
Pollutant ACC ACK ALF BCT BRF CCC CCT CUF GAF GCC JCC JCT KCT KIF LCC LCT MCT MCC PAF SCC SHF Total
(Abbrev.)

Particulate Matter PM 100 56.3 67.8 10.9 74.3 136 3.59 343 183 15.8 80.3 20.6 18.4 182 22.9 35.2 20.1 140 772 151 651 3,084
Total PM<10 microns TPM10 102 96.5 44.9 37.7 102 120 5.9 1520 259 29.9 83.1 28.8 30.3 380 26.2 58.1 29.1 203 992 159 641 4,949
Total PM<2.5 microns TPM2.5 102 96 26.4 37.7 79.6 119 5.9 1410 197 29.9 83.1 28.8 30.3 319 26.1 58.1 29.1 198 819 152 401 4,248
Sulfur Dioxide SO2 6.66 6.88 902 2.01 199 8.33 0.284 7410 1830 1.8 11 2.51 1.73 1330 116 3.6 1.12 12.5 2550 8.54 15100 29,504
Nitrogen Oxides NOX 224 141 277 244 794 154 352 4300 1300 216 176 245 83 1160 14.6 167 54.9 243 4960 171 8230 23,507
Carbon Monoxide CO 33.6 419 63.5 191 171 71.2 10.4 1140 826 46.8 54.2 101 115 430 22.4 271 41 96 504 226 1010 5,843
Volatile Organic Compnds VOC 34.8 11.3 14.1 16.2 20.2 29.3 0.843 135 99.4 9.04 52.9 19.8 17.4 51.5 5.64 9.19 3.55 25.4 144 16.4 121 837
Sulfuric Acid H2SO4 0.195 0.993 0.00376 0.151 30 0.0274 0.0229 1100 0.024 0.139 0.0466 0.0474 0.15 192 0.0305 0.262 0.105 1.88 357 0.0168 1.27 1,684
Ammonia NH3 13.5 24.6 4.93 1.55 220 4.77 65.5 17.9 4.81 15.7 10.6 24.3 4.94 15.6 18.6 447
Carbon Dioxide CO2 1320000 1360000 457000 399000 1600000 1650000 59700 11100000 6060000 357000 2070000 501000 299000 3850000 1120000 577000 222000 2480000 7190000 1690000 7990000 52,351,700
Methane CH4 24.5 24.9 5.06 7.18 17.3 30.6 1.1 122 64 6.61 39 9.19 5.66 38.5 21.9 10.8 4.27 49.6 91.5 32.3 78.7 685
Nitrous Oxide N2O 2.45 2.49 7.58 0.718 26.7 3.06 0.113 192 101 0.661 3.98 0.932 0.575 61.2 2.19 1.09 0.435 4.96 79.1 3.23 125 619
CO2 equivalent (GHGs) CO2e 1330000 1360000 459000 399000 1600000 1650000 59700 11200000 6100000 357000 2070000 503000 299000 3870000 1120000 578000 222000 2480000 7220000 1690000 8030000 52,596,700

Mercury Hg 1.7E-05 9.7E-06 6.0E-04 2.8E-06 2.6E-03 1.6E-05 6.4E-06 1.6E-02 2.1E-02 3.1E-06 1.7E-04 2.5E-04 2.1E-05 9.1E-03 8.3E-06 2.5E-05 1.7E-05 1.9E-05 1.0E-02 1.7E-05 1.6E-02 7.6E-02
Lead Pb 1.13E-01



Pollutant ACC ACK ACT BCT BRF CCC CCT CUF GAF GCC JCC JCT KCT KIF LCC LCT MCT MCC PAF SCC SHF Totals
(Abbrev.)

