




Table 1 - Changes Made To Covered Source and Prevention of Significant 
Deterioration Permit Amendment Application for Campbell Industrial Park 

Generating Station SCCTs (CIP1 and CIP2) & Diesel Engine Generators (BSG1 
and BSG2) 

 
January 2005 

 

Document Description 
Form S-1 Page 4, Item 3.  Changed text from “CIP1 and CIP1” to 

“CIP1 and CIP2”. 
 
Page 6, Figure S-1-2.  Changed figure title text from 
“BSG1” to “BSG1 and BSG2”. 
 

Form S-1a Pages 1-21 Changed heat input from 16.9 MMBTU/hr 
to 14.5 MMBTU/hr for blackstart units.  All S-1a pages 
have been included since change impact total emission 
pages also 
 

Form S-2 Page 1, Item I.A.3, Maximum Fuel Usage Table.  
Changed emission unit type from “BSG1” to “BSG1 or 
BSG2”. 

Appendix A - BACT Entire Report Included – The BACT application has been 
updated to reflect the revisions to the proposed project. 
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Responses to Emission Unit Table Instructions for Form S-1 
 

1.  Emission Point Identification Forms S-1, S-1a, & S-1b (attached). 

2.  Process Flow Diagram For simple cycle CIP1 or CIP2, see attached Figure 
S-1-1.  For diesel generator BSG1 or BSG2, see 
attached Figure S-1-2. 

3.  Description of All Emission Points CIP1 and CIP2 are equipped with individual 210-ft 
stacks.  BSG1 and BSG2 has a separate flue 
attached to the CIP1 stack.  All stack heights are less 
than the minimum GEP allowable height of 213 feet.  
Two internal floating roof tanks (Tank1 and Tank2) 
will be used to store either Naphtha or No. 2 Diesel. 

4.  Maximum Emission Rates Forms S-1, S-1a, & S-1b (attached). 

5.  Location Map & Structures See attached Figures S-1-3 (Location Map), S-1-4 
(Detailed Area Map), and S-1-5 (Plot Plans). 

6.  Additional Information All emission rates presented in the Form S-1 
Emissions Units Tables are based on a three-hour 
average. 

Naphtha and/or No. 2 diesel to be used as fuels.  
Emissions rates are based on the maximum rate 
from burring either fuel.  No. 2 diesel is required for 
startup & shutdown. 
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FIGURE S-1-2 
PROCESS FLOW DIAGRAM FOR DIESEL UNIT BSG1 AND BSG2 
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Form S-1a
Air Toxic Emissions for BSG1 or BSG2

SECTION 112 HAZARDOUS AIR POLLUTANTS as of September 2002
Source of Emission Heat

EPA CAS Emission Factor Input Emissions Emissions
ID  # Number Pollutant Factor (lb/MMBtu) (MMBtu/hr) (lb/hr) (tpy)

1 75-07-0 Acetaldehyde AP-42, Section 3.4, Table 3.4-3 2.52E-05 14.5 3.65E-04 9.14E-05
2 60-35-5 Acetamide 14.5
3 75-05-8 Acetonitrile 14.5
4 98-86-2 Acetophenone 14.5
5 53-96-3 2-Acetylaminofluorene 14.5
6 107-02-8 Acrolein AP-42, Section 3.4, Table 3.4-3 7.88E-06 14.5 1.14E-04 2.86E-05
7 79-06-1 Acrylamide 14.5
8 79-10-7 Acrylic acid 14.5
9 107-13-1 Acrylonitrile 14.5

10 107-05-1 Allyl chloride 14.5
11 92-67-1 4-Aminobiphenyl 14.5
12 62-53-3 Aniline 14.5
13 90-04-0 o-Anisidine 14.5
14 1332-21-4 Asbestos 14.5
15 71-43-2 Benzene (including benzene from gasoline) AP-42, Section 3.4, Table 3.4-3 7.76E-04 14.5 1.13E-02 2.81E-03
16 92-87-5 Benzidine 14.5
17 98-07-7 Benzotrichloride 14.5
18 100-44-7 Benzyl chloride 14.5
19 92-52-4 Biphenyl 14.5
20 117-81-7 Bis(2-ethylhexyl)phthalate (DEHP) 14.5
21 542-88-1 Bis(chloromethyl) ether 14.5
22 75-25-2 Bromoform 14.5
23 106-99-0 1,3-Butadiene AP-42, Section 3.1, Table 3.1-4 1.60E-05 14.5 2.32E-04 5.80E-05
24 156-62-7 Calcium cyanamide 14.5
25 105-60-2 Caprolactam (Removed 06/18/96, See 61FR30816) 14.5
26 133-06-2 Captan 14.5
27 63-25-2 Carbaryl 14.5
28 75-15-0 Carbon disulfide 14.5
29 56-23-5 Carbon tetrachloride 14.5
30 463-58-1 Carbonyl sulfide 14.5
31 120-80-9 Catechol 14.5
32 133-90-4 Chloramben 14.5
33 57-74-9 Chlordane 14.5
34 7782-50-5 Chlorine 14.5
35 79-11-8 Chloroacetic acid 14.5
36 532-27-4 2-Chloroacetophenone 14.5
37 108-90-7 Chlorobenzene 14.5
38 510-15-6 Chlorobenzilate 14.5
39 67-66-3 Chloroform 14.5
40 107-30-2 Chloromethyl methyl ether 14.5
41 126-99-8 Chloroprene 14.5
42 1319-77-3 Cresol/Cresylic acid(mixed isomers) 14.5
43 95-48-7 o-Cresol 14.5
44 108-39-4 m-Cresol 14.5
45 106-44-5 p-Cresol 14.5
46 98-82-8 Cumene 14.5

47
2,4-D(2,4-Dichlorophenoxyacetic Acid)
(including salts and esters) 14.5

48 72-55-9 DDE(1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene) 14.5
49 334-88-3 Diazomethane 14.5
50 132-64-9 Dibenzofuran 14.5
51 96-12-8 1,2-Dibromo-3-chloropropane 14.5
52 84-74-2 Dibutyl phthalate 14.5
53 106-46-7 1,4-Dichlorobenzene 14.5
54 91-94-1         Dichlorobenzidine 14.5
55 111-44-4 Dichloroethyl ether(Bis[2-chloroethyl]ether) 14.5
56 542-75-6 1,3-Dichloropropene 14.5
57 62-73-7 Dichlorvos 14.5
58 111-42-2 Diethanolamine 14.5
59 64-67-5 Diethyl sulfate 14.5
60 119-90-4 3,3'-Dimethoxybenzidine 14.5
61 60-11-7 4-Dimethylaminoazobenzene 14.5
62 121-69-7 N,N-Dimethylaniline 14.5
63 119-93-7 3,3'-Dimethylbenzidine 14.5
64 79-44-7 Dimethylcarbamoyl chloride 14.5
65 68-12-2 N,N-Dimethylformamide 14.5
66 57-14-7 1,1-Dimethylhydrazine 14.5
67 131-11-3 Dimethyl phthalate 14.5
68 77-78-1 Dimethyl sulfate 14.5
69 4,6-Dinitro-o-cresol (including salts) 14.5
70 51-28-5 2,4-Dinitrophenol 14.5
71 121-14-2 2,4-Dinitrotoluene 14.5
72 123-91-1 1,4-Dioxane (1,4-Diethyleneoxide) 14.5
73 122-66-7 1,2-Diphenylhydrazine 14.5
74 106-89-8 Epichlorohydrin (l-Chloro-2,3-epoxypropane) 14.5
75 106-88-7 1,2-Epoxybutane 14.5

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 500 hrs/yr of operation.
Campbell Industrial Park Generating Station - Initial CSP Application 
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Form S-1a
Air Toxic Emissions for BSG1 or BSG2

SECTION 112 HAZARDOUS AIR POLLUTANTS as of September 2002
Source of Emission Heat

EPA CAS Emission Factor Input Emissions Emissions
ID  # Number Pollutant Factor (lb/MMBtu) (MMBtu/hr) (lb/hr) (tpy)

76 140-88-5 Ethyl acrylate 14.5
77 100-41-4 Ethylbenzene 14.5
78 51-79-6 Ethyl carbamate (Urethane) 14.5
79 75-00-3         Ethyl chloride (Chloroethane) 14.5
80 106-93-4 Ethylene dibromide (Dibromoethane) 14.5
81 107-06-2 Ethylene dichloride (1,2-Dichloroethane) 14.5
82 107-21-1 Ethylene glycol 14.5
83 151-56-4 Ethyleneimine (Aziridine) 14.5
84 75-21-8 Ethylene oxide 14.5
85 96-45-7 Ethylene thiourea 14.5
86 75-34-3 Ethylidene dichloride (1,1-Dichloroethane) 14.5
87 50-00-0 Formaldehyde AP-42, Section 3.4, Table 3.4-3 7.89E-05 14.5 1.14E-03 2.86E-04
88 76-44-8 Heptachlor 14.5
89 118-74-1 Hexachlorobenzene 14.5
90 87-68-3 Hexachlorobutadiene 14.5

91
1,2,3,4,5,6-Hexachlorocyclyhexane
(all stereo isomers including lindane) 14.5

92 77-47-4 Hexachlorocyclopentadiene 14.5
93 67-72-1 Hexachloroethane 14.5
94 822-06-0 Hexamethylene diisocyanate 14.5
95 680-31-9 Hexamethylphosphoramide 14.5
96 110-54-3 Hexane 14.5
97 302-01-2 Hydrazine 14.5
98 7647-01-0 Hydrochloric acid (Hydrogen chloride [gas only]) 14.5
99 7664-39-3 Hydrogen fluoride (Hydrofluoric acid) 14.5

100 123-31-9 Hydroquinone 14.5
101 78-59-1         Isophorone 14.5
102 108-31-6 Maleic anhydride 14.5
103 67-56-1 Methanol 14.5
104 72-43-5 Methoxychlor 14.5
105 74-83-9 Methyl bromide (Bromomethane) 14.5
106 74-87-3 Methyl chloride(Chloromethane) 14.5
107 71-55-6 Methyl chloroform(1,1,1-Trichloroethane) 14.5
108 78-93-3 Methyl ethyl ketone (2-Butanone) 14.5
109 60-34-4 Methylhydrazine 14.5
110 74-88-4 Methyl iodide (Iodomethane) 14.5
111 108-10-1 Methyl isobutyl ketone(Hexone) 14.5
112 624-83-9 Methyl isocyanate 14.5
113 80-62-6 Methyl methacrylate 14.5
114 1634-04-4 Methyl tert-butyl ether 14.5
115 101-14-4 4,4'-Methylenebis(2-chloroaniline) 14.5
116 75-09-2 Methylene chloride(Dichloromethane) 14.5
117 101-68-8 4,4'-Methylenediphenyl diisocyanate(MDI) 14.5
118 101-77-9 4,4'-Methylenedianiline 14.5
119 91-20-3 Naphthalene AP-42, Section 3.4, Table 3.4-4 1.30E-04 14.5 1.89E-03 4.71E-04
120 98-95-3 Nitrobenzene 14.5
121 92-93-3 4-Nitrobiphenyl 14.5
122 100-02-7 4-Nitrophenol 14.5
123 79-46-9 2-Nitropropane 14.5
124 684-93-5 N-Nitroso-N-methylurea 14.5
125 62-75-9 N-Nitrosodimethylamine 14.5
126 59-89-2 N-Nitrosomorpholine 14.5
127 56-38-2 Parathion 14.5
128 82-68-8 Pentachloronitrobenzene(Quintobenzene) 14.5
129 87-86-5 Pentachlorophenol 14.5
130 108-95-2 Phenol 14.5
131 106-50-3 p-Phenylenediamine 14.5
132 75-44-5 Phosgene 14.5
133 7803-51-2 Phosphine 14.5
134 7723-14-0 Phosphorus 14.5
135 85-44-9 Phthalic anhydride 14.5
136 1336-36-3 Polychlorinated biphenyls(Aroclors) 14.5
137 1120-71-4 1,3-Propane sultone 14.5
138 57-57-8 beta-Propiolactone 14.5
139 123-38-6 Propionaldehyde 14.5
140 114-26-1 Propoxur (Baygon) 14.5
141 78-87-5 Propylene dichloride (1,2-Dichloropropane) 14.5
142 75-56-9 Propylene oxide 14.5
143 75-55-8 1,2-Propylenimine (2-Methylaziridine) 14.5
144 91-22-5 Quinoline 14.5
145 106-51-4 Quinone(p-Benzoquinone) 14.5
146 100-42-5 Styrene 14.5
147 96-09-3 Styrene oxide 14.5
148 1746-01-6 2,3,7,8-Tetrachlorodibenzo-p-dioxin 14.5
149 79-34-5 1,1,2,2-Tetrachloroethane 14.5
150 127-18-4 Tetrachloroethylene(Perchloroethylene) 14.5

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 500 hrs/yr of operation.
Campbell Industrial Park Generating Station - Initial CSP Application 
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Form S-1a
Air Toxic Emissions for BSG1 or BSG2

SECTION 112 HAZARDOUS AIR POLLUTANTS as of September 2002
Source of Emission Heat

EPA CAS Emission Factor Input Emissions Emissions
ID  # Number Pollutant Factor (lb/MMBtu) (MMBtu/hr) (lb/hr) (tpy)

151 7550-45-0 Titanium tetrachloride 14.5
152 108-88-3 Toluene AP-42, Section 3.4, Table 3.4-3 2.81E-04 14.5 4.07E-03 1.02E-03
153 95-80-7 Toluene-2,4-diamine 14.5
154 584-84-9 2,4-Toluene diisocyanate 14.5
155 95-53-4 o-Toluidine 14.5
156 8001-35-2 Toxaphene (chlorinated camphene) 14.5
157 120-82-1 1,2,4-Trichlorobenzene 14.5
158 79-00-5 1,1,2-Trichloroethane 14.5
159 79-01-6 Trichloroethylene 14.5
160 95-95-4 2,4,5-Trichlorophenol 14.5
161 88-06-2 2,4,6-Trichlorophenol 14.5
162 121-44-8 Triethylamine 14.5
163 1582-09-8 Trifluralin 14.5
164 540-84-1 2,2,4-Trimethylpentane 14.5
165 108-05-4 Vinyl acetate 14.5
166 593-60-2 Vinyl bromide 14.5
167 75-01-4 Vinyl chloride 14.5
168 75-35-4 Vinylidene chloride (1,1-Dichloroethylene) 14.5
169 1330-20-7 Xylene (mixed isomers) AP-42, Section 3.4, Table 3.4-3 1.93E-04 14.5 2.80E-03 7.00E-04
170 95-47-6 o-Xylene 14.5
171 108-38-3 m-Xylene 14.5
172 106-42-3 p-Xylene 14.5
173 Antimony Compounds 14.5
174 Arsenic Compounds (inorganic including arsine) AP-42, Section 3.1, Table 3.1-5 1.10E-05 14.5 1.60E-04 3.99E-05
175 Beryllium Compounds 04/11/85 Fuel Analysis, 0.003 ppm 1.51E-07 14.5 2.19E-06 5.47E-07
176 Cadmium Compounds AP-42, Section 3.1, Table 3.1-5 4.80E-06 14.5 6.96E-05 1.74E-05
177 Chromium Compounds AP-42, Section 3.1, Table 3.1-5 1.10E-05 14.5 1.60E-04 3.99E-05
178 Cobalt Compounds 14.5
179 Coke Oven Emissions 14.5
180 Cyanide Compounds1 14.5
181 Glycol ethers2 14.5
182 Lead Compounds AP-42, Section 3.1, Table 3.1-5 1.40E-05 14.5 2.03E-04 5.08E-05
183 Manganese Compounds AP-42, Section 3.1, Table 3.1-5 7.90E-04 14.5 1.15E-02 2.86E-03
184 Mercury Compounds AP-42, Section 3.1, Table 3.1-5 1.20E-06 14.5 1.74E-05 4.35E-06
185 Fine mineral fibers3 14.5
186 Nickel Compounds AP-42, Section 3.1, Table 3.1-5 4.60E-06 14.5 6.67E-05 1.67E-05
187 Polycyclic Organic Matter4 AP-42, Section 3.4, Table 3.4-4 2.12E-04 14.5 3.07E-03 7.69E-04
188 Radionuclides (including radon)5 14.5
189 Selenium Compounds AP-42, Section 3.1, Table 3.1-5 2.50E-05 14.5 3.63E-04 9.06E-05

      Total  3.74E-02 9.36E-03
         

NOTE:  For all listings above which contain the word "compounds" and for glycol ethers, the following applies:  
Unless otherwise specified, these listings are defined as including any unique chemical substance
 that contains the named chemical (i.e., antimony, arsenic, etc.) as part of that chemical's infrastructure. 

   
1.  X'CN where X = H' or any other group where a formal dissociation may occur.  For example, KCN or Ca(CN)2.

2.  R-(OCH2CH2)n-OR'
where:       n = 1, 2, or 3  
      R = alkyl C7 or less
      or R = phenyl or alkyl substituted phenyl
      R' = H, or alkyl C7 or less
      or   ester, sulfate, phosphate, nitrate, sulfonate
 
3.  Includes mineral fiber emissions from facilities manufacturing or processing glass, rock, or slag fibers (or other mineral derived
fibers) of average diameter 1 micrometer or less.
 
4.  Includes substituted and/or unsubstituted polycyclic aromatic hydrocarbons and aromatic heterocyclic compounds, with two or more
fused rings, at least one of which is benzenoid (i.e., containing six carbon atoms and is aromatic) in structure.  Polycyclic Organic
Matter is a mixture of organic compounds containing one or more of these polycyclic aromatic chemicals.  Polycyclic Organic Matter
is generally formed or emitted during thermal processes including (1) incomplete combustion, (2) pyrolysis, (3) the volatilization,
distillation or processing of fossil fuels or bitumens, or (4) the distillation or thermal processing of non-fossil fuels.  The
Administrator may delineate, by test method, what is included in polycyclic organic matter.  

5.  A type of atom which spontaneously undergoes radioactive decay.

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 500 hrs/yr of operation.
Campbell Industrial Park Generating Station - Initial CSP Application 
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Form S-1a
Air Toxic Emissions for Siemens SCCT (CIP1 or CIP2)

SECTION 112 HAZARDOUS AIR POLLUTANTS
Source of Emission Heat Heat

EPA CAS Emission Factor Input Input Emissions Emissions
ID  # Number Pollutant Factor (lb/MMBtu) (MMBtu/hr) (MMBtu/yr) (lb/hr) (tpy)

1 75-07-0 Acetaldehyde AP-42, Section 3.4, Table 3.4-3 2.52E-05 1482.6 1.24E+07 3.74E-02 1.56E-01
2 60-35-5 Acetamide 1482.6 1.24E+07
3 75-05-8 Acetonitrile 1482.6 1.24E+07
4 98-86-2 Acetophenone 1482.6 1.24E+07
5 53-96-3 2-Acetylaminofluorene 1482.6 1.24E+07
6 107-02-8 Acrolein AP-42, Section 3.4, Table 3.4-3 7.88E-06 1482.6 1.24E+07 1.17E-02 4.89E-02
7 79-06-1 Acrylamide 1482.6 1.24E+07
8 79-10-7 Acrylic acid 1482.6 1.24E+07
9 107-13-1 Acrylonitrile 1482.6 1.24E+07

10 107-05-1 Allyl chloride 1482.6 1.24E+07
11 92-67-1 4-Aminobiphenyl 1482.6 1.24E+07
12 62-53-3 Aniline 1482.6 1.24E+07
13 90-04-0 o-Anisidine 1482.6 1.24E+07
14 1332-21-4 Asbestos 1482.6 1.24E+07
15 71-43-2 Benzene (including benzene from gasoline) AP-42, Section 3.1, Table 3.1-4 5.50E-05 1482.6 1.24E+07 8.15E-02 3.41E-01
16 92-87-5 Benzidine 1482.6 1.24E+07
17 98-07-7 Benzotrichloride 1482.6 1.24E+07
18 100-44-7 Benzyl chloride 1482.6 1.24E+07
19 92-52-4 Biphenyl 1482.6 1.24E+07
20 117-81-7 Bis(2-ethylhexyl)phthalate (DEHP) 1482.6 1.24E+07
21 542-88-1 Bis(chloromethyl) ether 1482.6 1.24E+07
22 75-25-2 Bromoform 1482.6 1.24E+07
23 106-99-0 1,3-Butadiene AP-42, Section 3.1, Table 3.1-4 1.60E-05 1482.6 1.24E+07 2.37E-02 9.92E-02
24 156-62-7 Calcium cyanamide 1482.6 1.24E+07
25 105-60-2 Caprolactam (Removed 06/18/96, See 61FR30816) 1482.6 1.24E+07
26 133-06-2 Captan 1482.6 1.24E+07
27 63-25-2 Carbaryl 1482.6 1.24E+07
28 75-15-0 Carbon disulfide 1482.6 1.24E+07
29 56-23-5 Carbon tetrachloride 1482.6 1.24E+07
30 463-58-1 Carbonyl sulfide 1482.6 1.24E+07
31 120-80-9 Catechol 1482.6 1.24E+07
32 133-90-4 Chloramben 1482.6 1.24E+07
33 57-74-9 Chlordane 1482.6 1.24E+07
34 7782-50-5 Chlorine 1482.6 1.24E+07
35 79-11-8 Chloroacetic acid 1482.6 1.24E+07
36 532-27-4 2-Chloroacetophenone 1482.6 1.24E+07
37 108-90-7 Chlorobenzene 1482.6 1.24E+07
38 510-15-6 Chlorobenzilate 1482.6 1.24E+07
39 67-66-3 Chloroform 1482.6 1.24E+07
40 107-30-2 Chloromethyl methyl ether 1482.6 1.24E+07
41 126-99-8 Chloroprene 1482.6 1.24E+07
42 1319-77-3 Cresol/Cresylic acid(mixed isomers) 1482.6 1.24E+07
43 95-48-7 o-Cresol 1482.6 1.24E+07
44 108-39-4 m-Cresol 1482.6 1.24E+07
45 106-44-5 p-Cresol 1482.6 1.24E+07
46 98-82-8 Cumene 1482.6 1.24E+07

47
2,4-D(2,4-Dichlorophenoxyacetic Acid)
(including salts and esters) 1482.6 1.24E+07

48 72-55-9 DDE(1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene) 1482.6 1.24E+07
49 334-88-3 Diazomethane 1482.6 1.24E+07
50 132-64-9 Dibenzofuran 1482.6 1.24E+07
51 96-12-8 1,2-Dibromo-3-chloropropane 1482.6 1.24E+07
52 84-74-2 Dibutyl phthalate 1482.6 1.24E+07
53 106-46-7 1,4-Dichlorobenzene 1482.6 1.24E+07
54 91-94-1         Dichlorobenzidine 1482.6 1.24E+07
55 111-44-4 Dichloroethyl ether(Bis[2-chloroethyl]ether) 1482.6 1.24E+07
56 542-75-6 1,3-Dichloropropene 1482.6 1.24E+07
57 62-73-7 Dichlorvos 1482.6 1.24E+07
58 111-42-2 Diethanolamine 1482.6 1.24E+07
59 64-67-5 Diethyl sulfate 1482.6 1.24E+07
60 119-90-4 3,3'-Dimethoxybenzidine 1482.6 1.24E+07
61 60-11-7 4-Dimethylaminoazobenzene 1482.6 1.24E+07
62 121-69-7 N,N-Dimethylaniline 1482.6 1.24E+07
63 119-93-7 3,3'-Dimethylbenzidine 1482.6 1.24E+07
64 79-44-7 Dimethylcarbamoyl chloride 1482.6 1.24E+07
65 68-12-2 N,N-Dimethylformamide 1482.6 1.24E+07
66 57-14-7 1,1-Dimethylhydrazine 1482.6 1.24E+07
67 131-11-3 Dimethyl phthalate 1482.6 1.24E+07
68 77-78-1 Dimethyl sulfate 1482.6 1.24E+07
69 4,6-Dinitro-o-cresol (including salts) 1482.6 1.24E+07
70 51-28-5 2,4-Dinitrophenol 1482.6 1.24E+07
71 121-14-2 2,4-Dinitrotoluene 1482.6 1.24E+07
72 123-91-1 1,4-Dioxane (1,4-Diethyleneoxide) 1482.6 1.24E+07
73 122-66-7 1,2-Diphenylhydrazine 1482.6 1.24E+07
74 106-89-8 Epichlorohydrin (l-Chloro-2,3-epoxypropane) 1482.6 1.24E+07
75 106-88-7 1,2-Epoxybutane 1482.6 1.24E+07

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation at Base Load.
Campbell Industrial Park Generating Station - Initial CSP Application 
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Form S-1a
Air Toxic Emissions for Siemens SCCT (CIP1 or CIP2)

SECTION 112 HAZARDOUS AIR POLLUTANTS
Source of Emission Heat Heat

EPA CAS Emission Factor Input Input Emissions Emissions
ID  # Number Pollutant Factor (lb/MMBtu) (MMBtu/hr) (MMBtu/yr) (lb/hr) (tpy)

76 140-88-5 Ethyl acrylate 1482.6 1.24E+07
77 100-41-4 Ethylbenzene 1482.6 1.24E+07
78 51-79-6 Ethyl carbamate (Urethane) 1482.6 1.24E+07
79 75-00-3         Ethyl chloride (Chloroethane) 1482.6 1.24E+07
80 106-93-4 Ethylene dibromide (Dibromoethane) 1482.6 1.24E+07
81 107-06-2 Ethylene dichloride (1,2-Dichloroethane) 1482.6 1.24E+07
82 107-21-1 Ethylene glycol 1482.6 1.24E+07
83 151-56-4 Ethyleneimine (Aziridine) 1482.6 1.24E+07
84 75-21-8 Ethylene oxide 1482.6 1.24E+07
85 96-45-7 Ethylene thiourea 1482.6 1.24E+07
86 75-34-3 Ethylidene dichloride (1,1-Dichloroethane) 1482.6 1.24E+07
87 50-00-0 Formaldehyde AP-42, Section 3.1, Table 3.1-4 2.80E-04 1482.6 1.24E+07 4.15E-01 1.74E+00
88 76-44-8 Heptachlor 1482.6 1.24E+07
89 118-74-1 Hexachlorobenzene 1482.6 1.24E+07
90 87-68-3 Hexachlorobutadiene 1482.6 1.24E+07

91
1,2,3,4,5,6-Hexachlorocyclyhexane
(all stereo isomers including lindane) 1482.6 1.24E+07

92 77-47-4 Hexachlorocyclopentadiene 1482.6 1.24E+07
93 67-72-1 Hexachloroethane 1482.6 1.24E+07
94 822-06-0 Hexamethylene diisocyanate 1482.6 1.24E+07
95 680-31-9 Hexamethylphosphoramide 1482.6 1.24E+07
96 110-54-3 Hexane 1482.6 1.24E+07
97 302-01-2 Hydrazine 1482.6 1.24E+07
98 7647-01-0 Hydrochloric acid (Hydrogen chloride [gas only]) 1482.6 1.24E+07
99 7664-39-3 Hydrogen fluoride (Hydrofluoric acid) 1482.6 1.24E+07

100 123-31-9 Hydroquinone 1482.6 1.24E+07
101 78-59-1         Isophorone 1482.6 1.24E+07
102 108-31-6 Maleic anhydride 1482.6 1.24E+07
103 67-56-1 Methanol 1482.6 1.24E+07
104 72-43-5 Methoxychlor 1482.6 1.24E+07
105 74-83-9 Methyl bromide (Bromomethane) 1482.6 1.24E+07
106 74-87-3 Methyl chloride(Chloromethane) 1482.6 1.24E+07
107 71-55-6 Methyl chloroform(1,1,1-Trichloroethane) 1482.6 1.24E+07
108 78-93-3 Methyl ethyl ketone (2-Butanone) 1482.6 1.24E+07
109 60-34-4 Methylhydrazine 1482.6 1.24E+07
110 74-88-4 Methyl iodide (Iodomethane) 1482.6 1.24E+07
111 108-10-1 Methyl isobutyl ketone(Hexone) 1482.6 1.24E+07
112 624-83-9 Methyl isocyanate 1482.6 1.24E+07
113 80-62-6 Methyl methacrylate 1482.6 1.24E+07
114 1634-04-4 Methyl tert-butyl ether 1482.6 1.24E+07
115 101-14-4 4,4'-Methylenebis(2-chloroaniline) 1482.6 1.24E+07
116 75-09-2 Methylene chloride(Dichloromethane) 1482.6 1.24E+07
117 101-68-8 4,4'-Methylenediphenyl diisocyanate(MDI) 1482.6 1.24E+07
118 101-77-9 4,4'-Methylenedianiline 1482.6 1.24E+07
119 91-20-3 Naphthalene AP-42, Section 3.1, Table 3.1-4 3.50E-05 1482.6 1.24E+07 5.19E-02 2.17E-01
120 98-95-3 Nitrobenzene 1482.6 1.24E+07
121 92-93-3 4-Nitrobiphenyl 1482.6 1.24E+07
122 100-02-7 4-Nitrophenol 1482.6 1.24E+07
123 79-46-9 2-Nitropropane 1482.6 1.24E+07
124 684-93-5 N-Nitroso-N-methylurea 1482.6 1.24E+07
125 62-75-9 N-Nitrosodimethylamine 1482.6 1.24E+07
126 59-89-2 N-Nitrosomorpholine 1482.6 1.24E+07
127 56-38-2 Parathion 1482.6 1.24E+07
128 82-68-8 Pentachloronitrobenzene(Quintobenzene) 1482.6 1.24E+07
129 87-86-5 Pentachlorophenol 1482.6 1.24E+07
130 108-95-2 Phenol 1482.6 1.24E+07
131 106-50-3 p-Phenylenediamine 1482.6 1.24E+07
132 75-44-5 Phosgene 1482.6 1.24E+07
133 7803-51-2 Phosphine 1482.6 1.24E+07
134 7723-14-0 Phosphorus 1482.6 1.24E+07
135 85-44-9 Phthalic anhydride 1482.6 1.24E+07
136 1336-36-3 Polychlorinated biphenyls(Aroclors) 1482.6 1.24E+07
137 1120-71-4 1,3-Propane sultone 1482.6 1.24E+07
138 57-57-8 beta-Propiolactone 1482.6 1.24E+07
139 123-38-6 Propionaldehyde 1482.6 1.24E+07
140 114-26-1 Propoxur (Baygon) 1482.6 1.24E+07
141 78-87-5 Propylene dichloride (1,2-Dichloropropane) 1482.6 1.24E+07
142 75-56-9 Propylene oxide 1482.6 1.24E+07
143 75-55-8 1,2-Propylenimine (2-Methylaziridine) 1482.6 1.24E+07
144 91-22-5 Quinoline 1482.6 1.24E+07
145 106-51-4 Quinone(p-Benzoquinone) 1482.6 1.24E+07
146 100-42-5 Styrene 1482.6 1.24E+07
147 96-09-3 Styrene oxide 1482.6 1.24E+07
148 1746-01-6 2,3,7,8-Tetrachlorodibenzo-p-dioxin 1482.6 1.24E+07
149 79-34-5 1,1,2,2-Tetrachloroethane 1482.6 1.24E+07
150 127-18-4 Tetrachloroethylene(Perchloroethylene) 1482.6 1.24E+07

