233		$		FALSE

		Contractor Fees				$119,911		3%		0.03 x PE				See Appendix F						$119,911		$		FALSE

		Startup-up				$108,875		2%		0.02 x PE				See Appendix F						$108,875		$		FALSE

		Performance Testing				$47,137		1.0%		0.01 x PE				Default assumption						$47,137		$		FALSE

		Total Indirect Costs (TIC)		$1,943,850				-		IC										$1,943,850		$



		Capital Investment:

		Project Contingency				$2,189,901.21		28%		E = 0.28 x (DC+IC)				See Appendix F						$2,189,901		$

		Preproduction Cost				$304,325.20		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$304,325		$

		Inventory Capital (initial reagent fill)				$201,000		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$201,000		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$10,649,499				-		TCI = DC + IC + E + F + G										$10,649,499		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor						-						EPA Assumes equipment is managed by existing staff.						$0				Req'd		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$159,742		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$159,742

		Maintenance Materials				$159,742		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$159,742

		Annual Reagent Cost				$305,198		-		q*Cost*[op hr/yr]				See parameters below						$305,198						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$374,441		-		See parameters below				See parameters below						$374,441						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$126,649		-		See parameters below				See parameters below						$126,649

		Catalyst Disposal Cost				$12,665		10%		0.100 x Cat Repl				Engineering Estimate						$12,665

		Fuel Penalty Costs (specify)						-												$0				Req'd		Need input

		Other Maintenance Cost (specify)						-												$0				Req'd		Need input

		Total Direct Annual Costs		$1,138,438				-		DAC										$1,138,438



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$191,691		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$191,691

		Property Tax				$106,495		1.0%		0.0100 x TCI				OAQPS (1%)						$106,495

		Insurance				$106,495		1.0%		0.010 x TCI				OAQPS (1%)						$106,495

		General Administrative				$212,990		2.0%		0.020 x TCI				OAQPS (2%)						$212,990

		Total Indirect Annual Costs		$617,671				-		DAC										$617,671



		Capital Recovery Cost

		Equipment Life (years)				20		-		n				EPA Default						20		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.0944				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$1,005,237				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$1,005,237						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$2,761,347				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$2,761,347		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled NOx (tpy)		111.92										Calculated below

		Controlled NOx Emissions (tpy)		16.12										Calculated below

		NOx Reduction (tpy)		95.80										Calculated below



		Total Annual Costs		$2,761,347										Calculated above

		Cost Effectiveness ($/ton/yr)		$28,824										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Turbine heat capacity:		311.00		MMBtu/hr														311		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:		191.22		MMBtu/hr														191.2224489796		MMBtu/hr		FALSE



		NOx Emission Rates

														Reference

		Turbine uncontrolled NOx concentration:				lb NOx/MMBtu												0.000		0.033		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		9.00		ppmv @ 15% O2								Assumption for baseline/uncontrolled emissions with supplemental fire				0.033						FALSE

		or (default)				ppmv @ 15% O2												0.000						N/A



		Duct burner uncontrolled NOx concentration:		0.08		lb NOx/MMBtu		21.83691637										0.080		0.080		lb/MMBtu		FALSE

		or				lb NOx/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled NOx concentration:				lb NOx/MMBtu												0.000		0.007		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		2		ppmv @ 15% O2								EPA specified BACT limit.				0.007						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]		1,077		Btu/scf								GTP Fuel Gas Specification				1050		1077		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		8760		hr/yr												8760		8760		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:		306.167		kW								See Appendix F				115.13		306.2		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		N/A

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		N/A

		number of layers of catalyst		4																4.00		# layers		N/A

		Calculated Power demand:		306.2		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										N/A



		Electricity Cost  [Default:  $/kWh]		0.14		$/kWh								Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers in Alaska in 2023.						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:		$6.70		$/gallon								See Appendix F						$6.7000		$/gallon		FALSE

		Aqueous ammonia storage volume:		30000		gallons								See Appendix F						30000		gallons		FALSE

		or				days' worth								Engineering Estimate						0		gallons		N/A



		Aqueous ammonia consumption rate:		5.20		gal/hr								See Appendix F				5.2		5.2		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		N/A		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)		40.60		lb/hr								See Appendix F				43.82		40.60		lb/hr		N/A		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]		7.81		lb/gal								Engineeering Data				7.78		7.81		lb/gal		N/A

		Calculated Aqueous ammonia consumption rate:		5.2		gal/hr								See Appendix F										N/A



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$728,324										See Appendix F						$728,324		$		FALSE

		Catalyst replacement frequency:		5		years														5		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$126,649										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$126,649		$126,649		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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CO2 Compression -  CO Cat

		Alaska LNG Project

		Natural Gas Turbines

		CO2 Compression CO Catalyst Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$2,084,890				-		A				See Appendix F						$2,084,890		$		FALSE		Need input

		Ammonia System		$0				-		B				N/A						$0		$		FALSE		Need input

		Instrumentation & Controls				$83,396		4%		C = 0.04 x A				See Appendix F						$83,396		$

		Freight				$295,589		14.2%		D = 0.14 x (A+B)				See Appendix F						$295,589		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$2,463,875				-		PE										$2,463,875		$

		Direct Installation Costs:

		Foundation & Supports				$100,316		4%		0.04 x PE				See Appendix F						$100,316		$

		Erection and Handling				$376,610		15%		0.15 x PE				See Appendix F						$376,610		$

		Electrical				$97,517		4%		0.04 x PE				See Appendix F						$97,517		$

		Piping				$64,990		3%		0.03 x PE				See Appendix F						$64,990		$

		Insulation				$30,105		1%		0.01 x PE				See Appendix F						$30,105		$

		Painting				$6,318		0.3%		0.00 x PE				See Appendix F						$6,318		$

		Site Preparation				$1,970		0.1%		Project-Specific				See Appendix F						$1,970		$		Req'd

		Total Direct Installation Cost (DI)		$677,826				-		DI										$677,826		$

		Total Direct Capital Costs (DC)		$3,141,700				-		DC = PE + DI										$3,141,700		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$595,206		24%		0.24 x PE				See Appendix F						$595,206		$		FALSE

		Construction and Field Expenses				$529,233		10%						See Appendix F						$529,233		$		FALSE

		Contractor Fees				$62,679		3%		0.03 x PE				See Appendix F						$62,679		$		FALSE

		Startup-up				$56,910		2%		0.02 x PE				See Appendix F						$56,910		$		FALSE

		Performance Testing				$24,639		1.0%		0.01 x PE				Default assumption						$24,639		$		FALSE

		Total Indirect Costs (TIC)		$1,268,666				-		IC										$1,268,666		$



		Capital Investment:

		Project Contingency				$1,214,223.70		28%		E = 0.28 x (DC+IC)				See Appendix F						$1,214,224		$

		Preproduction Cost				$168,737.69		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$168,738		$

		Inventory Capital (initial reagent fill)				$0		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$0		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$5,793,327				-		TCI = DC + IC + E + F + G										$5,793,327		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor						-						EPA Assumes equipment is managed by existing staff.						$0				Req'd		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$86,900		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$86,900

		Maintenance Materials				$86,900		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$86,900

		Annual Reagent Cost				$0		-		q*Cost*[op hr/yr]				See parameters below						$0						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$0		-		See parameters below				See parameters below						$0						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$82,020		-		See parameters below				See parameters below						$82,020

		Catalyst Disposal Cost				$8,202		10%		0.100 x Cat Repl				Engineering Estimate						$8,202

		Fuel Penalty Costs (specify)						-						Vendor Supplied						$0				Req'd		Need input

		Other Maintenance Cost (specify)						-						Vendor Supplied						$0				Req'd		Need input

		Total Direct Annual Costs		$264,022				-		DAC										$264,022



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$104,280		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$104,280

		Property Tax				$57,933		1.0%		0.0100 x TCI				OAQPS (1%)						$57,933

		Insurance				$57,933		1.0%		0.010 x TCI				OAQPS (1%)						$57,933

		General Administrative				$115,867		2.0%		0.020 x TCI				OAQPS (2%)						$115,867

		Total Indirect Annual Costs		$336,013				-		DAC										$336,013



		Capital Recovery Cost

		Equipment Life (years)				20		-		n				EPA Default						20		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.0944				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$546,849				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$546,849						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$1,146,884				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$1,146,884		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled CO (tpy)		143.02										Calculated below

		Controlled CO Emissions (tpy)		24.55										Calculated below

		CO Reduction (tpy)		118.47										Calculated below



		Total Annual Costs		$1,146,884										Calculated above

		Cost Effectiveness ($/ton/yr)		$9,681										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Turbine heat capacity:		311.00		MMBtu/hr														311		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:		191.22		MMBtu/hr														191.2224489796		MMBtu/hr		FALSE



		NOx Emission Rates

														Reference

		Turbine uncontrolled CO concentration:				lb CO/MMBtu												0.000		0.056		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		25.00		ppmv @ 15% O2												0.056						FALSE

		or (default)				ppmv @ 15% O2												0.000						N/A



		Duct burner uncontrolled CO concentration:		0.08		lb CO/MMBtu												0.080		0.080		lb/MMBtu		FALSE

		or				lb CO/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled CO concentration:				lb CO/MMBtu												0.000		0.011		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		5		ppmv @ 15% O2								EPA specified BACT limit.				0.011						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]		1,077		Btu/scf								GTP Fuel Gas Specification				1050		1077		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		8760		hr/yr												8760		8760		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:		0		kW								No additional power requirements for CO Catalyst				115.75		0.0		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		N/A

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		N/A

		number of layers of catalyst		4																4.00		# layers		N/A

		Calculated Power demand:		0.0		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										N/A



		Electricity Cost  [Default:  $/kWh]		0.14		$/kWh								Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers in Alaska in 2023.						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:				$/gallon														$0.0000		$/gallon		Req'd

		Aqueous ammonia storage volume:				gallons														0		gallons		Req'd

		or				days' worth														0		gallons		Req'd



		Aqueous ammonia consumption rate:				gal/hr												6.963161382		6.963161382		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		FALSE		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)				lb/hr												54.19		54.19		lb/hr		FALSE		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]				lb/gal												7.78		7.78		lb/gal		FALSE

		Calculated Aqueous ammonia consumption rate:				gal/hr																		FALSE



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$471,676										See Appendix F						$471,676		$		FALSE

		Catalyst replacement frequency:		5		years														5		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$82,020										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$82,020		$82,020		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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PowerGen Comp

		Alaska Gasline Development Corporation

		Power Generation Compressor Turbines

		NOx BACT Analysis - SCR Installation

		Design Parameters



										Reagent Parameters

		Turbine Size2		QB (MMBtu/hr)		418.0				Reagent Used				Ammonia						Notes

		NOx Removal Efficiency		ηNox		77.8%				Concentration Stored		Csol		29%						1/2025 Vendor Update

		Normalized Stochiometric Ratio		(NSR)		1.05				Concentration Injected

		Actual Stochiometric Ratio		(ASR)		1.05				Density		lb/ft3		58

		Utilitization				74.07%				Specific Volume (Vsol)		gal/ft3		7.782

		Mass Flow Rate (mreagent)		lb/hr		4.19				Stochiometric Ratio		SRt		1

		Flow Rate (msol)		lb/hr		14.45				Molecular Weight		g/mole		17.03

		Volume Flow Rate (qsol)		gal/hr		1.94				Reagent Cost5		$/gal		$6.70						1/2025 Vendor Update

		Tank Volume (2 week supply)		gallon		651.65



		Nox Removal Efficiency

		Turbine Outlet		lb/MMBtu		0.033				Catalyst Paramaters

		SCR Inlet (Flow Weighted Avg)4		lb/MMBtu		0.033				Flue Gas Flow Rate2		qfluegas (acfm)		590,350

		Proposed Controlled NOx		ppmv		2.00				Catalyst Cross Sectional Area		Acatalyst (ft2)		614.9

		Proposed Controlled NOx		lb/MMBtu		0.0074

										Initial Catalyst Cost9		$/ft3		$155.32																																				10/2/24

						0.778				Replacement Term (Y)				2.74																																				4/2/25

		Operational Data								Interest Rate6				7.0%

		Max Potential Hours/Year				8,760

		Capacity Factor		Cfplant		1.00

										Pressure Drop for SCR Ductwork		Pduct		3

		Fuel Data										Pcatalyst		1

		Fuel HHV1		Btu/scf		1,077

										Total Catalyst Layers		ntotal		2

										Catalyst Layers		nlayers		1

										Empty Layers		nempty		1

										Catalyst Height		hlayer (ft)		2.17

										SCR Height		hscr (ft)		27

										Number of Reactor Chambers		Nscr		1

		Utilities

		Electricity Cost7		$/kWh		$0.14				Catalyst Volume		ft3		1437

		Natural Gas Cost8		$/kscf		$6.46				NOx Efficiency Adjustment		ηadj		1.110

										Ammonia Slip Adjustment		Slipadj		1.268

										Inlet Nox Adjustment		Noxadj		0.863

										Sulfur in Natural Gas?		Sadj		0.964

										Temperature Adjustment5		Tadj		1.045

										Ammonia Slip		Slip		0.27











		Design Notes

		Indicates Default values per EPA Cost Control Manual

		1GTP Fuel Gas Specifications as identified in Emission Calculations for GTP rev7

		2Turbine size includes supplemental firing

		3Turbine outlet/SCR inlet Nox as described in BACT document and associated emission calculations.

		4Assumed temperature of the exhaust to SCR 750 deg F.

		5Ammonia cost per Brenntag quote (June 15, 2015).

		6 7% Interest Rate per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06

		7 Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers in Alaska: https://www.eia.gov/electricity/data.php#sales

		8 Natural Gas per Department of Energy: Alaska Natural Gas Prices for Industry 2017: https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SAK_m.htm

		9 Catalyst cost estimate per EPA Cost Control Manual, adjusted from 2012 dollars.







		Cost Analysis







		Description				Cost		EPA Equation

		Total Direct Capital Costs				$3,139,510		Equation 2.36





Attachment B
Celite System 7 Modification
NOx BACT Analysis - Ultra Cat Installation
Based on EPA Algorithms for Traditional SCR	




PGen -  SCR

		Alaska LNG Project

		Natural Gas Turbines

		Power Gen SCR Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$2,603,001				-		A				See Appendix F						$2,603,001		$		FALSE		Need input

		Ammonia System		$1,677,405				-		B				See Appendix F						$1,677,405		$		FALSE		Need input

		Instrumentation & Controls				$104,120		4%		C = 0.04 x A				See Appendix F						$104,120		$

		Freight				$606,862		14.2%		D = 0.14 x (A+B)				See Appendix F						$606,862		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$4,991,388				-		PE										$4,991,388		$

		Direct Installation Costs:

		Foundation & Supports				$203,222		4.1%		0.04 x PE				See Appendix F						$203,222		$

		Erection and Handling				$762,947		15.3%		0.15 x PE				See Appendix F						$762,947		$

		Electrical				$197,553		4.0%		0.04 x PE				See Appendix F						$197,553		$

		Piping				$131,659		2.6%		0.03 x PE				See Appendix F						$131,659		$

		Insulation				$60,987		1.2%		0.01 x PE				See Appendix F						$60,987		$

		Painting				$12,800		0.3%		0.00 x PE				See Appendix F						$12,800		$

		Site Preparation				$3,991		0.1%		Project-Specific				See Appendix F						$3,991		$		Req'd

		Total Direct Installation Cost (DI)		$1,373,159				-		DI										$1,373,159		$

		Total Direct Capital Costs (DC)		$6,364,547				-		DC = PE + DI										$6,364,547		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$1,205,785		24.2%		0.24 x PE				See Appendix F						$1,205,785		$		FALSE

		Construction and Field Expenses				$486,040		9.7%		0.10 x PE				See Appendix F						$486,040		$		FALSE

		Contractor Fees				$126,976		2.5%		0.03 x PE				See Appendix F						$126,976		$		FALSE

		Startup				$115,289		2.3%		0.02 x PE				See Appendix F						$115,289		$		FALSE

		Performance Testing				$49,914		1.0%		0.01 x PE				Default assumption						$49,914		$		FALSE

		Total Indirect Costs (TIC)		$1,984,004				-		IC										$1,984,004		$



		Capital Investment:

		Project Contingency				$2,298,450.72		27.5%		E = 0.28 x (DC+IC)				See Appendix F						$2,298,451		$

		Preproduction Cost				$319,410.06		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$319,410		$

		Inventory Capital (initial reagent fill)				$268,000		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$268,000		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$11,234,412				-		TCI = DC + IC + E + F + G										$11,234,412		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor						-						EPA assumes equipment is managed by existing staff.						$0				Req'd		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$168,516		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$168,516

		Maintenance Materials				$168,516		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$168,516

		Annual Reagent Cost				$469,536		-		q*Cost*[op hr/yr]				See parameters below						$469,536						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$498,039		-		See parameters below				See parameters below						$498,039						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$83,433		-		See parameters below				See parameters below						$83,433

		Catalyst Disposal Cost				$8,343		10%		0.100 x Cat Repl				Engineering Estimate						$8,343

		Fuel Penalty Costs (specify)						-												$0				Req'd		Need input

		Other Maintenance Cost (specify)						-												$0				Req'd		Need input

		Total Direct Annual Costs		$1,396,384				-		DAC										$1,396,384



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$202,219		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$202,219

		Property Tax				$112,344		1.0%		0.0100 x TCI				OAQPS (1%)						$112,344

		Insurance				$112,344		1.0%		0.010 x TCI				OAQPS (1%)						$112,344

		General Administrative				$224,688		2.0%		0.020 x TCI				OAQPS (2%)						$224,688

		Total Indirect Annual Costs		$651,596				-		DAC										$651,596



		Capital Recovery Cost

		Equipment Life (years)				20		-		n				EPA Default						20		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.0944				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$1,060,449				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$1,060,449						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$3,108,429				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$3,108,429		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled NOx (tpy)		60.37										Calculated below

		Controlled NOx Emissions (tpy)		13.41										Calculated below

		NOx Reduction (tpy)		46.95										Calculated below



		Total Annual Costs		$3,108,429										Calculated above

		Cost Effectiveness ($/ton/yr)		$66,205										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Turbine heat capacity:		418.00		MMBtu/hr														418		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:		0		MMBtu/hr								No Supplemental Firing on Power Gen Units						0		MMBtu/hr		FALSE



		NOx Emission Rates

														Reference

		Turbine uncontrolled NOx concentration:				lb NOx/MMBtu												0.000		0.033		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		9		ppmv @ 15% O2								Assumption for baseline/uncontrolled emissions				0.033						FALSE

		or (default)				ppmv @ 15% O2												0.000						N/A



		Duct burner uncontrolled NOx concentration:				lb NOx/MMBtu												0.000		0.000		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled NOx concentration:				lb NOx/MMBtu												0.000		0.007		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		2		ppmv @ 15% O2								EPA specified BACT limit.				0.007						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]		1077		Btu/scf								GTP Fuel Gas Specification				1050		1077		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		8760		hr/yr												8760		8760		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:		407.2284		kW								See Appendix F				110.85		407.2		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		N/A

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		N/A

		number of layers of catalyst		2																2.00		# layers		N/A

		Calculated Power demand:		407.2		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										N/A



		Electricity Cost  [Default:  $/kWh]		0.14		$/kWh								Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers in Alaska in 2023.						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:		$6.70		$/gallon								See Appendix F						$6.7000		$/gallon		FALSE

		Aqueous ammonia storage volume:		40000		gallons								See Appendix F						40000		gallons		FALSE

		or				days' worth								Engineering Estimate						0		gallons		N/A



		Aqueous ammonia consumption rate:		8.00		gal/hr								See Appendix F				8		8		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		N/A		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)		62.10		lb/hr								See Appendix F				21.47		62.10		lb/hr		N/A		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]		7.7625		lb/gal								Engineeering Data				7.78		7.76		lb/gal		N/A

		Calculated Aqueous ammonia consumption rate:		8.0		gal/hr								See Appendix F										N/A



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$479,803										See Appendix F						$479,803		$		FALSE

		Catalyst replacement frequency:		5		years														5		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$83,433										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$83,433		$83,433		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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PGen -  CO Cat

		Alaska LNG Project

		Natural Gas Turbines

		Power Gen CO Catalyst Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$2,204,895				-		A				See Appendix F						$2,204,895		$		FALSE		Need input

		Ammonia System		$0				-		B				N/A						$0		$		FALSE		Need input

		Instrumentation & Controls				$88,196		4%		C = 0.04 x A				See Appendix F						$88,196		$

		Freight				$312,603		14.2%		D = 0.14 x (A+B)				See Appendix F						$312,603		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$2,605,693				-		PE										$2,605,693		$

		Direct Installation Costs:

		Foundation & Supports				$106,090		4.1%		0.04 x PE				See Appendix F						$106,090		$

		Erection and Handling				$398,287		15.3%		0.15 x PE				See Appendix F						$398,287		$

		Electrical				$103,130		4.0%		0.04 x PE				See Appendix F						$103,130		$

		Piping				$68,731		2.6%		0.03 x PE				See Appendix F						$68,731		$

		Insulation				$31,838		1.2%		0.01 x PE				See Appendix F						$31,838		$

		Painting				$6,682		0.3%		0.00 x PE				See Appendix F						$6,682		$

		Site Preparation				$2,083		0.1%		Project-Specific				See Appendix F						$2,083		$		Req'd

		Total Direct Installation Cost (DI)		$716,841				-		DI										$716,841		$

		Total Direct Capital Costs (DC)		$3,322,534				-		DC = PE + DI										$3,322,534		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$629,465		24%		0.24 x PE				See Appendix F						$629,465		$		FALSE

		Construction and Field Expenses				$529,233		10%						See Appendix F						$529,233		$		FALSE

		Contractor Fees				$66,286		3%		0.03 x PE				See Appendix F						$66,286		$		FALSE

		Startup				$60,185		2%		0.02 x PE				See Appendix F						$60,185		$		FALSE

		Performance Testing				$26,057		1.0%		0.01 x PE				Default assumption						$26,057		$		FALSE

		Total Indirect Costs (TIC)		$1,311,227				-		IC										$1,311,227		$



		Capital Investment:

		Project Contingency				$1,275,726.95		28%		E = 0.28 x (DC+IC)				See Appendix F						$1,275,727		$

		Preproduction Cost				$177,284.65		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$177,285		$

		Inventory Capital (initial reagent fill)				$0		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$0		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$6,086,773				-		TCI = DC + IC + E + F + G										$6,086,773		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor						-						EPA assumes equipment is managed by existing staff.						$0				Req'd		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$91,302		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$91,302

		Maintenance Materials				$91,302		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$91,302

		Annual Reagent Cost				$0		-		q*Cost*[op hr/yr]				See parameters below						$0						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$0		-		See parameters below				See parameters below						$0						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$40,899		-		See parameters below				See parameters below						$40,899

		Catalyst Disposal Cost				$4,090		10%		0.100 x Cat Repl				Engineering Estimate						$4,090

		Fuel Penalty Costs (specify)						-												$0				Req'd		Need input

		Other Maintenance Cost (specify)						-												$0				Req'd		Need input

		Total Direct Annual Costs		$227,592				-		DAC										$227,592



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$109,562		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$109,562

		Property Tax				$60,868		1.0%		0.0100 x TCI				OAQPS (1%)						$60,868

		Insurance				$60,868		1.0%		0.010 x TCI				OAQPS (1%)						$60,868

		General Administrative				$121,735		2.0%		0.020 x TCI				OAQPS (2%)						$121,735

		Total Indirect Annual Costs		$353,033				-		DAC										$353,033



		Capital Recovery Cost

		Equipment Life (years)				20		-		n				EPA Default						20		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.0944				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$574,548				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$574,548						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$1,155,173				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$1,155,173		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled CO (tpy)		102.17										Calculated below

		Controlled CO Emissions (tpy)		20.43										Calculated below

		CO Reduction (tpy)		81.74										Calculated below



		Total Annual Costs		$1,155,173										Calculated above

		Cost Effectiveness ($/ton/yr)		$14,133										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Turbine heat capacity:		418.00		MMBtu/hr														418		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:		0		MMBtu/hr								No Supplemental Firing on Power Gen Units						0		MMBtu/hr		FALSE



		CO Emission Rates

														Reference

		Turbine uncontrolled CO concentration:				lb CO/MMBtu												0.000		0.056		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		25		ppmv @ 15% O2								Assumption for baseline/uncontrolled emissions				0.056						FALSE

		or (default)				ppmv @ 15% O2												0.000						N/A



		Duct burner uncontrolled CO concentration:				lb CO/MMBtu												0.000		0.000		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled CO concentration:				lb CO/MMBtu												0.000		0.011		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		5		ppmv @ 15% O2								EPA specified BACT limit.				0.011						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]		1077		Btu/scf								GTP Fuel Gas Specification				1050		1077		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		8760		hr/yr												8760		8760		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:		0		kW								No additional power requirements for CO Catalyst				111.68		0.0		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		N/A

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		N/A

		number of layers of catalyst		2																2.00		# layers		N/A

		Calculated Power demand:		0.0		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										N/A



		Electricity Cost  [Default:  $/kWh]		0.14		$/kWh								Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers in Alaska in 2023.						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:				$/gallon								Ammonia cost per Fluor Quote (1/17/2025)						$0.0000		$/gallon		Req'd

		Aqueous ammonia storage volume:				gallons								Appendix H - Fluor January 2025						0		gallons		Req'd

		or				days' worth								Engineering Estimate						0		gallons		Req'd



		Aqueous ammonia consumption rate:				gal/hr								Appendix H - Fluor January 2025				4.8041975807		4.8041975807		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		FALSE		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)				lb/hr								Appendix H - Fluor January 2025				37.39		37.39		lb/hr		FALSE		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]				lb/gal								Engineeering Data				7.78		7.78		lb/gal		FALSE

		Calculated Aqueous ammonia consumption rate:				gal/hr								Appendix H - Fluor January 2025										FALSE



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$235,197										See Appendix F						$235,197		$		FALSE

		Catalyst replacement frequency:		5		years														5		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$40,899										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$40,899		$40,899		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.





				0



&G	&"-,Bold"&14GTP BACT ANALYSIS
6th Edition EPA Cost Control Manual	


Appendix D.2 - BACT Cost Effectiveness (Main Power Gen Driver)		Page &P of &N




BackUp-->





Utility Costs

						Natural Gas - Alaska

						January		6.78

						February		6.65

						March		6.53

						April		6.02

						May		6.4

						June		6.15

						July		6.18

						August		6.4

						September		6.33

						October		6.5

						November		6.92

						December		6.71

						Average ($/kscf)		6.46

						Notes

						Natural Gas per Department of Energy: Alaska Natural Gas Prices for Industry 2023

						https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SAK_m.htm



						2023 Utility Bundled Retail Sales- Industrial

						(Data from forms EIA-861- schedules 4A & 4D and EIA-861S)

						Entity		State		Ownership		Customers (Count)		Sales (Megawatthours)		Revenues (Thousands Dollars)		Average Price (cents/kWh)

						Alaska Electric Light & Power Co.		AK		Investor Owned		119		124,527		14,141.0		11.36

						Chugach Electric Assn Inc		AK		Cooperative		6		59,304		8,095.8		13.65

						Golden Valley Elec Assn Inc		AK		Cooperative		570		833,858		173,416.3		20.80

						Homer Electric Assn Inc		AK		Cooperative		22		116,447		14,479.6		12.43

						Ketchikan Public Utilities		AK		Municipal		14		23,335		2,288.5		9.81

						Kodiak Electric Assn Inc		AK		Cooperative		118		89,032		13,997.0		15.72



																Average:		14.0

						Notes:

						Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers

						https://www.eia.gov/electricity/data.php#revenue



https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SAK_m.htmhttps://www.eia.gov/electricity/data.php

GTP Turbines

		GTP Fuel Gas-Driven Turbines								Reference: GTP COOKBOOK USAG-EC-PRZZ-00-000003_EMISSIONS DATA REV 1





				EMISSION FACTORS		Standard Factors				Special/Vendor

						AP42 Table 3.1-1 and 3.1-2a		40 CFR Part 98 (Natural Gas)						Ambient Temp Basis (F)		Load % Basis		Treated Gas/Power Gen Turbine Vendor		Ambient Temp Basis (F)		Load % Basis		CO2 Turbine Vendor				Supplemental Firing Vendor

				NOx (lb/MMBtu)		0.338				Short-Term ppmvd @ 15% NOx				-40.00		100%		9.00		-40.00		100%		9.00		NOx (lb/MMBtu)		0.08

				CO (lb/MMBtu)		0.087				Short-Term ppmvd @ 15% CO				-40.00		100%		25.00		-40.00		85%		25.00		CO (lb/MMBtu)		0.08

				VOC (lb/MMBtu)		0.002				Annual ppmvd @ 15% NOx				10.00		100%		9.00		10.00		100%		9.00		VOC (lb/MMBtu)		0.015

				PM10 (lb/MMBtu)		0.007				Annual ppmvd @ 15% CO				10.00		100%		25.00		10.00		100%		25.00		PM10 (lb/MMBtu)		0.005

				PM2.5 (lb/MMBtu)		0.007																				PM2.5 (lb/MMBtu)		0.005

				CO2 (kg CO2/MMBtu)				53.060

				CH4 (kg CH4/MMBtu)				0.001

				N2O (kg N2O/MMBtu)				0.0001

				Notes:

				1.) AP42 Section 3.1 Emission Factors have been convert to AlaskaLNG fuel gas HHV by ratio of project fuel gas/1020 (btu/scf)														2) Updated NOx and CO based on January 2025 vendor estimates obtained by Fluor.