Particulate Matter PM 137 55.5 0.227 9.31 75.5 59.4 0.185 278 163 13.2 82 17.3 10.9 264 23.8 19 5.07 91.7 406 121 540 2,372
Total PM<10 microns TPM10 140 94.9 0.328 32.4 115 123 0.296 1310 224 25 84.8 22.1 18 469 27.4 31.3 7.3 129 629 131 538 4,152
Total PM<2.5 microns TPM2.5 140 94.3 0.328 32.4 91.3 117 0.296 1230 170 25 84.8 22.1 18 377 27.2 31.3 7.3 126 572 125 342 3,633
Sulfur Dioxide SO2 11.4 6.73 0.0145 1.73 308 8.34 0.0136 7210 1730 1.5 10.6 3.25 1.01 1920 6.16 2.31 0.47 8.57 2130 7.21 16300 29,667
Nitrogen Oxides NOX 223 144 7.51 203 741 156 11.2 3930 1350 179 174 65.8 48.5 1260 108 84.2 15 174 4410 143 8030 21,457
Carbon Monoxide CO 19.5 176 0.393 164 161 59 0.502 1030 698 56.7 46.9 62.8 40.7 493 24.7 146 8.07 101 372 192 996 4,848
Volatile Organic Compnds VOC 49.9 11.1 0.417 13.8 19.1 29 0.0422 122 85.3 7.52 54 16.2 10.3 58.9 24.6 4.97 0.975 26.5 117 11.9 119 783
Sulfuric Acid H2SO4 0.162 0.972 0.00117 0.129 43.2 0.0213 0.0011 966 0.417 0.116 0.0532 0.0375 0.0862 215 0.0488 0.158 0.0379 1.19 253 0.0252 1.54 1,482
Ammonia NH3 2.62 32.8 1.32 91.4 4.1 49.4 2.3 1.02 16.3 15.6 36 3.12 48.5 15.5 320
Carbon Dioxide CO2 2260000 1330000 2530 342000 1510000 1650000 3150 10000000 4990000 297000 2110000 412000 177000 4350000 1220000 306000 55500 1700000 5750000 1430000 7650000 47,545,180
Methane CH4 41.6 24.4 0.0722 6.12 16.7 30.4 0.055 108 52.9 5.51 39.6 7.65 3.35 44.8 22.9 5.84 1.09 31.5 80.4 27.8 77.9 629
Nitrous Oxide N2O 4.16 2.44 0.0122 0.612 25.9 3.04 0.00602 169 81.6 0.551 3.96 0.788 0.34 71 2.29 0.595 0.117 3.15 55.1 2.78 124 551
CO2 equivalent (GHGs) CO2e 2270000 1330000 2530 342000 1520000 1650000 3160 10100000 5020000 298000 2120000 415000 177000 4370000 1220000 306000 55500 1700000 5780000 1430000 7690000 47,799,190

Mercury Hg 2.2E-05 9.4E-06 9.1E-06 2.5E-06 2.2E-03 1.6E-05 9.6E-07 7.4E-03 2.4E-07 2.4E-06 2.6E-05 1.7E-04 1.0E-05 1.0E-02 8.6E-06 2.3E-05 1.5E-05 1.3E-05 9.6E-03 1.4E-05 1.1E-02 4.1E-02
Lead Pb 8.76E-02



Pollutant ACC ACK ACT BCT BRF CCC CCT CUF GAF GCC JCC JCT KCT KIF LCC LCT MCT MCC PAF SCC SHF Totals
(Abbrev.)

Particulate Matter PM 88.6 54.8 0.00328 8.62 56.6 66 0.253 335 130 12.9 83.9 23.3 10.4 109 25.6 9.11 1.94 128 223 167 264 1,798
Total PM<10 microns TPM10 90.4 92.3 0.00553 29.9 69.3 139 0.41 1410 157 24.4 86.8 29.1 17.2 137 29.4 15 2.74 182 370 179 257 3,318
Total PM<2.5 microns TPM2.5 90.4 91.7 0.00553 23.9 52 132 0.41 1300 116 24.4 86.8 29.1 17.2 103 29.3 15 2.74 176 358 172 167 2,987
Sulfur Dioxide SO2 7.4 6.59 0.000381 1.15 229 9.43 0.0197 7180 1040 1.47 10.8 2.56 0.918 873 6.86 1.17 0.418 12 395 9.75 9020 18,808
Nitrogen Oxides NOX 230 141 0.197 132 436 181 11.3 3920 946 171 169 94.5 40.3 696 121 36.1 6.62 237 1530 193 4600 13,892
Carbon Monoxide CO 41.7 170 0.0119 110 82.1 52.8 0.705 1080 402 77.5 22.1 62.3 35.3 222 11 69.8 2.29 68 114 220 630 3,474
Volatile Organic Compnds VOC 30.5 10.8 0.367 20.8 9.54 33.2 0.0584 129 50.3 7.36 54.3 18.5 9.88 26.6 25.1 2.39 0.432 26.8 66.9 18.3 75.3 616
Sulfuric Acid H2SO4 0.0418 0.944 0.0000307 0.086 22.1 0.0202 0.00158 1010 0.537 0.114 0.041 0.0517 0.0744 35 0.0226 0.0815 0.0336 1.67 111 0.00686 0.778 1,183
Ammonia NH3 2.05 23.5 0.778 84.4 3.16 22.7 0.875 1.13 6.36 27.8 48.5 0.67 29.8 11.2 263
Carbon Dioxide CO2 1470000 1300000 48.2 228000 755000 1870000 3300 10400000 2860000 291000 2140000 515000 169000 1960000 1360000 147000 19700 2370000 3320000 1930000 4710000 37,818,048
Methane CH4 27.2 23.7 0.00202 4.09 9.11 34.8 0.0763 112 30.4 5.4 40.5 9.39 3.18 20.3 26.3 2.81 0.432 44.1 59.8 37.3 49.3 540
Nitrous Oxide N2O 2.72 2.37 0.000404 0.409 13.6 3.48 0.00814 177 44.8 0.54 4.05 0.948 0.32 32.1 2.63 0.286 0.0545 4.41 14.4 3.73 78.2 386
CO2 equivalent (GHGs) CO2e 1470000 1310000 48.4 229000 759000 1870000 3310 10400000 2870000 292000 2140000 516000 169000 1970000 1360000 147000 19800 2390000 3330000 1930000 4730000 37,905,158