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation at Base Load.
Campbell Industrial Park Generating Station - Initial CSP Application 
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Form S-1a
Air Toxic Emissions for Siemens SCCT (CIP1 or CIP2)

SECTION 112 HAZARDOUS AIR POLLUTANTS
Source of Emission Heat Heat

EPA CAS Emission Factor Input Input Emissions Emissions
ID  # Number Pollutant Factor (lb/MMBtu) (MMBtu/hr) (MMBtu/yr) (lb/hr) (tpy)

151 7550-45-0 Titanium tetrachloride 1482.6 1.24E+07
152 108-88-3 Toluene AP-42, Section 3.4, Table 3.4-3 2.81E-04 1482.6 1.24E+07 4.17E-01 1.74E+00
153 95-80-7 Toluene-2,4-diamine 1482.6 1.24E+07
154 584-84-9 2,4-Toluene diisocyanate 1482.6 1.24E+07
155 95-53-4 o-Toluidine 1482.6 1.24E+07
156 8001-35-2 Toxaphene (chlorinated camphene) 1482.6 1.24E+07
157 120-82-1 1,2,4-Trichlorobenzene 1482.6 1.24E+07
158 79-00-5 1,1,2-Trichloroethane 1482.6 1.24E+07
159 79-01-6 Trichloroethylene 1482.6 1.24E+07
160 95-95-4 2,4,5-Trichlorophenol 1482.6 1.24E+07
161 88-06-2 2,4,6-Trichlorophenol 1482.6 1.24E+07
162 121-44-8 Triethylamine 1482.6 1.24E+07
163 1582-09-8 Trifluralin 1482.6 1.24E+07
164 540-84-1 2,2,4-Trimethylpentane 1482.6 1.24E+07
165 108-05-4 Vinyl acetate 1482.6 1.24E+07
166 593-60-2 Vinyl bromide 1482.6 1.24E+07
167 75-01-4 Vinyl chloride 1482.6 1.24E+07
168 75-35-4 Vinylidene chloride (1,1-Dichloroethylene) 1482.6 1.24E+07
169 1330-20-7 Xylene (mixed isomers) AP-42, Section 3.4, Table 3.4-3 1.93E-04 1482.6 1.24E+07 2.86E-01 1.20E+00
170 95-47-6 o-Xylene 1482.6 1.24E+07
171 108-38-3 m-Xylene 1482.6 1.24E+07
172 106-42-3 p-Xylene 1482.6 1.24E+07
173 Antimony Compounds 1482.6 1.24E+07
174 Arsenic Compounds (inorganic including arsine) AP-42, Section 3.1, Table 3.1-5 1.10E-05 1482.6 1.24E+07 1.63E-02 6.82E-02
175 Beryllium Compounds 04/11/85 Fuel Analysis, 0.003 ppm 1.51E-07 1482.6 1.24E+07 2.24E-04 9.36E-04
176 Cadmium Compounds AP-42, Section 3.1, Table 3.1-5 4.80E-06 1482.6 1.24E+07 7.12E-03 2.98E-02
177 Chromium Compounds AP-42, Section 3.1, Table 3.1-5 1.10E-05 1482.6 1.24E+07 1.63E-02 6.82E-02
178 Cobalt Compounds 1482.6 1.24E+07
179 Coke Oven Emissions 1482.6 1.24E+07
180 Cyanide Compounds1 1482.6 1.24E+07
181 Glycol ethers2 1482.6 1.24E+07
182 Lead Compounds AP-42, Section 3.1, Table 3.1-5 1.40E-05 1482.6 1.24E+07 2.08E-02 8.68E-02
183 Manganese Compounds AP-42, Section 3.1, Table 3.1-5 7.90E-04 1482.6 1.24E+07 1.17E+00 4.90E+00
184 Mercury Compounds AP-42, Section 3.1, Table 3.1-5 1.20E-06 1482.6 1.24E+07 1.78E-03 7.44E-03
185 Fine mineral fibers3 1482.6 1.24E+07
186 Nickel Compounds AP-42, Section 3.1, Table 3.1-5 4.60E-06 1482.6 1.24E+07 6.82E-03 2.85E-02
187 Polycyclic Organic Matter4 AP-42, Section 3.1, Table 3.1-4 4.00E-05 1482.6 1.24E+07 5.93E-02 2.48E-01
188 Radionuclides (including radon)5 1482.6 1.24E+07
189 Selenium Compounds AP-42, Section 3.1, Table 3.1-5 2.50E-05 1482.6 1.24E+07 3.71E-02 1.55E-01

      Total  2.66 11.1
         

NOTE:  For all listings above which contain the word "compounds" and for glycol ethers, the following applies:  
Unless otherwise specified, these listings are defined as including any unique chemical substance
 that contains the named chemical (i.e., antimony, arsenic, etc.) as part of that chemical's infrastructure. 

   
1.  X'CN where X = H' or any other group where a formal dissociation may occur.  For example, KCN or Ca(CN)2.

2.  R-(OCH2CH2)n-OR'
where:       n = 1, 2, or 3  
      R = alkyl C7 or less
      or R = phenyl or alkyl substituted phenyl
      R' = H, or alkyl C7 or less
      or   ester, sulfate, phosphate, nitrate, sulfonate
 
3.  Includes mineral fiber emissions from facilities manufacturing or processing glass, rock, or slag fibers (or other mineral derived
fibers) of average diameter 1 micrometer or less.
 
4.  Includes substituted and/or unsubstituted polycyclic aromatic hydrocarbons and aromatic heterocyclic compounds, with two or more
fused rings, at least one of which is benzenoid (i.e., containing six carbon atoms and is aromatic) in structure.  Polycyclic Organic
Matter is a mixture of organic compounds containing one or more of these polycyclic aromatic chemicals.  Polycyclic Organic Matter
is generally formed or emitted during thermal processes including (1) incomplete combustion, (2) pyrolysis, (3) the volatilization,
distillation or processing of fossil fuels or bitumens, or (4) the distillation or thermal processing of non-fossil fuels.  The
Administrator may delineate, by test method, what is included in polycyclic organic matter.  

5.  A type of atom which spontaneously undergoes radioactive decay.

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation at Base Load.
Campbell Industrial Park Generating Station - Initial CSP Application 
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Form S-1a
Total Air Toxic Emissions (Siemens Scenario)

SECTION 112 HAZARDOUS AIR POLLUTANTS
CIP1 CIP2 BSG1 BSG2 Total

EPA CAS Emissions Emissions Emissions Emissions Emissions
ID  # Number Pollutant (tpy) (tpy) (tpy) (tpy) (tpy)

1 75-07-0 Acetaldehyde 1.56E-01 1.56E-01 9.14E-05 9.14E-05 0.31
2 60-35-5 Acetamide
3 75-05-8 Acetonitrile
4 98-86-2 Acetophenone
5 53-96-3 2-Acetylaminofluorene
6 107-02-8 Acrolein 4.89E-02 4.89E-02 2.86E-05 2.86E-05 0.10
7 79-06-1 Acrylamide
8 79-10-7 Acrylic acid
9 107-13-1 Acrylonitrile

10 107-05-1 Allyl chloride
11 92-67-1 4-Aminobiphenyl
12 62-53-3 Aniline
13 90-04-0 o-Anisidine
14 1332-21-4 Asbestos
15 71-43-2 Benzene (including benzene from gasoline) 3.41E-01 3.41E-01 2.81E-03 2.81E-03 0.69
16 92-87-5 Benzidine
17 98-07-7 Benzotrichloride
18 100-44-7 Benzyl chloride
19 92-52-4 Biphenyl
20 117-81-7 Bis(2-ethylhexyl)phthalate (DEHP)
21 542-88-1 Bis(chloromethyl) ether
22 75-25-2 Bromoform
23 106-99-0 1,3-Butadiene 9.92E-02 9.92E-02 5.80E-05 5.80E-05 0.20
24 156-62-7 Calcium cyanamide
25 105-60-2 Caprolactam (Removed 06/18/96, See 61FR30816)
26 133-06-2 Captan
27 63-25-2 Carbaryl
28 75-15-0 Carbon disulfide
29 56-23-5 Carbon tetrachloride
30 463-58-1 Carbonyl sulfide
31 120-80-9 Catechol
32 133-90-4 Chloramben
33 57-74-9 Chlordane
34 7782-50-5 Chlorine
35 79-11-8 Chloroacetic acid
36 532-27-4 2-Chloroacetophenone
37 108-90-7 Chlorobenzene
38 510-15-6 Chlorobenzilate
39 67-66-3 Chloroform
40 107-30-2 Chloromethyl methyl ether
41 126-99-8 Chloroprene
42 1319-77-3 Cresol/Cresylic acid(mixed isomers)
43 95-48-7 o-Cresol
44 108-39-4 m-Cresol
45 106-44-5 p-Cresol
46 98-82-8 Cumene

47
2,4-D(2,4-Dichlorophenoxyacetic Acid)
(including salts and esters)

48 72-55-9 DDE(1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene)
49 334-88-3 Diazomethane
50 132-64-9 Dibenzofuran
51 96-12-8 1,2-Dibromo-3-chloropropane
52 84-74-2 Dibutyl phthalate
53 106-46-7 1,4-Dichlorobenzene
54 91-94-1         Dichlorobenzidine
55 111-44-4 Dichloroethyl ether(Bis[2-chloroethyl]ether)
56 542-75-6 1,3-Dichloropropene
57 62-73-7 Dichlorvos
58 111-42-2 Diethanolamine
59 64-67-5 Diethyl sulfate
60 119-90-4 3,3'-Dimethoxybenzidine
61 60-11-7 4-Dimethylaminoazobenzene
62 121-69-7 N,N-Dimethylaniline
63 119-93-7 3,3'-Dimethylbenzidine
64 79-44-7 Dimethylcarbamoyl chloride
65 68-12-2 N,N-Dimethylformamide
66 57-14-7 1,1-Dimethylhydrazine
67 131-11-3 Dimethyl phthalate
68 77-78-1 Dimethyl sulfate
69 4,6-Dinitro-o-cresol (including salts)
70 51-28-5 2,4-Dinitrophenol
71 121-14-2 2,4-Dinitrotoluene
72 123-91-1 1,4-Dioxane (1,4-Diethyleneoxide)
73 122-66-7 1,2-Diphenylhydrazine
74 106-89-8 Epichlorohydrin (l-Chloro-2,3-epoxypropane)
75 106-88-7 1,2-Epoxybutane

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
Campbell Industrial Park Generating Station - Initial CSP Application 
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Form S-1a
Total Air Toxic Emissions (Siemens Scenario)

SECTION 112 HAZARDOUS AIR POLLUTANTS
CIP1 CIP2 BSG1 BSG2 Total

EPA CAS Emissions Emissions Emissions Emissions Emissions
ID  # Number Pollutant (tpy) (tpy) (tpy) (tpy) (tpy)

76 140-88-5 Ethyl acrylate
77 100-41-4 Ethylbenzene
78 51-79-6 Ethyl carbamate (Urethane)
79 75-00-3         Ethyl chloride (Chloroethane)
80 106-93-4 Ethylene dibromide (Dibromoethane)
81 107-06-2 Ethylene dichloride (1,2-Dichloroethane)
82 107-21-1 Ethylene glycol
83 151-56-4 Ethyleneimine (Aziridine)
84 75-21-8 Ethylene oxide
85 96-45-7 Ethylene thiourea
86 75-34-3 Ethylidene dichloride (1,1-Dichloroethane)
87 50-00-0 Formaldehyde 1.74E+00 1.74E+00 2.86E-04 2.86E-04 3.47
88 76-44-8 Heptachlor
89 118-74-1 Hexachlorobenzene
90 87-68-3 Hexachlorobutadiene

91
1,2,3,4,5,6-Hexachlorocyclyhexane
(all stereo isomers including lindane)

92 77-47-4 Hexachlorocyclopentadiene
93 67-72-1 Hexachloroethane
94 822-06-0 Hexamethylene diisocyanate
95 680-31-9 Hexamethylphosphoramide
96 110-54-3 Hexane
97 302-01-2 Hydrazine
98 7647-01-0 Hydrochloric acid (Hydrogen chloride [gas only])
99 7664-39-3 Hydrogen fluoride (Hydrofluoric acid)

100 123-31-9 Hydroquinone
101 78-59-1         Isophorone
102 108-31-6 Maleic anhydride
103 67-56-1 Methanol
104 72-43-5 Methoxychlor
105 74-83-9 Methyl bromide (Bromomethane)
106 74-87-3 Methyl chloride(Chloromethane)
107 71-55-6 Methyl chloroform(1,1,1-Trichloroethane)
108 78-93-3 Methyl ethyl ketone (2-Butanone)
109 60-34-4 Methylhydrazine
110 74-88-4 Methyl iodide (Iodomethane)
111 108-10-1 Methyl isobutyl ketone(Hexone)
112 624-83-9 Methyl isocyanate
113 80-62-6 Methyl methacrylate
114 1634-04-4 Methyl tert-butyl ether
115 101-14-4 4,4'-Methylenebis(2-chloroaniline)
116 75-09-2 Methylene chloride(Dichloromethane)
117 101-68-8 4,4'-Methylenediphenyl diisocyanate(MDI)
118 101-77-9 4,4'-Methylenedianiline
119 91-20-3 Naphthalene 2.17E-01 2.17E-01 4.71E-04 4.71E-04 0.43
120 98-95-3 Nitrobenzene
121 92-93-3 4-Nitrobiphenyl
122 100-02-7 4-Nitrophenol
123 79-46-9 2-Nitropropane
124 684-93-5 N-Nitroso-N-methylurea
125 62-75-9 N-Nitrosodimethylamine
126 59-89-2 N-Nitrosomorpholine
127 56-38-2 Parathion
128 82-68-8 Pentachloronitrobenzene(Quintobenzene)
129 87-86-5 Pentachlorophenol
130 108-95-2 Phenol
131 106-50-3 p-Phenylenediamine
132 75-44-5 Phosgene
133 7803-51-2 Phosphine
134 7723-14-0 Phosphorus
135 85-44-9 Phthalic anhydride
136 1336-36-3 Polychlorinated biphenyls(Aroclors)
137 1120-71-4 1,3-Propane sultone
138 57-57-8 beta-Propiolactone
139 123-38-6 Propionaldehyde
140 114-26-1 Propoxur (Baygon)
141 78-87-5 Propylene dichloride (1,2-Dichloropropane)
142 75-56-9 Propylene oxide
143 75-55-8 1,2-Propylenimine (2-Methylaziridine)
144 91-22-5 Quinoline
145 106-51-4 Quinone(p-Benzoquinone)
146 100-42-5 Styrene
147 96-09-3 Styrene oxide
148 1746-01-6 2,3,7,8-Tetrachlorodibenzo-p-dioxin
149 79-34-5 1,1,2,2-Tetrachloroethane
150 127-18-4 Tetrachloroethylene(Perchloroethylene)

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
Campbell Industrial Park Generating Station - Initial CSP Application 
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Form S-1a
Total Air Toxic Emissions (Siemens Scenario)

SECTION 112 HAZARDOUS AIR POLLUTANTS
CIP1 CIP2 BSG1 BSG2 Total

EPA CAS Emissions Emissions Emissions Emissions Emissions
ID  # Number Pollutant (tpy) (tpy) (tpy) (tpy) (tpy)

151 7550-45-0 Titanium tetrachloride
152 108-88-3 Toluene 1.74E+00 1.74E+00 1.02E-03 1.02E-03 3.49
153 95-80-7 Toluene-2,4-diamine
154 584-84-9 2,4-Toluene diisocyanate
155 95-53-4 o-Toluidine
156 8001-35-2 Toxaphene (chlorinated camphene)
157 120-82-1 1,2,4-Trichlorobenzene
158 79-00-5 1,1,2-Trichloroethane
159 79-01-6 Trichloroethylene
160 95-95-4 2,4,5-Trichlorophenol
161 88-06-2 2,4,6-Trichlorophenol
162 121-44-8 Triethylamine
163 1582-09-8 Trifluralin
164 540-84-1 2,2,4-Trimethylpentane
165 108-05-4 Vinyl acetate
166 593-60-2 Vinyl bromide
167 75-01-4 Vinyl chloride
168 75-35-4 Vinylidene chloride (1,1-Dichloroethylene)
169 1330-20-7 Xylene (mixed isomers) 1.20E+00 1.20E+00 7.00E-04 7.00E-04 2.39
170 95-47-6 o-Xylene
171 108-38-3 m-Xylene
172 106-42-3 p-Xylene
173 Antimony Compounds
174 Arsenic Compounds (inorganic including arsine) 6.82E-02 6.82E-02 3.99E-05 3.99E-05 0.14
175 Beryllium Compounds 9.36E-04 9.36E-04 5.47E-07 5.47E-07 0.002
176 Cadmium Compounds 2.98E-02 2.98E-02 1.74E-05 1.74E-05 0.06
177 Chromium Compounds 6.82E-02 6.82E-02 3.99E-05 3.99E-05 0.14
178 Cobalt Compounds
179 Coke Oven Emissions
180 Cyanide Compounds1
181 Glycol ethers2
182 Lead Compounds 8.68E-02 8.68E-02 5.08E-05 5.08E-05 0.17
183 Manganese Compounds 4.90E+00 4.90E+00 2.86E-03 2.86E-03 9.80
184 Mercury Compounds 7.44E-03 7.44E-03 4.35E-06 4.35E-06 0.01
185 Fine mineral fibers3
186 Nickel Compounds 2.85E-02 2.85E-02 1.67E-05 1.67E-05 0.06
187 Polycyclic Organic Matter4 2.48E-01 2.48E-01 7.69E-04 7.69E-04 0.50
188 Radionuclides (including radon)5
189 Selenium Compounds 1.55E-01 1.55E-01 9.06E-05 9.06E-05 0.31

      Total 11.1 11.1 0.0094 0.0094 22.3
       

NOTE:  For all listings above which contain the word "compounds" and for glycol ethers, the following applies:  
Unless otherwise specified, these listings are defined as including any unique chemical substance
 that contains the named chemical (i.e., antimony, arsenic, etc.) as part of that chemical's infrastructure. 

 
1.  X'CN where X = H' or any other group where a formal dissociation may occur.  For example, KCN or Ca(CN)2.

2.  R-(OCH2CH2)n-OR'
where:       n = 1, 2, or 3  
      R = alkyl C7 or less
      or R = phenyl or alkyl substituted phenyl
      R' = H, or alkyl C7 or less
      or   ester, sulfate, phosphate, nitrate, sulfonate
 
3.  Includes mineral fiber emissions from facilities manufacturing or processing glass, rock, or slag fibers (or other mineral derived
fibers) of average diameter 1 micrometer or less.
 
4.  Includes substituted and/or unsubstituted polycyclic aromatic hydrocarbons and aromatic heterocyclic compounds, with two or more
fused rings, at least one of which is benzenoid (i.e., containing six carbon atoms and is aromatic) in structure.  Polycyclic Organic
Matter is a mixture of organic compounds containing one or more of these polycyclic aromatic chemicals.  Polycyclic Organic Matter
is generally formed or emitted during thermal processes including (1) incomplete combustion, (2) pyrolysis, (3) the volatilization,
distillation or processing of fossil fuels or bitumens, or (4) the distillation or thermal processing of non-fossil fuels.  The
Administrator may delineate, by test method, what is included in polycyclic organic matter.  

5.  A type of atom which spontaneously undergoes radioactive decay.

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
Campbell Industrial Park Generating Station - Initial CSP Application 
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Form S-1a
Air Toxic Emissions for Alstom SCCT (CIP1 or CIP2)

SECTION 112 HAZARDOUS AIR POLLUTANTS
Source of Emission Heat

EPA CAS Emission Factor Input Emissions Emissions
ID  # Number Pollutant Factor (lb/MMBtu) (MMBtu/hr) (lb/hr) (tpy)

1 75-07-0 Acetaldehyde AP-42, Section 3.4, Table 3.4-3 2.52E-05 1399.7 3.53E-02 1.54E-01
2 60-35-5 Acetamide 1399.7
3 75-05-8 Acetonitrile 1399.7
4 98-86-2 Acetophenone 1399.7
5 53-96-3 2-Acetylaminofluorene 1399.7
6 107-02-8 Acrolein AP-42, Section 3.4, Table 3.4-3 7.88E-06 1399.7 1.10E-02 4.83E-02
7 79-06-1 Acrylamide 1399.7
8 79-10-7 Acrylic acid 1399.7
9 107-13-1 Acrylonitrile 1399.7

10 107-05-1 Allyl chloride 1399.7
11 92-67-1 4-Aminobiphenyl 1399.7
12 62-53-3 Aniline 1399.7
13 90-04-0 o-Anisidine 1399.7
14 1332-21-4 Asbestos 1399.7
15 71-43-2 Benzene (including benzene from gasoline) AP-42, Section 3.1, Table 3.1-4 5.50E-05 1399.7 7.70E-02 3.37E-01
16 92-87-5 Benzidine 1399.7
17 98-07-7 Benzotrichloride 1399.7
18 100-44-7 Benzyl chloride 1399.7
19 92-52-4 Biphenyl 1399.7
20 117-81-7 Bis(2-ethylhexyl)phthalate (DEHP) 1399.7
21 542-88-1 Bis(chloromethyl) ether 1399.7
22 75-25-2 Bromoform 1399.7
23 106-99-0 1,3-Butadiene AP-42, Section 3.1, Table 3.1-4 1.60E-05 1399.7 2.24E-02 9.81E-02
24 156-62-7 Calcium cyanamide 1399.7
25 105-60-2 Caprolactam (Removed 06/18/96, See 61FR30816) 1399.7
26 133-06-2 Captan 1399.7
27 63-25-2 Carbaryl 1399.7
28 75-15-0 Carbon disulfide 1399.7
29 56-23-5 Carbon tetrachloride 1399.7
30 463-58-1 Carbonyl sulfide 1399.7
31 120-80-9 Catechol 1399.7
32 133-90-4 Chloramben 1399.7
33 57-74-9 Chlordane 1399.7
34 7782-50-5 Chlorine 1399.7
35 79-11-8 Chloroacetic acid 1399.7
36 532-27-4 2-Chloroacetophenone 1399.7
37 108-90-7 Chlorobenzene 1399.7
38 510-15-6 Chlorobenzilate 1399.7
39 67-66-3 Chloroform 1399.7
40 107-30-2 Chloromethyl methyl ether 1399.7
41 126-99-8 Chloroprene 1399.7
42 1319-77-3 Cresol/Cresylic acid(mixed isomers) 1399.7
43 95-48-7 o-Cresol 1399.7
44 108-39-4 m-Cresol 1399.7
45 106-44-5 p-Cresol 1399.7
46 98-82-8 Cumene 1399.7

47
2,4-D(2,4-Dichlorophenoxyacetic Acid)
(including salts and esters) 1399.7

48 72-55-9 DDE(1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene) 1399.7
49 334-88-3 Diazomethane 1399.7
50 132-64-9 Dibenzofuran 1399.7
51 96-12-8 1,2-Dibromo-3-chloropropane 1399.7
52 84-74-2 Dibutyl phthalate 1399.7
53 106-46-7 1,4-Dichlorobenzene 1399.7
54 91-94-1         Dichlorobenzidine 1399.7
55 111-44-4 Dichloroethyl ether(Bis[2-chloroethyl]ether) 1399.7
56 542-75-6 1,3-Dichloropropene 1399.7
57 62-73-7 Dichlorvos 1399.7
58 111-42-2 Diethanolamine 1399.7
59 64-67-5 Diethyl sulfate 1399.7
60 119-90-4 3,3'-Dimethoxybenzidine 1399.7
61 60-11-7 4-Dimethylaminoazobenzene 1399.7
62 121-69-7 N,N-Dimethylaniline 1399.7
63 119-93-7 3,3'-Dimethylbenzidine 1399.7
64 79-44-7 Dimethylcarbamoyl chloride 1399.7
65 68-12-2 N,N-Dimethylformamide 1399.7
66 57-14-7 1,1-Dimethylhydrazine 1399.7
67 131-11-3 Dimethyl phthalate 1399.7
68 77-78-1 Dimethyl sulfate 1399.7
69 4,6-Dinitro-o-cresol (including salts) 1399.7
70 51-28-5 2,4-Dinitrophenol 1399.7
71 121-14-2 2,4-Dinitrotoluene 1399.7
72 123-91-1 1,4-Dioxane (1,4-Diethyleneoxide) 1399.7
73 122-66-7 1,2-Diphenylhydrazine 1399.7
74 106-89-8 Epichlorohydrin (l-Chloro-2,3-epoxypropane) 1399.7
75 106-88-7 1,2-Epoxybutane 1399.7

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
Campbell Industrial Park Generating Station - Initial CSP Application 
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Form S-1a
Air Toxic Emissions for Alstom SCCT (CIP1 or CIP2)

SECTION 112 HAZARDOUS AIR POLLUTANTS
Source of Emission Heat

EPA CAS Emission Factor Input Emissions Emissions
ID  # Number Pollutant Factor (lb/MMBtu) (MMBtu/hr) (lb/hr) (tpy)

76 140-88-5 Ethyl acrylate 1399.7
77 100-41-4 Ethylbenzene 1399.7
78 51-79-6 Ethyl carbamate (Urethane) 1399.7
79 75-00-3         Ethyl chloride (Chloroethane) 1399.7
80 106-93-4 Ethylene dibromide (Dibromoethane) 1399.7
81 107-06-2 Ethylene dichloride (1,2-Dichloroethane) 1399.7
82 107-21-1 Ethylene glycol 1399.7
83 151-56-4 Ethyleneimine (Aziridine) 1399.7
84 75-21-8 Ethylene oxide 1399.7
85 96-45-7 Ethylene thiourea 1399.7
86 75-34-3 Ethylidene dichloride (1,1-Dichloroethane) 1399.7
87 50-00-0 Formaldehyde AP-42, Section 3.1, Table 3.1-4 2.80E-04 1399.7 3.92E-01 1.72E+00
88 76-44-8 Heptachlor 1399.7
89 118-74-1 Hexachlorobenzene 1399.7
90 87-68-3 Hexachlorobutadiene 1399.7

91
1,2,3,4,5,6-Hexachlorocyclyhexane
(all stereo isomers including lindane) 1399.7

92 77-47-4 Hexachlorocyclopentadiene 1399.7
93 67-72-1 Hexachloroethane 1399.7
94 822-06-0 Hexamethylene diisocyanate 1399.7
95 680-31-9 Hexamethylphosphoramide 1399.7
96 110-54-3 Hexane 1399.7
97 302-01-2 Hydrazine 1399.7
98 7647-01-0 Hydrochloric acid (Hydrogen chloride [gas only]) 1399.7
99 7664-39-3 Hydrogen fluoride (Hydrofluoric acid) 1399.7