				EMISSIONS CALCULATIONS		Treated Gas Compressor Turbines				CO2 Compressor Turbines				Main Power Generation Turbines				References/
Comments

				Turbine Parameters		Short-Term		Annual		Short-Term		Annual		Short-Term		Annual

				Total Installed		6		6		6		6		6		6		From GTP Cookbook

				Ambient Temperature Basis (F)		-40		10		-40		10		-40		10

				Load % Basis		100%		100%		100%		100%		100%		100%

				Operation (hr/yr)		8,760		8,760		8,760		8,760		8,760		8,760

				 Device Power (hp)		61,094		56,197		37,339		34,458		59,089		54,264

				Device Power (kW)		45,558		41,906		27,844		25,695		44,063		40,465		From GTP Cookbook - Inlet Power						9.1751174327

				Turbine Heat Input HHV (MMBtu/hr)		418		386		311		291		418		386		From GTP Cookbook

				Fuel Flow Rate (lbmol/hr)		1,024		943		760		712		1,024		943		From GTP Cookbook

				Exhaust Flow MW (lb/lbmol)		28.6		28.6		28.6		28.6		28.6		28.6		From GTP Cookbook

				Exhaust Flow Rate WET (lb/hr)		1,042,433		968,343		724,483		684,305		1,042,433		968,343		From GTP Cookbook

				Exhaust Flow Rate (lbmol/hr)		36,449		33,858		25,332		23,927		36,449		33,858

				Exhaust H2O Concentration  		6.2%		5.8%		6.3%		6.4%		6.2%		5.8%		From GTP Cookbook

				Exhaust Flow Rate DRY (lbmol/hr)		34,196		31,901		23,738		22,405		34,196		31,901

				Exhaust O2 Concentration DRY		15.6%		15.3%		14.8%		14.8%		15.6%		15.3%		From Vendor Info

				Exhaust Flow Rate (acfh)		23,152,716		21,507,158		16,090,962		15,198,597		35,420,995		32,903,479								$   1,258,083.47

				Turbine Emission Factors		Short-Term		Annual		Short-Term		Annual		Short-Term		Annual

				NOx (ppmvd @15% O2)		9.00		9.00		9.00		9.00		9.00		9.00		Adjusted to Actual O2 Amount

				CO (ppmvd @15% O2)		25.00		25.00		25.00		25.00		25.00		25.00		Adjusted to Actual O2 Amount

				VOC (lb/MMBtu)		0.002		0.002		0.002		0.002		0.002		0.002								Conversion Table

				PM10 (lb/MMBtu)		0.007		0.007		0.007		0.007		0.007		0.007								1 lb =		453.59		g

				PM2.5 (lb/MMBtu)		0.007		0.007		0.007		0.007		0.007		0.007								1 lbmol = 		378.49		scf

				SO2 		No Emission Factor		No Emission Factor		No Emission Factor		No Emission Factor		No Emission Factor		No Emission Factor		Based on Mass Balance of Sulfur						1 MMBtu=		1000000		Btu

				CO2 (kg CO2/MMBtu)		53.060		53.060		53.060		53.060		53.060		53.060								1 hr = 		60		min

				CH4 (kg CH4/MMBtu)		0.001		0.001		0.001		0.001		0.001		0.001								1 ft3 =		0.028317		m3

				N2O (kg N2O/MMBtu)		0.0001		0.0001		0.0001		0.0001		0.0001		0.0001								1 min =		60		sec

				Turbine Emission Calculations (Maximum 1-hour)																				1 kJ = 		0.947817		MMBtu

				NOx (lb/hr)		12.816		12.538		10.230		9.576		12.816		12.538								1 scf = 		28.32		L

				CO (lb/hr)		21.673		21.203		17.299		16.194		21.673		21.203								1 g = 		1000000		ug

				VOC (lb/hr)		0.927		0.856		0.690		0.645		0.927		0.856								1 ton = 		2000		lb

				PM10 (lb/hr)		2.913		2.690		2.167		2.028		2.913		2.690								1 hp = 		0.7457		kW

				PM2.5 (lb/hr)		2.913		2.690		2.167		2.028		2.913		2.690								1 kg =		2.2046		lb

				SO2 @ 16 ppm (lb/hr)		1.050		0.967		0.779		0.730		1.050		0.967								1 mol =		1000000		ppm

				SO2 @ 96 ppm (lb/hr)		6.288		5.791		4.667		4.372		6.288		5.791								1 tonnes =		1000		kg

				CO2 (lb/hr)		48,896.000		45,152.765		36,379.560		34,040.038		48,896.000		45,152.765

				CH4 (lb/hr)		0.922		0.851		0.686		0.642		0.922		0.851								Heat Release Equivalents

				N2O (lb/hr)		0.092		0.085		0.069		0.064		0.092		0.085								1		CO2

				CO2e (lb/hr)		48,946.499		45,199.399		36,417.132		34,075.194		48,946.499		45,199.399								25		CH4

				Supplemental Firing Parameters																				298		N2O

				Ambient Temp Basis (F)		-40		10		-40		10

				Load % Basis		100%		85%		80%		85%												Molecular Weight

				Operation (hr/yr)		8,760		8,760		8,760		8,760												NO2		46.01

				Heat Input LHV (MMBtu/hr)		259		172		174		129						From GTP Cookbook						CO		28.01

				Heat Input HHV (MMBtu/hr)		284.64		189.02		191.22		141.77

				Fuel Flow Rate (lbmol/hr)		698		464		469		348						Based on HHV

				Supplemental Firing Emission Factors

				NOx (lb/MMBtu)		0.08		0.08		0.08		0.08

				CO (lb/MMBtu)		0.08		0.08		0.08		0.08

				VOC (lb/MMBtu)		0.02		0.02		0.02		0.02

				PM10 (lb/MMBtu)		0.01		0.01		0.01		0.01

				PM2.5 (lb/MMBtu)		0.01		0.01		0.01		0.01

				SO2 		No Emission Factor		No Emission Factor		No Emission Factor		No Emission Factor						Based on Mass Balance of Sulfur

				CO2 (kg CO2/MMBtu)		53.060		53.060		53.060		53.060

				CH4 (kg CH4/MMBtu)		0.001		0.001		0.001		0.001

				N2O (kg N2O/MMBtu)		0.0001		0.0001		0.0001		0.0001

				Supplemental Firing Emission Calculations (Maximum 1-hour)

				NOx (lb/hr)		22.771		15.122		15.298		11.341

				CO (lb/hr)		22.771		15.122		15.298		11.341

				VOC (lb/hr)		4.270		2.835		2.868		2.127

				PM10 (lb/hr)		1.423		0.945		0.956		0.709

				PM2.5 (lb/hr)		1.423		0.945		0.956		0.709

				SO2 @ 16 ppm (lb/hr)		0.716		0.475		0.481		0.356

				SO2 @ 96 ppm (lb/hr)		4.288		2.848		2.881		2.136

				CO2 (lb/hr)		33,295.569		22,111.343		22,368.452		16,583.507

				CH4 (lb/hr)		0.628		0.417		0.422		0.313

				N2O (lb/hr)		0.063		0.042		0.042		0.031

				CO2e (lb/hr)		33,329.956		22,134.180		22,391.554		16,600.635

				Total Emission Calculations (Maximum 1-hour)

				NOx (lb/hr)		35.587		27.660		25.527		20.918		12.816		12.538

				CO (lb/hr)		44.444		36.325		32.597		27.536		21.673		21.203

				VOC (lb/hr)		5.196		3.691		3.558		2.772		0.927		0.856

				PM10 (lb/hr)		4.336		3.635		3.123		2.737		2.913		2.690

				PM2.5 (lb/hr)		4.336		3.635		3.123		2.737		2.913		2.690

				SO2 @ 16 ppm (lb/hr)		1.765		1.442		1.260		1.086		1.050		0.967

				SO2 @ 96 ppm (lb/hr)		10.576		8.638		7.548		6.508		6.288		5.791

				CO2 (lb/hr)		82,191.569		67,264.108		58,748.011		50,623.545		48,896.000		45,152.765

				CH4 (lb/hr)		1.549		1.268		1.107		0.954		0.922		0.851

				N2O (lb/hr)		0.155		0.127		0.111		0.095		0.092		0.085

				CO2e (lb/hr)		82,276.456		67,333.578		58,808.686		50,675.829		48,946.499		45,199.399

				Total Emission Calculations (Annual)

				NOx (tpy)		155.872		121.152		111.810		91.621		56.135		54.918

				CO (tpy)		194.664		159.103		142.773		120.607		94.928		92.869

				VOC (tpy)		22.760		16.168		15.584		12.140		4.060		3.749

				PM10 (tpy)		18.992		15.922		13.681		11.987		12.759		11.782

				PM2.5 (tpy)		18.992		15.922		13.681		11.987		12.759		11.782

				SO2 @ 16 ppm (tpy)		7.733		6.316		5.518		4.758		4.597		4.234

				SO2 @ 96 ppm (tpy)		46.323		37.835		33.058		28.504		27.542		25.363

				CO2 (tonnes/yr)		326,589.015		267,274.603		233,435.807		201,153.161		194,288.741		179,414.962

				CH4 (tonnes/yr)		6.155		5.037		4.399		3.791		3.662		3.381

				N2O (tonnes/yr)		0.616		0.504		0.440		0.379		0.366		0.338

				CO2e (tonnes/yr)		326,926.314		267,550.642		233,676.898		201,360.910		194,489.401		179,600.260

				Stack Parameters

				Stack Height (ft)		240		240		240		240		240		240		From GTP Cookbook

				Exhaust Temp Ambient Temp Basis (F)		--		--		--		--		-40		-40

				Exhaust Temp Load % Basis		--		--		--		--		60%		60%

				Exhaust Temperature (F)		410		410		410		410		871		871		From GTP Cookbook

				Exhaust Velocity Ambient Temp Basis (F)		70		70		70		70		70		70

				Exhaust Velocity Load % Basis		60%		85%		60%		85%		60%		60%

				Exhaust Velocity (ft/s)		52.00		63.00		41.00		48.00		83		83		From GTP Cookbook (Calculated without SF for the Treated Gas and CO2 Turbines)

				Stack Diameter (ft)		10		10		10		10		10		10		From GTP Cookbook

				NO2/NOx Ratio		0.4		0.4		0.2		0.2		0.4		0.4		From GTP Cookbook





GTP Fuel

				GTP Fuel Gas Specification

				Component		% By Volume		MW				Conversion of 1 grain/100 scf of H2S to Sulfur

				Hydrogen		0.0000						GPSA Calculation:

				Methane		91.1100

				Ethane		5.7600

				Ethylene		0.0000						32		Sulfur Molecular Weight

				Propane		1.9700						34.08		H2S Molecular Weight

				Propylene		0.0000						1.065

				Butane		0.3000

				Butylene		0.0000						90		ppm H2S of Rich Gas

				Butadiene		0.0000						95.85		ppm S equivalent

				Pentane		0.0700

				Cyclopentane		0.0000

				Hexane		0.0074

				Heptane		0.0045

				CO		0.0000

				CO2 		0.0050

				Nitrogen		0.7700		28.0130

				Water		0.0000		18.0200

				Oxygen		0.0000		32.0000

				Lean Gas - S (Note 1)		0.0016		64.0660

				Rich Gas - S (Note 1)		0.0096		64.0660

				Ammonia		0.0000

				Argon		0.0000

				Properties

				Temp		82.0000

				MW		17.6700

				Fuel Heating Value at 82ºF:

				Net (Btu/lbm)		21040.0000

				Net (Btu/scf)		980.0000

				Gross (Btu/lbm)		23129.0000

				Gross (Btu/scf)		1077.0000

				scf defined at 14.676 psia, 60F



				REFERENCE GTP COOKBOOK USAG-EC-PRZZ-00-000003_EMISSIONS DATA REV 1



		Notes:

		1		Normal maximum sulfur based on 16 ppmv for total sulfur being equal to the pipeline specification of 1 grain/100 scf. This assumes all H2S and other mercaptans are included in Sulfur value





				GTP Diesel Fuel Specification

				Sulfur Content (H2S)		15		ppm		Assume ULSD required

				Specific Gravity		0.855				average value at 60oF

				Density		7.1307		lb/gal

				LHV		0.131133573		MMBtu/gal

				LHV		18,390		Btu/lb

				HHV		0.1442469303		MMBtu/gal		Assumed 10% higher than LHV

				HHV		20,229		Btu/lb

				lb SO2/gal Fuel		0.0002013374
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Summary

								SCR:

								Control Option		Building Heater		Operations Camp		Buyback Heater		Buyback Heater (2)

								Baseline emissions ppmvd@3%O2		30		65.84		65.84		65.84

								Baseline emissions (tpy)		43.82		11.17		0.51		0.42

								Controlled emissions ppmvd@3%O2		5		5		5		5

								Controlled emissions (tpy)		7.30		0.85		0.04		0.03

								NOx emission reduction (tpy)		36.52		10.32		0.47		0.39

								Total Annualized Operating Cost		$1,184,181		$272,473		$184,829		$149,836

								Cost of NOx removal ($/ton)		$32,428		$26,402		$394,940		$387,431

								CO Catalyst:

								Control Option		Building Heater		Operations Camp		Buyback Heater		Buyback Heater (2)

								Baseline emissions ppmvd@3%O2		50		50.00		50.00		50.00

								Baseline emissions (tpy)		44.50		5.16		4.10		3.39

								Controlled emissions ppmvd@3%O2		10		10		10		10

								Controlled emissions (tpy)		8.90		1.03		0.82		0.68

								NOx emission reduction (tpy)		35.60		4.13		3.28		2.71

								Total Annualized Operating Cost		$156,556		$68,901		$66,540		$64,955

								Cost of NOx removal ($/ton)		$4,397		$16,684		$20,280		$23,956





Heater-->





Building Heat

		Alaska Gasline Development Corporation

		Building Heat Medium Heaters

		NOx BACT Analysis - SCR Installation

		Design Parameters



										Reagent Parameters

		Heater Size2		MMBtu/hr		274.74				Reagent Used				Ammonia

		NOx Removal Efficiency		ηNox		83%				Concentration Stored				19%

		Normalized Stochiometric Ratio		(NSR)		1.05				Concentration Injected

		Actual Stochiometric Ratio		(ASR)		1.05				Density		lb/ft3		58

		Utilitization				79.36%				Specific Volume		gal/ft3		7.782

		Mass Flow Rate (mreagent)		lb/hr		3.24				Stochiometric Ratio		SRt		1

		Flow Rate (msol)		lb/hr		17.07				Molecular Weight		g/mole		17.03

		Volume Flow Rate (qsol)		gal/hr		2.29				Reagent Cost5		$/gal		$5.67

		Tank Volume (2 week supply)		gallon		769.59



		Nox Removal Efficiency

		Heater Outlet		lb/MMBtu		0.036				Catalyst Paramaters

		SCR Inlet (Flow Weighted Avg)4		lb/MMBtu		0.036				Flue Gas Flow Rate2		qfluegas (acfm)		99,243

		Proposed Controlled NOx		ppmv		5.00				Catalyst Cross Sectional Area		Acatalyst (ft2)		103.4

		Proposed Controlled NOx		lb/MMBtu		0.0061

										Initial Catalyst Cost9		$/ft3		$155.32

										Replacement Term (Y)				2.74

		Operational Data								Interest Rate6				7.0%

		Max Potential Hours/Year				8,760

		Capacity Factor		Cfplant		1.00

										Pressure Drop for SCR Ductwork		Pduct		3

		Fuel Data										Pcatalyst		1

		Fuel HHV1		Btu/scf		1,077

										Total Catalyst Layers		ntotal		5

										Catalyst Layers		nlayers		4

										Empty Layers		nempty		1

										Catalyst Height		hlayer (ft)		2.93

										SCR Height		hscr (ft)		59

										Number of Reactor Chambers		Nscr		1

		Utilities

		Electricity Cost7		$/kWh		$0.14				Catalyst Volume		ft3		998

		Natural Gas Cost8		$/kscf		$4.44				NOx Efficiency Adjustment		ηadj		1.169

										Ammonia Slip Adjustment		Slipadj		1.271

										Inlet Nox Adjustment		Noxadj		0.864

										Sulfur in Natural Gas?		Sadj		0.964

										Temperature Adjustment5		Tadj		1.045

										Ammonia Slip		Slip		0.22











		Design Notes

		Indicates Default values per EPA Cost Control Manual

		1GTP Fuel Gas Specifications as identified in Emission Calculations for GTP rev7

		2Heater Size as identified in Emission Calculations for GTP rev 7 - Primary Heater - Max.

		3Heater outlet/SCR inlet Nox as described in BACT document and associated emission calculations.

		4Assumed temperature of the exhaust to SCR 750 deg F.

		5Ammonia cost per Brenntag quote (June 15, 2015).

		6 7% Interest Rate per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06

		7 Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers in Alaska: https://www.eia.gov/electricity/data.php#sales

		8 Natural Gas per Department of Energy: Alaska Natural Gas Prices for Industry 2017: https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SAK_m.htm

		9 Catalyst cost estimate per EPA Cost Control Manual, adjusted from 2012 dollars.







		Cost Analysis







		Description				Cost		EPA Equation

		Total Direct Capital Costs				$2,503,964		Equation 2.36





Attachment B
Celite System 7 Modification
NOx BACT Analysis - Ultra Cat Installation
Based on EPA Algorithms for Traditional SCR	




Building Heat - SCR

		Alaska LNG Project

		Building Heater Medium Heaters

		SCR Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$1,013,751				-		A				Per EPA Cost Control Manual						$1,013,751		$		FALSE		Need input

		Ammonia System						-		B				Included in Purchased Equipment Costs						$0		$		Req'd		Need input

		Instrumentation & Controls				$30,413		3%		C = 0.03 x A				Engineering Estimate						$30,413		$

		Freight				$517,013		51%		D = 0.51 x (A+B)				Engineering Estimate						$517,013		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$1,561,176				-		PE										$1,561,176		$

		Direct Installation Costs:

		Foundation & Supports				$31,224		2%		0.02 x PE				Engineering Estimate						$31,224		$

		Erection and Handling				$249,788		16%		0.16 x PE				Engineering Estimate						$249,788		$

		Electrical				$327,847		21%		0.21 x PE				Engineering Estimate						$327,847		$

		Piping				$124,894		8%		0.08 x PE				Engineering Estimate						$124,894		$

		Insulation				$109,282		7%		0.07 x PE				Engineering Estimate						$109,282		$

		Painting				$1,561		0%		0.00 x PE				Engineering Estimate						$1,561		$

		Site Preparation		$70,963				7%		Project-Specific				engineering judgement						$70,963		$		FALSE

		Total Direct Installation Cost (DI)		$915,559				-		DI										$915,559		$

		Total Direct Capital Costs (DC)		$2,476,735				-		DC = PE + DI										$2,476,735		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$437,129		28%		0.28 x PE				Engineering Estimate						$437,129		$		FALSE

		Construction and Field Expenses				$140,506		9%		0.09 x PE				Engineering Estimate						$140,506		$		FALSE

		Contractor Fees				$46,835		3%		0.03 x PE				Engineering Estimate						$46,835		$		FALSE

		Startup-up				$31,224		2%		0.02 x PE				Engineering Estimate						$31,224		$		FALSE

		Performance Testing				$15,612		1%		0.01 x PE				Engineering Estimate						$15,612		$		FALSE

		Total Indirect Costs (TIC)		$671,306				-		IC										$671,306		$



		Capital Investment:

		Project Contingency				$472,206.11		15%		E = 0.15 x (DC+IC)				OAQPS (15% of DC & TIC)						$472,206		$

		Preproduction Cost				$108,607.41		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$108,607		$

		Inventory Capital (initial reagent fill)				$4,938		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$4,938		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$3,733,793				-		TCI = DC + IC + E + F + G										$3,733,793		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$56,007		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$56,007

		Maintenance Materials				$56,007		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$56,007

		Annual Reagent Cost				$128,749		-		q*Cost*[op hr/yr]				See parameters below						$128,749						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$142,196		-		See parameters below				See parameters below						$142,196						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$48,231		-		See parameters below				See parameters below						$48,231

		Catalyst Disposal Cost				$4,823		10%		0.100 x Cat Repl				Engineering Estimate						$4,823

		Fuel Penalty Costs (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Other Maintenance Cost (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Total Direct Annual Costs		$436,013				-		DAC										$436,013



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$67,208		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$67,208

		Property Tax				$37,338		1.0%		0.0100 x TCI				OAQPS (1%)						$37,338

		Insurance				$37,338		1.0%		0.010 x TCI				OAQPS (1%)						$37,338

		General Administrative				$74,676		2.0%		0.020 x TCI				OAQPS (2%)						$74,676

		Total Indirect Annual Costs		$216,560				-		DAC										$216,560



		Capital Recovery Cost

		Equipment Life (years)				10		-		n				Vendor Supplied						10		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.1424				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$531,608				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$531,608						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$1,184,181				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$1,184,181		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled NOx (tpy)		43.82										Calculated below

		Controlled NOx Emissions (tpy)		7.30										Calculated below

		NOx Reduction (tpy)		36.52										Calculated below



		Total Annual Costs		$1,184,181										Calculated above

		Cost Effectiveness ($/ton/yr)		$32,428										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Heater Capacity:		275		MMBtu/hr														274.7448979592		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:				MMBtu/hr														0		MMBtu/hr		FALSE



		NOx Emission Rates

														Reference

		Utility Heater uncontrolled NOx concentration:				lb NOx/MMBtu												0.000		0.036		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		30		ppmv @ 3% O2								Assumption for baseline/uncontrolled emissions				0.036						FALSE

		or (default)				ppmv @ 3% O2												0.000						N/A



		Duct burner uncontrolled NOx concentration:				lb NOx/MMBtu												0.000		0.000		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled NOx concentration:				lb NOx/MMBtu												0.000		0.006		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		5		ppmv @ 3% O2								Most stringent limit identified as BACT				0.006						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]				Btu/scf												1050		1050		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		8760		hr/yr												8760		8760		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:				kW												116.27		116.3		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		FALSE

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		FALSE

		number of layers of catalyst		5																5.00		# layers		FALSE

		Calculated Power demand:		116.3		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										FALSE



		Electricity Cost  [Default:  $/kWh]		0.140		$/kWh								US EIA, 2023						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:		$6.70		$/gallon								Appendix F						$6.7000		$/gallon		FALSE

		Aqueous ammonia storage volume:				gallons								Calculated below						737.064404773		gallons		FALSE

		or		14		days' worth								Engineering Estimate						14		gallons		FALSE



		Aqueous ammonia consumption rate:				gal/hr								Calculated below				2.1936440618		2.1936440618		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		FALSE		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)		17.07		lb/hr								Calculated below				16.70		17.07		lb/hr		FALSE		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]		7.782		lb/gal								Engineeering Data				7.78		7.78		lb/gal		FALSE

		Calculated Aqueous ammonia consumption rate:		2.2		gal/hr								OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)										FALSE



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$155,057										OAQPS (Section 4.2, Ch. 2)						$155,057		$		FALSE

		Catalyst replacement frequency:		3		years														3		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$48,231										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$48,231		$48,231		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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Building Heat - CO

		Alaska LNG Project

		Building Heater Medium Heaters

		CO Catalyst Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$117,000				-		A				Vendor Supplied, Adjusted from Utility Heater Costs						$117,000		$		FALSE		Need input

		Ammonia System						-		B				Included in Purchased Equipment Costs						$0		$		Req'd		Need input

		Instrumentation & Controls				$3,510		3%		C = 0.03 x A				Engineering Estimate						$3,510		$

		Freight				$59,670		51%		D = 0.51 x (A+B)				Engineering Estimate						$59,670		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$180,180				-		PE										$180,180		$

		Direct Installation Costs:

		Foundation & Supports				$3,604		2%		0.02 x PE				Engineering Estimate						$3,604		$

		Erection and Handling				$28,829		16%		0.16 x PE				Engineering Estimate						$28,829		$

		Electrical				$37,838		21%		0.21 x PE				Engineering Estimate						$37,838		$

		Piping				$14,414		8%		0.08 x PE				Engineering Estimate						$14,414		$

		Insulation				$12,613		7%		0.07 x PE				Engineering Estimate						$12,613		$

		Painting				$180		0%		0.00 x PE				Engineering Estimate						$180		$

		Site Preparation		$8,190				7%		Project-Specific				engineering judgement						$8,190		$		FALSE

		Total Direct Installation Cost (DI)		$105,667				-		DI										$105,667		$

		Total Direct Capital Costs (DC)		$285,847				-		DC = PE + DI										$285,847		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$50,450		28%		0.28 x PE				Engineering Estimate						$50,450		$		FALSE

		Construction and Field Expenses				$16,216		9%		0.09 x PE				Engineering Estimate						$16,216		$		FALSE

		Contractor Fees				$5,405		3%		0.03 x PE				Engineering Estimate						$5,405		$		FALSE

		Startup-up				$3,604		2%		0.02 x PE				Engineering Estimate						$3,604		$		FALSE

		Performance Testing				$1,802		1%		0.01 x PE				Engineering Estimate						$1,802		$		FALSE

		Total Indirect Costs (TIC)		$77,477				-		IC										$77,477		$



		Capital Investment:

		Project Contingency				$54,498.72		15%		E = 0.15 x (DC+IC)				OAQPS (15% of DC & TIC)						$54,499		$

		Preproduction Cost				$12,534.70		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$12,535		$

		Inventory Capital (initial reagent fill)				$0		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$0		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$430,358				-		TCI = DC + IC + E + F + G										$430,358		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$6,455		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$6,455

		Maintenance Materials				$6,455		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$6,455

		Annual Reagent Cost				$0		-		q*Cost*[op hr/yr]				See parameters below						$0						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$0		-		See parameters below				See parameters below						$0						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$52,192		-		See parameters below				See parameters below						$52,192

		Catalyst Disposal Cost				$5,219		10%		0.100 x Cat Repl				Engineering Estimate						$5,219

		Fuel Penalty Costs (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Other Maintenance Cost (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Total Direct Annual Costs		$70,322				-		DAC										$70,322



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$7,746		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$7,746

		Property Tax				$4,304		1.0%		0.0100 x TCI				OAQPS (1%)						$4,304

		Insurance				$4,304		1.0%		0.010 x TCI				OAQPS (1%)						$4,304

		General Administrative				$8,607		2.0%		0.020 x TCI				OAQPS (2%)						$8,607

		Total Indirect Annual Costs		$24,961				-		DAC										$24,961



		Capital Recovery Cost

		Equipment Life (years)				10		-		n				Vendor Supplied						10		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.1424				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$61,273				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$61,273						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$156,556				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$156,556		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled CO (tpy)		44.50										Calculated below

		Controlled CO Emissions (tpy)		8.90										Calculated below

		CO Reduction (tpy)		35.60										Calculated below



		Total Annual Costs		$156,556										Calculated above

		Cost Effectiveness ($/ton/yr)		$4,397										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Heater Capacity:		275		MMBtu/hr														274.7448979592		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:				MMBtu/hr														0		MMBtu/hr		FALSE



		NOx Emission Rates

														Reference

		Utility Heater uncontrolled CO concentration:				lb CO/MMBtu								Assumption from Rev7 Calculations				0.000		0.037		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		50		ppmv @ 3% O2								Assumption for baseline/uncontrolled emissions				0.037						FALSE

		or (default)				ppmv @ 3% O2												0.000						N/A



		Duct burner uncontrolled CO concentration:				lb CO/MMBtu												0.000		0.000		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled CO concentration:				lb CO/MMBtu												0.000		0.007		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		10		ppmv @ 3% O2								Most stringent limit identified as BACT				0.007						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]				Btu/scf												1050		1050		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		8760		hr/yr												8760		8760		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:		0		kW												58.55		0.0		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		N/A

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		N/A

		number of layers of catalyst		1																1.00		# layers		N/A

		Calculated Power demand:		0.0		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										N/A



		Electricity Cost  [Default:  $/kWh]		0.140		$/kWh								US EIA, 2023						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:				$/gallon								Estimated from Fluor GTP SCR Study Jan-2025						$0.0000		$/gallon		Req'd

		Aqueous ammonia storage volume:				gallons								Calculated below						0		gallons		Req'd

		or				days' worth								Engineering Estimate						0		gallons		Req'd



		Aqueous ammonia consumption rate:				gal/hr								Calculated below				2.0924806559		2.0924806559		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		FALSE		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)				lb/hr								Calculated below				16.28		16.28		lb/hr		FALSE		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]				lb/gal								Engineeering Data				7.78		7.78		lb/gal		FALSE

		Calculated Aqueous ammonia consumption rate:				gal/hr								OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)										FALSE



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$167,791																$167,791		$		FALSE

		Catalyst replacement frequency:		3		years														3		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$52,192										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$52,192		$52,192		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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Appendix E.2 - BACT Cost Effectiveness (Building Heat Medium Heaters)	&1#	Page &P of &N




Op Camp Heater

		Alaska Gasline Development Corporation

		Operations Camp Heater

		NOx BACT Analysis - SCR Installation

		Design Parameters



										Reagent Parameters

		Heater Size2		QB (MMBtu/hr)		31.87				Reagent Used				Ammonia

		NOx Removal Efficiency		ηNox		92%				Concentration Stored				19%

		Normalized Stochiometric Ratio		(NSR)		1.05				Concentration Injected

		Actual Stochiometric Ratio		(ASR)		1.05				Density		lb/ft3		58

		Utilitization				88.00%				Specific Volume		gal/ft3		7.782

		Mass Flow Rate (mreagent)		lb/hr		0.92				Stochiometric Ratio		SRt		1

		Flow Rate (msol)		lb/hr		4.82				Molecular Weight		g/mole		17.03

		Volume Flow Rate (qsol)		gal/hr		0.65				Reagent Cost5		$/gal		$5.67

		Tank Volume (2 week supply)		gallon		217.25



		Nox Removal Efficiency

		Heater Outlet		lb/MMBtu		0.080				Catalyst Paramaters

		SCR Inlet (Flow Weighted Avg)4		lb/MMBtu		0.080				Flue Gas Flow Rate2		qfluegas (acfm)		8,541

		Proposed Controlled NOx		ppmv		5.00				Catalyst Cross Sectional Area		Acatalyst (ft2)		8.9

		Proposed Controlled NOx		lb/MMBtu		0.0061

										Initial Catalyst Cost9		$/ft3		$155.32

										Replacement Term (Y)				2.74

		Operational Data								Interest Rate6				7.0%

		Max Potential Hours/Year				8,760

		Capacity Factor		Cfplant		1.00

										Pressure Drop for SCR Ductwork		Pduct		3

		Fuel Data										Pcatalyst		1

		Fuel HHV1		Btu/scf		1,077

										Total Catalyst Layers		ntotal		6

										Catalyst Layers		nlayers		5

										Empty Layers		nempty		1

										Catalyst Height		hlayer (ft)		3.40

										SCR Height		hscr (ft)		71

										Number of Reactor Chambers		Nscr		1

		Utilities

		Electricity Cost7		$/kWh		$0.14				Catalyst Volume		ft3		128

		Natural Gas Cost8		$/kscf		$4.44				NOx Efficiency Adjustment		ηadj		1.265

										Ammonia Slip Adjustment		Slipadj		1.276

										Inlet Nox Adjustment		Noxadj		0.878

										Sulfur in Natural Gas?		Sadj		0.964

										Temperature Adjustment5		Tadj		1.045

										Ammonia Slip		Slip		0.13











		Design Notes

		Indicates Default values per EPA Cost Control Manual

		1GTP Fuel Gas Specifications as identified in Emission Calculations for GTP rev7

		2Heater Size as identified in Emission Calculations for GTP rev 7 - Primary Heater - Max.

