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Pollutant Source” Fuel® Basis of Limit Ib/hr fsource tons fyear ffacility
[} . . [+
NO, EF NG BACT:_ 25 ppovd at 15% O, 953 572 Y 4009 273.9
DE NG BACT: 0.1 Ib/MMBiu 122°
Cco cT NG BACT: 10 ppmvd 23 114.6
DR NG BACT: 0.1 Ib/MMBtu 122
PM/PM,  CT NG~ BACT: 00i1 b/MMBt 12.0 a6 -
DB NG BACT: 001 lb/MMBw 122
vocC CT NG Proposed by Applicant 318 19.75
DB NG Proposed by Applicant 3.7
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May 27, 1992

Mr. C. H. Fancy, P.E., Chief RECEIVED

Bureau of Air Regulation

Florida Department of Environmental Regulation MAY 27 1992 o
Twin Towers Office Building Bawd, Vb b B
2600 Blair Stone Road Bureau of

Ta]la.hassee, Florida 32399-2400 Air Regulation

RE: Orange County--A.P.
Orlando CoGen Limited, L.P.
Combustion Turbine and Heat Recovery Steam Generator
AC 48-206720 and PSD-FL-184

Attention: Mr. Preston Lewis and Mr. Bruce Mitchell
Dear Preston and Bruce:

As discussed yesterday, the applicant for the above-referenced project, after discussions with the
combustion turbine (CT) vendor (i.e., ABB), will agree to a nitrogen oxide (NO,) emission limit for the
CT based on 18 parts per million volume dry (ppmvd) corrected to 15 percent oxygen. On this basis,
the maximum NO, emission rate proposed as Best Available Control Technology (BACT) for the project
will be 68.9 Ib/hr for the CT at an ambient temperature of 20°F. The maximum NO, emission rate at
59°F is proposed as 62.2 Ib/hr. The maximum annual emission rate is proposed as 301.8 tons per year
(TPY) at 20°F. Table 2-1 from the application has been revised to reflect the proposed BACT emission
limit,

This proposed change in the emission limit for NO, has considerable ramifications for the economic and
environmental considerations in the BACT analysis. The cost effectiveness for installing and operating
selective catalytic reduction (SCR) on the project at 18 ppmvd (corrected to 15 percent oxygen) is
estimated at $12,300 per ton of NO, removed (annualized cost of $1,903,000 divided by a net NO,
reduction of 154 TPY). This cost effectiveness exceeds the cost effectiveness found unreasonable for
other similar projects by about $5,000 per ton of NO, removed (or about 75 percent). At 18 ppmvd
(corrected), the costs for SCR are clearly unreasonable and should be rejected as BACT.

The proposed BACT emission limit for NO, emissions reduces the maximum potential emissions for the
project by 106 TPY or by 26 percent from that originally proposed for the project. At the proposed
emission level, the net reduction with SCR when all pollutants except carbon dioxide (CO,) are
considered will be only 29 TPY (see revised Table 4-7). Indeed, the amount of increased CO, emissions
with SCR is estimated to be two orders of magnitude larger than the net emission reduction with SCR.
Taking together the low overall environmental benefit and the potential hazards of handling ammonia in
an urban area, application of SCR as BACT for this project appears environmentally unreasonable. As

91134C1/1 KBN ENGINEERING AND APPLIED SCIENCES, INC.
1034 Northwest 57th Street  Gainesville, Florida 32605 904/331-9000 FAX:904/332-4189
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Mr. C. H. Fancy, P.E., Chief
May 27, 1992
Page 2

|

discussed in the PSD application, the proposed technology (i.e., dry low-NO, combustion) is truly
"pollution prevention” and must be taken into account.

The proposed emission limit, if established as BACT, will be the lowest in Florida at 0.07 1b NO, per
million Btu heat input. This limit is about 25 percent lower than other similar natural gas fired
combined cycle cogeneration projects and about 60 percent lower than other power generation projects
that have been required to install NO, reduction technologies [i.e., SCR and selective non-catalytic
reduction (SNCR}].

I hope this information is helpful. Please call if you have any questions.

Sincerely,

Kennard F. Kosky, P.E.
Florida Registration No. 14996
President

KFK/tyf
Enclosure

cc:  Gary Kinsey, Air Products
John P. Jones, Orlando CoGen Limited, L.P.
File (2)
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Table 2-1. Stack, Operating, and Emission Data for the Proposed Cogeneration Facility

Maximum Emissions
CT /Duct Burner
Parameter CT Only CcT Duct Burner® Total

Stack Data (ft)

Height 115 115
Diameter 15.7 15.7
Operating Data

Temperature (°F) 250 220
Velocity (ft/sec) 69.9 58.14
Building Data (ft)

Height 76 76
Length 60 60
Width 43 43
Maximum Hourly Emissions (1b/hr)

50, 2.82 2.59 0.37 2.96
PM/PM10 110 9.0 1.22 10.22
NO, 68.9 62.2 122 74.4
CO 233 21.0 12.2 33.2
vOocC 3.18 298 3.7 6.7
Sulfuric Acid Mist 0.02 0.02 0.003 0.02

Annual Potential Emissions (TPY)

SO, 1235 11.34 0.68 12.02
PM/PM10 48.18 3542 225 41.67
NO, 301.8 2725 22.5 295.0
CO 102.1 92.1 225 1146
VOoC 139 13.0 6.75 19.75
Sulfuric Acid Mist .95 0.87 0.05 0.92

Note:  10° Btu/hr = million British thermal units per hour.
CO = carbon monoxide.
CT = combustion turbine.
°F = degrees Fahrenheit,
ft = feet.
ft/sec = feet per second.
HRSG = heat recovery steam generator.
Ib/hr = pounds per hour.
Neg = negative.
NO, = nitrogen oxides.
0, = oxygen molecule.
PM = particulate matter,

PM10 = particulate matter less than or equal to 10 micrometers,
ppmvd = parts per million by volume dry.
S0, = sulfur dioxide.
TPY = tons per year.
VOC = volatile organic compound.

* Performance based on 20°F with NO, emissions at 18 ppmvd (corrected to 15 percent O,); 8,760 hr/yr
operation,

® Performance based on 59°F with NO, emissions of 18 ppmvd (corrected to 15 percent Q,), 8,760 hr/yr
operation; stack parameters based on 90°F ambient temperature.

¢ Performance based on 122 x 10° Btu/hr heat input for HRSG; annual emissions based on 4,500 hours per
year operation at an average heat input of 100 x 10° Btu/hr.
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Table 4-7. Maximum Potential Emission Differentials TPY With and Without Selective Catalytic

Reduction
Project
Project With SCR Without SCR
Pollutants Primary Secondary?® Total CT/DB Difference®
Particulate 24 ¢ 2.06 26 0 26
Sulfur Dioxide 0 22.64 23 0 23
Nitrogen Oxides 141 ¢ 11.32 152 295 (143)
Carbon Monoxide 0 0.68 1 0 1
Volatile Organic 0 0.10 0 0 0
Compounds

Ammonia 64 © 0.00 64 0 64
Total 229 36.81 266 295 29)
Carbon Dioxidef -- 3,535 3,535 - 3,535
Note: Btu/kWh = British thermal units per kilowatt-hour.

CT = combustion turbine.
DB = duct burner.

MW = megawatt.

% = percent.
SCR = selective catalytic reduction.
TPY = tons per year.

Lost energy of 0.47 MW from heat rate penalty and electrical for 8,760 hours per year operation
(0.5% of 78.83 MW plus 0.080 MW). Assumes Florida Power Corp. baseloaded oil-fired unit
would replace lost energy. EPA emission factors used for 1% sulfur fuel oil and an assumed heat
rate of 10,000 Btu/kWh. Emission factors use were (Ib/10° BTU): PM = 0.1; 50, = 1.1; NO,
= 0.55, CO = 0.033 and VOC = 0.005. Example calculation for PM - 0.47 MW x 10,000
BTU/kwh x 1,000 kw/MW x 8,760 hr/yr x 0.1 Ib pm/10% BTU + 2,000 lb/ton = 2.06 TPY.
Difference = Total with SCR minus project without SCR.

¢ Assume sulfur reacts with ammonia; 11.65 TPY 50, x 132 (MW of ammonia salt) + 64 (MW of
SO,).

9 pi)m NO, emissions.

10 ppm ammonia slip (ideal gas law at actual flow rate from stack): 726,343 acfm x 60 m/hr x
10 ppm/10° x 2,116.8 Ib/ft> + 1,545 x 17 (molecular weight of NH,) + (460 +230) x 8,760 +
2,000.

Reflects differential emissions due to lost energy efficiency with SCR (i.e., 0.47 MW Cco,
calculated based on 85.7% carbon in fuel oil and 18,300 BTU/Ib).
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AIR PRODUCTS AND CHEMICALS, INC.
ENVIRONMENTAL/ENERGY DIVISION
ENERGY SYSTEMS
ALLENTOWN, PENNSYLVANJA 18195
USA.

FACSIMILE NO.: (215) 481-5444

PLEASE DELIVER THE FOLLOWING PAGES TO:
NAME: /7%  APLs7es Lowis

COMPANY: 7200109 DEPT &5 LMV @in mEnTHe AESAT/ 04

FACSIMILE NO.; _7¢¥/- /F2- 6975

TOTAL PAGES: 3 ' (INCLUDING COVER SHEET)

FROM: CAY gwde CoGen Lmm gzd, L. £

COMMENTS:

If you do not receive all pages or have any problems with receiving, please
call 481-7440 or 481-4061.

Thank you
410003
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26 May 1982

Mr. Clair .Fancy

‘Aureau of .Air Regulation

Florida Department of Environmental -Regulation
Twin Towers Office Building

2600 Blair Stone Road
Tallahassee, -Florida 32399-2400

‘Subject: Orange County - -A.P.
Orlando CoGen Limited, L.P. Cogeneration Froject
Combustion Turbine and Heat Recovery Steam Generator
AC 48-208720C .and PSD-FL-184

Attention; iPraeston Lewis

Dear ‘Mr, Lewis:

Thie letter is to confirm your conversation -earlier today with

‘Mr. ‘Kennard F. «Kosky, -President, KBN ‘Engineering and Applied

Sciences, Inc.

1. Orlando CoGen Limited ‘has reviewed the ‘technical capabilities of
‘the .proposed dry~low NOx combustor with ABB, +the gas turbine
‘manufacturer. The equipment manufacturer is willing to guarantee
+the NOx emissions levels from the gas turbine unit at a level ’
of 18 PPM (corrected to 15% Oz ). This -equipment guarantee will
become the basis for “the -emissions levels for the proposed
facility’s gas turbine.

2. Orlando CoGen Limited with the help of KBN .Engineering and
Applied Sciences, ‘Inc. will ‘provide 'the updated emissions data
which ‘corresponds to the 18 ‘PPM NOx -emissions level. This
information will 'be :provided ‘to ‘the Departiment later this week.
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Mr.. Clair Fancy 26 ‘May 1992
"Bureau -of ‘Air -Regulation -Page .2.

Orlando ‘CoGen Limited looks forward to finalizing this PSD permit
applicaticon review with ‘the Department. The facility is planning to
start construction arcund mid-summer of this year to :support a
acheduled on—-stream date of 1 January 1984,

Sincerely, —

ﬂaﬁézszqﬂbrcx.f4g4”¢””°“”4’
Wayne A, Hinman

President

Orlande CoGen (1), Inc.
General Partner of Orlando
CoGen Limited., L.P.

cc: Mr. Kennard -F. Kosky, KBN
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26 May 1992

Mr. Clair Fancy

Bureau of Air Regulation

Florida Department of Environmental Regulation
Twin Towers Office Building

2600 Blair Stone Road

Tallahassee, Florida 322399-2400

Subject: Orange County - A.P.
Orlando CoGen Limited, L.P. Cogeneration Project
Combustion Turbine and Heat Recovery Steam Generator
AC 48-206720 and PSD-FL-184 _ .

Attention: Preston Lewis

Dear Mr. Lewis:

This letter is to confirm your conversation earlier today with
Mr. Kennard F. Kosky, President, KBN Engineering and Applied
Sciences, Inc.

1. Orlando CoGen Limited has reviewed the technical capabilities of
the proposed dry-low NOx combustor with ABB, the gas turbine
manufacturer. The eguipment manufacturer is willing to guarantee
the NOx emissions levels from the gas turbine unit at a level
of 18 PPM (corrected to 15% 0z). This equipment guarantee will
become the basis for the emissions levels for the proposed
facility’s gas turbine.

2. Orlando CoGen Limited with the help of KBN Engineering and
Applied Sciences, Inc. will provide the updated emissions data
which corresponds to the 18 PPM NOx emissions level. This
information will be provided to the Department later this week.



Orlando 0y

CoGen | = 2‘ e s
Limited, L.P. o ,J USDOSIAE F]
* 4 h :1

s

t—--

LEHIGH UBLLEY FA

Mr. Clair Fancy

Bureau of Air Regulation

Florida Department of Environmental Regulation
Twin Towers Office Building

2600 Blair Stone Road

Tallahassee, Florida 32399-2400
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268 May 1992

Mr. Clair Fancy

Bureau of Air Regulation

Florida Department of Environmental Regulation
Twin Towers Office Building

2600 Blair Stone Road

Tallahassee, Florida 32399-2400

Subject: Orange County - A.P.
Orlando CoGen Limited, L.P. Cogeneration Project
Combustion Turbine and Heat Recovery Steam Generator
AC 48-206720 and PSD-FL-1&4

Attention: Preston Lewis

Dear Mr. Lewis:

This letter is tc confirm your conversation earlier today with
Mr. Kennard F. Kosky, President, KBN Engineering angd Applied
Eciences, Inc.

1. Crlando CoCGen Limited has reviewed the technical capabilities of
the proposed dry-low NOx combustor with ABB, the gas turbine
manufacturer. The eguipment manufacturer is willing to guarantee

the NOx emissions levels from the gas turbine unit at a level
of 18 PPM {corrected to 15% 0z). This equipment guarantee will
become the basis for the emissicns levels for the proposed
facility’'s gas turbine.

2. Orlando CoGen Limited with the help of KBN Engineering and
Applied Sciences, Inc. will provide the updated emissions data
which corrasponds to the 18 PPM NOx emissions level. This
infermation will be provided to the Department later this week,



Mr. Clair Fancy 26 May 1992
Bureau of Air Regulation Page 2.

Orlando CoGen Limited looks forward to finalizing this PSD permit
application review with the Department. The facility is planning to
start construction around mid-summer of this year to support a
scheduled on-stream date of 1 January 1994.

Sincerely, -

-7 &WQHWU

Wayne A. Hinman

President

Orlando CoGen (I), Inc.
General Partner of Orlando
CoGen Limited, L.P.

cc: Mr. Kennard F. Kosky, KBN
B. 7heZ

Pt deueea
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April 13, 1992

Mr. Clair Fancy
Bureau of Air Regulation
Florida Department of Environmental Regulation
Twin Towers Office Building
2600 Blair Stone Road R E C E ' V E D
Tallahassee, Florida 32399-2400
APR 141382

Subject: Orange County - A.P.
Orlando CoGen Limited, L.P. Cogeneration Project
AC 48-206720 and PSD-FL-184

Division of Air
Resources Management

Attention: Bruce Mitchell
Dear Bruce:

This correspondence and attachments presents information requested by the Department’s March 31,
1991 letter. Please find attached the following:

1. The equations contained in Notes A, B and C have been further annotated to reference the

~ equations from the Code of Federal Regulations (CFR) for which NOx, CO and VOC
emissions are calculated from parts per million (ppm) with corrections to Ib/hr. Also
attached is a copy of the relevant CFR (i.e., 40 CFR Part 60 Appendix A, Method 20).
Please recognize that the notes contained in the application were not titled as Notes-1 as
indicated in the March 31, 1992 letter but as Notes A, B and C.

2. A computer disk containing the spreadsheet used to develop Tables A-1 through A4 is
enclosed with this correspondence. Please note that this spreadsheet is a work product of
KBN Engineering and Applied Sciences, Inc. (KBN) and must be considered as confidential
business information.

Submittal of this information clarifies all questions raised by the Department in the completeness
determination for the above referenced project. Please call if there are any further questions on the
material submitted herein.

Sincerely,

Dy TS

Kennard F. Kosky, P.E.

President

cc: Mr. John P: Jones : ,J g2 Zin Limmnt 4,‘
Mr. Gary Kinsey, P.E. - ’ yy f
7, mﬁ@/} 47 TYRARLL, &
c r‘l (s .{.";‘; ‘d’fz‘yﬁia{fﬁ-fﬂiﬁ ’dp-\s
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KBN ENGINEERING AND APPLIED SCIENCES, INC.
1034 Northwest 57th Street  Gainesville, Florida32605 904/331-9000 FAX: 904/332-4189
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91134C2/APPA/NOTES-1
04/13/92

NOTE A

Volume is calculated based on ideal gas law:

PV = mRT/M
RECEIVFD
where: P = pressure = 2116.8 1b/ft?
m = mass flow of gas (1lb/hr)
R = universal gas constant = 1545 APR 141992
M = molecular weight of gas Bivisi .
T = temperature (K) wision of Air

Resources Manageme

NOTE B

NO, is calculated by correcting to 15% 0, dry conditions using ideal gas law
and moisture and 0, conditions.

Oxygen correction:
1. Vnox 1sz) = Viox ey ¥ 5.9

20.9 - %0, pyy

[see Equation 20-4, EPA Method 20]

2. Viox pry = Vwox asxy (20.9 - %05 py) / 5.9
3. 202 Dry = 102 Act / (1 - szo) ; 202 Act T %02 Dry (1 - ZH20)

[see Equation 20-1, EPA Method 20]

4. Viox act = Viox pey (1 - %H0)

[see Equation 20-1, EPA Method 20]

Substituting:
5. Viox act = Viwox 151 (20.9 - %05 p.) (1 - %H0) / 5.9
[Substitute Equation 2 in Equation 4]
= Viox 1szy [20.9 - (%07 pce / (1 - %H30))] (1 - %ZH0) / 5.9
[Substitute in Equation 3]

= Vyox 152y [20.9 (1 - %¥H,0) - 20;)] / 5.9



91134C2/APPA/ROTES-2
04,/13/92
6. Myox = PVMNOK = VNOx (15%) [20.9 (l - %Hzo) - 202)] * P % MNOI / (RT * 5.9)
RT
[Ideal Gas Law]

CO s Wleslated +the same as A0y, ){‘7

NOTE C
is
Co—amd VOC axe calculated by correcting to dry conditions:
/5
7. Veo act = Veo pry (1 - %H30)

[see Equation 3 above]

8. Mo = PVeg aceMco / RT
PVeo pry (1 - %H3;0) Mg / RT

]

[Ideal Gas Law]
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device, the following equation may be used
to adjust the emlission rate for sulfur reten-
tlon credits {no credits are allowed for oil-
fired systems) (E,} for each sampling period
using the following equation:

Ey=0.97 K (%8/GCV)
Eq. 19-25

where: .
Ey=~average Inlet SO, rate for each sam-
pling perlod d, ng/J (Ib/million Btu)
%8=sulfur content of as-fired fuel lot, dry

basis, weight percent.

QCV=gross calorific value of the fuel lot
consistent with the sulfur analysis, kJ/
kg (Btu/1b).

K =2x107{(kg{ng)/(%)(J)} {2x1041b)Btu/
(%) ¥million Btu)}

After ' calculating E, use the procedures in
Section 4-2 to determine the average BO,
emission rate to the atmosphere for the per-
formance test period (E,,).

7. Determination of Compliance When
Minimum Dala Requirement Is Not Met

7.1 Adjusted Emission Rates and Control
Device Removal Efficlency. When the mini.
mum data requirement is not met, the Ad-

ministrator may use the following adjusted Where:

7.1.1 Emission Rate. Compliance with
the emission rate standard may be deter-
mined by using the lower confidence limit of
the emission rate (E_"*) a8 follows:

E =E,—tosn 3,
Eq. 19-28

where:

8,=standard deviation of the hourly aver-
age emission rates for each performance
test period, ng/J (1b/milllon Btu).

to.m~-values shown in Table 19-2 for the indi-
cated number of data points n.

7.1.2 Control Device Removal Efficiency.
Compliance with the overall emission reduc-
tion (%R,) may be determined by using the
lower confidence limit of the emission rate
(E,,") and the upper confidence limit of the
inlet pollutant rate (E,*) In calculating the
control device removal efficlency (%R,) as
follows:

%eR,=100 (1.0-E_*/E."]

E.*'=Eutton 8 Eq. 19-28

emission rates or control device removal ef- 8 ,=standard deviation of the hourly average

ficiencles to determine compliance with the
applicable standards.
Eq. 19-27

intet pollutant rates for each perform-
ance test period, ng/J (lb/milllon Btu).