100 123-31-9 Hydroquinone 1399.7
101 78-59-1         Isophorone 1399.7
102 108-31-6 Maleic anhydride 1399.7
103 67-56-1 Methanol 1399.7
104 72-43-5 Methoxychlor 1399.7
105 74-83-9 Methyl bromide (Bromomethane) 1399.7
106 74-87-3 Methyl chloride(Chloromethane) 1399.7
107 71-55-6 Methyl chloroform(1,1,1-Trichloroethane) 1399.7
108 78-93-3 Methyl ethyl ketone (2-Butanone) 1399.7
109 60-34-4 Methylhydrazine 1399.7
110 74-88-4 Methyl iodide (Iodomethane) 1399.7
111 108-10-1 Methyl isobutyl ketone(Hexone) 1399.7
112 624-83-9 Methyl isocyanate 1399.7
113 80-62-6 Methyl methacrylate 1399.7
114 1634-04-4 Methyl tert-butyl ether 1399.7
115 101-14-4 4,4'-Methylenebis(2-chloroaniline) 1399.7
116 75-09-2 Methylene chloride(Dichloromethane) 1399.7
117 101-68-8 4,4'-Methylenediphenyl diisocyanate(MDI) 1399.7
118 101-77-9 4,4'-Methylenedianiline 1399.7
119 91-20-3 Naphthalene AP-42, Section 3.1, Table 3.1-4 3.50E-05 1399.7 4.90E-02 2.15E-01
120 98-95-3 Nitrobenzene 1399.7
121 92-93-3 4-Nitrobiphenyl 1399.7
122 100-02-7 4-Nitrophenol 1399.7
123 79-46-9 2-Nitropropane 1399.7
124 684-93-5 N-Nitroso-N-methylurea 1399.7
125 62-75-9 N-Nitrosodimethylamine 1399.7
126 59-89-2 N-Nitrosomorpholine 1399.7
127 56-38-2 Parathion 1399.7
128 82-68-8 Pentachloronitrobenzene(Quintobenzene) 1399.7
129 87-86-5 Pentachlorophenol 1399.7
130 108-95-2 Phenol 1399.7
131 106-50-3 p-Phenylenediamine 1399.7
132 75-44-5 Phosgene 1399.7
133 7803-51-2 Phosphine 1399.7
134 7723-14-0 Phosphorus 1399.7
135 85-44-9 Phthalic anhydride 1399.7
136 1336-36-3 Polychlorinated biphenyls(Aroclors) 1399.7
137 1120-71-4 1,3-Propane sultone 1399.7
138 57-57-8 beta-Propiolactone 1399.7
139 123-38-6 Propionaldehyde 1399.7
140 114-26-1 Propoxur (Baygon) 1399.7
141 78-87-5 Propylene dichloride (1,2-Dichloropropane) 1399.7
142 75-56-9 Propylene oxide 1399.7
143 75-55-8 1,2-Propylenimine (2-Methylaziridine) 1399.7
144 91-22-5 Quinoline 1399.7
145 106-51-4 Quinone(p-Benzoquinone) 1399.7
146 100-42-5 Styrene 1399.7
147 96-09-3 Styrene oxide 1399.7
148 1746-01-6 2,3,7,8-Tetrachlorodibenzo-p-dioxin 1399.7
149 79-34-5 1,1,2,2-Tetrachloroethane 1399.7
150 127-18-4 Tetrachloroethylene(Perchloroethylene) 1399.7

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
Campbell Industrial Park Generating Station - Initial CSP Application 

Page 11
Revised January 2005



Form S-1a
Air Toxic Emissions for Alstom SCCT (CIP1 or CIP2)

SECTION 112 HAZARDOUS AIR POLLUTANTS
Source of Emission Heat

EPA CAS Emission Factor Input Emissions Emissions
ID  # Number Pollutant Factor (lb/MMBtu) (MMBtu/hr) (lb/hr) (tpy)

151 7550-45-0 Titanium tetrachloride 1399.7
152 108-88-3 Toluene AP-42, Section 3.4, Table 3.4-3 2.81E-04 1399.7 3.93E-01 1.72E+00
153 95-80-7 Toluene-2,4-diamine 1399.7
154 584-84-9 2,4-Toluene diisocyanate 1399.7
155 95-53-4 o-Toluidine 1399.7
156 8001-35-2 Toxaphene (chlorinated camphene) 1399.7
157 120-82-1 1,2,4-Trichlorobenzene 1399.7
158 79-00-5 1,1,2-Trichloroethane 1399.7
159 79-01-6 Trichloroethylene 1399.7
160 95-95-4 2,4,5-Trichlorophenol 1399.7
161 88-06-2 2,4,6-Trichlorophenol 1399.7
162 121-44-8 Triethylamine 1399.7
163 1582-09-8 Trifluralin 1399.7
164 540-84-1 2,2,4-Trimethylpentane 1399.7
165 108-05-4 Vinyl acetate 1399.7
166 593-60-2 Vinyl bromide 1399.7
167 75-01-4 Vinyl chloride 1399.7
168 75-35-4 Vinylidene chloride (1,1-Dichloroethylene) 1399.7
169 1330-20-7 Xylene (mixed isomers) AP-42, Section 3.4, Table 3.4-3 1.93E-04 1399.7 2.70E-01 1.18E+00
170 95-47-6 o-Xylene 1399.7
171 108-38-3 m-Xylene 1399.7
172 106-42-3 p-Xylene 1399.7
173 Antimony Compounds 1399.7
174 Arsenic Compounds (inorganic including arsine) AP-42, Section 3.1, Table 3.1-5 1.10E-05 1399.7 1.54E-02 6.75E-02
175 Beryllium Compounds 04/11/85 Fuel Analysis, 0.003 ppm 1.51E-07 1399.7 2.11E-04 9.26E-04
176 Cadmium Compounds AP-42, Section 3.1, Table 3.1-5 4.80E-06 1399.7 6.72E-03 2.94E-02
177 Chromium Compounds AP-42, Section 3.1, Table 3.1-5 1.10E-05 1399.7 1.54E-02 6.74E-02
178 Cobalt Compounds 1399.7
179 Coke Oven Emissions 1399.7
180 Cyanide Compounds1 1399.7
181 Glycol ethers2 1399.7
182 Lead Compounds AP-42, Section 3.1, Table 3.1-5 1.40E-05 1399.7 1.96E-02 8.58E-02
183 Manganese Compounds AP-42, Section 3.1, Table 3.1-5 7.90E-04 1399.7 1.11E+00 4.84E+00
184 Mercury Compounds AP-42, Section 3.1, Table 3.1-5 1.20E-06 1399.7 1.68E-03 7.36E-03
185 Fine mineral fibers3 1399.7
186 Nickel Compounds AP-42, Section 3.1, Table 3.1-5 4.60E-06 1399.7 6.44E-03 2.82E-02
187 Polycyclic Organic Matter4 AP-42, Section 3.1, Table 3.1-4 4.00E-05 1399.7 5.60E-02 2.45E-01
188 Radionuclides (including radon)5 1399.7
189 Selenium Compounds AP-42, Section 3.1, Table 3.1-5 2.50E-05 1399.7 3.50E-02 1.53E-01

      Total  2.51 11.0
         

NOTE:  For all listings above which contain the word "compounds" and for glycol ethers, the following applies:  
Unless otherwise specified, these listings are defined as including any unique chemical substance
 that contains the named chemical (i.e., antimony, arsenic, etc.) as part of that chemical's infrastructure. 

   
1.  X'CN where X = H' or any other group where a formal dissociation may occur.  For example, KCN or Ca(CN)2.

2.  R-(OCH2CH2)n-OR'
where:       n = 1, 2, or 3  
      R = alkyl C7 or less
      or R = phenyl or alkyl substituted phenyl
      R' = H, or alkyl C7 or less
      or   ester, sulfate, phosphate, nitrate, sulfonate
 
3.  Includes mineral fiber emissions from facilities manufacturing or processing glass, rock, or slag fibers (or other mineral derived
fibers) of average diameter 1 micrometer or less.
 
4.  Includes substituted and/or unsubstituted polycyclic aromatic hydrocarbons and aromatic heterocyclic compounds, with two or more
fused rings, at least one of which is benzenoid (i.e., containing six carbon atoms and is aromatic) in structure.  Polycyclic Organic
Matter is a mixture of organic compounds containing one or more of these polycyclic aromatic chemicals.  Polycyclic Organic Matter
is generally formed or emitted during thermal processes including (1) incomplete combustion, (2) pyrolysis, (3) the volatilization,
distillation or processing of fossil fuels or bitumens, or (4) the distillation or thermal processing of non-fossil fuels.  The
Administrator may delineate, by test method, what is included in polycyclic organic matter.  

5.  A type of atom which spontaneously undergoes radioactive decay.

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
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Form S-1a
Total Air Toxic Emissions (Alstom Scenario)

SECTION 112 HAZARDOUS AIR POLLUTANTS
CIP1 CIP2 BSG1 BSG2 Total

EPA CAS Emissions Emissions Emissions Emissions Emissions
ID  # Number Pollutant (tpy) (tpy) (tpy) (tpy) (tpy)

1 75-07-0 Acetaldehyde 1.54E-01 1.54E-01 9.14E-05 9.14E-05 0.31
2 60-35-5 Acetamide
3 75-05-8 Acetonitrile
4 98-86-2 Acetophenone
5 53-96-3 2-Acetylaminofluorene
6 107-02-8 Acrolein 4.83E-02 4.83E-02 2.86E-05 2.86E-05 0.10
7 79-06-1 Acrylamide
8 79-10-7 Acrylic acid
9 107-13-1 Acrylonitrile

10 107-05-1 Allyl chloride
11 92-67-1 4-Aminobiphenyl
12 62-53-3 Aniline
13 90-04-0 o-Anisidine
14 1332-21-4 Asbestos
15 71-43-2 Benzene (including benzene from gasoline) 3.37E-01 3.37E-01 2.81E-03 2.81E-03 0.68
16 92-87-5 Benzidine
17 98-07-7 Benzotrichloride
18 100-44-7 Benzyl chloride
19 92-52-4 Biphenyl
20 117-81-7 Bis(2-ethylhexyl)phthalate (DEHP)
21 542-88-1 Bis(chloromethyl) ether
22 75-25-2 Bromoform
23 106-99-0 1,3-Butadiene 9.81E-02 9.81E-02 5.80E-05 5.80E-05 0.20
24 156-62-7 Calcium cyanamide
25 105-60-2 Caprolactam (Removed 06/18/96, See 61FR30816)
26 133-06-2 Captan
27 63-25-2 Carbaryl
28 75-15-0 Carbon disulfide
29 56-23-5 Carbon tetrachloride
30 463-58-1 Carbonyl sulfide
31 120-80-9 Catechol
32 133-90-4 Chloramben
33 57-74-9 Chlordane
34 7782-50-5 Chlorine
35 79-11-8 Chloroacetic acid
36 532-27-4 2-Chloroacetophenone
37 108-90-7 Chlorobenzene
38 510-15-6 Chlorobenzilate
39 67-66-3 Chloroform
40 107-30-2 Chloromethyl methyl ether
41 126-99-8 Chloroprene
42 1319-77-3 Cresol/Cresylic acid(mixed isomers)
43 95-48-7 o-Cresol
44 108-39-4 m-Cresol
45 106-44-5 p-Cresol
46 98-82-8 Cumene

47
2,4-D(2,4-Dichlorophenoxyacetic Acid)
(including salts and esters)

48 72-55-9 DDE(1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene)
49 334-88-3 Diazomethane
50 132-64-9 Dibenzofuran
51 96-12-8 1,2-Dibromo-3-chloropropane
52 84-74-2 Dibutyl phthalate
53 106-46-7 1,4-Dichlorobenzene
54 91-94-1         Dichlorobenzidine
55 111-44-4 Dichloroethyl ether(Bis[2-chloroethyl]ether)
56 542-75-6 1,3-Dichloropropene
57 62-73-7 Dichlorvos
58 111-42-2 Diethanolamine
59 64-67-5 Diethyl sulfate
60 119-90-4 3,3'-Dimethoxybenzidine
61 60-11-7 4-Dimethylaminoazobenzene
62 121-69-7 N,N-Dimethylaniline
63 119-93-7 3,3'-Dimethylbenzidine
64 79-44-7 Dimethylcarbamoyl chloride
65 68-12-2 N,N-Dimethylformamide
66 57-14-7 1,1-Dimethylhydrazine
67 131-11-3 Dimethyl phthalate
68 77-78-1 Dimethyl sulfate
69 4,6-Dinitro-o-cresol (including salts)
70 51-28-5 2,4-Dinitrophenol
71 121-14-2 2,4-Dinitrotoluene
72 123-91-1 1,4-Dioxane (1,4-Diethyleneoxide)
73 122-66-7 1,2-Diphenylhydrazine
74 106-89-8 Epichlorohydrin (l-Chloro-2,3-epoxypropane)
75 106-88-7 1,2-Epoxybutane

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
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Form S-1a
Total Air Toxic Emissions (Alstom Scenario)

SECTION 112 HAZARDOUS AIR POLLUTANTS
CIP1 CIP2 BSG1 BSG2 Total

EPA CAS Emissions Emissions Emissions Emissions Emissions
ID  # Number Pollutant (tpy) (tpy) (tpy) (tpy) (tpy)

76 140-88-5 Ethyl acrylate
77 100-41-4 Ethylbenzene
78 51-79-6 Ethyl carbamate (Urethane)
79 75-00-3         Ethyl chloride (Chloroethane)
80 106-93-4 Ethylene dibromide (Dibromoethane)
81 107-06-2 Ethylene dichloride (1,2-Dichloroethane)
82 107-21-1 Ethylene glycol
83 151-56-4 Ethyleneimine (Aziridine)
84 75-21-8 Ethylene oxide
85 96-45-7 Ethylene thiourea
86 75-34-3 Ethylidene dichloride (1,1-Dichloroethane)
87 50-00-0 Formaldehyde 1.72E+00 1.72E+00 2.86E-04 2.86E-04 3.43
88 76-44-8 Heptachlor
89 118-74-1 Hexachlorobenzene
90 87-68-3 Hexachlorobutadiene

91
1,2,3,4,5,6-Hexachlorocyclyhexane
(all stereo isomers including lindane)

92 77-47-4 Hexachlorocyclopentadiene
93 67-72-1 Hexachloroethane
94 822-06-0 Hexamethylene diisocyanate
95 680-31-9 Hexamethylphosphoramide
96 110-54-3 Hexane
97 302-01-2 Hydrazine
98 7647-01-0 Hydrochloric acid (Hydrogen chloride [gas only])
99 7664-39-3 Hydrogen fluoride (Hydrofluoric acid)

100 123-31-9 Hydroquinone
101 78-59-1         Isophorone
102 108-31-6 Maleic anhydride
103 67-56-1 Methanol
104 72-43-5 Methoxychlor
105 74-83-9 Methyl bromide (Bromomethane)
106 74-87-3 Methyl chloride(Chloromethane)
107 71-55-6 Methyl chloroform(1,1,1-Trichloroethane)
108 78-93-3 Methyl ethyl ketone (2-Butanone)
109 60-34-4 Methylhydrazine
110 74-88-4 Methyl iodide (Iodomethane)
111 108-10-1 Methyl isobutyl ketone(Hexone)
112 624-83-9 Methyl isocyanate
113 80-62-6 Methyl methacrylate
114 1634-04-4 Methyl tert-butyl ether
115 101-14-4 4,4'-Methylenebis(2-chloroaniline)
116 75-09-2 Methylene chloride(Dichloromethane)
117 101-68-8 4,4'-Methylenediphenyl diisocyanate(MDI)
118 101-77-9 4,4'-Methylenedianiline
119 91-20-3 Naphthalene 2.15E-01 2.15E-01 4.71E-04 4.71E-04 0.43
120 98-95-3 Nitrobenzene
121 92-93-3 4-Nitrobiphenyl
122 100-02-7 4-Nitrophenol
123 79-46-9 2-Nitropropane
124 684-93-5 N-Nitroso-N-methylurea
125 62-75-9 N-Nitrosodimethylamine
126 59-89-2 N-Nitrosomorpholine
127 56-38-2 Parathion
128 82-68-8 Pentachloronitrobenzene(Quintobenzene)
129 87-86-5 Pentachlorophenol
130 108-95-2 Phenol
131 106-50-3 p-Phenylenediamine
132 75-44-5 Phosgene
133 7803-51-2 Phosphine
134 7723-14-0 Phosphorus
135 85-44-9 Phthalic anhydride
136 1336-36-3 Polychlorinated biphenyls(Aroclors)
137 1120-71-4 1,3-Propane sultone
138 57-57-8 beta-Propiolactone
139 123-38-6 Propionaldehyde
140 114-26-1 Propoxur (Baygon)
141 78-87-5 Propylene dichloride (1,2-Dichloropropane)
142 75-56-9 Propylene oxide
143 75-55-8 1,2-Propylenimine (2-Methylaziridine)
144 91-22-5 Quinoline
145 106-51-4 Quinone(p-Benzoquinone)
146 100-42-5 Styrene
147 96-09-3 Styrene oxide
148 1746-01-6 2,3,7,8-Tetrachlorodibenzo-p-dioxin
149 79-34-5 1,1,2,2-Tetrachloroethane
150 127-18-4 Tetrachloroethylene(Perchloroethylene)

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
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Form S-1a
Total Air Toxic Emissions (Alstom Scenario)

SECTION 112 HAZARDOUS AIR POLLUTANTS
CIP1 CIP2 BSG1 BSG2 Total

EPA CAS Emissions Emissions Emissions Emissions Emissions
ID  # Number Pollutant (tpy) (tpy) (tpy) (tpy) (tpy)

151 7550-45-0 Titanium tetrachloride
152 108-88-3 Toluene 1.72E+00 1.72E+00 1.02E-03 1.02E-03 3.45
153 95-80-7 Toluene-2,4-diamine
154 584-84-9 2,4-Toluene diisocyanate
155 95-53-4 o-Toluidine
156 8001-35-2 Toxaphene (chlorinated camphene)
157 120-82-1 1,2,4-Trichlorobenzene
158 79-00-5 1,1,2-Trichloroethane
159 79-01-6 Trichloroethylene
160 95-95-4 2,4,5-Trichlorophenol
161 88-06-2 2,4,6-Trichlorophenol
162 121-44-8 Triethylamine
163 1582-09-8 Trifluralin
164 540-84-1 2,2,4-Trimethylpentane
165 108-05-4 Vinyl acetate
166 593-60-2 Vinyl bromide
167 75-01-4 Vinyl chloride
168 75-35-4 Vinylidene chloride (1,1-Dichloroethylene)
169 1330-20-7 Xylene (mixed isomers) 1.18E+00 1.18E+00 7.00E-04 7.00E-04 2.37
170 95-47-6 o-Xylene
171 108-38-3 m-Xylene
172 106-42-3 p-Xylene
173 Antimony Compounds
174 Arsenic Compounds (inorganic including arsine) 6.75E-02 6.75E-02 3.99E-05 3.99E-05 0.13
175 Beryllium Compounds 9.26E-04 9.26E-04 5.47E-07 5.47E-07 0.002
176 Cadmium Compounds 2.94E-02 2.94E-02 1.74E-05 1.74E-05 0.06
177 Chromium Compounds 6.74E-02 6.74E-02 3.99E-05 3.99E-05 0.13
178 Cobalt Compounds
179 Coke Oven Emissions
180 Cyanide Compounds1
181 Glycol ethers2
182 Lead Compounds 8.58E-02 8.58E-02 5.08E-05 5.08E-05 0.17
183 Manganese Compounds 4.84E+00 4.84E+00 2.86E-03 2.86E-03 9.69
184 Mercury Compounds 7.36E-03 7.36E-03 4.35E-06 4.35E-06 0.01
185 Fine mineral fibers3
186 Nickel Compounds 2.82E-02 2.82E-02 1.67E-05 1.67E-05 0.06
187 Polycyclic Organic Matter4 2.45E-01 2.45E-01 7.69E-04 7.69E-04 0.49
188 Radionuclides (including radon)5
189 Selenium Compounds 1.53E-01 1.53E-01 9.06E-05 9.06E-05 0.31

      Total 11.0 11.0 0.0094 0.0094 22.0
       

NOTE:  For all listings above which contain the word "compounds" and for glycol ethers, the following applies:  
Unless otherwise specified, these listings are defined as including any unique chemical substance
 that contains the named chemical (i.e., antimony, arsenic, etc.) as part of that chemical's infrastructure. 

 
1.  X'CN where X = H' or any other group where a formal dissociation may occur.  For example, KCN or Ca(CN)2.

2.  R-(OCH2CH2)n-OR'
where:       n = 1, 2, or 3  
      R = alkyl C7 or less
      or R = phenyl or alkyl substituted phenyl
      R' = H, or alkyl C7 or less
      or   ester, sulfate, phosphate, nitrate, sulfonate
 
3.  Includes mineral fiber emissions from facilities manufacturing or processing glass, rock, or slag fibers (or other mineral derived
fibers) of average diameter 1 micrometer or less.
 
4.  Includes substituted and/or unsubstituted polycyclic aromatic hydrocarbons and aromatic heterocyclic compounds, with two or more
fused rings, at least one of which is benzenoid (i.e., containing six carbon atoms and is aromatic) in structure.  Polycyclic Organic
Matter is a mixture of organic compounds containing one or more of these polycyclic aromatic chemicals.  Polycyclic Organic Matter
is generally formed or emitted during thermal processes including (1) incomplete combustion, (2) pyrolysis, (3) the volatilization,
distillation or processing of fossil fuels or bitumens, or (4) the distillation or thermal processing of non-fossil fuels.  The
Administrator may delineate, by test method, what is included in polycyclic organic matter.  

5.  A type of atom which spontaneously undergoes radioactive decay.

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
Campbell Industrial Park Generating Station - Initial CSP Application 
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Form S-1a
Air Toxic Emissions for GE SCCT (CIP1 or CIP2)

SECTION 112 HAZARDOUS AIR POLLUTANTS
Source of Emission Heat

EPA CAS Emission Factor Input Emissions Emissions
ID  # Number Pollutant Factor (lb/MMBtu) (MMBtu/hr) (lb/hr) (tpy)

1 75-07-0 Acetaldehyde AP-42, Section 3.4, Table 3.4-3 2.52E-05 1127.9 2.84E-02 1.24E-01
2 60-35-5 Acetamide 1127.9
3 75-05-8 Acetonitrile 1127.9
4 98-86-2 Acetophenone 1127.9
5 53-96-3 2-Acetylaminofluorene 1127.9
6 107-02-8 Acrolein AP-42, Section 3.4, Table 3.4-3 7.88E-06 1127.9 8.89E-03 3.89E-02
7 79-06-1 Acrylamide 1127.9
8 79-10-7 Acrylic acid 1127.9
9 107-13-1 Acrylonitrile 1127.9

10 107-05-1 Allyl chloride 1127.9
11 92-67-1 4-Aminobiphenyl 1127.9
12 62-53-3 Aniline 1127.9
13 90-04-0 o-Anisidine 1127.9
14 1332-21-4 Asbestos 1127.9
15 71-43-2 Benzene (including benzene from gasoline) AP-42, Section 3.1, Table 3.1-4 5.50E-05 1127.9 6.20E-02 2.72E-01
16 92-87-5 Benzidine 1127.9
17 98-07-7 Benzotrichloride 1127.9
18 100-44-7 Benzyl chloride 1127.9
19 92-52-4 Biphenyl 1127.9
20 117-81-7 Bis(2-ethylhexyl)phthalate (DEHP) 1127.9
21 542-88-1 Bis(chloromethyl) ether 1127.9
22 75-25-2 Bromoform 1127.9
23 106-99-0 1,3-Butadiene AP-42, Section 3.1, Table 3.1-4 1.60E-05 1127.9 1.80E-02 7.90E-02
24 156-62-7 Calcium cyanamide 1127.9
25 105-60-2 Caprolactam (Removed 06/18/96, See 61FR30816) 1127.9
26 133-06-2 Captan 1127.9
27 63-25-2 Carbaryl 1127.9
28 75-15-0 Carbon disulfide 1127.9
29 56-23-5 Carbon tetrachloride 1127.9
30 463-58-1 Carbonyl sulfide 1127.9
31 120-80-9 Catechol 1127.9
32 133-90-4 Chloramben 1127.9
33 57-74-9 Chlordane 1127.9
34 7782-50-5 Chlorine 1127.9
35 79-11-8 Chloroacetic acid 1127.9
36 532-27-4 2-Chloroacetophenone 1127.9
37 108-90-7 Chlorobenzene 1127.9
38 510-15-6 Chlorobenzilate 1127.9
39 67-66-3 Chloroform 1127.9
40 107-30-2 Chloromethyl methyl ether 1127.9
41 126-99-8 Chloroprene 1127.9
42 1319-77-3 Cresol/Cresylic acid(mixed isomers) 1127.9
43 95-48-7 o-Cresol 1127.9
44 108-39-4 m-Cresol 1127.9
45 106-44-5 p-Cresol 1127.9
46 98-82-8 Cumene 1127.9

47
2,4-D(2,4-Dichlorophenoxyacetic Acid)
(including salts and esters) 1127.9

48 72-55-9 DDE(1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene) 1127.9
49 334-88-3 Diazomethane 1127.9
50 132-64-9 Dibenzofuran 1127.9
51 96-12-8 1,2-Dibromo-3-chloropropane 1127.9
52 84-74-2 Dibutyl phthalate 1127.9
53 106-46-7 1,4-Dichlorobenzene 1127.9
54 91-94-1         Dichlorobenzidine 1127.9
55 111-44-4 Dichloroethyl ether(Bis[2-chloroethyl]ether) 1127.9
56 542-75-6 1,3-Dichloropropene 1127.9
57 62-73-7 Dichlorvos 1127.9
58 111-42-2 Diethanolamine 1127.9
59 64-67-5 Diethyl sulfate 1127.9
60 119-90-4 3,3'-Dimethoxybenzidine 1127.9
61 60-11-7 4-Dimethylaminoazobenzene 1127.9
62 121-69-7 N,N-Dimethylaniline 1127.9
63 119-93-7 3,3'-Dimethylbenzidine 1127.9
64 79-44-7 Dimethylcarbamoyl chloride 1127.9
65 68-12-2 N,N-Dimethylformamide 1127.9
66 57-14-7 1,1-Dimethylhydrazine 1127.9
67 131-11-3 Dimethyl phthalate 1127.9
68 77-78-1 Dimethyl sulfate 1127.9
69 4,6-Dinitro-o-cresol (including salts) 1127.9
70 51-28-5 2,4-Dinitrophenol 1127.9
71 121-14-2 2,4-Dinitrotoluene 1127.9
72 123-91-1 1,4-Dioxane (1,4-Diethyleneoxide) 1127.9
73 122-66-7 1,2-Diphenylhydrazine 1127.9
74 106-89-8 Epichlorohydrin (l-Chloro-2,3-epoxypropane) 1127.9
75 106-88-7 1,2-Epoxybutane 1127.9

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
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Form S-1a
Air Toxic Emissions for GE SCCT (CIP1 or CIP2)

SECTION 112 HAZARDOUS AIR POLLUTANTS
Source of Emission Heat

EPA CAS Emission Factor Input Emissions Emissions
ID  # Number Pollutant Factor (lb/MMBtu) (MMBtu/hr) (lb/hr) (tpy)

76 140-88-5 Ethyl acrylate 1127.9
77 100-41-4 Ethylbenzene 1127.9
78 51-79-6 Ethyl carbamate (Urethane) 1127.9
79 75-00-3         Ethyl chloride (Chloroethane) 1127.9
80 106-93-4 Ethylene dibromide (Dibromoethane) 1127.9
81 107-06-2 Ethylene dichloride (1,2-Dichloroethane) 1127.9
82 107-21-1 Ethylene glycol 1127.9
83 151-56-4 Ethyleneimine (Aziridine) 1127.9
84 75-21-8 Ethylene oxide 1127.9
85 96-45-7 Ethylene thiourea 1127.9
86 75-34-3 Ethylidene dichloride (1,1-Dichloroethane) 1127.9
87 50-00-0 Formaldehyde AP-42, Section 3.1, Table 3.1-4 2.80E-04 1127.9 3.16E-01 1.38E+00
88 76-44-8 Heptachlor 1127.9
89 118-74-1 Hexachlorobenzene 1127.9
90 87-68-3 Hexachlorobutadiene 1127.9

91
1,2,3,4,5,6-Hexachlorocyclyhexane
(all stereo isomers including lindane) 1127.9

92 77-47-4 Hexachlorocyclopentadiene 1127.9
93 67-72-1 Hexachloroethane 1127.9
94 822-06-0 Hexamethylene diisocyanate 1127.9
95 680-31-9 Hexamethylphosphoramide 1127.9
96 110-54-3 Hexane 1127.9
97 302-01-2 Hydrazine 1127.9
98 7647-01-0 Hydrochloric acid (Hydrogen chloride [gas only]) 1127.9
99 7664-39-3 Hydrogen fluoride (Hydrofluoric acid) 1127.9

