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APPENDIX A.1 

GTP Power Generation Turbines   



GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Cost Quantification:

Cost Category Project Cost Default Estimate

Default % 

Applied

EPA Equation /

Estimate Basis Reference

Purchased Equipment:

Purchased Equipment Costs $4,100,000 - A AeriNOx Quote (1/7/2020)

Ammonia System $0 - B Included in Purchased Equipment Costs

Instrumentation & Controls $0 0% C = 0.00 x A Included in Purchased Equipment Costs

Freight $459,610 11.2%
D = 0.11 x (A+B)

Cost factor based on ratios from the GTP estimate 

equipment to freight costs

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

Total Purchased Equipment Cost (PE) $4,559,610 - PE

Direct Installation Costs:

Foundation & Supports $1,504,671 33% 0.33 x PE 33% based on cost to modularize equipment. 

Erection and Handling $1,550,267 34%

0.34 x PE

34% based on NS sea lift logistics costs vs equipment 

costs

Did not include any NS installation costs

Electrical $0 0% 0.00 x PE Part of Foundation and Supports

Piping $0 0% 0.00 x PE Part of Foundation and Supports

Insulation $0 0% 0.00 x PE Part of Foundation and Supports

Painting $0 0% 0.00 x PE Part of Foundation and Supports

Site Preparation $45,000 - Project-Specific AeriNOx Quote (1/7/2020)

Total Direct Installation Cost (DI) $3,099,939 - DI

Total Direct Capital Costs (DC) $7,659,549 - DC = PE + DI

Indirect Costs:

Engineering & Supervision $1,504,671 33%
0.33 x PE

33% based on MFS const management and Const staff, no 

eng costs included

Construction and Field Expenses $0 0% 0.00 x PE Did not include.

Contractor Fees $0 0% 0.00 x PE Did not include.

Startup-up $0 0% 0.00 x PE Did not include.

Performance Testing $0 0% 0.00 x PE Did not include.

Total Indirect Costs (TIC) $1,504,671 - IC

Capital Investment:

Project Contingency $1,374,633.00 15% E = 0.15 x (DC+IC) OAQPS (15% of DC & TIC)

Preproduction Cost $316,165.59 3% F = 0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)

Inventory Capital (initial reagent fill) $10,031 - G = [Storage Gal] x [Reagent $/gal] See parameters below

Total Capital Investment $10,865,050 - TCI = DC + IC + E + F + G

Alaska LNG Project

Natural Gas Turbines

Power Gen SCR Cost Effectiveness Analysis

Direct Capital Costs

Indirect Capital Costs

Appendix A.1 - BACT Cost Effectiveness (Main Power Generator)
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GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project

Natural Gas Turbines

Power Gen SCR Cost Effectiveness Analysis

Direct Annual Costs:

Operating Labor - Vendor Supplied

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

Maintenance Labor $162,976 1.5% 0.015 x TCI OAQPS (1.5% of TCI)

Maintenance Materials $162,976 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)

Annual Reagent Cost $261,522 - q*Cost*[op hr/yr] See parameters below

Annual Electricity Cost $152,882 - See parameters below See parameters below

Catalyst Replacement $76,236 - See parameters below See parameters below

Catalyst Disposal Cost $7,624 10% 0.100 x Cat Repl Engineering Estimate

Fuel Penalty Costs (specify) - Vendor Supplied

Other Maintenance Cost (specify) - Vendor Supplied

Total Direct Annual Costs $824,215 - DAC

Indirect Annual Costs:

Overhead $195,571 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)

Property Tax $108,650 1.0% 0.0100 x TCI OAQPS (1%)

Insurance $108,650 1.0% 0.010 x TCI OAQPS (1%)

General Administrative $217,301 2.0% 0.020 x TCI OAQPS (2%)

Total Indirect Annual Costs $630,173 - DAC

Equipment Life (years) 10 - n Vendor Supplied

Interest Rate 7.00% 7.00% - i 7% per Agrium US Inc, Kenai Nitrogen Operations Facility 