Mercury Hg 1.7E-05 8.6E-06 3.7E-07 2.6E-06 9.7E-04 1.8E-05 9.5E-07 1.0E-04 3.5E-03 2.3E-06 2.6E-05 5.5E-05 4.6E-06 4.8E-03 9.6E-06 1.2E-05 2.0E-05 1.6E-05 1.6E-03 1.9E-05 4.2E-03 1.5E-02
Lead Pb 1.01E-01



Table 3.7-3 - KIF Coal Retirement/Replacement EIS - Operational Air Emissions Comparisons -  Only Direct Impact TVA Facilities 

Pollutant (Abbrev.)

KIF 3-Year Avg. Annual 
Operational Emissions 
(2018-2020) (tons/yr)

Proposed CC Plant at KIF - 
Alternative A Operational 

Emissions (tons/yr)

Proposed CTs at KIF - 
Alternative A Operational 

Emissions (tons/yr)

Total Alternative A 
Proposed Operational 

Emissions (tons/yr)

Change in KIF Operational 
Emissions  - Alternative A 

(tons/yr) 

Change in KIF Operational 
Emissions - Alternative B - 

Solar/Battery Storage 
(tons/yr) 

Particulate Matter/Total Suspended 
Particulate (Filterable only) PM/TSP 185.0 41.8 8.0 49.7 -135.3 -185.0

Total PM<10 microns 
(Filterable+Condensible) PM10 328.7 73.6 29.4 103.1 -225.6 -328.7

Total PM<2.5 microns 
(Filterable+Condensible) PM2.5 266.3 73.6 29.4 103.1 -163.2 -266.3

Sulfur Dioxide SO2 1,374.3 6.5 2.2 8.6 -1,365.7 -1,374.3
Nitrogen Oxides NOx 1,038.7 269.4 149.3 418.6 -620.1 -1,038.7

Carbon Monoxide CO 381.7 170.6 339.5 510.1 128.4 -381.7
Volatile Organic Compounds VOC 45.7 32.2 52.0 84.2 38.5 -45.7

Sulfuric Acid H2SO4 147.3 0.0 0.0 0.0 -147.3 -147.3
Ammonia NH3 12.8 63.1 0.0 63.1 50.3 -12.8

Carbon Dioxide CO2 3,386,666.7 1,294,181.3 441,803.6 1,735,984.9 -1,650,681.8 -3,386,666.7
Methane CH4 34.5 83.1 31.7 114.7 80.2 -34.5

Nitrous Oxide N2O 54.8 28.7 11.0 39.8 -15.0 -54.8
CO2 equivalent (GHGs) CO2-e 3,403,333.3 1,304,818.9 445,886.6 1,750,705.5 -1,652,627.8 -3,403,333.3

Mercury (1) Hg 8.0E-03 No Data No Data No Data -8.0E-03 -8.0E-03
Lead (1) Pb No Data No Data No Data No Data No Data No Data

NA = Not Applicable

Table 3.7-4 - KIF Coal Retirement/Replacement EIS - Net Social Benefit from Operational Emissions Reductions for Alternatives A and B - Only Direct Impact TVA Facilities (2027) - B    

GHG Pollutant (Abbrev.)
Nominal SCC Rate 

($/mt) (2028)
Nominal SCC Rate ($/ton) 

(2028)
SCC Benefit - Alternative A 

(2028, Dollars)
SCC Benefit - Alternative B 

(2028, Dollars)
Carbon Dioxide CO2 70$                                  64$                                          (105,301,463)$                     (216,044,636)$                         

(1) = Additional hazardous air pollutants are emitted from fossil fuel combustion but in negligible quantities, except for hydrogen fluoride (HF) and hydrogen chloride (HCl) from coal combustion. HF and HCl emissions from coal 
burning would be eliminated with the switch to natural gas combustion turbines. Current lead emissions data is not available but based on historical data is expected to be insignificant.  