		3Heater outlet/SCR inlet Nox as described in BACT document and associated emission calculations.

		4Assumed temperature of the exhaust to SCR 750 deg F.

		5Ammonia cost per Brenntag quote (June 15, 2015).

		6 7% Interest Rate per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06

		7 Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers in Alaska: https://www.eia.gov/electricity/data.php#sales

		8 Natural Gas per Department of Energy: Alaska Natural Gas Prices for Industry 2017: https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SAK_m.htm

		9 Catalyst cost estimate per EPA Cost Control Manual, adjusted from 2012 dollars.







		Cost Analysis







		Description				Cost		EPA Equation

		Total Direct Capital Costs				$612,963		Equation 2.36





Attachment B
Celite System 7 Modification
NOx BACT Analysis - Ultra Cat Installation
Based on EPA Algorithms for Traditional SCR	




OpCamp Heater - SCR

		Alaska LNG Project

		Operations Camp Heater

		SCR Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$248,163				-		A				Per EPA Cost Control Manual						$248,163		$		FALSE		Need input

		Ammonia System						-		B				Included in Purchased Equipment Costs						$0		$		Req'd		Need input

		Instrumentation & Controls				$7,445		3%		C = 0.03 x A				Engineering Estimate						$7,445		$

		Freight				$126,563		51%		D = 0.51 x (A+B)				Engineering Estimate						$126,563		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$382,172				-		PE										$382,172		$

		Direct Installation Costs:

		Foundation & Supports				$7,643		2%		0.02 x PE				Engineering Estimate						$7,643		$

		Erection and Handling				$61,147		16%		0.16 x PE				Engineering Estimate						$61,147		$

		Electrical				$80,256		21%		0.21 x PE				Engineering Estimate						$80,256		$

		Piping				$30,574		8%		0.08 x PE				Engineering Estimate						$30,574		$

		Insulation				$26,752		7%		0.07 x PE				Engineering Estimate						$26,752		$

		Painting				$382		0%		0.00 x PE				Engineering Estimate						$382		$

		Site Preparation		$17,371				7%		Project-Specific				engineering judgement						$17,371		$		FALSE

		Total Direct Installation Cost (DI)		$224,126				-		DI										$224,126		$

		Total Direct Capital Costs (DC)		$606,298				-		DC = PE + DI										$606,298		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$107,008		28%		0.28 x PE				Engineering Estimate						$107,008		$		FALSE

		Construction and Field Expenses				$34,395		9%		0.09 x PE				Engineering Estimate						$34,395		$		FALSE

		Contractor Fees				$11,465		3%		0.03 x PE				Engineering Estimate						$11,465		$		FALSE

		Startup-up				$7,643		2%		0.02 x PE				Engineering Estimate						$7,643		$		FALSE

		Performance Testing				$3,822		1%		0.01 x PE				Engineering Estimate						$3,822		$		FALSE

		Total Indirect Costs (TIC)		$164,334				-		IC										$164,334		$



		Capital Investment:

		Project Contingency				$115,594.73		15%		E = 0.15 x (DC+IC)				OAQPS (15% of DC & TIC)						$115,595		$

		Preproduction Cost				$26,586.79		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$26,587		$

		Inventory Capital (initial reagent fill)				$1,394		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$1,394		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$914,207				-		TCI = DC + IC + E + F + G										$914,207		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$13,713		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$13,713

		Maintenance Materials				$13,713		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$13,713

		Annual Reagent Cost				$36,346		-		q*Cost*[op hr/yr]				See parameters below						$36,346						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$18,719		-		See parameters below				See parameters below						$18,719						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$6,177		-		See parameters below				See parameters below						$6,177

		Catalyst Disposal Cost				$618		10%		0.100 x Cat Repl				Engineering Estimate						$618

		Fuel Penalty Costs (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Other Maintenance Cost (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Total Direct Annual Costs		$89,286				-		DAC										$89,286



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$16,456		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$16,456

		Property Tax				$9,142		1.0%		0.0100 x TCI				OAQPS (1%)						$9,142

		Insurance				$9,142		1.0%		0.010 x TCI				OAQPS (1%)						$9,142

		General Administrative				$18,284		2.0%		0.020 x TCI				OAQPS (2%)						$18,284

		Total Indirect Annual Costs		$53,024				-		DAC										$53,024



		Capital Recovery Cost

		Equipment Life (years)				10		-		n				Vendor Supplied						10		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.1424				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$130,163				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$130,163						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$272,473				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$272,473		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled NOx (tpy)		11.17										Calculated below

		Controlled NOx Emissions (tpy)		0.85										Calculated below

		NOx Reduction (tpy)		10.32										Calculated below



		Total Annual Costs		$272,473										Calculated above

		Cost Effectiveness ($/ton/yr)		$26,402										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Heater Capacity:		32		MMBtu/hr														31.8704081633		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:				MMBtu/hr														0		MMBtu/hr		FALSE



		NOx Emission Rates

														Reference

		Utility Heater uncontrolled NOx concentration:				lb NOx/MMBtu												0.000		0.080		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		65.84		ppmv @ 3% O2								Assumption for baseline/uncontrolled emissions				0.080						FALSE

		or (default)				ppmv @ 3% O2												0.000						N/A



		Duct burner uncontrolled NOx concentration:				lb NOx/MMBtu												0.000		0.000		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled NOx concentration:				lb NOx/MMBtu												0.000		0.006		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		5		ppmv @ 3% O2								Most stringent limit identified as BACT				0.006						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]				Btu/scf												1050		1050		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		8760		hr/yr												8760		8760		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:				kW												15.31		15.3		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		FALSE

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		FALSE

		number of layers of catalyst		6																6.00		# layers		FALSE

		Calculated Power demand:		15.3		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										FALSE



		Electricity Cost  [Default:  $/kWh]		0.140		$/kWh								US EIA, 2023						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:		$6.70		$/gallon								Appendix F						$6.7000		$/gallon		FALSE

		Aqueous ammonia storage volume:				gallons								Calculated below						208.0725138235		gallons		FALSE

		or		14		days' worth								Engineering Estimate						14		gallons		FALSE



		Aqueous ammonia consumption rate:				gal/hr								Calculated below				0.619263434		0.619263434		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		FALSE		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)		4.82		lb/hr								Calculated below				4.71		4.82		lb/hr		FALSE		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]		7.782		lb/gal								Engineeering Data				7.78		7.78		lb/gal		FALSE

		Calculated Aqueous ammonia consumption rate:		0.6		gal/hr								OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)										FALSE



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$19,859										OAQPS (Section 4.2, Ch. 2)						$19,859		$		FALSE

		Catalyst replacement frequency:		3		years														3		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$6,177										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$6,177		$6,177		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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Appendix E.3 - BACT Cost Effectiveness (Operations Camp Heaters)	&1#&"Calibri,Regular"&10 	Page &P of &N




OpCamp Heater - CO

		Alaska LNG Project

		Operations Camp Heater

		CO Catalyst Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$13,559				-		A				Vendor Supplied, Adjusted from Utility Heater Costs						$13,559		$		FALSE		Need input

		Ammonia System						-		B				Included in Purchased Equipment Costs						$0		$		Req'd		Need input

		Instrumentation & Controls				$407		3%		C = 0.03 x A				Engineering Estimate						$407		$

		Freight				$6,915		51%		D = 0.51 x (A+B)				Engineering Estimate						$6,915		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$20,881				-		PE										$20,881		$

		Direct Installation Costs:

		Foundation & Supports				$418		2%		0.02 x PE				Engineering Estimate						$418		$

		Erection and Handling				$3,341		16%		0.16 x PE				Engineering Estimate						$3,341		$

		Electrical				$4,385		21%		0.21 x PE				Engineering Estimate						$4,385		$

		Piping				$1,671		8%		0.08 x PE				Engineering Estimate						$1,671		$

		Insulation				$1,462		7%		0.07 x PE				Engineering Estimate						$1,462		$

		Painting				$21		0%		0.00 x PE				Engineering Estimate						$21		$

		Site Preparation		$949				7%		Project-Specific				engineering judgement						$949		$		FALSE

		Total Direct Installation Cost (DI)		$12,246				-		DI										$12,246		$

		Total Direct Capital Costs (DC)		$33,128				-		DC = PE + DI										$33,128		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$5,847		28%		0.28 x PE				Engineering Estimate						$5,847		$		FALSE

		Construction and Field Expenses				$1,879		9%		0.09 x PE				Engineering Estimate						$1,879		$		FALSE

		Contractor Fees				$626		3%		0.03 x PE				Engineering Estimate						$626		$		FALSE

		Startup-up				$418		2%		0.02 x PE				Engineering Estimate						$418		$		FALSE

		Performance Testing				$209		1%		0.01 x PE				Engineering Estimate						$209		$		FALSE

		Total Indirect Costs (TIC)		$8,979				-		IC										$8,979		$



		Capital Investment:

		Project Contingency				$6,315.99		15%		E = 0.15 x (DC+IC)				OAQPS (15% of DC & TIC)						$6,316		$

		Preproduction Cost				$1,452.68		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$1,453		$

		Inventory Capital (initial reagent fill)				$0		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$0		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$49,875				-		TCI = DC + IC + E + F + G										$49,875		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$748		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$748

		Maintenance Materials				$748		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$748

		Annual Reagent Cost				$0		-		q*Cost*[op hr/yr]				See parameters below						$0						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$0		-		See parameters below				See parameters below						$0						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$52,192		-		See parameters below				See parameters below						$52,192

		Catalyst Disposal Cost				$5,219		10%		0.100 x Cat Repl				Engineering Estimate						$5,219

		Fuel Penalty Costs (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Other Maintenance Cost (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Total Direct Annual Costs		$58,907				-		DAC										$58,907



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$898		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$898

		Property Tax				$499		1.0%		0.0100 x TCI				OAQPS (1%)						$499

		Insurance				$499		1.0%		0.010 x TCI				OAQPS (1%)						$499

		General Administrative				$998		2.0%		0.020 x TCI				OAQPS (2%)						$998

		Total Indirect Annual Costs		$2,893				-		DAC										$2,893



		Capital Recovery Cost

		Equipment Life (years)				10		-		n				Vendor Supplied						10		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.1424				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$7,101				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$7,101						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$68,901				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$68,901		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled CO (tpy)		5.16										Calculated below

		Controlled CO Emissions (tpy)		1.03										Calculated below

		CO Reduction (tpy)		4.13										Calculated below



		Total Annual Costs		$68,901										Calculated above

		Cost Effectiveness ($/ton/yr)		$16,684										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Heater Capacity:		32		MMBtu/hr														31.8704081633		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:				MMBtu/hr														0		MMBtu/hr		FALSE



		NOx Emission Rates

														Reference

		Ops Camp Heater uncontrolled CO concentration:				lb CO/MMBtu								Assumption from Rev7 Calculations				0.000		0.037		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		50		ppmv @ 3% O2								Assumption for baseline/uncontrolled emissions				0.037						FALSE

		or (default)				ppmv @ 3% O2												0.000						N/A



		Duct burner uncontrolled CO concentration:				lb CO/MMBtu												0.000		0.000		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled CO concentration:				lb CO/MMBtu												0.000		0.007		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		10		ppmv @ 3% O2								Most stringent limit identified as BACT				0.007						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]				Btu/scf												1050		1050		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		8760		hr/yr												8760		8760		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:		0		kW												6.79		0.0		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		N/A

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		N/A

		number of layers of catalyst		1																1.00		# layers		N/A

		Calculated Power demand:		0.0		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										N/A



		Electricity Cost  [Default:  $/kWh]		0.140		$/kWh								US EIA, 2023						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:				$/gallon								Estimated from Fluor GTP SCR Study Jan-2025						$0.0000		$/gallon		Req'd

		Aqueous ammonia storage volume:				gallons								Calculated below						0		gallons		Req'd

		or				days' worth								Engineering Estimate						0		gallons		Req'd



		Aqueous ammonia consumption rate:				gal/hr								Calculated below				0.2427277561		0.2427277561		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		FALSE		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)				lb/hr								Calculated below				1.89		1.89		lb/hr		FALSE		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]				lb/gal								Engineeering Data				7.78		7.78		lb/gal		FALSE

		Calculated Aqueous ammonia consumption rate:				gal/hr								OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)										FALSE



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$167,791																$167,791		$		FALSE

		Catalyst replacement frequency:		3		years														3		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$52,192										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$52,192		$52,192		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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Buyback Heater

		Alaska Gasline Development Corporation

		Buyback Heaters - Primary

		NOx BACT Analysis - SCR Installation

		Design Parameters



										Reagent Parameters

		Heater Size2		QB (MMBtu/hr)		25.32				Reagent Used				Ammonia

		NOx Removal Efficiency		ηNox		92%				Concentration Stored				19%

		Normalized Stochiometric Ratio		(NSR)		1.05				Concentration Injected

		Actual Stochiometric Ratio		(ASR)		1.05				Density		lb/ft3		58

		Utilitization				88.00%				Specific Volume		gal/ft3		7.782

		Mass Flow Rate (mreagent)		lb/hr		0.73				Stochiometric Ratio		SRt		1

		Flow Rate (msol)		lb/hr		3.83				Molecular Weight		g/mole		17.03

		Volume Flow Rate (qsol)		gal/hr		0.51				Reagent Cost5		$/gal		$5.67

		Tank Volume (2 week supply)		gallon		172.61



		Nox Removal Efficiency

		Heater Outlet		lb/MMBtu		0.080				Catalyst Paramaters

		SCR Inlet (Flow Weighted Avg)4		lb/MMBtu		0.080				Flue Gas Flow Rate2		qfluegas (acfm)		10,328

		Proposed Controlled NOx		ppmv		5.00				Catalyst Cross Sectional Area		Acatalyst (ft2)		10.8

		Proposed Controlled NOx		lb/MMBtu		0.0061

										Initial Catalyst Cost9		$/ft3		$155.32

										Replacement Term (Y)				48.00

		Operational Data								Interest Rate6				7.0%

		Max Potential Hours/Year				500

		Capacity Factor		Cfplant		0.06

										Pressure Drop for SCR Ductwork		Pduct		3

		Fuel Data										Pcatalyst		1

		Fuel HHV1		Btu/scf		1,077

										Total Catalyst Layers		ntotal		5

										Catalyst Layers		nlayers		4

										Empty Layers		nempty		1

										Catalyst Height		hlayer (ft)		2.89

										SCR Height		hscr (ft)		58

										Number of Reactor Chambers		Nscr		1

		Utilities

		Electricity Cost7		$/kWh		$0.14				Catalyst Volume		ft3		102

		Natural Gas Cost8		$/kscf		$4.44				NOx Efficiency Adjustment		ηadj		1.265

										Ammonia Slip Adjustment		Slipadj		1.276

										Inlet Nox Adjustment		Noxadj		0.878

										Sulfur in Natural Gas?		Sadj		0.964

										Temperature Adjustment5		Tadj		1.045

										Ammonia Slip		Slip		0.13











		Design Notes

		Indicates Default values per EPA Cost Control Manual

		1GTP Fuel Gas Specifications as identified in Emission Calculations for GTP rev7

		2Heater Size as identified in Emission Calculations for GTP rev 7 - Primary Heater - Max.

		3Heater outlet/SCR inlet Nox as described in BACT document and associated emission calculations.

		4Assumed temperature of the exhaust to SCR 750 deg F.

		5Ammonia cost per Brenntag quote (June 15, 2015).

		6 7% Interest Rate per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06

		7 Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers in Alaska: https://www.eia.gov/electricity/data.php#sales

		8 Natural Gas per Department of Energy: Alaska Natural Gas Prices for Industry 2017: https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SAK_m.htm

		9 Catalyst cost estimate per EPA Cost Control Manual, adjusted from 2012 dollars.







		Cost Analysis







		Description				Cost		EPA Equation

		Total Direct Capital Costs				$515,256		Equation 2.36





Attachment B
Celite System 7 Modification
NOx BACT Analysis - Ultra Cat Installation
Based on EPA Algorithms for Traditional SCR	




Buyback Heater - SCR

		Alaska LNG Project

		Buyback Gas Bath Heater - Primary

		SCR Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$208,606				-		A				Per EPA Cost Control Manual						$208,606		$		FALSE		Need input

		Ammonia System						-		B				Included in Purchased Equipment Costs						$0		$		Req'd		Need input

		Instrumentation & Controls				$6,258		3%		C = 0.03 x A				Engineering Estimate						$6,258		$

		Freight				$106,389		51%		D = 0.51 x (A+B)				Engineering Estimate						$106,389		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$321,253				-		PE										$321,253		$

		Direct Installation Costs:

		Foundation & Supports				$6,425		2%		0.02 x PE				Engineering Estimate						$6,425		$

		Erection and Handling				$51,400		16%		0.16 x PE				Engineering Estimate						$51,400		$

		Electrical				$67,463		21%		0.21 x PE				Engineering Estimate						$67,463		$

		Piping				$25,700		8%		0.08 x PE				Engineering Estimate						$25,700		$

		Insulation				$22,488		7%		0.07 x PE				Engineering Estimate						$22,488		$

		Painting				$321		0%		0.00 x PE				Engineering Estimate						$321		$

		Site Preparation		$14,602				7%		Project-Specific				engineering judgement						$14,602		$		FALSE

		Total Direct Installation Cost (DI)		$188,400				-		DI										$188,400		$

		Total Direct Capital Costs (DC)		$509,653				-		DC = PE + DI										$509,653		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$89,951		28%		0.28 x PE				Engineering Estimate						$89,951		$		FALSE

		Construction and Field Expenses				$28,913		9%		0.09 x PE				Engineering Estimate						$28,913		$		FALSE

		Contractor Fees				$9,638		3%		0.03 x PE				Engineering Estimate						$9,638		$		FALSE

		Startup-up				$6,425		2%		0.02 x PE				Engineering Estimate						$6,425		$		FALSE

		Performance Testing				$3,213		1%		0.01 x PE				Engineering Estimate						$3,213		$		FALSE

		Total Indirect Costs (TIC)		$138,139				-		IC										$138,139		$



		Capital Investment:

		Project Contingency				$97,168.72		15%		E = 0.15 x (DC+IC)				OAQPS (15% of DC & TIC)						$97,169		$

		Preproduction Cost				$22,348.80		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$22,349		$

		Inventory Capital (initial reagent fill)				$1,108		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$1,108		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$768,417				-		TCI = DC + IC + E + F + G										$768,417		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$11,526		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$11,526

		Maintenance Materials				$11,526		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$11,526

		Annual Reagent Cost				$1,648		-		q*Cost*[op hr/yr]				See parameters below						$1,648						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$756		-		See parameters below				See parameters below						$756						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$4,908		-		See parameters below				See parameters below						$4,908

		Catalyst Disposal Cost				$491		10%		0.100 x Cat Repl				Engineering Estimate						$491

		Fuel Penalty Costs (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Other Maintenance Cost (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Total Direct Annual Costs		$30,855				-		DAC										$30,855



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$13,831		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$13,831

		Property Tax				$7,684		1.0%		0.0100 x TCI				OAQPS (1%)						$7,684

		Insurance				$7,684		1.0%		0.010 x TCI				OAQPS (1%)						$7,684

		General Administrative				$15,368		2.0%		0.020 x TCI				OAQPS (2%)						$15,368

		Total Indirect Annual Costs		$44,568				-		DAC										$44,568



		Capital Recovery Cost

		Equipment Life (years)				10		-		n				Vendor Supplied						10		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.1424				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$109,405				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$109,405						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$184,829				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$184,829		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled NOx (tpy)		0.51										Calculated below

		Controlled NOx Emissions (tpy)		0.04										Calculated below

		NOx Reduction (tpy)		0.47										Calculated below



		Total Annual Costs		$184,829										Calculated above

		Cost Effectiveness ($/ton/yr)		$394,940										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Heater Capacity:		25		MMBtu/hr														25.3204897959		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:				MMBtu/hr														0		MMBtu/hr		FALSE



		NOx Emission Rates

														Reference

		Utility Heater uncontrolled NOx concentration:				lb NOx/MMBtu												0.000		0.080		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		65.84		ppmv @ 3% O2								Assumption for baseline/uncontrolled emissions				0.080						FALSE

		or (default)				ppmv @ 3% O2												0.000						N/A



		Duct burner uncontrolled NOx concentration:				lb NOx/MMBtu												0.000		0.000		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled NOx concentration:				lb NOx/MMBtu												0.000		0.006		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		5		ppmv @ 3% O2								Most stringent limit identified as BACT				0.006						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]				Btu/scf												1050		1050		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		500		hr/yr												8760		500		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:				kW												10.83		10.8		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		FALSE

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		FALSE

		number of layers of catalyst		5																5.00		# layers		FALSE

		Calculated Power demand:		10.8		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										FALSE



		Electricity Cost  [Default:  $/kWh]		0.140		$/kWh								US EIA, 2023						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:		$6.70		$/gallon								Appendix F						$6.7000		$/gallon		FALSE

		Aqueous ammonia storage volume:				gallons								Calculated below						165.3100247757		gallons		FALSE

		or		14		days' worth								Engineering Estimate						14		gallons		FALSE



		Aqueous ammonia consumption rate:				gal/hr								Calculated below				0.4919941214		0.4919941214		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		FALSE		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)		3.83		lb/hr								Calculated below				3.75		3.83		lb/hr		FALSE		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]		7.782		lb/gal								Engineeering Data				7.78		7.78		lb/gal		FALSE

		Calculated Aqueous ammonia consumption rate:		0.5		gal/hr								OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)										FALSE



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$15,778										OAQPS (Section 4.2, Ch. 2)						$15,778		$		FALSE

		Catalyst replacement frequency:		3		years														3		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$4,908										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$4,908		$4,908		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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Buyback Heater - CO

		Alaska LNG Project

		Buyback Gas Bath Heater - Primary

		CO Catalyst Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$10,773				-		A				Vendor Supplied, Adjusted from Utility Heater Costs						$10,773		$		FALSE		Need input

		Ammonia System						-		B				Included in Purchased Equipment Costs						$0		$		Req'd		Need input

		Instrumentation & Controls				$323		3%		C = 0.03 x A				Engineering Estimate						$323		$

		Freight				$5,494		51%		D = 0.51 x (A+B)				Engineering Estimate						$5,494		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$16,590				-		PE										$16,590		$

		Direct Installation Costs:

		Foundation & Supports				$332		2%		0.02 x PE				Engineering Estimate						$332		$

		Erection and Handling				$2,654		16%		0.16 x PE				Engineering Estimate						$2,654		$

		Electrical				$3,484		21%		0.21 x PE				Engineering Estimate						$3,484		$

		Piping				$1,327		8%		0.08 x PE				Engineering Estimate						$1,327		$

		Insulation				$1,161		7%		0.07 x PE				Engineering Estimate						$1,161		$

		Painting				$17		0%		0.00 x PE				Engineering Estimate						$17		$

		Site Preparation		$754				7%		Project-Specific				engineering judgement						$754		$		FALSE

		Total Direct Installation Cost (DI)		$9,729				-		DI										$9,729		$

		Total Direct Capital Costs (DC)		$26,319				-		DC = PE + DI										$26,319		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$4,645		28%		0.28 x PE				Engineering Estimate						$4,645		$		FALSE

		Construction and Field Expenses				$1,493		9%		0.09 x PE				Engineering Estimate						$1,493		$		FALSE

		Contractor Fees				$498		3%		0.03 x PE				Engineering Estimate						$498		$		FALSE

		Startup-up				$332		2%		0.02 x PE				Engineering Estimate						$332		$		FALSE

		Performance Testing				$166		1%		0.01 x PE				Engineering Estimate						$166		$		FALSE

		Total Indirect Costs (TIC)		$7,134				-		IC										$7,134		$



		Capital Investment:

		Project Contingency				$5,017.94		15%		E = 0.15 x (DC+IC)				OAQPS (15% of DC & TIC)						$5,018		$

		Preproduction Cost				$1,154.13		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$1,154		$

		Inventory Capital (initial reagent fill)				$0		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$0		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$39,625				-		TCI = DC + IC + E + F + G										$39,625		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$594		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$594

		Maintenance Materials				$594		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$594

		Annual Reagent Cost				$0		-		q*Cost*[op hr/yr]				See parameters below						$0						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$0		-		See parameters below				See parameters below						$0						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$52,192		-		See parameters below				See parameters below						$52,192

		Catalyst Disposal Cost				$5,219		10%		0.100 x Cat Repl				Engineering Estimate						$5,219

		Fuel Penalty Costs (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Other Maintenance Cost (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Total Direct Annual Costs		$58,600				-		DAC										$58,600



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$713		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$713

		Property Tax				$396		1.0%		0.0100 x TCI				OAQPS (1%)						$396

		Insurance				$396		1.0%		0.010 x TCI				OAQPS (1%)						$396

		General Administrative				$793		2.0%		0.020 x TCI				OAQPS (2%)						$793

		Total Indirect Annual Costs		$2,298				-		DAC										$2,298



		Capital Recovery Cost

		Equipment Life (years)				10		-		n				Vendor Supplied						10		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.1424				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$5,642				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$5,642						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$66,540				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$66,540		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled CO (tpy)		4.10										Calculated below

		Controlled CO Emissions (tpy)		0.82										Calculated below

		CO Reduction (tpy)		3.28										Calculated below



		Total Annual Costs		$66,540										Calculated above

		Cost Effectiveness ($/ton/yr)		$20,280										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Heater Capacity:		25		MMBtu/hr														25.3204897959		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:				MMBtu/hr														0		MMBtu/hr		FALSE



		NOx Emission Rates

														Reference

		Ops Camp Heater uncontrolled CO concentration:				lb CO/MMBtu								Assumption from Rev7 Calculations				0.000		0.037		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		50		ppmv @ 3% O2								Assumption for baseline/uncontrolled emissions				0.037						FALSE

		or (default)				ppmv @ 3% O2												0.000						N/A



		Duct burner uncontrolled CO concentration:				lb CO/MMBtu												0.000		0.000		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled CO concentration:				lb CO/MMBtu												0.000		0.007		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		10		ppmv @ 3% O2								Most stringent limit identified as BACT				0.007						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]				Btu/scf												1050		1050		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		8760		hr/yr												8760		8760		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:		0		kW												5.40		0.0		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		N/A

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		N/A

		number of layers of catalyst		1																1.00		# layers		N/A

		Calculated Power demand:		0.0		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										N/A



		Electricity Cost  [Default:  $/kWh]		0.140		$/kWh								US EIA, 2023						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:				$/gallon								Estimated from Fluor GTP SCR Study Jan-2025						$0.0000		$/gallon		Req'd

		Aqueous ammonia storage volume:				gallons								Calculated below						0		gallons		Req'd

		or				days' worth								Engineering Estimate						0		gallons		Req'd



		Aqueous ammonia consumption rate:				gal/hr								Calculated below				0.1928430172		0.1928430172		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		FALSE		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)				lb/hr								Calculated below				1.50		1.50		lb/hr		FALSE		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]				lb/gal								Engineeering Data				7.78		7.78		lb/gal		FALSE

		Calculated Aqueous ammonia consumption rate:				gal/hr								OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)										FALSE



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$167,791																$167,791		$		FALSE

		Catalyst replacement frequency:		3		years														3		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$52,192										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$52,192		$52,192		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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Buyback Heater (2)

		Alaska Gasline Development Corporation

		Buyback Heaters - Secondary

		NOx BACT Analysis - SCR Installation

		Design Parameters



										Reagent Parameters

		Heater Size2		QB (MMBtu/hr)		19.04				Reagent Used				Ammonia

		NOx Removal Efficiency		ηNox		92%				Concentration Stored				19%

		Normalized Stochiometric Ratio		(NSR)		1.05				Concentration Injected

		Actual Stochiometric Ratio		(ASR)		1.05				Density		lb/ft3		58

		Utilitization				88.00%				Specific Volume		gal/ft3		7.782

		Mass Flow Rate (mreagent)		lb/hr		0.55				Stochiometric Ratio		SRt		1

		Flow Rate (msol)		lb/hr		2.88				Molecular Weight		g/mole		17.03

		Volume Flow Rate (qsol)		gal/hr		0.39				Reagent Cost5		$/gal		$5.67

		Tank Volume (2 week supply)		gallon		129.79



		Nox Removal Efficiency

		Heater Outlet		lb/MMBtu		0.080				Catalyst Paramaters

		SCR Inlet (Flow Weighted Avg)4		lb/MMBtu		0.080				Flue Gas Flow Rate		qfluegas (acfm)		10,837

		Proposed Controlled NOx		ppmv		5.00				Catalyst Cross Sectional Area		Acatalyst (ft2)		11.3

		Proposed Controlled NOx		lb/MMBtu		0.0061

										Initial Catalyst Cost9		$/ft3		$155.32

										Replacement Term (Y)				48.00

		Operational Data								Interest Rate6				7.0%

		Max Potential Hours/Year				500

		Capacity Factor		Cfplant		0.06

										Pressure Drop for SCR Ductwork		Pduct		3

		Fuel Data										Pcatalyst		1

		Fuel HHV1		Btu/scf		1,077

										Total Catalyst Layers		ntotal		4

										Catalyst Layers		nlayers		3

										Empty Layers		nempty		1

										Catalyst Height		hlayer (ft)		2.69

										SCR Height		hscr (ft)		48

										Number of Reactor Chambers		Nscr		1

		Utilities

		Electricity Cost7		$/kWh		$0.14				Catalyst Volume		ft3		76

		Natural Gas Cost8		$/kscf		$4.44				NOx Efficiency Adjustment		ηadj		1.265

										Ammonia Slip Adjustment		Slipadj		1.276

										Inlet Nox Adjustment		Noxadj		0.878

										Sulfur in Natural Gas		Sadj		0.964

										Temperature Adjustment5		Tadj		1.045

										Ammonia Slip		Slip		0.13











		Design Notes

		Indicates Default values per EPA Cost Control Manual

		1GTP Fuel Gas Specifications as identified in Emission Calculations for GTP rev7

		2Heater Size as identified in Emission Calculations for GTP rev 7 - Primary Heater - Max.