100 123-31-9 Hydroquinone 1127.9
101 78-59-1         Isophorone 1127.9
102 108-31-6 Maleic anhydride 1127.9
103 67-56-1 Methanol 1127.9
104 72-43-5 Methoxychlor 1127.9
105 74-83-9 Methyl bromide (Bromomethane) 1127.9
106 74-87-3 Methyl chloride(Chloromethane) 1127.9
107 71-55-6 Methyl chloroform(1,1,1-Trichloroethane) 1127.9
108 78-93-3 Methyl ethyl ketone (2-Butanone) 1127.9
109 60-34-4 Methylhydrazine 1127.9
110 74-88-4 Methyl iodide (Iodomethane) 1127.9
111 108-10-1 Methyl isobutyl ketone(Hexone) 1127.9
112 624-83-9 Methyl isocyanate 1127.9
113 80-62-6 Methyl methacrylate 1127.9
114 1634-04-4 Methyl tert-butyl ether 1127.9
115 101-14-4 4,4'-Methylenebis(2-chloroaniline) 1127.9
116 75-09-2 Methylene chloride(Dichloromethane) 1127.9
117 101-68-8 4,4'-Methylenediphenyl diisocyanate(MDI) 1127.9
118 101-77-9 4,4'-Methylenedianiline 1127.9
119 91-20-3 Naphthalene AP-42, Section 3.1, Table 3.1-4 3.50E-05 1127.9 3.95E-02 1.73E-01
120 98-95-3 Nitrobenzene 1127.9
121 92-93-3 4-Nitrobiphenyl 1127.9
122 100-02-7 4-Nitrophenol 1127.9
123 79-46-9 2-Nitropropane 1127.9
124 684-93-5 N-Nitroso-N-methylurea 1127.9
125 62-75-9 N-Nitrosodimethylamine 1127.9
126 59-89-2 N-Nitrosomorpholine 1127.9
127 56-38-2 Parathion 1127.9
128 82-68-8 Pentachloronitrobenzene(Quintobenzene) 1127.9
129 87-86-5 Pentachlorophenol 1127.9
130 108-95-2 Phenol 1127.9
131 106-50-3 p-Phenylenediamine 1127.9
132 75-44-5 Phosgene 1127.9
133 7803-51-2 Phosphine 1127.9
134 7723-14-0 Phosphorus 1127.9
135 85-44-9 Phthalic anhydride 1127.9
136 1336-36-3 Polychlorinated biphenyls(Aroclors) 1127.9
137 1120-71-4 1,3-Propane sultone 1127.9
138 57-57-8 beta-Propiolactone 1127.9
139 123-38-6 Propionaldehyde 1127.9
140 114-26-1 Propoxur (Baygon) 1127.9
141 78-87-5 Propylene dichloride (1,2-Dichloropropane) 1127.9
142 75-56-9 Propylene oxide 1127.9
143 75-55-8 1,2-Propylenimine (2-Methylaziridine) 1127.9
144 91-22-5 Quinoline 1127.9
145 106-51-4 Quinone(p-Benzoquinone) 1127.9
146 100-42-5 Styrene 1127.9
147 96-09-3 Styrene oxide 1127.9
148 1746-01-6 2,3,7,8-Tetrachlorodibenzo-p-dioxin 1127.9
149 79-34-5 1,1,2,2-Tetrachloroethane 1127.9
150 127-18-4 Tetrachloroethylene(Perchloroethylene) 1127.9

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
Campbell Industrial Park Generating Station - Initial CSP Application 
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Form S-1a
Air Toxic Emissions for GE SCCT (CIP1 or CIP2)

SECTION 112 HAZARDOUS AIR POLLUTANTS
Source of Emission Heat

EPA CAS Emission Factor Input Emissions Emissions
ID  # Number Pollutant Factor (lb/MMBtu) (MMBtu/hr) (lb/hr) (tpy)

151 7550-45-0 Titanium tetrachloride 1127.9
152 108-88-3 Toluene AP-42, Section 3.4, Table 3.4-3 2.81E-04 1127.9 3.17E-01 1.39E+00
153 95-80-7 Toluene-2,4-diamine 1127.9
154 584-84-9 2,4-Toluene diisocyanate 1127.9
155 95-53-4 o-Toluidine 1127.9
156 8001-35-2 Toxaphene (chlorinated camphene) 1127.9
157 120-82-1 1,2,4-Trichlorobenzene 1127.9
158 79-00-5 1,1,2-Trichloroethane 1127.9
159 79-01-6 Trichloroethylene 1127.9
160 95-95-4 2,4,5-Trichlorophenol 1127.9
161 88-06-2 2,4,6-Trichlorophenol 1127.9
162 121-44-8 Triethylamine 1127.9
163 1582-09-8 Trifluralin 1127.9
164 540-84-1 2,2,4-Trimethylpentane 1127.9
165 108-05-4 Vinyl acetate 1127.9
166 593-60-2 Vinyl bromide 1127.9
167 75-01-4 Vinyl chloride 1127.9
168 75-35-4 Vinylidene chloride (1,1-Dichloroethylene) 1127.9
169 1330-20-7 Xylene (mixed isomers) AP-42, Section 3.4, Table 3.4-3 1.93E-04 1127.9 2.18E-01 9.53E-01
170 95-47-6 o-Xylene 1127.9
171 108-38-3 m-Xylene 1127.9
172 106-42-3 p-Xylene 1127.9
173 Antimony Compounds 1127.9
174 Arsenic Compounds (inorganic including arsine) AP-42, Section 3.1, Table 3.1-5 1.10E-05 1127.9 1.24E-02 5.44E-02
175 Beryllium Compounds 04/11/85 Fuel Analysis, 0.003 ppm 1.51E-07 1127.9 1.70E-04 7.46E-04
176 Cadmium Compounds AP-42, Section 3.1, Table 3.1-5 4.80E-06 1127.9 5.41E-03 2.37E-02
177 Chromium Compounds AP-42, Section 3.1, Table 3.1-5 1.10E-05 1127.9 1.24E-02 5.43E-02
178 Cobalt Compounds 1127.9
179 Coke Oven Emissions 1127.9
180 Cyanide Compounds1 1127.9
181 Glycol ethers2 1127.9
182 Lead Compounds AP-42, Section 3.1, Table 3.1-5 1.40E-05 1127.9 1.58E-02 6.92E-02
183 Manganese Compounds AP-42, Section 3.1, Table 3.1-5 7.90E-04 1127.9 8.91E-01 3.90E+00
184 Mercury Compounds AP-42, Section 3.1, Table 3.1-5 1.20E-06 1127.9 1.35E-03 5.93E-03
185 Fine mineral fibers3 1127.9
186 Nickel Compounds AP-42, Section 3.1, Table 3.1-5 4.60E-06 1127.9 5.19E-03 2.27E-02
187 Polycyclic Organic Matter4 AP-42, Section 3.1, Table 3.1-4 4.00E-05 1127.9 4.51E-02 1.98E-01
188 Radionuclides (including radon)5 1127.9
189 Selenium Compounds AP-42, Section 3.1, Table 3.1-5 2.50E-05 1127.9 2.82E-02 1.24E-01

      Total  2.02 8.9
         

NOTE:  For all listings above which contain the word "compounds" and for glycol ethers, the following applies:  
Unless otherwise specified, these listings are defined as including any unique chemical substance
 that contains the named chemical (i.e., antimony, arsenic, etc.) as part of that chemical's infrastructure. 

   
1.  X'CN where X = H' or any other group where a formal dissociation may occur.  For example, KCN or Ca(CN)2.

2.  R-(OCH2CH2)n-OR'
where:       n = 1, 2, or 3  
      R = alkyl C7 or less
      or R = phenyl or alkyl substituted phenyl
      R' = H, or alkyl C7 or less
      or   ester, sulfate, phosphate, nitrate, sulfonate
 
3.  Includes mineral fiber emissions from facilities manufacturing or processing glass, rock, or slag fibers (or other mineral derived
fibers) of average diameter 1 micrometer or less.
 
4.  Includes substituted and/or unsubstituted polycyclic aromatic hydrocarbons and aromatic heterocyclic compounds, with two or more
fused rings, at least one of which is benzenoid (i.e., containing six carbon atoms and is aromatic) in structure.  Polycyclic Organic
Matter is a mixture of organic compounds containing one or more of these polycyclic aromatic chemicals.  Polycyclic Organic Matter
is generally formed or emitted during thermal processes including (1) incomplete combustion, (2) pyrolysis, (3) the volatilization,
distillation or processing of fossil fuels or bitumens, or (4) the distillation or thermal processing of non-fossil fuels.  The
Administrator may delineate, by test method, what is included in polycyclic organic matter.  

5.  A type of atom which spontaneously undergoes radioactive decay.

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
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Form S-1a
Total Air Toxic Emissions (GE Scenario)

SECTION 112 HAZARDOUS AIR POLLUTANTS
CIP1 CIP2 BSG1 BSG2 Total

EPA CAS Emissions Emissions Emissions Emissions Emissions
ID  # Number Pollutant (tpy) (tpy) (tpy) (tpy) (tpy)

1 75-07-0 Acetaldehyde 1.24E-01 1.24E-01 9.14E-05 9.14E-05 0.25
2 60-35-5 Acetamide
3 75-05-8 Acetonitrile
4 98-86-2 Acetophenone
5 53-96-3 2-Acetylaminofluorene
6 107-02-8 Acrolein 3.89E-02 3.89E-02 2.86E-05 2.86E-05 0.08
7 79-06-1 Acrylamide
8 79-10-7 Acrylic acid
9 107-13-1 Acrylonitrile

10 107-05-1 Allyl chloride
11 92-67-1 4-Aminobiphenyl
12 62-53-3 Aniline
13 90-04-0 o-Anisidine
14 1332-21-4 Asbestos
15 71-43-2 Benzene (including benzene from gasoline) 2.72E-01 2.72E-01 2.81E-03 2.81E-03 0.55
16 92-87-5 Benzidine
17 98-07-7 Benzotrichloride
18 100-44-7 Benzyl chloride
19 92-52-4 Biphenyl
20 117-81-7 Bis(2-ethylhexyl)phthalate (DEHP)
21 542-88-1 Bis(chloromethyl) ether
22 75-25-2 Bromoform
23 106-99-0 1,3-Butadiene 7.90E-02 7.90E-02 5.80E-05 5.80E-05 0.16
24 156-62-7 Calcium cyanamide
25 105-60-2 Caprolactam (Removed 06/18/96, See 61FR30816)
26 133-06-2 Captan
27 63-25-2 Carbaryl
28 75-15-0 Carbon disulfide
29 56-23-5 Carbon tetrachloride
30 463-58-1 Carbonyl sulfide
31 120-80-9 Catechol
32 133-90-4 Chloramben
33 57-74-9 Chlordane
34 7782-50-5 Chlorine
35 79-11-8 Chloroacetic acid
36 532-27-4 2-Chloroacetophenone
37 108-90-7 Chlorobenzene
38 510-15-6 Chlorobenzilate
39 67-66-3 Chloroform
40 107-30-2 Chloromethyl methyl ether
41 126-99-8 Chloroprene
42 1319-77-3 Cresol/Cresylic acid(mixed isomers)
43 95-48-7 o-Cresol
44 108-39-4 m-Cresol
45 106-44-5 p-Cresol
46 98-82-8 Cumene

47
2,4-D(2,4-Dichlorophenoxyacetic Acid)
(including salts and esters)

48 72-55-9 DDE(1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene)
49 334-88-3 Diazomethane
50 132-64-9 Dibenzofuran
51 96-12-8 1,2-Dibromo-3-chloropropane
52 84-74-2 Dibutyl phthalate
53 106-46-7 1,4-Dichlorobenzene
54 91-94-1         Dichlorobenzidine
55 111-44-4 Dichloroethyl ether(Bis[2-chloroethyl]ether)
56 542-75-6 1,3-Dichloropropene
57 62-73-7 Dichlorvos
58 111-42-2 Diethanolamine
59 64-67-5 Diethyl sulfate
60 119-90-4 3,3'-Dimethoxybenzidine
61 60-11-7 4-Dimethylaminoazobenzene
62 121-69-7 N,N-Dimethylaniline
63 119-93-7 3,3'-Dimethylbenzidine
64 79-44-7 Dimethylcarbamoyl chloride
65 68-12-2 N,N-Dimethylformamide
66 57-14-7 1,1-Dimethylhydrazine
67 131-11-3 Dimethyl phthalate
68 77-78-1 Dimethyl sulfate
69 4,6-Dinitro-o-cresol (including salts)
70 51-28-5 2,4-Dinitrophenol
71 121-14-2 2,4-Dinitrotoluene
72 123-91-1 1,4-Dioxane (1,4-Diethyleneoxide)
73 122-66-7 1,2-Diphenylhydrazine
74 106-89-8 Epichlorohydrin (l-Chloro-2,3-epoxypropane)
75 106-88-7 1,2-Epoxybutane

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
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Form S-1a
Total Air Toxic Emissions (GE Scenario)

SECTION 112 HAZARDOUS AIR POLLUTANTS
CIP1 CIP2 BSG1 BSG2 Total

EPA CAS Emissions Emissions Emissions Emissions Emissions
ID  # Number Pollutant (tpy) (tpy) (tpy) (tpy) (tpy)

76 140-88-5 Ethyl acrylate
77 100-41-4 Ethylbenzene
78 51-79-6 Ethyl carbamate (Urethane)
79 75-00-3         Ethyl chloride (Chloroethane)
80 106-93-4 Ethylene dibromide (Dibromoethane)
81 107-06-2 Ethylene dichloride (1,2-Dichloroethane)
82 107-21-1 Ethylene glycol
83 151-56-4 Ethyleneimine (Aziridine)
84 75-21-8 Ethylene oxide
85 96-45-7 Ethylene thiourea
86 75-34-3 Ethylidene dichloride (1,1-Dichloroethane)
87 50-00-0 Formaldehyde 1.38E+00 1.38E+00 2.86E-04 2.86E-04 2.77
88 76-44-8 Heptachlor
89 118-74-1 Hexachlorobenzene
90 87-68-3 Hexachlorobutadiene

91
1,2,3,4,5,6-Hexachlorocyclyhexane
(all stereo isomers including lindane)

92 77-47-4 Hexachlorocyclopentadiene
93 67-72-1 Hexachloroethane
94 822-06-0 Hexamethylene diisocyanate
95 680-31-9 Hexamethylphosphoramide
96 110-54-3 Hexane
97 302-01-2 Hydrazine
98 7647-01-0 Hydrochloric acid (Hydrogen chloride [gas only])
99 7664-39-3 Hydrogen fluoride (Hydrofluoric acid)

100 123-31-9 Hydroquinone
101 78-59-1         Isophorone
102 108-31-6 Maleic anhydride
103 67-56-1 Methanol
104 72-43-5 Methoxychlor
105 74-83-9 Methyl bromide (Bromomethane)
106 74-87-3 Methyl chloride(Chloromethane)
107 71-55-6 Methyl chloroform(1,1,1-Trichloroethane)
108 78-93-3 Methyl ethyl ketone (2-Butanone)
109 60-34-4 Methylhydrazine
110 74-88-4 Methyl iodide (Iodomethane)
111 108-10-1 Methyl isobutyl ketone(Hexone)
112 624-83-9 Methyl isocyanate
113 80-62-6 Methyl methacrylate
114 1634-04-4 Methyl tert-butyl ether
115 101-14-4 4,4'-Methylenebis(2-chloroaniline)
116 75-09-2 Methylene chloride(Dichloromethane)
117 101-68-8 4,4'-Methylenediphenyl diisocyanate(MDI)
118 101-77-9 4,4'-Methylenedianiline
119 91-20-3 Naphthalene 1.73E-01 1.73E-01 4.71E-04 4.71E-04 0.35
120 98-95-3 Nitrobenzene
121 92-93-3 4-Nitrobiphenyl
122 100-02-7 4-Nitrophenol
123 79-46-9 2-Nitropropane
124 684-93-5 N-Nitroso-N-methylurea
125 62-75-9 N-Nitrosodimethylamine
126 59-89-2 N-Nitrosomorpholine
127 56-38-2 Parathion
128 82-68-8 Pentachloronitrobenzene(Quintobenzene)
129 87-86-5 Pentachlorophenol
130 108-95-2 Phenol
131 106-50-3 p-Phenylenediamine
132 75-44-5 Phosgene
133 7803-51-2 Phosphine
134 7723-14-0 Phosphorus
135 85-44-9 Phthalic anhydride
136 1336-36-3 Polychlorinated biphenyls(Aroclors)
137 1120-71-4 1,3-Propane sultone
138 57-57-8 beta-Propiolactone
139 123-38-6 Propionaldehyde
140 114-26-1 Propoxur (Baygon)
141 78-87-5 Propylene dichloride (1,2-Dichloropropane)
142 75-56-9 Propylene oxide
143 75-55-8 1,2-Propylenimine (2-Methylaziridine)
144 91-22-5 Quinoline
145 106-51-4 Quinone(p-Benzoquinone)
146 100-42-5 Styrene
147 96-09-3 Styrene oxide
148 1746-01-6 2,3,7,8-Tetrachlorodibenzo-p-dioxin
149 79-34-5 1,1,2,2-Tetrachloroethane
150 127-18-4 Tetrachloroethylene(Perchloroethylene)

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
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Form S-1a
Total Air Toxic Emissions (GE Scenario)

SECTION 112 HAZARDOUS AIR POLLUTANTS
CIP1 CIP2 BSG1 BSG2 Total

EPA CAS Emissions Emissions Emissions Emissions Emissions
ID  # Number Pollutant (tpy) (tpy) (tpy) (tpy) (tpy)

151 7550-45-0 Titanium tetrachloride
152 108-88-3 Toluene 1.39E+00 1.39E+00 1.02E-03 1.02E-03 2.78
153 95-80-7 Toluene-2,4-diamine
154 584-84-9 2,4-Toluene diisocyanate
155 95-53-4 o-Toluidine
156 8001-35-2 Toxaphene (chlorinated camphene)
157 120-82-1 1,2,4-Trichlorobenzene
158 79-00-5 1,1,2-Trichloroethane
159 79-01-6 Trichloroethylene
160 95-95-4 2,4,5-Trichlorophenol
161 88-06-2 2,4,6-Trichlorophenol
162 121-44-8 Triethylamine
163 1582-09-8 Trifluralin
164 540-84-1 2,2,4-Trimethylpentane
165 108-05-4 Vinyl acetate
166 593-60-2 Vinyl bromide
167 75-01-4 Vinyl chloride
168 75-35-4 Vinylidene chloride (1,1-Dichloroethylene)
169 1330-20-7 Xylene (mixed isomers) 9.53E-01 9.53E-01 7.00E-04 7.00E-04 1.91
170 95-47-6 o-Xylene
171 108-38-3 m-Xylene
172 106-42-3 p-Xylene
173 Antimony Compounds
174 Arsenic Compounds (inorganic including arsine) 5.44E-02 5.44E-02 3.99E-05 3.99E-05 0.11
175 Beryllium Compounds 7.46E-04 7.46E-04 5.47E-07 5.47E-07 0.001
176 Cadmium Compounds 2.37E-02 2.37E-02 1.74E-05 1.74E-05 0.05
177 Chromium Compounds 5.43E-02 5.43E-02 3.99E-05 3.99E-05 0.11
178 Cobalt Compounds
179 Coke Oven Emissions
180 Cyanide Compounds1
181 Glycol ethers2
182 Lead Compounds 6.92E-02 6.92E-02 5.08E-05 5.08E-05 0.14
183 Manganese Compounds 3.90E+00 3.90E+00 2.86E-03 2.86E-03 7.81
184 Mercury Compounds 5.93E-03 5.93E-03 4.35E-06 4.35E-06 0.01
185 Fine mineral fibers3
186 Nickel Compounds 2.27E-02 2.27E-02 1.67E-05 1.67E-05 0.05
187 Polycyclic Organic Matter4 1.98E-01 1.98E-01 7.69E-04 7.69E-04 0.40
188 Radionuclides (including radon)5
189 Selenium Compounds 1.24E-01 1.24E-01 9.06E-05 9.06E-05 0.25

      Total 8.87 8.87 0.0094 0.0094 17.8
       

NOTE:  For all listings above which contain the word "compounds" and for glycol ethers, the following applies:  
Unless otherwise specified, these listings are defined as including any unique chemical substance
 that contains the named chemical (i.e., antimony, arsenic, etc.) as part of that chemical's infrastructure. 

 
1.  X'CN where X = H' or any other group where a formal dissociation may occur.  For example, KCN or Ca(CN)2.

2.  R-(OCH2CH2)n-OR'
where:       n = 1, 2, or 3  
      R = alkyl C7 or less
      or R = phenyl or alkyl substituted phenyl
      R' = H, or alkyl C7 or less
      or   ester, sulfate, phosphate, nitrate, sulfonate
 
3.  Includes mineral fiber emissions from facilities manufacturing or processing glass, rock, or slag fibers (or other mineral derived
fibers) of average diameter 1 micrometer or less.
 
4.  Includes substituted and/or unsubstituted polycyclic aromatic hydrocarbons and aromatic heterocyclic compounds, with two or more
fused rings, at least one of which is benzenoid (i.e., containing six carbon atoms and is aromatic) in structure.  Polycyclic Organic
Matter is a mixture of organic compounds containing one or more of these polycyclic aromatic chemicals.  Polycyclic Organic Matter
is generally formed or emitted during thermal processes including (1) incomplete combustion, (2) pyrolysis, (3) the volatilization,
distillation or processing of fossil fuels or bitumens, or (4) the distillation or thermal processing of non-fossil fuels.  The
Administrator may delineate, by test method, what is included in polycyclic organic matter.  

5.  A type of atom which spontaneously undergoes radioactive decay.

Notes - 
AP-42 emission factors are based on Secs. 3.1 (4/00) and 3.4 (10/96).
tpy values assume 8760 hrs/yr of operation.
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 File No.:  ________________  
 

INITIAL COVERED SOURCE PERMIT APPLICATION
 
In providing the required information, please reference the corresponding letters and numbers 
listed below. 
 
I. In accordance with Chapter 11-60.1, §11-60. 1-83, the following information is 
required: 
 

A. Equipment Specifications: 

1. Maximum design capacity.  CIP1 and CIP2 are identical simple cycle 
combustion turbines.  CIP1 and CIP2 will be selected from the following 
candidate units; (1) Alstom GT11N2-EV (125 MW at Base Load), (2) Siemens 
W501D5A (135 MW at Peak Load), or (3) GE PG7121 (97.1 MW at Peak Load).  
Two 1.5 MW blackstart diesel generators (BSG1 and BSG2) will fire No. 2 diesel 
fuel at a heat input rate of 14.5 MMBTU/hr.  Two internal floating roof tanks 
(Tank1 and Tank2) will store either Naphtha or No. 2 diesel.   
            

2. Fuel type.   CIP1 and CIP2 will burn naphtha with 0.05% maximum sulfur 
content when available and/or No. 2 diesel fuel or Jet Fuel with 0.35% 
maximum sulfur content when naphtha is unavailable.  Unit BSG1 and BSG2 
will burn No. 2 diesel fuel with a 0.4% maximum sulfur content.  

3. Fuel use See the Attached CSP/PSD Application.     

Maximum Fuel Use per Unit 
Emission Unit Type Naphtha 

(MMBTU/hr) 
No. 2 Diesel Fuel 

(MMBTU/hr) 
(CIP1 or CIP2) Simple Cycle Combustion Turbines 
 Alstom GT11N2-EV 1,443.7 1,399.7 
 Siemens W501D5A 1,473.1 1,482.6 
 GE PG7121 1,131.3 1,127.9 
(BSG1 or BSG2) Blackstart Generator Not Applicable 14.5 

 
Fuel Storage Tanks Subject to NSPS Subpart Kb 

Tank ID Type of Tank Working Volume Tank Contents 

Tank1 Internal Floating Roof 4,146,000 gal No. 2 diesel or 
Naphtha 

Tank2 Internal Floating Roof 4,146,000 gal No. 2 diesel or 
Naphtha 

 
 For the Siemens Scenario annual operation will be limited to 24.8x106 MMBtu/yr  
 total for CIP1 and CIP2 which is based on 17,520 unit hours at base load.  This 

limit keeps the Siemens Scenario a minor source of HAPs. 
 
4. Production capacity. does not apply.
5. Production rates. does not apply.
6. Raw materials. does not apply. 
7. Provide any manufacturer’s literature. Included as Attachment S-2a. 

HDOH/EMD/CAB     ( November 29,1993)          Form S-2 Page 1 
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c Estimates based on worst-case of several potential vendor options at peak load for the proposed design.  Estimates 
based on the following diesel fuel specifications: 75,260 lb/hr fuel rate (per CT); 1,482.6 MMBtu/hr (per CT), higher 
heating value; 0.35 wt. % sulfur (maximum as discussed in Section 3.0); and <0.015 wt. % fuel-bound nitrogen.  
Estimates based on the following naphtha fuel specifications: 75,260 lb/hr fuel rate (per CT); 1,473.1 MMBtu/hr (per 
CT), higher heating value; 0.05 wt. % sulfur; and <0.015 wt. % fuel-bound nitrogen.  The units may also fire ethanol 
blended with diesel or naphtha, but the emissions when firing the ethanol are expected to be less than or equal to the 
rates when firing diesel or naphtha.  Thus, maximum emissions were based on firing diesel or naphtha. 

d Based on a NOx outlet concentration of 42 ppmvd, which is based on a fuel-bound nitrogen content of <0.015 wt. %. 
If the fuel-bound nitrogen is greater than 0.015 wt. %, then the event is not an exceedance.  The exhaust 
concentration for fuel-bound nitrogen contents greater than 0.015 wt. % (up to 0.1%) is: NOx, ppmvd @ 15% O2 = 
42 + 0.04 x (wt. % N) x (1E+06/100), based on the NSPS (40 CFR 60, Subpart GG) correction allowance. The 
second term in the equation is based on the F factor, which is F (%) = 0.04 x (wt. % N in fuel).

e Estimates provided by engine manufacturer.  Estimates based on firing diesel fuel with 0.4 wt. % sulfur. 
f Maximum emissions at 50% load for NOx and at minimum load for the other pollutants from the turbines; however, 

prolonged operation at reduced-load conditions is not expected. See Tables 2-1, 3-1, 4-1, 5-1, and 6-1 for NOx, SO2, 
PM/PM10, CO, and VOC emissions, respectively, at other loads. 

g Turbine H2SO4 emissions based on information from GE showing 6.5% conversion of fuel sulfur to H2SO4. 
h Engine H2SO4 emissions estimated by using the same ratio of H2SO4 to SO2 (13.83% or 0.73 lb/hr H2SO4/5.28 lb/hr 

SO2) as the ratio derived from an M3 stack test report dated August 19, 1994. 
i Based on emission factors from AP-42, Tables 3.1-4 and 3.1-5 (4/2000 version) for turbines and Tables 3.4-3 and 

3.4-4 (10/96 version) for engines.  For the turbines, if a turbine emission factor was not provided, then an engine 
emission factor was used.  Likewise, for the engines, if an engine emission factor was not provided, then a turbine 
emission factor was used.  

j  Beryllium emissions based on fuel analysis results of 0.003 ppm dated April 11, 1985. 
k Fluoride emissions based on fuel analysis results of 0.2 ppm dated April 11, 1985. 
l MWC = municipal waste combustor.  SO2 covered separately. 
m Total of the turbines + engines, which represents the net contemporaneous emissions because the project represents a 

new facility.  The maximum of either the diesel or naphtha firing cases for the turbines has been used to estimate the 
total. 
 
 
 BACT is defined in the Clean Air Act (CAA) and in PSD regulations as “an emissions 
limitation . . . based on the maximum degree of reduction for each pollutant  . . . which the 
review authority, on a case by case basis, taking into account energy, environmental, and 
economic impacts and other costs, determines is achievable…through the application of 
production processes or available methods, systems, and techniques…”  In no event can the 
application of BACT result in emissions of any pollutant that would exceed the level allowed by 
an applicable New Source Performance Standard (NSPS) or National Emissions Standard for 
Hazardous Air Pollutants (NESHAP).  For the BACT analyses in this report, alternative control 
techniques are evaluated for the combustion turbine and generator engine emission units for each 
pollutant subject to review, and BACT is determined according to the regulatory definition. 
 
 The BACT analyses presented in this report are based on a “top-down” approach 
consistent with the December 1, 1987 memorandum from Craig Potter, Environmental 
Protection Agency (EPA) Assistant Administrator, to EPA Regional Administrators on the 
subject of “Improving New Source Review (NSR) Implementation.”  In the top-down 
methodology, control technology alternatives are identified through knowledge of the industry 
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and previous regulatory decisions for other identical or similar sources.  These alternatives are 
then ranked by stringency into a control technology hierarchy.  The hierarchy is evaluated 
starting with the “top”, or most stringent alternative, to determine economic, environmental, and 
energy impacts.  If the top control alternative is not applicable, technically infeasible, or is 
economically infeasible, it is rejected as BACT and the next most stringent alternative is then 
considered.  This process continues until a control alternative is determined to be both 
technically and economically feasible, thereby defining the emission level corresponding to 
BACT for the pollutant in question emitted from the particular facility under consideration. 

 
 
1.3 Combustion Turbines BACT Summary and Conclusions 

The range of control technologies potentially applicable to combustion turbines was 
evaluated in the BACT analyses for reducing emissions of NOx, SO2, CO, H2SO4 mist, VOC, 
PM/PM10, benzene, and arsenic for the Campbell Industrial Park project.  Alternative methods of 
control were identified based on a review of the EPA RACT/BACT/Lowest Achievable 
Emission Rate (LAER) Clearinghouse database, recent permitting activity, and general 
knowledge of the potential control technologies for the industry.  The potentially feasible 
technologies for each pollutant were then ranked in order of decreasing stringency (i.e., highest 
emissions reduction to lowest emissions reduction) to develop a hierarchy of alternatives for 
consideration in the analyses.  The control alternative hierarchies for NOx, SO2, CO, VOC, 
PM/PM10, arsenic, beryllium, benzene, and H2SO4 mist are presented in Table 1-2 for the 
turbines.  The proposed BACT technologies and emission limits are also summarized in Table 1-
2 for the turbines. 