Notes: 2028 SCC is presented as this is the first full year that Alternatives A and B are planned to begin operation. 3% discount rate used. Costs based on global impacts.



KIF Coal Retirement/Replacement EIS - GHG Proxy Analysis

KIF  - Alternative 
A 

Solar/Battery 
Storage - 

Alternative B
KIF EIS Alternatives Net Change in CO2 emissions (2027) (tons/yr) -1,650,682 -3,386,667
KIF EIS Alternatives Net Change in CO2 emissions (2027) (metric tons/yr) -1,497,474 -3,072,333
KIF EIS Alternatives Net Change in CO2 emissions (2027) (Million metric tons/yr) -1.5 -3.1

2018 Tennessee CO2 emissions from Energy Consumption (Million metric tons) 94.7 94.7
2020 U.S. CO2 emissions from Energy Consumption (Million metric tons) 4,576.3 4,576.3
2020 Global CO2 emissions from Energy Consumption (Million metric tons) 31,500.0 31,500.0

% of Tennessee CO2 emissions from Energy Consumption -1.58 -3.24
% of U.S. CO2 emissions from Energy Consumption -0.03 -0.07
% of Global CO2 emissions from Energy Consumption -0.005 -0.01



Appendix H - Air Quality Emissions Tables Alternative A - TVA Cumberland Combined Cycle Cumberland Fossil Plant Retirement

Combined Cycle (CC) Gas Turbines at TVA Kingston:  One CC Generation Train

Table 1.  Operational Data

Parameter Value Units Comment
Total Generation 673 MW Total generation for one CC train (Summer capacity) consisting of two combustion turbines and one steam turbine (2x1 configuration).
Design Max. Natural Gas Amount 90 MMscf/day where "MM" denotes "10^6"

Annual Average Capacity Factor 55 %

Natural Gas Heat Content 1,020 Btu/scf
Annual Avg Natrl Gas Usage 18,496,302 MMBtu/yr Average annual natural gas usage over the life of the CC train

Table 2.  Expected Emission Limits/Factors

Constituent Value Units Comment
Nitrogen Oxides (as NO2) NO2 2.0 ppmvd [1] Expected SCR performance (based on BACT of comparable CC units) achieved over the life of the plant
Carbon Monoxide CO 2.0 ppmvd [1] Manufacturer's guarantee (based on BACT of comparable CC units)
Volatile Organic Compounds VOC 2.0 ppmvd [1] Manufacturer's guarantee (based on BACT of comparable CC units)
Filterable PM/TSP FPM 4.20E-03 lb/MMBtu USEPA RBLC Database, 2016-2021, avg. after leaving out lowest and highest
Total PM10/2.5 TPM2.5 6.70E-03 lb/MMBtu USEPA RBLC Database, 2016-2021, avg. after leaving out lowest and highest
Sulfur Dioxide SO2 6.00E-04 lb/MMBtu 40 CFR Part 75, Appendix D, 2.3.1.1.1, default SO2 emission rate for firing pipeline natural gas
Ammonia Slip NH3 5.0 ppmvd [1] Engineering estimate of unreacted SCR ammonia (ammonia slip)
Carbon Dioxide CO2 120 lb/MMBtu 40 CFR Part 60, Subpart TTTT
Methane CH4 8.60E-03 lb/MMBtu EPA AP-42, Vol. I, 5th Ed., Section 3.1 - Stationary Gas Turbines - Supp. F, 4/00, Table 3.1-2a
Nitrous Oxide N2O 3.00E-03 lb/MMBtu EPA AP-42, Vol. I, 5th Ed., Section 3.1 - Stationary Gas Turbines - Supp. F, 4/00, Table 3.1-2a

Tbl 2 [1] Concentration in parts-per-million (ppm) by volume, dry-basis (ppmvd), at 15% O2; concentration is converted to an emission factor (lb/MMBtu) via the following:
EF (lb/MMBtu) = ppmvd * Fd * 20.9 / (20.9 - %O2d) * MW / 385.3

where… "ppmvd" denotes constituent concentration;
"Fd" is the  40 CFR 60, App. A, Ref. Method 19, Table 19-2, dry-basis "F-Factor": 8710 dscf/MMBtu;
"%O2d" is the (ref. method) percent oxygen, dry-basis: 15 %;
"MW" is molecular weight (lb/lbmol): NO2 = 46.01 CO = 28.01 VOC* = 16.04 NH3 = 17.03

*VOC as methane, which is representative of the highest stack-exit concentration guaranteed by the manufacturer
The molar volume of any ideal gas at standard temp. and pressure is 385.3 lbmol/scf

Table 3.  Emission Estimates [1]