TABLE 19-2-—VALUES FOR To.us

tam tew

nt ton nt
2 821 [
3 242 2
4 2.35 10
-1 213 "
-3 2.02 12-18
7 1.04 17-21

22-29

1.80 1.7
1.86 27-0 1.70
1.83 32-51 1.68
1.81 59-91 1.67
1.77 B2-15 1.66
1.73 152 or more 1.85

' The
points.

7.2 Standard Deviation of Hourly Aver-
age Pollutant Rates. Compute the standard

vakws of this table are comected for n-1 degrees of freedom. Use n squal 1o the number (H) of hourty sverage data

deviation (S,) of the hourly average pollut-
ant rates using the following equation: '

s, = VM) - (M) LE (6 - ENA/H - 1))

Eq. 19-29

Environment Reporter

where:

S=standard deviation of the hourly average
pollutant rates for each performance
test period, ng/J (ib/million Btu).

H,=total numbers of hours in the perform-
ance test period (e.g., 720 hours for 30-
day performance test pericd).

Equation 18-29 may be used to compute
the standard deviation for both the outlet
(s;}as and, If applicable, inlet (8,) pollutant
rates. .

MrTHOD 20—DETERMINATION OF NITROGEN
Oxipes, SuLrur DIOXIDE, AND DILUENT
EMISSIONS FROM STATIONARY Gas TURr-
BINES

1. Principle and Applicability

1.1 Applicability. This method ix applica-
ble for the determination of nitrogen oxides

(NO,}, sultur dioxide (8C:), and a diluent

gus, either oxygen (O.) or carbon dioxide

(COy), emissions from stationary gas tur-

bines. For the NO, and diluent concentra.

tion determinations, this method includes:

(1) Measurement system design criteria; (2)
Analyzer performance specifications and,
performance test procedures; and (3) Proce-

. dures for emission testing.

1.2 Principle. A gas sample is continuous-
ly extracted from the exhaust stream of a
stationary gas turbine; a portion of the
sample stream 18 conveyed to Instrumental
analyzers for determination of NO, and dil-
uent content. During each NO, and diluent
determination, a separate measurement of
80, emissions is made, using Method 8, or
its equivalent, The diluent determination is
used to adjust the NO, and 80, concentra-
tions to a reference condition.

2. Definitions

2.1 Measurement System. The total
equipment required for the determination
of a gas concentration or a gas emission
rate. The system consists of the.following
major subsystems: )

2.1.1 Sample Interface. That portion of a
system that iz used for one or more of the
tollowing: sample acquisition, sample trans-
portation, sample conditioning, or protec-
tion of the analyzers from the effects of the
stack effluent. .

3.1.2 NO, Analyzer. That portion of the
system that senses NO, and generates an
glutput proportional to the gas concentra-

on.

RECEIVE D

APR 141992

Division of Air
Resources Management

[Appendix A, Method 20]
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2.1.3 O, Analyzer. That portion of the
system that senses O, and generates an
output proportional to the gas concentra-
tion.

2.1.4 CO; Analyzer. That portion of the
systemn that senses CO, and generates an
output proportional to the gas concentra-
tion,

2.1.5 Data Recorder, That portion of the
measurement system that provides a perma-
nent record of the analyzer(s) output. The
data recorder may include sutomatic data
reduction capabllities.

2.2 Bpan Value. The upper limit of a gas
concentration measurement range that is
specified for affected source categories in
the applicable part of the regulations.

2.3 Callbration Gas. A known concentra-
tion of a gas in an appropriate diluent gas.

2.4 Calibration Error. The difference be-
tween the gas concentration Indicated by
the measurement system and the known
concentration of the calibration gas.

3-22-91

2.5 Zero Drift. The difference in the
measurement system output readings from
zero after a stated period of operation
during which no unscheduled maintenance,
repair, or adjustment took place and the
input concentration at the time of the meas-
urements was zero. R

2,8 Calibration Drift. The difference in
the measurement system output readings
from the known concentration of the cali-
bration gas after a stated period of aoper-
atlon during which no unscheduled mainte-
nance, repair, or adjustment took place and
the input at the time of the measurements
was a high-level value.

2.7 Response T*me, The amount of time
required for the measurement system to dis-
play on the data output 85 percent of a step
change in pollutant concentration.

2.8 Interference Response. The output
response of the measurement system to a
component in the sample gas, other than
the gas component being measured.

Pubiished by THE BUREAL OF NATIONAL AFFAIRS, INC., Washington, D.C. 20037

3. Measurement Sustém Performance Specit-
JSications

3.1 NO, to NO Converter. Greater than
80 percent conversion efficiency of NO, to
NO.

3.2 Interference Response. Less than + 2
percent of the span value,

3.3 Response Time. No greater than 30
seconds.

3.4 Zero Drift. Less than + 2 percent of
the span value over the period of each test
run.

3.5 Calibration Drift. Less than =+ 2 per-

v,

cent of the span value over the perlod of :

each test run.
4. Apparatus and Reagentls

4.1 Measurement System. Use any meas-
urement system for NO, and diluent that is -

expected to meet the specifications in this
method. A schematic of an acceptable meas-
urement system is shown in Figure 20-1.
The essential components of the measure-
ment system are described below:

[Appendix A, Method 20}

183
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“VENT
S . NOy ANALYZER vE
HEATED PROBE . BRI VENT -
-G —F | : o B S
S o HE HEATED *  venT C 1 b [JI__I.UEH: .
11 SAMPLE o ' ANALYZER
LINE
- NOaTONO .
CONVERTER
PUMP -
EFFLUENT | L | seaten
w : 7 p—= _
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Figure 20-1. Measurement systemn design,
[Figure 20-1 revised by 51 FR 32455,
September 12, 1986]
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4.1.2 Sample Line. Heated (>95C) stain-
less steel or Teflon tubing Lo transport the
sampie gas Lo the sample conditioners and
analyzers. . '.° - . :

4.1.3 Calibration  Valve Assembly. A
three-way valve assembly to-direct the zero
and calibration: gases-lo.the sample condi-
tioners and-to the analyzers. The calibration
valve assembiy shall be capable of blocking
the sample gas flow and of introducing call-
bration gases to the measurement system
when in the calibration mode.

4.1.4 NO, to NO Converter. That portion
of the system that converts the nitrogen di-
oxide (NO,) in the sample gas to nitrogen
oxide (NO) Some analyzers are deslgned to
measure NO, as NO, on a wet basis and can
be used without an NO. to NO converter or
a molsture removal trap provided Lhe
sample Hne to the analyzer is heated
(>95°C) to the inlet of the analyzer. In addi-
tion, an NO, to NO converter Is nol neces-
sary if the NO, portion of the exhaust gas is
less than 5 percent of the total NO, concen-
tration. As a guideline, an NO, to NO con-
verter is not necessary if the gas turbine is
operated at 90 percent or more of peak load
capacity, A converter is necessary under
lower load conditions.

4.1.5 Moisture Removal Trap. A refriger-
ator-type condenser or other type device de-
signed to continuously remove condensate
from the sample gas while maintaining
minimal contact between any condensate
and the sample gas. The moisture removal
trap is not necessary for analyzers that can
measure NO, concentrations on a wel basls;
for these snalyzers, (a) heat the sample line
up to the Inlet of the analyzers, (b) deter-
mine the moisture content using metiiods
subject to the approval of the Administra-
tar, and {c) correct the NO; and diluent
concentrations to a dry basis.

[4.1.5 amended by 51 FR 32453, Septem-
ber 12, 1986]

4.1.8 Particulate Filter. An in-stack or an out-
of-stack glass fiber filter, of the type specified in
EPA Maethod 5; however, an out-of-stack filter
is recommended when the stack gas tempera-
ture exceeds 250 to 300°C.
|4.1.6. amended by 55 FR 47472, November 14,
1990}

4.1.7 Sample Pump. A nonreactive leak-
free sample pump to pull the sample gas
through the system at a flow rate sufficient
to minimize transport delay. The pump
shall be made from stainless steel or coated
with Teflon or equivalent.

4.1.8 Sample Gas Manifold. A sample gas
manifold to divert portions of the sampie
gas stream to the analyzers. The manifold
mey be constructed of glass, Teflen, staln-
less steel, or equivalent.

4.1.9 Diluent Gas Analyzer. An analyzer
to determine the percent O, or CO, con-
centration of the sample gas.

[4.1.9 amended by 51 FR 32455, Septem-

ber 12, 1986]

4.1.10 Nitrogen Oxides Analyzer. An ana-
lyzer to determine the ppm NO, concentra-
tion in the sample gas stream.

4.1.11 Data Recorder. A strip-chart recorder,
analog compulter, or digital recorder for record-
ing measurement! data.

[4.1.11 amended by 51 FR 32455 September 12,
1586)

1-25-9

4.2 Sulfur Dioxide Analysis. EPA Method 8
apparatus and reagents." > .. .
|4.2 'amended by 56 FR 47472, November 14,
1990 CoT e

4.3 ' NO, Calibration Guses. The calibra.
tion gases for the NO, analyzer shall be NO'
in N.. Use four calibration.gas mixtures as’
specified below: SR

4.3.1 High-level Gas. A gas concentration ”
that Is equivalent to B0 to 90 percent of the ~

span value.
4.3.2 Mid-level Gas. A gas concentration

that is equivalent to 45 to 55 percent of the

span value.
4.2.3 Low-level Gas. A gas concentration

that is equivalent Lo 20 to 30 percent of the
span value,

434 Zero Gas. A gas concentration of
less than 0,25 percent of the span value.
Ambient air may be used for the NO, zero
gas.

4.4 Diluent Calibration Gases.

[4.4 revised, 4.4.1 and .2 added by 51 FR 32453,
September 12, 1986

4.4.1 For Oy calibration gases, use purified air
at 20.9 percent Oy as the high-level O; gas. Use
a gas concentration between 11 and 15 percent
Oy in nitrogen for the mid-level gas, and use
purified nitrogen for the zero gas.

4.4.2 For CO, calibration gases, use a gas
concentration between 8 and 12 percent COy in
air for the high-level calibration gas. Use a gas
concentration between 2 and 5 percent CO; in
-air for the mid-level calibration gas, and use
purified air (<100 ppm CO; ) as the zero level
calibration gas. .

e, |

5. Measurement System Performance Test
Procedures

Perform the following procedures prior to
measurement of emissions (Section 6) and
only once for each test program. iLe., the
series of all test runs for a given gas turbine
engine. :

5.1 Calibration Gas Checks. There
are two alternatives for checking the
concentrations of the calibration gases.
fa) The first is to use calibration gases
that are documented traceable to
National Bureau of Standards
Reference Materials. Use Traceability
Protocol for Establishing True
Concentrations of Gases Used for
Calibrations and Audits of Continuous
Source Emission Monitors (Protocol
Number 1) that is available from the
Environmental Monitoring Systems
Laboratory, Quality Assurance Branch,
Mail Drop 77, Environmental Protec-
tion Agency, Research Triangle Park,
North Carolina 27711. Obtain a
certification from the gas manufacturer
that the protocol was followed. These
calibration gases are not to be
analyzed with the Reference Methods.
{b) The second allernative is to use
calibration gases not prepared
according to the protocol. If this
alternative is chosen, within 1 manth
prior to the emission test, analyze each

Published by THE BUREAU OF NATIONAL AFFAIRS INC., Washington, D.C. 20037

of the-calibration gas mixtures.in tripli-

“cate'using Method 7 or the procedure
_outlined in Citation 1. for NOxand use

Method 3. for Oz or CO;. Record the
results on a-data sheet {example is

shown in Figure 20-2}.: For the low-lev-

“el, mid-level, or, high-leve] has mix- "

tures, each of the individual:NOy ana-
lytical results must be within 10
percent (or 10 ppm, whichever is great-
er) of the triplicate set average (O or
CO, test results must be within
0.5 percent G, pr CO,); otherwise,
discard the entire set and repeat
the triplicate analyses. If the
average ol the triplicate reference
method test results is within 5 percent
for NOy gas or 0.5 percent O, or CO,
for the O, or CO, gas of the calibration
gas manufacturer’s tag value, use the
tag value; otherwise, conduct at least
three additional reference method test
analyses until the results of six
individual NOy runs {the three origina!
plus three additional) agree within 10
percent (or 10 ppm, whichever is
greater] of the average (O, or CO, test
results must he within 0.5 nercent O; or
CO,). Then use this average for the
cylinder value.
[5.1 amended by 51 FR 32455, Septem-
ber 12, 1986; 52 FR 34639, September
14, 1987; 55 FR 47472, November 14,
1990
5.2 Measurement System
Preparation. Prior to the emission lest,
assemble the measurement system
following the manufacturer’'s written
instructions in preparing and operating
the NO, to NO converter, the NO,
analyzer, the diluent analyzer, and
other components.

(5.2 amended by 51 FR 32455,
September 12, 1986]

FIGURE 20-2~-ANALYSIS OF CALIBRATION
GASES

Date¢ --———-— {Must be within 1 month
prior to the test period)
Reference method used

e e e e s s

! Gas concantration, ppm

|
4 _—
|

Average |
Ul O

Maximum % |
dewation®. )
I

+ Avarage must be 20 1o 30% of span value.

* Average mus! ba 4510 55% ol span value.

« Average must be 80 to 30% cf span value

“Musl be <+10% ol applicable average or 10 ppm
whichever 15 greater,

{Appendix A, Method 20]
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5.3 Calibration Check. Conduct the calibra-
tion checks for both the NO, and the diluent
analyzers as follows: = .
[5.3 amended by 51 FR o
iggs] - . . L

5.3.1 After the measurement system has
been prepared for use (Section 5.2), introduce

2455, September 12,

zero gases and the ‘mid-level calibration gas- -

es; set the analyzer output responses to the
appropriate levels, Then Introduce each of the
remainder of the calibration gases deseribed
in Sections 4.3 or 4.4, one at a time, to the
measurement system. Record the responses
on a form similar to Figure 20-3, .
' . IR
t B L

Turting typa ., "
Date...........

5.3.2 If the linear curve determined from
the zero and mid-level calibration gas re-
sponses does not predict the actual response
of the low-level (not applicable for the diluent
analyzer) and high-level gases within 2 per-
cent of the span value, the calibration shall be
considered invalid. Take corrective measures
on the measurement system before proceed-
ing with the test. e o

. [5.3.2 amended by 51 FR 32455 September 12,

1986 - .

" 5.4 Interference Response. Introduce the
gaseous components listed in Table 20-1 into

" FIGURE: 20-3—ZERO AND CALIBRATION DATA
idenuhication number
Test number... .. ...
Identitication aumber

. ey

Cylindev value, ppm or
% |

T

Inial analyzer
response, ppm or %

Zero gas..

Low-level gas...

o Mid-lavel gas

the measurement system separately, or’as
gas mixtures.. Determine the total interfer-
ence output response of the system to these -,
components in concentration units; record the
values on a form similar to Figure 20-4. If the.
sum of the interference responses of the test ;,
gases for elther the NO, or diluent analyzers , ,,
is greater than 2 percent of the applicable .-
span value, take corrective measure on the '
measurement system...

it el

5.4 amended S

by §1FR 32455, September 12
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TABLE 20-1—INTERFERENCE TEST GaS
CONCENTRATION '

| 1021 percent.
2081
* percent.

FIGURE 20-4—INTERFERENCE RESPONSE
) 4 o ]

Date of test —————
Analyzer Lype

Serial No.
[ Lo .o
Test gas |, Concentration, l Analyzer output _'i
type ppm |- cesponsg | ™ Pf span
’ Wt
+ [
' v . by
o '
ey N H
. g
{ . i
Anatyzer oulpul responss -
% of span= x 109,
Inslrument span
vyt
3
! ot
* "
K ¥

. o
T A T AR

- w
' S 7 Absolute difference . -
* . Percentdnfi =

.. . Span valua

Conduct an interference response test of
each analyzer prior Lo its initial use in:the
field. Thereafter, recheck the measurement

system if changes are made in the instru- -

. mentation that could alter the interference

response, e.g., changes in Lhe type of gas de-
tector. :
In lieu of conducting the.interference re-

: sponse -test, instrument vendor data, which

s :demonstrate that for the test gases of Table
-. 20-1 the interference.performance specifica-

tion is not exceeded, are acceptable, ,..

5.5 Response time. - To determine re-
spense time, first introduce zero gas into the
system at the calibration valve until “all
readings are stable; then, switch-to monitor
the stack effluent until a stable reading can
be obtained. Record,.the upscale response

time, Next, introduce high-level calibration .

gas into the system. Once the system has-
stabilized at the high-level concentration,
switch to menitor 'the stack effluent and,
wait until a stable value is reached. Record,
the downscale respense time. Repeatthe

‘procedure three times. ‘A stable value Is

equivalent to a change of less than-1l,per-

cent of span value for 30 seconds or.less’

than 5 percent of the measured average con.’
centration for 2 minutes.' Record'the re-
sponse time data on a form similar to Figure
20-5, the readings of the upscale or downs-
cale reponse time, and report the greater
time as the "response time" for the analyz-

..er, Conduct a response time test prior to the

initial fleld use of the measurement system,

Environment Reportar

x 100 -

[ I At g il e B
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Core e el Y epn, sbiman i Loan

ens.
"

and repeat If chan
urement system. '

i FlGURE 20-§
Date of test —. .’.'.

Ana]y.z'ef;?.ype -

[

i

A

S/N - TR o o
R - o e H

Span gas concentration! ————ppm, . | .
Analyzer span settlng: ——"— " "ppm i ¢ T F]
Upscale: ' ol e
: S R L%

L ———-.58c0ndS. g ot or
3 = seconds. o N AR 1
3 ———— seconds. P I N 1 i
. Average upscale response;—q- seconds.
Downscale; p el oy Hel o n)
———= seconds, . -
R ol Babason, G i
— seconds. . ,,‘1‘

- =— Seconds. el

verage -downscale " response ' isec.
onds, T T DL A winaws,
Sysl.c-r'ri'response U‘me‘:, AL R4 '3:'l1 :‘{h;:u il
‘slower average time ' “"""'ﬂ,' i o)
o _‘seconds. ST TERRT I F Y I

AT IR A 1 S S 1
e e e AN ST T S
« 9.6 NO. Lo NO Conversion Elficiency. [, |,
- 5.6.1 Add.gas from Lhe.mid;leyel,.‘NQ,iq
N, calibration gas.cylinder,10 a tlean, evacu;
ated, leak-tight’ Tedlar bag. Dilute|this'gas
approximately 1:1 with 20.9 percenl,Qs, pu-
rified air. Immediately attach the bag outlet
to the calibrationivalve assembly and’begin
operation of the sampling system, Operate
the sampling system, recording the NO, re-
sponse, for at least’30 minutesIf the -NOJ Lol
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NO conversion is 100 percent, the instru-
ment response will be stable at the hightest
peak valve observed. If the response at the
end of 30 minutes decreases miore than 2.0
percent of the highest peak valve, the
system is not acceptable and correctlions
must be made before repeating the check.

5.6.2 Alternatively, the NG, to NO con-
verter check described in Title 40, Part 86:
Certification and Test Procedures [for
Heavy-duty Engines for 1979 and Later
Model Years may be used, Other alternative
procedures may be used with approval of
the Administrator.

6. Emission Measurement Tesl Procedure

6.1 Preliminaries.

6:1.1 Selection of & Sainpling Site. Select
a sampling site as close as practical to the
exhaust of the turbine. Turbine geometry,
stack configuration, internal baffling, and
point of ntroduclion of dilution air will
vary lor different turbine designs. Thus,
each of these factors must be given special
consideration in order to obtain a represent-
ative sample. Whenever possible, the sam-
pling slte shall be located upstream of the
point of introduction of dilution air into the
duct. Sample ports may be located before or
after the upturn elbow, in order to accom-
modate the configuration of the turning
vanes and baffles and to permit a complete,
unobstructed Lraverse of the stack. The
sample ports shall not be located within 5
feet or 2 diameters (whichever is less) of the
gas discharge to atmosphere. For supple-
mentary-fired, combined-cycle plants, the
sampling site shall be located between the
gas turbine and the boiler. The diameter of
Lthe sample ports shall be sufficient Lo allow
entry of the sample probe.