		3Heater outlet/SCR inlet Nox as described in BACT document and associated emission calculations.

		4Assumed temperature of the exhaust to SCR 750 deg F.

		5Ammonia cost per Brenntag quote (June 15, 2015).

		6 7% Interest Rate per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06

		7 Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers in Alaska: https://www.eia.gov/electricity/data.php#sales

		8 Natural Gas per Department of Energy: Alaska Natural Gas Prices for Industry 2017: https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SAK_m.htm

		9 Catalyst cost estimate per EPA Cost Control Manual, adjusted from 2012 dollars.







		Cost Analysis







		Description				Cost		EPA Equation

		Total Direct Capital Costs				$419,144		Equation 2.36







Attachment B
Celite System 7 Modification
NOx BACT Analysis - Ultra Cat Installation
Based on EPA Algorithms for Traditional SCR	




Buyback Heater - SCR (2)

		Alaska LNG Project

		Buyback Gas Bath Heater - Secondary

		SCR Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$169,694				-		A				Per EPA Cost Control Manual						$169,694		$		FALSE		Need input

		Ammonia System						-		B				Included in Purchased Equipment Costs						$0		$		Req'd		Need input

		Instrumentation & Controls				$5,091		3%		C = 0.03 x A				Engineering Estimate						$5,091		$

		Freight				$86,544		51%		D = 0.51 x (A+B)				Engineering Estimate						$86,544		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$261,329				-		PE										$261,329		$

		Direct Installation Costs:

		Foundation & Supports				$5,227		2%		0.02 x PE				Engineering Estimate						$5,227		$

		Erection and Handling				$41,813		16%		0.16 x PE				Engineering Estimate						$41,813		$

		Electrical				$54,879		21%		0.21 x PE				Engineering Estimate						$54,879		$

		Piping				$20,906		8%		0.08 x PE				Engineering Estimate						$20,906		$

		Insulation				$18,293		7%		0.07 x PE				Engineering Estimate						$18,293		$

		Painting				$261		0%		0.00 x PE				Engineering Estimate						$261		$

		Site Preparation		$11,879				7%		Project-Specific				engineering judgement						$11,879		$		FALSE

		Total Direct Installation Cost (DI)		$153,257				-		DI										$153,257		$

		Total Direct Capital Costs (DC)		$414,586				-		DC = PE + DI										$414,586		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$73,172		28%		0.28 x PE				Engineering Estimate						$73,172		$		FALSE

		Construction and Field Expenses				$23,520		9%		0.09 x PE				Engineering Estimate						$23,520		$		FALSE

		Contractor Fees				$7,840		3%		0.03 x PE				Engineering Estimate						$7,840		$		FALSE

		Startup-up				$5,227		2%		0.02 x PE				Engineering Estimate						$5,227		$		FALSE

		Performance Testing				$2,613		1%		0.01 x PE				Engineering Estimate						$2,613		$		FALSE

		Total Indirect Costs (TIC)		$112,371				-		IC										$112,371		$



		Capital Investment:

		Project Contingency				$79,043.65		15%		E = 0.15 x (DC+IC)				OAQPS (15% of DC & TIC)						$79,044		$

		Preproduction Cost				$18,180.04		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$18,180		$

		Inventory Capital (initial reagent fill)				$833		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$833		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$625,014				-		TCI = DC + IC + E + F + G										$625,014		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$9,375		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$9,375

		Maintenance Materials				$9,375		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$9,375

		Annual Reagent Cost				$1,239		-		q*Cost*[op hr/yr]				See parameters below						$1,239						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$548		-		See parameters below				See parameters below						$548						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$3,690		-		See parameters below				See parameters below						$3,690

		Catalyst Disposal Cost				$369		10%		0.100 x Cat Repl				Engineering Estimate						$369

		Fuel Penalty Costs (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Other Maintenance Cost (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Total Direct Annual Costs		$24,597				-		DAC										$24,597



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$11,250		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$11,250

		Property Tax				$6,250		1.0%		0.0100 x TCI				OAQPS (1%)						$6,250

		Insurance				$6,250		1.0%		0.010 x TCI				OAQPS (1%)						$6,250

		General Administrative				$12,500		2.0%		0.020 x TCI				OAQPS (2%)						$12,500

		Total Indirect Annual Costs		$36,251				-		DAC										$36,251



		Capital Recovery Cost

		Equipment Life (years)				10		-		n				Vendor Supplied						10		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.1424				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$88,988				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$88,988						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$149,836				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$149,836		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled NOx (tpy)		0.42										Calculated below

		Controlled NOx Emissions (tpy)		0.03										Calculated below

		NOx Reduction (tpy)		0.39										Calculated below



		Total Annual Costs		$149,836										Calculated above

		Cost Effectiveness ($/ton/yr)		$387,431										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Heater Capacity:		21		MMBtu/hr														20.9245714286		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:				MMBtu/hr														0		MMBtu/hr		FALSE



		NOx Emission Rates

														Reference

		Utility Heater uncontrolled NOx concentration:				lb NOx/MMBtu												0.000		0.080		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		65.84		ppmv @ 3% O2								Assumption for baseline/uncontrolled emissions				0.080						FALSE

		or (default)				ppmv @ 3% O2												0.000						N/A



		Duct burner uncontrolled NOx concentration:				lb NOx/MMBtu												0.000		0.000		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled NOx concentration:				lb NOx/MMBtu												0.000		0.006		lb/MMBtu		N/A

		or				lb NOx/MMscf												0.000						N/A

		or		5		ppmv @ 3% O2								Most stringent limit identified as BACT				0.006						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]				Btu/scf												1050		1050		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		500		hr/yr												8760		500		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:				kW												7.85		7.9		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		FALSE

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		FALSE

		number of layers of catalyst		4																4.00		# layers		FALSE

		Calculated Power demand:		7.9		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										FALSE



		Electricity Cost  [Default:  $/kWh]		0.140		$/kWh								US EIA, 2023						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:		$6.70		$/gallon								Appendix F						$6.7000		$/gallon		FALSE

		Aqueous ammonia storage volume:				gallons								Calculated below						124.3065555642		gallons		FALSE

		or		14		days' worth								Engineering Estimate						14		gallons		FALSE



		Aqueous ammonia consumption rate:				gal/hr								Calculated below				0.3699599868		0.3699599868		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		FALSE		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)		2.88		lb/hr								Calculated below				3.10		2.88		lb/hr		FALSE		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]		7.782		lb/gal								Engineeering Data				7.78		7.78		lb/gal		FALSE

		Calculated Aqueous ammonia consumption rate:		0.4		gal/hr								OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)										FALSE



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$11,864										OAQPS (Section 4.2, Ch. 2)						$11,864		$		FALSE

		Catalyst replacement frequency:		3		years														3		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$3,690										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$3,690		$3,690		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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Buyback Heater - CO (2)

		Alaska LNG Project

		Buyback Gas Bath Heater - Secondary

		CO Catalyst Cost Effectiveness Analysis



		Cost Quantification:



		Cost Category		Project Cost		Default Estimate		Default % Applied		EPA Equation /
Estimate Basis				Reference				Default		Final		Final Units		Cond Format		Notes



		Direct Capital Costs

		Purchased Equipment:

		Purchased Equipment Costs		$8,902				-		A				Vendor Supplied, Adjusted from Utility Heater Costs						$8,902		$		FALSE		Need input

		Ammonia System						-		B				Included in Purchased Equipment Costs						$0		$		Req'd		Need input

		Instrumentation & Controls				$267		3%		C = 0.03 x A				Engineering Estimate						$267		$

		Freight				$4,540		51%		D = 0.51 x (A+B)				Engineering Estimate						$4,540		$

		Taxes (Enter sales tax rate in "% Applied")				$0		0.0%		TaxRate x (A+B+C)				No sales tax in Alaska						$0		$

		Total Purchased Equipment Cost (PE)		$13,710				-		PE										$13,710		$

		Direct Installation Costs:

		Foundation & Supports				$274		2%		0.02 x PE				Engineering Estimate						$274		$

		Erection and Handling				$2,194		16%		0.16 x PE				Engineering Estimate						$2,194		$

		Electrical				$2,879		21%		0.21 x PE				Engineering Estimate						$2,879		$

		Piping				$1,097		8%		0.08 x PE				Engineering Estimate						$1,097		$

		Insulation				$960		7%		0.07 x PE				Engineering Estimate						$960		$

		Painting				$14		0%		0.00 x PE				Engineering Estimate						$14		$

		Site Preparation		$623				7%		Project-Specific				engineering judgement						$623		$		FALSE

		Total Direct Installation Cost (DI)		$8,040				-		DI										$8,040		$

		Total Direct Capital Costs (DC)		$21,750				-		DC = PE + DI										$21,750		$



		Indirect Capital Costs

		Indirect Costs:

		Engineering & Supervision				$3,839		28%		0.28 x PE				Engineering Estimate						$3,839		$		FALSE

		Construction and Field Expenses				$1,234		9%		0.09 x PE				Engineering Estimate						$1,234		$		FALSE

		Contractor Fees				$411		3%		0.03 x PE				Engineering Estimate						$411		$		FALSE

		Startup-up				$274		2%		0.02 x PE				Engineering Estimate						$274		$		FALSE

		Performance Testing				$137		1%		0.01 x PE				Engineering Estimate						$137		$		FALSE

		Total Indirect Costs (TIC)		$5,895				-		IC										$5,895		$



		Capital Investment:

		Project Contingency				$4,146.77		15%		E = 0.15 x (DC+IC)				OAQPS (15% of DC & TIC)						$4,147		$

		Preproduction Cost				$953.76		3%		F = 0.03 x (DC+IC+Cont)				OAQPS (2% of DC & TIC & Proj Contingency)						$954		$

		Inventory Capital (initial reagent fill)				$0		-		G = [Storage Gal] x [Reagent $/gal]				See parameters below						$0		$				Eqn. 2.44 (Section 4.2, Ch. 2)

		Total Capital Investment		$32,746				-		TCI = DC + IC + E + F + G										$32,746		$



		Direct Annual Costs

		Direct Annual Costs:

		Operating Labor		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Supervisory Labor				$0		15%		15% of Op. Labor				OAQPS (15% of Op Labor)						$0						Need input

		Maintenance Labor				$491		1.5%		0.015 x TCI				OAQPS (1.5% of TCI)						$491

		Maintenance Materials				$491		-		100% of Maint. Labor				OAQPS (15% of Maint. Labor)						$491

		Annual Reagent Cost				$0		-		q*Cost*[op hr/yr]				See parameters below						$0						Eqn 2.47 (Section 4.2, Ch. 2)

		Annual Electricity Cost				$0		-		See parameters below				See parameters below						$0						Eqn 2.49 (Section 4.2, Ch. 2)

		Catalyst Replacement				$52,192		-		See parameters below				See parameters below						$52,192

		Catalyst Disposal Cost				$5,219		10%		0.100 x Cat Repl				Engineering Estimate						$5,219

		Fuel Penalty Costs (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Other Maintenance Cost (specify)		$   - 0				-						Vendor Supplied						$0				FALSE		Need input

		Total Direct Annual Costs		$58,393				-		DAC										$58,393



		Indirect Annual Costs

		Indirect Annual Costs:

		Overhead				$589		60.0%		0.600 x Op/Super/Maint Labor & Mtls				OAQPS (60% of Op/Super/Maint. Labor & Mtls)						$589

		Property Tax				$327		1.0%		0.0100 x TCI				OAQPS (1%)						$327

		Insurance				$327		1.0%		0.010 x TCI				OAQPS (1%)						$327

		General Administrative				$655		2.0%		0.020 x TCI				OAQPS (2%)						$655

		Total Indirect Annual Costs		$1,899				-		DAC										$1,899



		Capital Recovery Cost

		Equipment Life (years)				10		-		n				Vendor Supplied						10		years		FALSE

		Interest Rate		7.00%		7.00%		-		i				7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air Quality Control Construction Permit AQ0083CPT06						0.07		%		FALSE

		Capital Recovery Factor		0.1424				-		CRF = i/(1-(1+i)^-n)				-

		Capital Recovery Cost (CRC)		$4,662				-						OAQPS Eqn 2.54 (Section 4.2, Ch. 2)						$4,662						Eqn 2.54 (Section 4.2, Ch. 2)



		Total Annual Costs		$64,955				-		TAC = DA + IDAC + CRC				OAQPS Eqn 2.56 (Section 4.2, Ch. 2)						$64,955		$/yr				Eqn 2.56 (Section 4.2, Ch. 2)



		Cost Effectiveness Analysis:

														Reference

		Uncontrolled CO (tpy)		3.39										Calculated below

		Controlled CO Emissions (tpy)		0.68										Calculated below

		CO Reduction (tpy)		2.71										Calculated below



		Total Annual Costs		$64,955										Calculated above

		Cost Effectiveness ($/ton/yr)		$23,956										OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

		Cost Effectiveness Threshold ($/ton/yr)																						Req'd



		Conclusion:

		Project costs exceed BACT cost effectiveness threshold and may not be considered cost effective.



		Design Parameters:



		Enter values in boxes below. Where default value is available, entered value will override default.

		Required data is highlighted yellow.



		Combustion Unit Sizing																Default		Final		Final Units		Cond Format		Notes

														Reference

		Heater Capacity:		21		MMBtu/hr														20.9245714286		MMBtu/hr		FALSE

		Duct burner heat capacity, if applicable:				MMBtu/hr														0		MMBtu/hr		FALSE



		NOx Emission Rates

														Reference

		Ops Camp Heater uncontrolled CO concentration:				lb CO/MMBtu								Assumption from Rev7 Calculations				0.000		0.037		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		50		ppmv @ 3% O2								Assumption for baseline/uncontrolled emissions				0.037						FALSE

		or (default)				ppmv @ 3% O2												0.000						N/A



		Duct burner uncontrolled CO concentration:				lb CO/MMBtu												0.000		0.000		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or				ppmv @ 3% O2												0.000						N/A

		or (default)				ppmv @ 3% O2												0.000						N/A



		Controlled CO concentration:				lb CO/MMBtu												0.000		0.007		lb/MMBtu		N/A

		or				lb CO/MMscf												0.000						N/A

		or		10		ppmv @ 3% O2								Most stringent limit identified as BACT				0.007						FALSE



		Natural Gas Properties

														Reference

		HHV  [Default: 1050 Btu/scf]				Btu/scf												1050		1050		Btu/scf		FALSE

		F-factor (dry)  [Default: 8710 dscf/MMBtu]				dscf/MMBtu								EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2 				8710		8710		dscf/MMBtu		FALSE



		Operational Parameters

														Reference

		Max annual op hours [Default: 8760 hr/yr]		8760		hr/yr												8760		8760		hours		FALSE



		Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

														Reference

		Power demand:		0		kW												4.46		0.0		kW				Eqn 2.48 (Section 4.2, Ch. 2)

		If power demand is not known, estimate on the basis of the parameters below:

		delta P duct [Default: 3 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				3		3.00		in H2O		N/A

		delta P catalyst (per layer) [Default: 1 in H2O]												OAQPS Eqn 2.48 (Section 4.2, Ch. 2)				1		1.00		in H2O		N/A

		number of layers of catalyst		1																1.00		# layers		N/A

		Calculated Power demand:		0.0		kW								OAQPS Eqn 2.48 (Section 4.2, Ch. 2)										N/A



		Electricity Cost  [Default:  $/kWh]		0.140		$/kWh								US EIA, 2023						$0.1396		$/kWh		FALSE



		Aqueous Ammonia Costs: Enter values below or parameters to estimate.

														Reference

		Aqueous ammonia cost:				$/gallon								Estimated from Fluor GTP SCR Study Jan-2025						$0.0000		$/gallon		Req'd

		Aqueous ammonia storage volume:				gallons								Calculated below						0		gallons		Req'd

		or				days' worth								Engineering Estimate						0		gallons		Req'd



		Aqueous ammonia consumption rate:				gal/hr								Calculated below				0.1593633268		0.1593633268		gal/hr

		If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

		Stored NH3 concentration  [Default: 19.4%]				wt%												19.4%		19.4%		wt%		FALSE		Eqn 2.34 (Section 4.2, Ch. 2)

		NH3 solution mass flow rate (msol)				lb/hr								Calculated below				1.24		1.24		lb/hr		FALSE		Eqn 2.32, 2.33 (Section 4.2, Ch. 2)

		NH3 solution density  [Default: 7.782 lb/gal]				lb/gal								Engineeering Data				7.78		7.78		lb/gal		FALSE

		Calculated Aqueous ammonia consumption rate:				gal/hr								OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)										FALSE



		Catalyst Costs: 

														Reference

		Initial catalyst cost:		$167,791																$167,791		$		FALSE

		Catalyst replacement frequency:		3		years														3		years		FALSE

		Interest Rate		7.00%		%								ADEC Default						7.00%		%		FALSE

		Annual Catalyst Replacement Cost		$52,192										OAQPS Eqn 2.51 (Section 4.2, Ch. 2)				$52,192		$52,192		$		FALSE		Eqn 2.51 (Section 4.2, Ch. 2)



		* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.





































&G	&"-,Bold"&14GTP BACT ANALYSIS	


Appendix E.8 - BACT Cost Effectiveness (Buyback Gas Bath Heater - 2nd)	&1#	Page &P of &N




GTP Heaters

		GTP Fuel Gas Heaters								Reference: GTP COOKBOOK USAG-EC-PRZZ-00-000003_EMISSIONS DATA REV 1



				EMISSION FACTORS		Standard Factors

						AP42 Tables 1.4-1 and 1.4-2 Large Controlled 
(Low NOx Burners)						40 CFR Part 98 (Natural Gas)		Average Emission Factors from Currently Operating Facilities (Low NOx Burners)

				NOx (lb/MMSCF)		147.824		NOx (lb/MMBtu)		0.137				0.080

				CO (lb/MMSCF)		88.694		CO (lb/MMBtu)		0.082				0.060

				VOC (lb/MMSCF)		5.807		VOC (lb/MMBtu)		0.005				0.006

				PM10 (lb/MMSCF)		8.025		PM10 (lb/MMBtu)		0.007				0.007

				PM2.5 (lb/MMSCF)		8.025		PM2.5 (lb/MMBtu)		0.007				0.007

				CO2 (kg CO2/MMBtu)								53.060

				CH4 (kg CH4/MMBtu)								0.001

				N2O (kg N2O/MMBtu)								0.0001

				Notes:

				1.) Emission Factors have been convert to AlaskaLNG fuel gas HHV by ratio of project fuel gas/1020 (btu/scf)



				EMISSIONS CALCULATIONS		Building Heat Medium Heater		Buyback Gas Bath Heater Primary Heater Standby		Buyback Gas Bath Heater Secondary Heater Standby		Buyback Gas Bath Heater Primary Heater Maximum		Buyback Gas Bath Heater Secondary Heater Maximum		Operations Camp Heater		References/
Comments

				Total Installed		3		1		1		1		1		3		From GTP Cookbook (2 op, 1 spare For Building Heat Medium Heater)						Conversion Table

				Load		100%		100%		100%		100%		100%		100%		Ambient Temp does not affect emissions						1 lb =		453.59		g

				Operation (hr/yr)		8,760		8,760		8,760		500		500		8,760		Intermittent Assumption						1 lbmol = 		378.49		scf

				Rated Duty LHV (MMBtu/hr)		250.00		0.14		0.14		23.04		19.04		29.00		From GTP Cookbook						1 MMBtu=		1000000		Btu

				Rated Duty HHV (MMBtu/hr)		274.74		0.15		0.15		25.32		20.92		31.87								1 hr = 		60		min

				Fuel Flow Rate (lbmol/hr)		672.00		0.40		0.40		62.00		51.20		79.00		From GTP Cookbook						1 ft3 =		0.028317		m3

				Fuel Flow Rate (MMSCF/hr)		0.25		0.00		0.00		0.02		0.02		0.03								1 min =		60		sec

				Emission Factors																				1 kJ = 		0.947817		MMBtu

				NOx (lb/MMBtu)		0.080		0.080		0.080		0.080		0.080		0.080		Based on HHV						1 scf = 		28.32		L

				CO (lb/MMBtu)		0.082		0.082		0.082		0.082		0.082		0.082		Based on HHV						1 g = 		1000000		ug

				VOC (lb/MMBtu)		0.006		0.006		0.006		0.006		0.006		0.006		Based on HHV						1 ton = 		2000		lb

				PM10 (lb/MMBtu)		0.007		0.007		0.007		0.007		0.007		0.007		Based on HHV						1 hp = 		0.7457		kW

				PM2.5 (lb/MMBtu)		0.007		0.007		0.007		0.007		0.007		0.007		Based on HHV						1 kg =		2.2046		lb

				SO2 		No Emission Factor		No Emission Factor		No Emission Factor		No Emission Factor		No Emission Factor		No Emission Factor		Based on Mass Balance of Sulfur						1 mol =		1000000		ppm

				CO2 (kg CO2/MMBtu)		53.060		53.060		53.060		53.060		53.060		53.060		Based on HHV						1 tonnes =		1000		kg

				CH4 (kg CH4/MMBtu)		0.001		0.001		0.001		0.001		0.001		0.001		Based on HHV

				N2O (kg N2O/MMBtu)		0.000		0.000		0.000		0.000		0.000		0.000		Based on HHV						Heat Release Equivalents

				Emission Calculations (Maximum 1-hour)																				1		CO2

				NOx (lb/hr)		21.980		0.012		0.012		2.026		1.674		2.550								25		CH4

				CO (lb/hr)		22.626		0.013		0.013		2.085		1.723		2.625								298		N2O

				VOC (lb/hr)		1.648		0.001		0.001		0.152		0.126		0.191

				PM10 (lb/hr)		2.047		0.001		0.001		0.189		0.156		0.237

				PM2.5 (lb/hr)		2.047		0.001		0.001		0.189		0.156		0.237

				SO2 @ 16 ppm (lb/hr)		0.689		0.000		0.000		0.064		0.052		0.081

				SO2 @ 96 ppm (lb/hr)		4.127		0.002		0.002		0.381		0.314		0.485

				CO2 (lb/hr)		32138.580		17.998		17.998		2961.892		2447.674		3728.075

				CH4 (lb/hr)		0.606		0.000		0.000		0.056		0.046		0.070

				N2O (lb/hr)		0.061		0.000		0.000		0.006		0.005		0.007

				CO2e (lb/hr)		32171.773		18.016		18.016		2964.951		2450.202		3731.926

				Emission Calculations (Annual)

				NOx (tpy)		96.271		0.054		0.054		0.506		0.418		11.167

				CO (tpy)		99.102		0.055		0.055		0.521		0.431		11.496

				VOC (tpy)		7.220		0.004		0.004		0.038		0.031		0.838

				PM10 (tpy)		8.966		0.005		0.005		0.047		0.039		1.040

				PM2.5 (tpy)		8.966		0.005		0.005		0.047		0.039		1.040

				SO2 @ 16 ppm (tpy)		3.017		0.002		0.002		0.016		0.013		0.355

				SO2 @ 96 ppm (tpy)		18.074		0.011		0.011		0.095		0.079		2.125

				CO2 (tonnes/yr)		127702.967		71.514		71.514		671.753		555.129		14813.544

				CH4 (tonnes/yr)		2.407		0.001		0.001		0.013		0.010		0.279

				N2O (tonnes/yr)		0.241		0.000		0.000		0.001		0.001		0.028

				CO2e (tonnes/yr)		127834.858		71.588		71.588		672.446		555.702		14828.844

				Stack Parameters

				Stack Height (ft)		232		20		20		20		20		32		From GTP Cookbook

				Exhaust Temperature (F)		370		601		887		601		887		257		From GTP Cookbook

				Exhaust Velocity (ft/s)		26		0.33		0.41		54.79		57.49		29		From GTP Cookbook

				Stack Diameter (ft)		9		2		2		2		2		2.5		From GTP Cookbook

				NO2/NOx Ratio		0.5		0.5		0.5		0.5		0.5		0.5		EPA's ISR Guidance (Date: 3-1-2011)





GTP Fuel

				GTP Fuel Gas Specification

				Component		% By Volume		MW				Conversion of 1 grain/100 scf of H2S to Sulfur

				Hydrogen		0.0000						GPSA Calculation:

				Methane		91.1100

				Ethane		5.7600

				Ethylene		0.0000						32		Sulfur Molecular Weight

				Propane		1.9700						34.08		H2S Molecular Weight

				Propylene		0.0000						1.065

				Butane		0.3000

				Butylene		0.0000						90		ppm H2S of Rich Gas

				Butadiene		0.0000						95.85		ppm S equivalent

				Pentane		0.0700

				Cyclopentane		0.0000

				Hexane		0.0074

				Heptane		0.0045

				CO		0.0000

				CO2 		0.0050

				Nitrogen		0.7700		28.0130

				Water		0.0000		18.0200

				Oxygen		0.0000		32.0000

				Lean Gas - S (Note 1)		0.0016		64.0660

				Rich Gas - S (Note 1)		0.0096		64.0660

				Ammonia		0.0000

				Argon		0.0000

				Properties

				Temp		82.0000

				MW		17.6700

				Fuel Heating Value at 82ºF:

				Net (Btu/lbm)		21040.0000

				Net (Btu/scf)		980.0000

				Gross (Btu/lbm)		23129.0000

				Gross (Btu/scf)		1077.0000

				scf defined at 14.676 psia, 60F



				REFERENCE GTP COOKBOOK USAG-EC-PRZZ-00-000003_EMISSIONS DATA REV 1



		Notes:

		1		Normal maximum sulfur based on 16 ppmv for total sulfur being equal to the pipeline specification of 1 grain/100 scf. This assumes all H2S and other mercaptans are included in Sulfur value





				GTP Diesel Fuel Specification

				Sulfur Content (H2S)		15		ppm		Assume ULSD required

				Specific Gravity		0.855				average value at 60oF

				Density		7.1307		lb/gal

				LHV		0.131133573		MMBtu/gal

				LHV		18,390		Btu/lb

				HHV		0.1442469303		MMBtu/gal		Assumed 10% higher than LHV

				HHV		20,229		Btu/lb

				lb SO2/gal Fuel		0.0002013374





Utility Costs

						Natural Gas - Alaska

						January		6.78

						February		6.65

						March		6.53

						April		6.02

						May		6.4

						June		6.15

						July		6.18

						August		6.4

						September		6.33

						October		6.5

						November		6.92

						December		6.71

						Average ($/kscf)		6.46



						Notes

						Natural Gas per Department of Energy: Alaska Natural Gas Prices for Industry 2023

						https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SAK_m.htm



						2023 Utility Bundled Retail Sales- Industrial

						(Data from forms EIA-861- schedules 4A & 4D and EIA-861S)

						Entity		State		Ownership		Customers (Count)		Sales (Megawatthours)		Revenues (Thousands Dollars)		Average Price (cents/kWh)

						Alaska Electric Light & Power Co.		AK		Investor Owned		119		124,527		14,141.0		11.36

						Chugach Electric Assn Inc		AK		Cooperative		6		59,304		8,095.8		13.65

						Golden Valley Elec Assn Inc		AK		Cooperative		570		833,858		173,416.3		20.80

						Homer Electric Assn Inc		AK		Cooperative		22		116,447		14,479.6		12.43

						Ketchikan Public Utilities		AK		Municipal		14		23,335		2,288.5		9.81

						Kodiak Electric Assn Inc		AK		Cooperative		118		89,032		13,997.0		15.72











						Notes:

						Electricity pricing per Department of Energy, annual retail sales of electricity to industrial customers

						https://www.eia.gov/electricity/data.php#revenue



https://www.eia.gov/electricity/data.phphttps://www.eia.gov/dnav/ng/ng_pri_sum_dcu_SAK_m.htm

Ref -->





ref 3, ref 7



		CAPEX COSTS from Reference [3]

		SCR STUDY - CAPEX SUMMARY PER UNIT



								WP-3001 Cost
(2012)		New Cost
(2015)		Notes

				Auxiliary / Utility Heater		SCR		$1,124,000		$547,000		2012 - 1 x 698 MMBtu/h
(1 x 100%)
2015 - 3 x 225MMBtu/h
(3 x 50%)

						Ammonia Storage		$89,000		$845,000

						TOTAL SCR		$1,213,000		$1,392,000

						CO Catalyst		INCL w/ SCR		$117,000

		SCR Power OPEX rate from reference [7]

						Utility Heater		Notes

		Power per Unit		kW		23

		Note: Power demand for SCR for LM6000 was calculated on the assumption that inlet heat is necessary.  Actual rate expected to be higher.

