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May 6, 2020 

 

 

Mr. Tim Donnelly 

Senior Project Manager 

Power Engineers, Inc. 

303 U.S. Route 1 

Freeport, ME  04032 

 

 

Re:  Proposed Plan Approval 18-00033B 

       Renovo Energy Center 

       Renovo Borough, Clinton County  

 

 

Dear Mr. Donnelly, 

 

The Department of Environmental Protection (Department) has initiated the review of the plan approval 

application that Power Engineers, Inc. submitted on December 30, 2019, on behalf of Renovo Energy 

Center (REC), for the proposed construction and operation of a nominally rated 1,240 Megawatt (MW) 

dual fuel-fired combined cycle electric generating plant located in Renovo Borough, Clinton County.  In 

order to complete the technical review, additional information and further clarification with respect to 

the following is required: 
 

1. In the application there was no vendor data provided by the oxidation catalyst manufacturer on the 

emissions of carbon monoxide (CO), volatile organic compounds (VOCs) and formaldehyde 

emissions.  Please provide vendor guarantees on the post control emissions of CO, VOC and 

formaldehyde from the proposed oxidation catalyst that satisfy the requirements of the Best 

Available Technology (BAT) pursuant to 25 Pa. Code Sections 127.1 and 127.12 and the Best 

Available Control Technology (BACT) pursuant to 40 CFR Part 52 Section 52.21.  Additionally, 

please provide vendor guarantee of the VOC emissions that satisfy the requirements of the Lowest 

Achievable Emission Rate (LAER) pursuant to 25 Pa. Code Sections 127.201 through 127.218. 
 

2. In the application there was no vendor data provided by the selective catalyst reduction (SCR) 

system manufacturer on the NOx emissions.  Please provide vendor guarantees on the post control 

NOx emissions from the proposed SCR that satisfies the requirements of BAT, BACT and LAER. 
 

3. Are the manufacturer-provided combustion turbine (CT) emission data in Appendix E of the 

application the pre-control emissions prior to the control devices?  If these are the post-control 

emissions, please provide the pre-control emissions from the CT and duct burners (DB).  
 

4. The Department issued a plan approval in August 2019 to ESC Tioga County Power, LLC (ESC) 

for the construction of a power plant which utilized the same model GE turbine proposed by 

Renovo Energy Center. For the ESC unit, the carbon monoxide (CO) emission limit from the 

exhaust of the oxidation catalyst was established at 0.9 parts per million (ppm) while firing the CT 

only and 1.5 ppm while firing both the CT and DB on natural gas.  Please re-evaluate the proposed 

Renovo CO emissions from the exhaust of the oxidation catalyst while firing the CT only and the 

combination of the CT and DB that satisfy the requirements of BAT and LAER. 
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5. In the plan approval for ESC Tioga, the VOC emission limit from exhaust of the oxidation catalyst 

was established at 1.6 ppm while firing both the CT and DB on natural gas in order to satisfy the 

requirements of BAT, BACT and LAER.  Please re-evaluate the proposed VOC emissions from the 

exhaust of the oxidation catalyst while firing both the CT and DB that satisfy the requirements of 

BAT, BACT and LAER. 
 

6. The Department is requiring that emission limitations be established for startup/shutdown (SUSD) 

emissions per event (cold/warm/hot starts and shutdown) for NOx, CO, VOC and total (filterable 

and condensable) particulate matter emissions (PM/PM10/PM2.5) that satisfies the requirements of 

BAT, BACT and LAER.  The SUSD limitations for firing on natural gas proposed in the 

application are higher than the limitations established in ESC Tioga plan approval.  Please re-

evaluate the SUSD emissions per event for NOx, CO, VOC and PM/PM10/PM2.5 to satisfy the 

requirements of BAT, BACT and LAER. 
 

7. Do the duct burners have the capability of firing on ULSD?  If so, please provide the potential 

emissions with calculations for all criteria pollutants that satisfies the requirements of BAT, BACT 

and LAER while the duct burners are firing on ULSD? 
 

8. Both the Renovo application narrative and the United States Environmental Protection 

RACT/BACT/ LAER Clearinghouse website state that the ammonia slip emission limitation 

established at the Killingly Energy Center plant in Connecticut is 2 parts per million (ppm) of 

exhaust gas in 2017.  Renovo Energy Center is proposing 5 ppm.  Please re-evaluate the proposed 

ammonia slip emission rate to satisfy the requirements of BAT and BACT. 
 

9. In the previous Renovo plan approval 18-00033A issuance, the NOx emission rate for the 

emergency generator engine was established at 3.98 grams per brake horsepower.  In the current 

application, the proposed NOx emission from the engine is 4.48 grams per brake horsepower.  

Please re-evaluate the proposed NOx emissions from the emergency generator engine that satisfies 

the requirements of BACT, BACT and LAER. 

 

Review of the plan approval application is pending upon the receipt of all requested information as 

indicated above.  Please submit the above requested information no later than 30 days from the receipt 

of this letter. 

 

If you have questions or concerns about the information requested in this letter, please feel free to 

contact Paul Waldman, Air Quality Engineer, at 570-327-3721, or by e-mail at pwaldman@pa.gov. 

 

Sincerely, 

 

 

 

David M. Shimmel, P.E. 

Chief, New Source Review Section 

Air Quality Program 
 

 

 
cc:  File:  Renovo Energy Center, FAC, FAC OP, 18-00033 

       Central Office – Air Quality Permits & Modeling Sections 

mailto:pwaldman@pa.gov
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POWER ENGINEERS, INC. 
303 U.S. ROUTE ONE 

FREEPORT, ME 04032  USA 
 

PHONE 

FAX 

207-869-1200  

207-869-1299  

 

May 28, 2020 
 
Mr. David Shimmel 
Chief, New Source Review Section 
Air Quality Program 
PA DEP Northcentral Regional Office 
208 W. Third Street, Suite 101 
Williamsport, PA  17701-6448 
 
 
Subject:  Renovo Energy Center LLC, Proposed Plan Approval 18-00033B      
 
Dear Mr. Shimmel: 
 
On behalf of Renovo Energy Center LLC (REC), POWER Engineers, Inc. is submitting the 
following responses to your letter dated May 6, 2020 requesting additional information and 
clarification regarding REC’s Plan Approval Application 18-00033B. The requests are shown in 
italics followed by Renovo Energy Center’s response. 
 
 

1. In the application there was no vendor data provided by the oxidation catalyst 
manufacturer on the emissions of carbon monoxide (CO), volatile organic compounds 
(VOCs) and formaldehyde emissions. Please provide vendor guarantees on the post 
control emissions of CO, VOC and formaldehyde from the proposed oxidation catalyst 
that satisfy the requirements of the Best Available Technology (BAT) pursuant to 25 Pa. 
Code Sections 127.1 and 127.12 and the Best Available Control Technology (BACT) 
pursuant to 40 CFR Part 52 Section 52.21. Additionally, please provide vendor guarantee 
of the VOC emissions that satisfy the requirements of the Lowest Achievable Emission 
Rate (LAER) pursuant to 25 Pa. Code Sections 127.201 through 127.218.  
 
The oxidation catalyst make and model is not available at this stage of project 
development and will not be determined until GE procures this equipment during project 
execution. General Electric (GE) typically utilizes oxidation catalysts from Emerichem, 
BASF, JMI, or equivalent.  GE as the combustion turbine original equipment 
manufacturer (OEM) is guaranteeing the post control emissions.   

  
2. In the application there was no vendor data provided by the selective catalyst reduction 

(SCR) system manufacturer on the NOx emissions. Please provide vendor guarantees on 
the post control NOx emissions from the proposed SCR that satisfies the requirements of 
BAT, BACT and LAER.  
 
The SCR make and model is not available at this stage of project development and will not 
be determined until GE procures this equipment during project execution. GE typically 
utilizes honeycomb vanadium/titanium based catalysts (or equivalent) from a qualified 
vendor such as Cormetech, Haldor Topsoe, or Hitachi Zosen. GE as the combustion turbine 
original equipment manufacturer (OEM) is guaranteeing the post control emissions.   
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3. Are the manufacturer-provided combustion turbine (CT) emission data in Appendix E of 

the application the pre-control emissions prior to the control devices? If these are the 
post-control emissions, please provide the pre-control emissions from the CT and duct 
burners (DB).  

 
The pre-control and post-control emissions from the CT and DB over a range of operating 
conditions are provided on the second page of Appendix D of REC’s Plan Approval 
Application (page 217 of 588 in the electronic file). 

 
4. The Department issued a plan approval in August 2019 to ESC Tioga County Power, LLC 

(ESC) for the construction of a power plant which utilized the same model GE turbine 
proposed by Renovo Energy Center. For the ESC unit, the carbon monoxide (CO) emission 
limit from the exhaust of the oxidation catalyst was established at 0.9 parts per million 
(ppm) while firing the CT only and 1.5 ppm while firing both the CT and DB on natural 
gas. Please re-evaluate the proposed Renovo CO emissions from the exhaust of the 
oxidation catalyst while firing the CT only and the combination of the CT and DB that 
satisfy the requirements of BAT and LAER.  
 
REC accepts CO emission limits of 0.9 parts per million (ppm) while firing the CT only 
and 1.5 ppm while firing both the CT and DB on natural gas.  As the proposed plant is in 
an area of CO attainment, REC’s CO emissions are subject to BACT and BAT, not LAER.   

 
5. In the plan approval for ESC Tioga, the VOC emission limit from exhaust of the oxidation 

catalyst was established at 1.6 ppm while firing both the CT and DB on natural gas in order 
to satisfy the requirements of BAT, BACT and LAER. Please re-evaluate the proposed VOC 
emissions from the exhaust of the oxidation catalyst while firing both the CT and DB that 
satisfy the requirements of BAT, BACT and LAER.  

 
REC accepts a VOC emission limit of 1.6 ppm when firing both the CT and DB.      

 
6. The Department is requiring that emission limitations be established for startup/shutdown 

(SUSD) emissions per event (cold/warm/hot starts and shutdown) for NOx, CO, VOC and 
total (filterable and condensable) particulate matter emissions (PM/PM10/PM2.5) that 
satisfies the requirements of BAT, BACT and LAER. The SUSD limitations for firing on 
natural gas proposed in the application are higher than the limitations established in ESC 
Tioga plan approval. Please re-evaluate the SUSD emissions per event for NOx, CO, VOC 
and PM/PM10/PM2.5 to satisfy the requirements of BAT, BACT and LAER.  