6.1.2 A preliminary O, or COy traverse is
made for the purpose o? selecting sampling
points of low or high CO; concentrations,
as aJ:propriate ior the measurement system.
Conduct this test at the turbine operaling
condition that is the lowest percentage of
peak load operation included in the test pro-
gram. Follow the procedure below, or use an
alternative procedure subject to the approval
of the Administrator. ‘
[6.1.2 revised by 51 FR 32455, september 12,
1986)

6.1.2.1 Minimum Number of Poinis.
Select a minimum number of peints as fol-
iows:- (1) Eight, for stacks having cross.sec-

tional areas less than L5 m? (16.1 {1, (2) —

eight plus one additional sample point for
each 0.2 M:(2.2 ft? of areas. for stacks of 1.5
m?to 10.0 m? (16.1-107.6 {1* in cross-section-
al area; and (3) 49 sample points (48 for cir-
cular stacks) for stacks greater than 10.0 m?
(107.6 ft 2} in cross-sectional area. Note that
for circular ducts, the number of sample
points must be a multiple of 4, and for rec-
tangular ducts, the number of poinis must
be one of those listed in Table 20-2, there-
fore, round off the number of points
(upward). when appropriate.
[6.1.2.2 and 6.1.2.3 amended by 51 FR 32455,
September 12, 1086]

6.1.2.2 Cross-sectional Layout and Location
of Traverse Points. After the number of tra-

1-25-81

verse points for the preliminary diluent sam-
ling has been determined, use Method 1 to
ocate the traverse points.

6.1.2.3 Preliminary Diluent Measurement.
While the gas turbine is operating at the
lowest percent of peak load, conduct a pre-
liminary diluent measurement as follows: Po-
sition the probe at the first traverse point and
begin sampling. The minimum sampling time
at each point shall be 1 minute plus the
average system response time. Determine the
average steady-state concentration of diluent
at each point and record the data on Figure
20-6.

6.1.2.4 Selection of Emission Test Sampling
Points. Select the eight sampling points at
which the lowest O concentrations or highest
CO; concentrations were obtained. Sample at
each of these selected points during each run
at the different turbine load conditions. More
than eight ﬁoints may be used, if desired,
providing that the points selected as de-
scribed above are included.

|6.1.2.4 revised by 51 FR 32455, scptember 12,

1986}

TABLE 20-2-~CROSS-SECTIONAL LAYOUT FOR
RECTANGULAR STACKS

fmm mimemeieme o mem eas e canaes s mn e

P Matrx
: hayoul

9.
2.
16 .
20 .
25..
0.
36 ..
a2..
a9 .

t
No. of irgverse points. %

FIGURE 20-6— PRELIMINARY DILUENT
TRAVERSE

Date

Location:

CTest timn findsh -

IX3 Arnbivis] PrOsSUre — - m o mm oo o
4x

4x4

City, State ——
Turbine idenlification:

Manufacturer
Model, serial number

Sampia point

L Oxygen concentration, gpm

(Figure 20-6 amended by «\FR 32455, Sep-
tember 12, 1986]

6.2 NO, and Diluent Measurement. This
test is to be conducted at each of the specified
load conditions. Three test runs at each load
condition constitute a complete test.

[6.2 amended by 51 FR 32455, September 12,

1986)
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£5.2.1 At the bhegioning of earh NO, tusl
run anhd, as applicable, during the run,
record turbine daia as indirated in Figure
201, Alsc, record the Incation and number
of the traverse points on a diagram,

6.2.2 Position the probe at the trst puint
determined in thc preceding seclion and
begin sampling. The minimum samling
time &t each peint shali be at least I minute
plus the average system response time. De-
termine the averaye steady-state cencentra-
tion of diluent and NO; at each point and
record the data on Figure 20-8.

[6.2.2 amended by 51 FR 32455, September 12,
1986)

F1GUKE 20-T--B1arconahy Gas TUUBINE
data

TURBINE OPERATIGN RECORD

Test operutlor ————-—«——-- - Late —-—

Turbin. identification:
Type -
Serial o,

Locatich:
Ijjant e 4 et o i ¢ o 4 i 2t o o o 8 8 fn B
City

Ambiell femperature —ee e o e

Ambient humidity - - ———-———— e n — ——

Toest time siart

Muel flow rate
Water or steam Flow rate*

Ultituate fue! Analys

Operating load
Plant e s i e e —_———

*Describe measurement method, i.e.. con-
tinuous flow meter, start finish volumes,
eLe, '

5ie, ‘additional eiements added for smoke

eme —.— SUppression.

FICURE 20-8-STATioNARY (GAs TURPIKE
SamprLF PoINT RECORD

Turpine idenlification:
Manufacturer
Model, serial No.

Location:

Plani—
City, State

Ambient temperature

Ambient pressure

Dule

Test time: start

‘Test time: finish

Test eperator name

Diluent instrument type
Serial No

[Appendix A, Method 20]
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No, instrument type— ——— —— .. ——
Serial No. —_

Saiaple point

— —_—

»Average steady-siate value from recorder or in-
strument readout,

S

(Figure 20-8 amended by 51 FR 12455, Sep-
tember 12, 1886]

5.2.3 After sampling the last point. con-
clude the test run by recording the final
turbine operating parameters and by deter-
mining the zere and callbration drift, as fol-
lows:;

Immedlately following the test run at
«ach load condition, or if adjustments are
necessary for the measurement systern
auring the tests, reintroduce the zero and
mid-level callbration gases as described in
Sections 4.3, and 4.4, one at a time, to the
measurement system abt the ealibration

valve assembly. (Make no adjustiments to .

the measurement system until after the
drift checks are muade}. Record the analys.
ors'oresponses on a form similar Lo Figure
20-3. If the drift values excecd Lhe specified
itmits, thoe test run preceding the check s
«onsidered Invalid and will be repeated fol-
lowing corrections to the measurement
system. Allernatively, recalibrale the meas-
urement system and recalculate the meas-
urement data. Report the test results based
on both the inftial calibration and the reca-
libration data.

6.3 80, Measurement. This test is con-
ducted only at the 100 percent peak load
condition. Determine SO, using Method 6,
or equivalent, during the test. Select a mini-
mum of six Lotal points from those required
for the NO, measurements; use Lwo points
for each sample run. The sample time at
each peint shall be at least *10 minutes. Av-
erage the O, readings taken during the NO,
test runs at sample points corresponding to
the SO, traverse points (see Section 6.2.2)
and use this average O, concentration to
correct the integrated SO, concentration ob-
tained by Method 6 to 15 percent O, (see
Equation 20-1).

If the applicable regulation ailows fuel
sampling and analysis for fuel sulfur con-
tent to demonstrate compliance with sulfur
emission  unit. emission sampling with
Methnd 4 §s not required, provided
the fuei sulfur content meets the limits of
the regulating,

"6.3 umended by 55 FR 47472, November 14. 1990]

7. Emission Calculalions

[7. revised by §1 FR 3:455. September 12,
1986]

7.1 Moisture Correction. Measurement data
used in most of these calculations must be on
a dry basis. If measurements must be cor-
rected to dry conditions, use the following
equation:

[
(. y

e a

Ey. 20

Where;

Cg = Poltutant or dilujent concentration
adjusted to dry conditions. ppm or
percent.

Cu= Pollutant or diluent concentrations

measured under moist sample condi-
Lions, ppm or percent.

Bw= Moisture content of sampie gas as
measured with Methed 4, reference
method, or other approved method
percsent/100.

1.2 CO, Correction Factor. If pollutant con-
centrations arc to be corrected to 15 percent O,
and O, concentration is measured in lieu of O,
concentratin measurement, a CQ, correction
lactor is needed. Calcufate the CO, correction
factor as (ollows:

7.2.1 Calculate the fuel-specific F, value for
the fucl burned during the test using values
obtained from Method 19, Section 5.2 and the
lollowing equation.

Eoo o, . e
}-‘f

Where:

Fo = Fuel factor based on the ratio of
oxygen volume to the ultimate CO,
volume produced by the fuel at zero
percent excess air, dimensionless.

0.209 = Fraction of air that is oxygen,
percent /100,

Fg = Ratio of the volume of dry effluent
gas to the gross calorific value of the’
fuel from Method 19, dsm’/J
{dscf/10* Btu).

Fo= Ratio of the volume of carbon diox-

ide produced to the gross calorific
value of the fuel from Method 19,
dsm’/J (dscf* Biu). )
7.2.2. Calculate the CO, correction factor for
correcting measurement data to 15 percent oxy-
gen, as follows:

att

L bag. -0
- ¥,
where:
Xeg = CO, Correction factor, percent.
39 = 20.9 pereent Q, — 15 percent O,, the -

defincd O, correction value, percent.

7.3 Correction of Pollutamt Concentrations to’

Environment Reporter

Is pereent O,. Calculate the NO, and SO, gas
concentrations adjusted to 15 percent O, using
Equation 20-4 or 20-5, as appropriate. The
correclion to 15 percent O, is very sensitive to
the accuracy of the O, or CO, concentration
mueaserement. Al the level of the analyzer drift
specified in Section 3, the Q, or CO, correclion
can exceed 5 percent at the concentration levels
expecied in gas turbine exhaust gases. There-
fore. O, or CO, analyzer stability and careful
calibration are necessary.

7.3.1 Correction of Pollutant Concentration
Using O3 Concentration. Calculate the Q5 cor-
rected pollulant concentration, as follows:

&Y
Gy, m—i Fuq. 204
20.9 . 0

where:

Cadj =  Pollutant concentration corrected to
I5 percent O, ppm.

Cy= Pollutant concentration measured,
dry basis, ppm.

%0, =  Measured O2 concentration dry ba-

sis, percent.
“.& 0 “errectiun of Pollutant Concentration
Using €O, corrected pollutant concentration,
as follo.. .

Xeo
Car:Cg s Ey. 20-5
. lx_co’
where:
CO, =  Mcasured CO, concentration mea-

sured, dry basis, percent.

7.4 Average Adjusted NO, Concentration.
Calculate the average adjusted NO, concentra-
tion by summing the adjusted values for each
sample point and dividing by the number of
points for cach run.

7.5 NO; and SO, Emission Rate Calculations,
The emission rates for NO, and S0, in units of
pollutant mass per guantity of heat input can be
calculated using the pollutants and diluent con-
<entrations and fuel specific F-factors based on
the fuel combustion characteristics. The mea-
sured concentrations of pollutant in wnits of
parts per million by volume (ppm) must be
converted to mass per unit volume concentra-
tion units for these calculations. Use the follow-

ing 1able for such conversions;

[Appendix A, Mathod 20]
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CONVERSION FACTORS FOR CONCENTRATION

From To Multiply by
g/em® . ng/am? .| 10*
mg/sm ng/em* 10#
Ib/ect .. ng/sm? - 1,802 x 1012
pom (S04 ng/am? 2.8680 x 10
ppm (NG,)... ng/ami. 1.2 x 10*
Ppm (SOy) /et 1,680 x 10— 7
ppm (NO,) /st 1184 x 107

7.5.1 Calculation of Emission Rate Using
Oxygen Correction. Both the O, concentra-
tion and the pollutant concentration must
be on a dry basls, Calculate the pollutant
emission rate, as follows:

20.9

20.6—
%0

E=C/F, Eq. 20-6

where:
E=Mass emission rate of pollutant, ng/J
(1b/10% Btu).

7.5.2 Calculation of Emission Rate Using
Carbon Dioxide Correction. The CO, con-
centration and the pollutant concentration
may be on either a dry basis or a wet basis,
but both concentrations must be on the
same basls for the calculations. Calculate
the pollutant emission rate using Equation
20-7 or 20-8:;

100
E=C/F, Eq. 20-7
%CO:
E=C,F 100 Eq. 20-8
= ] q- -
% COre

where:

C,=Pollutant concentration measured on &
moigt sample basis, ng/sm? (1b/sef).

%COs, =Measured CG; concentration meas-
ured on a molst sample basis, percent,
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METHOD 21 —DETERMINATION OF VOLATILE
ORGANIC COMFOUNDS LEAKS

1, Applicabilily and Principle

1.1 Applicability. This method applies to
the determination of volatile organic com-
pound (VOC) leaks from process equipment.
These sources include, but are not lUmited
to, valves, flanges and other connections,
pumps and compressors, pressure relief de-
vices, process drains, open-ended valves,
pump and compressor seal system degassing
vents, accumulator vessel vents, agitator
seals, and access door seals.

1.2 Principle. A portable instrument is
used to detect VOC leaks from individual
sources. The instrument detector type is not
specified, but it must meet the specifica-
tions and performance criteria contained in
Section 3. A leak definition concentration
based on a reference compound is specified
in each applicable regulation, This proce-
dure is intended to locate and classify leaks
only, and is not to be used as a direct meas-
ure of mass emission rates from individual
sources.

A Definitions

2.1 Leak Definition Concentration. The
local VOC concentration at the surface of g
leak source that indicates that a VOC emis-
sion (leak) is present. The leak definition is
an instrument meter reading based on a ref-
erence compound.

2,2 Reference Compound. The VOC spe-
cies selected as an instrument calibration
basis for specification of the leak definition
concentration. (For example: If a leak defi-
nition concentration is 10,000 ppmv as
methane, then any source emission that re-
sults in a local concentration that yields a
meter reading of 10,000 on an instrument
calibrated with methane would be classified
as a leak. In this example, the leak defini-
tion is 10,000 ppmv, and the reference com-
pound s methane.)

2.3 Callbration Gas. The VOC compound
used to adjust the instrument meter reading
to a known value. The calibration gas s usu-
ally the reference compound at a concentra-
tlon approximately equal to the leak defini-
tion concentration.

24 No Detectable Emission. Any VOC
concentration at a potential leak source (ad-
Justed for local VOC ambient concentra-
tion) that is less than a value corresponding
to the instrument readability specification
of section 3.1.1(¢) indicates that a leak 1s not
present.

[Revised by 55 FR 25604, June 22, 1990]

2.5 Response Factor. The ratio of the
known concentration of a VOC compound
to the observed meter reading when meas-
ured using an instrument calibrated with
the reference compound specified In the ap-
plication regulation.

Publishea by THE BUREAU OF NATIONAL AFFAIRS, INC., Washington, 0.C. 20037

2.6 Calibration Precision. The degree of
agreement between measurements of the
same known value, 2xpressed as the relative
percentage of the average difference be-
tween the meter readings and the known
concentration to the xnown concentration.

2.7 Response Time. The ti{ime Intervai
from a step change .n VOC concentration at
the input of the sampling system to the
time at which 20 percent ol the correspond-
ing tinal value is reached as displayed on
the instrument readout meter.

3. Apparatus

3.1 Monftoring Instrument.

3.1.1 Specifications.

a. The VOC insirument detector shall re-
spond i{o the compounds belng processed.
Detector types which may meet this re-
quirement Include, but are not limited to,
catalytic oxidation, flame lonization, infra
red absorption, and photoionization.

b. — e. revised and f. added by 55 FR
25604, June 22,1990]

b. Both the linear response range and the
mensurable range of the instrument for
each of the VOC to be measured, and for
the VOC calibration gas that is used for
callbration, shall encompass the leak defini-
tion concentration specified in the regula-
tion. A dilution probe assembly may be used
to bring the VOC concentration within both
ranges; however, the specifications for In-
strument response time and sample probe
diameter shall still be met, 7

¢. The scale of the instrument meter shall
be readable to +2.5 percent of the specified
leak definition concentration when perform-
ing a no detectable emission survey,

d. The instrument shall be equipped w'h
an electrically driven pump to Insure thai .
sample is provided to the detector at a vun
stant flow rate. The nominal sample flow
rate, s measured at the sample probe 'in
shall be 0.10 to 3.0 liters per niinute w .+ -
the probe is fitted with a glass woo. plug us
filter that may be used to prevent plugging
nt the instrument.

€, The instrument shall be Intrinsically
safe as defilned by the applicable U.S.A.
standards (e.g.. National Electric Code by
the National Fire Prevention Assoclation)
for operation In any explosive atmospheres
that may be encountered in Its use. The in-
strument shall, at a minimum, be intrinsi.
cally safe for Class 1, Division 1 conditions,
and Class 2, Division 1 conditions, as defined
by the example Code. The Instrument shall
not be operated with any safety device, such
a3 an exhaust flame arrestor, removed.

f. The instrument shall be equipped with
& probe or probe extenslon for sampling not
to exceed % In. In outside diameter, with a
single end opening for admission of sample.

3.1.2 Performance Criteria.

[(a) and (b} revised by 55 FR 25604,

June 22, 1990]

(a) The instrument response factors for
each of the VOC to be measured shall be
less than 10. When no instrument is avail-
able that meets this specification when cali-
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brated with the reference VOC specified in
the applicable regulation, the avalilable in-
strument may be callbrated with one of the
VOC to be measured, or any other VOC, so
long as the Instrument then has a response
factor of less than 10 for each of the VOC
to be measured.

(b) The instrument response time shall be
equal to or less than 30 seconds. The instru-
ment pump, dilution probe (if any), sample
probe, and probe filter, that will be used
during testing, shall all be in place during
the response time determination.

¢. The calihration precision must be equal
to or less than 10 percent of the callbration
gas value.

d. The evaluation procedure for each pa-
rameter is given in Section 4.4.

3.1.3 Performance Evaluation Requirs-
ments.

a. A response factor must be determined
for each compound that Is to be measured,
either by testing or from reference sources.
The response factor tests are required
before placing the analyzer into service, but
do not have to be repeated at subsequent in-
tervals.

b. The callbration precislon test must be
completed prior to placing the analyzer into
service. and at subsequent 3-month intervals
or at the next use whichever is later.

¢. The response time test is required prior
to placing the instrument into service. If a
modification to the sample pumping system
or flow configuration 1s made that would
change the response time, 8 new test is re-
quired prior to further use,

3.2 Calibration Gases. The monitoring in-
strument is calibrated In terms of parts per
ralllion by volume (ppmv) of the reference
scmpound specified in the applicable regu-
la..on. The callbration gases required for
monltoring and instrument performance
evaluation are a zero gas (air, less than 10
ppmyv VOC) and a calibration gas in air mix-
wure approximately equal to the leak defini-

tion specified in the regulation. If cylinder
calibration gas mixtures are used, they must
be analyzed and certified by the manufac-
turer to be within +2 percent accuracy, and
8 shelf life must be specified. Cylinder
standards must be either reanalyzed or re-
placed at the end of the specified sheilf life.
Alternately, callbration gases may be pre-
pared by the user according to any accepted
gaseous standards preparation procedure
that will vield a mixture accurate to within
+2 percent. Prepared standards must be re-
placed each day of use unless It can be dem-
onstrated that degradation does not occur
during storage.

Calibrations may be performed using a
compound other than the reference com-
pound if a conversion factor is determined
for that alternative compound so that the
resulting meter readings during source sur-
veys can be converted to reference com-
pound results.

4. Procedures

4.1 Pretest Preparations. Perform the in-
strument evaluation procedures given in
Sectlon 4.4 if the evaluation requirements of
Bection 3.1.3 have not been met.

4.2 Calibration Procedures. Assemble and
start up the VOC analyzer according to the
manufacturer’s instructions. After the ap-
propriate warmup period and zero internal
calibration procedure, introduce the calibra-
tion gas into the instrument sample probe,
Adjust the instrument meter readout to cor-
respond to the calibration gas value,

Note: If the meter readout cannot be ad-
justed to the proper value, a malfunction of
the analyzer is indicated and corrective ac-
tions are necessary before use.

4.3 Individual SBource Surveys.

4.3.1 Type I—Leak Definitlon Based on
Concentration. Place the probe inlet at the
surface of the component interface where
leakage could occur. Move the probe along
the interface periphery while observing the

Environment Raporter

instrument readout. If an Increased meter
reading is observed, slowly sample the inter-
face where leakage is indicated until the
maximum meter reading is obtalned. Leave
the probe inlet at this maximum reading lo-
cation for approximately two times the In-
strument response time. If the maximum
observed meter reading is greater than the
leak definition in the applicable regulation,
record and report the results as specified In
the regulation reporting requirements. Ex.
amples of the application of this general
technique to specific equipment types are:

a, Valves—The most common source of
leaks from valves s at the seal between the
stem and housing. Place the probe at the
interface where the stem exits the packing
gland and sample the stem circumference.
Also, place the probe at the interface of the
packing gland take-up flange seat and
sample the periphery. In addition, survey
valve housings of multipart assembly at the
surface of all interfaces where a leak could
occur,

b. Flanges and Qther Connections—For
welded flanges, place the probe at the outer
edge of the flange-gasket I[nterface and
sample the circumference of the flange.
Sample other types of nonpermanent joints
(such as threaded connections) with a stmi-
lar traverse. )

¢, Pumps and Compressors—Conduct a cir-
cumferential traverse at the outer surface
of the pump or compressor shaft and seal
interface. If the source is a rotating shaft,
position the probe inlet within'iI cm of the
shaft-seal Interface for the survey. If the
housing conliguration prevents a complete
traverse of the shaflt periphery, sample all
accessible portions. Sample all other joints
on the pump or compressor housing where
leakage could occur,

d. Pressure Reliefl Devices—The configura-
tion of most pressure relief devices prevents
sampling at the sealing seat Interface. For
those devices equipped with an enclosed ex-
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Cargl M Browner, Secretary

March 31, 1992

CERTIFIED MAIL - RETURN RECEIPT REQUESTED

Mr. John P. Jones, President
Orlando CoGen Inc.