 
 A summary of the environmental and energy impacts is presented in Table 1-3 for the 
turbine pollutants.  A brief synopsis of the control for each pollutant from the turbines is 
presented below. 
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Table 1-2.  Control Hierarchy for Campbell Industrial Park - Combustion Turbines 
Emission Limit/Rate (Total 

of Both Turbines)
Pollutant     Control Technology

Control 
Level 
(%) a (ppmv) b (lbs/hr) c Analysis Conclusion 

NOx SCR + Water injection – Diesel 
SCR + Water injection – Naphtha 

65-80 d, g  14.7-8.4
14.7-8.4 

173-98.8 
171-97.6 

Technically infeasible, Environmental impacts (H2SO4 mist, 
ammonium salt formation) 

 Water injection – Diesel 
Water injection – Naphtha 

- 42 e 

42 e 
494 
488 

Proposed BACT 

Ultra-Low Sulfur Fuels 
(max. 0.05% S - Naphtha or other) 

85.7 9.4 151 Proposed BACT (fire 0.05% sulfur fuel preferentially, with 
allowances for 0.35% as described in Section 3.0) 

SO2

Flue gas desulfurization 60g   26.3 422 Technically infeasible 
Catalytic oxidation – Diesel 
Catalytic oxidation – Naphtha 

90f, g 2.1 (80)h 

2.1 (80)h 
14.3 (208)h 

14.2 (218)h 
Technically infeasible, Environmental impacts (H2SO4 mist) CO 

Combustion design – Diesel 
Combustion design – Naphtha 

- 20.8 (800)h 

21.0 (800)h 
143 (2,080)h 

142 (2,182)h 
Proposed BACT 

Catalytic oxidation – Diesel 
Catalytic oxidation – Naphtha 

60f, g 8.2 (205)h 

8.1 (215)h 
16.3 (410)h 

16.2 (430)h 
Technically infeasible, Environmental impacts (H2SO4 mist) VOC 

Combustion design – Diesel 
Combustion design – Naphtha 

- 20.4 (513)h 

20.2 (538)h 
40.8 (1,026)h 

40.4 (1,076)h 
Proposed BACT 

PM/PM10 Combustion design – Diesel 
Combustion design – Naphtha 

-  - 108 (160)h 

103 (152)h 
Proposed BACT 

Arsenic Combustion design - - 3.26E-02 Proposed BACT 

Beryllium Combustion design - - 4.48E-04 Proposed BACT 

Benzene Combustion design – Diesel 
(Also included in VOC, see above) 

-   - 1.63E-01 Proposed BACT

Ultra-Low Sulfur Fuels  
(max. 0.05% S – Naphtha or other) 

85.7 - 15.0 Proposed BACT (fire 0.05% sulfur fuel preferentially, with 
allowances for 0.35% as described in Section 3.0) 

H2SO4

Mist 
Flue gas desulfurization 60g   - 41.9 Technically infeasible 

a Estimated based on emission reductions from the baseline control level.  For conservatism, reductions shown for SO2 and H2SO4 are based on a baseline 
maximum fuel sulfur content of 0.35% as discussed in Section 3.0. 

b Emissions are given in ppmvd corrected at 15% O2 in the exhaust gas. 
c Emission rates are based on peak load operation for the two turbines combined.  See Tables 2-1, 3-1, 4-1, 5-1, and 6-1 for partial load NOx, SO2, PM/PM10, CO, 

and VOC emissions, respectively. 
d Range shown for SCR control due to limited performance data for oil-fired simple-cycle units. 
e Estimated based on vendor data for a fuel-bound nitrogen content of <0.015 wt. %. 

 



 

both contribute to higher SO3 emissions were oxidation catalyst to be employed. This SO3 would 
condense to form sulfuric acid mist as the exhaust gas cools in the atmosphere. 
  

Turbine PM/PM10 Emissions—For PM/PM10 emissions, the proposed BACT is 
burning low-ash fuel and using combustion design techniques that are integral to the combustion 
turbine design.  The corresponding emission rate from each combustion turbine is 54.1 and 51.4 
pounds PM/PM10 per hour at peak load for diesel and naphtha firing, respectively.  At reduced 
loads the PM/PM10 emission rates from each turbine approach 80.0 pounds per hour on diesel 
and 75.9 pounds per hour on naphtha, maximum, at minimum load.  However, the turbine units 
are not expected to operate for prolonged periods at reduced loads. 

 
Turbine Arsenic, Beryllium, and Benzene Emissions—Emissions from arsenic, 

beryllium, and benzene are low (approximately 8.15E-02 pounds benzene per hour, 2.24E-04 
pounds beryllium per hour, and 1.63E-02 pounds arsenic per hour, each pollutant per turbine).  
These emissions will be minimized using clean fuels and proper combustion techniques to meet 
BACT. 
 
 
1.4 Black Start Generators, Storage Tanks, and Fugitives BACT Summary and 

Conclusions 
 The emission rates for NOx, SO2, CO, H2SO4 mist, VOC, PM/PM10, arsenic, beryllium, 
and benzene from the black start generator engines are shown in Table 1-1.  As shown in Table 
1-1, annual emissions from the black start generator engines are relatively low because each 
engine will be limited to no more then 500 hours of operation per year.  In addition, the engines 
have design features that inherently minimize emissions.  Due to the low annual emissions (a 
result of the limited hours of operation), BACT for the generator does not require controls 
beyond good operating practices and engine design for the control of NOx, CO, VOC, PM/PM10, 
and toxics.  BACT for SO2 (and H2SO4 mist) from the engines is proposed as burning 0.4% 
sulfur diesel fuel.  Annual SO2 emissions from each engine are less than 1.5 tons per year.  
Because these emissions are so low, burning diesel fuel with a lower sulfur content is not 
warranted. 
 

Two identical storage tanks (Tank1 and Tank2) will be used to store either diesel or 
naphtha fuels to be used at the Campbell Industrial Park Generating Station.  Internal floating 
roof design will be used to meet BACT.  This is consistent with other recent permits for similar 
types of facilities in Hawaii.  Tank1 and Tank2 will be designed to meet the specification 
pursuant to 40 CFR Part 60, Section 60.112b(a)(1).  Tank1 and Tank2 will be equipped with one 
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of the following closure devices between the wall of the storage vessel and the edge of the 
internal floating roof:  

 
(1) Foam- or liquid-filled seal mounted in contact with the liquid (liquid-mounted seal);  
(2) Two seals mounted one above the other so that each forms a continuous closure that 

completely covers the space between the wall of the storage vessel and the edge of the 
internal floating roof; or  

(3) A mechanical shoe seal. 
 
 The true vapor pressure of the volatile organic liquid (VOL) stored in the tanks will be 
maintained below 11.1 psia (76.6 kPa) at all times.  Determination of the true vapor pressure will 
be done according to an applicable method specified in NSPS, Subpart Kb. 
 
 There may be some fugitive emissions associated with the equipment components 
(valves, flanges, etc.) in diesel or naphtha service.  Due to the expected low emission rates, no 
leak detection and repair (LDAR) program is proposed.  This is consistent with permits for other 
similar facilities. 
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2.0 BACT ANALYSIS FOR TURBINE NOx 
 

Nitrogen oxide (NOx) emissions from combustion turbines are classified by their 
formation mechanisms as either thermal NOx or fuel NOx.  Thermal NOx is created by the high 
temperature reaction of nitrogen and oxygen in the combustion air.  It is a function of the 
combustion chamber design and the turbine operating parameters, including the flame 
temperature, residence time at flame temperature, combustion pressure, and air/fuel ratios in the 
primary combustion zone.  Fuel NOx is formed by the gas-phase oxidation of fuel-bound 
nitrogen.  Fuel NOx is largely independent of the combustion temperature and the nature of the 
organic nitrogen compounds.  Its formation depends on fuel nitrogen content and combustion 
oxygen levels. 

 
NOx emissions are inherently higher for distillate fuel firing than for natural gas firing in 

combustion turbines.  Distillate oil contains a significant amount of fuel-bound nitrogen – 
possibly up to approximately 0.1 weight percent for the Campbell Industrial Park turbine site and 
more in some cases.  In addition, the combustion temperature is higher for diesel firing than for 
natural gas firing.  Therefore, both the fuel NOx and thermal NOx contributions from diesel firing 
are higher than those for natural gas firing.   

 
The Federal NSPS for combustion turbines (40 CFR 60, Subpart GG) accounts for both 

types of NOx when specifying total maximum allowable emissions.  The allowable NOx 
emissions are calculated (in units of volume percent on a dry basis at 15% O2) from the 
expression: 

  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×⎥⎦

⎤
⎢⎣
⎡

100
10  F + 

Y
(14.4) 0.0075= )O 15% (@ ppmvd ,NO  

6

2x  

The above limit is for turbines with a heat input greater than 100 million Btu/hr (lower heating 
value) at base load.  In the NSPS expression, Y is the manufacturer's guaranteed heat rate (kJ/W-
hr), which varies with ambient temperature and fuel type, and F is an adjustment factor based on 
the weight percentage of nitrogen in the fuel.  For fuels with nitrogen contents ranging between 
0.015 and 0.1 percent by weight, F is expressed as 0.04(N), where N is the nitrogen content 
(percent by weight). 

 
For the Campbell Industrial Park units, the maximum NOx emissions allowed by the 

NSPS are 136.9 ppmv at peak load operation.  This value is based on the heat rate at 86oF and 

Appendix A        2-1 



 

0.1 weight percent fuel-bound nitrogen.  Actual conditions denote 70% relative humidity and an 
altitude correction. The respective parameters for peak load and base load operation are: 

 

Heat Rate, Ya 
 Btu/kW-hr kJ/W-hr F 

NSPS 
(ppmv) 

Peak load 

Actual, diesel 10,560 11.141 0.004 136.9 
Actual, naphtha 10,565 11.147 0.004 136.9 

ISO, diesel 10,320 10.888 0.004 139.2 
ISO, naphtha 10,330 10.899 0.004 139.1 

Base load 

Actual, diesel 10,575 11.157 0.004 136.8 
Actual, naphtha 10,585 11.168 0.004 136.7 

ISO, diesel 10,315 10.883 0.004 139.2 
ISO, naphtha 10,320 10.888 0.004 139.2 

a Based on the minimum heat rate for the turbine vendor options being considered (provides conservatively 
higher ppmv limit). 

 

A detailed NSPS calculation for the turbines is included in Attachment A. 
 
Water injection is proposed for the Campbell Industrial Park combustion turbines to 

reduce NOx below NSPS levels.  A description of this NOx control technique is presented here.  
In wet injection control, demineralized water is injected into the gas turbine combustion 
chamber.  The moisture acts as a heat sink, reducing the peak flame temperature and therefore 
reducing the formation of thermal NOx.  Injection patterns vary among turbine and individual 
combustor designs and moisture may be injected in either a liquid or vapor state.  The wet 
injection concept and fundamentals, however, are in general common among designs. 

 
Turbine design is the single most influential factor affecting the NOx emissions level 

achievable with water injection.  The practical extent to which NOx formation can be retarded by 
wet injection is defined by flame stability considerations and the associated efficiency of the 
combustion turbine.  Hence, achievable NOx reductions via wet injection are strongly influenced 
by the details of the combustor design and the basic combustion characteristic of the fuel.  For a 
given turbine design, the water-to-fuel ratio may be increased with accompanying decreases in 
NOx formation until cold spots and flame instability impede the safe, efficient, and reliable 
operation of the units.  The NOx concentration is reduced with relatively little loss in combustion 
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efficiency until the point of maximum moisturization, which is within the bounds of the 
manufacturer's guarantee.  Addition of more water beyond this point results in rapidly decreasing 
combustion efficiency and relatively little reduction in NOx emissions.  Operation at excessive 
water-to-fuel ratios causes very high CO and VOC emissions due to incomplete combustion of 
the fuel and excessive erosion of turbine parts. 

 
The NOx emission limit guaranteed by the vendors for the turbine units firing oil 

containing less than 0.015 percent fuel-bound nitrogen is 42 ppmvd (15% O2, ISO conditions) 
with water injection.  Because one of the fuel suppliers does not have a maximum fuel nitrogen 
specified limit, the fuel available to Campbell Industrial Park is assumed to contain up to 0.1 
percent nitrogen.  Since the fuel available to the Campbell Industrial Park site is assumed to 
contain up to 0.1 percent nitrogen, the achievable NOx emission limit corrected for the additional 
fuel-bound nitrogen is 82 ppmvd (refer to Attachment A for the calculation).  The actual fuel-
bound nitrogen content of the fuel available in Hawaii varies based on the crude oil supplied to 
the local refineries.  This variability in nitrogen content is unique to Hawaii, because crude oil is 
supplied from multiple sources (e.g., Indonesia and Alaska).  Because the nitrogen-content 
specification for the distillate fuel is not controlled during the refining process, the nitrogen 
content is assumed to vary up to and possibly above 0.1 weight percent.  The corresponding 
variability in NOx emissions for the Campbell Industrial Park units, based on the fuel nitrogen 
content, is shown below: 

 

Fuel-Bound Nitrogen 
(Percent by weight) 

NOx Emissions 
(ppmv @ 15% Oxygen) 

<0.015 42 
0.025 52 
0.05 62 

0.075 72 
0.10 82 

 

Adjustment of the NOx emission limit to account for the fuel-bound nitrogen content 
during oil firing is reflected in the permits for existing MECO/HECO-system combustion 
turbines.  In these permits, emissions of NOx greater than 42 ppmv (at 15% O2) are not 
considered an exceedance "if it can be shown that the excess emissions resulted from the firing 
of fuel oil No. 2 with a fuel-bound nitrogen content in excess of 0.015 percent by weight". 

 
Steam or water injection was considered as a control option.  Both steam and water can 

achieve NOx levels of 42 ppmv when firing liquid fuel containing less than 0.015 weight percent 
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fuel-bound nitrogen.  Thus, both are considered to be equivalent control technologies, and the 
decision to use one over the other is dependent on site-specific considerations. Water injection is 
considered the preferred control option for the Campbell Industrial Park simple-cycle 
combustion turbines.  This technology and associated emissions levels were selected as the 
baseline for the NOx BACT analysis. 

 
Table 2-1 shows the NOx emission rates for various load ranges for the Campbell 

Industrial Park turbines.  Even though the units are not expected to operate at reduced loads, 
reduced load operation may be necessary, in which case the NOx emission rate and exhaust gas 
concentration could increase.  Note that the higher emissions at lower loads are influenced by the 
fact that three vendor options are being considered for the turbines and the worst case emissions 
are reflected.  Refer to the emissions section for more details on the bases for these rates.  

 

Table 2-1.  NOx Emission Rates Versus Campbell Industrial Park Turbine Load 

 NOx Emission Rate 
 Diesel Firing Naphtha Firing 

Load lb/hra ppmvd @ 15% O2 lb/hra ppmvd @ 15% O2

Peak 494 42 488 42 
Base 470 42 478 42 
75% 380 42 376 42 
50% 612 96 648 96 

Minimum 410 96 430 96 
aMass emission rates based on total emissions from the two combustion turbine units combined. 
 

2.1 NOx Control Alternatives 
Potential control technologies identified for the combustion turbines were: 1) low-

nitrogen fuels, 2) dry low-NOx combustor design, 3) selective non-catalytic reduction (SNCR), 
4) non-selective catalytic reduction (NSCR), 5) SCONOxTM, 6) XononTM, 7) EnviroScrub’s 
PahlmanTM Process, and 8) selective catalytic reduction (SCR). 

 
Low-nitrogen fuel is a viable NOx strategy for any combustion source, but it will not be 

discussed at length in this section because low-nitrogen fuel is not readily available in the local 
area.  Nitrogen content is not a characteristic of distillate fuel that is specified during the refining 
process.  The NSPS recognizes the variability of fuel-bound nitrogen and incorporates a 
correction factor for the nitrogen content of the fuel.  Furthermore, the fuel to be used at the 
Campbell Industrial Park facility is expected to have a low nitrogen content (up to approximately 
0.1 percent) relative to other types of fuels available in Oahu (such as low-sulfur residual diesel 
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fuels which contain up to 0.6  percent nitrogen).  Therefore, firing of a lower-nitrogen fuel as a 
control option was not considered feasible. 

 
A "dry low-NOx" combustor design is in use for several combustion turbines, but is not 

available for the potential Campbell Industrial Park turbine models firing liquid fuels.  “Dry low-
NOx” combustors are typically designed and optimized to burn natural gas as the primary fuel, 
not liquid fuels. 

 
Selective non-catalytic reduction (SNCR), which is a flue gas treatment technique, was 

identified as a potential option via technology transfer because it is used on other types of 
combustion sources.  However, there are no known applications of SNCR to combustion 
turbines.  Selective non-catalytic reduction, including both ammonia and urea injection, requires 
flue gas temperatures in the range of 1,500°F to 2,000°F.  The turbine exhaust temperatures for 
the Campbell Industrial Park units are estimated to range from 1,005°F to 1,076°F depending on 
the vendor option selected.  This is considerably below the required SNCR temperature range.  
Additional fuel combustion or some other method of reheat would be needed to achieve exhaust 
temperatures compatible with SNCR operation.  Thus, SNCR was rejected as a feasible control 
option on the basis of temperature restrictions. 

 
SNCR is an unlikely candidate for BACT even if it were feasible for combustion turbine 

NOx control.  Under optimum temperature conditions (1,500°F-2,000°F and residence times 
greater than 1 second), SNCR is only 20 to 50 percent effective in controlling NOx emissions.  
Further, NOx reduction rates decrease when the NOx concentration is below 100 ppm.  There are 
other alternatives that are more effective at controlling NOx than SNCR.   

 
Nonselective catalytic reduction (NSCR) is also a post-combustion flue gas treatment 

technique.  This technology is used for reduction of NOx emissions from automobile exhaust and 
typically uses a platinum/rhodium catalyst.  NSCR is only effective when treating the flue gas 
from fuel-rich combustion processes because the flue gas must be nearly depleted of oxygen 
(<1%) for effective operation.  This condition does not exist for combustion turbines, which 
operate with high levels of excess air (typically 14 to 16 percent O2) in the exhaust gas.  
Therefore, NSCR is not technically feasible for this application. 

 
SCONOxTM is an emerging catalyst technology similar to SCR, but reduced NOx 

emissions are achieved without the use of ammonia.  The SCONOxTM system uses a single 
catalyst to control both CO and NOx emissions in the exhaust gas.  The reaction chemistry of the 
catalyst coverts CO to CO2 and NO to NO2, with NO2 being adsorbed onto the surface of the 
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catalyst.  The system also reduces VOC emissions.  Product literature states the system can 
operate effectively at temperatures ranging from 300°F to 700°F.  As noted earlier, the turbine 
exhaust temperatures are estimated to range from 1,005°F to 1,076°F depending on the vendor 
option selected, which are much higher than the acceptable range for SCONOxTM.   

 
Also, sulfur-bearing fuels such as the diesel that could be used at Campbell Industrial 

Park have been known to foul the SCONOxTM catalyst and thus render it ineffective.  The 
SCONOxTM vendor also offers the SCOSOxTM Sulfur Removal Catalyst system, which works in 
conjunction with SCONOxTM to remove sulfur compounds that interfere with the SCONOxTM 
system.  SCOSOxTM is placed upstream of the SCONOxTM system and utilizes the same 
oxidation/absorption and regeneration cycles as the SCONOxTM system.  However, SCOSOxTM 
operates within the same exhaust temperature window as SCONOxTM (300°F to 700°F).  Thus, 
the SCONOxTM/SCOSOxTM systems were rejected as feasible control options on the basis of 
high exhaust temperatures. 

 
XononTM is another emerging catalyst technology that reduces NOx from the turbine 

combustor without the use of ammonia. The XononTM system control technology is being 
developed by Catalytica Energy Systems.  This catalytic system is installed in the turbine 
combustor.  The system prevents the production of NOx by allowing the combustion of the fuel 
and oxygen to occur in a flameless environment, which reduces the combustion temperature 
below the level at which NOx forms.  Product literature states that this process releases the same 
amount of energy as a conventional flame-based combustion system, but at a lower temperature. 

  
Company literature states that the XononTM system is applicable to natural-gas fired 

turbines.  No information is provided on applicability to oil-fired turbines.  Also, the XononTM 
system has only been applied to a 1.4 MW Kawasaki gas turbine.  This Kawasaki turbine was 
commissioned in July 1999 at Silicon Valley Power in Santa Clara, California.  Company 
literature states that the NOx levels have been below 2.5 ppm.  Another application has been in 
operation since November 2002 at Sonoma Developmental Center in Eldridge, California.  This 
application is also on a 1.4 MW Kawasaki gas turbine and has achieved NOx levels below 3 
ppm. 

 
The XononTM system is not a viable control option for this project because it has not been 

developed for any of the potential turbine models that may be installed at Campbell Industrial 
Park, demonstrated on a turbine similar in size to the proposed units at Campbell Industrial Park, 
or demonstrated on a liquid-fired unit.  Application of XononTM is unit-specific, and it has only 
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been applied to 1.4 MW Kawasaki M1A-13X gas turbines.  For these reasons, the XononTM was 
rejected as a feasible control option. 

 
EnviroScrub Technologies Corporation (“EnviroScrub”) makes a proprietary “dry 

scrubbing” flue gas treatment process known as the PahlmanTM Process Multi-Pollutant Control 
System.  Their literature indicates that it can control both NOx and SO2, either selectively or 
simultaneously, without the use of a catalyst or ammonia.  The Pahlman process involves 
injection of Pahlmanite, low density fine black powders, into a flue gas stream.  The Pahlmanite 
is then removed downstream in a fabric filter or baghouse.     

 
This emerging technology has only been used in a series of initial engineering tests 

according to product literature.  The testing has only been conducted on two coal-fired boiler 
facilities and a natural gas boiler at the pilot scale; however, the results have shown promise at 
reducing the relatively higher NOx and SO2 concentrations contained in coal- and natural gas-
fired boiler flue gases.  However, as the process utilizes a fabric filter or baghouse, its 
applicability for the control of SO2 emissions from a combustion turbine is subject to similar 
limitations as flue gas desulfurization or the use of a baghouse as a PM control option.  
Specifically, a large fabric filter or baghouse will be required to treat the high volumetric flow 
rate of turbine exhaust gas.  Since the EnviroScrub technology has not been demonstrated in 
either a full-scale application or a turbine, it is not considered an option for BACT. 

 
By process of elimination, the only remaining technology evaluated as part of the NOx 

control hierarchy is SCR.  A discussion of this technology is presented in the following section. 
 

2.2 Selective Catalytic Reduction Overview 
Selective catalytic reduction is a post-combustion NOx control technology (i.e., it treats 

the exhaust gas downstream of the gas turbine) that has been extensively applied to natural gas-
fired combustion turbines, gas-, oil-, or coal-fired boilers, and internal combustion (IC) engines.  
In this process, ammonia is injected into the exhaust gas upstream of a catalyst bed.  On the 
catalyst surface, the ammonia reacts with NOx to form molecular nitrogen and water vapor.  The 
general chemical reaction is given below: 

 
4NO + 4NH3 + O2  →   4N2 + 6H2O 

 
There are two types of SCR applications, depending on the exhaust gas temperature, 

referred to as  “low-temperature” and “high-temperature” SCR, and the catalyst used for each 
application is different. 
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“Low-temperature” or conventional SCR is used when the turbine has a heat recovery 

steam generator (HRSG), and the SCR catalyst can be located within the HRSG.  The 
configuration with an HRSG is referred to as “low-temperature” or conventional SCR because 
the exhaust gas temperature is cooled in the HRSG upstream of the catalyst.  The “low-
temperature” SCR approach is effective at temperatures ranging from 500 to 850°F, and the 
catalyst is typically vanadium/titanium-based.  Above 850°F, ammonia begins to be oxidized to 
form additional NOx.  Furthermore, depending on the catalyst substrate material, the catalyst 
may be quickly damaged due to thermal stress at temperatures above 850°F.  The Campbell 
Industrial Park turbines are expected to have exhaust temperatures up to 1,005°F to 1,076°F 
(depending on the vendor option selected), well above the conventional catalyst temperature 
limit.  Thus, the “low-temperature” SCR approach is not applicable to the simple-cycle 
combustion turbines at Campbell Industrial Park. 

 
Injecting air in the exhaust stream prior to SCR control has been employed at some 

facilities.  However, air injection is normally used to cool the exhaust stream by a maximum of 
about 100°F.  As noted earlier, the Campbell Industrial Park CTs are expected to have exhaust 
temperatures up to 1,005°F to 1,076°F, depending on the vendor option selected.  Assuming a 
100°F temperature drop, cooling air would lower the exhaust temperature to approximately 
905°F to 976°F, which is above the 850°F maximum temperature that the conventional “low-
temperature” SCR catalyst can operate.  The same difficulties would also apply to using air 
injection for SCONOxTM, which operates at a maximum temperature of 700°F. 

 
There are questions about how the SCR system would operate if more cooling air were 

used beyond normal practice to achieve the optimum conventional SCR temperature.  Large 
volumes of air mixed with the exhaust gas could cause mal-distribution of both ammonia and 
NOx due to difficulties in efficiently mixing the large-volume streams.  This could degrade the 
performance of the SCR system.  Also, for a sulfur-bearing fuel that could be used at Campbell 
Industrial Park, the conversion of SO2 to SO3 (and thus attendant H2SO4 emissions) would be 
higher when compared to typical combined-cycle operation due to the difference in exhaust 
temperatures (i.e. using injection air would result in a catalyst temperature at the high end of the 
range of the conventional SCR approach, where the catalyst is typically installed within an 
HRSG).  Due to the high exhaust temperature, air injection to cool the stream is not feasible. 

 
At higher exhaust temperatures (above 850°F), special catalysts known as zeolites are 

typically employed.  These applications are known as “high-temperature” SCR.  Higher exhaust 
temperatures occur on simple-cycle combustion turbines because they do not have an HRSG to 
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cool the exhaust gas.  “High-temperature” SCR would also apply to combined-cycle units that 
have the SCR catalyst located between the turbine exhaust and the HRSG inlet.  The remainder 
of this section discusses potential operating and performance issues associated with the 
application of high-temperature SCR to the combustion turbines at Campbell Industrial Park. 

 
Most commercially available zeolites are claimed to be effective over the range of 600oF 

to approximately 980oF.  One vendor claims that zeolite catalyst can be designed to operate in 
temperatures up to 1050oF.  Another vendor claims effective operation at temperatures up to 
1125oF.  The exhaust temperature of the Campbell Industrial Park units ranges from about 
1,005°F to 1,076°F (depending on the vendor option selected).  Based on the catalyst vendor 
claims, zeolite catalysts could be placed directly in the turbine exhaust gas stream.  This is the 
so-called “high-temperature” SCR configuration. 

 
Operating experience with zeolite catalysts on oil-fired sources is limited, and the upper 

temperature limit and long-term performance characteristics of these catalysts have not yet been 
established.  Zeolite catalyst formulations have been applied commercially on several natural 
gas-fired combustion turbines, on three oil-fired combustion turbines located at the Puerto Rico 
Electric Power Authority’s (PREPA) Cambalache Station, and on two oil-fired combustion 
turbines located at Hawkeye LLC’s Greenport facility in Long Island, New York.  There is 
another application of SCR on Long Island on two simple-cycle turbines firing oil at PPL 
Global’s Shoreham Electric Generating Facility.  However, specific information on the catalyst 
formulation catalyst could not be obtained, even after conducting Internet searches, contacting 
the state, and calling a staff member of PPL Global (the contact person indicated by the State).  
The applications at PREPA and on Long Island are described in more detail in Section 2.3.1, 
which discusses previous SCR applications on combustion turbines. 

 
Fuel composition is also an important factor for an application of high-temperature SCR 

at Campbell Industrial Park.  In this application, the zeolite catalyst would be located in the 
combustion turbine exhaust gas.  Thus, oxidation of SO2 to SO3 over the catalyst, in combination 
with ammonia slip, could lead to ammonium salt formation as the exhaust gas cools in the 
atmosphere.  This, in turn, could lead to an increase in fine particulate matter in the atmosphere.  
SCR use could also have negative environmental impacts in the form of sulfuric acid formed 
from the oxidation of SO2 to SO3, which could be in the form of mist as the exhaust gas cools in 
the atmosphere. 

 
Because of the lack of significant oil-fired SCR operating experience, MECO (Maui 

Electric Company) turbine Units M17 and M19 were initially permitted for simple-cycle 
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operation on the basis of water injection for NOx control.  The Hawaii Department of Health 
(DOH) included a permit condition in the M17 and M19 permit which required a demonstration  
program to determine the technical and economic feasibility of SCR.  The outcome of the 
demonstration program would assist in NOx BACT determinations for future 
MECO/HELCO/HECO combustion turbines.  The demonstration program final report that 
discusses the pilot plant testing was issued in February 1997, and a third party review of the 
report with a recommendation to DOH is pending.  Key results from the demonstration are 
presented in Section 2.3.2. 

 
2.3 Summary of SCR Operating Experience on Combustion Turbines 

SCR is widely employed on combustion turbines fired with low-sulfur natural gas.  There 
are an increasing number of units that are fired primarily with natural gas, but have backup oil-
firing capability.  There are also several “high-temperature” SCR applications on simple-cycle 
combustion turbines firing natural gas (which may also have backup diesel firing capability).  
However, there have been only a few applications of “high-temperature” SCR on turbines that 
fire diesel exclusively.  These applications are discussed in Section 2.3.1, which describes the 
survey of previous combustion turbine SCR applications. Section 2.3.2 summarizes the results of 
the MECO/HECO SCR demonstration program pilot plant final report (note that a third party 
review is not yet complete). 

 
2.3.1 Combustion Turbine SCR Survey Results 

The US EPA's RACT/BACT/LAER Clearinghouse database (RBLC) was surveyed for 
turbines firing liquid fuels permitted since January 1993.  The following is a summary of the 
RBLC search for NOx: 

 

• Besides the application at PREPA’s Cambalache Station, the RBLC search did not 
indicate any applications of high-temperature SCR on turbines that exclusively fire 
distillate oil.   

• There were several applications of SCR on oil-fired turbines, but these appear to be 
either units that fire fuel oil as a back-up fuel (with natural gas as the primary fuel) or 
are combined-cycle units that presumably have “low-temperature” SCR. 

• For fuel oil-fired turbines utilizing water or steam injection, the RBLC search showed 
that most (at least 20 determinations) of the units were permitted at a NOx emissions 
level of 42 ppmvd, the level proposed at Campbell Industrial Park at full load.   