 
REC has evaluated the differences between the SUSD emissions per event that were 
proposed for REC and those that were approved for ESC Tioga and reaffirms that the 
proposed values satisfy the requirements of BAT, BACT and LAER. REC believes that all 
appropriate characteristics of the emission limits for the SUSD events warrant consideration 
in this determination. REC’s proposed NOx emissions per event for both cold and warm 
starts are lower than ESC Tioga’s, and on a pound-per-hour basis, all Cold Start emission 
values are lower, all Warm Start (except for VOC) values are lower, and NOx Hot Start 
values are lower.  
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7. Do the duct burners have the capability of firing on ULSD? If so, please provide the 
potential emissions with calculations for all criteria pollutants that satisfies the 
requirements of BAT, BACT and LAER while the duct burners are firing on ULSD?  

 
The duct burners will not have the capability of firing on ULSD 
 

8. Both the Renovo application narrative and the United States Environmental Protection 
RACT/BACT/ LAER Clearinghouse website state that the ammonia slip emission limitation 
established at the Killingly Energy Center plant in Connecticut is 2 parts per million (ppm) 
of exhaust gas in 2017. Renovo Energy Center is proposing 5 ppm. Please re-evaluate the 
proposed ammonia slip emission rate to satisfy the requirements of BAT and BACT.  
 
Killingly Energy Center is not operating, and the 2-ppm limit is not being achieved in 
practice. “Achievable” and “achieved in practice” are included in the definitions of BACT 
and LAER in 40 CFR Part 51. REC’s proposed limit of 5-ppm is consistent with levels 
achieved in practice as well as recently issued permit levels for similar projects.   
  

9. In the previous Renovo plan approval 18-00033A issuance, the NOx emission rate for the 
emergency generator engine was established at 3.98 grams per brake horsepower. In the 
current application, the proposed NOx emission from the engine is 4.48 grams per brake 
horsepower. Please re-evaluate the proposed NOx emissions from the emergency generator 
engine that satisfies the requirements of BACT, BACT and LAER.  
 
The proposed NOx emission rate is calculated based on EPA’s Tier 2 standard contained 
in 40 CFR Part 60 Subpart IIII, EPA’s weighted emissions calculator for constant speed 
engines (40 CFR Part 89, Table 2 of Appendix B to Section E) and nominal emissions 
data provided by Caterpillar. See attached calculations and vendor data. Compliance with 
the NSPS standard combined with good combustion practices and a 500 hour per year 
limit is proposed at BACT/LAER/BAT for the engine. The previous NOx emission limit 
of 3.98 g/bhp-hr was erroneously calculated by subtracting the maximum possible VOC 
emission factor from the weighted cycle average NOx+VOC emission factor. The 
manufacturer provided emissions data for this unit is identical to that which the limits in 
Plan Approval 18-00033A were based upon. REC therefore requests that the NOx 
emission rate limit be established at the correct value of 4.48 g/bhp-hr.   
 

Please do not hesitate to contact me if you require additional information. 
 
 
Sincerely, 
 

 
 
Tim Donnelly 
 
cc: Rick Franzese, Bechtel Development Company  
      Bill Bousquet, Innovative Power Solutions, LLC  
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Renovo Energy Center 

 

Supporting Documentation for Responses to Questions #4 & #5 



Renovo Energy Center
Facility-Wide Maximum Potential Emissions
Tons Per Year

Pollutant
Power-
blocks

Auxiliary 
Boilers

Diesel 
Generator

Diesel 
Fire Pump Heater

ULSD 
storage 
tank

Circuit 
Breakers

Facility-Wide 
Total

NOx 355.17 0.87 5.45 0.18 2.72 --- --- 364.4
CO 325.86 5.23 1.50 0.059 5.93 --- --- 338.6
PM10 211.92 0.28 0.16 0.0065 0.27 --- --- 212.6
VOC 102.43 0.29 0.97 0.0065 0.73 0.042 --- 104.5
SO2 53.48 0.084 0.0055 0.00032 0.084 --- --- 53.6
NH3 277.36 --- --- --- --- --- --- 277.4
Lead 0.042 --- --- --- --- --- --- 0.042
CO2 5,413,496 16,949 582.92 33.44 16,852 --- --- 5,447,914
CH4 82.26 0.32 0.024 0.0014 0.32 --- --- 82.9
N2O 10.21 0.032 0.0047 0.00027 0.032 --- --- 10.3
SF6 --- --- --- --- --- --- 0.0080 0.0080
CO2e 5,418,594 16,967 584.92 33.55 16,869 --- 182.97 5,453,232
H2SO4 35.40 0.013 --- --- --- --- --- 35.4
HAPs 19.87 0.27 0.014 0.00078 0.27 --- --- 20.4
Hexane1 7.36 0.26 --- --- 0.25 --- --- 7.9
1 Hexane is the single HAP with the highest potential emissions.

May 2020



Renovo Energy Center
Raw Data for General Electric Equipment

OPERATING POINT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Ambient Temperature °F -20 95.8 59 95.8 -0.7 59 95.8 -20 35 59 95.8 -0.7 59 95.8 -20 95.8 59 95.8 -20 59 95.8
Ambient Pressure psia 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35
Ambient Relative Humidity % 60 35 60 35 60 60 35 60 60 60 35 60 60 35 60 35 60 35 60 60 35

PLANT STATUS
SCR/CO Catalyst Operating Operating Operating Operating Operating Operating Operating Operating Operating Operating Operating Operating Operating Operating Operating Operating Operating Operating Operating Operating Operating
Evaporative Cooler State1 on/off Off Off On On Off Off Off Off Off Off Off Off Off Off Off Off On On Off On On
Gas Turbine Load % 100% 100% 100% 100% 38% 30% 32% 100% 100% 100% 100% 60% 50% 50% 100% 100% 100% 100% 100% 100% 100%
Duct Burner Status on/off Off Off Off Off Off Off Off Off Off Off Off Off Off Off On On On On On Off Off
Turbine Diluent Injection Type None None None None None None None Water Water Water Water Water Water Water None None None None None Water Water
Diluent Injection Flow klb/hr -- -- -- -- -- -- -- 260.8 266.4 266.4 249.8 151.8 120.1 109.8 -- -- -- -- -- 266.4 254.2

FUEL DATA
Fuel Type NG NG NG NG NG NG NG DO DO DO DO DO DO DO NG NG NG NG NG DO DO
HHV Btu/lb 23,607 23,607 23,607 23,607 23,607 23,607 23,607 20,130 20,130 20,130 20,130 20,130 20,130 20,130 23,607 23,607 23,607 23,607 23,607 20,130 20,130
LHV Btu/lb 21,292 21,292 21,292 21,292 21,292 21,292 21,292 18,300 18,300 18,300 18,300 18,300 18,300 18,300 21,292 21,292 21,292 21,292 21,292 18,300 18,300
Fuel Molecular Weight lb/lbmole 16.52 16.52 16.52 16.52 16.52 16.52 16.52 n/a n/a n/a n/a n/a n/a n/a 16.52 16.52 16.52 16.52 16.52 n/a n/a
Fuel Bound Nitrogen Wt % 0 0 0 0 0 0 0 ≤ 0.015% ≤ 0.015% ≤ 0.015% ≤ 0.015% ≤ 0.015% ≤ 0.015% ≤ 0.015% 0 0 0 0 0 ≤ 0.015% ≤ 0.015%
Fuel Sulfur Content ppmw 13.1 13.1 13.1 13.1 13.1 13.1 13.1 15 15 15 15 15 15 15 13.1 13.1 13.1 13.1 13.1 15 15
GT Heat Consumption2 MMBtu/hr HHV 3,523.8 3,230.1 3,541.1 3,459.2 1,837.7 1,516.3 1,470.6 3,940.4 3,892.8 3,848.4 3,588.7 2,646.6 2,258.0 2,109.7 3,523.8 3,230.1 3,541.1 3,459.2 3,523.8 3,914.6 3,824.7
DB Heat Consumption2 MMBtu/hr HHV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1,001.9 821.6 906.8 878.2 1,005.3 0.0 0.0
Total Heat Consumption MMBtu/hr HHV 3,523.8 3,230.1 3,541.1 3,459.2 1,837.7 1,516.3 1,470.6 3,940.4 3,892.8 3,848.4 3,588.7 2,646.6 2,258.0 2,109.7 4,525.7 4,051.7 4,447.9 4,337.4 4,529.1 3,914.6 3,824.7

HRSG EXIT EXHAUST GAS
Stack N2 mole fraction - 0.7474 0.7326 0.7374 0.7266 0.75 0.7445 0.7377 0.7058 0.7001 0.6947 0.6889 0.7147 0.7113 0.7071 0.738 0.7244 0.7289 0.7184 0.738 0.6938 0.6862
Stack O2 mole fraction - 0.1149 0.1115 0.1108 0.1086 0.1233 0.126 0.1262 0.09819 0.09532 0.09332 0.09369 0.1035 0.103 0.1052 0.08825 0.08783 0.08635 0.0846 0.08816 0.09297 0.09254
Stack AR mole fraction - 0.0089 0.008724 0.008781 0.008653 0.008932 0.008865 0.008785 0.008406 0.008338 0.008274 0.008205 0.008511 0.008471 0.008422 0.008788 0.008626 0.008679 0.008554 0.008788 0.008263 0.008172
Stack H2O mole fraction - 0.0852 0.1039 0.09875 0.1122 0.07808 0.0831 0.09079 0.1243 0.132 0.1391 0.1459 0.1121 0.1163 0.1205 0.1092 0.125 0.1206 0.1335 0.1093 0.1402 0.1496
Stack CO2 mole fraction - 0.04344 0.04314 0.04418 0.04381 0.03958 0.03744 0.03641 0.06314 0.06407 0.06444 0.06312 0.06111 0.06083 0.05857 0.05561 0.05397 0.05533 0.05478 0.05565 0.06453 0.0634
Molecular Weight lb/lbmole 28.42 28.21 28.28 28.13 28.46 28.39 28.29 28.27 28.19 28.12 28.03 28.38 28.33 28.26 28.26 28.08 28.14 27.99 28.26 28.11 28.00
Temperature °F 185.2 190.5 181.4 194 163.1 160.3 166.9 291.5 284.5 280 288.3 259.6 243.4 251.2 172.8 178.6 176.3 182.2 180.5 281.3 293.8
Mass Flow lb/hr 6,111,200 5,598,900 6,007,200 5,885,500 3,505,200 3,050,800 3,032,500 6,366,300 6,181,400 6,059,300 5,751,100 4,436,300 3,795,900 3,674,700 6,155,800 5,635,400 6,047,500 5,924,500 6,155,900 6,152,600 6,093,500
Volume Flow scf/hr (60°F) 81,604,584 75,312,363 80,617,373 79,407,353 46,734,281 40,781,955 40,670,960 85,461,030 83,198,246 81,767,914 77,853,532 59,317,047 50,841,652 49,342,117 82,647,962 76,167,998 81,561,722 80,321,905 82,651,494 83,061,790 82,598,636

acf/hr 103,700,000 96,501,000 101,850,000 102,280,000 57,353,000 49,823,000 50,219,000 126,510,000 122,010,000 119,190,000 114,760,000 84,074,000 70,446,000 69,122,000 103,010,000 95,811,000 102,230,000 101,600,000 104,270,000 121,290,000 122,650,000
acf/min 1,728,333 1,608,350 1,697,500 1,704,667 955,883 830,383 836,983 2,108,500 2,033,500 1,986,500 1,912,667 1,401,233 1,174,100 1,152,033 1,716,833 1,596,850 1,703,833 1,693,333 1,737,833 2,021,500 2,044,167
fps 75.778 70.517 74.426 74.740 41.910 36.408 36.697 92.446 89.157 87.097 83.860 61.436 51.478 50.510 75.273 70.013 74.703 74.243 76.194 88.631 89.625