Constituent Value Units Note
Nitrogen Oxides (as NO2) NO2 68 tons/yr
Carbon Monoxide CO 41 tons/yr
VOC as CH4 VOC 24 tons/yr
Filterable PM/TSP FPM 39 tons/yr
Total PM10/2.5 TPM2.5 62 tons/yr
Sulfur Dioxide SO2 6 tons/yr
Ammonia Slip NH3 63 tons/yr
Carbon Dioxide CO2 1,109,778 tons/yr
Methane CH4 80 tons/yr
Nitrous Oxide N2O 28 tons/yr
CO2 equivalent CO2e 1,120,034 tons/yr 2

Tbl 3 [1] Estimates based on the following:  E (tons/year) = EF * Annual Avg Natrl Gas Usage / 2000 
Tbl 3 [2] CO2e based on US EPA, Code of Federal Regulations, Title 40, Part 98, Subpart A, Table A-1, as amended 11-29-13 (78 FR 71904), 100-Year Horizon Global Warming

Potentials (GWP) of 25 for CH4 and 298 for N2O.

Energy Information Agency (EIA) CC industry average over the last 10 years; from EIA website: https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_6_07_a

AP-42, Section 3.1 - Stationary Gas Turbines, Table 3.1-2a, footnote c, average natural gas heating value (HHV) of 1,020 Btu/scf at 60 degrees F.

Final Environmental Impact Statement



Appendix H - Air Quality Emissions Tables Alternative A - TVA Cumberland Combined Cycle Cumberland Fossil Plant Retirement

Natural Gas-Fired Auxiliary Boiler

Table 1.  Operational Data

Parameter Value Units Comment
Number of Units 1
Maximum Heat Input (each) 80 MMBtu/hr
Annual Average Capacity Factor 45 % Auxilary boilers service the CC trains and will only operate as needed; conservatively assumed inverse of the CC capacity factor (100% - 55% = 45%).
Natural Gas Heat Content 1,020 Btu/scf AP-42
Design Max. Natural Gas Amount (each) 315,360 MMBtu/yr Annual average natural gas usage over the life of the plant

Table 2.  Expected Emission Limits/Factors

Constituent Value Units Comment
Nitrogen Oxides (as NO2) NO2 50 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-1 (Low-NOX Burner)
Carbon Monoxide CO 84 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-1
Volatile Organic Compounds VOC 5.5 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2
Filterable PM/TSP FPM 1.9 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2
Total PM10/2.5 TPM2.5 7.6 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2
Sulfur Dioxide SO2 0.6 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2
Carbon Dioxide CO2 120,000 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2
Methane CH4 2.30E+00 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2
Nitrous Oxide N2O 6.40E-01 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2

Table 3.  Emission Estimates [1]

Constituent Value Units Note
Nitrogen Oxides (as NO2) NO2 8 tons/yr
Carbon Monoxide CO 13 tons/yr
VOC as CH4 VOC 1 tons/yr
Filterable PM/TSP FPM 0 tons/yr
Total PM10/2.5 TPM2.5 1 tons/yr
Sulfur Dioxide SO2 0.1 tons/yr
Carbon Dioxide CO2 18,551 tons/yr
Methane CH4 0 tons/yr
Nitrous Oxide N2O 0 tons/yr
CO2 equivalent CO2e 18,589 tons/yr 2

Tbl 3 [1] Estimates based on the following:  E (tons/year) = EF / Natrl Gas Heat Content * Annual Avg Natrl Gas Usage / 2000 * No. of Units
Tbl 3 [2] CO2e based on US EPA, Code of Federal Regulations, Title 40, Part 98, Subpart A, Table A-1, as amended 11-29-13 (78 FR 71904), 100-Year Horizon Global Warming

Potentials (GWP) of 25 for CH4 and 298 for N2O.

The CC plant will have one diesel fire water pump emergency engine rated at 275 horsepower; however, emissions will be negligible compared to the CC train and auxilary boiler.
There are no dew point heaters for Alternative A.
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Appendix H - Air Quality Emissions Tables Alternative A - TVA Cumberland Combined Cycle Cumberland Fossil Plant Retirement

Natural Gas-Fired Duct Burner

Table 1.  Operational Data

Parameter Value Units Comment
Number of Units 1
Maximum Heat Input 1,064 MMBtu/hr Nominal rating
Annual Average Capacity Factor 55 % Duct Burner services the CC train and will only operate as needed; same capacity factor as CC train.
Natural Gas Heat Content 1,020 Btu/scf AP-42
Design Max. Natural Gas Amount (each) 5,126,352 MMBtu/yr Annual average natural gas usage over the life of the plant