 
The original RBLC search for this permit application was conducted in June 2003.  

Another search of the RBLC database was conducted in November 2004 to identify if any 
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simple-cycle turbines that exclusively fire fuel oil with SCR control had been installed since the 
original RBLC search was conducted; however, the RBLC did not show any additional SCR 
installations on simple-cycle oil-fired turbines since the June 2003 search. 

 
Additionally, vendor application lists and previous experience were relied upon to survey 

existing “high-temperature” SCR applications.  The vendor application list identified 7 facilities 
that use high-temperature SCR for turbines firing natural gas.  In 2 of these applications, there 
have been NOx performance issues, with the catalyst deactivating sooner than expected.  In 
another natural gas application (out of the 7 noted earlier), there have been problems with the 
SCR system, but the vendor did not identify the problems and stated that the application may not 
have been an appropriate application for the zeolite catalyst.  

 
A discussion with a catalyst vendor indicated that there is an application of SCR at a 

simple-cycle facility that exclusively fires fuel oil in Long Island, New York.  Internet searches 
and discussions with the New York State Department of Environmental Conservation 
(NYSDEC) identified one additional simple-cycle facility that exclusively fires fuel oil in New 
York, also on Long Island.  These two facilities do not fire natural gas because of an insufficient 
supply of natural gas at their respective locations.  These SCR installations were not included in 
the RBLC database.  The SCR installations at PREPA and the two facilities on Long Island are 
discussed in more detail below.  The two Long Island installations were not previously identified 
when this application was submitted in 2003. 

 
PREPA – Cambalache Generating Station 
The first known application of “high-temperature” SCR on turbines exclusively firing 

distillate oil was operated by the Puerto Rico Electric Power Authority (PREPA) at their 
Cambalache Generating Station.  However, the SCR system on these units has since been 
removed due to failure of the system.  This site includes three combustion turbines (ABB GT 
11N units) fired with fuel oil having a maximum sulfur content of 0.15%.  The actual sulfur 
content ranges from about 0.09% to 0.12%.  Each unit has a nominal rating of 83 MW.  The 
units began operations in June 1997, and operated approximately 12 hours per day after startup.  
Starting in November 1997, the units operated an average of approximately 16 hours per day, but 
also ran 24 hours per day for several days at a time. 

 
The Cambalache turbines employ steam injection to reduce NOx.  The peak exhaust 

temperature is about 960°F.  Typical NOx concentrations in the turbine exhaust are in the range 
of 30 to 40 ppm (ABB guarantees a pre-SCR NOx emission rate of 50 ppm at a fuel nitrogen 
concentration of 0.1%).  The actual fuel nitrogen content is around 0.07 to 0.08%.  The SCR 
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systems utilized a high-temperature zeolite catalyst.  Permit requirements specify outlet NOx and 
ammonia slip concentrations of 10 ppm at 15% oxygen. 

 
According to the PREPA project manager, the high-temperature catalyst initially met the 

NOx and ammonia slip requirements.  NOx emission rates were below 10 ppm and the measured 
ammonia slip ranged from 1 to 5 ppm.  However, as time progressed, an increase in the required 
ammonia feed rate occurred.  Performance tests conducted in February 1998 showed ammonia 
slip levels of about 40 ppmv, which corresponds to an ammonia-to-NOx ratio of at least 2 
(greater than twice the expected feed rate).  Problems meeting the 10 ppmv NOx emissions limit 
also began to occur.  Based on the failure to meet the NOx and ammonia limits of 10 ppmv (at 
15% oxygen) after only 8 months, the system appears to have failed as the catalyst activity did 
not last as long as was expected. 

   
Since the time of the initial catalyst failure, work was conducted to correct the problems 

with the SCR system, including involving the catalyst vendor.  However, these efforts appear to 
have been unsuccessful as the SCR system has since been removed, and the turbines are now 
controlled with steam injection only.  The reason for the problems with the catalyst have never 
been clearly identified. 

 
Hawkeye LLC – Greenport Generating Facility  
Hawkeye LLC’s Greenport Generating Facility (on Long Island) includes two distillate-

oil-fired Pratt & Whitney FT-8 Swift-Pac turbines that produce nominally 27 MW of electricity 
per turbine (based on publicly available information on the Internet).  The developer of the site 
was previously identified as Global Common Greenport LLC.  The turbines are operated 
exclusively on distillate oil with a maximum sulfur content of 0.05%.  The simple-cycle turbines 
use water injection and are equipped with SCR to control NOx to 6 ppmvd.  Ammonia slip is 
limited to 10 ppm.  Oxidation catalyst is also used to control CO and VOC emissions. 

 
According to a Hawkeye staff member, the turbines initially started up in July 2003, and 

a zeolite type catalyst purchased from Johnson Matthey was used in the SCR system.  The 
turbine exhaust temperature is approximately 865°F.  According to Hawkeye staff, the catalyst 
initially worked as expected.  However, in August 2004, the catalyst began to have problems.  
Apparently, the ammonia slip increased, since the facility had to increase the ammonia feed rate 
to meet their NOx limit.  The facility then began to have trouble meeting the NOx limit of 6 
ppmvd even at the higher ammonia feed rates, so the power output was reduced by 20% to 
ensure compliance. 
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The catalyst was used for approximately 1500 hours from the time the unit started up 
until when the problems occurred in August 2004 (the turbines are peaker units).  The catalyst 
was guaranteed for 15,000 hours or 5 years of life.  Therefore, it failed much sooner than 
expected as it only lasted approximately 10% of the guaranteed life of 15,000 hours.  The 
catalyst has since been removed, and the site is planning to install a different catalyst (Johnson 
Matthey is providing the catalyst, but it is manufactured by Haldor Topsoe).  The site runs 
mostly in the summer, and since the turbines are peaking units, it may be some time before the 
performance of the second catalyst is known.  The reasons for the premature failure of the first 
catalyst are not known; however, this operating experience appears consistent with that observed 
at PREPA. 

 
The permit engineer at the NYSDEC said he was familiar with simple-cycle catalyst 

applications deactivating much sooner than expected at facilities firing both oil and natural gas.  
He indicated that the Hawkeye project was a “LAER-avoidance” project, meaning the site chose 
to install SCR to avoid lowest achievable emission rate analysis and offset requirements 
associated with New York state, which is a severe nonattainment area for ozone.  Therefore, 
there was a strong incentive to install controls to meet the NOx major source threshold of 25 tpy. 
Unlike New York, Hawaii is not designated as nonattainment. 

 
PPL Global LLC – Shoreham Electric Generating Facility  
PPL Global LLC’s Shoreham Generating Facility (on Long Island) includes two 

distillate-oil-fired General Electric (GE) LM6000 Sprint turbines that produce nominally 44 MW 
of electricity per turbine (based on publicly available information on the Internet).  The turbines 
are operated exclusively on distillate fuel oil with a maximum sulfur content of 0.05%.  The site 
requested provisions to fire natural gas should it became available to the facility.  The simple-
cycle turbines use water injection and are equipped with SCR to control NOx to 9 ppmvd.  
Ammonia slip is limited to 10 ppm.   

 
A staff member at PPL Global was contacted to provide information on the operating 

history at Shoreham.  She indicated that the facility started up in June 2002, but has only run for 
a total of approximately 200 hours since the initial start-up date.  The turbines are peaking units. 
 This staff member also indicated that the turbines use oxidation catalyst (whereas information 
on the Internet indicated that good combustion practices are used to control CO and VOC on this 
unit).  The turbines have met their permit limits and are using a catalyst supplied by Engelhard.  
The staff member was not sure if it was the “low-temperature/conventional catalyst” or the 
“high-temperature, zeolite-based” catalyst. 
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Further information regarding Shoreham was obtained from the NYSDEC.  The state 
indicated that the turbine exhaust temperature is approximately 835°F; however, they did not 
know the specific catalyst formulation.  Since the exhaust temperature (835°F) is in the transition 
region from the conventional SCR catalyst to the “high-temperature” zeolite catalyst, it is not 
possible to speculate on which catalyst has been used.  However, since the operating hours have 
been so limited (approximately 200 hours total run time) since start up of the facility, it is not 
possible to draw conclusions regarding the long-term effectiveness of the SCR at the facility.  
Similar to the Greenport facility, the Shoreham facility was a LAER-avoidance project in an 
ozone nonattainment area, which does not apply in Hawaii. 

  
Combustion Turbine SCR Survey Summary 
The SCR applications at PREPA’s Cambalache Generating Station and Hawkeye’s 

Greenport Generating Facility show that there are serious operating issues with SCR catalysts 
installed on simple-cycle turbines that exclusively fire distillate oil.  (There have not been 
enough operating hours at PPL Global’s Shoreham Electric Generating Facility to conclude if 
the catalyst has performed successfully at this site, and the specific catalyst formulation was not 
identified.)  The investigation of SCR applications also revealed that SCR was included in a draft 
permit for another proposed PREPA combustion turbine installation.  However, the SCR 
requirement was removed from the draft permit by the EPA because of performance problems 
associated with SCR on oil-fired units.  The facility is located at PREPA’s San Juan Power Plant, 
and included installation of two new 232 MW oil-fired combined-cycle turbines.  In a news 
release issued March 24, 2000, the EPA pointed out that SCR is ineffective on oil-fired units.  
Below are excerpts from the EPA release that were taken from the EPA web site1: 

 

In its draft permit, proposed in March 1999, EPA included Selective Catalytic 
Reduction (SCR), which uses an ammonia injection system to reduce nitrogen oxide 
emissions, and steam injection.  However, new data indicate that, on oil-fired 
turbines, SCR cannot consistently achieve the expected reductions in nitrogen oxide 
emissions….  
 
"After carefully considering the feasibility of using SCR on an oil-fired plant and 
reviewing public comments, the choice to remove SCR was clear," said Jeanne M. 
Fox, EPA Regional Administrator. "We want to ensure that PREPA uses the most 
reliable pollution controls. Steam injection systems and low NOx burners are both 
tried and true nitrogen oxide controls." 

 
Based on the comments from the EPA and the previous experience at PREPA’s 

Cambalache Generating Station and Hawkeye’s Greenport Generating Facility, it is clear that 
SCR is ineffective and unreliable on distillate oil-fired turbines and is infeasible at this time.  
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Additionally, the survey of previous applications revealed that high-temperature SCR has had 
performance issues on several natural gas-fired units.  The conclusion that high-temperature 
SCR is ineffective is further confirmed by the SCR demonstration program conducted previously 
at MECO/HECO, as described below. 

 
2.3.2 MECO/HECO SCR Demonstration Program  

 
Summary of Results 
Existing combustion turbines in the MECO/HELCO/HECO generating system have been 

permitted on the basis of water injection for control of NOx emissions.  When these units were 
permitted, the technical feasibility of SCR on 100% oil-fired units could not be definitively 
established due to the lack of SCR operating experience on this source type.  A growing number 
of natural gas-fired combustion turbines with oil backup firing were being permitted with SCR; 
however, the poor operating experiences at PREPA’s Cambalache and Hawkeye’s Greenport 
Generating facilities were not available.  Consequently, the Hawaii Department of Health (DOH) 
included a condition in the permit for Units M14 and M16 that required MECO to conduct an 
SCR demonstration program to determine the technical and economic feasibility of SCR.  The 
outcome of the demonstration program would assist in NOx BACT determinations for the 
Campbell Industrial Park project and other existing and future MECO/HECO-system 
combustion turbines.   
 

The demonstration program testing required by permit was completed in November of 
1996.  The results of the demonstration program pilot plant testing were presented in a final 
report issued in February of 19972 and an addendum to the final report issued in June of 1997.3  
The last phase of the demonstration program is a third party review of the report and 
recommendation to DOH, which has not been completed. 
 

Overview of SCR Demonstration Program 
The demonstration program included two years of pilot plant testing on an exhaust gas 

slip stream from M14 LM2500 combustion turbine at the Maui Electric Company's Maalaea 
Generating Station.  The 0.5-MW pilot unit included an SCR reactor and a heat-pipe heat 
exchanger designed to simulate the heat transfer characteristics and temperature profile of a full-
scale heat recovery steam generator (HRSG).  To conduct the high-temperature SCR evaluation, 
the slipstream take-off point from the LM2500 unit was moved upstream of the HRSG, thus 
simulating a simple-cycle SCR system (typical exhaust temperatures of 950-1000°F), and the 
heat-pipe heat exchanger was removed. 
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The pilot unit size and equipment configuration were selected after conducting a rigorous 
investigation to determine if the resulting design would provide the data necessary to 
demonstrate SCR at Maalaea.  This investigation included a review of completed and on-going 
SCR pilot projects in Europe, Japan, and North America, a review of the major pilot unit 
equipment items to confirm that they would operate reliably and accurately in the intended 
service, and a review of the pilot unit design by SCR catalyst vendors who could potentially 
supply catalyst for MECO/HECO/HELCO-system combustion turbines.  The conclusion of this 
investigation was that the pilot system would adequately address the technical objectives of the 
demonstration program. 

 
Two different types of catalysts were tested.  The first year of the demonstration program 

was devoted to the evaluation of a “low-temperature” SCR catalyst.  In an actual full-scale SCR 
application on a combined-cycle combustion turbine, this type of catalyst would be located 
within the high-pressure evaporator section of the HRSG.  The second year of the demonstration 
program was devoted to the evaluation of a “high-temperature” SCR catalyst simulating the 
situation where the catalyst would be placed directly in the turbine exhaust stream.  This 
evaluation is most relevant to the proposed Campbell Industrial Park simple-cycle combustion 
turbine units. 

 
Catalysts for the demonstration program were selected based on the results of bench-

scale catalyst testing conducted prior to pilot testing at Maalaea.  The high-temperature catalyst 
selected for pilot testing was the ZNX zeolite catalyst provided by Engelhard Corporation.  The 
ZNX catalyst has been employed commercially in high-temperature SCR applications on several 
natural gas- or LNG-fired, simple-cycle combustion turbines.  This catalyst was also installed on 
the 100% oil-fired turbines at PREPA’s Cambalache Generating Station, but subsequently 
removed as noted in Section 2.3.1.  

 
A variety of technical issues were identified and addressed during demonstration 

program testing.  These issues can be grouped into one of more of the following general 
categories: 

 
• Low- and high-temperature catalyst performance issues including NOx removal, 

ammonia slip, SO2 oxidation, required catalyst volume, pressure drop, catalyst 
plugging, and catalyst temperature limitations; 

• Catalyst life (deactivation) resulting from the fuel type, fuel composition, and the 
unique operating conditions of combustion turbines; 

• Balance-of-plant impacts such as increased O&M requirements and forced unit 
outages; and 
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• Environmental impacts including emissions of ammonia, sulfuric acid, and 
particulate, increased opacity, catalyst disposal requirements. 

 
 The overall objective of the demonstration program was to determine the technical 
feasibility, and establish the economic, environmental, and energy impacts, of SCR applied to 
No. 2 diesel oil-fired combustion turbines.  To accomplish this objective, the demonstration 
program pilot unit test results were analyzed to estimate performance impacts for a full-scale 
SCR application, identify optimum strategies for employing SCR on oil-fired combustion 
turbines, and establish costs for both the low- and high-temperature SCR configurations. 

 
As a condition of the demonstration program, DOH and EPA required that an 

independent consultant be retained to review the testing and evaluation methodology, and ensure 
a high-quality demonstration program.  This important oversight role was filled by Energy and 
Environmental Research Corporation (EERC) of Irvine, California.  EERC reviewed the 
demonstration program approach, the designs of both the bench-scale catalyst selection 
equipment and the pilot-unit equipment, and project test plans, and conducted periodic 
performance and technical systems audits to ensure adherence to the project QA/QC plan.  In 
addition, EERC reviewed the demonstration program results, the procedures and assumptions 
required to estimate full-scale impacts, and the methodology used to compute SCR costs and 
cost-effectiveness.  In general, EERC concurred with all aspects of the demonstration program 
approach and the analysis of test results.  A summary of their conclusions was included in the 
demonstration program final report.2  The third party review noted earlier that remains to be 
completed is separate from the review performed previously by EERC. 

 
The remainder of this section summarizes key results and conclusions from the second 

year of the SCR demonstration program testing, which focused on the “high-temperature” SCR 
catalyst application.  Significant results and conclusions relating to the potential application of 
high-temperature SCR at Campbell Industrial Park are also summarized in this section. 

 
High Temperature SCR Demonstration Program Results 
In general, the results of the high-temperature SCR demonstration program show that 

additional catalyst development will be required before high-temperature SCR could be 
successfully applied on combustion turbines burning sulfur-bearing fuels. The performance of 
the Engelhard ZNX high-temperature zeolite catalyst was found to be poor.  Specifically, the 
initial catalytic activity at a turbine exhaust temperature of 1,000oF was only about one-third of 
that for the VNX low-temperature catalyst tested during the first year of the demonstration 
program.  In addition, the ZNX catalyst deactivated at a slightly greater rate than the low-
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temperature catalyst. This reduces the NOx reduction potential of this catalyst and gives higher 
ammonia slip, or alternatively, forces the use of a significantly larger SCR reactor.  The catalyst 
also oxidized a large fraction of the SO2 in the exhaust gas to SO3.  

 
The pilot testing showed that for 65% NOx removal and less than 10 ppm ammonia slip, 

the catalyst (two beds) could operate for about 0.6 years (7 months).  The demonstration program 
report qualitatively suggested that with additional catalyst beds, longer catalyst lives could be 
achieved.  However, there is a lot of uncertainty regarding whether such a configuration would 
actually be effective in practice, particularly for a specific turbine installation such as at 
Campbell Industrial Park. 

 
The poor performance of the demonstration program catalyst was confirmed by failure of 

the 100%, oil-fired combustion turbines at PREPA’s Cambalache Generating Station.  As 
discussed in Section 2.3.1, the catalyst at this facility failed after only 8 months of operation.  
Despite efforts to correct the problems, the SCR system was subsequently removed.  The catalyst 
used at Cambalache was also Engelhard’s ZNX catalyst, and the failure of this catalyst is 
consistent with the pilot unit demonstration program results.  Unfortunately, the zeolite based 
catalyst is the only catalyst considered capable of handling high (1,000oF) exhaust gas 
temperatures.  Also, as noted previously, the zeolite catalyst at Hawkeye’s Greenport Generating 
Facility deactivated after only 1500 hours (approximately) of life, 10% of the guaranteed catalyst 
life of 15,000 hours. 

 
The reasons for the poor performance of the high-temperature catalyst used in the 

demonstration program, at PREPA’s Cambalache Generating Station, and at Hawkeye’s 
Greenport Generating Facility are not known.  However, the fact that there have been 
performance issues for these applications suggests that there would also be performance issues if 
high-temperature SCR were installed on the Campbell Industrial Park turbines. 

 
Hypothetical High-Temperature Reactor Design 
Based on results of the pilot testing from the demonstration program, a hypothetical 

high–temperature reactor design was established as part of the program for the purpose of 
developing a cost estimate and to assist in evaluating other impacts of installing and operating an 
SCR system on future MECO/HECO combustion turbines.  The hypothetical reactor design may 
not be applicable to other turbine installations, including Campbell Industrial Park, but is 
presented here to facilitate estimation of the SCR impacts for Campbell Industrial Park in the 
absence of other unit-specific data.   
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For the hypothetical reactor design, about 30% of the SO2 in the exhaust gas was 
assumed to be oxidized to SO3.  For a typical fuel sulfur content of 0.2%, SO2 oxidation over the 
catalyst would contribute about 12 ppm of SO3 to the exhaust gas (this would result in a total 
SO3 exhaust gas concentration of about 13 ppm).  Depending on the ammonia slip concentration, 
the SO3 produced over the catalyst could either be emitted as sulfuric acid or result in the 
formation of ammonium salts as the exhaust gas cools in the atmosphere. 

 
The hypothetical reactor design was assumed to provide for up to 65% NOx removal and 

less than 10 ppm ammonia slip.  However, to maintain these conditions, the catalyst volume 
would be higher than for a low-temperature SCR application with the same performance 
specifications, and the catalyst would need to be replaced on an annual basis or more frequently 
due to rapid deactivation.   

 
Because the demonstration program testing was conducted from August 1994 to 

November 1996, and the report was published in 1997, there could have been changes to the 
high-temperature catalyst that would improve the performance.  However, the same technology 
used 6 years ago for the high-temperature catalyst is still used (although it is now referred to as 
the “ETZ” catalyst instead of “ZNX”).4, 5 

 
2.4 SCR Impacts Analysis 

The evaluation of SCR impacts for control of NOx emissions from the proposed 
Campbell Industrial Park project is discussed in this section.  The evaluation assumes that water 
injection would be used to control baseline NOx emissions to 42 ppmvd (at 15% O2) at peak 
load, and explores the potential use of SCR. Section 2.4.1 discusses the reliability impacts of 
SCR.  The environmental and energy impacts of SCR are summarized in Sections 2.4.2 and 
2.4.3, respectively.  An economic analysis was not conducted for SCR due to the ineffectiveness 
and unreliability of the system as shown in the demonstration program, at PREPA’s Cambalache 
Generating Station, at Hawkeye’s Greenport Generating Facility, and as noted in the EPA’s 
March 24, 2000 news release. 

 
Some of the SCR impacts were estimated based on the hypothetical reactor design that 

was established by the authors of the MECO demonstration report, which was based on results of 
the pilot testing.  

 
2.4.1 SCR Reliability Impacts 

Reliability of the high-temperature SCR catalyst is a major concern.  As noted 
previously, the SCR catalyst system at PREPA’s Cambalache Generating Station and at 
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Hawkeye’s Greenport Generating Facility deactivated sooner than expected.  Additionally, as 
noted earlier, the MECO/HECO demonstration program pilot testing showed that the high-
temperature catalyst performed poorly.  In all of these cases, however, the catalyst failed sooner 
than was expected, and the reasons for the poor performance are not known despite 
investigations into the issue.   

 
Failure of the SCR catalyst would result in an unplanned outage of the turbine(s), which 

would result in loss of electricity production.  If an extra catalyst charge were available on-site, 
then the outage may only last a few days.  A more negative scenario would be if an extra catalyst 
charge were not available on-site, in which case an extended unplanned outage would occur.  
The high-temperature catalyst vendor (Engelhard) stated that the delivery time to Hawaii for a 
replacement catalyst would take roughly 4 to 5 months (20 weeks).5  Thus, an extended 
unplanned outage would result in the turbine(s) being down until the catalyst charge is delivered.  

 
While an extra catalyst charge on-site is ideal, the observed unreliability of the high-

temperature catalyst could make scheduling re-order times difficult if the catalyst failed sooner 
than expected.  As the delivery time of the catalyst approaches the catalyst life, reliability 
becomes a major issue, especially in remote locations such as Hawaii, where sources of 
electricity are limited. 

 
There is a limited amount of electrical capacity on the island of Oahu, and any extended 

or unexpected downtimes could adversely affect the local electricity supply as the margins are 
tight.  Hawaii is not like the continental United States, where electricity is available in abundant 
quantities from the large grid system.  Hawkeye had to decrease the output of their Greenport 
Generating Facility because of issues related to the poor performance of their SCR system; 
HECO would like to avoid this operating situation. 

 
Based on the limited electricity supply on the island of Oahu, and the unpredictability of 

the SCR high-temperature catalyst, implementation of SCR on the Campbell Industrial Park 
turbines appears to present a scenario where the local electricity supply could be adversely 
affected.  Not knowing the reasons for the previous catalyst failures contributes to the 
unpredictability of the high-temperature SCR catalyst performance.  Also, the Campbell 
Industrial Park turbines will be used as peaking units.  There are questions about how the SCR 
system can respond to the non-steady operation of peaking units. 
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2.4.2 SCR Environmental Impacts 
The application of SCR would result in several significant secondary environmental 

impacts: 
 
• Ammonia “slip” may be emitted from the stack in the form of free ammonia or as fine 

ammonium salt particulate as the exhaust gas cools in the atmosphere; 

• Sulfuric acid emissions will increase due to the production of SO3 over the SCR 
catalyst; and 

• Potential ammonia emissions or discharges may result from the storage, transport, 
and use of anhydrous ammonia. 

 
Based on the demonstration program results, the hypothetical SCR design would result in 

an SO2 oxidation rate of about 30%.  For diesel containing a maximum of 0.35 weight percent 
sulfur (refer to discussion in Section 3.0 for this basis), 30% oxidation of SO2 to SO3 would 
result in potential incremental sulfuric acid emissions of 379 lb/hr or 1,661 tons per year on an 
annual basis at peak load for both turbine units combined (estimated from the potential SO2 
emissions from both turbines combined of 1,054 lb/hr less 105 lb/hr of H2SO4 assumed to form 
without SCR).  For naphtha or another ultra-low-sulfur fuel containing 0.05 weight percent 
sulfur, the H2SO4 impact is less severe, estimated at 54.4 lb/hr or 238 tons per year on an annual 
basis at peak load for both turbines combined (estimated from the potential SO2 emissions from 
both turbines combined of 151 lb/hr less 15.0 lb/hr of H2SO4 assumed to form without SCR).  
However, as noted earlier, firing fuel with 0.35% sulfur may occur under certain circumstances.  
As the exhaust gas cools in the atmosphere, SO3 or sulfuric acid vapor would form an aerosol 
consisting of fine, inhalable particulate. 

 
SCR would also result in ammonia slip emissions.  Expected ammonia slip would be in 

the range of approximately 5 to 10 ppmvd.  Thus, oxidation of SO2 to SO3 over the catalyst, in 
combination with ammonia slip, could lead to ammonium salt formation as the exhaust gas cools 
in the atmosphere.  This, in turn, could lead to increased particulate emission rates. The latter 
effect is an important secondary environmental impact because of EPA’s regulatory efforts to 
reduce emissions of fine, inhalable particulate. 

 
The environmental benefits of SCR (i.e., NOx reduction) must be weighed against the 

risks associated with increased sulfuric acid emissions.  In this case, the application of SCR 
would reduce NOx emissions from both turbine units combined by about 1,405 tons per year 
when firing diesel or 1,391 tons per year when firing naphtha assuming 65% reduction.   If the 
SCR is assumed to achieve 80% reduction, NOx reductions from both turbines combined could 
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be about 1,730 tons per year when firing diesel or 1,712 tons per year when firing naphtha.  
These assumed reductions apply only if the SCR system is operating properly, which is 
questionable.  However, this benefit would be offset by the potential for emissions of up to 1,661 
tons per year of sulfuric acid when firing diesel from both CTs combined – possibly emitted in 
the form of fine, inhalable particulate. 

 
SCR systems require ammonia for the reduction of NOx.  This ammonia could be 

supplied in the form of either anhydrous (pure) liquid ammonia, or alternatively, as aqueous 
ammonia (a solution of ammonia in high-purity water).  Aqueous ammonia of the required purity 
is not readily available in Hawaii, and shipping costs from the mainland would be prohibitive.   

 
Recently, ammonia-on-demand systems have been implemented at some facilities.  This 

system generates ammonia from urea on-site, which avoids the need for the transportation and 
storage of ammonia.  The urea can be used in dry form, but must be mixed in a solution for use 
in the ammonia-on-demand system.  The urea is converted to ammonia, carbon dioxide, and 
water in a kettle-reboiler reactor.  There are questions about how these relatively new systems 
can respond to load-changes that could occur at Campbell Industrial Park.  Also, having a system 
that generates ammonia on-site raises long-term maintenance and reliability issues. 

 
Consequently, Campbell Industrial Park would use anhydrous ammonia if SCR were 

implemented.  Although anhydrous ammonia can be handled safely, anhydrous ammonia is 
classified as a hazardous substance, and accidental releases of anhydrous ammonia have 
occurred at other locations.  The use of anhydrous ammonia, therefore, raises the risk of 
accidental ammonia releases, due to equipment failure or human error, during the transport, 
storage, and use of the ammonia. 

 
The use of anhydrous ammonia causes a facility to fall under a federal regulation for 

chemical accidental release prevention regulated by EPA under Section 112(r) of the 1990 Clean 
Air Act Amendments.  These regulations require formal risk management plans which address 
the potential for the accidental release of ammonia from affected facilities.  The risk 
management plan would consist of a description of an accidental release prevention program, an 
emergency response plan, and a consequence analysis derived from the dense gas dispersion 
modeling of various accidental release scenarios.  Any facility that has on hand at any time more 
than 10,000 pounds of anhydrous ammonia is subject to the regulation.  This regulation is 
enforced through the individual state CAA implementation plans. 
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Local accidental release regulations are often stricter than the federal regulations, 
particularly in urban areas.  Many utilities have designed SCR systems with aqueous ammonia 
because of the difficulty in reducing risks associated with anhydrous ammonia to levels which 
are acceptable to local authorities.  HECO-system SCR applications would not have the option 
of using aqueous ammonia.  Consequently, the risks associated with the use of anhydrous 
ammonia represent an important environmental factor associated with the application of SCR on 
HECO-system combustion turbines. 