7201 Hamilton Boulevard

Allentown, Pennsylvania 18195-1501

Dear Mr. Jones:

Re: Completeness Review for Application to Construct a Combustion
Turbine and Associated Heat Recovery Steam Generator
AC 48-206720 and PSD-FL-184

The Department has reviewed the supplementary information
received on March 2, 1992. Based on a technical evaluation of
the material, the application package 1is deemed incomplete.
Therefore, please submit to the Department’s Bureau of Air
Regulation the following information, including all calculations,
assumptions and reference material, and the status will, again,
be ascertained:

1. Please provide additional clarification and completed
calculations for items on the page numbered as Notes-1, which
were discussed in a meeting held on March 11 between Messrs.
Ken Kosky (KBN) and Bruce Mitchell (FDER/BAR}.

2. Please provide a floppy disk containing the data that was
used to calculate and generate the information found in
Tables A-1 thru A-4.

Sincerely,

C. H. Fancy, P.E.
Chief
Bureau of Air Regulation

CHF/BM/plm

cc: C. Collins, CD

Nester, OCEPD
Smallridge, Esg., DER
Shaver, NPS

Harper, EPA

Buff, P.E., KBN

leRE NN Nw)

Recvciea A Paper
. Y



< e, .

. SENDER. =

‘w
* Compltte items } and/or. 2 for addmonal sordices.
* Compl.ite items 3, pgnd.4a & b.

| also wish to receive the
following services (for an extra

* Print your name and address on the mver:e of this form so that we can fee):

return this card to you.

» Atrach this form to the front of the mailpiece, or on ihe back if space 1. O Addressee’s Address

doas not parmit.

* Write ""Retum Receipt Requested’” on the mailpiece below the article number | 2. O Restricted Delivery

* The Retumn Receipt Fee will provide you the signature of the person delivered

to and tha date of delivery.

Consult postmaster for fee.

3. Article Addressed to:

Mr. John P. Jones., President
Orlando CoGen Inc.

7201 -Hamilton Blvd.
Allentown, PA 18195-1501

4a. Article Number

P 617 884 161

4b. Service Type
O Registered O Insured

X1 Centified Jcop

[] Express Mail (] Return Receipt for
Merchandise

7. Date of Delivery

-

5. Signature {Addressee)
Showy ATl

8. Addressee’s Address {Only if requested
and fee is paid)

6. Signgf_gsre {Agent)

PS Form 3811, November 1890 «U.s.GPO: 1991—267066 DOMESTIC RETURN RECEIPT

Certified Maii Receipt
“plo swrancs Coverage Provided
- Do nol use for International Mail

E—
LIMTED STATLS (See Reverse)

TALSERVK L

Sent to

Mr., John P. Jones, Orlandg

Streer & Mo

7201 Hamilton Blwd.

Colen Inc.

RO., State & Zi° Cede

Allentown, PA 18195-1501

Postage

$

Certified Fer

Special Del.2r, Fee

Restricted Delivery Fee

Return Aeceipt Showing
1 Whom & Date Delivered

Return Rece:ct Showing o Whom,
Date, & Address ot Delivery

TOTAL Postage
& Fees

S

Postmark or Daze
Mailed:
Permit:

' PS Form 3800, June 1990

~31-92
AC 48-206720
PSD-TL-184




fisR 25 1992
March 24, 1992 AR 2
) Bureau of
Bruce Mitchell Air Regulation

Florida Department of Environmental Regulation
2600 Blair Stone Road
Tallahassee, FL. 32399-2400

Dear Bruce:

Please find attached for your consideration and use a proposed permit package for the Orlando CoGen
project. I have tailored this after the recently issued Pasco and Lake Cogen permits. I have also
enclosed a copy of the text on disk, both 34 and 5%, in both WordPerfect 5.1 and DOS files.
Sincerely,

oo

Kennard F. Kosky
President

KFK/dmm
¢c:  File (2)

21134B1/R2/1 KBN ENGINEERING AND APPLIED SCIENCES, INC.
1034 Northwest 57th Street  Gainesville, Florida 32605 904/331-9000 FAX:904/332-4189

EQUAL EMPLOYMENT OPPORTUNITY / AN AFFIRMATIVE ACTION EMPLOYER



Technical Evaluation
and
Preliminary Determination

Orlando CoGen Limited, L.P.
Orange County, Florida

128-MW Combined Cycle Gas Turbine Cogeneration Facility

Permit Number; AC 48-206720
PSD-FL-184

Department of Environmental Regulation
Division of Air Resources Management
Bureau of Air Regulation

April 1992
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SYNOPSIS OF APPLICATION

L. NAME AND ADDRESS OF APPLICANT

Orlando CoGen Limited, L.P.
7201 Hamilton Boulevard
Allentown, PA 18195-1501

II. REVIEWING AND PROCESS SCHEDULE

Date of Receipt of Application: December 30, 1991,
HI. FACILITY INFORMATION
III.1 Facility Location

This facility is located in Orlando Central Park in Orange County, Florida. The UTM
coordinates are 459.5 km East and 3,146.1 km North.

IIt.2 Facility Identification Code (SIC)
Major Group No. 49 - Electric, Gas and Sanitary Services.
Industry Group No. 493 - Combination Electric, Gas and Other Utility Services.
Industry Group No. 4931 - Electric and Other Services Combined.

l[II.3 Facility Category

The proposed facility will be classified as a major emitting facility. The proposed project will
emit approximately 401 tons per year (TPY) of nitrogen oxides (NO,), 12 TPY of sulfur dioxide
(80,), 42 TPY of particulate matter (PM), 115 TPY of carbon monoxide, 20 TPY of volatile organic
compounds {(VOC), and 0.9 TPY of sulfuric acid mist.

IV. PROJECT DESCRIPTION

Orlando CoGen Limited, L.P. proposes to construct and operate a nominal 128-MW combined
cycle gas turbine cogeneration facility. The unit will be located adjacent to the Air Products and
Chemicals plant. The project will consist of one combustion turbine (CT), a heat recovery steam
generator (HRSG) with duct burner, and a steam cycle. The combustion turbine will be capable of
generating approximately 78 MW while operating in simple cycle and 128 MW when in combined
cycle operation. The combined cycle HRSG will power a 50-MW steam turbine-generator, The
HRSG with supplemental firing of duct burner will supply steam to an absorption chiller system
which will supply chilled water to the Air Products and Chemicals Plant located adjacent to the site.
The fuel will be natural gas.
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V. RULE APPLICABILITY

The proposed project is subject to preconstruction review under the provisions of Chapter 403,
Florida Statutes, and Chapter 17-2, Florida Administrative Code (F.A.C.).

The plant is located in an area designated attainment for all criteria pollutants in accordance
with F.A.C. Rule 17-2.420.

The proposed project will be reviewed under F.A.C. Rule 17-2.500, Prevention of Significant
Deterioration (PSD), because it will be a major facility. This review consists of a determination of
Best Available Control Technology (BACT) and unless otherwise exempted, an analysis of the air
quality impact of the increased emissions. No air quality impact analysis is required for ozone and
there will not be a significant increase in VOC emissions. The review also includes an analysis of
the project’s impacts on soils, vegetation and visibility; along with air quality impacts resulting from
associated commercial, residential and industrial growth,

This source shall be required to comply with the New Source Performance Standards (NSPS)
for Gas Turbines, Subpart GG, and NSPS for Industrial Steam-Generating Units, Subpart Db, which
are contained in 40 CFR 60, Appendix A and is adopted by reference in F.A.C. Rule 17-2.660. The
proposed source shall also comply with applicable provisions of F.A.C. Rule 17-2.700, Stack Test
Procedures, and F.A.C. Rule 17-2.630, Best Available Control Technology.

VI. SOURCE IMPACT ANALYSIS
V1.1 Emission Limitations

The operation of the combined cycle plant will produce emissions of NO,, 50O,, CO, VOC,
sulfuric acid mist, PM, and PM,,. The impact of these pollutant emissions are below the Florida
ambient air quality standards (AAQS) and/or the acceptable ambient concentration levels (AAC).
Table 1 lists each contaminant and its maximum expected emission rate, along with the proposed
increase of emissions.

VI.2 Air Toxics Evaluation

The operation of this source will produce emissions of chemical compounds that may be toxic
in high concentrations. The emission rates of these chemicals shall not create ambient concentrations
greater than the acceptable ambient concentrations (AAC) as shown below. Determination of the
AAC for these organic compounds shali be determined by Department approved dispersion modeling
or ambient monitoring.

AAC = QEL
Safety Factor

Where,

AAC = acceptable ambient concentration
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Safety Factor = 50 for category B substances and 8 hrs/day
100 for category A substances and 8 hrs/day
210 for category B substances and 24 hrs/day
420 for category A substances and 24 hrs/day

OEL = Occupational exposure level such as ACGIH, ASHA and NIOSH published
standards for toxic materials.

MSDS = Material Safety Data Sheets
VL.3 Air Quality Analysis
a. Introduction

The operation of the proposed 128 MW combined cycle gas turbine system will result in
emissions increases which are projected to be greater than the PSD significant emission rates for the
following pollutants: CO, NO,, PM, and PM,,. Therefore, the project is subject to the PSD review
requirements contained in F.A.C. Rule 17-2.500 for these pollutants, Part of these requirements is
an air quality impact analysis for these pollutants, which includes:

An analysis of existing air quality;

A PSD increment analysis (for SO,, PM, PM,,, and NO));

An ambient Air Quality Standards analysis (AAQS);

An analysis of impacts on soils, vegetation, visibility and growth-related air quality
impacts; and

¢ A Good Engineering Practice (GEP) stack height determination.

* & & O

The analysis of existing air quality generally relies on preconstruction monitoring data collected
in accordance with EPA-approved methods. The PSD increment and AAQS analyses are based on
air quality dispersion modeling completed in accordance with EPA guidelines.

Based on these required analyses, the Department has reasonable assurance that the combined
cycle gas turbine cogeneration facility, as described in this report and subject to the conditions of
approval proposed herein, will not cause or contribute to a violation of any PSD increment or
ambient air quality standard. A brief description of the modeling methods used and results of the
required analyses follow. A more complete description is contained in the permit application on file.

b.  Analysis of the Existing Air Quality

Preconstruction ambient air quality monitoring may be required for pollutants subject to PSD
review. However, an exemption to the monitoring requirement can be obtained if the maximum air
quality impact resulting from the projected emissions increase, as determined through air quality
modeling, is less than a pollutant-specific de minimus concentration. The predicted maximum
concentration increase for each pollutant subject to PSD review is given below:
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co TSP and PM,,  NO,

PSD de minimus 575 10 14
Concentration (ug/m?)

Averaging Time 8-hr 24-hr Annual

Maximum Predicted 12.0 2.4 0.6
Impact (ug/m>)

As shown above, the predicted impacts are all less than the corresponding de minimus
concentrations; therefore, no preconstruction monitoring is required for any pollutant.

¢.  Modeling Method

The EPA-approved Industrial Source Complex Short-Term (ISCST) dispersion model was used
by the applicant to predict the impact of the proposed project on the surrounding ambient air, All
recommended EPA default options were used. Direction-specific downwash parameters were used
because the stack was less than the good engineering practice (GEP) stack height. Five years of
sequential hourly surface and mixing depth data from the Orlando, Florida National Weather Service
(NWS) station collected during 1982 through 1986 were used in the model. Since five years for data
were used, the highest-second-high short-term predicted concentrations are compared with the
appropriate ambient air quality standards or PSD increments. For the annual averages, the highest
predicted yearly average was compared with the standards.

d. Modeling Results

The applicant first evaluated the potential increase in ambient ground-level concentrations
associated with the project to determine if these predicted ambient concentration increases would be
greater than specified PSD significant impact levels for CO, NO,, PM and PM,,. Dispersion
modeling was performed with receptors placed along the 36 standard radial directions (10 degrees
apart) surrounding the proposed source at the following downwind distances: 47; 100; 300; 600;
900; 1,200; 1,600; 2,000; 2,500; 3,000; 4,000; and 5,000 meters. Refined analyses were then
performed to determine maximum impacts. The results of this modeling presented below show that
the increases in ambient ground-level concentrations for all averaging times are less than the PSD
significant impact levels for CO, NO,, PM, and PM,,.

Averaging PSD Significance Ambient Concentration
Pollutant Time Level (ug/m3) Increase (ug/m?)
co 8-hour 500 470
1-hour 2000 12.0
NO, Annual 1.0 0.61
PM/PM,, Annual 1.0 0.07
24-hour 5.0 2.4
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Therefore, further dispersion modeling for comparison with AAQS and PSD increment
consumption were not required in this case.

The applicant performed dispersion modeling to determine the predicted ambient concentration
increases in the Class I Chassahowitzka National Wilderness Area located 121 km away for the
pollutants with Class I increments. The maximum predicted PM increases are 0.001 pg/m? for the
annual averaging time and 0.02 for the 24-hr averaging time. The maximum predicted NO, increase
is 0.01 pg/m? for the annual averaging time. These predicted values are all much less than the
corresponding Class I increments and the EPA Class I significant impact levels,

e.  Additional Impacts Analysis

The emissions from the Orlando CoGen Limited, L.P., facility are not expected to affect the
visibility in the Chassahowitzka National Wilderness area located 121 km away because of the very
small maximum predicted impacts. Because the impacts from the proposed pollutants are predicted
to be less than PSD significance levels, no harmful effects on soils and vegetation is expected. In
addition, the proposed modification will not significantly change employment, population, housing
or commercial/industrial development in the area to the extent that a significant air quality impact will
result.

VII. CONCLUSION

Based on the information provided by Orlando CoGen Limited, L.P., the Department has
reasonable assurance that the proposed installation of the 128 MW combined cycle gas turbine
system, as described in this evaluation, and subject to the conditions proposed herein, will not cause
or contribute to a violation of any air quality standard, PSD increment, or any other technical
provision of Chapter 17-2 of the Florida Administrative Code.
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State of Florida
Department of Environmental Regulation
Notice of Intent to Issue

The Florida Department of Environmental Regulation hereby gives notice of its intent to issue
a permit to Orlando CoGen Limited, L.P., 7201 Hamilton Boulevard, Allentown, PA 18195-1501,
to construct and operate a nominal 128-MW combined cycle gas turbine cogeneration facility located
in Orange County, Florida. A determination of Best Available Control Technology (BACT) was
required. The Class I PM,, PSD increment consumed is 0.02 vs. 8 allowable 24-hour average and
0.001 vs. 4 allowable annual average, in micrograms per cubic meter. The Class I nitrogen dioxide
increment consumed is 0.01 vs. 2.5 allowable annual average, in micrograms per cubic meter. The
maximum predicted increases in ambient concentrations for the above three pollutants for all
averaging times are less than significant in the Class II area surrounding the plant, thus no increment
consumption was calculated. The Department is issuing this Intent to Issue for the reasons stated in
the Technical Evaluation and Preliminary Determination.

A person whose substantial interests are affected by the Department’s proposed permitting
decision may petition for an administrative proceeding (hearing) in accordance with Section 120.57,
Florida Statutes. The petition must contain the information set forth below and must be filed
(received) in the Office of General Counsel of the Department at 2600 Blair Stone Road, Tallahassee,
Florida 32399-2400, within fourteen (14) days of publication of this notice. Petitioner shall mail a
copy of the petition to the applicant at the address indicated above at the time of filing. Failure to
file a petition within this time period shall constitute a waiver of any right such person may have to
request an administrative determination (hearing) under Section 120.57, Florida Statutes.

The Petition shall contain the following information:

(2) The name, address, and telephone number of each petitioner, the applicant’s name
and address, the Department Permit File Number and the county in which the project is proposed;

o) A statement of how and when each petitioner received notice of the Department’s
action or proposed action;

(c) A statement of how each petitioner’s substantial interests are affected by the
Department’s action or proposed action:

(d) A statement of the material facts disputed by Petitioner, if any;

(e A statement of facts which petitioner contends warrant reversal or modification of
the Department’s action or proposed action;

) A statement of which rules or statutes petitioner contends require reversal or
modification of the Department’s action or proposed action; and

(g) A statement of the relief sought by petitioner, stating precisely the action petitioner

wants the Department to take with respect to the Department’s action or proposed action.

If a petition is filed, the administrative hearing process is designed to formulate agency action.
Accordingly, the Department’s final action may be different from the position taken by it in this
Notice. Persons whose substantial interests will be affected by any decision of the Department with
regard to the application have the right to petition to become a party to the proceeding. The petition
must conform to the requirements specified above and be filed (received) within 14 days of
publication of this notice in the Office of General Counsel at the above address of the Department.
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Failure to petition within the allowed time frame constitutes a waiver of any right such person has
to request a hearing under Section 120.57, F.S., and to participate as a party to this proceeding. Any
subsequent intervention will only be at the approval of the presiding officer upon motion filed
pursuant to Rule 28-5.207, F.A.C.

The application is available for public inspection during business hours, 8:00 a.m. to
5:00 p.m., Monday through Friday, except legal holidays, at:

Department of Environmental Regulation
Bureau of Air Regulation

2600 Blair Stone Road

Tallahassee, Florida 32399-2400

Department of Environmental Regulation
Central District

3319 Maguire Bivd.

Orlando, Florida 32803-3767

Any person may send written comments on the proposed action to Mr. Barry Andrews at the
Department’s Tallahassee address. All comments mailed within 30 days of the publication of this
notice will be considered in the Department’s final determination.

Further, a public hearing can be requested by any person. Such requests must be submitted
within 30 days of this notice.
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BEFORE THE STATE OF FLORIDA
DEPARTMENT OF ENVIRONMENTAL REGULATION
In the Matter of
Application for Permit by:
Orlando CoGen Limited, L.P. DER File No. AC 48-206720
7201 Hamilton Blvd. PSD-FL-184

Allentown, PA 18195-1501

INTENT TO ISSUE

The Department of Environmental Regulation hereby gives notice of its intent to issue an air
construction permit (copy attached) for the proposed project as detailed in the application specified
above. The Department is issuing this Intent to Issue for the reasons stated in the attached Technical
Evaluation and Preliminary Determination.

The applicant, Orlando CoGen Limited, L.P., applied on December 30, 1991, to the
Department of Environmental Regulation for a permit to construct and operate a nominal 128-MW
cogeneration facility consisting of one combined cycle gas turbine generator and associated steam
cycle. '

The Department has permitting jurisdiction under Chapter 403, Florida Statutes, and Florida
Administrative Code Chapters 17-2 and 17-4. The project is not exempt from permitting procedures.
The Department has determined that an air construction permit is required for the proposed work.

Pursuant to Section 403.815, F.S. and DER Rule 17-103.150, F.A.C., you (the applicant) are

‘required to publish at your own expense the enclosed Notice of Intent to Issue Permit. The notice

shall be published one time only within 30 days, in the legal ad section of a newspaper of general
circulation in the area affected. For the purpose of this rule, "publication in a newspaper of general
circulation in the area affected” means publication in a newspaper meeting the requirements of
Sections 50.011 and 50.031, F.S., in the county where the activity is to take place. The applicant
shall provide proof of publication to the Department, at the address specified within seven days of
publication. Failure to publish the notice and provide proof of publication within the allotted time
may result in the denial of the permit.

The Department will issue the permit with the attached conditions unless a petition for an
administrative proceeding (hearing) is filed pursuant to the provisions of Section 120.57, F.S.

A person whose substantial interests are affected by the Department’s proposed permitting
decision may petition for an administrative proceeding (hearing) in accordance with Section 120.57,
Florida Statutes. The petition must contain the information set forth below and must be filed
(received) in the Office of General Counsel of the Department at 2600 Blair Stone Road, Tallahassee,
Florida 32399-2400. Petitions filed by the permit applicant and the parties listed below must be filed
within 14 days of receipt of this intent. Petitions filed by other persons must be filed within 14 days
of publication of the public notice or within 14 days of receipt of this intent, whichever first occurs.
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Petitioner shall mail a copy of the petition to the applicant at the address indicated above at the time
of filing. Failure to file a petition within this time period shall constitute a waiver of any right such
person may have to request an administrative determination (hearing) under Section 120.57, Florida
Statutes.

The Petition shall contain the following information:

(a) The name, address, and telephone number of each petitioner, the applicant’s name
and address, the Department Permit File Number and the county in which the project is proposed;

(b) A statement of how and when each petitioner received notice of the Department’s
action or proposed action;

(© A statement of how each petitioner’s substantial interests are affected by the

- Department’s action or proposed action;

(s)] A statement of the material facts disputed by Petitioner, if any; :

(3] A statement of facts which petitioner contends warrant reversal or modification of
the Department’s action or proposed action;

§3)] A statement of which rules or statutes petitioner contends require reversal or
modification of the Department’s action or proposed action; and

@® A statement of the relief sought by petitioner, stating precisely the action petitioner

wants the Department to take with respect to the Department’s action or proposed action.