Table 2.  Expected Emission Limits/Factors

Constituent Value Units Comment
Nitrogen Oxides (as NO2) NO2 140 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-1, Large Boilers (>100 MMBtu/hr), Assume Low-NOx Burner
Carbon Monoxide CO 84 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-1, Large Boilers (>100 MMBtu/hr), Assume Low-NOx Burner
Volatile Organic Compounds VOC 5.5 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2
Filterable PM/TSP FPM 1.9 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2
Total PM10/2.5 TPM2.5 7.6 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2
Sulfur Dioxide SO2 0.6 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2
Carbon Dioxide CO2 120,000 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2
Methane CH4 2.30E+00 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2
Nitrous Oxide N2O 6.40E-01 lb/MMscf EPA AP-42, Vol. I, 5th Ed., Sec. 1.4 - Natural Gas Combustion - Supp. D, 4/98, Table 1.4-2

Table 3.  Emission Estimates [1]

Constituent Value Units Note
Nitrogen Oxides (as NO2) NO2 193 tons/yr
Carbon Monoxide CO 116 tons/yr
VOC as CH4 VOC 8 tons/yr
Filterable PM/TSP FPM 3 tons/yr
Total PM10/2.5 TPM2.5 11 tons/yr
Sulfur Dioxide SO2 1 tons/yr
Carbon Dioxide CO2 165,853 tons/yr
Methane CH4 3 tons/yr
Nitrous Oxide N2O 1 tons/yr
CO2 equivalent CO2e 166,196 tons/yr 2

Tbl 3 [1] Estimates based on the following:  E (tons/year) = EF / Natrl Gas Heat Content * Annual Avg Natrl Gas Usage / 2000 * No. of Units
Tbl 3 [2] CO2e based on US EPA, Code of Federal Regulations, Title 40, Part 98, Subpart A, Table A-1, as amended 11-29-13 (78 FR 71904), 100-Year Horizon Global Warming

Potentials (GWP) of 25 for CH4 and 298 for N2O.
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Appendix H - Air Quality Emissions Tables Alternative A - TVA Cumberland Combined Cycle Cumberland Fossil Plant Retirement

Aeroderivative Simple Cycle (CTs) Gas Turbines at TVA Kingston:  16 CT Units
Ultra-Low Sulfur Diesel Backup Fuel

Table 1.  Operational Data

Parameter Value Units Comment
Total Generation 848 MW Approximated total generation for 16 Aeroderivative CT units; 53 MW/CT
Number of CTs 16
Estimated Max. Heat Input (each CT) 517 MMBtu/hr CT Desgin basis; where "MM" denotes "10^6".  Manufacturer's data
Annual Average Capacity Factor 10 %
Natural Gas Heat Content 1,020 Btu/scf
Annual Avg. Natural Gas Usage (each CT) 448,256 MMBtu/yr Average annual natural gas usage over the life of a CT. Accounts for time on ULSD and start/stop cycle time. 
Start/Stop Cycles/Year/Turbine 250 cycles/yr/turbine Estimate from design data provider.
Time per Start/Stop Cycle 0.17 hours/cycle Per manufacturer (GE) design data indicating 5-minute start time and assumed stop time is the same.
Backup Fuel Use Limit (ULSD) 138,394 gal/yr Assumed based on maximum of 48 hours operation per year on ULSD at rated capacity of 395 MMBtu/hr
Heating Value of ULSD 137,000 Btu/gal AP-42, Appendix A, Typical Parameters of Various Fuels, Diesel

Table 2.  Expected Emission Limits/Factors - Primary Fuel (Natural Gas), Continuous Operation

Constituent Value Units Comment
Nitrogen Oxides (as NO2) NO2 9.0 ppmvd [1] Manufacturer's guarantee (based on BACT of comparable CC units)
Carbon Monoxide CO 9.0 ppmvd [1] Manufacturer's guarantee (based on BACT of comparable CC units)
Volatile Organic Compounds VOC 1.9 ppmvd [1] USEPA RBLC Database, 2016-2021, avg. after leaving out lowest and highest
Filterable PM/TSP FPM 1.90E-03 lb/MMBtu EPA AP-42, Vol. I, 5th Ed., Section 3.1 - Stationary Gas Turbines - Supp. F, 4/00, Table 3.1-2a
Total PM10/2.5 TPM2.5 7.60E-03 lb/MMBtu USEPA RBLC Database, 2016-2021, avg. after leaving out lowest and highest
Sulfur Dioxide SO2 6.00E-04 lb/MMBtu 40 CFR Part 75, Appendix D, 2.3.1.1.1, default SO2 emission rate for firing pipeline natural gas
Carbon Dioxide CO2 120 lb/MMBtu 40 CFR Part 60, Subpart TTTT
Methane CH4 8.60E-03 lb/MMBtu EPA AP-42, Vol. I, 5th Ed., Section 3.1 - Stationary Gas Turbines - Supp. F, 4/00, Table 3.1-2a
Nitrous Oxide N2O 3.00E-03 lb/MMBtu EPA AP-42, Vol. I, 5th Ed., Section 3.1 - Stationary Gas Turbines - Supp. F, 4/00, Table 3.1-2a