Air Quality Control Construction Permit AQ0083CPT06

Capital Recovery Factor 0.1424 - CRF = i/(1-(1+i)^-n) -

Capital Recovery Cost (CRC) $1,546,939 - OAQPS Eqn 2.54 (Section 4.2, Ch. 2)

Total Annual Costs $3,001,326 - TAC = DA + IDAC + CRC OAQPS Eqn 2.56 (Section 4.2, Ch. 2)

Cost Effectiveness Analysis:

Reference

Uncontrolled NOx (tpy) 100.61 Calculated below

Controlled NOx Emissions (tpy) 13.41 Calculated below

NOx Reduction (tpy) 87.20 Calculated below

Total Annual Costs $3,001,326 Calculated above

Cost Effectiveness ($/ton/yr) $34,421 OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

Indirect Annual Costs

Capital Recovery Cost

Direct Annual Costs

Appendix A.1 - BACT Cost Effectiveness (Main Power Generator)

# Confidential



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: MMBtu/hr

NOx Emission Rates

Reference

Turbine uncontrolled NOx concentration: lb NOx/MMBtu

or lb NOx/MMscf

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

or (default) ppmv @ 15% O2

Duct burner uncontrolled NOx concentration: lb NOx/MMBtu

or lb NOx/MMscf

or ppmv @ 3% O2

or (default) ppmv @ 3% O2

Controlled NOx concentration: lb NOx/MMBtu

or lb NOx/MMscf

or 2 ppmv @ 15% O2 Most stringent limit identified as BACT

Natural Gas Properties

Reference

HHV  [Default: 1050 Btu/scf] 1077 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 Calculated below

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)

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

number of layers of catalyst 2

Calculated Power demand: 111.8 kW OAQPS Eqn 2.48 (Section 4.2, Ch. 2)

Appendix A.1 - BACT Cost Effectiveness (Main Power Generator)

# Confidential



GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project

Natural Gas Turbines

Power Gen SCR Cost Effectiveness Analysis

Electricity Cost  [Default: 0.1572 $/kWh] 0.16 $/kWh

Electricity pricing per Department of Energy, annual retail 

sales of electricity to industrial customers in Alaska in 

2017.

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

Reference

Aqueous ammonia cost: $5.67 $/gallon Ammonia cost per Brenntag quote (June 15, 2015).

Aqueous ammonia storage volume: gallons

or 14 days' worth Engineering Estimate

Aqueous ammonia consumption rate: gal/hr

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 (msol) 40.97 lb/hr OAQPS (Section 4.2, Ch. 2)

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

Calculated Aqueous ammonia consumption rate: 5.3 gal/hr OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)

Catalyst Costs: 

Reference

Initial catalyst cost: $245,091 OAQPS (Section 4.2, Ch. 2)

Catalyst replacement frequency: 3 years

Interest Rate 7.00% % ADEC Default

Annual Catalyst Replacement Cost $76,236 OAQPS Eqn 2.51 (Section 4.2, Ch. 2)

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

Appendix A.1 - BACT Cost Effectiveness (Main Power Generator)
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APPENDIX A.2 

GTP CO2 Compressor Turbines 



GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Cost Quantification:

Cost Category Project Cost Default Estimate

Default % 

Applied

EPA Equation /

Estimate Basis Reference

Purchased Equipment:

Purchased Equipment Costs $3,500,000 - A AeriNOx Quote (1/7/2020)

Ammonia System $0 - B Included in Purchased Equipment Costs

Instrumentation & Controls $0 0% C = 0.00 x A Included in Purchased Equipment Costs

Freight $392,350 11.2%
D = 0.11 x (A+B)

Cost factor based on ratios from the GTP estimate 

equipment to freight costs

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

Total Purchased Equipment Cost (PE) $3,892,350 - PE

Direct Installation Costs:

Foundation & Supports $1,284,476 33% 0.33 x PE 33% based on cost to modularize equipment. 