If a petition is filed, the administrative hearing process is designed to formulate agency action.
Accordingly, the Department’s final action may be different from the position taken by it in this
notice. Persons whose substantial interests will be affected by any decision of the Department with
regard to the application(s) have the right to petition to become a party to the proceeding. The
petition must conform to the requirements specified above and be filed (received) within 14 days of
publication of this notice in the Office in General Counsel at the above address of the Department.
Failure to petition within the allowed time frame constitutes a waiver of any right such person has
to request a hearing under Section 120.57, F.S., and to participate as a party to this proceeding. Any
subsequent intervention will only be at the approval of the presiding officer upon motion filed
pursuant to Rule 28-5.207, F.A.C.

Executed in Tallahassee, Florida.

STATE OF FLORIDA DEPARTMENT
OF ENVIRONMENTAL REGULATION

C. H. Fancy, P.E.

Chief

Bureau of Air Regulation
Copies furnished to:

Charles Collins, CD
Jewell Harper, EPA
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CERTIFICATE OF SERVICE

The undersigned duly designated deputy clerk hereby certifies that this NOTICE OF INTENT

TO ISSUE and all copies were mailed before the close of business on

FILING AND ACKNOWLEDGEMENT
filed, on this date, pursuant to §120.52(9), Fiorida
Statutes, with the designated Department Clerk,
receipt of which is hereby acknowledged.

Clerk Date
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Best Available Control Technology (BACT) Determination
Orlando CoGen Limited, L.P.
Orange County

The applicant proposes to install a combustion turbine generator at its facility in Orange County. The
generator system will consist of one nominal 78-megawatt (MW) combustion turbine, with exhaust
through heat recovery steam generator (HRSG) which will be used to power nominal 50-MW steam
turbine. The HRSG will be supplementary fired to produce sufficient steam at higher operating
temperatures.

The combustion turbine will be capable of combined cycle operation. The applicant requested that
the combustion turbine use only natural gas. The applicant has indicated the maximum annual
tonnage of regulated air pollutants emitted from the facility based on 100 percent capacity and type
of fuel fired at ISO conditions to be as follows:

PSD Significant

Potential Emission Rate
Pollutant Emissions (TPY) (TPY)
NO, 400.9 40
SO, 12.02 40
PM 41.67 25
PM,, 41.67 15
CcoO 114.6 100
vOC 19.8 40
H,80, 0.92 7
Be Neg. 0.0004
Hg Neg. 0.1
Pb Neg. 0.6

Florida Administrative Code Rule 17-2.500(2) (f) (3) requires a BACT review for all regulated
pollutants emitted in an amount equal to or greater than the significant emission rates listed in the
previous table.

Date of Receipt of a BACT Application
December 30, 1991

BACT Determination Requested by the Applicant

Pollutant Determination
NO, 25 ppmvd @ 15% O, (natural gas burning)--CT

0.1 1b/10° Btu—~duct burner
CcO Combustion control

PM and PM,, Combustion control
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BACT Determination Procedure

In accordance with Florida Administrative Code Chapter 17-2, Air Pollution, this BACT
determination is based on the maximum degree of reduction of each pollutant emitted which the
Department, on a case by case basis, taking into account energy, environmental and economic
impacts, and other costs, determines is achievable through application of production processes and
available methods, systems, and techniques. In addition, the regulations state that in making the
BACT determination the Department shall give consideration to:

(a)  Any Environmental Protection Agency determination of Best Available Control Technology
pursuant to Section 169, and any emission limitation contained in 40 CFR Part 60 (Standards
of Performance for New Stationary Sources) or 40 CFR Part 61 (National Emission Standards
for Hazardous Ai; Pollutants).

(b)  All scientific, engineering, and technical material and other information available to the
Department. '

(c)  The emission limiting standards or BACT determinations of any other state.
(d)  The social and economic impact of the application of such technology.

The EPA currently stresses that BACT should be determined using the top-down approach. The first
step in this approach is to determine for the emission source in question the most stringent control
available for a similar or identical source or source category. If it is shown that this level of control
is technically or economically infeasible for the source in question, than the next most stringent level
of control is determined and similarly evaluated. This process continues until the BACT level under
consideration cannot be eliminated by any substantial or unique technical, environmental, or economic
objections.

The air pollutant emissions from combined cycle power plants can be grouped into categories based
upon what control equipment and techniques are available to control emissions from these facilities.
Using this approach, the emissions can be classified as follows:

. Combustion Products {e.g., particulates). Controlled generally by good combustion of clean
fuels.

. Products of Incomplete Combustion (e.g., CO). Control is achieved largely by proper
combustion techniques. .

. Acid Gases (e.g., NO,). Controlled generally by gaseous control devices.

Grouping the pollutants in this manner facilitates the BACT analysis because it enables the equipment
available to control the type or group of pollutants emitted and the corresponding energy, economic,
and environmental impacts to be examined on a common basis. Although all of the pollutants
addressed in the BACT analysis may be subject to a specific emission limiting standard as a result
of PSD review, the control of "nonregulated” air pollutants is considered in imposing a more
stringent BACT limit on a "regulated” pollutant (i.e., particulates, sulfur dioxide, fluorides, sulfuric
acid mist, etc,), if a reduction in "nonregulated” air pollutants can be directly attributed to the control
device selected as BACT for the abatement of the "regulated” pollutants.



91134B1/R2/BACT-3
03/18/92

Combustion Products

The projected emissions of particulate matter and PM,, from the Orlando CoGen Limited, L.P,
facility surpass the significant emission rates given in Florida Administrative Code Rule 17-2.500,
Table 500-2.

A PM/PM,, emissions limitations of 0.011 Ib/MMBru from the CT when firing natural gas is
reasonable as BACT for the Orlando CoGen facility. The duct burner PM/PM,, emission rate of
0.01 1b/MMBuu is reasonable as BACT.

Products of Incomplete Combustion

The emissions of carbon monoxide emissions exceed PSD significant emission rate of 100 TPY. The
applicant has indicated that the carbon monoxide emission rate from the proposal turbine is based on
exhaust concentrations of 10 ppmvd for natural gas firing. '

A review of the BACT/LAER clearinghouse indicates that several of the combustion turbines using
dry low-NO, combustion technology to control NO, to 25 ppmvd (corrected to 15 percent O,) have
been permitted with CO limitations that are higher than those proposed by the applicant. The
applicant has stated that the CT is a new design, and CO margins must be higher. The majority of
BACT emissions limitations have been based on combustion controls for carbon monoxide and
volatile organic compounds minimization, additional control is achievable through the use of catalytic
oxidation.  Catalytic oxidation is a postcombustion control that has been employed in CO
nonattainment areas where regulations have required CO emission levels to be less than those
associated with wet injection. These installations have been required to use LAER technology and
typically have CO limits in the 10-ppm range (corrected to dry conditions). In an oxidation catalyst
control system, CO emissions are reduced by allowing unburned CO to react with oxygen at the
surface of a precious metal catalyst such as platinum. Combustion of CO starts at about 300°F, with
efficiencies above 90 percent occurring at temperatures above 600°F. Catalytic oxidation occurs at
temperatures 50 percent lower than that of thermal oxidation, which reduces the amount of thermal
energy required. For CT/HRSG combinations, the oxidation catalyst can be located directly after the
CT or in the HRSG. Catalyst size depends upon the exhaust flow, temperature, and desired
efficiency. The existing gas turbine applications have been limited to smaller cogeneration facilities
burning natural gas.

Given the applicant’s proposed BACT level for carbon monoxide of 10 ppm, a lower emission rate
as BACT would not produce a significant reduction in emissions or impacts. Also, this CO
concentration level is near the lowest established as BACT even with catalytic oxidation. For these
reasons, it appears that the limit proposed by the applicant is reasonable as BACT.

Emission of volatile organic compounds are each below the significant level and therefore do not
require a BACT analysis.

Acid Gases

The emissions of nitrogen oxides represent a significant proportion of the total emissions and need
to be controlled if deemed appropriate.
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The applicant has stated that BACT for nitrogen oxides will be met by using dry low-NO, combustion
to limit emissions to 25 ppmvd at 15% oxygen when burning natural gas.

A review of the EPA’s BACT/LAER Clearinghouse indicates that the lowest NO, emission limit
established to date for a combustion turbine is 4.5 ppmvd at 15% oxygen. This level of control was
accomplished through the use of water injection and a selective catalytic reduction (SCR) system.

Selective catalytic reduction is a post-combustlon method for control of NO, emissions. The SCR
process combines vaporized ammonia with NO, in the presence of a cata]yst to form nitrogen and
water. The vaporized ammonia is injected into the exhaust gases prior to passage through the catalyst
bed. The SCR process can achieve up to 90% reduction of NO, with a new catalyst. As the catalyst
ages, the maximum NO, reduction will decrease to approximately 86 percent.

A review of the combined cycle facilities in which SCR has been established as a BACT requirement
indicates that the majority of these facilities are also intended to operate at high capacity factors. As
this is the case, the proposed project is similar to other facilities in which SCR has been established
as BACT.

Given the applicant’s proposed BACT level for nitrogen oxides control stated above, an evaluation
can be made of the cost and associated benefit of using SCR as follows:

The applicant has indicated that the total levelized annual cost (operating plus amortized capital cost)
to install SCR for natural gas firing at 100 percent capacity factor is $1,903,000. Taking into
consideration the total annual cost, a cost/benefit analysis of using SCR can now be developed.

Based on the information supplied by the applicant, it is estimated that the maximum annual NO,
emissions with dry low-NO, combustion from the Orlando CoGen facility will be 401 tonslyear
Assuming that SCR would reduce the NO, emissions to a level of 9 ppmvd when firing natural gas,
about 141 tons of NO, would be emitted annually When this reduction is taken into consideration
with the total levelized annual cost of $1,903,000, the cost per ton of controlling NO, is $7,319.
This calculated cost is higher than has prevmusly been approved as BACT.

Since SCR has been determined to be BACT for several combined cycle facilities, the EPA has
clearly stated that there must be unique circumstances to consider the rejection of such control on the
basis of economics.

In a recent letter from EPA Region IV to the Department regarding the permitting of a combined
cycle facility (Tropicana Products, Inc.), the following statement was made:

"In order to reject a control option on the basis of economic considerations, the
applicant must show why the costs associated with the control are significantly higher
for this specific project than for other similar projects that have installed this control
system or in general for controlling the pollutant.”

For fuel oil firing, the cost associated with controlling NO, emissions must take into account the
potential operating problems that can occur with using SCR in the oil firing mode.

A concern associated with the use of SCR on combined cycle projects is the formation of ammonium
bisulfate. For the SCR process, ammonium bisulfate can be formed due to the reaction of sulfur in
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the fuel and the ammonia injected. The ammonium bisulfate formed has a tendency to plug the tubes
of the heat recovery steam generator leading to operational problems. As this the case, SCR has been
judged to be technically infeasible for oil firing in some previous BACT determinations.

The latest information available now indicates that SCR can be used for oil firing provided that
adjustments are made in the ammonia to NO, injection ratio. For natural gas firing operation NO,
emissions can be controlled with up to a 90 percent efficiency using a 1 to I or greater injection ratio.
By lowering the injection ratio for oil firing, testing has indicated that NO, can be controlled with
efficiencies ranging from 60 to 75 percent. When the injection ratio is lowered there is not a problem
with ammonium bisulfate formation since essentially all of the ammonia is able to react with the
nitrogen oxides present in the combustion gases.

Based on this strategy SCR has been both proposed and established as BACT for oil fired combined
cycle facilities with NO, emission limits ranging from 11.7 to 25 ppmvd depending on the efficiency
of control established.

The Orlando CoGen facility has proposed not to utilize fuel oil; therefore, those consequences of SCR
attributable to oil firing will not likely occur. However, the small amount of sulfur in natural gas
would likely form ammonium salts.

Environmental Impact Analysis

The predominant environmental impacts associated with this proposal are related to the use of SCR
for NO, control. The use of SCR results in emissions of ammonia, which may increase with
increasing levels of NO, control. In addition, some catalysts may contain substances which are listed
as hazardous waste, thereby creating an additional environmental burden. Also, air emissions result
from the lost generations that must be replaced. The lost generation is due to the back pressure on
the turbine covered by the catalyst. Although the use of SCR does have some environmental impacts,
the disadvantages may outweigh the benefit which would be provided by reducing nitrogen oxide
emissions by 80 percent or greater. The benefit of NO, control by using SCR is substantiated by the
fact that nearly one half of all BACT determinations have established SCR as the control measure for
nitrogen oxides over the last 5 years.

In addition to the criteria pollutants, the impacts of toxic pollutants associated with the combustion
of natural gas have been evaluated. Toxics are expected to be emitted in minimal amounts, with the
total emissions combined to be less than 0.1 TPY.

Although the emissions of the toxic pollutants could be controlled by particulate control devices such
as a baghouse or scrubber, the amount of emission reductions would not warrant the added expense.

As this is the case, the Department does not believe that the BACT determination would be affected
by the emissions of the toxic pollutants associated with the firing of natural gas.

Potentially Sensitive Concerns

With regard to controlling NO, emissions with SCR, the applicant has identified the following
technical limitations:

1. SCR would reduce output of combustion turbines by one-half percent.
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SCR could result in the release of unreacted quantities of ammonia to the atmosphere.

SCR would require handling of ammonia by plant operators. Since it is a hazardous material,
there is a concern about safety and productivity of operators.

SCR results in contaminated catalyst from flue gas trace elements which could be considered
hazardous. Safety of operators and disposal of spent catalyst is a concern.

The combustion turbine proposed for the project (ABB [IN-EV) is a heavy-frame machine that is
highly efficient and uses advanced dry low-NO, combustion technology. Information supplied by the
applicant indicates that actual emissions will be 25 ppmvd or lower on a continuous basis. The
manufacturer’s guarantee is 25 ppm; the Department, the applicant, and the manufacturer expect
lower emissions.

BACT Determination by DER

NO, Control

A review of the permitting activities for combined cycle proposals across the nation indicates
that SCR has been required and most recently proposed for installations with a variety of
operating conditions (i.e., natural gas, fuel oil, capacity factors ranging from low to high).
However, the cost and other concerns expressed by the applicant are valid, and advanced NO,
combustion controls have been accepted as BACT on similar projects.

The information that the applicant presented and Department calculations indicates that the
incremental cost of controlling NO, (§7,319/ton) is high compared to other BACT
determinations which require SCR. Furthermore, actual NO, levels are expected to be less
than the 25 ppm guarantee which would increase the cost effectiveness of SCR. Based on the
information presented by the applicant and the studies conducted, the Department believes that
the use of SCR for NO, control is not justifiable as BACT. Therefore, the Department is
willing to accept for NO, control when firing natural gas.

The emissions of NO, from the duct burners will be limited to 0.1 1b/MMBtu which has been
the BACT limit established for similar facilities. Duct firing will be used for supplying steam
and limited to an equivalent to 4,500 hours/year at 100 MMBtu/hr.

The emission limits for the Orlando CoGen Limited, L.P. project are thereby established as
follows:

Emission Limit

Pollutant CT (Natural Gas Firing) Duct Burner®
NOx 25 ppmvd @ 15% O, 0.1 Ib/MMBtu
CcO 10 ppmvd 0.1 1b/MMBtu
PM & PMIO 0.011 1Ib/MMBtu 0.G1 1b/MMBtu

a

Natural gas will be used only for supplemental firing for no greater than 4,500 full-load equivalent

hours at 100 MMBtu/hr on a total annual Btu basis.
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Details of Analysis May Be Obtain ntacting:

Bruce Mitchell, P.E., BACT Coordinator
Department of Environmental Regulation
Bureau of Air Regulation

2600 Blair Stone Road

Tallahassee, Florida 32399-2400

Recommended by: Approved by:

C. H. Fancy, P.E., Chief Carol M. Browner, Secretary
Bureau of Air Regulation Dept. of Environmental Regulation

1992 1992
Date Date
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Table 1. Allowable Emission Limits Combined Cycle Combustion Turbine Cogeneration Facility
Allowable Emission Limits

Pollutant Source* Fuel® Basis of Limit Ib/hr/source tons/year/facility
NO, CT NG BACT: 25 ppmvd at 15% O, 95.7 400.9

DB NG BACT: 0.1 1b/MMBtu 122
Cco CT NG BACT: 10 ppmvd 23 1146

DB NG BACT: 0.1 Ib/MMBtu 122
PM/PM,, CT NG BACT: 0.011 Ib/MMBtu 110 4167

DB NG BACT: 0.01 Ib/MMBtu 122
vOoC (84} NG Proposed by Applicant 318 19.75

DB NG Proposed by Applicant 37

® CT = combustion turbine

DB = duct burner
®* NG = natural gas
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PERMITTEE: - Permit Number: AC 48-206720
Orlando CoGen Limited, L.P. : Expiration Date: June 1, 1994
7201 Hamiiton Blvd. County: Orange
Allentown, PA 18195-1501 Latitude/Longitude: 28°26’23"N
81°924'28"W
Project: 128-MW Combined Cycle
Gas Turbine

This permit is issued under the provisions of Chapter 403, Florida Statutes, and Florida
Administrative Code Chapters 17-2 and 17-4. The above named permittee is hereby authorized to
perform the work or operate the facility shown on the application and approved drawings, plans, and
other documents attached hereto or on file with the Department and made a part hereof and
specifically described as follows:

For the construction of a 128-MW combined cycle gas turbine cogeneration facility to be located in
Orlando Central Park and supply steam to the adjacent Air Products and Chemicals plant in Orange
County, Florida. The UTM coordinates are 459.5 km East and 3,146.1 km North.

The source shall be constructed in accordance with the permit application, plans, documents,
amendments and drawings, except as otherwise noted in the General and Specific Conditions.

Attachments are listed below:
I. Orlando CoGen Limited’s application dated December 19, 1991.
2. Department’s sufficiency request dated January 28, 1992.

3. Letter from KBN Engineering and Applied Science, Inc., dated February 27, 1992, to supply
additional information.
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PERMITTEE: Permit Number: AC 48-206720
Orlando CoGen Limited, L.P. Expiration Date: June 1, 1994
GENERAL CONDITIONS:
1. The terms, conditions, requirements, limitations, and restrictions set forth in this permit are

"Permit Conditions” and are binding and enforceable pursuant to Sections 403.161, 403.727, or
403.859 through 403.861, Florida Statutes. The permittee is placed on notice that the Department
will review this permit periodically and may initiate enforcement action for any violation of these
conditions.

2. This permit is valid only for the specific processes and operations applied for and indicated
in the approved drawings or exhibits. Any unauthorized deviation from the approved drawings,
exhibits, specifications, or conditions of this permit may constitute grounds for revocation and
enforcement action by the Department.

3. As provided in Subsections 403.087(6) and 403.722(5), Florida Statutes, the issuance of this
permit does not convey any vested rights or any exclusive privileges. Neither does it authorize any
injury to public or private property or any invasion of personal rights, nor any infringement of
federal, state or local laws or regulations. This permit is not a waiver of or approval of any other
Department permit that may be required for other aspects of the total project which are not addressed
in the permit.

4. This permit conveys no title to land or water, does not constitute State recognition or
acknowledgement of title, and does not constitute authority for the use of submerged lands unless
herein provided and the necessary title or leasehold interests have been obtained from the State. Only
the Trustees of the Internal Improvement Trust Fund may express State opinion as to title.

5. This permit does not relieve the permittee from liability for harm or injury to human health
or welfare, animal, or plant life, or property caused by the construction or operation of this permitted
source, or from penalties therefore; nor does it allow the permittee to cause pollution in contravention
of Florida Statutes and Department rules, unless specifically authorized by an order from the
Department.

6. The permittee shall properly operate and maintain the facility and systems of treatment and
control (and related appurtenances) that are installed or used by the permittee to achieve compliance
with the conditions of this permit, as required by Department rules. This provision includes the
operation of backup or auxiliary facilities or similar systems when necessary to achieve compliance
with the conditions of the permit and when required by Department rules.

7. The permittee, by accepting this permit, specifically agrees to allow authorized Department
personnel, upon presentation of credentials or other documents as may be required by law and at a
reasonable time, access to the premises, where the permitted activity is located or conducted to:

a. Have access to and copy any records that must be kept under the conditions of the
permit;

b. Inspect the facility, equipment, practices, or operations regulated or required under this
permit; and
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PERMITTEE: Permit Number: AC 48-206720
Orlando CoGen Limited, L.P. Expiration Date: June 1, 1994

GENERAL CONDITIONS:

¢.  Sample or monitor any substances or parameters at any location reasonably necessary to
assure compliance with this permit or Department rules.