HRSG EXIT EXHAUST GAS EMISSIONS
ppmvd @ 15% O2 25 25 25 25 25 25 25 42 42 42 42 42 42 42 25 25 25 25 25 42 42
lb/hr as NO2 320.00 292.50 321.25 313.75 166.25 137.50 133.75 745.00 736.25 727.50 678.75 500.00 426.25 398.75 416.25 371.25 408.75 397.50 416.25 740.00 722.50
ppmvd @ 15% O2 2 2 2 2 2 2 2 4 4 4 4 4 4 4 2 2 2 2 2 4 4

lb/MMBtu 0.0073 0.0072 0.0073 0.0073 0.0072 0.0073 0.0073 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.0074 0.0073 0.0074 0.0073 0.0074 0.015 0.015
lb/hr as NO2 25.6 23.4 25.7 25.1 13.3 11 10.7 59.6 58.9 58.2 54.3 40 34.1 31.9 33.3 29.7 32.7 31.8 33.3 59.2 57.8
ppmvd @ 15% O2 9 9 9 9 9 9 9 25 25 25 25 25 25 25 9 9 9 9 9 25 25

lb/hr 31.50 28.80 31.50 31.05 16.65 13.50 13.05 81.45 80.55 79.65 74.25 54.90 46.80 43.65 68.40 61.20 67.05 65.25 68.40 81.00 79.20
ppmvd @ 15% O2 0.9 0.9 0.9 0.9 0.9 0.9 0.9 2 2 2 2 2 2 2 1.5 1.5 1.5 1.5 1.5 2 2

lb/MMBtu 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 0.0046 0.0046 0.0046 0.0046 0.0046 0.0046 0.0046 0.0034 0.0034 0.0033 0.0033 0.0034 0.0046 0.0046
lb/hr 7.00 6.40 7.00 6.90 3.70 3.00 2.90 18.10 17.90 17.70 16.50 12.20 10.40 9.70 15.20 13.60 14.90 14.50 15.20 18.00 17.60
ppmvd @ 15% O2 1.4 1.4 1.4 1.4 1.4 1.4 1.4 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.3 3.3 3.3 3.3 3.3 3.5 3.5

lb/hr as methane 6.20 5.80 6.20 6.20 3.20 2.60 2.60 18.20 18.03 17.68 16.63 12.25 10.50 9.80 19.18 17.12 18.77 18.36 19.18 18.03 17.68
ppmvd @ 15% O2 0.7 0.7 0.7 0.7 0.7 0.7 0.7 2 2 2 2 2 2 2 1.6 1.6 1.6 1.6 1.6 2 2

lb/MMBtu 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0026 0.0026 0.0026 0.0026 0.0026 0.0027 0.0027 0.0021 0.0020 0.0020 0.0021 0.0021 0.0026 0.0026
lb/hr as methane 3.10 2.90 3.10 3.10 1.60 1.30 1.30 10.40 10.30 10.10 9.50 7.00 6.00 5.60 9.30 8.30 9.10 8.90 9.30 10.30 10.10
lb/hr 432,000 396,000 434,000 424,000 225,000 186,000 180,000 657,000 649,000 642,000 598,000 441,000 377,000 352,000 560,000 501,000 550,000 536,000 560,000 653,000 638,000
lb/MMBtu w/margin 134.9 134.9 134.8 134.8 134.7 134.9 134.6 183.4 183.4 183.5 183.3 183.3 183.7 183.5 136.1 136.0 136.0 135.9 136.0 183.5 183.5
lb/hr w/10% margin4 475,200 435,600 477,400 466,400 247,500 204,600 198,000 722,700 713,900 706,200 657,800 485,100 414,700 387,200 616,000 551,100 605,000 589,600 616,000 718,300 701,800
lb/MW-hr 836 819 813 821 931 953 979 1,259 1,228 1,223 1,235 1,282 1,283 1,315 894 874 872 876 892 1,210 1,220
ppmvd @ 15% O2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

lb/MMBtu 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067 0.0070 0.0070 0.0070 0.0070 0.0070 0.0070 0.0070 0.0068 0.0068 0.0068 0.0068 0.0068 0.0070 0.0070
lb/hr 23.7 21.7 23.8 23.2 12.3 10.2 9.9 27.6 27.2 26.9 25.1 18.5 15.8 14.8 30.8 27.5 30.2 29.5 30.8 27.4 26.8
lb/hr w/5% margin4 24.89 22.79 24.99 24.36 12.92 10.71 10.40 28.98 28.56 28.25 26.36 19.43 16.59 15.54 32.34 28.88 31.71 30.98 32.34 28.77 28.14

SOx5 lb/hr as SO2 (+20%) 4.70 4.30 4.70 4.60 2.40 2.00 2.00 7.00 7.00 6.90 6.40 4.70 4.00 3.80 6.10 5.40 6.00 5.80 6.10 7.00 6.80

lb/hr 11.3 11.1 11.3 11.3 10.0 9.7 9.7 48.2 48.2 48.1 47.9 39.6 39.2 39.0 22.5 20.3 21.5 21.1 22.5 48.2 48.1
lb/MMBtu 0.0032 0.0034 0.0032 0.0033 0.0054 0.0064 0.0066 0.0122 0.0124 0.0125 0.0133 0.0150 0.0174 0.0185 0.0050 0.0050 0.0048 0.0049 0.0050 0.0123 0.0126
lb/hr 2.60 2.40 2.70 2.60 1.40 1.10 1.10 4.00 3.90 3.90 3.60 2.70 2.30 2.10 3.70 3.30 3.70 3.60 3.70 3.90 3.90
lb/hr w/10% margin4 2.86 2.64 2.97 2.86 1.54 1.21 1.21 4.40 4.29 4.29 3.96 2.97 2.53 2.31 4.07 3.63 4.07 3.96 4.07 4.29 4.29
ppbvd @ 15% O2 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.5

lb/MMBtu 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012 0.00012
lb/hr 0.42 0.38 0.42 0.41 0.22 0.18 0.17 0.47 0.46 0.46 0.43 0.31 0.27 0.25 0.54 0.48 0.53 0.52 0.54 0.46 0.45
lb/hr w/10% margin4 0.46 0.42 0.46 0.45 0.24 0.20 0.19 0.51 0.51 0.50 0.47 0.35 0.30 0.28 0.59 0.53 0.58 0.57 0.59 0.51 0.50

NOx (pre-control)3

CO (pre-control)3

VOC (pre-control)3

CH2O6

NOx (post-control)

CO (post-control)

H2SO4

NH3

VOC (post-control)

PM

CO2
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Renovo Energy Center
Raw Data for General Electric Equipment
Notes

1 Operating points included list evaporative coolers as "off," however evaporative coolers may be operated when firing 
ULSD.

2 The heat consumption provided by G.E. included a ~5% margin to account for equipment degradation and site 
variability.

3 Pre-control emissions rates when firing natural gas were provided by G.E. on a ppm basis. The same control 
efficiency for ppm values was used for the lb/hr pre-control emission rates.  For emission rates when firing ULSD, the 
same control efficiency as determined for natural gas emissions was used to determine pre-control emissions when 
firing ULSD.

4 A 10% margin was added to lb/hr emission values of CO2, H2SO4, NH3, and CH2O to account for equipment 
degradation and site variability.

5 SOx emission rates provided by G.E. included a margin of 20% to account for fuel and site variability.
6 CH2O emission rate of 91 ppb @ 15% O2 is the turbine outlet concentration provided by G.E. (91 ppb) with a 50% 

control efficiency applied for the oxidation catalyst. 
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Renovo Energy Center
Determination of Maximum Potential Emissions
Powerblocks- Turbines, HRSGs firing Natural Gas

Maximum Fuel Flow Rate: 150,002 lb/hr each
Fuel Gross Heating Value: 23,607 Btu/lb
Maximum GT heat input capacity: 3,541 MMBtu/hr each
Maximum GT+DB heat input capacity: 4,529 MMBtu/hr each
Annual capacity factor: 100 %

7,540 hours each

34,149,414 MMBtu/yr each

Maximum annual emissions calculated based on maximum potential operating hours.
Values below represent emissions from each individual unit.