Erection and Handling $1,323,399 34%

0.34 x PE

34% based on NS sea lift logistics costs vs equipment 

costs

Did not include any NS installation costs

Electrical $0 0% 0.00 x PE Part of Foundation and Supports

Piping $0 0% 0.00 x PE Part of Foundation and Supports

Insulation $0 0% 0.00 x PE Part of Foundation and Supports

Painting $0 0% 0.00 x PE Part of Foundation and Supports

Site Preparation $45,000 - Project-Specific AeriNOx Quote (1/7/2020)

Total Direct Installation Cost (DI) $2,652,875 - DI

Total Direct Capital Costs (DC) $6,545,225 - DC = PE + DI

Indirect Costs:

Engineering & Supervision $1,284,476 33%
0.33 x PE

33% based on MFS const management and Const staff, no 

eng costs included

Construction and Field Expenses $0 0% 0.00 x PE Did not include.

Contractor Fees $0 0% 0.00 x PE Did not include.

Startup-up $0 0% 0.00 x PE Did not include.

Performance Testing $0 0% 0.00 x PE Did not include.

Total Indirect Costs (TIC) $1,284,476 - IC

Capital Investment:

Project Contingency $1,174,455.00 15% E = 0.15 x (DC+IC) OAQPS (15% of DC & TIC)

Preproduction Cost $270,124.65 3% F = 0.03 x (DC+IC+Cont) OAQPS (2% of DC & TIC & Proj Contingency)

Inventory Capital (initial reagent fill) $12,327 - G = [Storage Gal] x [Reagent $/gal] See parameters below

Total Capital Investment $9,286,606 - TCI = DC + IC + E + F + G

Alaska LNG Project

Natural Gas Turbines

CO2 Compression SCR Cost Effectiveness Analysis

Direct Capital Costs

Indirect Capital Costs

Appendix A.2 - BACT Cost Effectiveness (CO2 Compressor Drivers)
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GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project

Natural Gas Turbines

CO2 Compression SCR Cost Effectiveness Analysis

Direct Annual Costs:

Operating Labor - Vendor Supplied

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

Maintenance Labor $139,299 1.5% 0.015 x TCI OAQPS (1.5% of TCI)

Maintenance Materials $139,299 - 100% of Maint. Labor OAQPS (15% of Maint. Labor)

Annual Reagent Cost $321,376 - q*Cost*[op hr/yr] See parameters below

Annual Electricity Cost $158,395 - See parameters below See parameters below

Catalyst Replacement $93,268 - See parameters below See parameters below

Catalyst Disposal Cost $9,327 10% 0.100 x Cat Repl Engineering Estimate

Fuel Penalty Costs (specify) - Vendor Supplied

Other Maintenance Cost (specify) - Vendor Supplied

Total Direct Annual Costs $860,964 - DAC

Indirect Annual Costs:

Overhead $167,159 60.0% 0.600 x Op/Super/Maint Labor & Mtls OAQPS (60% of Op/Super/Maint. Labor & Mtls)

Property Tax $92,866 1.0% 0.0100 x TCI OAQPS (1%)

Insurance $92,866 1.0% 0.010 x TCI OAQPS (1%)

General Administrative $185,732 2.0% 0.020 x TCI OAQPS (2%)

Total Indirect Annual Costs $538,623 - DAC

Equipment Life (years) 10 - n Vendor Supplied

Interest Rate 7.00% 7.00% - i 7% per Agrium US Inc, Kenai Nitrogen Operations Facility 

Air Quality Control Construction Permit AQ0083CPT06

Capital Recovery Factor 0.1424 - CRF = i/(1-(1+i)^-n) -

Capital Recovery Cost (CRC) $1,322,204 - OAQPS Eqn 2.54 (Section 4.2, Ch. 2)

Total Annual Costs $2,721,791 - TAC = DA + IDAC + CRC OAQPS Eqn 2.56 (Section 4.2, Ch. 2)

Cost Effectiveness Analysis:

Reference

Uncontrolled NOx (tpy) 141.86 Calculated below

Controlled NOx Emissions (tpy) 16.12 Calculated below

NOx Reduction (tpy) 125.74 Calculated below

Total Annual Costs $2,721,791 Calculated above

Cost Effectiveness ($/ton/yr) $21,646 OAQPS Eqn 2.58 (Section 4.2, Ch. 2)