Tbl 2 [1] Concentration in parts-per-million (ppm) by volume, dry-basis (ppmvd), at 15% O2; concentration is converted to an emission factor (lb/MMBtu) via the following:
EF (lb/MMBtu) = ppmvd * Fd * 20.9 / (20.9 - %O2d) * MW / 385.3

where… "ppmvd" denotes constituent concentration;
"Fd" is the  40 CFR 60, App. A, Ref. Method 19, Table 19-2, dry-basis "F-Factor": 8710 dscf/MMBtu;
"%O2d" is the (ref. method) percent oxygen, dry-basis: 15 %;
"MW" is molecular weight (lb/lbmol): NO2 = 46.01 CO = 28.01 VOC* = 16.04

*VOC as methane, which is representative of the highest stack-exit concentration guaranteed by the manufacturer
The molar volume of any ideal gas at standard temp. and pressure is 385.3 lbmol/scf

Table 3.  Expected Emission Limits/Factors - Primary Fuel (Natural Gas) - Start/Stop Cycles

Constituent Value Units Comment
Nitrogen Oxides (as NO2) NO2 86.4 lbs/hr
Carbon Monoxide CO 800.1 lbs/hr
Volatile Organic Compounds VOC 129.6 lbs/hr
Filterable PM/TSP FPM 3.15 lbs/hr lbs/hr PM BACT Limit - Assume 50% of the PM-10/PM-2.5 limit for RBLC ID = LA-0327
Total PM10/2.5 TPM2.5 6.3 lbs/hr lbs/hr PM-2.5 BACT Limit - USEPA RBLC Database, 2016-2022 Search, Simple Cycle Gas Turbine @ 2,201 MMBtu/hr rating (RBLC ID = LA-0327)
Sulfur Dioxide SO2 0 --- Assumed SO2 Start/Stop emisisons are negligible
Carbon Dioxide CO2 120 lb/MMBtu 40 CFR Part 60, Subpart TTTT
Methane CH4 8.60E-03 lb/MMBtu EPA AP-42, Vol. I, 5th Ed., Section 3.1 - Stationary Gas Turbines - Supp. F, 4/00, Table 3.1-2a
Nitrous Oxide N2O 3.00E-03 lb/MMBtu EPA AP-42, Vol. I, 5th Ed., Section 3.1 - Stationary Gas Turbines - Supp. F, 4/00, Table 3.1-2a

Table 4.  Expected Emission Limits/Factors - Backup Fuel (ULSD)

Constituent Value Units Comment

Nitrogen Oxides (as NO2) NO2 42.0 ppmvd [1]

Carbon Monoxide CO 20.0 ppmvd [1]

Volatile Organic Compounds VOC 1.0 ppmvd [1]
Filterable PM/TSP FPM 1.20E-02 lb/MMBtu EPA AP-42, Vol. I, 5th Ed., Section 3.1 - Stationary Gas Turbines - Supp. F, 4/00, Table 3.1-2a
Total PM10/2.5 TPM2.5 7.20E-03 lb/MMBtu USEPA RBLC Database, 2016-2021, avg. after leaving out lowest and highest
Sulfur Dioxide SO2 1.52E-03 lb/MMBtu 40 CFR Part 75, Appendix D, 2.3.1.1.1, default SO2 emission rate for firing pipeline natural gas

lbs/hr VOC BACT Limit - Assumed 1.5 times the NOx BACT limit based on similar proportion of NOx to VOC BACT limits for other CTs.

NOx BACT limit per USEPA RBLC Database, 2012-2022 search, Large Simple Cycle Combustion Turbine, Liquid fuel, Process Type 15.190 (RBLC ID = TX-0794)

CO BACT limit per USEPA RBLC Database, 2012-2022 search, Large Simple Cycle Combustion Turbine, Liquid fuel, Process Type 15.190 (RBLC ID = TX-0794)

VOC BACT limit per USEPA RBLC Database, 2012-2022 search, Large Simple Cycle Combustion Turbine, Liquid fuel, Process Type 15.190 (RBLC ID = TX-0794; 171 MW/CT); prorated based 
on 171 MW/CT vs. 50 MW/CT

Energy Information Agency (EIA) CT industry average over the last 10 years; from EIA website: https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_6_07_a
AP-42, Section 3.1 - Stationary Gas Turbines, Table 3.1-2a, footnote c, average natural gas heating value (HHV) of 1,020 Btu/scf at 60 degrees F.