Reasonable time may depend on the nature of the concern being investigated.

8. If, for any reason, the permittee does not comply with or will be unable to comply with any
condition or limitation specified in this permit, the permittee shall immediately provide the
Department with the following information:

a.  adescription of and cause of non-compliance; and

b. the period of noncompliance, including dates and times; or, if not corrected, the
anticipated time the non-compliance is expected to continue, and steps being taken to
reduce, eliminate, and prevent recurrence of the non-compliance.

The permittee shall be responsible for any and all damages which may result and may be
subject to enforcement action by the Department for penalties or for revocation of this permit.

9. In accepting this permit, the permittee understands and agrees that all records, notes,
monitoring data and other information relating to the construction or operation of this permitted
source which are submitted to the Department may be used by the Department as evidence in any
enforcement case involving the permitted source arising under the Florida Statutes or Department
rules, except where such use is prescribed by Sections 403,73 and 403.111, Florida Statutes. Such
evidence shall only be used to the extent it is consistent with the Florida Rules of Civil Procedure and
appropriate evidentiary rules.

10.  The permittee agrees to comply with changes in Department rules and Florida Statutes after
a reasonable time for compliance, provided, however, the permittee does not waive any other rights
granted by Florida Statutes or Department rules.

11.  This permit is transferable only upon Department approval in accordance with Florida
Administrative Code Rules 17-4.120 and 17-30.300, F.A.C., as applicable. The permittee shall be
liable for any non-compliance of the permitted activity until the transfer is approved by the
Department.

12. This permit or a copy thereof shall be kept at the work site of the permitted activity.
13.  This permit also constitutes:
(x)} Determination of Best Available Control Technology (BACT)

(x) Determination of Prevention of Significant Deterioration (PSD)
(x) Compliance with New Source Performance Standards (NSPS)
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PERMITTEE: Permit Number: AC 48-206720
Orlando CoGen Limited, L.P. Expiration Date: June 1, 1994

GENERAL CONDITIONS:
14.  The permittee shall comply with the following:

a.  Upon request, the permittee shall furnish all records and plans required under Department
rules. During enforcement actions, the retention period for all records will be extended
automatically unless otherwise stipulated by the Department,

b.  The permittee shall hold at the facility or other location designated by this permit records
of all monitoring information (including all calibration and maintenance records and all
original strip chart recordings for continuous monitoring instrumentation) required by the
permit, copies of all reports required by this permit, and records of all data used to
complete the application for this permit. These materials shall be retained at least three
years from the date of the sample, measurement, report, or application unless otherwise
specified by Department rule.

¢. Records of monitoring information shall include:

- the date, exact place, and time of sampling or measurements;

- the person responsible for performing the sampling or measurements;
- the dates analyses were performed;

- the person responsible for performing the analyses;

- the analytical techniques or methods used; and

-~ the results of such analyses.

15.  When requested by the Department, the permittee shall within a reasonable time furnish any
information required by law which is needed to determine compliance with the permit. If the
permittee becomes aware that relevant facts were not submitted or were incorrect in the permit
application or in any report to the Department, such facts or information shall be corrected promptly.

SPECIFIC CONDITIONS:

Emission Limits

L The maximum allowable emissions from this facility shall not exceed the emission rates listed
in Table 1.

2. Unless the Department has determined other concentrations are required to protect public health
and safety, predicted acceptable ambient air concentrations (AAC) of the following pollutants shall
not be exceeded:



91134B1/R2/PERM-5

03/20/92
PERMITTEE: Permit Number: AC 48-206720
Orlando CoGen Limited, L.P. Expiration Date: June 1, 1994

SPECIFIC CONDITIONS:

Acceptable Ambient Concentrations p_.glm3

Pollutant 8 Hours 24 Hours Annual
Beryllium 0.02 0.005 0.0004
Lead 1.5 0.36 0.09
Mercury: allyl compounds 0.1 0.024 -
¢ all forms of vapor
except allyl 0.5 0.12 -
* allyl & organic
compounds 1 0.24
3. Visible emissions shall not exceed 10% opacity.
Operating Rates
4. This source is allowed to operate continuously (8,760 hours per year).
5. This source is allowed to use natural gas as the primary fuel.

6. The permitted materials and utilization rates for the combined cycle gas turbine shall not
exceed the values as follows:

- Maximum heat input shall not exceed 829.6 MMBtu/hr/CT (gas) at'ISO conditions.

- Duct firing shall be limited to natural gas firing only with a maximum heat input of
122 MMBtu/hr.

- Duct firing shall be limited to 450,000 MMBtu/year/HRSG-duct burner, which is an
equivalent to 4,500 hours at 100 MMBtu/hour.

7. Any change in the method of operation, equipment or operating hours shall be submitted to
the DER’s Bureau of Air Regulation and Central District offices.

8. Any other operating parameters established during compliance testing and/or inspection that
will ensure the proper operation of this facility shall be included in the operating permit.

Compliance Determination

9. Compliance with the NO,, CO, and visible emission standards shall be determined by the
following reference methods as described in 40 CFR 60, Appendix A (July 1, 1990) and adopted by
reference in F.A.C. Rule 17-2.700.



91134B1/R2/PERM-6
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PERMITTEE: Permit Number: AC 48-206720
Orlando CoGen Limited, L.P. Expiration Date: June 1, 1994

SPECIFIC CONDITIONS:

- Method 1. Sample and Velocity Traverses

- Method 2. Volumetric Flow Rate

- Method 3. Gas Analysis

- Method 9. Determination of the Opacity of the Emissions from Stationary Sources

- Method 10. Determination of the Carbon Monoxide Emission from Stationary Sources

- Method 20. Determination of Nitrogen Oxides, Sulfur Dioxide, and Diluent Emissions
from Stationary Gas Turbines

10.  An initial compliance test shall be performed using natural gas.

11. Compliance with the SO, emission limit can also be determined by calculations based on fuel
analysis from the natural gas supplier.

12. Compliance with the total volatile organic compound emission limits will be assumed, provided
the CO allowable emission rate is achieved; specific VOC compliance testing is not required.

13. During performance tests,, to determine compliance with the proposed NO, standard, measured
NO, emission at 15 percent oxygen will be adjusted to ISO ambient atmospheric conditions by the
following correction factor:

(Pp) 0.5 19 (How - 0.00633) [(288°K)

NO, = (NO, .0 1.53
obs AMB
where:
NO, = Emissions of NO, at 15 percent oxygen and ISO standard ambient conditions.
NO, s = Measured NO, emission at 15 percent oxygen, ppmv.
P = Reference combustor inlet absolute pressure at 101.3 kilopascals (1 atmosphere) ambient
pressure.
Poos = Measured combustor inlet absolute pressure at test ambient pressure.
Hy,. = Specific humidity of ambient air at test.
e = Transcendental constant (2,718).
Tamp = Temperature of ambient air at test.
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03/18/92
PERMITTEE: Permit Number: AC 48-206720
Orlando CoGen Limited, L.P. Expiration Date: June 1, 1994

SPECIFIC CONDITIONS:

14, Test results will be the average of 3 valid runs. The Central District office will be notified
at least 30 days in advance of the compliance test. The source shall operate between 90% and 100%
of permitted capacity as adjusted for ambient temperature during the compliance test. Compliance
test results shall be submitted to the Central District office no later than 45 days after completion.

15.  Dry low-NO, combustion shall be utilized for NO, control. The NO, emissions shall be
continuously monitored using procedures specified in 40 CFR Part 60.

Rule Requirements

16.  This source shall comply with all applicable provisions of Chapter 403, Florida Statutes and
Chapters 17-2 and 174, Florida Administrative Code.

17.  This source shall comply with all requirements of 40 CFR 60, Subparts GG and Db and
F.A.C. Rule 17-2.660(2)(a), Standards of Performance for Stationary Gas Turbines and Standards
of Performance for Industrial, Commercial, and Institutional Steam Generating Units.

18.  Issuance of this permit does not relieve the facility owner or operator from compliance with
any applicable federal, state, or local permitting requirements and regulations (F.A.C.
Rule 17-2.210(1)).

19.  This source shall comply with F.A.C. Rule 17-2.700, Stationary Point Source Emission Test
Procedures.

20. Pursuant to F.A.C. Rule 17-2.210(2), Air Operating Permits, the permittee is required to
submit annual reports on the actual operating rates and emissions from this facility. These reports
shall include, but are not limited to the following: sulfur, nitrogen content and lower heating value
of the fuel being fired, fuel usage, hours of operation, air emissions limits, etc. Annual reports shall
be sent to the Department’s Southwest District office.

21.  The permittee, for good cause, may request that this construction permit be extended. Such
a request shall be submitted to the Bureau of Air Regulation prior to 60 days before the expiration
of the permit (F.A.C. Rule 17-4.090).
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03/20/92
PERMITTEE: Permit Number: AC 48-206720
Orlando CoGen Limited, L.P. Expiration Date: June 1, 1994

SPECIFIC CONDITIONS:

22, An application for an operation permit must be submitted to the Central District office at least
90 days prior to the expiration date of this construction permit or within 45 days after completion of
compliance testing, whichever occurs first. To properly apply for an operation permit, the applicant
shall submit the appropriate application form, fee, certification that construction was completed noting
any deviations from the conditions in the construction permit, and compliance test reports as required
by this permit (F.A.C. Rule 17-4.220).

[ssued this day
of , 1992

STATE OF FLORIDA DEPARTMENT
OF ENVIRONMENTAL REGULATION

Carol M. Browner, Secretary



CONTACT REPORT

DATE: 3-23-62 ORIGINATOR: Heather V. Rooney
CONTACT BY: _X_ TELEPHONE MEETING OTHER:
NAME. TITLE, AND ORGANIZATION

Mr. Preston Lewis
Florida Department of Environmental Regulation

ADDRESS AND TELEPHONE NUMBER

Mr. Preston Lewis

Florida Department of Environmental Regulation
2600 Blair Stone Rd.

Tallahassee, Florida 32399-2400
(904)488-1344

CONTACT SUMMARY

Mr. Lewis was contacted to request cooperation in identifying and supplying the following
information: state and local regulations for stationary gas turbines and the basis of those
regulations; general emission test data for stationary gas turbines; and copies of permits for
stationary gas turbines.

Mr. Lewis stated that the state emission regulations for Florida are more stringent than the
Federal regulations. The majority of the turbines are utilized for utility power generation and are
regulated through a BACT review. BACT determinations are decided on a case by case basis for
those turbines over 250,000 Btu/hr. The BACT determinations for Florida have primarily been
combustion controls either with or without wet injecton. In addition, many of the determinations
require the facilities to ensure that the necessary space is available for future SCR installation if it is
deemed necessary. The BACT NOx emission limits are 25 ppm for gas and 42 ppm for oil. In
addition a CO catalyst may be required if CO emission levels exceed 42 ppm. Mr. Lewis stated
that CO levels have been more favorable with dry Low NOx combustor controls than with wet
Low NOx combustor controls.

Mr. Lewis also stated that compliance testing is required shortly after the turbine is
operational and then either once a year or every three years depending on the permitting
requirements. The compliance tests require monitoring of criteria pollutants and air toxics.
Continuous Emission Monitors (CEMs) are required for monitoring NOx and SO2 for the major
sources.

Confirmation Signature and Date
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February 27, 1992

Mr. C. H. Fancy, P.E., Chief
Bureau of Air Regulation
Florida Department of Environmental Regulation

Twin Towers Office Building - vV C
2600 Blair Stone Road R E C [- ! "/ E D
Tallahassee, Florida 32399-2400 o
AR G 1282
Subject: Orange County - A_P.
Orlando CoGen Limited, L.P. Division of Air
Combustion Turbine and Heat Recovery Steam Generatgesources Management
AC 48-206720 and PSD-FL-184

Attention: Bruce Mitchell
Dear Bruce:

This correspondence provides the information requested in the Department’s letter dated January 28,
1992. A discussion of the items is presented in the same order as listed in the January 28th letter.
1. As described in the introduction to Appendix A, all emission calculations are performed on a

Lotus 1-2-3 spreadsheet. A printout showing all equations was also presented. This printout
was annotated to show the source of all data not calculated. Presented in an updated
Appendix A are example calculations for 20°F condition. Calculations for other temperatures
are the same as shown on the printout. Included in the updated Appendix A are the emission
factors used for POM and formaldehyde. All other emissions were calculated based on the
manufacturer’s specifications. During the review of the spreadsheets, it was noted that the
sulfuric acid mist emission was incorrect. The relevant tables in the report have been updated
to reflect the correct emissions. This change does not affect PSD applicability.

2. Tables 4-5, 4-6, and 4-7 were also generated in Lotus 1-2-3. These tables have been
annotated to include equations as well as the origin of data. The revised tables are enciosed.
It was also noticed that the cost for interest during construction in Table 4-5 included an
additional cost that was not correct. This cost has been corrected and included on the
annotated tables.

The cost to modify the heat recovery steam generator (HRSG) to incorporate space for SCR
has been estimated by the HRSG manufacturer to range from $500,000 to $750,000 which is
higher than the estimate in Table 4-5 of $303,000. The manufacturer’s estimate is higher due
to the need to split the boiler into two sections, move boiler tubes, and add additional
structural steel for support of the steam drums. Also, an additional $500,000 (not accounted
for in Table 4-5) is required to expand the turbine/boiler building. These costs were not
added to the capital costs since the cost analysis contains contingency funds to account for
project-specitic cost ditferences. Nonetheless, the Department should consider this total cost,

91134C2/2
KBN ENGINEERING AND APPLIED SCIENCES, INC.

1034 Northwest 57th Street  Gainesville, Florida 32605 904/331-9000 FAX:904/332-4189
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Page 2 gy

i.e. about $1,000,000 to $1,250,000, in establishing any permit condition that may require the
installation of a duct module for SCR.

3. The low-NO, combustor in the ABB 11N-EV is currently available and in use in the United
States. There is no separate model number for the combustor. Information on the proposed
machine is attached. The ABB 11N-EV with the low-NO, combustor can achieve lower NO,
emissions than 25 ppmvd corrected to 15 percent oxygen; however, the guaranteed NO,
emission rate is based on 25 ppmvd (corrected).

4, Information on the ABB dry low-NO, combustor is attached. The information includes:
a. ABB literature on low-NO, combustor.
b. Letter (2/14/92) from ABB describing performance of dry low-NO, combustor.
c. Test results from the Midland Michigan unit.
d. ASME technical paper on the ABB dry low-NO, combustor.

This information clearly indicates that the combustion turbine selected for the project can
achieve NO, emission levels well below 25 ppmvd (corrected to 15 percent oxygen).
However, the guaranteed emission rate is 25 ppmvd (corrected to 15 percent oxygen).

5. SCR is not currently incorporated into the design of the proposed facility. The cost to
provide this space has been estimated to be from $1,000,000 to $1,250,000. Although SCR
could be installed at a future date if sufficient duct space were left in the HRSG, it does not
appear practical to require such space in light of the actual performance data from ABB.
Based on actual performance data from the Midland, Michigan unit, NO, levels are expected
to be in the 15 ppmvd range (corrected to 15 percent oxygen) for the proposed project. At an
actual emission level of 15 ppmvd, the cost effectiveness of SCR would be approximately
$12,000/ton of NO, removed.

Please call if you have any questions,

Sincerely,

2l L hlis
sty AA ‘

Kennard F. Kosky, P.E.

President and Principal Engineer

KFK/dmpm
Enclosures

cc: John P. Jones, Orlando CoGen Limited, L.P.
Gary Kinsey, Air Products
File (2)
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February 27, 1992

Mr. C. H. Fancy, P.E., Chief

Bureau of Air Regulation

Florida Department of Environmental Regulation
Twin Towers Office Building

2600 Blair Stone Road

Tallahassee, Florida 32399-2400

Subject:  Orange County - AP,
Orlando CoGen Limited, L.P.
Combustion Turbine and Heat Recovery Steam Generator
AC 48-206720 and PSD-FL-184

Attention: Bruce Mitchell
Dear Bruce:

This correspondence provides the information requested in the Department’s letter dated January 28,
1992. A discussion of the items is presented in the same order as listed in the January 28th letter. _
1. As described in the introduction to Appendix A, all emission calculations are performed on a

Lotus 1-2-3 spreadsheet. A printout showing all equations was also presented. This printout
was annotated to show the source of all data not calculated. Presented in an updated
Appendix A are example calculations for 20°F condition. Calculations for other temperatures
are the same as shown on the printout. Included in the updated Appendix A are the emission
factors used for POM and formaldehyde. All other emissions were calculated based on the
manufacturer’s specifications. During the review of the spreadsheets, it was noted that the
sulfuric acid mist emission was incorrect. The relevant tables in the report have been updated
to reflect the correct emissions. This change does not affect PSD applicability.

2. Tables 4-5, 4-6, and 4-7 were also generated in Lotus 1-2-3. These tables have been
annotated to include equations as well as the origin of data. The revised tables are enclosed.
It was also noticed that the cost for interest during construction in Table 4-5 included an
additional cost that was not correct. This cost has been corrected and included on the
annotated tables.

The cost to modify the heat recovery steam generator (HRSG) to incorporate space for SCR
has been estimated by the HRSG manufacturer to range from $500,000 to $750,000 which is
higher than the estimate in Table 4-5 of $303,000. The manufacturer’s estimate is higher due
to the need to split the boiler into two sections, move boiler tubes, and add additional
structural steel for support of the steam drums. Also, an additional $500,000 (not accounted
for in Table 4-5) is required to expand the turbine/boiler building. These costs were not
added to the capital costs since the cost analysis contains contingency funds to account for
project-specific cost differences. Nonetheless, the Department should consider this total cost,

91134C212
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Please call

Sincerely,

i.e. about $1,000,000 to $1,250,000, in establishing any permit condition that may require the
installation of a duct module for SCR.

The low-NO, combustor in the ABB 11N-EV is currently available and in use in the United
States. There is no separate model number for the combustor. Information on the proposed
machine is attached. The ABB 11N-EV with the low-NO, combustor can achieve lower NO,
emissions than 25 ppmvd corrected to 15 percent oxygen; however, the guaranteed NO,
emission rate is based on 25 ppmvd (corrected).

Information on the ABB dry low-NO, combustor is attached. The information includes:
a. ABB literature on low-NO, combustor,

b. Letter (2/14/92) from ABB describing performance of dry low-NO, combustor.

¢. Test results from the Midland Michigan unit,

d. ASME technical paper on the ABB dry low-NO, combustor.

This information clearly indicates that the combustion turbine selected for the project can
achieve NO, emission levels well below 25 ppmvd (corrected to 15 percent oxygen).
However, the guaranteed emission rate is 25 ppmvd {(corrected to 15 percent oxygen).

SCR is not currently incorporated into the design of the proposed facility. The cost to
provide this space has been estimated to be from $1,000,000 to $1,250,000. Although SCR
could be installed at a future date if sufficient duct space were left in the HRSG, it does not
appear practical to require such space in light of the actual performance data from ABB.
Based on actual performance data from the Midland, Michigan unit, NO, levels are expected
to be in the 15 ppmvd range (corrected to 15 percent oxygen) for the proposed project. At an
actual emission Ievel of 15 ppmvd, the cost effectiveness of SCR would be approximately
$12,000/ton of NO, removed.

if you have any questions.

Phpanid I bobs

Kennard F

. Kosky, P.E.

President and Principal Engineer

KFK/dmpm

Enclosures

cc: John P. Jones, Orlando CoGen Limited, L.P.