(ppmvd @ 15% O2) (lb/hr) (lb/hr) (ton/yr)
NOx 2 25.70 33.30 125.54
CO 0.9 (GT); 1.5 (GT+DB) 7.00 15.20 57.30
PM10 -- 11.30 22.50 84.83
VOC 0.7 (GT); 1.6 (GT+DB) 3.10 9.30 35.06
SO2 -- 4.70 6.10 23.00
NH3 5 24.99 32.34 121.92
H2SO4 -- 2.97 4.07 15.34
GHGs 3 (kg/MMBtu) (lb/hr) (lb/hr) (ton/yr)
CO2 -- 477,400 616,000 2,322,320
CH4 1.0E-03 7.81 7.81 29.43
N2O 1.0E-04 0.78 0.78 2.94
CO2equivalent 477,827.8 616,427.8 2,323,933

HAPs 4 GT
(lb/MMBtu)

DB
(lb/MMscf)

GT+DB
(lb/hr) (ton/yr)

1,3-butadiene 2.2E-07 0 7.6E-04 0.0029
acetaldehyde 2.0E-05 0 7.0E-02 0.27
acrolein 3.2E-06 0 1.1E-02 0.043
benzene 6.0E-06 1.2E-03 2.2E-02 0.08
dichlorobenzene 0 6.6E-04 6.5E-04 0.0025
ethyl benzene 1.6E-05 0 5.6E-02 0.21
formaldehyde2 -- -- 5.9E-01 2.23
hexane 0 9.9E-01 9.8E-01 3.68
naphthalene 6.5E-07 3.4E-04 2.6E-03 0.010
PAH 1.1E-06 0 3.9E-03 0.015
POM 0 4.9E-05 4.8E-05 0.00018
propylene oxide 1.5E-05 0 5.1E-02 0.19
toluene 6.5E-05 1.9E-03 2.3E-01 0.87
xylenes 3.3E-05 0 1.1E-01 0.43

(not including SUSD or ULSD 
operations) 1

(not including SUSD or ULSD 
operations)

Maximum emissions scenario operating hours:
Maximum emissions scenario annual heat 
input:

Maximum Short-
term Emission 
Rate (GT only)Emission Factor

Maximum Potential 
Annual Emissions5

Maximum Short-
term Emission 
Rate (GT+DB)

Pollutant2
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Renovo Energy Center
Determination of Maximum Potential Emissions
Powerblocks- Turbines, HRSGs firing Natural Gas

HAPs 4 GT
(lb/MMBtu)

DB
(lb/MMscf)

GT+DB
(lb/hr) (ton/yr)

arsenic 0 2.0E-04 2.0E-04 0.00074
beryllium 0 1.2E-05 1.2E-05 0.000045
cadmium 0 1.1E-03 1.1E-03 0.0041
chromium 0 1.4E-03 1.4E-03 0.0052
cobalt 0 8.4E-05 8.3E-05 0.00031
lead 0 0 0 0
manganese 0 3.8E-04 3.7E-04 0.0014
mercury 0 2.6E-04 2.6E-04 0.00097
nickel 0 2.1E-03 2.1E-03 0.0078
selenium 0 0 2.4E-05 0.000089
TOTAL HAPs 1.00 2.14 8.06

3Emission factor for CO2 provided by vendor. Emission factors for CH4 and N2O obtained from 40 CFR 98.

4HAP emission factors for GT obtained from EPA's AP-42, Table 3.1-3 and reflect control level of 50% by the oxidation 
catalyst for organic HAPs, except for formaldehyde, which was obtained from the vendor. HAP emission factors for DB 
obtained from EPA's AP-42, Tables 1.4-3 and 1.4-4 and reflect control level of 45% by the oxidation catalyst for organic 
HAPs, except for formaldehyde, which was obtained from vendor.
5Potential annual emissions based on the GT + DB scenario, as this is considered worst-case.

1Maximum potential operating hours not including SUSD or ULSD operations was used to estimate emissions.
2Emission factors provided by vendor. The maximum emissions rate from all available operating scenarios was used to 
calculate maximum potential emissions.
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Renovo Energy Center
Determination of Maximum Potential Emissions
Powerblocks- Turbines firing ULSD

Maximum Fuel Flow Rate: 195,748 lb/hr each
Fuel Gross Heating Value: 20,130 Btu/lb
Maximum heat input capacity: 3,940 MMBtu/hr each
Annual capacity factor: 100 %
Maximum potential operating hours: 720 hours each (not including SUSD) 1

Maximum annual heat input: 2,837,088 MMBtu/yr (not including SUSD)

Maximum annual emissions calculated based on maximum potential operating hours.
Values below represent emissions from each individual unit.

(ppmvd @ 15% O2) (lb/hr) (ton/yr)
NOx 4 59.60 21.46
CO 2 18.10 6.52
PM10 -- 48.20 17.35
VOC 2 10.40 3.74
SO2 -- 7.00 2.52
NH3 5 28.98 10.43
H2SO4 -- 4.40 1.58
GHGs 3 (kg/MMBtu) (lb/hr) (ton/yr)

CO2 -- 722,700 260,172
CH4 3.0E-03 26.06 9.38
N2O 6.0E-04 5.21 1.88
CO2equivalent -- 724,904.8 260,966
HAPs 4 (lb/MMBtu) (lb/hr) (ton/yr)
1,3-butadiene 1.1E-05 4.4E-02 0.016
acetaldehyde 0 0 0
acrolein 0 0 0
benzene 3.9E-05 1.5E-01 0.055
dichlorobenzene 0 0 0
ethyl benzene 0 0 0
formaldehyde2 -- 5.1E-01 0.19
hexane 0 0 0
naphthalene 2.5E-05 9.7E-02 0.035
PAH 2.8E-05 1.1E-01 0.040
POM 0 0 0
propylene oxide 0 0 0
toluene 0 0 0
xylenes 0 0 0
arsenic 1.1E-05 4.3E-02 0.016
beryllium 3.1E-07 1.2E-03 0.00044
cadmium 4.8E-06 1.9E-02 0.0068
chromium 1.1E-05 4.3E-02 0.016
cobalt 0 0 0
lead 1.4E-05 5.5E-02 0.020

Pollutant2
Emission Factor

Maximum Short-
Term Emission 
Rate

Maximum Potential 
Annual Emissions
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Renovo Energy Center
Determination of Maximum Potential Emissions
Powerblocks- Turbines firing ULSD

HAPs 4 (lb/MMBtu) (lb/hr) (ton/yr)
manganese 7.9E-04 3.11 1.12
mercury 1.2E-06 4.7E-03 0.0017
nickel 4.6E-06 1.8E-02 0.0065
selenium 2.5E-05 9.9E-02 0.035
TOTAL HAPs 4.31 1.55

4HAP emission factors obtained from EPA's AP-42, Tables 3.1-4 and 3.1-5 and reflect control level 
of 30% by the oxidation catalyst for organic HAPs, except for formaldehyde, which was obtained 
from the vendor.

3Emission factor for CO2 provided by vendor. Emission factors for CH4 and N2O obtained from 40 
CFR 98.

2Emission factors provided by vendor. The maximum emissions rate from all available operating 
scenarios was used to calculate maximum potential emissions.

1Maximum potential operating hours not including SUSD was used to estimate emissions.
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Renovo Energy Center
Startup and Shutdown Operations Emissions Data
Natural Gas Firing

SUSD Parameter

Amount per 
Event - GE 
Provided

Pro-Rated 
Amount per Hour

Amount per 
Event with Time 
Increase1

Cold Start
Time from Ignition until Compliance (minutes) 45 -- 60
Fuel Consumed (lb) 39,451 52,602 52,602
Fuel Consumed (MMBtu LHV) 840 1,120 1,120
Fuel Consumed (MMBtu HHV) 931 1,242 1,242
Maximum Potential NOx Emissions (lb) 123.0 164.0 164.0
Maximum Potential CO Emissions (lb) 699.0 932.0 932.0
Maximum Potential VOC Emissions (lb) 53.0 70.7 70.7
Maximum Potential PM10/2.5 Emissions (lb) 8.3 11.1 11.1
Warm Start
Time from Ignition until Compliance (minutes) 40 -- 55
Fuel Consumed (lb) 38,277 57,416 52,631
Fuel Consumed (MMBtu LHV) 815 1,223 1,121
Fuel Consumed (MMBtu HHV) 904 1,355 1,242
Maximum Potential NOx Emissions (lb) 81.0 121.5 111.4
Maximum Potential CO Emissions (lb) 190.0 285.0 261.3
Maximum Potential VOC Emissions (lb) 24.0 36.0 33.0
Maximum Potential PM10/2.5 Emissions (lb) 7.3 11.0 10.0
Hot Start
Time from Ignition until Compliance (minutes) 20 -- 35
Fuel Consumed (lb) 15,264 45,792 26,712
Fuel Consumed (MMBtu LHV) 325 975 569
Fuel Consumed (MMBtu HHV) 360 1,081 631
Maximum Potential NOx Emissions (lb) 53.0 159.0 92.8
Maximum Potential CO Emissions (lb) 177.0 531.0 309.8
Maximum Potential VOC Emissions (lb) 22.0 66.0 38.5
Maximum Potential PM10/2.5 Emissions (lb) 4.0 12.0 7.0
Shutdown from 50% load
Time to Shutdown (minutes) 12 -- 27
Fuel Consumed (lb) 9,393 46,966 21,135
Fuel Consumed (MMBtu LHV) 200 1,000 450
Fuel Consumed (MMBtu HHV) 222 1,109 499
Maximum Potential NOx Emissions (lb) 14.0 70.0 31.5
Maximum Potential CO Emissions (lb) 152.0 760.0 342.0
Maximum Potential VOC Emissions (lb) 19.0 95.0 42.8
Maximum Potential PM10/2.5 Emissions (lb) 3.0 15.0 6.8
Annual Totals2

Total SUSD Operating Hour Limitation Per Unit: 460 hrs
Total Annual SUSD Fuel Consumption Per Unit: 25,302,027 lbs
Total Annual SUSD Heat Input Per Unit: 538,731 MMBtu LHV
Total Annual SUSD Heat Input Per Unit: 597,305 MMBtu HHV
Total Maximum Potential NOx Emissions Per Unit: 25.2 tons
Total Maximum Potential CO Emissions Per Unit: 90.8 tons
Total Maximum Potential VOC Emissions Per Unit: 11.4 tons
Total Maximum Potential PM10/2.5 Emissions Per Unit: 2.7 tons
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Renovo Energy Center
Startup and Shutdown Operations Emissions Data
ULSD Firing