 
2.4.3 SCR Energy Impacts 

The energy impact associated with the use of SCR to control NOx emissions, expressed in 
Btu/yr, is the increase in energy usage beyond the requirements of the baseline control level 
(water injection to 42 ppmvd NOx).  For SCR, the primary energy penalty is the energy required 
to overcome the pressure drop of the catalyst.  For the hypothetical SCR implementation strategy 
(annual catalyst replacement and 65% NOx removal), this pressure drop is assumed to be 7.8 
inches of water (based on information in the Demonstration Report).  This pressure drop increase 
directly decreases the power output of the combustion turbines and results in a heat rate increase. 
 The estimated energy impact is an additional 286 billion Btu’s per year above the baseline 
control level when firing diesel for both turbines combined (assuming 0.14% penalty loss per 
inch of pressure for the turbines based on the value used for other MECO/HECO installations, 
maximum fuel flow rate of 75,260 lb/hr per turbine, a diesel fuel density of 7.05 lb/gallon, and a 
diesel heating value of 140,000 Btu/gallon).  When firing naphtha, the estimated energy impact 
is an additional 278 billion Btu’s per year above the baseline control level for both turbines 
combined (assuming 0.14% penalty loss per inch of pressure, maximum fuel flow rate of 75,260 
lb/hr per turbine, a naphtha fuel density of 5.7 lb/gallon, and a naphtha heating value of 110,000 
Btu/gallon). 

 
Energy is also required to vaporize the anhydrous ammonia.  However, this energy 

component is relatively small in comparison to the effect of increased turbine back pressure.  
The energy required to vaporize ammonia is small because the exhaust gas NOx concentration is 
low.  

 
2.5 Rationale for Proposed BACT for NOx 

The water injection alternative at the guaranteed NOx limit, adjusted for fuel-bound 
nitrogen (42 to 82 ppmvd at 15% O2 at full load), is proposed as BACT for NOx.  The SCR plus 
water injection alternative is rejected on the basis of questionable technical feasibility, reliability, 
and significant associated secondary environmental impacts.  A summary of the rationale for 
selecting water injection as BACT over SCR is presented in this section. 
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1. Two known applications of high-temperature SCR on turbines firing exclusively 
distillate fuel oil failed much sooner than expected (at PREPA’s Cambalache 
Generating Station and Hawkeye’s Greenport Generating Facility).  Subsequent 
efforts to correct the problem at PREPA were apparently unsuccessful as the SCR 
system was removed.  Despite investigations, including involvement of the catalyst 
vendor, the reasons for the failure of the PREPA catalyst are unknown.  The catalyst 
at Hawkeye’s Greenport Generating Facility deactivated after only 1500 hours of life, 
10% of the guaranteed catalyst life of 15,000 hours.  The reasons for the Hawkeye 
catalyst failure are also not known.  Thus, the “high-temperature” catalyst 
performance is unpredictable and unreliable. 

 
2. Another application of SCR on simple-cycle turbines exclusively firing distillate fuel 

oil is located at PPL Global’s Shoreham Generating Facility.  However, the facility 
has only operated for a total of approximately 200 hours since starting up.  Therefore, 
there have not been enough operating hours at Shoreham to conclude if the catalyst 
has performed successfully, and it is not known if the catalyst used is a “low-
temperature” conventional type or “high-temperature” zeolite application.   

 
3. The poor performance of the high-temperature SCR catalyst during the 

MECO/HECO demonstration program appears consistent with the poor performance 
at PREPA’s Cambalche facility and at Hawkeye’s Greenport facility.  The 
demonstration program determined that the catalyst would fail within a year or less.  
The reasons for the failure are not known; therefore, information is not available that 
could be used to avoid a similar failure with a full scale commercial application. 

 
4. The unreliable high-temperature SCR catalyst could threaten the local limited 

electricity supply on the island of Oahu due to extended unplanned turbine 
downtimes resulting from frequent catalyst failures.  Hawkeye had to decrease the 
power output of their Greenport Generating Facility to ensure compliance as a result 
of the diminished SCR catalyst activity. 

 
5. The EPA has stated that “…new data indicate that, on oil-fired turbines, SCR cannot 

consistently achieve the expected reductions in nitrogen oxide emissions….”.1 
 

6. If SCR were implemented, there would be secondary environmental impacts. Perhaps 
the most significant impact is the potential discharge of up to 1,661 additional tons 
per year of sulfuric acid mist when firing diesel from both turbines combined when 
firing 0.35 weight percent sulfur (assuming 30% conversion of SO2 to SO3 across the 
SCR). 

 
7. SCR would also cause energy impacts in the form of energy penalties due to back 

pressure of the SCR system.  These are estimated at an additional 286 billion Btu’s 
per year when firing diesel and 278 billion Btu’s per year when firing naphtha (both 
turbines combined, above the baseline control level). 
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3.0 BACT ANALYSIS FOR SO2 AND H2SO4 MIST 
 

Both Sulfur dioxide and H2SO4 emissions are produced during combustion of sulfur-
bearing fuels.  Controls that remove SO2 are potentially applicable to H2SO4 mist.  The control 
alternatives identified as potential candidates for inclusion in the SO2 and H2SO4 mist BACT 
analyses are: 

 
1. Flue gas desulfurization (FGD) systems, including wet- and dry-based systems; 
 
2. SCOSOxTM Sulfur Removal Catalyst system; 
 
3. Combustion of ultra-low-sulfur fuels containing 0.05% sulfur by weight (assumed to 

be naphtha, but diesel fuel is also possible); and 
 
4. Combustion of diesel containing 0.35% sulfur by weight. 
 
Table 3-1 shows the SO2 emission rates for various load ranges for the Campbell 

Industrial Park turbines using diesel or naphtha.  Even though the units are not expected to 
operate at reduced loads, reduced load operation may be necessary. 

 

Table 3-1.  SO2 Emission Rates Versus Campbell Industrial Park Turbine Load 

 Fuel Flow Rate and SO2 Emission Ratea 
 Diesel Firing Naphtha Firing 

Load Fuel Flow, 
 lb/hr 

SO2, 
lb/hr 

SO2 ppmvd 
@ 15% O2

Fuel Flow, 
lb/hr 

SO2, 
lb/hr 

SO2 ppmvd 
@ 15% O2

Peak 150,520 1,054 75.2 150,520 151 9.43 
Base 143,480 1,004 76.6 147,540 148 9.39 
75% 116,520 816 76.4 116,520 117 9.48 
50% 86,920 608 76.6 87,540 87.5 9.59 

Minimum 57,200 400 77.2 58,060 58.1 9.68 
a Based on firing diesel with a maximum fuel sulfur content of 0.35 weight percent and naphtha with a maximum 
fuel sulfur content of 0.05 weight percent.  Mass emission rates and fuel flow rates shown are based on the total 
from the two combustion turbine units combined. 

 
A review of the RACT/BACT/LAER Clearinghouse (RBLC) indicates that no add-on 

SO2 control techniques have been applied to CTs (note that there was an error in the RBLC as 
noted in the discussion on FGD).  To ensure completeness of the application, several FGD 
technologies were reviewed to determine applicability to the proposed Campbell Industrial Park 
CT project.  
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For a fuel-burning facility, State of Hawaii regulations prohibit the combustion of any 
fuel containing more than 2% sulfur by weight.  The State of Hawaii regulations also prohibit 
firing any fuel containing more than 0.50% sulfur by weight in any fossil fuel fired power and 
steam generating unit having a power output greater than 25 MW (note that the Campbell 
Industrial Park units will not generate steam).  The NSPS limit for SO2 restricts sulfur in the 
diesel to 0.8%.  There are two fuels generally available to the Campbell Industrial Park.  These 
include diesel fuel and ultra-low-sulfur fuels containing 0.05% sulfur (primarily naphtha).  The 
diesel available at the Campbell Industrial Park site contains a maximum of 0.35% sulfur, which 
is more stringent than both the NSPS guideline and the State regulations.  Fuels containing no 
more than 0.05% sulfur have been selected as BACT for the Campbell Industrial Park project; 
however, in certain instances, such as when economic or supply issues exist, 0.35% sulfur diesel 
will be used.  The SO2 emission rates in the BACT analysis and air quality impacts correspond to 
the higher, 0.35% sulfur case for conservatism. 

 
3.1 SO2 and H2SO4 Mist Control Technologies 

Technologies evaluated for the control of SO2 and H2SO4 mist include flue gas 
desulfurization and the use of lower-sulfur fuels. 
 
3.1.1 Flue Gas Desulfurization 

Flue gas desulfurization has been demonstrated as an effective method for decreasing 
SO2 emissions from the combustion of relatively high-sulfur fuels in boilers.  A search of the 
RBLC for determinations since January 1993 showed no cases where FGD technology had 
actually been used on turbines that exclusively fire liquid fuels (such as diesel fuel or distillate 
oil). a  Of the more than 50 determinations that resulted from a search of the RBLC, none had 
add-on SO2 control.a  For this reason, flue gas desulfurization is not viewed as a viable control 
alternative; however, a discussion of the feasibility follows. 

 
Increased exhaust gas volume and lower SO2 concentrations are two results of higher 

excess air levels in CTs when compared to a boiler firing the same fuel (the change in both of 
these parameters is a factor of 2 to 3 compared to a boiler).  Both factors would significantly 
increase the FGD equipment size relative to a boiler application with the same electrical 
generating capacity.  Additionally, the SO2 removal efficiency of some FGD system types 
depends on the SO2 concentration in the flue gas, and FGD applied to a CT would be less 
effective than FGD applied to a boiler.   

                                                 
a The RBLC search showed an application of FGD on combustion turbines at Southern Energy in Neenah, Wisconsin 
(RBLC ID #WI-0121).  However, a review of the facility’s permit application and permit (Wisconsin Permit 
Number 98-RV-152) showed that FGD was rejected as BACT due to technical infeasibility and was not installed.  
Thus, there is an error in the RBLC, and the conclusion that the RBLC did not show any actual implementations of 
FGD is valid. 
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Additional factors influence the technical feasibility of FGD.  The Campbell Industrial 

Park CTs are simple-cycle turbines with an exhaust gas temperature that is well above the 
normal inlet gas condition for boilers (about 300oF) with wet-FGD add-on control.  Excessive 
exhaust gas cooling/quenching prior to treatment would be required.  Additionally, an increased 
exhaust gas volume due to high excess air levels and a relatively low SO2 concentration (the fuel 
contains a sulfur concentration that is less than the NSPS guidelines) do not favor use of FGD.  
This conclusion is consistent with the RBLC data search results as there were no applications of 
FGD on oil or gas fired turbines.  Thus, FGD is not a viable add-on control technique for SO2. 

 
Wet-scrubber based FGD systems do not effectively remove H2SO4 mist.  Fine H2SO4 

mist formed as the exhaust gas is quenched tends to pass through the scrubber and associated 
mist eliminator equipment.  Thus, the use of a wet-FGD system is ineffective in removing H2SO4 
mist. 

 
Dry FGD systems typically involve the injection of a sorbent such as slaked lime or a 

sodium compound like sodium bicarbonate.  Removal of the sorbent is accomplished by the 
addition of a downstream particulate collection device.  A collection device such as a baghouse 
or electrostatic precipitator would be impractical due to the large exhaust gas volume. 

 
As a result of the factors listed above, FGD is not technically feasible for the Campbell 

Industrial Park combustion turbines. 
 

3.1.2 SCOSOxTM Sulfur Removal Catalyst System 
As discussed in Section 2.1, SCOSOxTM  is not technical feasible since the exhaust gas 

temperature for the Campbell Industrial Park turbines is too high for the control system.  Refer to 
the discussion in Section 2.1 for more background on SCONOxTM and SCOSOxTM. 

 
3.1.3 Lower-Sulfur Fuels 

Based on the RBLC search, low-sulfur fuels were the primary method of control used by 
gas turbine operators to minimize SO2 emissions.  Fuel sulfur contents ranging up to 0.5% by 
weight have been determined to be BACT for diesel or multiple fuel fired gas turbines in the 
continental United States.  

  
Unlike Maui Electric's project at Maalaea, HECO's Campbell Industrial Park project does 

not have the high cost of fuel receiving and storage infrastructure, nor the added cost of ocean 
delivery.  Campbell Industrial Park is located adjacent to the two refineries on Oahu.  Therefore, 
if only current pricing and availability were considered, ultra-low-sulfur fuels (such as 0.05% 
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sulfur naphtha) could not be eliminated as BACT for this project.   While HECO has proposed 
ultra-low-sulfur fuel (0.05% S) as BACT for the Campbell Industrial Park project, both HECO 
and the Hawaii DOH recognize that the long-term reliability of supply of these fuels, and the 
associated pricing impacts due to market conditions, are real concerns that may “eliminate” these 
fuels as BACT for the project in the future.  As such, HECO will work with the Hawaii DOH to 
develop permit provisions to allow firing 0.35% S fuels in certain instances including, but not 
limited to, situations where long term reliability and economic impacts are experienced.  This 
approach will help to protect HECO's customers from economic concerns and yet not 
compromise air quality. 
 
3.2 SO2 and H2SO4 Mist Impacts Analysis 

The technically feasible SO2 control alternatives selected for evaluating cost, economic, 
energy, and environmental impacts include ultra-low-sulfur fuel (0.05% S naphtha or diesel) and 
diesel (0.35% S).  Table 1-2 summarizes the emissions rates associated with the SO2 control 
options for the Campbell Industrial Park CTs, and Table 1-3 summarizes the impacts analysis 
(both tables were presented previously in Section 1). 

 
3.2.1 Energy Impacts of SO2 and H2SO4 Mist Control Options 

No energy impacts associated with the use of fuels containing 0.05% sulfur or less were 
projected. 

 
3.2.2 Environmental Impacts of SO2 and H2SO4 Mist Control Options 

The benefit in firing ultra-low-sulfur fuel (0.05% S) instead of 0.35% sulfur fuel in terms 
of air toxic emissions is concluded to be minimal because the compositions of these fuels are 
otherwise similar.   

 
3.3 Rationale for Proposed BACT for SO2 and H2SO4 Mist 

Firing of 0.05% sulfur fuels (naphtha or other), with certain allowances for firing of 
0.35% sulfur fuel, is proposed as BACT over FGD techniques: 

1. FGD technologies are not demonstrated on combustion turbines.  No application of 
FGD systems to CT's exists on a CT firing diesel or distillate oil. 

2. High exhaust gas volumetric flow rates with correspondingly low SO2 and H2SO4 
mist concentrations increase FGD system costs and pose operating difficulties for 
FGD technologies applied to CTs. 

3. FGD or SCOSOxTM cannot be applied to the high-temperature exhaust gas stream 
that would be present during simple-cycle operation. 
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Firing ultra-low-sulfur fuels containing no more than 0.05 weight percent sulfur has been 
proposed as BACT with provisions for firing 0.35% sulfur fuels in certain cases such as when 
long term reliability and economic impacts exist.  HECO will work with the Hawaii Department 
of Health and EPA to develop permit conditions which would allow both ultra-low-sulfur fuels 
(0.05% such as naphtha) as well as low-sulfur fuels (0.35% fuel oil or diesel) to be utilized.   
HECO believes that these conditions can be developed to protect HECO's customers from 
economic concerns and yet not compromise air quality. 
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4.0 BACT ANALYSIS FOR TURBINE PM/PM10 
 
Emissions of particulate matter less than 10 microns in diameter (PM10) from CTs result 

primarily from inert solids contained in the fuel and water (when water injection is used) and 
unburned hydrocarbons that agglomerate to form particles.  These particles pass through the 
turbines and are emitted in the exhaust gas.  Essentially all of the PM emissions from gas 
turbines are less than 1 micron in diameter. 

 
PM and PM10 emission rates from turbines are inherently low because they achieve high 

combustion efficiencies and, in general, burn clean fuels.  Turbines fire natural gas and/or diesel 
almost exclusively.  Clean fuels like these are needed to prevent damage to the turbine blades 
and other high precision turbine components.  In addition, CT units are designed and operated to 
combust the fuel as completely as possible to attain the highest possible thermal efficiency.  
These factors inherently control PM/PM10 emissions to low levels.  

 
A review of the RACT/BACT/LAER Clearinghouse database indicates that two 

PM/PM10 control strategies have been applied to liquid fired CT units.  The two PM control 
strategies are low-ash fuel and combustion techniques/design.  The emission rates obtained 
through application of these control methods range from 0.0089 to 0.10 lbs/MMBtu heat input.  
The diesel and naphtha fuels proposed for use in the Campbell Industrial Park turbines are 
considered low-ash fuels. By comparison, the PM/PM10 emission rate for the proposed Campbell 
Industrial Park turbines is 54.1 pounds per hour, or 0.036 lb/MMBtu heat input, when firing 
diesel and 51.4 pounds per hour, or 0.035 lb/MMBtu heat input, when firing naphtha (both per 
turbine and at peak load).  These values are within the RACT/BACT/LAER Clearinghouse range 
for low-ash fuels. 

 
Because the turbine exhaust contains condensable PM and has an extremely fine particle 

size distribution, it would be impractical to control with fabric filters.  Fabric filters or 
electrostatic precipitators are not used on combustion turbines due to the high exhaust flow rates 
and low particulate loading.  It is clear that the proposed Campbell Industrial Park turbines with 
the combustion technology/design alternative is not amenable to add-on control technologies.  
The 54.1 lb/hr on diesel and 51.4 lb/hr on naphtha limits (both per CT), therefore, are proposed 
as BACT for PM/PM10 for the proposed Campbell Industrial Park turbines.  An impacts analysis 
could not be performed for PM/PM10 because the highest control level considered is proposed as 
BACT. 
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Table 4-1 shows the PM/PM10 emission rates for various load ranges for the Campbell 
Industrial Park turbines.  Even though the units are not expected to operate at reduced loads, 
reduced load operation may be necessary. 

 

Table 4-1.  PM/PM10 Emission Rates Versus Campbell Industrial Park Turbine Load 

 PM/PM10 Emission Rate 
 Diesel Firing Naphtha Firing 

Load lb/hra gr/dscf lb/hra gr/dscf 
Peak 108 0.606 103 0.575 
Base 108 0.606 103 0.574 
75% 115 0.802 109 0.761 
50% 159 1.20 151 1.14 

Minimum 160 1.20 152 1.13 
aMass emission rates based on total emissions from the two combustion turbine units combined. 
 

4.1 Rationale for Proposed BACT for PM/PM10 
Combustion technology/design and burning low-ash fuel is proposed as BACT for 

PM/PM10 control for the following reasons: 
 
1. No application of electrostatic precipitators or fabric filters exists for CTs because 

of the high exhaust gas flow rates and low particulate loading. 
 
2. Fabric filters can experience serious operating difficulties (e.g., filter media 

clogging) when controlling particulate of the size and characteristics of PM from oil 
firing.  For this reason, fabric filters are technically infeasible for the proposed 
turbines. 
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5.0 BACT ANALYSIS FOR TURBINE CO 
 
Two control techniques are potentially applicable to reduce CO emissions from the 

Campbell Industrial Park CT units:  catalytic oxidation and combustion technology/design.  
Catalytic oxidation is a post-combustion CO reduction technology.  The combustion 
technology/design option is a direct result of the design and operation of the CT.   

 
5.1 CO Control Technologies 
 
5.1.1 Catalytic Oxidation 

In catalytic oxidation, the turbine exhaust gases pass through a catalyst bed (typically 
platinum/rhodium) where CO is oxidized to CO2.  Hydrocarbons (VOC) present in the exhaust 
gas are also oxidized to CO2 and water vapor.  Catalytic oxidation is typically required only on 
CTs operating in areas where local nonattainment with the National Ambient Air Quality 
Standards (NAAQS) require LAER for CO emissions.  This condition is not present at the 
Campbell Industrial Park facility. 

 
A search of the RACT/BACT/LAER Clearinghouse (RBLC) for determinations since 

January 1993 did not show any catalytic oxidation systems used for simple-cycle combustion 
turbines that exclusively fire liquid fuels.  This is consistent with information from a 
representative of Engelhard, who stated in 2002 that he was unaware of any applications of CO 
oxidation catalyst on simple-cycle turbines that fire fuel oil exclusively.5 

 
Additionally, the RBLC search for liquid fuel fired turbines showed two catalytic 

oxidation applications on simple-cycle units that primarily fire natural gas with fuel oil as a 
backup (Southern Energy in Neenah, Wisconsin, RBLC ID WI-0121 and Lake Road Generating 
Company, RBLC ID CT-0148).  However, a review of Southern Energy’s permit application and 
permit showed that catalytic oxidation was rejected as BACT and was not implemented (the 
RBLC also had an error for the SO2 BACT determination at this facility as noted in Section 
3.1.1).  The Lake Road Generating Company installation is not entirely relevant to the Campbell 
Industrial Park turbines because they use natural gas as the primary fuel and 0.05 weight percent 
sulfur diesel fuel as the back-up fuel.  The fuel fired at the Campbell Industrial Park will be 
0.05% sulfur fuel with certain allowances for 0.35% sulfur fuel as discussed in Section 3.0.  
Therefore, the diesel fuel sulfur content at Lake Road is 14% of the maximum fuel sulfur content 
that may be used at Campbell Industrial Park.  Because a catalyst that oxidizes CO to CO2 will 
also oxidize SO2 to SO3, applying catalytic oxidation technology to a turbine burning sulfur-
containing fuel would produce high SO3 emissions rates and an attendant visible plume due to 
H2SO4 mist formation in the atmosphere.  
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Additionally, a vendor stated that for systems firing natural gas as the primary fuel, the 

sulfur poisoning effect from oil-firing periods is minimized because the exhaust from gas-firing 
tends to regenerate the catalyst to some degree.6  This regenerative effect is not possible at the 
Campbell Industrial Park site because natural gas is not available.   

 
The RBLC also showed catalytic oxidation on six combined-cycle facilities that fire 

liquid fuels.  Five of the six facilities fire natural gas as well as liquid fuel, and four of the six 
facilities also have SCR.  Often it is convenient to have a CO oxidation catalyst within the 
HRSG because it can be located adjacent to the SCR catalyst at a location where the exhaust gas 
temperature is lower.  The combined-cycle applications of CO catalyst, however, are not relevant 
to Campbell Industrial Park because of the lower operating temperature.  In addition, these 
combined-cycle applications do not have the high SO2 oxidation rates characteristic of high-
temperature applications. 

 
As part of the investigation of the SCR applications on simple-cycle turbines firing fuel 

oil, two applications of oxidation catalyst were identified (simple-cycle facilities on Long Island 
including Hawkeye’s Greenport Generating Facility and PPL Global’s Shoreham Electric 
Generating Facility).  However, these facilities fire no more than 0.05% sulfur fuel oil, which is 
lower than the maximum of 0.35% sulfur that may be fired at Campbell Industrial Park as 
discussed in Section 3.0.  Therefore, the sulfur content of the fuel used at these Long Island 
facilities is only 14% of the maximum fuel sulfur content that may be used at Campbell 
Industrial Park.  Also, the turbines at Greenport have an exhaust temperature of 865° and the 
turbines at Shoreham have an exhaust temperature of 835°F.  These temperatures are well below 
the estimated range of 1,005 to 1,076°F expected at Campbell Industrial Park, which would 
result in a lower conversion rate of SO2 to SO3/H2SO4.  Therefore, application of oxidation 
catalyst would be expected to result in higher H2SO4 emissions at Campbell Industrial Park due 
to both the higher exhaust temperature and the potentially higher fuel sulfur content. 

 
Catalyst performance data were obtained for a commercial CO oxidation catalyst from a 

vendor (Engelhard for their CAMET catalyst).  Their data show that at a 1,005°F exhaust 
temperature (the Campbell Industrial Park units estimated range is from 1,005°F to 1,076°F, 
depending on the vendor option chosen), the oxidation catalyst would achieve CO conversions of 
84 to 97%, depending on the space velocity.  Assuming 90% CO conversion, the catalyst could 
reduce the baseline concentration of 21 ppmv (at 15% O2) down to 2.1 ppmv (at peak load for 
both diesel and naphtha fuels).  However, Engelhard’s performance data also show that 
oxidation of SO2 would be approximately 65 to 88%, depending on the space velocity.  The 
environmental impacts from the SO2 conversion to SO3/H2SO4 across the oxidation catalyst are 
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significant, and will be discussed in further detail in Section 5.2.1.  Since CO and SO2 
conversions generally increase with temperature, the low end of the temperature range (1,005°F) 
was selected to evaluate the impacts.  This approach was selected because it results in a lower 
SO2 conversion to SO3/H2SO4 and, thus, less severe H2SO4 environmental impacts.  However, 
the turbines may operate at a higher exhaust temperature (up to approximately 1,076°F), in 
which case the SO3/H2SO4 impacts would be higher.   

 
During discussions with Engelhard regarding the possible application of oxidation 

catalyst on a simple-cycle turbine firing fuel oil with up to 0.4 weight percent sulfur, the vendor 
representative expressed concern about other potential impurities in the fuel that could interfere 
with the proper operation of the catalyst.5  While no specifics were provided on what the 
impurities could be that would affect the catalyst performance, their concerns raise questions 
about the technical feasibility of using oxidation catalyst while firing the 0.35 weight percent 
sulfur fuel oil that may be used at Campbell Industrial Park.    

 
5.1.2 Combustion Technology/Design 

With this method of control, the generation of CO is minimized by obtaining good 
combustion efficiency in the CT units.  Combustion efficiency is a function of the CT design and 
operation.  Good combustion requires a proper air-to-fuel ratio and a turbine design that 
adequately accounts for time, temperature, and turbulence conditions within the combustion 
zone.  Good combustion practices require that water injection be limited to a rate within the 
design operating limits of the turbines.  Design operating limits for water injection are specified 
by the turbine vendor to meet their efficiency specification and to prevent potential damage to 
the turbines due to incomplete combustion.  The RBLC search showed that combustion 
technology was the most commonly used CO BACT control method.   
 
 For the proposed Campbell Industrial Park turbine units, combustion technology/design 
results in CO emission rates that vary based on turbine operating load.  Table 5-1 shows the CO 
emission rates versus load for the Campbell Industrial Park turbines.  Even though the units are 
not expected to operate at reduced loads, reduced load operation may be necessary.  
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Table 5-1.  CO Emission Rates Versus Campbell Industrial Park Turbine Load 

 CO Emission Rate 
 Diesel Firing Naphtha Firing 

Load lb/hra ppmvd @ 15% O2 lb/hra ppmvd @ 15% O2

Peak 143 20.8 142 21.0 
Base 170 25.0 168 25.0 
75% 274 50.0 272 50.0 
50% 616 150 610 150 

Minimum 2,080 800 2,182 800 
aMass emission rates based on total emissions from the two combustion turbine units combined. 
 

5.2 CO Impacts Analysis 
Detailed analyses of the impacts of the CO control options are presented in the following 

sections.  
 

5.2.1 Environmental Impacts of CO Control Options 
Application of CO catalyst control is known to increase the conversion of SO2 to SO3, 

which in turn will result in increased H2SO4 emissions.  While the Campbell Industrial Park is 
proposing 0.05% sulfur fuels, certain permit provisions are expected to allow burning 0.35% 
sulfur fuel.  As such, the air quality and modeling impacts have been based on 0.35% sulfur fuels 
as discussed in Section 3.0.  Therefore, application of catalytic oxidation to control CO 
emissions could result in substantial adverse environmental impacts due to high SO3 emission 
rates (with subsequent formation of H2SO4 mist in the atmosphere).   

 
As noted earlier, performance data obtained from Engelhard shows that oxidation of SO2 

would be 65 to 88% at an exhaust temperature of 1,005°F, depending on the space velocity.  The 
turbine exhaust temperatures for the Campbell Industrial Park units are estimated to range from 
1,005°F to 1,076°F at peak load depending on the vendor option selected. 

 
Assuming an average SO2 conversion of 76% and turbine diesel containing a maximum 

of 0.35 weight percent sulfur, the oxidation of SO2 to SO3 (which is assumed to convert to 
H2SO4) would result in potential incremental sulfuric acid emissions of 1,122 lb/hr or 4,913 tons 
per year.  This is based on annual operation at peak load for both turbine units, and is estimated 
from the potential SO2 emissions from both turbine units combined of 1,054 lb/hr less 105 lb/hr 
of H2SO4 assumed to form without CO oxidation catalyst.  For fuels (naphtha as an example) 
containing 0.05 weight percent sulfur, the H2SO4 impact would be less severe, estimated at 161 
lb/hr or 704 tons per year.   This is based on annual operation at peak load for both turbine units, 
and is estimated from the potential SO2 emissions from both turbine units combined of 151 lb/hr 
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less 15.0 lb/hr of H2SO4 assumed to form without CO oxidation catalyst.  As the exhaust gas 
cools, the emitted SO3 would condense as sulfuric acid aerosol composed of fine, inhalable 
particulate. 

   
The environmental benefits of CO oxidation catalyst (i.e., CO reduction) must be 

weighed against the risks associated with increased sulfuric acid emissions.  In this case, the 
application of oxidation catalyst would reduce CO emissions from both combustion turbines 
combined by about 564 tons per year when firing diesel or 558 tons per year when firing naphtha 
assuming 90% reduction and peak load operation.  However, the benefit of lowering CO 
emissions by 564 tons per year from both turbine units combined would be more than offset by 
the potential for emissions of up to 4,913 tons per year of sulfuric acid from both turbine units 
when firing diesel – possibly emitted in the form of fine, inhalable particulate.  Based on this 
impact alone CO oxidation catalyst does not appear to be feasible, and thus an economics 
analysis was not conducted. 
 
5.2.2 Energy Impacts of CO Control Options 

The energy impact associated with the use of catalytic oxidation to control CO emissions, 
expressed in Btu/yr, is the increase in energy usage beyond the requirements of the combustion 
design control level.  The additional energy penalty is associated with the pressure drop across 
the catalyst bed, which results in reduced turbine power output.  For the CO oxidation catalyst, 
this pressure drop is estimated at 2 inches of water (provided in a previous BACT analysis for a 
turbine7).  The estimated energy impact is an additional 73.3 billion Btu’s per year above the 
baseline control level when firing diesel at peak load for both combustion turbines combined 
(assuming 0.14% penalty loss per inch of pressure for the turbines based on the value used for 
other MECO/HECO installations, maximum fuel flow rate of 75,260 lb/hr per CT, a diesel fuel 
density of 7.05 lb/gallon, and a diesel heating value of 140,000 Btu/gallon).  When firing 
naphtha, the estimated energy impact is an additional 71.2 billion Btu’s per year above the 
baseline control level at peak load for both combustion turbines combined (assuming 0.14% 
penalty loss per inch of pressure, maximum fuel flow rate of 75,260 lb/hr per CT, a naphtha fuel 
density of 5.7 lb/gallon, and a naphtha heating value of 110,000 Btu/gallon). 