Gary

Kinsey, Air Products

File (2)
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EMISSION CALCULATIONS AND FACTORS

Emission rates for all regulated and nonregulated pollutants were calculated using both
manufacturer’s data and EPA emission factors. The design information and emissions data are
presented in Tables A-1 through A-5. These tables were generated using a computerized
spreadsheet (i.e., Lotus 1-2-3). Tables A-1 through A-5 have been annotated to show the
columns (i.e., A ,B, C, and D) and rows (i.e., 1, 2, 3, ..... ) in the spreadsheet. Following these
tables is a printout of all the calculations made in the spreadsheet, along with the basis for the
calculation. The calculations, as well as text comments, are listed alphanumerically in ascending
order. For example, in Table A-1, column B, row 12 is listed as A:B12 on the calculation page,
and the data input is 10,690: As noted, these data were provided by ABB. A copy of the

relevant EPA emission factors also is included in this appendix.
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Table A-1. Design Information and Stack Parameters for Orlando CoGen Limited, L.P.
Cogeneration Project
Data Gas Turbine Gas Turbine Gas Turbine Gas Turbine Duct Burner
Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas
A 20°F - B 59°F - C 72°F - D 102°F - E -F
General:
Power (kW) 87,360.0 78,830.0 75,690.0 68,3500 NA
Heat Rate (Btu/kwh) 10,690.0 10,870.0 10,960.0 11,270.0 NA
Heat Input (mmBtu/hr) 933.9 856.9 829.6 7703 122.0
Natural Gas (Ib/hr) 44.732.4 41,0443 39,7357 36,8973 58438
(cf/hr) 987,186.5 905,795.0 876,9159 814,2754 128,964.1
Fuel:
Heat Content - (LHV) 20,877 Btu/lb 20,877 Bwu/lb 20,877 Btu/lb 20,877 Btu/lb 20,877 Btu/lb
Sulfur 1 gr/100cf 1 gr/100cf - 1 gr/100ct 1 gr/100cf 1 gr/100cf
CT Exhaust: CT Only: CT Only: CT Only: CT Oaly: CT & DB Exhaust;
Volume Flow (acfm) 1,601,395 1,529,035 1,500,057 1,429,720 675,048
Volume Flow (scfm) 603,523 569,344 555,810 522,778 524,155
Mass Flow (Ib/hr) 2,631,000 2,482,000 2,423,000 2,279,000 2,285,000
Temperature (°F) 941 958 965 984 220
Moisture (% Vol.) 6.10 6.70 7.10 9.30 9.20
Oxygen (% Vol.) 14.40 14.50 14.40 1420 14.00
Molecular Weight 28.00 28.00 28.00 28.00 28.00
HRSG Stack:
Volume Flow (acfm) 811,556 754,813 726,343 675,048
Temperature (°F) 250 240 230 220
Diameter (ft) 15.7 157 15.7 157
Velocity (ft/sec) 69.90 65.01 62.56 58.14

Note:

CT and duct burner will fire natural gas only.

Duct burner maximum firing will be 450,000 MM Btu/year; i.c., 4,500 hours at 100 MM Btu/hr.
Duct burner operation is planned when ambient temperature is greater than 59°F.
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Table A-2. Maximum Criteria Pollutant Emissions for Orlando CoGen Limited, L.P.
Cogencration Project

91134C2/APPA
02/13/92

Pollutant Gas Turbine Gas Turbine Gas Turbine Gas Turbine Duct Burner
Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas
A 20°F - B 59°F - C 72°F-D 102°F - E -F
Particulate:
Basis Manufacturer ~ Manufacturer ~ Manufacturer Manufacturer 0.01 1b/MMBtu
Ib/hr 11.00 9.00 9.00 9.00 122
TPY 43.18 39.42 39.42 39.42 225
Sulfur Dioxide:
Basis 1 gr/100 cf 1 gr/100 <f 1 gr/100 of 1 gr/100 of 1 gr/100 cf
Ib/hr 2.82 2.59 251 233 0.37
TPY 12.35 11.34 1097 10.19 0.68
Nitrogen Oxides:
Basis 25 ppm* 25 ppm* 25 ppm* 25 ppm* 0.1 Ib/MMBtu
Ib/hr 95.7 86.4 846 75.5 12.20
TPY 419.2 3784 370.6 3305 22.50
ppm 25.0 250 25.0 250
Carbon Monozxide:
Basis 10 ppm® 10 ppm* 10 ppm* 10 ppm* 0.1 1b/MMBtu
Ib/hr 233 21.0 206 18.4 1220
TPY 102.06 92.12 90.23 80.47 2250
ppm 10.0 10.0 10.0 10.0
VOCs:
Basis 3 ppm® 3 ppm® 3 ppm® 3 ppm® 0.03 Ib/MMBtu
Ib/hr 3.18 298 2.89 2.66 3.66
TPY 139 13.0 12.7 11.6 6.75
ppm 3.0 3.0 30 3.0
Lead:
Basis
Ib/hr NA NA NA NA NA
TPY NA NA NA NA NA

* Corrected to 15% O, dry conditions.

* Corrected to dry conditions.

Note: Annual emission for CT when firing natural gas based on 8,760 hrs/yr. Annual emissions for duct burner based
on 450,000 MM Btu/year operation; i.e., 4,500 hours at 100 MM Btu/hr. Duct burner operation planned when
ambient temperature is greater than 59°F.
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Table A-3. Maximum Other Regulated Pollutant Emissions for Orlando CoGen Limited, L.P..
Cogencration Project
Pollutant Gas Turbine Gas Turbine Gas Turbine Gas Turbine Duct Burner
Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas
A 20°F - B 59°F-C 72F-D 102°F - E -F
As (Ib/hr) NEG. NEG. NEG. NEG. NEG.
{TPY) NEG. NEG. NEG. NEG. NEG.
Be (Ib/hr) NEG. NEG. NEG. NEG. NEG.
(TPY) NEG. NEG. NEG. NEG. NEG.
Hg (lb/hr) NEG. NEG. NEG. NEG. NEG.
(TPY) NEG. NEG. NEG. NEG. NEG.
F (Ib/hr) NEG. NEG. - NEG. NEG. NEG.
(TPY) NEG. NEG. NEG. NEG. NEG.
H,50, (Ib/hr) 2.16x10" 1.98x10" 1.92x10™ 1.78x10" 2.82x10%
(TPY) 9.45x10? 8.67x10 8.40x10? 7.80x10! 0.01
0.05
Sources: EPA, 1988; EPA, 1980.

CREBEEB8RYR

105
106
107
108
109
110
11
112
3
114
115
116
117
118
119

121



91134C2/APPA

02/13/92
Table A-4. Maximum Non-Regulated Pollutant Emissions for Orlando CoGen Limited, L.P.
Cogeneration Project
Pollutant Gas Turbine Gas Turbine Gas Turbine Gas Turbine Duct Burner
Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas
A 20°F - B 59°F - C T2PF-D 102°F - E -F

Manganese (Ib/hr) NEG. NEG. NEG. NEG. NEG.
(TPY) NEG. NEG. NEG. NEG. NEG.
Nickel (ib/hr) NEG. NEG. NEG. NEG. NEG.
(TPY) NEG. NEG. NEG. NEG. NEG.
Cadmium (Ib/hr) NEG. NEG. NEG. NEG. NEG.
(TPY) NEG. NEG. NEG. NEG. NEG.
Chromium (Ib/hr) NEG. NEG. - NEG., NEG. NEG.
(TPY) NEG. NEG. NEG. NEG. NEG.
Copper (Ib/hr) NEG. NEG. NEG. NEG. NEG.
(TPY) NEG. NEG. NEG. NEG. NEG.
Vanadium (lb/hr) NEG. NEG. NEG. NEG. NEG.
(TPY) NEG. NEG. NEG. NEG. NEG.
Sclenium (lb/hr) NEG. NEG. NEG. NEG. NEG.
(TFY) NEG. NEG. ‘NEG. NEG. NEG.
POM (Ib/hr) 1.04x10° 9.56x10" 9.25x10* 8.59x10* 1.36x10"
(TPY) 4.56x10° 4.19x10° 4.05x10° 3.76x10° 2.51x10*
Formaldehyde (Ib/hr) 8.25x10 7.57x10% 7.33x10? 6.80x10° 1.08x10*
(TPY) 3.61x10" 3.31x10? 3.21x10! 2.98x10! 1.99x10
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; (1) [W16] 78830

: (,1) [Wle] 75690

: {,1) [Wis] 68350

: (,1) (W16] “NA

: {W6] (Glo+1)

: [W22] 'Heat Rate (Btu/kwh)

(L1Y DWIET 10690 . . . . L e e e e e e e e e e e e e e e e e e e e e From ABB
: (,1) [Wi6] 10870

: (,1) [W16) 10960

: (,1) (W16l 11270

: (,1) [Wie] “NA

: [WB]) (Gll+l)

: [W22] 'Heat Input (mmBtu/hr)

: (,1) [WI6] (BL1*BI2/1000000) . . . . . . . & . v &« o v e v e e e e e e e e e e Power * Heat Rate
: (,1) W16] (C11=C12/1000000)

: {,1) [W18] (D11*D12/1000000)

¢ (,1) [W16] (EL1*E12/1000000}

D (L1) IMIBY 122 . . . . o o e e e e e e e e e e e e e e e e e e e Maximum Proposed
: W6] (Gl2+1)

: [W22] "Natural Gas {1b/hr)

2 (1) [W16) (BI3/0.020B77) . . . . . . . . .. e e e e e e Heat Input -+ Heat Content
: (,1) [Wle) (C13/0.020877)

: (,1) [W1e] (D13/0.020877)

. {,1) [W16) (E13/0.020877)
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: (.1} [¥16] (F13/0.020877)
: [W6] (G13+1}
T o[(wezl ! (cf/hr)
: (,1) [W16] (B13/946%10%6) . . . . . . . . . . . - - . R I Heat Input + Heat Content

: (,1) [W16] (C13/946*10%6)

1 {,1) (W16} {D13/946*%10%6)

: (1) [W16] (E13/946*1076)

: (1) [W16] (F13/946*10%6)

: [W6]) (Gl4+1)

: [W6] (G15+1)

: [W22] AFuel:

: [We] (Gl6+1)

: {W22] ’Heat Content - (LHV)

(L,1) W16 "M20,877 Btuflb . . . L L e e e e e e e e e e e e e e e Fuel Specification
: (,1) [w16] “20,877 Btu/lb

: {,1) [W16] "20,877 Btu/ib

: (,1) [W16] "20,877 Btu/lb

+ (,1) [W16] "20,877 Btu/lb

: (W8] (G17+1)

: [W22) 'Sulfur

s {,1) (WG] ™1 gr/lO0cf . . L L . L L e e e e e e e e Maximum Sulfur Content in Natural Gas
:(,1) DWi6] “1 gr/100cf

: (,1) [Wie]l "1 gr/100cf

: (,1) [W18] "1 gr/100cf

. {,1) (W16} "1 gr/100cf

: [W6] (G18+1)

: [W6] (G19+1)

: [W22) ~CT Exhaust:

: {,1) [W16] "CT Only:

: {,1) [M1E] "CT Only:

: (,1) [W16] “CT Only:

: (,1} [W16] “CT Only:

: (,1) [W18] "CT & DB Exhaust:

: [We] (G20+1)

: [W22] 'Volume Flow (acfm) .

1 (,0) [W16) (B24*i545%(460+B25)/(B28*2116.8%60)) . . . . . . . . . . . . . .o 0. . See Note A
: (,0) [W16] (C24*1545*(460+C25)/(C26*2116.8%60))

: (,0) [W16] (D24*1545*(460+025)/(D28*2116.8%60))

: (,0) [W16] (E24*1545%(460+E25)/(E28*2116.8%60))

: (,0) [W16] (F24*1545%(460+F25)/(F28*2116.8*60))

: [We] (G2l+1)

¢ [W22)] 'Volume Flow (scfm)

: {,0) [W16) (B24*1545%(460+68)/(B28%2116.8%60)) . . . . . . . . o 4 e e e e e e e e e See Note A
¢ {,0) [W16) (C24%1545*(460+68)/(C28*2116.8%60))

© (.0) [W16] (D24*1545%(460+68)/(D28*2116.68%60))

: (,0) [W16] (E24*1545*(460+68)/(E28*2116.8%60))

: (,0) [W16] (F24*1545%(460+68)/(F2B*2116.8%60))

. [WB] (G22+1)

: [W22] 'Mass Flow {1b/hr)

1 (L,0) [WLI6] 2631000 . . . . . . o o . e e e e e e e e e e e e e e e e e e e e e e e e From ABB
: (,0) [W16] 2482000

: (,0) [W16] 2423000

: {,0) [Wl6]) 2275000

: {,0) [W16] 2285000

. W61 {G23+1)

: [W22] "Temperature (of)

S L0) IWIET 941 . . L L e e e e e e e e e e e e e e e e e e e From ABB
: (,0) [WiB] 958

: (,0) [W1B] 965

. {,0) [W16] 984

2 0,0) DNL6] 220 . . . L . . e e e e e e e e e e e e e e e e e e e e From Air Products
: [W6] (G24+1)

© [W22] ‘'Moisture (¥ Vol.)

D(F2) IMIBY B.1 . . L L L e e e e e e e e e e e e e e e e e e e From ABB
: (F2) [Wl1e] 6.7

. (F2) [W16] 7.1

AE26:

(F2) (Wi6] 9.3



~
[« ]

: (F2) [Wle) 9.2

: [We] (625+1)

: [W22] 'Oxygen (% Vol.)

: (F2) [W16] 14.4 . . . . . . . . ..
: (F2) [w16) 14.5

: {F2) [Wl6] 14.4

: (F2) [W16] 14.2

: (F2) ([Wl1e) 14

: [Wa] (G26+1)

: [W22] ’Molecular Weight

(F2)y [wie) 28 . . . . . . . .. ..
: (F2) [wis] 28

: (F2) [wle] 28

: (F2) [wie] 28

: (F2) [W1e] 28

: W61 (G27+1)

: [W6] (G28+1)

: W8] (G29+1)

: [wW22] *HRSG Stack:

: [We] (G30+1)

: [W22] ’Volume Flow {(acfm}

: (,0) [Wie] (B22*(B33+460)/(B25+460Q))
: (,0) [W16] (C22*({C33+460)/(C25+460))
:(,0) [Wi6) (D22*(D33+460)/(D25+460))
: (,0) W16] (F22*{F33+460)/(F25+460))
: [W6] (G31+1)

: [W22] ‘Temperature (oF)

c(,0) [W16) 250 . . . . . . . .. ..
: (,0) (Wis] 240

: (,0) [Wle] 230

: (,0) [Wile] 220

: W6l (G32+1)

: [W22] 'Diameter (ft)

: (FO) [wl6] 5.7 . . . . . . . . ..
: (FO) w16l 15.7

: (FO) [wle] 15.7

: {FO) w16} 15.7

: W] (G33+1)

: [W22] ’Velocity (ft/sec)

: (F2) [W16] (B32/60/(B34%2*3.14159/4)}
1 {F2) [Wie) (C32/60/(C3442%3.14159/4))
: (F2) [wie] (D32/60/(D34+2*3.14159/4))
: (F2) [W16] (F32/60/(F3442*3.14159/4})
: [W6} (G34+1)

1 [W6) (G35+1)

: (We2) \_

: [W16) \_

: [W16] \_

: M16) \”

: (W16) \_

: [W16] \_

: [W6] (G36+1)

: W6l (G37+1)

: [W22] 'Note: CT will fire natural gas only.
: [Wh] (G38+1)

1 [WE] {GA0+1)

91134C2/APPASA-1.CAL
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........................... From ABB & KEN

..................... Adjustment for Temperature

......................... From Air Products

......................... From Air Products

........................ Volume Flow + Area

: [W22) Duct burner will use 450,000 MM Btu/year; i.e., 4,500 hours at 100 MM Btu/hr.
: W] (G39+1)
o [wWe2] ! Duct burner will only be operated when ambient temperature is greater than 72¢F.
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: W22] 'Table A-2. Maximum Criteria Pollutant Emissions for Orlando CoGen Limited, L.P.
: [W6) 47

(wez] * Cogeneration Project

: [W6] (G47+1)
: [W221 \
: W16
+ [Wie} \
: [W16] \
: [W16] A
: [W16] \_
: [W6] (G48+1)

: [M6] (G49+1)

: [W22] “Pollutant

: [W16] "Gas Turbine
: [W16] “Gas Turbine
: [W16] “Gas Turbine
: [W16] ™Gas Turbine

[W16} "Duct Burner

: (W6l (G50+1)

: [W16] “"Natural Gas

: [W16] "Matural Gas

: [W16] "Natural Gas

: [W16] "Natural Gas

: [W16] “Natural Gas

: [WE] (651+1)

: W2zl *A

: [W16] "200F - B

: [W16] "5%cF - C

+ [W16]) “720F - D

: [W16] "102o0fF - E

: fW16] "90oF - F

: [W6]) (G52+1)

: W22) \_

: [(W16] \_

: W16] \_

: W16l \_

T (W6l \_

: [W16) \_

: (W6 (G53+1)

: [W6] (G54+1)

: [W22] ’Particulate:

: [W6] (G55+1)

: [W22] ' Basis

: (,1) [W16] "Manufacturer
: (,1) (W16] "Manufacturer
: (,1) {W16] “"Manufacturer
: {,1) [W16] "Manufacturer
+ (,1) [W16] "0.01 1b/MMBtu
: (We] (G56+1)

: [W22] * 1b/hr

: (F2)y [wWie] 11 . . . . . . ..
: (F2) [Wl6] 9

: (F2) w161 9

: (F2) [Wl6) 9

: (F2) [W16] ($F$13*0.01)
: [WE] (G57+1}

: [W22) " TPY

: (F2) [W16] (B5B*B760/2000) . .
: (F2) [W16) (Ch8%8760/2000)
: {F2) [W16] (D5B8*8760/2000)
: (F2) [W16] (E58*8760/2000)
: (F2) [Wl6] (F58%3688.5/2000) .
: [W6] (G58+1)

. [W6] (G59+1)

: [W22] 'Sulfur Dioxide:
: (W] (G6O+1)

: [W22] * Basis

................................. From ABB

............... Emissions * 8,760 hours/year + 2,000 1b/ton

Emissions * 3,688.5 hr/yr (4,500 hrs @ 100x10° + 122 x 10*) + 2,000 1b/ton



=

o
o

: (,1) DWi6] "1 gr/100 cf

: (,1) W16] "1 gr/100 cf

¢ (.1) [W16] "1 gr/100 cf

: (,1) [W1e] "1 gr/l00 cf

: (,1) [W16] "1 gr/100 cf

: [W6] (G61+1)

: W22l ' 1b/hr

: {FZ) [W16] (B15*1/7000%2/100)
: (FZ) [Wis] (C15*1/7000*%2/100)
: (F2) IW16] (D15*1/7000%2/100)
: (F2) [W16] (E15*1/7000%2/100)
: (F2) [W16] (F15*1/7000*2/100)
: [We] (G62+1)

: [W22] * TPY

: (F2) [W1e] (B&3*8760/2000)

: (F2) (Wl6] (C63*8760/2000)

: (F2) {W16) {D63*8760/2000)

. (F2) [Wi6] (E63*8760/2000)

: (F2) [W16] (F63*3688.5/2000)
: [W6] {G63+1)

: [W6] (Gb4+1)

: [W221 ‘Nitrogen Oxides:

: [M6] (G&5+1)

: [We2] * Basis

: (,1) [W16] "25 ppm*

: (1) (W16] “25 ppm*

: (,1) M16] “25 ppm*

: (,1) [M16] “25 ppm*

: (,1) [W16] "0.1 1b/MMBtu

: [Wb] (G66+1)

: W22l * ib/hr

: (,1) [W16) (B70/5.9*(20.9%(1-B26/100)-B27)*B22*2116.8*46%60/(1545*(460+B25)*1000000}) . . . . See Note B
: (,1) DIW16] (C70/5.9*(20.9*(1-C26/100)-C27)*C22*2116.8*46*60/{1545%(460+C25)*1000000))

: {,1) [W16] (D76/5.9*(20.9*(1-026/100)-D27)*D22*2116.8%*46*60/(1545*{460+D25)*1000000))

: {(,1) [W16] (E70/5.9*(20.9*(1-E26/100)-E27)*E22*2116.8*46*60/(1545*(460+E25)*1000000))

: (F2) [W16Y ($F$13*0.1) . . . . . . . . . . . . ... e e e e e e e e e
: [We] (G67+1)

: w2zl * TPY

: (F1) [W1e] (B68*8760/2000)

: (F1) [Wle] (C68*8760/2000)

: (F1) [W16] (D&8*BI60/2000)

: (F1) [Wle] (E68*8760/2000)

: {(F2) [W16) (Fb6B*3688.5/2000)
: [We] (G&8+1)

: [W22} * ppm

S 1 T 1 ) 1 - T From ABB
: (,1) [W16] 25

: {,1) [Wle] 25

: (,1) (Wi&] 25

: [W6] (G69+1)

: [W6] (G70+1)

: [W22) 'Carbon Monoxide:
: [WB] (G71+1)

: [W22] ' Basis

: (1) [W16] "10 ppm+

: (,1) (W16} "10 ppmt+

: (,1) [W16] "10 ppmt

: (,1) [W16] "10 ppm+

: (1) [W16] "0.2 1b/MMBtu
1 [W6] {G72+1)

: W22l * 1b/hr

: (1) [W16) (B76/5.9%(20.9*(1-8B26/100)-B27)*B22*2116.8%28*60/(1545%(460+B25)*1000000)) . . . . See Note C
: {,1) [W16) (C76/5.9%(20.9*(1-C26/100)-C27)*C22*2116.8*28*60/(1545%(460+L25)*1000000))