lbs/hr NOx BACT Limit - USEPA RBLC Database, 2016-2022 Search, Simple Cycle Gas Turbine @ 2,201 MMBtu/hr rating (RBLC ID = LA-0327)
lbs/hr CO BACT Limit - USEPA RBLC Database, 2016-2022 Search, Simple Cycle Gas Turbine @ 2,201 MMBtu/hr rating (RBLC ID = LA-0327)
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Appendix H - Air Quality Emissions Tables Alternative A - TVA Cumberland Combined Cycle Cumberland Fossil Plant Retirement

Carbon Dioxide CO2 120 lb/MMBtu 40 CFR Part 60, Subpart TTTT
Methane CH4 8.60E-03 lb/MMBtu EPA AP-42, Vol. I, 5th Ed., Section 3.1 - Stationary Gas Turbines - Supp. F, 4/00, Table 3.1-2a
Nitrous Oxide N2O 3.00E-03 lb/MMBtu EPA AP-42, Vol. I, 5th Ed., Section 3.1 - Stationary Gas Turbines - Supp. F, 4/00, Table 3.1-2a

Tbl 4 [1] Concentration in parts-per-million (ppm) by volume, dry-basis (ppmvd), at 15% O2; concentration is converted to an emission factor (lb/MMBtu) via the following:
EF (lb/MMBtu) = ppmvd * Fd * 20.9 / (20.9 - %O2d) * MW / 385.3

where… "ppmvd" denotes constituent concentration;
"Fd" is the  40 CFR 60, App. A, Ref. Method 19, Table 19-2, dry-basis "F-Factor", Oil: 9190 dscf/MMBtu;
"%O2d" is the (ref. method) percent oxygen, dry-basis: 15 %;
"MW" is molecular weight (lb/lbmol): NO2 = 46.01 CO = 28.01 VOC* = 16.04

*VOC as methane, which is representative of the highest stack-exit concentration guaranteed by the manufacturer
The molar volume of any ideal gas at standard temp. and pressure is 385.3 lbmol/scf

Table 5.  Emission Estimates [1] - Both Fuels and Start/Stop Cycles

Constituent
Primary Fuel 

(NG) Units Note
Start/Stop 

Cycles Units Note
Backup Fuel 

(ULSD) Units Note
TOTAL 

Emissions Units
Nitrogen Oxides (as NO2) NO2 119 tons/yr [1] 29 tons/yr [4] 2 tons/yr [5] 149 tons/yr
Carbon Monoxide CO 72 tons/yr [1] 267 tons/yr [4] 0 tons/yr [5] 340 tons/yr
VOC as CH4 VOC 9 tons/yr [1] 43 tons/yr [4] 0 tons/yr [5] 52 tons/yr
Filterable PM/TSP FPM 7 tons/yr [1] 1 tons/yr [4] 0 tons/yr [5] 8 tons/yr
Total PM10/2.5 TPM2.5 27 tons/yr [1] 2 tons/yr [4] 0 tons/yr [5] 29 tons/yr
Sulfur Dioxide SO2 2 tons/yr [1] 0 tons/yr [4] 0 tons/yr [5] 2 tons/yr
Carbon Dioxide CO2 430,326 tons/yr [1] 10,340 tons/yr [2], [4] 1,138 tons/yr [5] 441,804 tons/yr
Methane CH4 31 tons/yr [1] 1 tons/yr [2], [4] 0 tons/yr [5] 32 tons/yr
Nitrous Oxide N2O 11 tons/yr [1] 0 tons/yr [2], [4] 0 tons/yr [5] 11 tons/yr
CO2 equivalent CO2e 434,303 tons/yr [3] 10,436 tons/yr [3] 1,148 tons/yr [3] 445,887 tons/yr

Tbl 5 [1] Estimates based on the following:  E (tons/year) = EF * Annual Avg Natrl Gas Usage / 2000 * No. of Units
Tbl 5 [2] For GHG emissions from start/stop cycles, the max. heat input capacity was divided by 2 to estimate the average heat input during a ramp up and ramp down during the cycles.
Tbl 5 [3] CO2e based on US EPA, Code of Federal Regulations, Title 40, Part 98, Subpart A, Table A-1, as amended 11-29-13 (78 FR 71904), 100-Year Horizon Global Warming

Potentials (GWP) of 28 for CH4 and 298 for N2O.
Tbl 5 [4] Estimates based on the following:  E (tons/year) = EF * Hours/Cycle * Cycles/Year/Turbine * No. of Units / 2000
Tbl 5 [5] Estimates based on the following:  E (tons/year) = EF * Gal./Year * Btu/Gal. / 1,000,000 / 2,000
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