 
 

5.3 Rationale for Proposed BACT for CO 
Catalytic oxidation is rejected and the combustion technology/design alternative is 

proposed as CO BACT for the Campbell Industrial Park combustion turbines for the following 
reasons: 
 

1. An important issue related to application of catalytic oxidation is that it would result in 
increased emissions of SO3 and attendant H2SO4 mist formation due to oxidation of SO2. 
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The SO2 oxidation rate generally increases as the catalyst bed temperature increases.  
Likewise, the SO3 and attendant H2SO4 mist formation will also increase as the fuel 
sulfur content increases. 

 
2. Two applications of oxidation catalyst were found on simple-cycle turbines that 

exclusively fire fuel oil. These include Hawkeye’s Greenport Generating Facility and 
PPL Global’s Shoreham Electric Generating Facility, both located on Long Island, New 
York. However, the exhaust temperature at Greenport is 865°F, which is at least 140°F 
cooler than at Campbell Industrial Park.  The exhaust temperature at Shoreham is even 
lower, at 835°F.  Further both of these Long Island applications fire fuel oil with a 
maximum sulfur content of 0.05 weight percent versus a maximum of 0.35 weight 
percent that may be fired at Campbell Industrial Park.  Therefore, the combination of 
lower exhaust temperatures and lower fuel sulfur content will result in lower conversions 
of SO2 to SO3/H2SO4 at the Long Island sites compared to Campbell Industrial Park. 

 
3. The benefit of lowering CO emissions by an estimated 564 tons per year for both turbines 

combined (assuming 90% CO conversion) would be more than offset by the potential for 
emissions of up to 4,913 tons per year of sulfuric acid from both turbines when firing 
diesel with a maximum fuel sulfur content of 0.35 weight percent (assuming 76% SO2 
conversion to SO3/H2SO4 across the catalyst), possibly in the form of fine, inhalable 
particulate.  This reason alone appears to preclude the application of CO oxidation 
catalyst on simple-cycle applications and is perhaps the reason that there are only two 
known applications on exclusively fuel oil-fired simple-cycle systems 
 

4. A representative of Engelhard expressed concern about potential impurities in up to 0.4 
weight percent sulfur fuel oil that could interfere with the proper operation of the 
catalyst. While no specifics were provided on what the impurities could be that would 
affect the oxidation catalyst performance, their concern raises questions about the 
technical feasibility of using oxidation catalyst when firing the 0.35 weight percent sulfur 
fuel oil that may be used at Campbell Industrial Park. 
 

5. CO oxidation catalyst would also cause energy impacts in the form of energy penalties 
due to back pressure of the catalyst system.  These are estimated at an additional 73.3 
billion Btu’s per year when firing diesel and 71.2 billion Btu’s per year when firing 
naphtha (both turbines combined, above the baseline control level). 

 
6. Combustion technology/design has been applied nationwide as BACT as demonstrated 

by the RACT/BACT/LAER Clearinghouse databases.  Acceptable cost/economic, 
energy, and environmental impacts result with this alternative. 
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6.0 BACT ANALYSIS FOR TURBINE VOC 
 
The same catalyst that is used to reduce CO emissions will also remove VOC emissions 

by oxidation to CO2 and water vapor.  VOC removal is a secondary benefit as oxidation catalyst 
is primarily used to reduce CO emissions.  The only technology remaining to reduce VOC 
emissions is combustion technology inherent in the turbine design. 

 
6.1 VOC Control Technologies 
 
6.1.1 Catalytic Oxidation 

Refer to Section 5.1.1 for a discussion on catalytic oxidation, including the results of the 
RACT/BACT/LAER Clearinghouse (RBLC) search.  As noted earlier, the same catalyst that is 
used to reduce CO emissions will also reduce VOC emissions.  Oxidation catalyst is typically 
not applied exclusively for the purpose of controlling VOC, but rather is a secondary benefit 
when controlling CO. 

 
As noted earlier, catalyst performance data were obtained for the CO oxidation catalyst 

from Engelhard for their CAMET oxidation catalyst, and VOC conversion data were included as 
well.  Their data show that at 1,005°F exhaust temperature (the Campbell Industrial Park units 
estimated range is from 1,005°F to 1,076°F, depending on the vendor option), the oxidation 
catalyst would achieve VOC conversions of approximately 56 to 72%, depending on the space 
velocity.  Assuming 60% VOC conversion, the catalyst could reduce the turbine design baseline 
concentration of 20 ppmv (at 15% O2) down to 8 ppmv (at peak load for both diesel and naphtha 
fuels).  However, as noted earlier, Engelhard’s performance data also show that oxidation of SO2 
would be 65 to 88%, depending on the space velocity.  The environmental impacts from the SO2 
conversion to SO3/H2SO4 across the oxidation catalyst will be discussed in further detail in 
Section 6.2.1.  The VOC and SO2 conversions generally increase with temperature, so the low 
end of the temperature range (1,005°F) was selected to evaluate the impacts as discussed in 
Section 5.1.1 (results in lower SO2 conversion to SO3/H2SO4).   

 
6.1.2 Combustion Technology/Design 

With this method of control, the generation of VOC is minimized by obtaining good 
combustion efficiency in the CT units (same approach as for CO).  Combustion efficiency is a 
function of the CT design and operation.  Good combustion requires a proper air-to-fuel ratio 
and a turbine design that adequately accounts for time, temperature, and turbulence conditions 
within the combustion zone.  Good combustion practices require that water injection be limited 
to a rate within the design operating limits of the turbines.  Design operating limits for water 
injection are specified by the turbine vendor to meet their efficiency specification and to prevent 
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potential damage to the turbine due to incomplete combustion.  The RBLC search showed that 
combustion technology was the most commonly used VOC BACT control method. 

 
 For the proposed Campbell Industrial Park turbine units, combustion technology/design 
results in VOC emissions rates that vary based on turbine operating load.  Table 6-1 shows the 
VOC emission rates versus load for the Campbell Industrial Park turbines.  Although not 
expected, the Campbell Industrial Park turbines may be operated at reduced loads. 

 

Table 6-1.  VOC Emission Rates Versus Campbell Industrial Park Turbine Load 

 VOC Emission Rate 
 Diesel Firing Naphtha Firing 

Load lb/hra ppmvd @ 15% O2 lb/hra ppmvd @ 15% O2

Peak 40.8 20.4 40.4 20.2 
Base 42.8 21.4 42.4 21.2 
75% 44.0 22.0 43.4 21.7 
50% 102 51.0 108 54.0 

Minimum 1,026 513 1,076 538 
aMass emission rates based on total emissions from the two combustion turbine units combined. 

 
 

6.2 Impacts Analysis for VOC Control Options 
Catalytic oxidation for VOC control is inherently less effective than for CO control 

because of the preferential activity for CO oxidation.  For the purpose of this analysis, the 
catalytic oxidation system is assumed to reduce VOC emissions by 60 percent.  This conversion 
may be conservatively high, though, because no vendor quoted guarantee was obtained for the 
VOC removal efficiency.  

 
6.2.1 Environmental Impact of VOC Control Options 

Catalytic oxidation for controlling VOC emissions results in substantial adverse impacts 
to the environment (same impacts as discussed for CO in Section 5.2.1).  Catalysts that oxidize 
VOC also oxidize the SO2 present in the exhaust gas stream to SO3, which forms H2SO4 mist as 
the exhaust gas cools in the atmosphere.  The proposed Campbell Industrial Park units may 
operate with diesel containing up to 0.35 percent sulfur (as discussed in Section 3.0) or naphtha 
containing up to 0.05 percent sulfur. 

 
As noted earlier, performance data obtained from Engelhard shows that oxidation of SO2 

would be 65 to 88% at an exhaust temperature of 1,005°F, depending on the space velocity.  The 
turbine exhaust temperatures for the Campbell Industrial Park units are estimated to range from 
1,005°F to 1,076°F, depending on the vendor option chosen. 
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Assuming an average SO2 conversion of 76% and turbine diesel containing up to 0.35 
weight percent sulfur, the oxidation of SO2 to SO3 (which is assumed to convert to H2SO4) 
would result in potential incremental sulfuric acid emissions from both CTs combined of 1,122 
lb/hr or 4,913 tons per year.  This is based on annual operation at peak load, and is estimated 
from the potential SO2 emissions from both turbines combined of 1,054 lb/hr less 105 lb/hr of 
H2SO4 assumed to form without oxidation catalyst.  For fuels (naphtha as an example) 
containing 0.05 weight percent sulfur, the H2SO4 impact would be less severe, estimated at 161 
lb/hr or 704 tons per year.  This is based on annual operation at peak load for both turbines, and 
is estimated from the potential SO2 emissions from both turbines combined of 151 lb/hr less 15.0 
lb/hr of H2SO4 assumed to form without oxidation catalyst.  As the exhaust gas cools, the 
emitted SO3 would condense as a sulfuric acid aerosol composed of fine, inhalable particulate.   

 
The environmental benefits of oxidation catalyst (i.e., VOC reduction) must be weighed 

against the risks associated with increased sulfuric acid emissions.  In this case, the application 
of oxidation catalyst would reduce VOC emissions from both turbines combined by about 107 
tons per year when firing diesel and 106 tons per year when firing naphtha assuming 60% 
reduction and peak load operation.  However, the benefit of lowering VOC emissions by 107 
tons per year would be more than offset by the potential for emissions of up to 4,913 tons per 
year of sulfuric acid when firing diesel from both CTs combined – possibly emitted in the form 
of fine, inhalable particulate.  Based on this impact alone, oxidation catalyst does not appear to 
be feasible, and thus an economics analysis was not conducted. 

 
6.2.2 Energy Impact of VOC Control Options 

The estimated energy impact is an additional 73.3 billion Btu’s per year when firing 
diesel or 71.2 billion Btu’s per year when firing naphtha, both from both CTs combined and 
above the baseline control level, which is the same energy impact described in more detail 
previously in Section 5.2.2 for CO.  

 
6.3 Rationale for Proposed BACT for VOC 

The catalytic oxidation system alternative is rejected as BACT and the combustion 
technology/design alternative is proposed as VOC BACT for the Campbell Industrial Park 
turbines for the following reasons (similar reasons as provided previously in the discussion of 
CO): 
 

1. Oxidation catalyst is not typically applied exclusively for the purpose of controlling 
VOC, but rather is a secondary benefit when controlling CO. 

 
2. An important issue related to application of catalytic oxidation is that it would result in 

increased emissions of SO3 and attendant H2SO4 mist formation due to oxidation of SO2. 
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The SO2 oxidation rate generally increases as the catalyst bed temperature increases.  
Likewise, the SO3 and attendant H2SO4 emissions will also increase as the fuel sulfur 
content increases. 

 
3. Two applications of oxidation catalyst were found on simple-cycle turbines that 

exclusively fire fuel oil.  These include Hawkeye’s Greenport Generating Facility and 
PPL Global’s Shoreham Electric Generating Facility, both located on Long Island, New 
York.  However, the exhaust temperature at Greenport is 865°F, which is at least 140°F 
cooler than at Campbell Industrial Park.  The exhaust temperature at Shoreham is even 
lower, at 835°F.  Both of these Long Island applications fire fuel oil with a maximum 
sulfur content of 0.05 weight percent versus a maximum of 0.35 weight percent that may 
be fired at Campbell Industrial Park.  Therefore, the combination of lower exhaust 
temperatures and lower fuel sulfur content will result in lower conversions of SO2 to 
SO3/H2SO4 at the Long Island sites compared to Campbell Industrial Park. 

 
4. The benefit of lowering VOC emissions by an estimated 107 tons per year for both 

turbines combined (assuming 60% VOC conversion) would be more than offset by the 
potential for emissions of up to 4,913 tons per year of sulfuric acid from both turbines 
when firing diesel with a maximum fuel sulfur content of 0.35 weight percent (assuming 
76% SO2 conversion to SO3/H2SO4 across the catalyst), possibly in the form of fine, 
inhalable particulate.  This reason alone appears to preclude the application of oxidation 
catalyst on simple-cycle applications and is perhaps the reason that there are only two 
known applications on exclusively fuel oil-fired simple-cycle systems 
 

5. A representative of Engelhard expressed concern about potential impurities in up to 0.4 
weight percent sulfur fuel oil that could interfere with the proper operation of the 
catalyst. While no specifics were provided on what the impurities could be that would 
affect the oxidation catalyst performance, their concern raises questions about the 
technical feasibility of using oxidation catalyst when firing the 0.35 weight percent sulfur 
fuel oil that may be used at Campbell Industrial Park. 
 

6. Oxidation catalyst would also cause energy impacts in the form of energy penalties due 
to back pressure of the catalyst system.  These are estimated at an additional 73.3 billion 
Btu’s per year when firing diesel and 71.2 billion Btu’s per year when firing naphtha 
(both turbines combined, above the baseline control level). 

 
7. Combustion technology/design has been applied nationwide as BACT as demonstrated 

by the RACT/BACT/LAER Clearinghouse databases.  Acceptable cost/economic, 
energy, and environmental impacts result with this alternative. 
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7.0 BACT ANALYSIS FOR TURBINE ARSENIC, BERYLLIUM, AND 
BENZENE 
 
Arsenic, beryllium, and benzene will be emitted in trace quantities from the Campbell 

Industrial Park turbine units.  Turbine arsenic and beryllium maximum emissions are estimated 
to be 7.14 x 10-2 tpy and 9.81 x 10-4 tpy from each turbine, respectively.  Turbine benzene 
emissions are estimated to be 3.57 x 10-1 tpy (per CT). There are no available control 
technologies applicable to combustion turbines specifically designed to control emissions of 
these pollutants.  Arsenic and beryllium are emitted as fine particulate, and thus some degree of 
control may be achieved by the add-on particulate control devices discussed in Section 4.0.  
Benzene is a VOC, and some degree of control may be achieved using an oxidation catalyst as 
described in Section 6.0.  Post-combustion particulate control has been demonstrated to be 
impractical and/or not cost effective due to the low concentration of these pollutants and the 
large exhaust gas volume requiring treatment.  Also, oxidation catalyst for CO/VOC reduction 
has large H2SO4 emissions due to the high oxidation rate of SO2.  Because arsenic, beryllium, 
and benzene emissions are small fractions of the PM and VOC emissions, the impracticality, 
cost-effectiveness, and environmental impacts of controlling these individual species is even 
greater.  Therefore, as was concluded for PM and VOC, BACT for arsenic, beryllium, and 
benzene is considered to be good combustion practice and use of clean fuels to minimize the 
formation of these pollutants. 
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8.0 TURBINE AIR TOXICS 
 
The relationship between estimated air toxic emissions and various control options for 

each pollutant was investigated.  A brief discussion of additional air toxic emissions concerns is 
presented here for each pollutant and control option for the turbines.  The objective is to assess 
the effect that air toxics considerations would have (if any) on the selection of a control 
alternative as BACT and, specifically, to determine if a need exists to select a different 
alternative as BACT.  Table 8-1 summarizes the estimated emissions of air toxics for the 
proposed Campbell Industrial Park turbines.   

 
The EPA has promulgated a NESHAP rule for stationary combustion turbines (40 CFR 

63, Subpart YYYY).  However, the Campbell Industrial Park Generating Station is not subject to 
this rule since it applies to turbines located at a major source of HAP emissions (i.e. PTE greater 
than 10 tons per year for any single HAP or 25 tons per year for total HAPs).  The emission 
estimates included with this application show that the site is not a major source of HAP 
emissions.  

 
The SO2 control options for the CTs include FGD, firing ultra-low-sulfur fuels (naphtha 

or other fuel containing 0.05 weight percent sulfur), and firing up to 0.35 weight percent diesel 
as discussed in Section 3.0.  An unquantifiable decrease in toxic trace particulate emissions 
would be anticipated with the application of FGD.   

 
Air toxic emissions from oil firing can generally be categorized as metals and organics.  

Metal emissions generated from No. 2 oil combustion often yield test results below the detection 
limit of common sampling and analysis techniques.  Any changes in metal emissions that might 
result from firing lower-sulfur fuels could not be quantified if the change occurs below the 
detection limit.  Therefore, metal emissions are considered insignificant regardless of the sulfur 
content of the No. 2 oil. 

 
Organic emissions are a function of the combustion process parameters rather than the 

fuel sulfur content.  Because combustion parameters for diesel firing do not change with sulfur 
content, no change in organic emissions is expected.  Note that the turbine units are being 
permitted to fire diesel, naphtha, or an ethanol fuel blend.  Emission estimates when firing diesel 
are assumed to represent the maximum emissions from the turbines. 

 
Finally, predicted ambient concentrations of air toxic emissions are well below the 

threshold limit values.  Any changes in air toxic emissions resulting from switching to lower-
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sulfur diesel would have a negligible impact on air quality.  Thus, the overall impacts associated 
with the SO2 BACT decision have no adverse impact on air toxic emissions. 

 
The CO and VOC control option for the CTs, catalytic oxidation, would result in 

substantial emissions of SO3 due to the oxidation of SO2 in the exhaust gas stream, especially 
since the units are simple-cycle applications.  Emissions of SO3, as H2SO4 mist, increase air 
toxic impacts.  Therefore, the proposed control alternative, the combustion technology inherent 
to the turbine design, is more favorable than catalytic oxidation from an air toxics standpoint.  
The inherent combustion design enhances fuel efficiency and the overall performance of the 
turbines. Reduced fuel consumption also decreases emissions of trace compounds inherent in the 
fuel. 

  
 

Appendix A        8-2 



 

Table 8-1.  Turbine Air Toxics Emission Estimates 
Turbine Emission Rates  

(Total for Two Units Combined) 
Pollutant (lb/hr) a (tons/yr)b 

Acetaldehyded  7.48E-02 3.28E-01 
Acroleind 2.34E-02 1.02E-01 
Benzenec 1.63E-01 7.14E-01 

1,3 Butadienec 4.74E-02 2.08E-01 
Fluoridese 3.00E-02 1.31E-01 

Formaldehydec 8.30E-01 3.64E+00 
Naphthalenec 1.04E-01 4.54E-01 

PAH (Polycyclic Aromatic 1.19E-01 5.20E-01 
Toluened 8.34E-01 3.64E+00 
Xylenesd 5.72E-01 2.50E+00 
Arsenicc 3.26E-02 1.43E-01 

Berylliumf 4.48E-04 1.96E-03 
Cadmiumc 1.42E-02 6.24E-02 
Chromiumc 3.26E-02 1.43E-01 

Leadc 4.16E-02 1.82E-01 
Manganesec 2.34E+00 9.8E+00g 

Mercuryc 3.56E-03 1.56E-02 
Nickelc 1.36E-02 5.98E-02 

Seleniumc 7.42E-02 3.24E-01 
Total 5.4 23.0 

 
a Estimates based on worst-case of several potential vendor options at peak load for the proposed design.  

Estimates based on the following diesel fuel specifications: 75,260 lb/hr fuel rate (per CT); 1,482.6 
MMBtu/hr (per CT), higher heating value; 0.35 wt. % sulfur (maximum, as discussed in Section 3.0); and 
<0.015 wt. % fuel-bound nitrogen.  Emissions when firing naphtha are approximately the same as when 
firing diesel.  Naphtha fuel specifications: 75,260 lb/hr fuel rate (per CT); 1,473.1 MMBtu/hr (per CT), 
higher heating value; 0.05 wt. % sulfur; and <0.015 wt. % fuel-bound nitrogen.  The units can also fire 
ethanol blended with diesel or naphtha, but the emissions when firing the ethanol are expected to be less 
than or equal to the rates when firing diesel or naphtha.  Thus, maximum emissions were based on firing 
diesel. 

b Based on 8,760 hours per year operation for each turbine. 
c Based on emission factors from AP-42, Tables 3.1-4 and 3.1-5 (4/2000 version) for turbines firing distillate 

oil. 
d Based on emission factors from AP-42, Table 3.4-3 (10/1996 version) for large (>600 hp) diesel engines 

(no turbine emission factor was provided by AP-42). 
e Fluoride emissions based on fuel analysis results of 0.2 ppm dated April 11, 1985. 
f Beryllium emissions based on fuel analysis results of 0.003 ppm dated April 11, 1985. 
g As discussed in the introduction, several vendors are being considered for the turbines including Siemens.  

If Siemens were selected, manganese annual emissions would exceed the 10 tpy major HAP threshold 
based on firing at peak load for 8,760 hours/year.  Therefore, to maintain manganese emissions below the 
10 tpy threshold, HECO would accept an annual fuel limitation of 24.8 x 106 MMBtu/yr (both turbines 
combined) if Siemens were selected as the turbine vendor.  This fuel limitation is approximately 95.3% of 
the peak load firing rate at 8,760 hours/year. 
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9.0 BACT ANALYSIS FOR BLACK START DIESEL GENERATOR 
ENGINES, FUEL TANKS, AND FUGITIVES 

 
9.1 Black Start Generator Engine BACT 

The Campbell Industrial Park project will include installation of up to two (2) 1.5-MW 
black start generator engines (BSG1 & BSG2).  The engines will be fired with No. 2 diesel fuel.  
Each diesel generator engine will be limited to no more than 500 hours per year of operation.   
 
 The emission rates for NOx, SO2, CO, H2SO4 mist, VOC, and PM/PM10 from the black 
start generator engines were shown previously in Table 1-1.  Toxic emission rates from the 
diesel generators are shown in Table 9-1.  As shown in Tables 1-1 and 9-1, the maximum annual 
emissions from each engine are relatively low (the NOx and CO emissions from each engine are 
15.7 and 2.65 tons per year, respectively, and other pollutants are each less than 2 tons per year 
from each engine).  Annual emissions are low because each engine will be limited to no more 
than 500 hours/year of operation, and because the engines have design features that inherently 
minimize emissions.  Due to the low emission rates as a result of the limited hours of operation, 
BACT for the generator does not require controls beyond good operating practices and engine 
design for the control of NOx, CO, VOC, PM/PM10, and toxics.  BACT for SO2 (and H2SO4 
mist) from the engines is proposed as burning 0.4% sulfur diesel fuel.  Annual SO2 emissions 
from each engine are less than 1.5 tons per year.  Because these emissions are so low, burning 
diesel fuel with a lower sulfur content is not warranted. 
 
9.2 Fuel Tanks 

Two identical storage tanks (Tank1 and Tank2) will be used to store either diesel or 
naphtha fuels to be used at the Campbell Industrial Park Generating Station.  Internal floating 
roof design will be used to meet BACT.  This is consistent with other recent permits for similar 
types of facilities in Hawaii.  Tank1 and Tank2 will be designed to meet the specification 
pursuant to 40 CFR Part 60, Section 60.112b(a)(1).  Tank1 and Tank2 will be equipped with one 
of the following closure devices between the wall of the storage vessel and the edge of the 
internal floating roof:  

(1) Foam- or liquid-filled seal mounted in contact with the liquid (liquid-mounted seal);  
(2) Two seals mounted one above the other so that each forms a continuous closure that 
completely covers the space between the wall of the storage vessel and the edge of the 
internal floating roof; or  
(3) A mechanical shoe seal. 
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 The true vapor pressure of the volatile organic liquid (VOL) stored in the tanks will be 
maintained below 11.1 psia (76.6 kPa) at all times.  Determination of the true vapor pressure will 
be done according to an applicable method specified in NSPS, Subpart Kb. 

 
9.3 Equipment Leak Fugitives 

There may be some fugitive emissions associated with the equipment components 
(valves, flanges, etc.) in diesel or naphtha service.  Due to the expected low emission rates, no 
leak detection and repair (LDAR) program is proposed.  This is consistent with permits for other 
similar facilities. 
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Table 9-1.  Black Start Diesel Engine Generator Air Toxics Emission Estimates 
Generator Emission Rates 

(Total for Two Units Combined) 
Pollutant (lb/hr)a (tons/yr)b 

Acetaldehydec 7.30E-04 1.83E-04 
Acroleinc 2.28E-04 5.72E-05 
Benzenec 2.26E-02 5.62E-03 

1,3 Butadiened  4.64E-04 1.16E-04 
Fluoridese 3.00E-04 7.40E-05 

Formaldehydec 2.28E-03 5.72E-04 
Naphthalenec 3.78E-03 9.42E-04 

Total PAH (Polycyclic Aromatic Hydrocarbons)c 6.14E-03 1.54E-03 
Toluenec 8.14E-03 2.04E-03 
Xylenesc 5.60E-03 1.40E-03 
Arsenicd 3.20E-04 7.98E-05 

Berylliumf 4.38E-06 1.09E-06 
Cadmiumd 1.39E-04 3.48E-05 
Chromiumd 3.20E-04 7.98E-05 

Leadd 4.06E-04 1.02E-04 
Manganesed 2.30E-02 5.72E-03 

Mercuryd 3.48E-05 8.70E-06 
Nickeld 1.33E-04 3.34E-05 

Seleniumd 7.26E-04 1.81E-04 
Total 0.08 0.02 

 
a Estimates provided at maximum load operation for the proposed design.  Estimates based on the following diesel 

fuel specifications: 14.5 MMBtu/hr, higher heating value and 0.4 wt. % sulfur. 
b Based on 500 hours per year operation for each generator engine. 
c Based on emission factors from AP-42, Tables 3.4-3 and 3.4-4 (10/1996 version) for large (>600 hp) diesel engines.  
d Based on emission factors from AP-42, Tables 3.1-4 and 3.1-5 (4/2000 version) for turbines firing distillate oil (no 

engine emission factor was provided by AP-42). 
e Fluoride emissions based on fuel analysis results of 0.2 ppm dated April 11, 1985. 
f Beryllium emissions based on fuel analysis results of 0.003 ppm dated April 11, 1985. 
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ATTACHMENT A 
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EXAMPLE NSPS CALCULATION FOR COMBUSTION TURBINES 
 
 
The NSPS NOx emission standard for combustion turbines is given by the equation: 
 

NSPS (%) = 0.0075 x 14.4/Y +F 
 
where, 
 

NSPS (%) = NOx emission limit (% by volume), 
 

Y = net system heat rate (kJ/W-hr), and 
 

F = allowance for fuel-bound NOx
 
 
For the peak load CT operation with diesel firing: 
 

Y = 10,560  Btu/kW-hr  = 11.141  kJ/W-hr  
  

F = 0.04 (0.10%N) = 0.004 
 

NSPS(%) = 0.0075 x 14.4/11.141 + 0.004 = 0.01369% 
 

NSPS (ppmvd) = 0.01369/100 x 106 = 136.9 ppmvd (@15% O2)
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CALCULATION OF NOx DUE TO ADDITIONAL FUEL-BOUND NITROGEN 

 

The vendors being considered guarantee NOx emissions at peak load for the turbines at 

42 ppmv for oil-firing when the fuel-bound nitrogen content is less than 0.015 percent by weight. 

 Since one of the fuel suppliers does not have a maximum fuel nitrogen specified limit, the fuel 

available at the Campbell Industrial Park site is assumed to contain up to 0.1 percent by weight 

fuel-bound nitrogen.  Therefore, the NOx emission rate is adjusted via the following calculations: 

Basis: 

• Fuel NOx Contribution: 
Use NSPS (40 CFR 60, Subpart GG) correction factor allowance for fuel-bound 
nitrogen: F = 0.04 x (% nitrogen in fuel) and 0.1 weight percent fuel-bound 
nitrogen. 

• Thermal NOx contribution: 
42 ppmvd NOx at 15% O2 for fuels containing less than 0.015 weight percent 
nitrogen. 

 

Fuel NOx Contribution: 

F(%) = 0.04 (0.10% N) = 0.004% NOx

F(ppmvd) = 0.004/100 x 106 = 40 ppmvd @ 15% O2
 

 
Total NOx:  42 ppmvd + 40 ppmvd = 82 ppmvd @ 15% O2
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EXAMPLE MASS BALANCE CALCULATION 
 

Mass balance calculations were used to estimate emissions of SO2 and some air toxics 

from diesel or naphtha firing.  The following example calculation demonstrates the methodology 

used in making these emission estimates. 

 

Diesel Fuel 

SO2 Emissions: 

Data: Turbine diesel fuel flow  = 75,260 lb/hr for peak load operation (per CT). 

Sulfur Content of diesel = 0.35 weight percent (maximum as discussed in Section 3.0) 

 

Calculation: 

 
 
SO2 Emission rate: 75,260 lb fuel x 0.0035 lb S x   mol S     x 1 mol SO2
                                      hr                 lb fuel            32 lb S         mol S 
                      
                              x   64 lb SO2 = 527 lb SO2     (per turbine) 
                                     mol SO2               hr 
 
 
Naphtha Fuel 
 

SO2 Emissions: 

Data: Turbine naphtha fuel flow  = 75,260 lb/hr for peak load operation (per CT). 

Sulfur Content of naphtha = 0.05 weight percent 

 

Calculation: 

 
 
SO2 Emission rate: 75,260 lb fuel x 0.0005 lb S x   mol S     x 1 mol SO2
                                      hr                 lb fuel            32 lb S         mol S 
                      
                              x   64 lb SO2 = 75.3 lb SO2    (per turbine) 
                                     mol SO2                  hr 
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