SUSD Parameter

Amount per 
Event - GE 
Provided

Pro-Rated 
Amount per 
Hour

Amount per 
Event with Time 
Increase1

Cold Start
Time from Ignition until Compliance (minutes) 45 -- 60
Fuel Consumed (lb) 54,208 72,277 72,277
Fuel Consumed (MMBtu LHV) 992 1,323 1,323
Fuel Consumed (MMBtu HHV) 1,100 1,466 1,466
Maximum Potential NOx Emissions (lb) 221.0 294.7 294.7
Maximum Potential CO Emissions (lb) 704.0 938.7 938.7
Maximum Potential VOC Emissions (lb) 141.0 188.0 188.0
Maximum Potential PM10/2.5 Emissions (lb) 36.0 48.0 48.0
Warm Start
Time from Ignition until Compliance (minutes) 40 -- 55
Fuel Consumed (lb) 54,645 81,967 75,137
Fuel Consumed (MMBtu LHV) 1,000 1,500 1,375
Fuel Consumed (MMBtu HHV) 1,109 1,663 1,525
Maximum Potential NOx Emissions (lb) 172.0 258.0 236.5
Maximum Potential CO Emissions (lb) 286.0 429.0 393.3
Maximum Potential VOC Emissions (lb) 33.0 49.5 45.4
Maximum Potential PM10/2.5 Emissions (lb) 32.0 48.0 44.0
Hot Start
Time from Ignition until Compliance (minutes) 20 -- 35
Fuel Consumed (lb) 18,579 55,738 32,514
Fuel Consumed (MMBtu LHV) 340 1,020 595
Fuel Consumed (MMBtu HHV) 377.0 1,131 660
Maximum Potential NOx Emissions (lb) 112.0 336.0 196.0
Maximum Potential CO Emissions (lb) 273.0 819.0 477.8
Maximum Potential VOC Emissions (lb) 30.0 90.0 52.5
Maximum Potential PM10/2.5 Emissions (lb) 16.0 48.0 28.0
Shutdown from 50% load
Time to Shutdown (minutes) 8 -- 23
Fuel Consumed (lb) 7,213 54,098 20,738
Fuel Consumed (MMBtu LHV) 132 990 380
Fuel Consumed (MMBtu HHV) 146 1,098 421
Maximum Potential NOx Emissions (lb) 43.0 322.5 123.6
Maximum Potential CO Emissions (lb) 48.0 360.0 138.0
Maximum Potential VOC Emissions (lb) 7.0 52.5 20.1
Maximum Potential PM10/2.5 Emissions (lb) 10.0 75.0 28.8
Annual Totals2

Total SUSD Operating Hour Limitation Per Unit: 40 hrs
Total Annual SUSD Fuel Consumption Per Unit: 3,092,896 lbs
Total Annual SUSD Heat Input Per Unit: 56,600 MMBtu LHV
Total Annual SUSD Heat Input Per Unit: 62,755 MMBtu HHV
Total Maximum Potential NOx Emissions Per Unit: 5.4 tons
Total Maximum Potential CO Emissions Per Unit: 8.4 tons
Total Maximum Potential VOC Emissions Per Unit: 1.0 tons
Total Maximum Potential PM10/2.5 Emissions Per Unit: 1.1 tons
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Renovo Energy Center
Startup and Shutdown Operations Emissions Data and Modeling Parameters
Notes

1 REC is proposing to add 15 minutes of margin to each SUSD scenario in order to allow operational flexibility 
in order to ensure that the SUSD can be completed in the permitted length of time. All heat input and emission 
parameters have been pro-rated for the increased time.

2
Annual totals are based on warm starts and the corresponding amount of shutdowns. For the natural gas 
scenarios, 460 hours of SUSD corresponds to 308.5 hours of warm starts and 151.5 hours of shutdowns. For 
the ULSD scenarios, 40 hours of SUSD corresponds to 28.2 hours of warm starts and 11.8 hours of 
shutdowns.
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Renovo Energy Center
Startup and Shutdown Emission Parameters for Modeling Purposes
Natural Gas and ULSD Firing
NOx: 1-hour Averaging Period

Cold Start
Warm 
Start Hot Start Shut Down Cold Start

Warm 
Start Hot Start Shut Down

Duration (minutes) 60 55 35 27 60 55 35 23
NOx per event (lb) 164.00 111.38 92.75 31.50 294.67 236.50 196.00 123.63
Stack Temperature (°F)
Stack Flow Rate (acfm)
Steady State Low Load Parameters

Emission Rate (lb/hr)
Stack Temperature (°F)
Exhaust Flow Rate (acfm)

Steady State Max Load Parameters
Emission Rate (lb/hr)
Stack Temperature (°F)
Exhaust Flow Rate (acfm)

Steady State Average Load Parameters
Emission Rate (lb/hr)
Stack Temperature (°F)
Exhaust Flow Rate (acfm)

Remaining Duration of Hour 
(minutes) 0 5 25 33 0 5 25 37

SS Contribution (lb) 0.00 1.83 9.17 12.10 0.00 3.81 19.06 28.21
Hourly Emission Rate for 
Modeling (lb/hr) 164.00 113.21 101.92 43.60 294.67 240.31 215.06 151.84

Average Stack Temperature 
for Modeling (°F) 174.00 173.98 173.88 173.84 270.00 270.11 270.56 270.83

Average Flow Rate for 
Modeling (acfm) 942,329 971,086 1,086,112 1,132,123 1,190,426 1,227,079 1,373,693 1,461,661

Operating
Point
#14

Operating
Point
#19

Operating
Point

#7

942,329 1,190,426

10.70 31.90
166.9 251.2
836,983 1,152,033

SUSD Scenario

Natural Gas1 ULSD2

174 270

1,287,408 1,630,267

33.30 59.60
180.5 291.5
1,737,833 2,108,500

22 45.75
173.7 271.35

Operating
Point

#8

1For natural gas SUSD scenarios, the average stack temperature will be 174°F when the LP economizer is in service, and 214°F when 
bypassed. The average stack flow rate for all scenarios will be 960 lb/second (equivalent to 942,329 acfm for 174°F stack temperature, 
and 1,101,782 acfm for 214°F stack temperature.
2For ULSD SUSD scenarios, the average stack temperature will be 270°F, assuming the LP economizer is bypassed. The average 
stack flow rate for all scenarios will be 1,050 lb/second (equivalent to 1,190,426 acfm).
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Renovo Energy Center
Startup and Shutdown Emission Parameters for Modeling Purposes
Natural Gas and ULSD Firing

NOx: Annual Averaging Period

Operating Point1 1 2 3 4 5 6 7 15 16 17 18 19
SS NG Emission Rate (lb/hr) 25.6 23.4 25.7 25.1 13.3 11 10.7 33.3 29.7 32.7 31.8 33.3
SS NG Duration (hrs) 7,540 7,540 7,540 7,540 7,540 7,540 7,540 7,540 7,540 7,540 7,540 7,540
Maximum SS ULSD Emission 
Rate (lb/hr) 59.60 59.60 59.60 59.60 59.60 59.60 59.60 59.60 59.60 59.60 59.60 59.60

Maximum SS ULSD Duration 
(hrs) 720 720 720 720 720 720 720 720 720 720 720 720

Maximum NG SUSD Emission 
Rate (lb/hr) 164.0 164.0 164.0 164.0 164.0 164.0 164.0 164.0 164.0 164.0 164.0 164.0

Maximum NG SUSD Duration 
(hrs) 460 460 460 460 460 460 460 460 460 460 460 460

Maximum ULSD SUSD 
Emission Rate (lb/hr) 294.7 294.7 294.7 294.7 294.7 294.7 294.7 294.7 294.7 294.7 294.7 294.7

Maximum ULSD SUSD 
Duration (hrs) 40 40 40 40 40 40 40 40 40 40 40 40

Hourly Emission Rate for 
Modeling (lb/hr) 36.89 35.00 36.98 36.46 26.30 24.32 24.07 43.52 40.42 43.00 42.23 43.52

1The stack temperature and flow rate from each operating point as numbered in the raw data will be used for these 
scenarios, as the majority of the duration (~86%) is spent at that operating point.
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Renovo Energy Center
Startup and Shutdown Emission Parameters for Modeling Purposes
Natural Gas and ULSD Firing
CO: 1-hour Averaging Period

Cold Start
Warm 
Start Hot Start Shut Down Cold Start

Warm 
Start Hot Start Shut Down

Duration (minutes) 60 55 35 27 60 55 35 23
CO per event (lb) 932.00 261.25 309.75 342.00 938.67 393.25 477.75 138.00
Stack Temperature (°F)
Stack Flow Rate (acfm)

Emission Rate (lb/hr)
Stack Temperature (°F)
Exhaust Flow Rate (acfm)

Emission Rate (lb/hr)
Stack Temperature (°F)
Exhaust Flow Rate (acfm)

Emission Rate (lb/hr)
Stack Temperature (°F)
Exhaust Flow Rate (acfm)

Remaining Duration of Hour 
(minutes) 0 5 25 33 0 5 25 37

SS Contribution (lb) 0.00 0.75 3.77 4.98 0.00 1.16 5.79 8.57
Hourly Emission Rate for 
Modeling (lb/hr) 932.00 262.00 313.52 346.98 938.67 394.41 483.54 146.57

Average Stack Temperature 
for Modeling (°F) 174.00 173.98 173.88 173.84 270.00 270.11 270.56 270.83

Average Flow Rate for 
Modeling (acfm) 942,329 971,086 1,086,112 1,132,123 1,190,426 1,227,079 1,373,693 1,461,661

SUSD Scenario

Natural Gas1 ULSD2

Steady State Average Load Parameters
9.05

174 270
942,329 1,190,426

Steady State Low Load Parameters
2.90

Operating Point #7
9.70

Operating Point #14166.9 251.2
836,983 1,152,033

Steady State Max Load Parameters
15.20

Operating Point #19
18.10

Operating Point #8180.5 291.5
1,737,833 2,108,500

13.9

1,287,408 1,630,267

1For natural gas SUSD scenarios, the average stack temperature will be 174°F when the LP economizer is in service, and 214°F when 
bypassed. The average stack flow rate for all scenarios will be 960 lb/second (equivalent to 942,329 acfm for 174°F stack temperature, 
and 1,101,782 acfm for 214°F stack temperature.
2For ULSD SUSD scenarios, the average stack temperature will be 270°F, assuming the LP economizer is bypassed. The average 
stack flow rate for all scenarios will be 1,050 lb/second (equivalent to 1,190,426 acfm).