		SCR & CO Catalyst Replacement Cost from reference [8]

		Gas Turbine				Heater

		Drive

		SCR Catalyst Replacement Cost				$   78,879.67

		CO Catalyst Replacement Cost				$   134,232.42

		Replacement Times

		SCR		3		yr

		CO		3		yr

		Tax Rate and Freight from Reference [11]

		tax rate		0		=0% based on reference [11]

		Freight (for catalyst replacement)		0.25		=25% based on reference [9]

		Interest Rate		0.07		=7% based on reference [11]





ref 11

		Reference 11

		Reference 11





ref 13





ref 14
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In response to your questions, please note the following:


1.        The catalyst warranty will be based on the lesser of the following:


a.       36 months from installation


b.      15,000 hours of operation


c.       40 months from delivery.  


2.       Providing a system that includes the SCR system without the CO catalyst will not have a significant impact.  The duct length could be reduced slightly, but not significantly.  It may have an impact of $200,000 per unit.  Providing a system that is CO only (remove the SCR) would be much less expensive.  The CO catalyst does not require the ammonia vaporization skid, ammonia injection grid, etc.  





Note that the response to item 1 is based on what we requested of the catalyst vendors.  It possible to have longer catalyst life (maximum guarantees available are typically 60 months, 20,000 hours or 66 months).





Please let me know if you require any additional information.





Best regards,





Matt C. Houts   |   SCR Product Manager


            


5199 N Mingo Road  |  Tulsa, OK  74117  |  USA


T:  918.274.2473   |   E:  mhouts@braden.com





From: Carioscia, Jacquelyn [mailto:jacquelyn.carioscia@aecom.com] 
Sent: Monday, May 16, 2016 9:28 PM
To: Denavit, George <george.denavit@aecom.com>; Sanders, Kira <kira.sanders@aecom.com>
Cc: Matt Houts <MHOUTS@braden.com>
Subject: RE: AK LNG, NOx and CO reduction





Matt,





Thank you for the quote.  I do have a few questions regarding the proposal.


(1)     How often would each catalyst have to be replaced, and what is the cost of the replacement catalyst?


(2)     How would the price per unit change if only SCR or only CO catalyst was installed?





Thanks,


Jacquelyn Carioscia, PhD, P.E.


Senior Process Engineer


D 1-303-843-2419


Please note new email: Jacquelyn.carioscia@aecom.com





AECOM


6200 S Quebec Street, Greenwood Village, Colorado 80111


T 1-303-694-2770


F 1-303-694-3946


www.aecom.com





From: Denavit, George 
Sent: Friday, May 13, 2016 2:50 PM
To: Sanders, Kira; Carioscia, Jacquelyn
Cc: mhouts@braden.com
Subject: FW: AK LNG, NOx and CO reduction





Jackie, Here is Braden's proposal. 





Thanks Matt!





From: Matt Houts [MHOUTS@braden.com]
Sent: Friday, May 13, 2016 1:38 PM
To: Denavit, George
Subject: RE: AK LNG, NOx and CO reduction


Dear Mr. Denavit,


 


Braden is pleased to provide budgetary pricing for SCR systems to be installed in AK.  The cost for the system will be $1,650,000 per unit.   This price is EXW Braden’s fabrication facility for ducts and skids and EXW catalyst supplier point of fabrication for CO and SCR catalyst.  This price is conservative, but should provide a good indication of pricing for the purpose of a cost study.


 


The quote is based on a system using 19% aqueous ammonia and electric heaters for ammonia vaporization.  Braden can provide other types of systems if required.  Below is a brief summary of Braden’s scope.


 


The following items are including in Braden’s scope of supply:


         (2) vertical ducts to house catalyst


         CO catalyst with frames 


         Ammonia Injection Grid (AIG)


         Ammonia vaporization skid


o   (2) 100% capacity heaters


o   (2) 100% capacity dilution air fans


o   PLC with no redundancy 


         SCR catalyst with frames 


         Acoustic treatment to achieve 85 dB(A) at 3 feet from duct 


         Zinc Rich Primer


 


The following items are EXCLUDED from Braden’s scope of supply:


         Freight to site


         Offloading


         Installation


         Anchor bolts


         Foundation design


         Ammonia offloading station


         Ammonia storage tank


         Ammonia forwarding skid


         Catalyst removal and replacement system


         Aircraft warning lights


         Motor starters


         CEMS


         VFDs


         Ladders and Platforms


         Flow Distribution (due to the catalyst location in the HRSG, the flow is assumed to be well distributed and have even exhaust temperature)


         Stack


         Support Steel (The ducts are assumed to be supported by the existing ducts)


         Field installed pipe insulation for ammonia distribution piping.


 


Please let me know if you require any additional information.


 


Best regards,


 


 


Matt C. Houts   |   SCR Product Manager


            


5199 N Mingo Road  |  Tulsa, OK  74117  |  USA


T:  918.274.2473   |   E:  mhouts@braden.com
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In response to your questions, please note the following:   1.            The catalyst warranty will be based on the lesser of the following:   a.          36 months from installation   b.         15,000 hours of operation   c.          40 months from delivery.       2.          Providing a system that includes the SCR system without the CO catalyst will not have a significant  impact.     The duct length could be reduced slightly, but not significantly.     It may have an impact of  $200,000 per unit.     Providing a system that is CO only  (remove the SCR) would be much less  expensive.     The CO catalyst does not require the ammonia vaporization skid, ammonia injection grid, etc.         Note that the response to item 1 is based on what we requested of the catalyst vendors.     It possible to  have lon ger catalyst life (maximum guarantees available are typically 60 months, 20,000 hours or 66  months).     Please let me know if you require any additional information.     Best regards,     Matt C. Houts      |       SCR Product Manager                    5199 N Mingo Road     |     Tulsa, OK     74117     |     USA   T:     918.274.2473      |      E:     mhouts@braden.com     From:   Carioscia, Jacquelyn [ mailto:jacquelyn.carioscia@aecom.com ]    Sent:   Monday, May 16, 2016 9:28 PM   To:   Denavit, George < george.denavit@aecom.com >; Sanders, Kira < kira.sanders@aecom.com >   C c:   Matt Houts < MHOUTS@braden.com >   Subject:   RE: AK LNG, NOx and CO reduction     Matt,     Thank you for the quote.     I do have a few questions regarding the proposal.   (1)        How often would each catalyst have to be replac ed, and what is the cost of the replacement catalyst?   (2)        How would the price per unit change if only SCR or only CO catalyst was installed?     Thanks,   Jacquelyn Carioscia , PhD, P.E.   Senior Process Engineer   D 1 - 303 - 843 - 2419   Please note new email:  Jacquelyn.carioscia@aecom.com     AECOM   6200 S Quebec Street, Greenwood Village, Colorado 80111   T 1 - 303 - 694 - 2770   F 1 - 303 - 694 - 3946  
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From: Matt Houts [MHOUTS@braden.com]
Sent: Friday, May 13, 2016 1:38 PM
To: Denavit, George
Subject: RE: AK LNG, NOx and CO reduction


Dear Mr. Denavit,


 


Braden is pleased to provide budgetary pricing for SCR systems to be installed in AK.  The cost for the system will be $1,650,000 per unit.   This price is EXW Braden’s fabrication facility for ducts and skids and EXW catalyst supplier point of fabrication for CO and SCR catalyst.  This price is conservative, but should provide a good indication of pricing for the purpose of a cost study.


 


The quote is based on a system using 19% aqueous ammonia and electric heaters for ammonia vaporization.  Braden can provide other types of systems if required.  Below is a brief summary of Braden’s scope.


 


The following items are including in Braden’s scope of supply:


         (2) vertical ducts to house catalyst


         CO catalyst with frames 


         Ammonia Injection Grid (AIG)


         Ammonia vaporization skid


o   (2) 100% capacity heaters


o   (2) 100% capacity dilution air fans


o   PLC with no redundancy 


         SCR catalyst with frames 


         Acoustic treatment to achieve 85 dB(A) at 3 feet from duct 


         Zinc Rich Primer


 


The following items are EXCLUDED from Braden’s scope of supply:


         Freight to site


         Offloading


         Installation


         Anchor bolts


         Foundation design


         Ammonia offloading station


         Ammonia storage tank


         Ammonia forwarding skid


         Catalyst removal and replacement system


         Aircraft warning lights


         Motor starters


         CEMS


         VFDs


         Ladders and Platforms


         Flow Distribution (due to the catalyst location in the HRSG, the flow is assumed to be well distributed and have even exhaust temperature)


         Stack


         Support Steel (The ducts are assumed to be supported by the existing ducts)


         Field installed pipe insulation for ammonia distribution piping.


 


Please let me know if you require any additional information.


 


Best regards,


 


 


Matt C. Houts   |   SCR Product Manager


            


5199 N Mingo Road  |  Tulsa, OK  74117  |  USA


T:  918.274.2473   |   E:  mhouts@braden.com
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From:   Matt Houts [MHOUTS@braden.com]   Sent:   Friday, May 13, 2016 1:38 PM   To:   Denavit, George   Subject:   RE: AK LNG, NOx and CO reduction   Dear Mr. Denavit,       Braden is pleased to provide budgetary pricing for SCR systems to be installed in AK.     The cost  for  the system will be $1,650,000 per unit.      This price is EXW Braden’s fabrication facility for  ducts and skids and EXW catalyst supplier point of fabrication for CO and SCR catalyst.     This  price is conservative, but should provide a good indication of prici ng for the purpose of a cost  study.       The quote is based on a system using 19% aqueous ammonia and electric heaters for ammonia  vaporization.     Braden can provide other types of systems if required.     Below is a brief summary  of Braden’s scope.       The followi ng items are including in Braden’s scope of supply:               (2) vertical ducts to house catalyst               CO catalyst with frames                Ammonia Injection Grid (AIG)               Ammonia vaporization skid   o      (2) 100% capacity heaters   o      (2) 100%  capacity dilution air fans   o      PLC with no redundancy                SCR catalyst with frames                Acoustic treatment to achieve 85 dB(A) at 3 feet from duct                Zinc Rich Primer       The following items are  EXCLUDED   from Braden’s scope of supply:                Freight to site               Offloading               Installation               Anchor bolts               Foundation design               Ammonia offloading station               Ammonia storage tank               Ammonia forwarding skid               Catalyst removal and  replacement system               Aircraft warning lights               Motor starters               CEMS               VFDs               Ladders and Platforms               Flow Distribution (due to the catalyst location in the HRSG, the flow is assumed to be  well distributed  and have even exhaust temperature)               Stack               Support Steel (The ducts are assumed to be supported by the existing ducts)               Field installed pipe insulation for ammonia distribution piping.  
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George

system. For a rough estimate, the CO only system would be around $400,000 per unit. This only includes the CO catalyst and frames and one duct

To provide a CO only system is significantly different than an
Best regards,

MattC. Houts | SCR Product Manager

R GlobalPower
V. 7 Products

5199 N Mingo Road | Tulsa, OK 74117 | USA
T: 918.274.2473 | E:_mhouts@braden.com

From: Denavit, George [mailto:george. denavit@ae com.com
Sent: Wednesday, May 18, 2016 3:47 PM

To: Matt Houts <MHOUTS@braden.com; Carioscia, Jacquelyn <jacquelyn. carioscia@agcom.com; Sanders, Kira <kira.sanders@ascom.com>
Subject: RE: AK LNG, NOx and CO reduction

Matt, | believe Jacquelyn will need some rough estimate of the CO only option. Given that the elimination of the CO would save $200,000 per unit could we say the CO only system would be about $400,0007 This is awild guess on my part. Do you think it might me

more or less than this? Your guess is goingto be better than ours,

George Denavit, P £ , PEng
Manager, Heat Transfer Specialty
D 1-303-343-3255 C1-303-717-8190

‘oeorge denavit@aecom.com

AECOMURS
6200 South Quebec St
Gresnwood Village, CO 80111
W 3ecom.com
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(®) UNITED STATES DEPARTMENT OF LABOR
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Change Output Options:

From
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[linclude graphs [ include annual averages

Data extracted on: June 2, 2016 (9:27:11 AM)

Producer Price Index Industry Data

Series Id: BCU333132333132
Industry: Oil and gas field machinery and equipment mfg
Product:  Oil and gas field machinery and equipment mfg
Base Date: 198012

Year  Jan Feb Mar Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |
2006 202.5 204.8 205.6 206.3209.1 2104 211.2|212.0|212.5|216.2| 216.3| 216.5
2007 220.4 2222 223.2 224.7 2247 | 225.7 227.3 | 227.5|227.6 | 227.5|227.7| 228.1
2008 230.1 233.2 240.7 242.3242.7 244.8 | 246.9 | 247.8 | 248.5 | 249.0 | 249.9 250.2‘
2009 249.8 250.1 250.2 249.6 | 250.8 | 246.8 249.9 | 246.8 | 246.7 | 246.9 | 246.8 | 246.8
2010 246.9 2474 246.2 246.9 | 247.0 | 247.3 | 246.8 | 246.8 | 247.2 | 247.5 | 246.5 | 248.1
2011 248.5 249.3 249.4 251.0 251.9 254.6 255.4 | 255.5256.2 | 256.2 | 256.3 7_55.4‘
2012 257.5 257.9 258.4 260.7 | 261.0 | 261.4 261.8 | 261.9|261.9 | 261.9|262.3| 262.3
2013 263.5 263.6 263.9 264.0 263.2 | 263.2 263.2 | 263.6 | 263.8 | 264.1 | 264.4| 264.7
2014 266.8 268.4 267.8 267.5 267.5 267.6 267.7 | 267.8 | 268.2 | 268.0 | 268.0 265.3‘
2015 268.4 267.9 268.2 268.1 269.7 | 269.6 267.5|267.4 | 267.2 | 267.2 | 266.9 | 266.9
2016 | 266.9(P) | 266.6(P) | 266.7(P) | 266.7(P)

P : Preliminary. All indexes are subject to revision four months after original publication. |

o}







App F - GTP BACT

		Alaska LNG Project

		GTP Plant - Natural Gas Turbine BACT Analysis

		Supporting Cost Data from Engineering Data and Vendor Information



		EPA Category

		Purchased Equipment		Cost Category		Total Material Cost		Per Unit		Estimated % PE for Cost Effectiveness		Total Labor Cost		Per Unit		Total		Total per Unit

		Purchased Equipment Cost (PE)		Machinery and Equipment		$   82,956,198.00		$   4,608,677.67		100%		$   6,596,096.00		$   366,449.78		$   89,552,294		$   4,975,127

		Instrumentation & Controls		Control Systems		$   3,111,878.00		$   172,882.11		4%		$   1,319,219.00		$   73,289.94		$   4,431,097		$   246,172

		Freight		Freight		$   11,761,264.00		$   653,403.56		14%						$   11,761,264		$   653,404



				Subtotal		$   97,829,340.00		$   5,434,963.33				$   7,915,315.00		$   439,739.72		$   105,744,655		$   5,874,703



		EPA Category

		Direct Installation		Cost Category		Total Material Cost		Per Unit		Estimated % PE for Cost Effectiveness		Total Labor Cost		Per Unit		Total		Total per Unit

		Foundations and Support		Earthwork and Civil		$   1,266,824		$   70,379				$   549,675.00		$   30,538		$   1,816,499		$   100,917

		Foundations and Support		Concrete		$   1,585,459		$   88,081		4.1%		$   439,740.00		$   24,430		$   2,025,199		$   112,511

		Foundations and Support		Structural Steel		$   1,130,797		$   62,822				$   164,902.00		$   9,161		$   1,295,699		$   71,983

				Buildings		$   -		$   -		0.0%				$   -		$   - 0		$   - 0

		Piping		Piping		$   2,580,466		$   143,359		2.6%		$   2,998,193.00		$   166,566		$   5,578,659		$   309,926

				Pipelines		$   -		$   -		0.0%				$   -		$   - 0		$   - 0

		Electrical		Electrical		$   3,871,972		$   215,110		4.0%		$   1,649,024.00		$   91,612		$   5,520,996		$   306,722

				Auxiliary Systems		$   -		$   -		0.0%				$   -		$   - 0		$   - 0

		Painting		Paintings and Coatings		$   250,873		$   13,937		0.3%		$   21,987.00		$   1,222		$   272,860		$   15,159

		Insulation		Insulation and refractory		$   1,195,324		$   66,407		1.2%		$   549,675.00		$   30,538		$   1,744,999		$   96,944

		Site Preparation		Scaffolding		$   78,218		$   4,345		0.1%		$   664,955.00		$   36,942		$   743,173		$   41,287



				Subtotal		$   11,959,933		$   664,441				$   7,038,151		$   391,008		$   18,998,084		$   1,055,449



		EPA Category

		Indirect Costs		Cost Category		Total		Per Unit		Estimated % PE for Cost Effectiveness		Total Labor Cost		Per Unit		Total		Total per Unit

		Engineering & Supervision		FEED Engineering		$   2,780,345		$   154,464		24.2%						$   2,780,345		$   154,464

		Engineering & Supervision		Detail Engineering		$   20,852,588		$   1,158,477								$   20,852,588		$   1,158,477

		Startup		Commissioning		$   2,259,629		$   125,535		2.3%						$   2,259,629		$   125,535

		Construction and Field Expenses		Indirect Field Costs		$   9,526,198		$   529,233		9.7%						$   9,526,198		$   529,233

		Contractor Fees		Equipment Vendor Reps		$   2,488,686		$   138,260		2.5%						$   2,488,686		$   138,260



				Subtotal		$   37,907,446		$   2,105,969								$   37,907,446		$   2,105,969



		EPA Category

		EPA Capital Investment		Cost Category		Total		Per Unit		Estimated % PE for Cost Effectiveness		Total Labor Cost		Per Unit		Total		Total per Unit

		Project Contingency		Contingency		$   40,662,579		$   2,259,032		27.5%						$   40,662,579		$   2,259,032



				Grand Total		$   188,359,298		$   10,464,405				$   14,953,466		$   830,748		$   203,312,764		$   11,295,154



		Direct Installation

										Labor Costs to Erect Equipment (Percent of PE):				15%

		Notes:

		All cost data provided in the table came from vendor inquires and engineering data maintained by AGDC's contracted engineering firm.
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ALASKA

Cost Quantification:

GTP BACT ANALYSIS
6th Edition EPA Cost Control Manual
Alaska LNG Project

Natural Gas Turbines
TG Compression SCR Cost Effectiveness Analysis

Cost Category

Default % EPA Equation /

Default Estimate ) ) )
Applied Estimate Basis

Project Cost

Reference

Direct Capital Costs

Purchased Equipment:

Purchased Equipment Costs

$26030000, @ | A

See Appendix F

s1,67740, |

Ammonia System B See Appendix F
Instrumentation & Controls $104,120 4% C=0.04xA See Appendix F
Freight $606,862 14.2% D =0.14 x (A+B) See Appendix F
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $4991388) @ PE

Direct Installation Costs:

Foundation & Supports $203,222 4% 0.04 x PE See Appendix F
Erection and Handling $762,947 15% 0.15 x PE See Appendix F
Electrical $197,553 4% 0.04 x PE See Appendix F
Piping $131,659 3% 0.03 x PE See Appendix F
Insulation $60,987 1% 0.01 x PE See Appendix F
Painting $12,800 0.3% 0.00 x PE See Appendix F
Site Preparation $3,991 0.1% Project-Specific See Appendix F
Total Direct Installation Cost (DI) $1373159] DI

Total Direct Capital Costs (DC) $6364,547, ] DC=PE+DI

Indirect Capital Costs

Indirect Costs:

Engineering & Supervision $1,205,785 24% 0.24 x PE See Appendix F
Construction and Field Expenses $529,233 10% See Appendix F
Contractor Fees $126,976 3% 0.03 x PE See Appendix F
Startup-up $115,289 2% 0.02 x PE See Appendix F
Performance Testing | $49,914 1.0% 0.01 x PE Default assumption
Total Indirect Costs (TIC) $2,027197, @ | IC

Capital Investment:

Project Contingency

$2,310,342.29 28% E =0.28 x (DC+IC)

See Appendix F

Preproduction Cost

$321,062.61 3% F =0.03 x (DC+IC+Cont)

OAQPS (2% of DC & TIC & Proj Contingency)

Inventory Capital (initial reagent fill)

$268,000 - G = [Storage Gal] x [Reagent S/gal]

See parameters below

Total Capital Investment

$11,201,9) |

TCI=DC+IC+E+F+G

Appendix B.1 - BACT Cost Effectiveness (Treated Gas Compressor Driver)

Page 1 of 21






ALASKA

GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project
Natural Gas Turbines

TG Compression SCR Cost Effectiveness Analysis

Direct Annual Costs

Direct Annual Costs:

Operating Labor

EPA Assumes equipment is managed by existing staff.

Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)
Maintenance Labor $169,367 1.5% 0.015 x TCI OAQPS (1.5% of TCI)
Maintenance Materials $169,367 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)
Annual Reagent Cost $469,536 - q*Cost*[op hr/yr] See parameters below
Annual Electricity Cost $498,039 - See parameters below See parameters below
Catalyst Replacement $78,587 - See parameters below See parameters below
Catalyst Disposal Cost 10% 0.100 x Cat Repl Engineering Estimate

Fuel Penalty Costs (specify)

$7,

Vendor Supplied

Other Maintenance Cost (specify)

Vendor Supplied

Total Direct Annual Costs $1,392,7555, @ DAC
Indirect Annual Costs
Indirect Annual Costs:
Overhead $203,241 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $112,911 1.0% 0.0100 x TCl OAQPS (1%)
Insurance $112,911 1.0% 0.010 x TCI OAQPS (1%)
General Administrative $225,823 2.0% 0.020 x TCI OAQPS (2%)
Total Indirect Annual Costs $654,8870 ] DAC
Capital Recovery Cost
Equipment Life (years) 20 - n EPA Default

Interest Rate

7.00%

7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air
Quality Control Construction Permit AQO083CPT06

Capital Recovery Factor

CRF = i/(1-(1+i)A-n)

Capital Recovery Cost (CRC)

oooaa |
$1,065805, =~ @ |

OAQPS Eqgn 2.54 (Section 4.2, Ch. 2)

|Tota| Annual Costs

$3113446] = |

TAC = DA +IDAC + CRC

[oAQPS Egn 2.56 (Section 4.2, Ch. 2)

Cost Effectiveness Analysis:

Uncontrolled NOx (tpy)

160.10

Controlled NOx Emissions (tpy)

22.55

NOx Reduction (tpy)

137.55

Total Annual Costs

$3,113,446

Cost Effectiveness ($/ton/yr)

$22,635

Appendix B.1 - BACT Cost Effectiveness (Treated Gas Compressor Driver)

Reference
Calculated below
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Calculated above
OAQPS Eqn 2.58 (Section 4.2, Ch. 2)
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ALASKA

Design Parameters:

GTP BACT ANALYSIS
6th Edition EPA Cost Control Manual
Alaska LNG Project

Natural Gas Turbines
TG Compression SCR Cost Effectiveness Analysis

Enter values in boxes below. Where default value is available, entered value will override default.

Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Turbine heat capacity: 418.00 MMBtu/hr
Duct burner heat capacity, if applicable: 284.64 MMBtu/hr
NOx Emission Rates
Reference
Turbine uncontrolled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf
o 9.00 ppmy @ 15% 02 Assumption forA baseline/uncontrolled emissions with
supplemental fire
or (default) ppmv @ 15% 02
Duct burner uncontrolled NOx concentration: 0.08 Ib NOx/MMBtu
or Ib NOx/MMscf
or ppmv @ 3% 02
or (default) ppmv @ 3% 02
Controlled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf
or 2 ppmv @ 15% 02 EPA specified BACT limit.
Natural Gas Properties
Reference
HHV [Default: 1050 Btu/scf] 1077 Btu/scf GTP Fuel Gas Specification
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2
Operational Parameters
Reference
Max annual op hours [Default: 8760 hr/yr] 8760 hr/yr
Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.
Reference

Power demand:

delta P duct [Default: 3 in H20]

delta P catalyst (per layer) [Default: 1 in H20]
number of layers of catalyst

Calculated Power demand:

Electricity Cost [Default: $/kWh]

407.2284
If power demand is not known, estimate on the basis of the parameters below:

407.2

0.14

kw

kw

$/kWh

Appendix B.1 - BACT Cost Effectiveness (Treated Gas Compressor Driver)

|See Appendix F

OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
OAQPS Eqn 2.48 (Section 4.2, Ch. 2)

OAQPS Eqn 2.48 (Section 4.2, Ch. 2)

Electricity pricing per Department of Energy, annual retail sales

of electricity to industrial customers in Alaska in 2023.
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ALASKA GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project
Natural Gas Turbines
TG Compression SCR Cost Effectiveness Analysis

Aqueous Ammonia Costs: Enter values below or parameters to estimate.

Reference
Agqueous ammonia cost: $6.70 $/gallon |See Appendix F
Aqueous ammonia storage volume: 40000 gallons |See Appendix F
or days' worth Engineering Estimate
Aqueous ammonia consumption rate: 8.00 gal/hr |See Appendix F
If agueous ammonia consumption rate not known, estimate on the basis of the parameters below:
Stored NH3 concentration [Default: 19.4%] wt%
NH3 solution mass flow rate (mg,) 62.10 Ib/hr |See Appendix F
NH3 solution density [Default: 7.782 Ib/gal] 7.76 Ib/gal Engineeering Data
Calculated Aqueous ammonia consumption rate: 8.0 gal/hr |See Appendix F
Catalyst Costs:
Reference

Initial catalyst cost: $451,931

Catalyst replacement frequency: 5 years
Interest Rate 7.00% %
Annual Catalyst Replacement Cost $78,587

* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.

Appendix B.1 - BACT Cost Effectiveness (Treated Gas Compressor Driver)

|See Appendix F

ADEC Default
OAQPS Eqgn 2.51 (Section 4.2, Ch. 2)
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ALASKA

Cost Quantification:

GTP BACT ANALYSIS
6th Edition EPA Cost Control Manual
Alaska LNG Project

Natural Gas Turbines
TG Compression CO Catalyst Cost Effectiveness Analysis

Cost Category

Default % EPA Equation /

Default Estimate ) ) )
Applied Estimate Basis

Project Cost

Reference

Direct Capital Costs

Purchased Equipment:

Purchased Equipment Costs

$2,20485s A

See Appendix F

Yy

B N/A
Instrumentation & Controls $88,196 4% C=0.04xA See Appendix F
Freight $312,603 14.2% D =0.14 x (A+B) See Appendix F
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $2605693) ] PE
Direct Installation Costs:
Foundation & Supports $106,090 4% 0.04 x PE See Appendix F
Erection and Handling $398,287 15% 0.15 x PE See Appendix F
Electrical $103,130 4% 0.04 x PE See Appendix F
Piping $68,731 3% 0.03 x PE See Appendix F
Insulation $31,838 1% 0.01 x PE See Appendix F
Painting $6,682 0.3% 0.00 x PE See Appendix F
Site Preparation $2,083 0.1% Project-Specific See Appendix F
Total Direct Installation Cost (DI) s716841, DI
Total Direct Capital Costs (DC) $3322534 | DC=PE+DI

Indirect Capital Costs

Indirect Costs:

Engineering & Supervision $629,465 24% 0.24 x PE See Appendix F

Construction and Field Expenses $529,233 10% See Appendix F

Contractor Fees $66,286 3% 0.03 x PE See Appendix F

Startup-up $60,185 2% 0.02 x PE See Appendix F

Performance Testing | $26,057 1.0% 0.01 x PE Default assumption

Total Indirect Costs (TIC) $1,311,227, @ | IC

Capital Investment:

Project Contingency $1,275,726.95 28% E=0.28 x (DC+IC) See Appendix F

Preproduction Cost $177,284.65 3% F =0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)
Inventory Capital (initial reagent fill) S0 - G = [Storage Gal] x [Reagent S/gal] See parameters below

Total Capital Investment

TCI=DC+IC+E+F+G

$6,086,773), |

Appendix B.2 - BACT Cost Effectiveness (Treated Gas Compressor Driver)
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ALASKA

GTP BACT ANALYSIS
6th Edition EPA Cost Control Manual
Alaska LNG Project

Natural Gas Turbines
TG Compression CO Catalyst Cost Effectiveness Analysis

Direct Annual Costs

Direct Annual Costs:

Operating Labor

EPA Assumes equipment is managed by existing staff.

Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)
Maintenance Labor $91,302 1.5% 0.015 x TCI OAQPS (1.5% of TCI)
Maintenance Materials $91,302 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)
Annual Reagent Cost S0 - q*Cost*[op hr/yr] See parameters below
Annual Electricity Cost S0 - See parameters below See parameters below
Catalyst Replacement $90,957 - See parameters below See parameters below
Catalyst Disposal Cost | $9,096 10% 0.100 x Cat Repl Engineering Estimate

Fuel Penalty Costs (specify) ://////////////////////////% - Vendor Supplied

Other Maintenance Cost (specify) %////////////////////% - Vendor Supplied

Total Direct Annual Costs $282656] @ DAC

Indirect Annual Costs

Indirect Annual Costs:

Capital Recovery Factor

Overhead $109,562 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $60,868 1.0% 0.0100 x TCI OAQPS (1%)
Insurance $60,868 1.0% 0.010 x TCI OAQPS (1%)
General Administrative | $121,735 2.0% 0.020 x TCI OAQPS (2%)
Total Indirect Annual Costs $353,033) @00 DAC
Capital Recovery Cost
Equipment Life (years) 20 - n EPA Default
Interest Rate 7.00% ; 7% p'er Agrium US Inc, Ker_\ai Nitrogen Operations Facility Air
Quality Control Construction Permit AQO083CPT06

CRF = i/(1-(1+i)A-n)

Capital Recovery Cost (CRC)

0.0944 ://///////////////////////%
ss7a548] |

OAQPS Eqgn 2.54 (Section 4.2, Ch. 2)

|Tota| Annual Costs

$1,210237], =~ |

TAC = DA +IDAC + CRC

Cost Effectiveness Analysis:

[oAQPS Eqn 2.56 (Section 4.2, Ch. 2)

Uncontrolled CO (tpy)

201.91

Controlled CO Emissions (tpy)

34.35

CO Reduction (tpy)

167.56

Total Annual Costs

$1,210,237

Cost Effectiveness ($/ton/yr)

$7,223

Appendix B.2 - BACT Cost Effectiveness (Treated Gas Compressor Driver)

Reference

Calculated below
Calculated below
Calculated below

Calculated above
OAQPS Eqn 2.58 (Section 4.2, Ch. 2)
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ALASKA GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project
Natural Gas Turbines
TG Compression CO Catalyst Cost Effectiveness Analysis

Design Parameters:

Enter values in boxes below. Where default value is available, entered value will override default.
Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Turbine heat capacity: 418.00 MMBtu/hr
Duct burner heat capacity, if applicable: 284.64 MMBtu/hr
NOx Emission Rates
Reference
Turbine uncontrolled CO concentration: Ib CO/MMBtu
or Ib CO/MMscf
or 25.00 ppmv @ 15% 02 Assumption for baseline/uncontrolled emissions
or (default) ppmv @ 15% 02
Duct burner uncontrolled CO concentration: 0.08 Ib CO/MMBtu
Controlled CO concentration: Ib CO/MMBtu
or Ib CO/MMscf
or 5 ppmv @ 15% 02 EPA specified BACT limit.
Natural Gas Properties
Reference
HHV [Default: 1050 Btu/scf] 1077 Btu/scf GTP Fuel Gas Specification
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2
Operational Parameters
Reference
Max annual op hours [Default: 8760 hr/yr] 8760 hr/yr
Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.
Reference
Power demand: 0 kW No additional power requirements for CO Catalyst
If power demand is not known, estimate on the basis of the parameters below:
delta P duct [Default: 3 in H20] OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)
delta P catalyst (per layer) [Default: 1 in H20] OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)
number of layers of catalyst 4
Calculated Power demand: 0.0 kW OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)
Electricity Cost [Default: $/kWh] 0.14 $/kWh Electricity pricing per Department of Energy, annual retail sales

of electricity to industrial customers in Alaska in 2023.

Catalyst Costs:

Reference
Initial catalyst cost: $523,069 [see Appendix F
Catalyst replacement frequency: 5 years
Interest Rate 7.00% % ADEC Default
Annual Catalyst Replacement Cost $90,957 OAQPS Eqgn 2.51 (Section 4.2, Ch. 2)

* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.

Appendix B.2 - BACT Cost Effectiveness (Treated Gas Compressor Driver) Page 7 of 21





ALASKA

Cost Quantification:

GTP BACT ANALYSIS
6th Edition EPA Cost Control Manual

Alaska LNG Project
Natural Gas Turbines
CO, Compression SCR Cost Effectiveness Analysis

Default %

EPA Equation /

Cost Category Project Cost Default Estimate ) ) ) Reference
Applied Estimate Basis
Direct Capital Costs
Purchased Equipment:
Purchased Equipment Costs $2,331,347 A See Appendix F
Ammonia System $1,715,339 B See Appendix F
Instrumentation & Controls $93,254 4% C=0.04xA See Appendix F
Freight $573,726 14.2% D =0.14 x (A+B) See Appendix F
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $4,713,666 PE
Direct Installation Costs:
Foundation & Supports $191,915 4% 0.04 x PE See Appendix F
Erection and Handling $720,496 15% 0.15 x PE See Appendix F
Electrical $186,561 4% 0.04 x PE See Appendix F
Piping $124,333 3% 0.03 x PE See Appendix F
Insulation $57,594 1% 0.01 x PE See Appendix F
Painting $12,088 0.3% 0.00 x PE See Appendix F
Site Preparation $3,769 0.1% Project-Specific See Appendix F
Total Direct Installation Cost (DI) $1,296,756 DI
Total Direct Capital Costs (DC) $6,010,422 DC = PE + DI
Indirect Capital Costs
Indirect Costs:
Engineering & Supervision $1,138,695 24% 0.24 x PE See Appendix F
Construction and Field Expenses $529,233 10% See Appendix F
Contractor Fees $119,911 3% 0.03 x PE See Appendix F
Startup-up $108,875 2% 0.02 x PE See Appendix F
Performance Testing $47,137 1.0% 0.01 x PE Default assumption
Total Indirect Costs (TIC) $1,943,850 IC
Capital Investment:
Project Contingency $2,189,901.21 28% E =0.28 x (DC+IC) See Appendix F
Preproduction Cost $304,325.20 3% F =0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)
Inventory Capital (initial reagent fill) $201,000 - G = [Storage Gal] x [Reagent $/gal] See parameters below
Total Capital Investment $10,649,499 TCI=DC+IC+E+F+G

Appendix C.1 - BACT Cost Effectiveness (CO2 Compressor Driver)
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ALASKA

GTP BACT ANALYSIS
6th Edition EPA Cost Control Manual

Alaska LNG Project
Natural Gas Turbines

CO, Compression SCR Cost Effectiveness Analysis

Direct Annual Costs

Direct Annual Costs:

Operating Labor - EPA Assumes equipment is managed by existing staff.
Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)

Maintenance Labor $159,742 1.5% 0.015 x TCI OAQPS (1.5% of TCI)

Maintenance Materials $159,742 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)

Annual Reagent Cost $305,198 - q*Cost*[op hr/yr] See parameters below

Annual Electricity Cost $374,441 - See parameters below See parameters below

Catalyst Replacement $126,649 - See parameters below See parameters below

Catalyst Disposal Cost $12,665 10% 0.100 x Cat Repl Engineering Estimate

Fuel Penalty Costs (specify) -

Other Maintenance Cost (specify) -

Total Direct Annual Costs $1,138,438 DAC

Indirect Annual Costs

Indirect Annual Costs:

Overhead $191,691 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $106,495 1.0% 0.0100 x TCI OAQPS (1%)

Insurance $106,495 1.0% 0.010 x TCI OAQPS (1%)

General Administrative $212,990 2.0% 0.020 x TCI OAQPS (2%)

Total Indirect Annual Costs $617,671 DAC

Capital Recovery Cost
Equipment Life (years) 20 - n EPA Default
Interest Rate 7.00% i 7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air
Quality Control Construction Permit AQO083CPT06

Capital Recovery Factor 0.0944 CRF = i/(1-(1+i)*-n) -

Capital Recovery Cost (CRC) $1,005,237 OAQPS Eqgn 2.54 (Section 4.2, Ch. 2)
|Tota| Annual Costs $2,761,347 TAC = DA + IDAC + CRC IOAQPS Eqgn 2.56 (Section 4.2, Ch. 2)

Cost Effectiveness Analysis:

Reference

Uncontrolled NOx (tpy) 111.92 Calculated below

Controlled NOx Emissions (tpy) 16.12 Calculated below

NOx Reduction (tpy) 95.80 Calculated below

Total Annual Costs $2,761,347 Calculated above

Cost Effectiveness ($/ton/yr) $28,824 OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

Appendix C.1 - BACT Cost Effectiveness (CO2 Compressor Driver)
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ALASKA

Design Parameters:

GTP BACT ANALYSIS
6th Edition EPA Cost Control Manual
Alaska LNG Project

Natural Gas Turbines
CO, Compression SCR Cost Effectiveness Analysis

Enter values in boxes below. Where default value is available, entered value will override default.

Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Turbine heat capacity: 311.00 MMBtu/hr
Duct burner heat capacity, if applicable: 191.22 MMBtu/hr
NOx Emission Rates

Reference

Turbine uncontrolled NOx concentration:
or

or 9.00
or (default)

Duct burner uncontrolled NOx concentration: 0.08
or

or
or (default)

Controlled NOx concentration:

Ib NOx/MMBtu
Ib NOx/MMscf

ppmv @ 15% 02
ppmv @ 15% 02
Ib NOx/MMBtu
Ib NOx/MMscf

ppmv @ 3% 02
ppmv @ 3% 02

Ib NOx/MMBtu

21.83691637

Assumption for baseline/uncontrolled emissions with

supplemental fire

or Ib NOx/MMscf
or 2 ppmv @ 15% 02 EPA specified BACT limit.
Natural Gas Properties
Reference
HHV [Default: 1050 Btu/scf] 1,077 Btu/scf GTP Fuel Gas Specification
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2
Operational Parameters
Reference
Max annual op hours [Default: 8760 hr/yr] 8760 hr/yr
Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.
Reference

Power demand: 306.167

If power demand is not known, estimate on the basis of the parameters below:
delta P duct [Default: 3 in H20]

delta P catalyst (per layer) [Default: 1 in H20]

number of layers of catalyst 4
Calculated Power demand: 306.2
Electricity Cost [Default: $/kWh] 0.14

Appendix C.1 - BACT Cost Effectiveness (CO2 Compressor Driver)

kw

kw

$/kWh

|See Appendix F

OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)
OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)

OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)

Electricity pricing per Department of Energy, annual retail sales
of electricity to industrial customers in Alaska in 2023.
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ALASKA

GTP BACT ANALYSIS
6th Edition EPA Cost Control Manual
Alaska LNG Project

Natural Gas Turbines
CO, Compression SCR Cost Effectiveness Analysis

Aqueous Ammonia Costs: Enter values below or parameters to estimate.

Reference
Aqueous ammonia cost: $6.70 $/gallon See Appendix F
Agueous ammonia storage volume: 30000 gallons See Appendix F
or days' worth Engineering Estimate
Agueous ammonia consumption rate: 5.20 gal/hr See Appendix F
If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:
Stored NH3 concentration [Default: 19.4%] wt%
NH3 solution mass flow rate (m,) 40.60 Ib/hr |See Appendix F
NH3 solution density [Default: 7.782 Ib/gal] 7.81 Ib/gal Engineeering Data
Calculated Aqueous ammonia consumption rate: 5.2 gal/hr |See Appendix F
Catalyst Costs:
Reference
Initial catalyst cost: $728,324 |See Appendix F
Catalyst replacement frequency: 5 years
Interest Rate 7.00% % ADEC Default
Annual Catalyst Replacement Cost $126,649 OAQPS Eqgn 2.51 (Section 4.2, Ch. 2)

* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.

Appendix C.1 - BACT Cost Effectiveness (CO2 Compressor Driver)
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ALASKA

Cost Quantification:

GTP BACT ANALYSIS
6th Edition EPA Cost Control Manual
Alaska LNG Project

Natural Gas Turbines
CO, Compression CO Catalyst Cost Effectiveness Analysis

Cost Category Project Cost Default Estimate Defau.lt % EPA_ Equatlon./
Applied Estimate Basis
Direct Capital Costs
Purchased Equipment:
Purchased Equipment Costs $2,084,890 A See Appendix F
Ammonia System S0 B N/A
Instrumentation & Controls $83,396 4% C=0.04xA See Appendix F
Freight $295,589 14.2% D =0.14 x (A+B) See Appendix F
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $2,463,875 PE
Direct Installation Costs:
Foundation & Supports $100,316 4% 0.04 x PE See Appendix F
Erection and Handling $376,610 15% 0.15 x PE See Appendix F
Electrical $97,517 4% 0.04 x PE See Appendix F
Piping $64,990 3% 0.03 x PE See Appendix F
Insulation $30,105 1% 0.01 x PE See Appendix F
Painting $6,318 0.3% 0.00 x PE See Appendix F
Site Preparation $1,970 0.1% Project-Specific See Appendix F
Total Direct Installation Cost (DI) $677,826 DI
Total Direct Capital Costs (DC) $3,141,700 DC = PE + DI
Indirect Capital Costs
Indirect Costs:
Engineering & Supervision $595,206 24% 0.24 x PE See Appendix F
Construction and Field Expenses $529,233 10% See Appendix F
Contractor Fees $62,679 3% 0.03 x PE See Appendix F
Startup-up $56,910 2% 0.02 x PE See Appendix F
Performance Testing $24,639 1.0% 0.01 x PE Default assumption
Total Indirect Costs (TIC) $1,268,666 IC
Capital Investment:
Project Contingency $1,214,223.70 28% E =0.28 x (DC+IC) See Appendix F
Preproduction Cost $168,737.69 3% F =0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)
Inventory Capital (initial reagent fill) S0 - G = [Storage Gal] x [Reagent $/gal] See parameters below
Total Capital Investment $5,793,327 TCI=DC+IC+E+F+G

Appendix C.2 - BACT Cost Effectiveness (CO2 Compressor Driver)
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ALASKA

GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project
Natural Gas Turbines

CO, Compression CO Catalyst Cost Effectiveness Analysis

Direct Annual Costs

Direct Annual Costs:

Operating Labor - EPA Assumes equipment is managed by existing staff.
Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)
Maintenance Labor $86,900 1.5% 0.015 x TCI OAQPS (1.5% of TCI)
Maintenance Materials $86,900 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)
Annual Reagent Cost S0 - q*Cost*[op hr/yr] See parameters below
Annual Electricity Cost S0 - See parameters below See parameters below
Catalyst Replacement $82,020 - See parameters below See parameters below
Catalyst Disposal Cost $8,202 10% 0.100 x Cat Repl Engineering Estimate
Fuel Penalty Costs (specify) - Vendor Supplied
Other Maintenance Cost (specify) - Vendor Supplied
Total Direct Annual Costs $264,022 DAC
Indirect Annual Costs
Indirect Annual Costs:
Overhead $104,280 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $57,933 1.0% 0.0100 x TCI OAQPS (1%)
Insurance $57,933 1.0% 0.010 x TCI OAQPS (1%)
General Administrative $115,867 2.0% 0.020 x TCI OAQPS (2%)
Total Indirect Annual Costs $336,013 DAC
Capital Recovery Cost
Equipment Life (years) 20 - n EPA Default
. 7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air
Interest Rate 7.00% ! Quality Control Construction Permit AQO083CPTO6
Capital Recovery Factor 0.0944 CRF = i/(1-(1+i)*-n) -
Capital Recovery Cost (CRC) $546,849 OAQPS Eqgn 2.54 (Section 4.2, Ch. 2)
|Tota| Annual Costs $1,146,884 TAC = DA + IDAC + CRC |OAQPS Eqgn 2.56 (Section 4.2, Ch. 2)
Cost Effectiveness Analysis:
Reference
Uncontrolled CO (tpy) 143.02 Calculated below
Controlled CO Emissions (tpy) 24.55 Calculated below
CO Reduction (tpy) 118.47 Calculated below
Total Annual Costs $1,146,884 Calculated above
Cost Effectiveness ($/ton/yr) $9,681 OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

Appendix C.2 - BACT Cost Effectiveness (CO2 Compressor Driver)
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ALASKA GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project
Natural Gas Turbines
CO, Compression CO Catalyst Cost Effectiveness Analysis

Design Parameters:

Enter values in boxes below. Where default value is available, entered value will override default.
Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Turbine heat capacity: 311.00 MMBtu/hr
Duct burner heat capacity, if applicable: 191.22 MMBtu/hr
NOx Emission Rates
Reference
Turbine uncontrolled CO concentration: Ib CO/MMBtu
or Ib CO/MMscf
or 25.00 ppmv @ 15% 02
or (default) ppmv @ 15% 02
Duct burner uncontrolled CO concentration: 0.08 Ib CO/MMBtu
Controlled CO concentration: Ib CO/MMBtu
or Ib CO/MMscf
or 5 ppmv @ 15% 02 EPA specified BACT limit.
Natural Gas Properties
Reference
HHV [Default: 1050 Btu/scf] 1,077 Btu/scf GTP Fuel Gas Specification
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2
Operational Parameters
Reference
Max annual op hours [Default: 8760 hr/yr] 8760 hr/yr
Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.
Reference
Power demand: 0 kw No additional power requirements for CO Catalyst
If power demand is not known, estimate on the basis of the parameters below:
delta P duct [Default: 3 in H20] OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)
delta P catalyst (per layer) [Default: 1 in H20] OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)
number of layers of catalyst 4
Calculated Power demand: 0.0 kw OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)
E . s D E :
Electricity Cost [Default: $/kWh] 0.14 $/kWh lectricity pricing per Department of Energy, annual retail sales

of electricity to industrial customers in Alaska in 2023.

Catalyst Costs:

Reference
Initial catalyst cost: $471,676 See Appendix F
Catalyst replacement frequency: 5 years
Interest Rate 7.00% % ADEC Default
Annual Catalyst Replacement Cost $82,020 OAQPS Eqgn 2.51 (Section 4.2, Ch. 2)

* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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ALASKA GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project
Natural Gas Turbines
Power Gen SCR Cost Effectiveness Analysis

Cost Quantification:

Cost Category Project Cost Default Estimate Defau.lt % EPA_ Equatlon./ Reference
Applied Estimate Basis
Direct Capital Costs
Purchased Equipment:
Purchased Equipment Costs $2,603,001 ://////////////////////////////% A See Appendix F
Ammonia System $1,677,405 %//////////////////////% B See Appendix F
Instrumentation & Controls $104,120 4% C=0.04xA See Appendix F
Freight $606,862 14.2% D =0.14 x (A+B) See Appendix F
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $4991388) @ PE
Direct Installation Costs:
Foundation & Supports $203,222 4.1% 0.04 x PE See Appendix F
Erection and Handling $762,947 15.3% 0.15 x PE See Appendix F
Electrical $197,553 4.0% 0.04 x PE See Appendix F
Piping $131,659 2.6% 0.03 x PE See Appendix F
Insulation $60,987 1.2% 0.01 x PE See Appendix F
Painting $12,800 0.3% 0.00 x PE See Appendix F
Site Preparation $3,991 0.1% Project-Specific See Appendix F
Total Direct Installation Cost (DI) $1,373,159 %///////////////////////j DI
Total Direct Capital Costs (DC) $6,364547, =~ | DC = PE + DI
Indirect Capital Costs
Indirect Costs:
Engineering & Supervision $1,205,785 24.2% 0.24 x PE See Appendix F
Construction and Field Expenses $486,040 9.7% 0.10 x PE See Appendix F
Contractor Fees $126,976 2.5% 0.03 x PE See Appendix F
Startup $115,289 2.3% 0.02 x PE See Appendix F
Performance Testing $49,914 1.0% 0.01 x PE Default assumption
Total Indirect Costs (TIC) $1,984004, @@ IC
Capital Investment:
Project Contingency $2,298,450.72 27.5% E =0.28 x (DC+IC) See Appendix F
Preproduction Cost $319,410.06 3% F =0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)
Inventory Capital (initial reagent fill) $268,000 - G = [Storage Gal] x [Reagent $/gal] See parameters below
Total Capital Investment $11,234412f, = | TCI=DC+IC+E+F+G
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ALASKA

GTP BACT ANALYSIS
6th Edition EPA Cost Control Manual
Alaska LNG Project

Natural Gas Turbines
Power Gen SCR Cost Effectiveness Analysis

Direct Annual Costs

Direct Annual Costs:

Operating Labor

EPA assumes equipment is managed by existing staff.

Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)
Maintenance Labor $168,516 1.5% 0.015 x TCI OAQPS (1.5% of TCI)
Maintenance Materials $168,516 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)
Annual Reagent Cost $469,536 - q*Cost*[op hr/yr] See parameters below
Annual Electricity Cost $498,039 - See parameters below See parameters below
Catalyst Replacement $83,433 - See parameters below See parameters below
Catalyst Disposal Cost | $8,343 10% 0.100 x Cat Repl Engineering Estimate

Fuel Penalty Costs (specify) f////////////////////////% -

Other Maintenance Cost (specify) ///////////////////////////////& -

Total Direct Annual Costs $1,396,38 | DAC

Indirect Annual Costs

Indirect Annual Costs:

Overhead $202,219 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $112,344 1.0% 0.0100 x TCl OAQPS (1%)
Insurance $112,344 1.0% 0.010 x TCI OAQPS (1%)
General Administrative $224,688 2.0% 0.020 x TCI OAQPS (2%)
Total Indirect Annual Costs $651,596) | DAC
Capital Recovery Cost
Equipment Life (years) 20 - n EPA Default

Interest Rate

7.00% i

Capital Recovery Factor

7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air
Quality Control Construction Permit AQO083CPTO06

Capital Recovery Cost (CRC)

o044 | CRF = i/(1-(1+)-n)
$1,060,449), = |

OAQPS Eqgn 2.54 (Section 4.2, Ch. 2)

|Tota| Annual Costs

$308429] = =]

TAC = DA + IDAC + CRC

Cost Effectiveness Analysis:

[oAQPS Egn 2.56 (Section 4.2, Ch. 2)

Uncontrolled NOx (tpy)

60.37

Controlled NOx Emissions (tpy)

13.41

NOx Reduction (tpy)

46.95

Total Annual Costs

$3,108,429

Cost Effectiveness ($/ton/yr)

$66,205

Appendix D.1 - BACT Cost Effectiveness (Main Power Gen Driver)

Reference
Calculated below
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Calculated below

Calculated above
OAQPS Eqn 2.58 (Section 4.2, Ch. 2)
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ALASKA GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual
Alaska LNG Project

Natural Gas Turbines
Power Gen SCR Cost Effectiveness Analysis

Design Parameters:

Enter values in boxes below. Where default value is available, entered value will override default.
Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Turbine heat capacity: 418.00 MMBtu/hr
Duct burner heat capacity, if applicable: 0 MMBtu/hr No Supplemental Firing on Power Gen Units
NOx Emission Rates
Reference
Turbine uncontrolled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf
or 9 ppmv @ 15% 02 Assumption for baseline/uncontrolled emissions
or (default) ppmv @ 15% 02
Duct burner uncontrolled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf
or ppmv @ 3% 02
or (default) ppmv @ 3% 02
Controlled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf
or 2 ppmv @ 15% 02 EPA specified BACT limit.
Natural Gas Properties
Reference
HHV [Default: 1050 Btu/scf] 1077 Btu/scf GTP Fuel Gas Specification
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2
Operational Parameters
Reference
Max annual op hours [Default: 8760 hr/yr] 8760 hr/yr
Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.
Reference
Power demand: 407.2284 kW |See Appendix F
If power demand is not known, estimate on the basis of the parameters below:
delta P duct [Default: 3 in H20] OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)
delta P catalyst (per layer) [Default: 1 in H20] OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)
number of layers of catalyst 2
Calculated Power demand: 407.2 kW OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)
Electricity Cost [Default: $/kWh] 0.14 $/kWh Electricity pricing per Department of Energy, annual retail sales

of electricity to industrial customers in Alaska in 2023.
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ALASKA GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project
Natural Gas Turbines
Power Gen SCR Cost Effectiveness Analysis

Aqueous Ammonia Costs: Enter values below or parameters to estimate.

Reference
Agqueous ammonia cost: $6.70 $/gallon |See Appendix F
Aqueous ammonia storage volume: 40000 gallons |See Appendix F
or days' worth Engineering Estimate
Aqueous ammonia consumption rate: 8.00 gal/hr |See Appendix F
If agueous ammonia consumption rate not known, estimate on the basis of the parameters below:
Stored NH3 concentration [Default: 19.4%] wt%
NH3 solution mass flow rate (mg,) 62.10 Ib/hr |See Appendix F
NH3 solution density [Default: 7.782 Ib/gal] 7.7625 Ib/gal Engineeering Data
Calculated Aqueous ammonia consumption rate: 8.0 gal/hr |See Appendix F
Catalyst Costs:
Reference

Initial catalyst cost: $479,803

Catalyst replacement frequency: 5 years
Interest Rate 7.00% %
Annual Catalyst Replacement Cost $83,433

* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.

Appendix D.1 - BACT Cost Effectiveness (Main Power Gen Driver)

|See Appendix F

ADEC Default
OAQPS Eqgn 2.51 (Section 4.2, Ch. 2)
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ALASKA

Cost Quantification:

GTP BACT ANALYSIS
6th Edition EPA Cost Control Manual
Alaska LNG Project

Natural Gas Turbines
Power Gen CO Catalyst Cost Effectiveness Analysis

Cost Category

Default % EPA Equation /

Default Estimate ) ) )
Applied Estimate Basis

Project Cost

Reference

Direct Capital Costs

Purchased Equipment:

Purchased Equipment Costs

$2,20485s A

See Appendix F

Yy

Ammonia System B N/A
Instrumentation & Controls $88,196 4% C=0.04xA See Appendix F
Freight $312,603 14.2% D =0.14 x (A+B) See Appendix F
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $2605693) ] PE

Direct Installation Costs:

Foundation & Supports $106,090 4.1% 0.04 x PE See Appendix F
Erection and Handling $398,287 15.3% 0.15 x PE See Appendix F
Electrical $103,130 4.0% 0.04 x PE See Appendix F
Piping $68,731 2.6% 0.03 x PE See Appendix F
Insulation $31,838 1.2% 0.01 x PE See Appendix F
Painting $6,682 0.3% 0.00 x PE See Appendix F
Site Preparation $2,083 0.1% Project-Specific See Appendix F
Total Direct Installation Cost (DI) s716841, DI

Total Direct Capital Costs (DC) $3322534 | DC=PE+DI

Indirect Capital Costs

Indirect Costs:

Engineering & Supervision $629,465 24% 0.24 x PE See Appendix F

Construction and Field Expenses $529,233 10% See Appendix F

Contractor Fees $66,286 3% 0.03 x PE See Appendix F

Startup $60,185 2% 0.02 x PE See Appendix F

Performance Testing | $26,057 1.0% 0.01 x PE Default assumption

Total Indirect Costs (TIC) $1,311,227, @ | IC

Capital Investment:

Project Contingency $1,275,726.95 28% E=0.28 x (DC+IC) See Appendix F

Preproduction Cost $177,284.65 3% F =0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)
Inventory Capital (initial reagent fill) S0 - G = [Storage Gal] x [Reagent S/gal] See parameters below

Total Capital Investment

$6,086,773), |

TCI=DC+IC+E+F+G

Appendix D.2 - BACT Cost Effectiveness (Main Power Gen Driver)
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ALASKA

GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project
Natural Gas Turbines

Power Gen CO Catalyst Cost Effectiveness Analysis

Direct Annual Costs

Direct Annual Costs:

Operating Labor

EPA assumes equipment is managed by existing staff.