Indirect Annual Costs

Capital Recovery Cost

Direct Annual Costs

Appendix A.2 - BACT Cost Effectiveness (CO2 Compressor Drivers)
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GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project

Natural Gas Turbines

CO2 Compression 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: 311.00 MMBtu/hr

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

NOx Emission Rates

Reference

Turbine uncontrolled NOx concentration: lb NOx/MMBtu

or lb NOx/MMscf

or 15.00 ppmv @ 15% O2 Assumption for baseline/uncontrolled emissions

or (default) ppmv @ 15% O2

Duct burner uncontrolled NOx concentration: 0.08 lb NOx/MMBtu

or lb NOx/MMscf

or ppmv @ 3% O2

or (default) ppmv @ 3% O2

Controlled NOx concentration: lb NOx/MMBtu

or lb NOx/MMscf

or 2 ppmv @ 15% O2 Most stringent limit identified as BACT

Natural Gas Properties

Reference

HHV  [Default: 1050 Btu/scf] 1,077 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 Calculated below

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)

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

number of layers of catalyst 4

Calculated Power demand: 115.8 kW OAQPS Eqn 2.48 (Section 4.2, Ch. 2)

Appendix A.2 - BACT Cost Effectiveness (CO2 Compressor Drivers)

# Confidential



GTP BACT ANALYSIS

6th Edition EPA Cost Control Manual

Alaska LNG Project

Natural Gas Turbines

CO2 Compression SCR Cost Effectiveness Analysis

Electricity Cost  [Default: 0.1572 $/kWh] 0.16 $/kWh

Electricity pricing per Department of Energy, annual retail 

sales of electricity to industrial customers in Alaska in 

2017.

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

Reference

Aqueous ammonia cost: $5.67 $/gallon Ammonia cost per Brenntag quote (June 15, 2015).

Aqueous ammonia storage volume: gallons

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 (msol) 50.35 lb/hr OAQPS (Section 4.2, Ch. 2)

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

Calculated Aqueous ammonia consumption rate: 6.5 gal/hr OAQPS Eqn 2.32-2.34 (Section 4.2, Ch. 2)

Catalyst Costs: 

Reference

Initial catalyst cost: $299,848 OAQPS (Section 4.2, Ch. 2)

Catalyst replacement frequency: 3 years Vendor Supplied

Interest Rate 7.00% % ADEC Default

Annual Catalyst Replacement Cost $93,268 OAQPS Eqn 2.51 (Section 4.2, Ch. 2)

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

Appendix A.2 - BACT Cost Effectiveness (CO2 Compressor Drivers)
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GTP Treated Gas Compressor Turbines     
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APPENDIX A.4 

LNG Power Generation Turbines 
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APPENDIX A.5 

LNG Compressor Turbines 
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GTP Power Generation Turbines 
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GTP CO2 Compressor Turbines  
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GTP Treated Gas Compressor Turbines 
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APPENDIX B.4 

LNG Power Generation Turbines 













Appendix B.4 - BACT Cost Effectiveness 
(Main Power Generator)

LNG BACT Analysis

7th Edition EPA Cost Control Manual

Direct Annual Cost = $529,557in 2017 dollars

Administrative Charges (AC) = 0.03 x (Operator Cost + 0.4 x Annual Maintenance Cost) = $2,992in 2017 dollars
Capital Recovery Costs (CR)= CRF x TCI = $507,459in 2017 dollars
Indirect Annual Cost (IDAC) = AC + CR = $510,450in 2017 dollars

Total Annual Cost (TAC) = $1,040,007
NOx Removed = 90 tons/year
Cost Effectiveness = $11,522per ton of NOx removed in 2017 dollars

per year in 2017 dollars

IDAC = Administrative Charges + Capital Recovery Costs

Cost Effectiveness

Cost Effectiveness = Total Annual Cost/ NOx Removed/year

Indirect Annual Cost (IDAC)

Confidential
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LNG Compressor Turbines  
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AeriNOx SCR Quote (January 2020) 
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APPENDIX C.2 

Brentag Ammonia Cost Quote (2015) 
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APPENDIX C.3 

GTP Cost Estimate Basis for SCR Cost Evaluation (Confidential) 
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