173.7 271.35
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Renovo Energy Center
Startup and Shutdown Emission Parameters for Modeling Purposes
Natural Gas and ULSD Firing

CO: 8-hour Averaging Period

Cold Start
Warm 
Start Hot Start Shut Down Cold Start

Warm 
Start Hot Start Shut Down

Duration (minutes) 60 55 35 27 60 55 35 23
CO per event (lb) 932.00 261.25 309.75 342.00 938.67 393.25 477.75 138.00
Stack Temperature (°F)
Stack Flow Rate (acfm)

Emission Rate (lb/hr)
Stack Temperature (°F)
Exhaust Flow Rate (acfm)

Remaining Duration of Hour 
(minutes) 420 425 445 453 420 425 445 457

SS Contribution (lb) 106.40 107.67 112.73 114.76 126.70 128.21 134.24 137.86
Hourly Emission Rate for 
Modeling (lb/hr) 129.80 46.11 52.81 57.10 133.17 65.18 76.50 34.48

Average Stack Temperature 
for Modeling (°F) 179.69 179.76 180.03 180.13 288.81 289.04 289.93 290.47

Average Flow Rate for 
Modeling (acfm) 1,638,395 1,646,682 1,679,828 1,693,086 1,993,741 2,003,304 2,041,557 2,064,509

291.5
1,737,833 2,108,500

1For natural gas SUSD scenarios, the average stack temperature will be 174°F when the LP economizer is in service, and 214°F when 
bypassed. The average stack flow rate for all scenarios will be 960 lb/second (equivalent to 942,329 acfm for 174°F stack temperature, 
and 1,101,782 acfm for 214°F stack temperature.
2For ULSD SUSD scenarios, the average stack temperature will be 270°F, assuming the LP economizer is bypassed. The average 
stack flow rate for all scenarios will be 1,050 lb/second (equivalent to 1,190,426 acfm).

SUSD Scenario

Natural Gas1 ULSD2

15.2
Operating Point #19

18.1
Operating Point #8180.5

174 270
942,329 1,190,426

Steady State Max Load Parameters
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Renovo Energy Center
Summary of Worst-Case Maximum Potential Annual Emissions Scenario
Powerblocks- Turbines, HRSGs

720 each powerblock
40 each powerblock

7,540 each powerblock
460 each powerblock

Total Operating Hours: 8,760 each powerblock

Pollutant

Annual Emissions 
from ULSD Firing1 

(tons)

Annual Emissions 
from ULSD SUSD2 

(tons)

Annual Emissions 
from NG Firing3 

(tons)

Annual Emissions 
from Natural Gas 
SUSD4 (tons)

Total Maximum 
Potential Annual 
Emissions from 
Both Powerblocks 
(tons)

Total Maximum 
Potential Annual 
Emissions from 
Each Powerblock 
(tons)

NOx 42.91 10.75 251.08 50.42 355.17 177.58
CO 13.03 16.70 114.61 181.52 325.86 162.93
PM10 34.70 2.10 169.65 5.47 211.92 105.96
VOC 7.49 2.00 70.12 22.82 102.43 51.22
SO2 5.04 0.28 45.99 2.16 53.48 26.74
NH3 20.87 1.16 243.84 11.50 277.36 138.68
H2SO4 3.17 0.18 30.69 1.37 35.40 17.70
GHGs
CO2 520,344 28,908 4,644,640 219,604 5,413,496 2,706,748
CH4 18.76 1.04 58.86 3.59 82.26 41.13
N2O 3.75 0.21 5.89 0.36 10.21 5.10
CO2equivalent 521,931 28,996 4,647,866 219,801 5,418,594 2,709,297
HAPs
1,3-butadiene 0.032 0.0018 0.0057 0.00035 0.040 0.020
acetaldehyde 0 0 0.53 0.033 0.56 0.28
acrolein 0 0 0.085 0.0052 0.09 0.045
benzene 0.11 0.0061 0.17 0.010 0.29 0.15
dichlorobenzene 0 0 0.0049 0 0.0049 0.0025

Natural Gas Normal Operating Hours:
ULSD SUSD Operating Hours:

ULSD Normal Operating Hours:

Natural Gas SUSD Operating Hours:
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Renovo Energy Center
Summary of Worst-Case Maximum Potential Annual Emissions Scenario
Powerblocks- Turbines, HRSGs

Pollutant

Annual Emissions 
from ULSD Firing1 

(tons)

Annual Emissions 
from ULSD SUSD2 

(tons)

Annual Emissions 
from NG Firing3 

(tons)

Annual Emissions 
from Natural Gas 
SUSD4 (tons)

Total Maximum 
Potential Annual 
Emissions from 
Both Powerblocks 
(tons)

Total Maximum 
Potential Annual 
Emissions from 
Each Powerblock 
(tons)

ethyl benzene 0 0 0.43 0.026 0.45 0.23
formaldehyde 0.37 0.021 4.46 0.21 5.06 2.53
hexane 0 0 7.36 0 7.36 3.68
naphthalene 0.070 0.0039 0.020 0.0011 0.09 0.047
PAH 0.079 0.0044 0.029 0.0018 0.11 0.057
POM 0 0 0.00036 0 0.00036 0.00018
propylene oxide 0 0 0.39 0.024 0.41 0.20
toluene 0 0 1.74 0.11 1.85 0.92
xylenes 0 0 0.86 0.053 0.92 0.46
arsenic 0.031 0.0017 0.0015 0 0.034 0.017
beryllium 0.00088 0.000049 0.000089 0 0.0010 0.00051
cadmium 0.014 0.00076 0.0082 0 0.023 0.011
chromium 0.031 0.0017 0.010 0 0.043 0.022
cobalt 0 0 0.00062 0 0.00062 0.00031
lead 0.040 0.0022 0 0 0.042 0.021
manganese 2.24 0.12 0.0028 0 2.37 1.18
mercury 0.0034 0.00019 0.0019 0 0.0055 0.0028
nickel 0.013 0.00073 0.016 0 0.029 0.015
selenium 0.071 0.0039 0.00018 0 0.075 0.038
TOTAL HAPs 3.11 16.12 19.87 9.93

4Annual Emissions from Natural Gas SUSD based on 460 SUSD hours per powerblock when firing natural gas, using emission rates for Warm Starts and Shutdowns for 
emissions of NOx, CO, PM, and VOC. All other pollutant emissions based on the maximum emission rate for all operating loads when firing natural gas.

3Annual Emissions from Natural Gas Firing based on 7,540 normal operating hours firing natural gas in the CT and DB for each powerblock.

2Annual Emissions from ULSD SUSD based on 40 SUSD hours per powerblock when firing ULSD, using emission rates for Warm Starts and Shutdowns for emissions of NOx, 
CO, PM, and VOC. All other pollutant emissions based on the maximum emission rate for all operating loads when firing ULSD.

1Annual Emissions from ULSD Firing based on 720 nornal operating hours on ULSD for each powerblock.
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Drawing Revision Status

Revision Date Description
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Combined Cycle Systems Emissions Estimates:  Renovo

Operating Point 1 2 3
Case Description 1 GT @ 100% 

  
1 GT @ 100% 

  
1 GT @ 100% 

    
Ambient Conditions
Ambient Temperature °F -20.0 95.8 59.0

Ambient Pressure psia 14.350 14.350 14.350

Ambient Relative Humidity % 60 35 60

Gas Turbine
GT Fuel Type Gas Gas Gas

GT load fraction - 1 1 1

Evap Cooler status off off On

Gas turbine water injection flow rate klb/h 0.0 0.0 0.0

Plant Performance (not guaranteed)
CC Net Plant output kW 516571 482965 533150

Abatement Status
CO Catalyst Operating status Operating Operating Operating

SCR Operating status Operating Operating Operating

GT Fuel 
Gas Turbine fuel LHV Btu/lb 21292 21292 21292

Gas Turbine fuel HHV Btu/lb 23607 23607 23607

Gas Turbine gas fuel molecular weight lb/lbmole 16.52 16.52 16.52

Gas Turbine sulfur ppm (by mass) ppm 13.1 13.1 13.1

Duct Burner
Duct Burner fuel LHV Btu/lb 21292 21292 21292

Duct Burner fuel HHV Btu/lb 23607 23607 23607

Duct Burner fuel molecular weight lb/lbmole 16.52 16.52 16.52

Duct Burner fuel sulfur content (by mass) ppm 13.1 13.1 13.1

Duct Burner status Off Off Off

Duct Burner gas fuel flow lb/h 0.0 0.0 0.0

Duct Burner load fraction % 0.0 0.0 0.0

Heat Consumption for permitting (per unit)
GT Heat Cons (HHV), with permitting margin MMBtu/h 3523.8 3230.1 3541.1

DB Heat Cons (HHV) MMBtu/h 0.0 0.0 0.0

HRSG Exit Exhaust gas (per unit)
Stack N2 mole fraction - 0.7474 0.7326 0.7374

Stack O2 mole fraction - 0.1149 0.1115 0.1108

Stack AR mole fraction - 0.0089 0.008724 0.008781

Stack H2O mole fraction - 0.0852 0.1039 0.09875

Stack CO2 mole fraction - 0.04344 0.04314 0.04418

Stack Molecular Weight lb/lbmole 28.42 28.21 28.28

Stack Temperature °F 185.2 190.5 181.4

Stack Mass flow, including Permitting Margin, per stack lb/h 6111200 5598900 6007200

Margined exhaust vol flow (incl. permitting margin) Mft3/h 103.7 96.501 101.85

Normalized vol flow, SCF @ 60F (incl. permitting margin) SCF/h 81604421 75312214 80617209

HRSG Exit Emissions (per unit)
NOx  Volume fraction, dry, at 15 % O2 ppm 2 2 2

NOx  mass flow rate (as NO2) lb/h 25.6 23.4 25.7

CO  Volume fraction, dry, at 15 % O2 ppm 0.9 0.9 0.9

CO  mass flow rate lb/h 7.0 6.4 7.0

VOC  Volume fraction, dry, at 15 % O2 ppm 0.7 0.7 0.7

VOC  mass flow rate (as methane) lb/h 3.1 2.9 3.1

NH3  Volume fraction, dry, at 15 % O2 ppm 5 5 5

NH3  mass flow rate lb/h 23.7 21.7 23.8

SOx  mass flow rate (as SO2) lb/h 4.7 4.3 4.7

Total Particulates lb/h 11.3 11.1 11.3

Sulfur Mist as H2SO4 lb/h 2.6 2.4 2.7

Stack CO2 mass flow rate, including Permitting margin lb/h 432000 396000 434000

Stack CO2 rate (per Net Plant CC Power per stack) lb/MWh 836 819 813

The notes page is an integral part of this document and must be reviewed prior to use of this data.
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4 5 6 7 8 9 10 11 12
1 GT @ 100% 

    
1 GT @ 38% load, 

 
1 GT @ 30% load, 

 
1 GT @ 32% load, 

 
1 GT @ 100% 

  
1 GT @ 100% 

  
1 GT @ 100% 

  
1 GT @ 100% 

  
1 GT @ 60% load, 

 

95.8 -0.7 59.0 95.8 -20.0 35.0 59.0 95.8 -0.7

14.350 14.350 14.350 14.350 14.350 14.350 14.350 14.350 14.350

35 60 60 35 60 60 60 35 60

Gas Gas Gas Gas Liquid Liquid Liquid Liquid Liquid

1 0.38 0.3 0.32 1 1 1 1 0.6

On off off off off off off off off

0.0 0.0 0.0 0.0 260.8 266.4 266.4 249.8 151.8

516252 241852 194994 184161 521793 528537 524694 484380 344384

Operating Operating Operating Operating Operating Operating Operating Operating Operating

Operating Operating Operating Operating Operating Operating Operating Operating Operating

21292 21292 21292 21292 18300 18300 18300 18300 18300

23607 23607 23607 23607 20130 20130 20130 20130 20130

16.52 16.52 16.52 16.52 n.a. n.a. n.a. n.a. n.a.