Fuel Penalty Costs (specify)

$4,

Other Maintenance Cost (specify)

Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)
Maintenance Labor $91,302 1.5% 0.015 x TCI OAQPS (1.5% of TCI)
Maintenance Materials $91,302 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)
Annual Reagent Cost S0 - q*Cost*[op hr/yr] See parameters below
Annual Electricity Cost S0 - See parameters below See parameters below
Catalyst Replacement $40,899 - See parameters below See parameters below
Catalyst Disposal Cost 10% 0.100 x Cat Repl Engineering Estimate

Total Direct Annual Costs

$227592 2@ | DAC

Indirect Annual Costs
Indirect Annual Costs:
Overhead $109,562 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $60,868 1.0% 0.0100 x TCl OAQPS (1%)
Insurance $60,868 1.0% 0.010 x TCI OAQPS (1%)
General Administrative $121,735 2.0% 0.020 x TCI OAQPS (2%)
Total Indirect Annual Costs $353,033) 00 DAC

Capital Recovery Cost
Equipment Life (years) 20 - n EPA Default

Interest Rate

7.00%

Capital Recovery Factor

7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air
Quality Control Construction Permit AQO083CPTO06

Capital Recovery Cost (CRC)

CRF = i/(1-(1+i)A-n)

0.0944 ://///////////////////////%
ss7asa8] |

OAQPS Eqgn 2.54 (Section 4.2, Ch. 2)

|Tota| Annual Costs

$1155173) ==

Cost Effectiveness Analysis:

TAC = DA + IDAC + CRC

[oAQPS Egn 2.56 (Section 4.2, Ch. 2)

Uncontrolled CO (tpy)

102.17

Controlled CO Emissions (tpy)

20.43

CO Reduction (tpy)

81.74

Total Annual Costs

$1,155,173

Cost Effectiveness ($/ton/yr)

$14,133

Appendix D.2 - BACT Cost Effectiveness (Main Power Gen Driver)
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ALASKA GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project
Natural Gas Turbines
Power Gen CO Catalyst Cost Effectiveness Analysis

Design Parameters:

Enter values in boxes below. Where default value is available, entered value will override default.
Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Turbine heat capacity: 418.00 MMBtu/hr
Duct burner heat capacity, if applicable: 0 MMBtu/hr No Supplemental Firing on Power Gen Units
CO Emission Rates
Reference
Turbine uncontrolled CO concentration: Ib CO/MMBtu
or Ib CO/MMscf
or 25 ppmv @ 15% 02 Assumption for baseline/uncontrolled emissions
or (default) ppmv @ 15% 02
Duct burner uncontrolled CO concentration: Ib CO/MMBtu
Controlled CO concentration: Ib CO/MMBtu
or Ib CO/MMscf
or 5 ppmv @ 15% 02 EPA specified BACT limit.
Natural Gas Properties
Reference
HHV [Default: 1050 Btu/scf] 1077 Btu/scf GTP Fuel Gas Specification
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2
Operational Parameters
Reference
Max annual op hours [Default: 8760 hr/yr] 8760 hr/yr
Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.
Reference
Power demand: 0 kW No additional power requirements for CO Catalyst
If power demand is not known, estimate on the basis of the parameters below:
delta P duct [Default: 3 in H20] OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)
delta P catalyst (per layer) [Default: 1 in H20] OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)
number of layers of catalyst 2
Calculated Power demand: 0.0 kW OAQPS Eqgn 2.48 (Section 4.2, Ch. 2)
E - - D E .
Electricity Cost [Default: $/kWh] 0.14 $/kWh lectricity pricing per Department of Energy, annual retail sales

of electricity to industrial customers in Alaska in 2023.

Catalyst Costs:

Reference
Initial catalyst cost: $235,197 See Appendix F
Catalyst replacement frequency: 5 years
Interest Rate 7.00% % ADEC Default
Annual Catalyst Replacement Cost $40,899 OAQPS Eqgn 2.51 (Section 4.2, Ch. 2)

* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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ALASKA

Cost Quantification:

GTP BACT ANALYSIS

Alaska LNG Project
Building Heater Medium Heaters
SCR Cost Effectiveness Analysis

Cost Category

Project Cost

Default Estimate

Default %
Applied

EPA Equation /
Estimate Basis

Reference

Direct Capital Costs

Purchased Equipment:

Purchased Equipment Costs $1,013,751 A Per EPA Cost Control Manual
Ammonia System - B Included in Purchased Equipment Costs
Instrumentation & Controls $30,413 3% C=0.03xA Engineering Estimate
Freight $517,013 51% D =0.51 x (A+B) Engineering Estimate
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $1,561,176 PE

Direct Installation Costs:
Foundation & Supports $31,224 2% 0.02 x PE Engineering Estimate
Erection and Handling $249,788 16% 0.16 x PE Engineering Estimate
Electrical $327,847 21% 0.21 x PE Engineering Estimate
Piping $124,894 8% 0.08 x PE Engineering Estimate
Insulation $109,282 7% 0.07 x PE Engineering Estimate
Painting $1,561 0% 0.00 x PE Engineering Estimate
Site Preparation $70,963 Project-Specific engineering judgement
Total Direct Installation Cost (DI) $915,559 DI

Total Direct Capital Costs (DC) $2,476,735 DC=PE + DI

Indirect Capital Costs

Indirect Costs:
Engineering & Supervision $437,129 28% 0.28 x PE Engineering Estimate
Construction and Field Expenses $140,506 9% 0.09 x PE Engineering Estimate
Contractor Fees $46,835 3% 0.03 x PE Engineering Estimate
Startup-up $31,224 2% 0.02 x PE Engineering Estimate
Performance Testing $15,612 1% 0.01 x PE Engineering Estimate

Total Indirect Costs (TIC) $671,306 IC

Capital Investment:
Project Contingency $472,206.11 15% E =0.15 x (DC+IC) OAQPS (15% of DC & TIC)
Preproduction Cost $108,607.41 3% F =0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)
Inventory Capital (initial reagent fill) $4,938 - G = [Storage Gal] x [Reagent $/gal] See parameters below

Total Capital Investment $3,733,793 TCI=DC+IC+E+F+G

Appendix E.1 - BACT Cost Effectiveness (Building Heat Medium Heaters)
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ALASKA

GTP BACT ANALYSIS

Direct Annual Costs

Direct Annual Costs:

Operating Labor

Vendor Supplied

Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)
Maintenance Labor $56,007 1.5% 0.015 x TCI OAQPS (1.5% of TCI)
Maintenance Materials $56,007 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)
Annual Reagent Cost $128,749 - q*Cost*[op hr/yr] See parameters below
Annual Electricity Cost $142,196 - See parameters below See parameters below
Catalyst Replacement $48,231 - See parameters below See parameters below
Catalyst Disposal Cost $4,823 10% 0.100 x Cat Repl Engineering Estimate
Fuel Penalty Costs (specify) - Vendor Supplied
Other Maintenance Cost (specify) - Vendor Supplied
Total Direct Annual Costs $436,013 DAC
Indirect Annual Costs
Indirect Annual Costs:
Overhead $67,208 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $37,338 1.0% 0.0100 x TCI OAQPS (1%)
Insurance $37,338 1.0% 0.010 x TCI OAQPS (1%)
General Administrative $74,676 2.0% 0.020 x TCI OAQPS (2%)
Total Indirect Annual Costs $216,560 DAC
Capital Recovery Cost
Equipment Life (years) 10 - n Vendor Supplied
Interest Rate 7.00% i 7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air
Quality Control Construction Permit AQO083CPT06
Capital Recovery Factor 0.1424 CRF = i/(1-(1+i)7-n) -
Capital Recovery Cost (CRC) $531,608 OAQPS Eqn 2.54 (Section 4.2, Ch. 2)
|Tota| Annual Costs $1,184,181\ TAC = DA + IDAC + CRC |OAQPS Eqn 2.56 (Section 4.2, Ch. 2)
Cost Effectiveness Analysis:
Reference
Uncontrolled NOx (tpy) 43.82 Calculated below
Controlled NOx Emissions (tpy) 7.30 Calculated below
NOx Reduction (tpy) 36.52 Calculated below
Total Annual Costs $1,184,181 Calculated above
Cost Effectiveness ($/ton/yr) $32,428 OAQPS Eqgn 2.58 (Section 4.2, Ch. 2)
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ALASKA GTP BACT ANALYSIS

Design Parameters:

Enter values in boxes below. Where default value is available, entered value will override default.
Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Heater Capacity: 275 MMBtu/hr
Duct burner heat capacity, if applicable: MMBtu/hr
NOx Emission Rates

Reference

Utility Heater uncontrolled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf

or 30 ppmv @ 3% 02

or (default) ppmv @ 3% 02

Duct burner uncontrolled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf

or ppmv @ 3% 02

or (default) ppmv @ 3% 02

Controlled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf

or 5 ppmv @ 3% 02

Natural Gas Properties

Assumption for baseline/uncontrolled emissions

Most stringent limit identified as BACT

HHV [Default: 1050 Btu/scf] Btu/scf
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu

Operational Parameters

Reference

EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2

Max annual op hours [Default: 8760 hr/yr] 8760 hr/yr

Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

Reference

Power demand: kw
If power demand is not known, estimate on the basis of the parameters below:

delta P duct [Default: 3 in H20]

delta P catalyst (per layer) [Default: 1 in H20]

number of layers of catalyst 5
Calculated Power demand: 116.3 kw
Electricity Cost [Default: $/kWh] 0.140 $/kWh

Appendix E.1 - BACT Cost Effectiveness (Building Heat Medium Heaters)

Reference

OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
OAQPS Eqn 2.48 (Section 4.2, Ch. 2)

OAQPS Eqn 2.48 (Section 4.2, Ch. 2)

US EIA, 2023

Page 3 of 29





ALASKA

Aqueous Ammonia Costs: Enter values below or parameters to estimate.

GTP BACT ANALYSIS

Aqueous ammonia cost: $6.70
Aqueous ammonia storage volume:
or 14

Aqueous ammonia consumption rate:

If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

$/gallon
gallons
days' worth

gal/hr

Reference

Appendix F
Calculated below
Engineering Estimate

Calculated below

Stored NH3 concentration [Default: 19.4%] wt%
NH3 solution mass flow rate (mg,) 17.07 Ib/hr Calculated below

NH3 solution density [Default: 7.782 Ib/gal] 7.782 Ib/gal Engineeering Data
Calculated Aqueous ammonia consumption rate: 2.2 gal/hr OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)
Catalyst Costs:

Reference

Initial catalyst cost: $155,057 OAQPS (Section 4.2, Ch. 2)
Catalyst replacement frequency: 3 years
Interest Rate 7.00% % ADEC Default
Annual Catalyst Replacement Cost $48,231 OAQPS Eqn 2.51 (Section 4.2, Ch. 2)

* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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ALASKA

Cost Quantification:

GTP BACT ANALYSIS

Alaska LNG Project
Building Heater Medium Heaters
CO Catalyst Cost Effectiveness Analysis

Cost Category

Project Cost

Default Estimate

Default %
Applied

EPA Equation /
Estimate Basis

Reference

Direct Capital Costs

Purchased Equipment:

Purchased Equipment Costs $117,000 A Vendor Supplied, Adjusted from Utility Heater Costs
Ammonia System - B Included in Purchased Equipment Costs
Instrumentation & Controls $3,510 3% C=0.03xA Engineering Estimate
Freight $59,670 51% D =0.51 x (A+B) Engineering Estimate
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $180,180 PE
Direct Installation Costs:
Foundation & Supports $3,604 2% 0.02 x PE Engineering Estimate
Erection and Handling $28,829 16% 0.16 x PE Engineering Estimate
Electrical $37,838 21% 0.21 x PE Engineering Estimate
Piping $14,414 8% 0.08 x PE Engineering Estimate
Insulation $12,613 7% 0.07 x PE Engineering Estimate
Painting $180 0% 0.00 x PE Engineering Estimate
Site Preparation $8,190 Project-Specific engineering judgement
Total Direct Installation Cost (DI) $105,667 DI
Total Direct Capital Costs (DC) $285,847 DC=PE + DI
Indirect Capital Costs
Indirect Costs:
Engineering & Supervision $50,450 28% 0.28 x PE Engineering Estimate
Construction and Field Expenses $16,216 9% 0.09 x PE Engineering Estimate
Contractor Fees $5,405 3% 0.03 x PE Engineering Estimate
Startup-up $3,604 2% 0.02 x PE Engineering Estimate
Performance Testing $1,802 1% 0.01 x PE Engineering Estimate
Total Indirect Costs (TIC) $77,477 IC
Capital Investment:
Project Contingency $54,498.72 15% E =0.15 x (DC+IC) OAQPS (15% of DC & TIC)
Preproduction Cost $12,534.70 3% F =0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)
Inventory Capital (initial reagent fill) S0 - G = [Storage Gal] x [Reagent $/gal] See parameters below
Total Capital Investment $430,358 TCI=DC+IC+E+F+G
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ALASKA

GTP BACT ANALYSIS

Direct Annual Costs

Direct Annual Costs:

Operating Labor

Vendor Supplied

Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)
Maintenance Labor $6,455 1.5% 0.015 x TCI OAQPS (1.5% of TCI)
Maintenance Materials $6,455 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)
Annual Reagent Cost S0 - q*Cost*[op hr/yr] See parameters below
Annual Electricity Cost S0 - See parameters below See parameters below
Catalyst Replacement $52,192 - See parameters below See parameters below
Catalyst Disposal Cost $5,219 10% 0.100 x Cat Repl Engineering Estimate
Fuel Penalty Costs (specify) - Vendor Supplied
Other Maintenance Cost (specify) - Vendor Supplied
Total Direct Annual Costs $70,322 DAC
Indirect Annual Costs
Indirect Annual Costs:
Overhead $7,746 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $4,304 1.0% 0.0100 x TCI OAQPS (1%)
Insurance $4,304 1.0% 0.010 x TCI OAQPS (1%)
General Administrative $8,607 2.0% 0.020 x TCI OAQPS (2%)
Total Indirect Annual Costs $24,961 DAC
Capital Recovery Cost
Equipment Life (years) 10 - n Vendor Supplied
Interest Rate 7.00% i 7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air
Quality Control Construction Permit AQO083CPT06
Capital Recovery Factor 0.1424 CRF = i/(1-(1+i)7-n) -
Capital Recovery Cost (CRC) $61,273 OAQPS Eqn 2.54 (Section 4.2, Ch. 2)
|Tota| Annual Costs $156,556\ TAC = DA + IDAC + CRC |OAQPS Eqn 2.56 (Section 4.2, Ch. 2)
Cost Effectiveness Analysis:
Reference
Uncontrolled CO (tpy) 44.50 Calculated below
Controlled CO Emissions (tpy) 8.90 Calculated below
CO Reduction (tpy) 35.60 Calculated below
Total Annual Costs $156,556 Calculated above
Cost Effectiveness ($/ton/yr) $4,397 OAQPS Eqgn 2.58 (Section 4.2, Ch. 2)
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ALASKA GTP BACT ANALYSIS

Design Parameters:

Enter values in boxes below. Where default value is available, entered value will override default.
Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Heater Capacity: 275 MMBtu/hr
Duct burner heat capacity, if applicable: MMBtu/hr
NOx Emission Rates
Reference
Utility Heater uncontrolled CO concentration: Ib CO/MMBtu Assumption from Rev7 Calculations
or Ib CO/MMscf
or 50 ppmv @ 3% 02 Assumption for baseline/uncontrolled emissions
or (default) ppmv @ 3% 02
Duct burner uncontrolled CO concentration: Ib CO/MMBtu
Controlled CO concentration: Ib CO/MMBtu
or Ib CO/MMscf
or 10 ppmv @ 3% 02 Most stringent limit identified as BACT
Natural Gas Properties
Reference
HHV [Default: 1050 Btu/scf] Btu/scf
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2
Operational Parameters
Reference
Max annual op hours [Default: 8760 hr/yr] 8760 hr/yr
Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.
Reference
Power demand: 0 kw
If power demand is not known, estimate on the basis of the parameters below:
delta P duct [Default: 3 in H20] OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
delta P catalyst (per layer) [Default: 1 in H20] OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
number of layers of catalyst 1
Calculated Power demand: 0.0 kW OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
Electricity Cost [Default: $/kWh] 0.140 $/kWh US EIA, 2023
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ALASKA GTP BACT ANALYSIS

Catalyst Costs:

Reference
Initial catalyst cost: $167,791
Catalyst replacement frequency: 3 years
Interest Rate 7.00% % ADEC Default
Annual Catalyst Replacement Cost $52,192

OAQPS Eqgn 2.51 (Section 4.2, Ch. 2)
* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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ALASKA

Cost Quantification:

GTP BACT ANALYSIS

Alaska LNG Project
Operations Camp Heater
SCR Cost Effectiveness Analysis

Cost Category

Project Cost

Default Estimate

Default %
Applied

EPA Equation /
Estimate Basis

Reference

Direct Capital Costs

Purchased Equipment:

Purchased Equipment Costs $248,163 A Per EPA Cost Control Manual
Ammonia System - B Included in Purchased Equipment Costs
Instrumentation & Controls $7,445 3% C=0.03xA Engineering Estimate
Freight $126,563 51% D =0.51 x (A+B) Engineering Estimate
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $382,172 PE

Direct Installation Costs:
Foundation & Supports $7,643 2% 0.02 x PE Engineering Estimate
Erection and Handling $61,147 16% 0.16 x PE Engineering Estimate
Electrical $80,256 21% 0.21 x PE Engineering Estimate
Piping $30,574 8% 0.08 x PE Engineering Estimate
Insulation $26,752 7% 0.07 x PE Engineering Estimate
Painting $382 0% 0.00 x PE Engineering Estimate
Site Preparation $17,371 Project-Specific engineering judgement
Total Direct Installation Cost (DI) $224,126 DI

Total Direct Capital Costs (DC) $606,298 DC=PE + DI

Indirect Capital Costs

Indirect Costs:
Engineering & Supervision $107,008 28% 0.28 x PE Engineering Estimate
Construction and Field Expenses $34,395 9% 0.09 x PE Engineering Estimate
Contractor Fees $11,465 3% 0.03 x PE Engineering Estimate
Startup-up $7,643 2% 0.02 x PE Engineering Estimate
Performance Testing $3,822 1% 0.01 x PE Engineering Estimate

Total Indirect Costs (TIC) $164,334 IC

Capital Investment:
Project Contingency $115,594.73 15% E =0.15 x (DC+IC) OAQPS (15% of DC & TIC)
Preproduction Cost $26,586.79 3% F =0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)
Inventory Capital (initial reagent fill) $1,394 - G = [Storage Gal] x [Reagent $/gal] See parameters below

Total Capital Investment $914,207 TCI=DC+IC+E+F+G

Appendix E.3 - BACT Cost Effectiveness (Operations Camp Heaters)
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ALASKA

GTP BACT ANALYSIS

Direct Annual Costs

Direct Annual Costs:

Operating Labor - Vendor Supplied
Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)
Maintenance Labor $13,713 1.5% 0.015 x TCI OAQPS (1.5% of TCI)
Maintenance Materials $13,713 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)
Annual Reagent Cost $36,346 - q*Cost*[op hr/yr] See parameters below
Annual Electricity Cost $18,719 - See parameters below See parameters below
Catalyst Replacement $6,177 - See parameters below See parameters below
Catalyst Disposal Cost $618 10% 0.100 x Cat Repl Engineering Estimate
Fuel Penalty Costs (specify) - Vendor Supplied
Other Maintenance Cost (specify) - Vendor Supplied
Total Direct Annual Costs $89,286 DAC
Indirect Annual Costs
Indirect Annual Costs:
Overhead $16,456 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $9,142 1.0% 0.0100 x TCI OAQPS (1%)
Insurance $9,142 1.0% 0.010 x TCI OAQPS (1%)
General Administrative $18,284 2.0% 0.020 x TCI OAQPS (2%)
Total Indirect Annual Costs $53,024 DAC
Capital Recovery Cost
Equipment Life (years) 10 - n Vendor Supplied
Interest Rate 7.00% i 7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air
Quality Control Construction Permit AQO083CPT06
Capital Recovery Factor 0.1424 CRF = i/(1-(1+i)7-n) -
Capital Recovery Cost (CRC) $130,163 OAQPS Eqn 2.54 (Section 4.2, Ch. 2)
|Tota| Annual Costs $272,473\ TAC = DA + IDAC + CRC |OAQPS Eqn 2.56 (Section 4.2, Ch. 2)
Cost Effectiveness Analysis:
Reference
Uncontrolled NOx (tpy) 11.17 Calculated below
Controlled NOx Emissions (tpy) 0.85 Calculated below
NOx Reduction (tpy) 10.32 Calculated below
Total Annual Costs $272,473 Calculated above
Cost Effectiveness ($/ton/yr) $26,402 OAQPS Eqgn 2.58 (Section 4.2, Ch. 2)
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ALASKA GTP BACT ANALYSIS

Design Parameters:

Enter values in boxes below. Where default value is available, entered value will override default.
Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Heater Capacity: 32 MMBtu/hr
Duct burner heat capacity, if applicable: MMBtu/hr
NOx Emission Rates
Reference
Utility Heater uncontrolled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf
or 65.84 ppmv @ 3% 02 Assumption for baseline/uncontrolled emissions
or (default) ppmv @ 3% 02
Duct burner uncontrolled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf
or ppmv @ 3% 02
or (default) ppmv @ 3% 02
Controlled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf
or 5 ppmv @ 3% 02 Most stringent limit identified as BACT
Natural Gas Properties
Reference
HHV [Default: 1050 Btu/scf] Btu/scf
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2
Operational Parameters
Reference
Max annual op hours [Default: 8760 hr/yr] 8760 hr/yr
Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.
Reference
Power demand: kw
If power demand is not known, estimate on the basis of the parameters below:
delta P duct [Default: 3 in H20] OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
delta P catalyst (per layer) [Default: 1 in H20] OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
number of layers of catalyst 6
Calculated Power demand: 15.3 kW OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
Electricity Cost [Default: $/kWh] 0.140 $/kWh US EIA, 2023
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ALASKA

Aqueous Ammonia Costs: Enter values below or parameters to estimate.

GTP BACT ANALYSIS

Aqueous ammonia cost: $6.70
Aqueous ammonia storage volume:
or 14

Aqueous ammonia consumption rate:

If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:

$/gallon
gallons
days' worth

gal/hr

Reference

Appendix F
Calculated below
Engineering Estimate

Calculated below

Stored NH3 concentration [Default: 19.4%] wt%
NH3 solution mass flow rate (mg,) 4.82 Ib/hr Calculated below

NH3 solution density [Default: 7.782 Ib/gal] 7.782 Ib/gal Engineeering Data
Calculated Aqueous ammonia consumption rate: 0.6 gal/hr OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)
Catalyst Costs:

Reference

Initial catalyst cost: $19,859 OAQPS (Section 4.2, Ch. 2)
Catalyst replacement frequency: 3 years
Interest Rate 7.00% % ADEC Default
Annual Catalyst Replacement Cost $6,177 OAQPS Eqn 2.51 (Section 4.2, Ch. 2)

* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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ALASKA

Cost Quantification:

GTP BACT ANALYSIS

Alaska LNG Project
Operations Camp Heater
CO Catalyst Cost Effectiveness Analysis

Cost Category

Project Cost

Default Estimate

Default %
Applied

EPA Equation /
Estimate Basis

Reference

Direct Capital Costs

Purchased Equipment:

Purchased Equipment Costs $13,559 A Vendor Supplied, Adjusted from Utility Heater Costs
Ammonia System - B Included in Purchased Equipment Costs
Instrumentation & Controls $407 3% C=0.03xA Engineering Estimate
Freight $6,915 51% D=0.51x (A+B) Engineering Estimate
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $20,881 PE
Direct Installation Costs:
Foundation & Supports $418 2% 0.02 x PE Engineering Estimate
Erection and Handling $3,341 16% 0.16 x PE Engineering Estimate
Electrical $4,385 21% 0.21 x PE Engineering Estimate
Piping $1,671 8% 0.08 x PE Engineering Estimate
Insulation $1,462 7% 0.07 x PE Engineering Estimate
Painting $21 0% 0.00 x PE Engineering Estimate
Site Preparation $949 Project-Specific engineering judgement
Total Direct Installation Cost (DI) $12,246 DI
Total Direct Capital Costs (DC) $33,128 DC=PE +DI
Indirect Capital Costs
Indirect Costs:
Engineering & Supervision $5,847 28% 0.28 x PE Engineering Estimate
Construction and Field Expenses $1,879 9% 0.09 x PE Engineering Estimate
Contractor Fees $626 3% 0.03 x PE Engineering Estimate
Startup-up $418 2% 0.02 x PE Engineering Estimate
Performance Testing $209 1% 0.01 x PE Engineering Estimate
Total Indirect Costs (TIC) $8,979 IC
Capital Investment:
Project Contingency $6,315.99 15% E =0.15 x (DC+IC) OAQPS (15% of DC & TIC)
Preproduction Cost $1,452.68 3% F =0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)
Inventory Capital (initial reagent fill) S0 - G = [Storage Gal] x [Reagent $/gal] See parameters below
Total Capital Investment $49,875 TCI=DC+IC+E+F+G

Appendix E.4 - BACT Cost Effectiveness (Operations Camp Heaters)

Page 13 of 29





ALASKA

GTP BACT ANALYSIS

Direct Annual Costs

Direct Annual Costs:

Operating Labor

Vendor Supplied

Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)
Maintenance Labor $748 1.5% 0.015 x TCI OAQPS (1.5% of TCI)
Maintenance Materials $748 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)
Annual Reagent Cost S0 - q*Cost*[op hr/yr] See parameters below
Annual Electricity Cost S0 - See parameters below See parameters below
Catalyst Replacement $52,192 - See parameters below See parameters below

Catalyst Disposal Cost

$5,219 10% 0.100 x Cat Repl

Engineering Estimate

Fuel Penalty Costs (specify)

Vendor Supplied

Other Maintenance Cost (specify)

Vendor Supplied

Total Direct Annual Costs $58,907 DAC
Indirect Annual Costs
Indirect Annual Costs:
Overhead $898 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $499 1.0% 0.0100 x TCI OAQPS (1%)
Insurance $499 1.0% 0.010 x TCI OAQPS (1%)
General Administrative $998 2.0% 0.020 x TCI OAQPS (2%)
Total Indirect Annual Costs $2,893 DAC
Capital Recovery Cost
Equipment Life (years) 10 - n Vendor Supplied
. 7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air
Interest Rate 7:00% ' Quality Control Construction Permit AQOO83CPT06
Capital Recovery Factor 0.1424 CRF = i/(1-(1+i)7-n) -
Capital Recovery Cost (CRC) $7,101 OAQPS Eqn 2.54 (Section 4.2, Ch. 2)
[Total Annual costs $68,901] TAC = DA + IDAC + CRC [0AQPS Eqn 2.56 (Section 4.2, Ch. 2)
Cost Effectiveness Analysis:
Reference
Uncontrolled CO (tpy) 5.16 Calculated below
Controlled CO Emissions (tpy) 1.03 Calculated below
CO Reduction (tpy) 4.13 Calculated below
Total Annual Costs $68,901 Calculated above
Cost Effectiveness ($/ton/yr) $16,684 OAQPS Eqgn 2.58 (Section 4.2, Ch. 2)
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ALASKA GTP BACT ANALYSIS

Design Parameters:

Enter values in boxes below. Where default value is available, entered value will override default.
Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Heater Capacity: 32 MMBtu/hr
Duct burner heat capacity, if applicable: MMBtu/hr
NOx Emission Rates
Reference
Ops Camp Heater uncontrolled CO concentration: Ib CO/MMBtu Assumption from Rev7 Calculations
or Ib CO/MMscf
or 50 ppmv @ 3% 02 Assumption for baseline/uncontrolled emissions
or (default) ppmv @ 3% 02
Duct burner uncontrolled CO concentration: Ib CO/MMBtu
Controlled CO concentration: Ib CO/MMBtu
or Ib CO/MMscf
or 10 ppmv @ 3% 02 Most stringent limit identified as BACT
Natural Gas Properties
Reference
HHV [Default: 1050 Btu/scf] Btu/scf
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2
Operational Parameters
Reference
Max annual op hours [Default: 8760 hr/yr] 8760 hr/yr
Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.
Reference
Power demand: 0 kw
If power demand is not known, estimate on the basis of the parameters below:
delta P duct [Default: 3 in H20] OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
delta P catalyst (per layer) [Default: 1 in H20] OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
number of layers of catalyst 1
Calculated Power demand: 0.0 kW OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
Electricity Cost [Default: $/kWh] 0.140 $/kWh US EIA, 2023
Catalyst Costs:
Reference
Initial catalyst cost: $167,791
Catalyst replacement frequency: 3 years
Interest Rate 7.00% % ADEC Default
Annual Catalyst Replacement Cost $52,192 OAQPS Eqgn 2.51 (Section 4.2, Ch. 2)

* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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ALASKA

Cost Quantification:

GTP BACT ANALYSIS

Alaska LNG Project
Buyback Gas Bath Heater - Primary
SCR Cost Effectiveness Analysis

Cost Category

Project Cost

Default Estimate

Default %
Applied

EPA Equation /
Estimate Basis

Reference

Direct Capital Costs

Purchased Equipment:

Purchased Equipment Costs $208,606 A Per EPA Cost Control Manual
Ammonia System - B Included in Purchased Equipment Costs
Instrumentation & Controls $6,258 3% C=0.03xA Engineering Estimate
Freight $106,389 51% D =0.51 x (A+B) Engineering Estimate
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $321,253 PE

Direct Installation Costs:
Foundation & Supports $6,425 2% 0.02 x PE Engineering Estimate
Erection and Handling $51,400 16% 0.16 x PE Engineering Estimate
Electrical $67,463 21% 0.21 x PE Engineering Estimate
Piping $25,700 8% 0.08 x PE Engineering Estimate
Insulation $22,488 7% 0.07 x PE Engineering Estimate
Painting $321 0% 0.00 x PE Engineering Estimate
Site Preparation $14,602 Project-Specific engineering judgement
Total Direct Installation Cost (DI) $188,400 DI

Total Direct Capital Costs (DC) $509,653 DC=PE + DI

Indirect Capital Costs

Indirect Costs:
Engineering & Supervision $89,951 28% 0.28 x PE Engineering Estimate
Construction and Field Expenses $28,913 9% 0.09 x PE Engineering Estimate
Contractor Fees $9,638 3% 0.03 x PE Engineering Estimate
Startup-up $6,425 2% 0.02 x PE Engineering Estimate
Performance Testing $3,213 1% 0.01 x PE Engineering Estimate

Total Indirect Costs (TIC) $138,139 IC

Capital Investment:
Project Contingency $97,168.72 15% E =0.15 x (DC+IC) OAQPS (15% of DC & TIC)
Preproduction Cost $22,348.80 3% F =0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)
Inventory Capital (initial reagent fill) $1,108 - G = [Storage Gal] x [Reagent $/gal] See parameters below

Total Capital Investment $768,417 TCI=DC+IC+E+F+G

Appendix E.5 - BACT Cost Effectiveness (Buyback Gas Bath Heater - 1st)
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ALASKA

GTP BACT ANALYSIS

Direct Annual Costs

Direct Annual Costs:

Operating Labor

Vendor Supplied

Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)
Maintenance Labor $11,526 1.5% 0.015 x TCI OAQPS (1.5% of TCI)
Maintenance Materials $11,526 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)
Annual Reagent Cost $1,648 - q*Cost*[op hr/yr] See parameters below
Annual Electricity Cost $756 - See parameters below See parameters below
Catalyst Replacement $4,908 - See parameters below See parameters below
Catalyst Disposal Cost $491 10% 0.100 x Cat Repl Engineering Estimate
Fuel Penalty Costs (specify) - Vendor Supplied
Other Maintenance Cost (specify) - Vendor Supplied
Total Direct Annual Costs $30,855 DAC
Indirect Annual Costs
Indirect Annual Costs:
Overhead $13,831 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $7,684 1.0% 0.0100 x TCI OAQPS (1%)
Insurance $7,684 1.0% 0.010 x TCI OAQPS (1%)
General Administrative $15,368 2.0% 0.020 x TCI OAQPS (2%)
Total Indirect Annual Costs $44,568 DAC
Capital Recovery Cost
Equipment Life (years) 10 - n Vendor Supplied
Interest Rate 7.00% i 7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air
Quality Control Construction Permit AQO083CPT06
Capital Recovery Factor 0.1424 CRF = i/(1-(1+i)"-n) -
Capital Recovery Cost (CRC) $109,405 OAQPS Eqn 2.54 (Section 4.2, Ch. 2)
|Tota| Annual Costs $184,829\ TAC = DA + IDAC + CRC |OAQPS Eqn 2.56 (Section 4.2, Ch. 2)
Cost Effectiveness Analysis:
Reference
Uncontrolled NOx (tpy) 0.51 Calculated below
Controlled NOx Emissions (tpy) 0.04 Calculated below
NOx Reduction (tpy) 0.47 Calculated below
Total Annual Costs $184,829 Calculated above
Cost Effectiveness ($/ton/yr) $394,940 OAQPS Eqgn 2.58 (Section 4.2, Ch. 2)
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ALASKA GTP BACT ANALYSIS

Design Parameters:

Enter values in boxes below. Where default value is available, entered value will override default.
Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Heater Capacity: 25 MMBtu/hr
Duct burner heat capacity, if applicable: MMBtu/hr
NOx Emission Rates

Reference

Utility Heater uncontrolled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf

or 65.84 ppmv @ 3% 02

or (default) ppmv @ 3% 02

Duct burner uncontrolled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf

or ppmv @ 3% 02

or (default) ppmv @ 3% 02

Controlled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf

or 5 ppmv @ 3% 02

Natural Gas Properties

Assumption for baseline/uncontrolled emissions

Most stringent limit identified as BACT

HHV [Default: 1050 Btu/scf] Btu/scf
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu

Operational Parameters

Reference

EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2

Max annual op hours [Default: 8760 hr/yr] 500 hr/yr

Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

Reference

Power demand: kw
If power demand is not known, estimate on the basis of the parameters below:

delta P duct [Default: 3 in H20]

delta P catalyst (per layer) [Default: 1 in H20]

number of layers of catalyst 5
Calculated Power demand: 10.8 kw
Electricity Cost [Default: $/kWh] 0.140 $/kWh

Appendix E.5 - BACT Cost Effectiveness (Buyback Gas Bath Heater - 1st)

Reference

OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
OAQPS Eqn 2.48 (Section 4.2, Ch. 2)

OAQPS Eqn 2.48 (Section 4.2, Ch. 2)

US EIA, 2023
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ALASKA GTP BACT ANALYSIS

Aqueous Ammonia Costs: Enter values below or parameters to estimate.

Reference
Aqueous ammonia cost: $6.70 $/gallon Appendix F
Aqueous ammonia storage volume: gallons Calculated below
or 14 days' worth Engineering Estimate
Aqueous ammonia consumption rate: gal/hr Calculated below
If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:
Stored NH3 concentration [Default: 19.4%] wt%
NH3 solution mass flow rate (mg,) 3.83 Ib/hr Calculated below
NH3 solution density [Default: 7.782 Ib/gal] 7.782 Ib/gal Engineeering Data
Calculated Aqueous ammonia consumption rate: 0.5 gal/hr OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)
Catalyst Costs:
Reference
Initial catalyst cost: $15,778 OAQPS (Section 4.2, Ch. 2)
Catalyst replacement frequency: 3 years
Interest Rate 7.00% % ADEC Default
Annual Catalyst Replacement Cost $4,908 OAQPS Eqn 2.51 (Section 4.2, Ch. 2)

* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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Cost Quantification:

GTP BACT ANALYSIS

Alaska LNG Project
Buyback Gas Bath Heater - Primary
CO Catalyst Cost Effectiveness Analysis

Cost Category

Project Cost

Default Estimate

Default %
Applied

EPA Equation /
Estimate Basis

Reference

Direct Capital Costs

Purchased Equipment:

Purchased Equipment Costs $10,773 A Vendor Supplied, Adjusted from Utility Heater Costs
Ammonia System - B Included in Purchased Equipment Costs
Instrumentation & Controls $323 3% C=0.03xA Engineering Estimate
Freight $5,494 51% D=0.51x (A+B) Engineering Estimate
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $16,590 PE
Direct Installation Costs:
Foundation & Supports $332 2% 0.02 x PE Engineering Estimate
Erection and Handling $2,654 16% 0.16 x PE Engineering Estimate
Electrical $3,484 21% 0.21 x PE Engineering Estimate
Piping $1,327 8% 0.08 x PE Engineering Estimate
Insulation $1,161 7% 0.07 x PE Engineering Estimate
Painting $17 0% 0.00 x PE Engineering Estimate
Site Preparation $754 Project-Specific engineering judgement
Total Direct Installation Cost (DI) $9,729 DI
Total Direct Capital Costs (DC) $26,319 DC=PE +DI
Indirect Capital Costs
Indirect Costs:
Engineering & Supervision $4,645 28% 0.28 x PE Engineering Estimate
Construction and Field Expenses $1,493 9% 0.09 x PE Engineering Estimate
Contractor Fees $498 3% 0.03 x PE Engineering Estimate
Startup-up $332 2% 0.02 x PE Engineering Estimate
Performance Testing $166 1% 0.01 x PE Engineering Estimate
Total Indirect Costs (TIC) $7,134 IC
Capital Investment:
Project Contingency $5,017.94 15% E =0.15 x (DC+IC) OAQPS (15% of DC & TIC)
Preproduction Cost $1,154.13 3% F =0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)
Inventory Capital (initial reagent fill) S0 - G = [Storage Gal] x [Reagent $/gal] See parameters below
Total Capital Investment $39,625 TCI=DC+IC+E+F+G
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GTP BACT ANALYSIS

Direct Annual Costs

Direct Annual Costs:

Operating Labor

Vendor Supplied

Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)
Maintenance Labor $594 1.5% 0.015 x TCI OAQPS (1.5% of TCI)
Maintenance Materials $594 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)
Annual Reagent Cost S0 - q*Cost*[op hr/yr] See parameters below
Annual Electricity Cost S0 - See parameters below See parameters below
Catalyst Replacement $52,192 - See parameters below See parameters below

Catalyst Disposal Cost

$5,219 10% 0.100 x Cat Repl

Engineering Estimate

Fuel Penalty Costs (specify)

Vendor Supplied

Other Maintenance Cost (specify)

Vendor Supplied

Total Direct Annual Costs $58,600 DAC
Indirect Annual Costs
Indirect Annual Costs:
Overhead $713 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $396 1.0% 0.0100 x TCI OAQPS (1%)
Insurance $396 1.0% 0.010 x TCI OAQPS (1%)
General Administrative $793 2.0% 0.020 x TCI OAQPS (2%)
Total Indirect Annual Costs $2,298 DAC
Capital Recovery Cost
Equipment Life (years) 10 - n Vendor Supplied
. 7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air
Interest Rate 7:00% ' Quality Control Construction Permit AQOO83CPT06
Capital Recovery Factor 0.1424 CRF = i/(1-(1+i)7-n) -
Capital Recovery Cost (CRC) $5,642 OAQPS Eqn 2.54 (Section 4.2, Ch. 2)
[Total Annual costs $66,540] TAC = DA + IDAC + CRC [0AQPS Eqn 2.56 (Section 4.2, Ch. 2)
Cost Effectiveness Analysis:
Reference
Uncontrolled CO (tpy) 4.10 Calculated below
Controlled CO Emissions (tpy) 0.82 Calculated below
CO Reduction (tpy) 3.28 Calculated below
Total Annual Costs $66,540 Calculated above
Cost Effectiveness ($/ton/yr) $20,280 OAQPS Eqgn 2.58 (Section 4.2, Ch. 2)
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ALASKA GTP BACT ANALYSIS

Design Parameters:

Enter values in boxes below. Where default value is available, entered value will override default.
Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Heater Capacity: 25 MMBtu/hr
Duct burner heat capacity, if applicable: MMBtu/hr
NOx Emission Rates
Reference
Ops Camp Heater uncontrolled CO concentration: Ib CO/MMBtu Assumption from Rev7 Calculations
or Ib CO/MMscf
or 50 ppmv @ 3% 02 Assumption for baseline/uncontrolled emissions
or (default) ppmv @ 3% 02
Duct burner uncontrolled CO concentration: Ib CO/MMBtu
Controlled CO concentration: Ib CO/MMBtu
or Ib CO/MMscf
or 10 ppmv @ 3% 02 Most stringent limit identified as BACT
Natural Gas Properties
Reference
HHV [Default: 1050 Btu/scf] Btu/scf
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2
Operational Parameters
Reference
Max annual op hours [Default: 8760 hr/yr] 8760 hr/yr
Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.
Reference
Power demand: 0 kw
If power demand is not known, estimate on the basis of the parameters below:
delta P duct [Default: 3 in H20] OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
delta P catalyst (per layer) [Default: 1 in H20] OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
number of layers of catalyst 1
Calculated Power demand: 0.0 kW OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
Electricity Cost [Default: $/kWh] 0.140 $/kWh US EIA, 2023
Catalyst Costs:
Reference
Initial catalyst cost: $167,791
Catalyst replacement frequency: 3 years
Interest Rate 7.00% % ADEC Default
Annual Catalyst Replacement Cost $52,192 OAQPS Eqgn 2.51 (Section 4.2, Ch. 2)

* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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ALASKA

Cost Quantification:

GTP BACT ANALYSIS

Alaska LNG Project
Buyback Gas Bath Heater - Secondary
SCR Cost Effectiveness Analysis

Cost Category

Project Cost

Default Estimate

Default %
Applied

EPA Equation /
Estimate Basis

Reference

Direct Capital Costs

Purchased Equipment:

Purchased Equipment Costs $169,694 A Per EPA Cost Control Manual
Ammonia System - B Included in Purchased Equipment Costs
Instrumentation & Controls $5,091 3% C=0.03xA Engineering Estimate
Freight $86,544 51% D =0.51 x (A+B) Engineering Estimate
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $261,329 PE

Direct Installation Costs:
Foundation & Supports $5,227 2% 0.02 x PE Engineering Estimate
Erection and Handling $41,813 16% 0.16 x PE Engineering Estimate
Electrical $54,879 21% 0.21 x PE Engineering Estimate
Piping $20,906 8% 0.08 x PE Engineering Estimate
Insulation $18,293 7% 0.07 x PE Engineering Estimate
Painting $261 0% 0.00 x PE Engineering Estimate
Site Preparation $11,879 Project-Specific engineering judgement
Total Direct Installation Cost (DI) $153,257 DI

Total Direct Capital Costs (DC) $414,586 DC=PE + DI

Indirect Capital Costs

Indirect Costs:
Engineering & Supervision $73,172 28% 0.28 x PE Engineering Estimate
Construction and Field Expenses $23,520 9% 0.09 x PE Engineering Estimate
Contractor Fees $7,840 3% 0.03 x PE Engineering Estimate
Startup-up $5,227 2% 0.02 x PE Engineering Estimate
Performance Testing $2,613 1% 0.01 x PE Engineering Estimate

Total Indirect Costs (TIC) $112,371 IC

Capital Investment:
Project Contingency $79,043.65 15% E =0.15 x (DC+IC) OAQPS (15% of DC & TIC)
Preproduction Cost $18,180.04 3% F =0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)
Inventory Capital (initial reagent fill) $833 - G = [Storage Gal] x [Reagent $/gal] See parameters below

Total Capital Investment $625,014 TCI=DC+IC+E+F+G

Appendix E.7 - BACT Cost Effectiveness (Buyback Gas Bath Heater - 2nd)
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ALASKA

GTP BACT ANALYSIS

Direct Annual Costs

Direct Annual Costs:

Operating Labor

Vendor Supplied

Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)
Maintenance Labor $9,375 1.5% 0.015 x TCI OAQPS (1.5% of TCI)
Maintenance Materials $9,375 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)
Annual Reagent Cost $1,239 - q*Cost*[op hr/yr] See parameters below
Annual Electricity Cost $548 - See parameters below See parameters below
Catalyst Replacement $3,690 - See parameters below See parameters below
Catalyst Disposal Cost $369 10% 0.100 x Cat Repl Engineering Estimate
Fuel Penalty Costs (specify) - Vendor Supplied
Other Maintenance Cost (specify) - Vendor Supplied
Total Direct Annual Costs $24,597 DAC
Indirect Annual Costs
Indirect Annual Costs:
Overhead $11,250 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $6,250 1.0% 0.0100 x TCI OAQPS (1%)
Insurance $6,250 1.0% 0.010 x TCI OAQPS (1%)
General Administrative $12,500 2.0% 0.020 x TCI OAQPS (2%)
Total Indirect Annual Costs $36,251 DAC
Capital Recovery Cost
Equipment Life (years) 10 - n Vendor Supplied
Interest Rate 7.00% i 7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air
Quality Control Construction Permit AQO083CPT06
Capital Recovery Factor 0.1424 CRF = i/(1-(1+i)"-n) -
Capital Recovery Cost (CRC) $88,988 OAQPS Eqn 2.54 (Section 4.2, Ch. 2)
|Tota| Annual Costs $149,836\ TAC = DA + IDAC + CRC |OAQPS Eqn 2.56 (Section 4.2, Ch. 2)
Cost Effectiveness Analysis:
Reference
Uncontrolled NOx (tpy) 0.42 Calculated below
Controlled NOx Emissions (tpy) 0.03 Calculated below
NOx Reduction (tpy) 0.39 Calculated below
Total Annual Costs $149,836 Calculated above
Cost Effectiveness ($/ton/yr) $387,431 OAQPS Eqgn 2.58 (Section 4.2, Ch. 2)
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ALASKA GTP BACT ANALYSIS

Design Parameters:

Enter values in boxes below. Where default value is available, entered value will override default.
Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Heater Capacity: 21 MMBtu/hr
Duct burner heat capacity, if applicable: MMBtu/hr
NOx Emission Rates

Reference

Utility Heater uncontrolled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf

or 65.84 ppmv @ 3% 02

or (default) ppmv @ 3% 02

Duct burner uncontrolled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf

or ppmv @ 3% 02

or (default) ppmv @ 3% 02

Controlled NOx concentration: Ib NOx/MMBtu
or Ib NOx/MMscf

or 5 ppmv @ 3% 02

Natural Gas Properties

Assumption for baseline/uncontrolled emissions

Most stringent limit identified as BACT

HHV [Default: 1050 Btu/scf] Btu/scf
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu

Operational Parameters

Reference

EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2

Max annual op hours [Default: 8760 hr/yr] 500 hr/yr

Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.

Reference

Power demand: kw
If power demand is not known, estimate on the basis of the parameters below:

delta P duct [Default: 3 in H20]

delta P catalyst (per layer) [Default: 1 in H20]

number of layers of catalyst 4
Calculated Power demand: 7.9 kw
Electricity Cost [Default: $/kWh] 0.140 $/kWh

Appendix E.7 - BACT Cost Effectiveness (Buyback Gas Bath Heater - 2nd)

Reference

OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
OAQPS Eqn 2.48 (Section 4.2, Ch. 2)

OAQPS Eqn 2.48 (Section 4.2, Ch. 2)

US EIA, 2023
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ALASKA GTP BACT ANALYSIS

Aqueous Ammonia Costs: Enter values below or parameters to estimate.

Reference
Aqueous ammonia cost: $6.70 $/gallon Appendix F
Aqueous ammonia storage volume: gallons Calculated below
or 14 days' worth Engineering Estimate
Aqueous ammonia consumption rate: gal/hr Calculated below
If aqueous ammonia consumption rate not known, estimate on the basis of the parameters below:
Stored NH3 concentration [Default: 19.4%] wt%
NH3 solution mass flow rate (mg,) 2.88 Ib/hr Calculated below
NH3 solution density [Default: 7.782 Ib/gal] 7.782 Ib/gal Engineeering Data
Calculated Aqueous ammonia consumption rate: 0.4 gal/hr OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)
Catalyst Costs:
Reference
Initial catalyst cost: $11,864 OAQPS (Section 4.2, Ch. 2)
Catalyst replacement frequency: 3 years
Interest Rate 7.00% % ADEC Default
Annual Catalyst Replacement Cost $3,690 OAQPS Eqn 2.51 (Section 4.2, Ch. 2)

* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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ALASKA

Cost Quantification:

GTP BACT ANALYSIS

Alaska LNG Project
Buyback Gas Bath Heater - Secondary
CO Catalyst Cost Effectiveness Analysis

Cost Category

Project Cost

Default Estimate

Default %
Applied

EPA Equation /
Estimate Basis

Reference

Direct Capital Costs

Purchased Equipment:

Purchased Equipment Costs $8,902 :////////////////////////% A Vendor Supplied, Adjusted from Utility Heater Costs
Ammonia System W////////////////////% B Included in Purchased Equipment Costs
Instrumentation & Controls $267 3% C=0.03xA Engineering Estimate
Freight $4,540 51% D=0.51x (A+B) Engineering Estimate
Taxes (Enter sales tax rate in "% Applied") S0 0.0% TaxRate x (A+B+C) No sales tax in Alaska
Total Purchased Equipment Cost (PE) $13,710 %////////////////////% PE
Direct Installation Costs:
Foundation & Supports $274 2% 0.02 x PE Engineering Estimate
Erection and Handling $2,194 16% 0.16 x PE Engineering Estimate
Electrical $2,879 21% 0.21 x PE Engineering Estimate
Piping $1,097 8% 0.08 x PE Engineering Estimate
Insulation $960 7% 0.07 x PE Engineering Estimate
Painting $14 0% 0.00 x PE Engineering Estimate
Site Preparation $623 :////////////////////////% Project-Specific engineering judgement
Total Direct Installation Cost (DI) $8,040 :////////////////////////% DI
Total Direct Capital Costs (DC) $21,750, 2 @ DC = PE + DI
Indirect Capital Costs
Indirect Costs:
Engineering & Supervision $3,839 28% 0.28 x PE Engineering Estimate
Construction and Field Expenses $1,234 9% 0.09 x PE Engineering Estimate
Contractor Fees $411 3% 0.03 x PE Engineering Estimate
Startup-up $274 2% 0.02 x PE Engineering Estimate
Performance Testing $137 1% 0.01 x PE Engineering Estimate
Total Indirect Costs (TIC) $58055] = Ic
Capital Investment:
Project Contingency $4,146.77 15% E =0.15 x (DC+IC) OAQPS (15% of DC & TIC)
Preproduction Cost $953.76 3% F =0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)
Inventory Capital (initial reagent fill) S0 - G = [Storage Gal] x [Reagent $/gal] See parameters below
Total Capital Investment $32,746 W///////////////////% TCI=DC+IC+E+F+G
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ALASKA

GTP BACT ANALYSIS

Direct Annual Costs

Direct Annual Costs:

Operating Labor

.

Vendor Supplied

Supervisory Labor S0 15% 15% of Op. Labor OAQPS (15% of Op Labor)
Maintenance Labor $491 1.5% 0.015 x TCI OAQPS (1.5% of TCI)
Maintenance Materials $491 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)
Annual Reagent Cost S0 q*Cost*[op hr/yr] See parameters below
Annual Electricity Cost S0 See parameters below See parameters below
Catalyst Replacement $52,192 See parameters below See parameters below

Catalyst Disposal Cost

$5,219

Fuel Penalty Costs (specify)

10%

0.100 x Cat Repl

Engineering Estimate

;s

Other Maintenance Cost (specify)

Vendor Supplied

Total Direct Annual Costs

Vendor Supplied

sl

DAC

Indirect Annual Costs

Indirect Annual Costs:

Overhead $589 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)
Property Tax $327 1.0% 0.0100 x TCI OAQPS (1%)
Insurance $327 1.0% 0.010 x TCI OAQPS (1%)
General Administrative I $655 2.0% 0.020 x TCI OAQPS (2%)
Total Indirect Annual Costs $1,899 %/////////////////////% DAC
Capital Recovery Cost
Equipment Life (years) 10 - n Vendor Supplied

Interest Rate

7.00% i

Capital Recovery Factor

7% per Agrium US Inc, Kenai Nitrogen Operations Facility Air
Quality Control Construction Permit AQO083CPT06

CRF = i/(1-(1+i)7-n)

Capital Recovery Cost (CRC)

0.1424 %////////////////////%
sa662] |

OAQPS Eqgn 2.54 (Section 4.2, Ch. 2)

|Tota| Annual Costs

sea955] @~ |

TAC = DA +IDAC + CRC

Cost Effectiveness Analysis:

[oAQPs Eqn 2.56 (Section 4.2, Ch. 2)

Uncontrolled CO (tpy)

3.39

Controlled CO Emissions (tpy)

0.68

CO Reduction (tpy)

2.71

Total Annual Costs

$64,955

Cost Effectiveness ($/ton/yr)

$23,956

Appendix E.8 - BACT Cost Effectiveness (Buyback Gas Bath Heater - 2nd)

Reference
Calculated below
Calculated below
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Calculated above
OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

Page 28 of 29






ALASKA GTP BACT ANALYSIS

Design Parameters:

Enter values in boxes below. Where default value is available, entered value will override default.
Required data is highlighted yellow.

Combustion Unit Sizing

Reference
Heater Capacity: 21 MMBtu/hr
Duct burner heat capacity, if applicable: MMBtu/hr
NOx Emission Rates
Reference
Ops Camp Heater uncontrolled CO concentration: Ib CO/MMBtu Assumption from Rev7 Calculations
or Ib CO/MMscf
or 50 ppmv @ 3% 02 Assumption for baseline/uncontrolled emissions
or (default) ppmv @ 3% 02
Duct burner uncontrolled CO concentration: Ib CO/MMBtu
Controlled CO concentration: Ib CO/MMBtu
or Ib CO/MMscf
or 10 ppmv @ 3% 02 Most stringent limit identified as BACT
Natural Gas Properties
Reference
HHV [Default: 1050 Btu/scf] Btu/scf
F-factor (dry) [Default: 8710 dscf/MMBtu] dscf/MMBtu EPA 40 CFR Part 60 Appendix A, Method 19, Table 19-2
Operational Parameters
Reference
Max annual op hours [Default: 8760 hr/yr] 8760 hr/yr
Annual Electricity Costs: Enter values below. Where default value is available, entered number overrides default.
Reference
Power demand: 0 kw
If power demand is not known, estimate on the basis of the parameters below:
delta P duct [Default: 3 in H20] OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
delta P catalyst (per layer) [Default: 1 in H20] OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
number of layers of catalyst 1
Calculated Power demand: 0.0 kW OAQPS Eqn 2.48 (Section 4.2, Ch. 2)
Electricity Cost [Default: $/kWh] 0.140 $/kWh US EIA, 2023
Catalyst Costs:
Reference
Initial catalyst cost: $167,791
Catalyst replacement frequency: 3 years
Interest Rate 7.00% % ADEC Default
Annual Catalyst Replacement Cost $52,192 OAQPS Eqgn 2.51 (Section 4.2, Ch. 2)

* OAQPS refers to the EPA Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions.
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Alaska LNG Project

GTP Plant - Natural Gas Turbine BACT Analysis
Supporting Cost Data from Engineering Data and Vendor Information

EPA Category
Estimated % PE for Cost
Purchased Equipment Cost Category Total Material Cost Per Unit _° Total Labor Cost Per Unit Total Total per Unit
Effectiveness
Purchased Equipment Cost (PE) Machinery and Equipment $ 82,956,198.00( $ 4,608,677.67 100% $ 6,596,096.00 | $ 366,449.78| $ 89,552,294| $ 4,975,127
Instrumentation & Controls Control Systems $ 3,111,878.00| $ 172,882.11 4% $ 1,319,219.00 | $ 73,289.94| $ 4,431,097 $ 246,172
Freight Freight $ 11,761,264.00| $ 653,403.56 14% $ 11,761,264| $ 653,404
| subtotat $ 97,829,340.00 $ 5,434,963.33 $ 7,915,315.00 $ 439,739.72 $ 105,744,655 $ 5,874,703 |
EPA Category
Estimated % PE for Cost . "
Direct Installation Cost Category Total Material Cost Per Unit . Total Labor Cost Per Unit Total Total per Unit
Effectiveness
Foundations and Support Earthwork and Civil $ 1,266,824 | $ 70,379 $ 549,675.00 | $ 30,538 | $ 1,816,499 $ 100,917
Foundations and Support Concrete $ 1,585,459 | $ 88,081 4.1% $ 439,740.00 | $ 24,430 | $ 2,025,199 $ 112,511
Foundations and Support Structural Steel $ 1,130,797 | $ 62,822 $ 164,902.00 | $ 9,161 $ 1,295,699| $ 71,983
Buildings $ -1$ - 0.0% $ -l s | $ 4
Piping Piping $ 2,580,466 | $ 143,359 2.6% $ 2,998,193.00 | $ 166,566 | $ 5,578,659| $ 309,926
Pipelines $ -1$ - 0.0% $ -l s | $ 4
Electrical Electrical $ 3,871,972 | $ 215,110 4.0% $ 1,649,024.00 | $ 91,612 $ 5,520,996| $ 306,722
Auxiliary Systems $ -1$ - 0.0% $ -l s s q
Painting Paintings and Coatings $ 250,873 | $ 13,937 0.3% $ 21,987.00 | $ 1,222 $ 272,860( $ 15,159
Insulation Insulation and refractory $ 1,195,324 | $ 66,407 1.2% $ 549,675.00 | $ 30,538 | $ 1,744,999| $ 96,944
Site Preparation Scaffolding $ 78,218 [ $ 4,345 0.1% $ 664,955.00 | $ 36,942 $ 743,173 $ 41,287
|subtotat $ 11,959,933 $ 664,441 $ 7,038,151 $ 391,008 $ 18,998,084 $ 1,055,449 |
EPA Category
Estimated % PE for Cost
Indirect Costs Cost Category Total Per Unit . Total Labor Cost Per Unit Total Total per Unit
Effectiveness
Engineering & Supervision FEED Engineering $ 2,780,345 | $ 154,464 24.2% $ 2,780,345| $ 154,464
Engineering & Supervision Detail Engineering $ 20,852,588 | $ 1,158,477 $ 20,852,588 $ 1,158,477
Startup Commissioning $ 2,259,629 | $ 125,535 2.3% $ 2,259,629| $ 125,535
Construction and Field Expenses Indirect Field Costs $ 9,526,198 | $ 529,233 9.7% $ 9,526,198| $ 529,233
Contractor Fees Equipment Vendor Reps $ 2,488,686 | $ 138,260 2.5% $ 2,488,686 $ 138,260
|subtotat $ 37,907,446 $ 2,105,969 $ 37,907,446 $ 2,105,969 |
EPA Category
Estimated % PE for Cost
EPA Capital Investment Cost Category Total Per Unit ! R r Total Labor Cost Per Unit Total Total per Unit
Effectiveness
Project Contingency Contingency $ 40,662,579 | $ 2,259,032 27.5% $ 40,662,579 $ 2,259,032
IGrand Total $ 188,359,298 $ 10,464,405 $ 14,953,466 $ 830,748 $ 203,312,764 $ 11,295,154 I
Direct Installation
| Labor Costs to Erect Equipment (Percent of PE): 15%|
Notes:
All cost data provided in the table came from vendor inquires and engineering data maintained by AGDC's contracted engineering firm.
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