13.1 13.1 13.1 13.1 15.0 15.0 15.0 15.0 15.0

21292 21292 21292 21292 21292 21292 21292 21292 21292

23607 23607 23607 23607 23607 23607 23607 23607 23607

16.52 16.52 16.52 16.52 16.52 16.52 16.52 16.52 16.52

13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1

Off Off Off Off Off Off Off Off Off

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

3459.2 1837.7 1516.3 1470.6 3940.4 3892.8 3848.4 3588.7 2646.6

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.7266 0.7501 0.7445 0.7377 0.7058 0.7001 0.6947 0.6889 0.7147

0.1086 0.1233 0.126 0.1262 0.09819 0.09532 0.09332 0.09369 0.1035

0.008653 0.008932 0.008865 0.008785 0.008406 0.008338 0.008274 0.008205 0.008511

0.1122 0.07808 0.0831 0.09079 0.1243 0.132 0.1391 0.1459 0.1121

0.04381 0.03958 0.03744 0.03641 0.06314 0.06407 0.06444 0.06312 0.06111

28.13 28.46 28.39 28.29 28.27 28.19 28.12 28.03 28.38

194.0 163.1 160.3 166.9 291.5 284.5 280.0 288.3 259.6

5885500 3505200 3050800 3032500 6366300 6181400 6059300 5751100 4436300

102.28 57.353 49.823 50.219 126.51 122.01 119.19 114.76 84.074

79407194 46734196 40781885 40670892 85461030 83198246 81767914 77853532 59317047

2 2 2 2 4 4 4 4 4

25.1 13.3 11.0 10.7 59.6 58.9 58.2 54.3 40.0

0.9 0.9 0.9 0.9 2 2 2 2 2

6.9 3.7 3.0 2.9 18.1 17.9 17.7 16.5 12.2

0.7 0.7 0.7 0.7 2.0 2.0 2.0 2.0 2.0

3.1 1.6 1.3 1.3 10.4 10.3 10.1 9.5 7.0

5 5 5 5 5 5 5 5 5

23.2 12.3 10.2 9.9 27.6 27.2 26.9 25.1 18.5

4.6 2.4 2.0 2.0 7.0 7.0 6.9 6.4 4.7

11.3 9.97 9.72 9.68 48.2 48.2 48.1 47.9 46.8

2.6 1.4 1.1 1.1 4.0 3.9 3.9 3.6 2.7

424000 225000 186000 180000 657000 649000 642000 598000 441000

821 931 953 979 1259 1228 1223 1235 1282
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13 14 15 16 17 18 19 20 21
1 GT @ 50% load, 

 
1 GT @ 50% load, 

 
1 GT @ 100% 

  
1 GT @ 100% 

  
1 GT @ 100% 

    
1 GT @ 100% 

    
1 GT @ 100% 

  
1 GT @ 100% 

    
1 GT @ 100% 

    

59.0 95.8 -20.0 95.8 59.0 95.8 -20.0 59.0 95.8

14.350 14.350 14.350 14.350 14.350 14.350 14.350 14.350 14.350

60 35 60 35 60 35 60 60 35

Liquid Liquid Gas Gas Gas Gas Gas Liquid Liquid

0.5 0.5 1 1 1 1 1 1 1

off off off off On On off On On

120.1 109.8 0.0 0.0 0.0 0.0 0.0 266.4 254.2

293649 267593 626058 572742 630208 612004 627850 533260 515753

Operating Operating Operating Operating Operating Operating Operating Operating Operating

Operating Operating Operating Operating Operating Operating Operating Operating Operating

18300 18300 21292 21292 21292 21292 21292 18300 18300

20130 20130 23607 23607 23607 23607 23607 20130 20130

n.a. n.a. 16.52 16.52 16.52 16.52 16.52 n.a. n.a.

15.0 15.0 13.1 13.1 13.1 13.1 13.1 15.0 15.0

21292 21292 21292 21292 21292 21292 21292 21292 21292

23607 23607 23607 23607 23607 23607 23607 23607 23607

16.52 16.52 16.52 16.52 16.52 16.52 16.52 16.52 16.52

13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1

Off Off Operating Operating Operating Operating Operating Off Off

0.0 0.0 42441.2 34804.6 38413.1 37201.3 42584.9 0.0 0.0

0.0 0.0 99.7 81.7 90.2 87.4 100.0 0.0 0.0

2258.0 2109.7 3523.8 3230.1 3541.1 3459.2 3523.8 3914.6 3824.7

0.0 0.0 1001.9 821.6 906.8 878.2 1005.3 0.0 0.0

0.7113 0.7071 0.738 0.7244 0.7289 0.7184 0.738 0.6938 0.6862

0.103 0.1052 0.08825 0.08783 0.08635 0.0846 0.08816 0.09297 0.09254

0.008471 0.008422 0.008788 0.008626 0.008679 0.008554 0.008788 0.008263 0.008172

0.1163 0.1205 0.1092 0.125 0.1206 0.1335 0.1093 0.1402 0.1496

0.06083 0.05857 0.05561 0.05397 0.05533 0.05478 0.05565 0.06453 0.0634

28.33 28.26 28.26 28.08 28.14 27.99 28.26 28.11 28.00

243.4 251.2 172.8 178.6 176.3 182.2 180.5 281.3 293.8

3795900 3674700 6155800 5635400 6047500 5924500 6155900 6152600 6093500

70.446 69.122 103.01 95.811 102.23 101.6 104.27 121.29 122.65

50841652 49342122 82647962 76167998 81561722 80321905 82651494 83061790 82598636

4 4 2 2 2 2 2 4 4

34.1 31.9 33.3 29.7 32.7 31.8 33.3 59.2 57.8

2 2 1.5 1.5 1.5 1.5 1.5 2 2

10.4 9.7 15.2 13.6 14.9 14.5 15.2 18.0 17.6

2.0 2.0 1.6 1.6 1.6 1.6 1.6 2.0 2.0

6.0 5.6 9.3 8.3 9.1 8.9 9.3 10.3 10.1

5 5 5 5 5 5 5 5 5

15.8 14.8 30.8 27.5 30.2 29.5 30.8 27.4 26.8

4.0 3.8 6.1 5.4 6.0 5.8 6.1 7.0 6.8

46.4 46.3 22.5 20.3 21.5 21.1 22.5 48.2 48.1

2.3 2.1 3.7 3.3 3.7 3.6 3.7 3.9 3.9

377000 352000 560000 501000 550000 536000 560000 653000 638000

1283 1315 894 874 872 876 892 1224 1236

Drawing Number: 
Non-Public

GE Proprietary Information

Page 5

Date: 26-May-2020 Rev. D

By : Mike Boisclair



g GE Power  Renovo Spec. No. T218

Estimated Steady State Emission Notes

HRSG Emission Notes:

1.  Gas turbine(s) and steam plant are in steady-state operation.

2.  Steady State Emissions data above are estimated values based on GE recommended measurements and analysis 
procedures, per GEK 28172.

3.  Reference conditions for exhaust gas SCF are: 68°F, and 14.6959 psia.

4.  Reference conditions for gas fuel SCF are: 60°F, and 14.6959 psia.

5.  SO2 emission values have been estimated by assuming that all the sulfur in the fuel is converted to SO2.

6.  Consistent with previous emission calculations, the SO2 and sulfur mist emission values are based on maximum sulfur 
content of 13.1 ppm (0.4 grains/100 scf) for gas and 15 ppm for liquid fuel.

7.  SO2 and sulfur mist values are margined by 20 % to account for variation in fuel sulfur content and measurement error.

8.  The CO2 estimate derived from the heat rate does not include any margin for measurement errors assuming that the 
compliance will be demonstrated using the heat rate from the performance test  results.  If CO2 compliance is to be 
demonstrated using actual CO2 measurements from the HRSG stack, GE recommends adding 10% margin to the estimated 
values.

9.  Sulfur mist emission calculations conservatively assume that all SO3 combines with water to form  sulfur mist.  In actuality, 
some SO3 may form other chemical species.  This would include ammonium  sulfates in the presence of NH3.  The 
maximum sulfur mist is reported to be conservative. 

10.  The estimated values for heat consumption and exhaust flows are margined in this document to account for equipment 
variations, site operating conditions, and life-cycle operating parameters.The Plant Performance section does not include 
permitting margin, for more information on performance please refer to the Heat Balance.

11.  Distillate oil fuel-bound nitrogen is less than or equal to 0.015 % by weight.

Additional Notes for Particulate Emissions

1.  Particulate Matter estimates over the entire emissions compliance region of GT operation are  based on field data obtained 
at base load for the GT. In reality,  particulate matter emissions  measured in lb/h are expected to decrease at part load 
operation and the lb/MMBTU values at  part load operation are expected not to exceed the lb/MMBTU value for PM at 
baseload.

2.  PM10 and PM2.5 are estimated at the same rate as Total Particulates.

3.  Consistent with previous emission calculations, the PM estimates are based on maximum S content in the fuel of 13.1 ppm 
(0.4 grains/100 scf) for gas fuel and 15 ppm for liquid fuel.

Drawing Number: 
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May 28, 2020 

Renovo Energy Center 

 

Supporting Documentation for Response to Question #9 



Renovo Energy Center - Emergency Generator
Calculation of NOx and CO Emission Limits

40 CFR Part 89 Section E, Appendix B, Table 2
mode 1 2 3 4 5
% 100 75 50 25 10
weighting factor 0.05 0.25 0.3 0.3 0.1

% 100 75 50 25 10 Caterpillar 1500 kW
NOx nominal data (g-hp-hr) 5.48 3.68 3.55 4.87 7.62 Nominal data

total
NOx weighted emissions (g/hp-hr) 0.274 0.92 1.065 1.461 0.762 4.48

% 100 75 50 25 10 Caterpillar 1500 kW
CO nominal data (g-hp-hr) 0.48 0.4 0.81 1.74 3.4 Nominal data

total
CO weighted emissions (g/hp-hr) 0.024 0.1 0.243 0.522 0.34 1.23

5/28/2020

















From: tim.donnelly@powereng.com
To: Waldman, Paul R
Cc: Zaman, Muhammad; Shimmel, David
Subject: [External] RE: Renovo Energy Center Response Letter
Date: Thursday, June 18, 2020 4:32:52 PM

ATTENTION: This email message is from an external sender. Do not open links or
attachments from unknown sources. To report suspicious email, forward the message as an
attachment to CWOPA_SPAM@pa.gov.

Thank you gentlemen, I have conferred with Bechtel and response to both will be forthcoming.  Rick
is reaching out to GE re: ammonia slip, but also pointed out the same GE turbine at Tioga was
permitted at 5 ppm in August 2019 while Hilltop is also at 5 ppm, though permitted in 12/17.
 
Will submit response ASAP, probably next week given need for GE to weigh in. 
 
Thanks again, stay healthy and sane down there!
 

From: Waldman, Paul R <pwaldman@pa.gov> 
Sent: Thursday, June 18, 2020 10:40 AM
To: Donnelly, Tim <tim.donnelly@powereng.com>
Cc: Zaman, Muhammad <mzaman@pa.gov>; Shimmel, David <dshimmel@pa.gov>
Subject: [EXTERNAL] Renovo Energy Center Response Letter
 

CAUTION: This Email is from an EXTERNAL source. STOP. THINK before you CLICK links or OPEN
attachments.

Tim,
 
Thank you for the response letter dated May 28, 2020, to the Department’s technical
deficiency letter dated May 6, 2020.  The Department has reviewed the responses and request
additional information to the following:
 

1. The Department’s review of other combustion turbine engines with duct burners with
the same model number have demonstrated compliance with ammonia slip limitation of
2.0 parts per million (ppm).  Please provide an explanation why Renovo Energy Center
(REC) is requesting a higher limitation of 5.0 ppm than similar configurations that have
demonstrated compliance with the ammonia slip limitation of 2.0 ppm.

 
2. As for the proposed Startup/Shutdown (SUSD), the Department is requesting an

explanation on the discrepancy between the duration of each scenario between REC and
ESC Tioga for the same make and model number.  In addition, please provide an
explanation why REC is proposing a higher number of SUSD as compared to other
similar projects.
 

Review of the plan approval application is pending REC’s responses to the above requested
information.

mailto:tim.donnelly@powereng.com
mailto:pwaldman@pa.gov
mailto:mzaman@pa.gov
mailto:dshimmel@pa.gov


 
Any questions or concerns about the requested information please feel free to contact me at
any time.
 
Sincerely,
Paul Waldman | Project Manager
Department of Environmental Protection | Air Quality Program
North Central Regional Office
208 West Third Street Suite 101 | Williamsport PA 17701
Phone: 570-327-3721 | Fax: 570.327.3420
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July 1, 2020 

 

Mr. Paul Waldman 

Project Manager 

Air Quality Program 

PA DEP Northcentral Regional Office 

208 W. Third Street, Suite 101 

Williamsport, PA  17701-6448 

 

 

Subject:  Renovo Energy Center LLC, Proposed Plan Approval 18-00033B      

 

Dear Mr. Waldman: 

 

On behalf of Renovo Energy Center LLC (REC), POWER Engineers, Inc. is submitting the 

following responses to your email dated June 18, 2020 requesting additional information 

regarding REC’s Plan Approval Application 18-00033B. The requests are shown in italics 

followed by Renovo Energy Center’s response. 

 

 

1. The Department’s review of other combustion turbine engines with duct burners with 

the same model number have demonstrated compliance with ammonia slip limitation 

of 2.0 parts per million (ppm).  Please provide an explanation why Renovo Energy 

Center (REC) is requesting a higher limitation of 5.0 ppm than similar configurations 

that have demonstrated compliance with the ammonia slip limitation of 2.0 ppm.  
 

REC’s proposed ammonia slip limitation of 5.0 ppm is consistent with most 

similar operating equipment configurations.  While the Bridgeport Harbor 

Station’s Unit #5 (BHS) in Connecticut is permitted and currently operating the 

GE 7HA.02 combustion turbine at a 2 ppm NH3 slip limit while firing natural gas, 

BHS’ duct burner is of a significantly smaller size than REC’s (BHS’s maximum 

gross heat input is ~27% of REC’s proposed duct burner heat input). Also, BHS’ 

Unit #5 has operated for less than one full year, thus the long-term viability of the 

2 ppm NH3 slip limitation for this particular combustion turbine has not yet been 

demonstrated.  

 

While it is believed a Selective Catalytic Reduction (SCR) system could be 

designed to meet such an extremely low NH3 slip level, REC’s OEM provider 

(GE) has outlined several reasons that operating an SCR consistently in 

compliance with a 2 ppm NH3 slip limit will be problematic from an equipment 

operations perspective over the life of the equipment (25 – 30 years) including: 
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• Operational flexibility may be significantly compromised/limited.  Given 

the current and forecasted electricity market REC anticipates operational 

flexibility as essential to accommodate daily load swings that may be 

required for regional electrical grid stability. When the combustion turbine 

transitions from baseload to low turndown, the exhaust flow and NOx 

distribution across the catalyst will vary.  The NH3 injection must be 

balanced across the entire operating range to maintain the slip 

requirement.  A slip requirement below 5 ppm NH3 will be difficult to 

maintain during rapid and frequent load changes over the course of 

equipment operating life (typical degradation).      

• The NH3 injection and control system will require fine tuning and be more 

complex to operate to meet the more restrictive ammonia slip 

requirements.  The ammonia injection across the face of the catalyst must 

match the NOx distribution across the catalyst face to effectively limit the 

unreacted ammonia “slip” through the catalyst. While it may be possible to 

meet a stringent 2 ppm NH3 slip limit at the time of commissioning and 

early operation, there is no evidence supporting compliance with such a 

stringent limit over the course of a facility’s commercial life (25 – 30 

years).   

 

GE will only guarantee emissions compliance (including NH3 slip) during 

commissioning and the first year of operation, after which the REC operators will 

have the responsibility and associated liability of maintaining compliance with 

permit limits throughout the commercial life of the units.   

 

In addition to the flexibility and complexity concerns, meeting an NH3 slip limit of 

2 ppm will result in substantial increases in capital and operational costs.  

Operating to meet an NH3 slip level of 2 ppm will shorten the catalyst life as it 

degrades over time and will require changing out the catalyst beds on a more 

frequent schedule.  Catalyst beds are typically changed out during annual 

shutdowns, however with an NH3 slip limit of 2 ppm the catalyst may have to be 

changed out during an unscheduled outage, which may result in significant 

penalties for not being available as well as lost revenue. REC’s commercial life is 

expected to be 25 to 30 years; thus the frequency of catalyst changes will have a 

significant impact on REC’s ability to provide consistent and cost-effective 

electricity into the regional electrical grid.   

 

The ESC Tioga power plant permitted in August 2019 and the Hill Top power 

plant (located in Greene County, PA) permitted in December 2017 include the 

same GE 7HA.02 combustion turbine with a duct burner that is nearly identical in 

size as REC’s, and both of these projects were permitted with an NH3 slip limit of 

5 ppm.  
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Based on the reasons listed above, REC respectfully requests the proposed slip 

limit be approved as submitted. 

  
2. As for the proposed Startup/Shutdown (SUSD), the Department is requesting an 

explanation on the discrepancy between the duration of each scenario between REC 

and ESC Tioga for the same make and model number.  In addition, please provide an 

explanation why REC is proposing a higher number of SUSD as compared to other 

similar projects.  

 

REC is not aware of or privy to the ESC Tioga project’s commercialization or 

anticipated operating strategy so cannot comment on the basis of their requests.   

 

The durations of each SUSD scenario REC is proposing includes an appropriate 

margin on the SUSD durations provided by the original equipment manufacturer 

(GE), in accordance with their recommendation. GE previously provided the 

following justification for the requested margin on the duration limits of SUSD 

events: 

 

“GE provides start durations and associated emission capabilities for the 

Rapid Response designed plant. These values represent the plant capabilities 

during the start event. GE recommends the addition of margin for any 

individual start to provide operational flexibility in the event of any delay 

during an individual start event due to Balance of Plant equipment delays. 

While the GE Rapid Response plants reliably start within the quoted 

capabilities, these are very complex systems and delays can occasionally 

occur during a start event. The flexibility provided by the start margin will 

allow the plant to continue the start sequence for a reasonable period of time 

to resolve a specific equipment issue within the complex plant start sequence 

without the need to abort the start and re-initiate to avoid a violation. An 

aborted start and re-initiation of a start sequence would ultimately lead to 

higher plant emissions.” 

 

Additionally, the input and feedback received from the investment community, 

without whose support the REC Project will not happen, is that the operational 

flexibility enabled by the inclusion of an appropriate number and hours of SUSD 

events is critical to their investment in a CCGT powerplant in the current and 

anticipated future operating environment. Although the plant was originally 

contemplated for baseload dispatch and not as a peaking plant, investors are now 

requiring maximum operational flexibility based on significant changes in the 

electricity market, both during the past decade and expected during the next 

decade(s), as a result of the continuing shift to intermittent renewable energy 

generating capacity.   
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REC also plans to interconnect the units to separate ISOs (one to PJM and one to 

NYISO), each of which could have differing dispatch profiles which in turn could 

lead to additional SUSDs than if both units were dispatched to the same ISO. The 

total number of hours a facility estimates for SUSD is a question of operating 

flexibility, not one of the level of control and should not impact a control 

technology determination for a specific plant.  Again, while it is REC’s preference 

to have a minimal number of SUSD, consideration must be given for potential 

changing electricity market conditions resulting in the units cycling on a regular 

basis. 

 

Please do not hesitate to contact me if you require additional information. 

 

 

Sincerely, 

 

 
 

Tim Donnelly 

 

cc:  David Shimmel, Pennsylvania DEP 

 Muhammad Zaman, Pennsylvania DEP  

 Rick Franzese, Bechtel Development Company  

Bill Bousquet, Innovative Power Solutions, LLC  
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