: (,1) (W16) (D76/5.9+(20.9%(1-D26/100)-D27)*D22*2116.8%28*60/(1545*(460+D25)*1000000))

: (,1) [W16] (E76/5.9%(20.9%(1-E26/100)-E27)*E22*2116.8%28%60/(1545*(460+4E25)*1000000))

1 (F2) [WI6] ($FS13%0.2) . . o & v v e e e e e e e e e e e e e e
: W] (G73+1}

91134C2/APPA/A-2.CAL
02/13/92

Fuel Used (CF/HR) * Sulfur Content * 2 1b S0,/1b S * 1/100 CF

Heat Input * Emission Factor

Heat Input * Emission Factor



&

1 [W22)] * TPY

1 (F2) [Wi6) (B74*8760/2000)

: (F2) [W16] (C74*8760/2000)

: {F2) [W16] (D74*8760/2000)

: (F2) [W16] {E74*8760/2000)

: (F2) [W16] (F74*3688.5/2000)
: [(W6) (G74+1)

: w2z} ' ppm

(1) [W16] 10

: (,1) [W16] 10

. (,1) [Wie] 10

: (,1) [M16] 10

: [W6] {(G75+]1)

: [W6] (G76+1)

: [wW22] 'voC's:

: [W6) (G77+1)

: [W22] ' Basis

¢ (,1) [Wi6] "3 ppm+

¢ {(,1) [W16] "3 ppm+

: (,1) W16} "3 ppmt+

: (,1) [M16]) "3 ppm+

: (,1) [W16] "0.03 1b/MMBtu

: (W8] (G78+1)

: W22 ' Yb/hr

: (F2) [W16] (B82*(1-B26/100)*B22*2116.8*12*60/(1545*(460+825)*1000000})
. (F2) [W16]) (C82*(1-C26/100)*C22*2116.8*12*60/(1545*(460+C25)*1000000))
: (F2) {Wi16] (D82*(1-D26/100)*D22*2116.8%12*60/(1545*(460+D25)*1000000))
: {F2) [W16) (EB2*(1-E26/100)*E22%2116.68*12*60/(1545*(460+E25)*1000000))
: (F2) [W16) ($F$13%0.03) . . . . . . . . . . < . ..
: {W6] (G79+1)

: [W22) ° TPY

. (,1) [W18] (B80*8760/2000)

: (,1) {Wle] (CBO*8760/2000)

: (,1) [W16] (DBO*8760/2000)

: (,1) [W16) (EB0*8760/2000)

: (F2) [W16) {FB0*3688.5/2000)
: [W6] (GBO+1)

: W22} ' ppm

: (1) [M16] 3

: (,1) [Wi6] 3

¢ (,1) [W16] 3

: (,1) W16l 3

: [W6] (G8l+l)

: [W6] (G82+1)

. {W22] 'Lead:

: [W6] (G83+1)

: [W22] *  OBasis

. [W6] (GB4+1}

: W22 * 1b/hr

1 (52) [W16] "NA

: (S2) [W16] "NA

: (52) [W16] "NA

: (S2) [W16] “NA

: (52) [Wis] "HA

: [W6] (GB5+1)

. [W22) ' TPY

: (S2) [W16] "NA

: (52) [W16] "NA

: {52) [W161 "NA

: (52) [W16] "NA

: (52) [W1&] "NA

: (W6l (GB6+1)

: W22l \_

: [W16] \_

: [W16] \_

: [WLI6] \_

: (W16 \_

91134C2/APPA/JA-2 . CAL
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A:FB6:
A:GBS:
A:G39:
A:A90:
A:G90:
A:A91:
A:G91:
A:A9Z:
A:G92:
A:A93:
A:G93:
A:A94:
A:G94:

91134C2/APPASA-2.CAL
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V16] \_

[We] (G87+1)

[W6] (GBS+1)

(W22] '* corrected to 15% 02 dry conditions

[W6] (GBI+])

(W22] '+ corrected to dry conditions

[W6] (G90+1)

W22] ’Note: Annual emission for CT when firning natural gas based on 8,760 hrs/yr. Annual emissions for
[We] (G91+1)

[wezy °* duct burner based on 450,000 MM Btu/year operation; i.e., 4,500 hours at 100 MM Btu/hr.
W61 {G92+1)
wzez] ' Quct burner will only be operated when ambient temperature is greater than 72of.

W6l (G93+1)
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: [W22] 'Table A-3. Maximum Other Regulated Poliutant Emissions for Orlando CoGen Limited, L.P.
: {W6] 96

: [w2z) Cogeneration Project
: [We] (G96+1)

: W22} \_

: [W16] \_

: [(W16) \_

: [W16) \_

¢ W16 \_

: [W16) \_

: [W6) (G97+1)

: [W6) (G98+1)

: [W22] ~Pollutant

: [W16] "Gas Turbine
: (W16] "Gas Turbine
: (W16] "Gas Turbine
: [W16] "Gas Turbine
: [W16] "Duct Burner
: [W6] (G93+1)

: [W16] "Matural Gas
: [W16] "Matural Gas
: [Wl6] "Natural Gas
: [W16] "Matural Gas
: [W16] "Natural Gas
: (W8] {G100+1)

: [W22] ~A

: [W16] “20oF - B

: [W16] "5%F - C

: [W16) “720F - D

: {(Wl6] "1020F - E

: [W16] "90oF - F

: [W6] (G101+1)

v [W22] \_

: (W6) \_

: [W16] \_

;W8] \_

: (W16) \_

: M16]) N\ _

: [W6) (G10Z+l)

. [W6] (G103+1)

: [W22] ' As {1b/hr)
: [W16] "MEG.

: {W16] "NEG.

: [Wi6] "NEG.

: [W16] "NEG.

: [W16] ™"MEG.

: [W6] (Gl04+1)

: W22] ! (TPY)
: [W16] "NEG.

: [W16] "NEG.

: [W16] “NEG.

: [W16] "NEG,

: [W16] “MEG.

: [W6] (G105+1)

: [(W6) (Gl06+1)

: (W22] ' Be (lb/hr)
: [W16] “NEG.

: [W16] "NEG.

: [W16] "NEG.

: [W1l6] “NEG.

: [W16] "NEG.

: [W6) (Gl07+1)

. [W22] ! (TPY)
1 [W16] "NEG,

: [W16] “NEG.

: [W16] "NEG.

: [W16] "NEG.



:C114:
:D114:

¢ [W16] “NEG.

: [W6] (6108+1)

: [W6] {G109+1)

: [W22] ° Hg (1b/hmM)

: [Wl6] “NMEG.

+ [W16] "NEG.

: [W16] "NEG.

: [W16] "NEG.

: [W16] "NEG,

: [W6] {G1iQ+1)

: 22) (TPY)

: [W16] "NEG.

: [W16] "NEG.

: [W16] “KEG.

: [W161 "NMEG.

: [W16] "NEG.

: [N6] (G111+1)

: [W6] (Gl12+41)

: W22l * F (1b/hr)

: {W16] "“NEG.

[W16] "NEG.

[W16] "NEG.

: [W16] "NEG.

: [W16] “NEG.

: W6) {G113+1)

: W22] ' (TPY)

: [W16] "NEG.

: [W16] "NEG.

: [W16] “NEG.

: [W16} "NEG.

. [W16] "NEG.

: [W6] (Glig+l)

: [W6] (G115+1)

: [W22] * H2504 {1b/hr)

v (S2) [W16] (B63*0.05%*3.06/2) . . . . . . . . . .. ..
: {52) [W16] (C63*0.05*3.06/2)
: (S2) W16 (D63*0.05*%3.06/2)
: {52) [W16] (E63*0.05*3.06/2)
1 ($2) [W16) (F63*0.05*3.06/2)
: [W6] (G116+1)

: W221 * (TPY)

1 (52) [W16) (B117*8760/2000)
: {S2) [W16) (C117*B8760/2000)
: (52) [W16] (D117*8760/2000)
: (52) [W16) (E117*8760/2000)
: {F2) [W16] (F117%3688.5/2000)
: W61 (Gl17+1)

: [W6] (G1ll8+1)

: [M22] \_

: [W16] \_

: W16) \_

: W16) \_

: [WL16] \_

: {W16] \_

: [W6] (Gl19+1)

: [W6] (Gl20+1)

: [W22] 'Sources: EPA, 1988; EPA, 1980
s [W6] (Gl2l+l)

91134C2/APPA/A-3.CAL
02/13/92

S0, Emission * 0.05 {%H,50, Formed) * MW .../MW.,
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: [W22] 'Table A-4. Maximum Non-Regulated Poliutant Emissions for Orlando CoGen Limited, L.P.

: [W6} 12%
: [W22) * Cogeneration Project
: [W6) (G125+1)

¢ w223 \_
: [W16) \_
: [W16] \_
: [W16) \_
: [W16] \_

: [W16] A

: [W6] (G6126+1)

: [W6] (Gl27+1)

: (W22l ~Pollutant

: [W16] "Gas Turbine
: [W16] "Gas Turbine
: {Wi6] "Gas Turbine
: [W16] "Gas Turbine

: [W16] "Duct Burner
: [W6] (6128+1)

: [W16] "Natural Gas
: [W16] "Natural Gas
: [W16] "Natural Gas
: [W16) "Matural Gas

: [W16) "Natural Gas
: [W6] (G129+1)

: [W22] *A

: [W16] "20cF - B
: [W16] "S90oF - C
: [W16] "720F - O
: [W16] “1020F - E
. [W16] "“90oF - F
: [Wel (G130+1)

o [W22] \_
: [W1B) \_
: [WIBY \_
1 [W16] \_
1 [W16) \_

: DWi6] 1\

: [W6] (GI31+1)

: [W6] (G132+1)

: {W22] ' Manganese (1b/hr)
: [W16] "HEG.

: [W16] "HEG.

: [W16] “NEG.

: [Wl6] ™NEG.

: W16} "“NEG.

: [W6) (G133+1)

. [wez) ! (TPY)
: [W16] "NEG.

: [W16] "NEG.

: [W16] "NEG.

: [W16] "NEG,

: [Wi16] "NEG,

. [WE] (G134+1)

: [(W6] {G135+1)

: W22l ' Nickel (1b/hr)
: [W16] "NEG.

: [W16] "NEG.

: [WL6] "NEG.

: [W16] "NEG.

: [W16] “NEG.

: [W6] (GL36+1)

. (W22) t (TPY)
: [W16] "NEG.

: [W16] "NEG.

. [W16] "NEG.

: [W16] "NEG.
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A:F138;
:G138;
:G139:
:Al40:
:8140:
:C140:
:D140:
:E140:
:F140:
:G140:
:Al4l:
:Bl141:
:C141:
:D141:
:E141:
:F141:
:G141:
:G142:
:Al43:
:B143:
:C143:
:D143:
:E143:
:F143:
:G143:
(Al4d:
:B144:
:C144:
:D144;
:E144:
:F144:
:6144:
sG145:
1Al46:
:B146:
:Cl46:
:D146:
:E146:
:F146:
:G146:
(Al47:
:B147:
:Cl147:
:D147:
:E147:
:F147:
16147
:G148:
1A149:
:B149:
:€149:
:D149:
:E149:
:F149:
:G149:
:A150:
:B150:
:C150:
:D150:
(E150:
:F150:
:G150:
:G151:
:Al152:
:81%82:
:C152:
:D152:

>Zh:bb:b3-2-bbbb?’)ﬁ>>>>>>b>>??>>>>>>>>>>>>b

b N L e e i i el

[W16] “NEG.

W61 (G137+1)
[W6] (G138+1)
W22] * Cadnium (1b/hr)
[W16] "NEG.

(W16] "NEG.

[W16] "NEG.

fW16] “NEG.

[W16] "NEG.

[W6] {G13g+1)
wz2] (TPY)
[W1s] "NEG.

[W16] *NEG.

{W16] "“NEG.

{W16] "NEG.

[W16} "NEG.

[W6] {G140+1)
[W6]l {6141+1)
wz2] * Chromium (1b/hr)
(Wi6] “NEG.

{W161 "NEG.

[W16] "NEG.

[Wi6] "NEG.

[W16] "NEG.

[wWe] (Gl42+1)
w2z] °* {TPY)
[(Wi6] "NEG.

(W16] "“NEG.

{W16] "“NEG.

[W16] "NEG.

[W16] "NEG.

[W6] (G143+1)
[WE] (Gl44+1)
(Ww22] * Copper (1b/hr)
{W16] "NEG.

[wl6] “NEG.

[W16] "NEG.

[W1e] "NEG.

W16] “NEG.

W6] (G145+1)
w22] ° (TPY)
[(W16] "NEG.

[W16] “NEG.

{W16] "“NEG.

[W16] "NEG.

(W16] "NEG.

(W6] (Gl46+1)
[W6] (G147+1)
w22l * Vanadium (ib/hr)
[W16] "NEG.

(W1e] "NEG.

[W16] "NEG.

{Wl6] "NEG.

{W16] "NEG.

[W6] (G148+1)
w223 ' (TPY)
[W16] "NEG.

[W16] *NEG.

[Wi16] *NEG.

W16] "NEG.

[W16] "NEG,

[We] (G149+1)
[W6] {G150+1)
wz22] * Selenium (1b/hr)
[wW16] "NEG.

(W16] "NEG.

[W16] “NEG.

91134C2/APPA/A-4.CAL
02713792



: [W16)] "NEG.

: [W16] "NEG.

: [W6] (G151+1)

: [wezl - (1Y)

: [W16] "NEG.

: (W16] “NEG.

: [W16] "“NEG.

: [W16] *NEG.

: [W16] "NEG.

: W63 (Gl52+1)

: (W8] (G153+1)

: [W22] * POM (1b/hr)

: (52) [W16] (B13*0.4B8%2.324/1000000) . . . . . . . + v « v v v e e e e
: (52) [W16] (C13*0.48%2.324/1000000)
: (S2) [W161 (D13*0.48%2.324/1000000)
: (52) [W16) (E13*0.48*2.32471000000)
1 {52) [W16) (F13%*0.48%2.324/1000000}
: [W6) (GL54+1)

: {W22] (TPY)

: {52) [W16] (B155*8760/2000)

1 (S2) [W163 (C155*8760/2000)

3 (52) [W16] (D155*8760/2000)

: (52) [W16] (E155*8760/2000)

: {52) [W16] (F155*3686.5/2000)

: [W6] {G155+1)

. [W6] {G156+1)

: [W22] * Formaldehyde (1b/hr)

: (52) [W16] (B13*38*2.324/71000000} . . . . . . . .+« . . ... o 4.
: (52) [W16] (C13*38%*2.324/1000000)
: (52) [W16] (D13%38%2.324/1000000)
: (S2) [W16) (E13%*38%2.324/1000000)
: (52) [W16) (F13%38+2.324/1000000)
: [W6] (G157+1)

: W22l - (TPY)

: {52) [Wl6] (B158*8760/2000)

: (S2) [W16] {C158*8760/2000)

: (52) [W16] (D158*8760/2000)

: (S2) [W16] (E1568*8760/2000)

: (S2) [W16] (F158%3688.5/2000)

: [(W6] (G158+1)

: [(W22] \_

: [W16] \_

1 [W16] \_

: [W16) \_

¢ [W16] \_

: [W16] \_

: [W6] (6159+1)

: [W6] (G160+1)

: [W6] (Gl61+1)

: [WB] 165

: [W6] (G165+1)

: [W6) {Gl66+1)

: [W6) (Gl67+1)

: {WB] (Gl68+1}

: W6l (G169+1)

: [W6] (G170+1)

: W6l {G171+1)

: [W6] (G172+41)

: (W] (G173+1)

: [W6] (G174+1)

: [W6] (G175+1)

. [W6] (G176+1)

: [W6] (G177+1)

: [W6] (G178+1)

: W8] (6179+1)

. [W6] (G1B0+1)

: [W6]) (GlBl+l1)

91134C2/APPA/A-4.CAL
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From EPA 1988, See Page 4-161

from EPA 1988, See Page 4-156



A:G183:
A:G184:
A:G185:
A:G186:
A:G187:
A:Gl88:
A:G189:
A:G190:
A:G191:

[w6)
[w6]
[W6]
{w6]
w61
[wé)
[wWe}
[W6)
[wE)

(G182+1)
(G183+1)
(G184+1)
(G185+1)
(G186+1)
(G187+1)
(G186+1)
(6189+1)
(G190+1)
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NOTE A

Volume is calculated based on ideal gas law:
PV = mRT/M
where: = pressure = 2116.8 1b/ft?
= mass flow of gas (lb/hr)
universal gas constant = 1545

= molecular weight of gas
= temperature (K)

HERE
Ll

NOTE B

NO, is calculated by correcting to 15% 0, dry conditions using ideal gas
law and moisture and 0, conditions.

Oxygen correction:
Viox (15%) = Vrox pry * 3.9

20.9 - %0, pry

Viox pry = Vmox (15x) (20.9 - %05 pyy) / 5.9

%05 pry = %0z pe / (1 - XH0) § 20, gop = %0z pry (1 - %HZ0)

2
i

Viox act = Viox ry (1 - %Hy0)
Substituting:
Viox act = Viox 151 (20.9 - %0z pgy) (1 - ¥H0) / 5.3
= Viox aasty 120.9 - (%0z 5y / (1 - %ZH0))] (1 - ZH,0) / 5.9

yox = PVMyox = Viox 15y [20.9 (1 - %H0) - %0z) * P * My, / (RT * 5.9)

RT

NOTE C
Same as D except only moisture correction is used:
Veo act = Voo pry (1 - %Hz0)

Mg = PVeo actMco / RT
= PVeo pry (1 - %ZHR0) Mg / RT
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ORLANDO COGEN LIMITED
EXAMPLE CALCULATIONS - 20°F CONDITIONS

ROWS listed below correspond to the ROW listed in Table.
Table A-1: (Note: all other data not calculated)
ROW 13--Heat Input (10° Btu/hr):

Power (kW) x Heat Rate (10° Btu/kWh)

§7,360.0 x 10,690.9/10% = 933.9 x 10° Btu/hr

ROW 14--Natural Gas (lb/hr):
Heat Input (10¢ Btu/hr) + Fuel Heat Content (Btu/Ib)
933.9 x 10% + 20,877 = 44,732.4 Ib/hr

Note: 20,877 is input as 0.020877 since heat input is in 10° Btu, i.e. 933.9

ROW 15--Natural Gas {(cf/hr):
Heat input (10° Btu/hr) + Heat content (Btu/cf)

933.9 x 10° + 946 = 987,186.5 cf/hr

ROW 21--Volume Flow (acfm) - See Note A:
V = mRT/PM
2,631,000 Ib/hr x 1,545 x (941 + 460°K) + (28 x 2,116.8 Ib/ft?) + 60(min/hr)

= 1,601,395 acfm
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ROW 22--Volume Flow (scfm) - See Note A:
Same as ROW 21 except adjusted for standard temperature of 68°F
2,631,000 Ib/hr x 1,545 x (941 + 68°K) + (28 x 2,116.8) + 60

= 603,523 scfm

ROW 32—Volume Flow from HRSG (acfm):
CT Exhaust adjusted for temperature
1,601,395 (acfm) x (250 +460°K) + (941 + 460°K)

= 811,556 acfm

ROW 35--Velocity (ft/sec):
Volume Flow (f’/min) + Area (ft®) =+ 60 sec/min
811,556 ft>/min + 60 + (15.72 + 4 x 3.14159)

= 69.90 ft/sec

Table A-2:

ROWS 59, 64, 69, 75, 81, 118, 156, and 159—(Except Duct Burner) :
Emissions in tons ﬁer year; example for particulate:
11 Ib/hr x 8,760 hr/yr + 2,000 Ib/ton

= 48.18 ton/yr

For Duct Burner the hours per year at full load was used to calculate annual emissions:
450,000 x 10° Btu/year + 122 x 10° Btu/hr

= 3,688.5 hr/yr
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Annual Emissions are therefore:
1.22 Ib PM/hr x 3,688.5 hr/yr + 2,000 Ib/ton

= 2.25 ton/year

ROW 63--SO, Emissions (Ib/hr):
987,186.5 cf/hr x 1 gr <+ 7,000 gr/lb x 2 1b SO,/Ib S + 100 cf

= 2.82 Ib/hr

ROW 68--NO, Emissions (Ib/hr) - See Note B:
25 ppm x [20.9 + 5.9 (1 - 6.1/100) - 14.4] x 2,116.8 Ib/ft2 x 1,601,395 ft¥/min
x 46 (molecular wgt NO,) x 60 min/hr + [1,545 x (941 + 460°K) x 10° (adjust for ppm)}

= 95.7 Ib/hr

ROW 74--CO Emissions (Ib/hr):
Same as NO, except ppm and molecular weight changed; confirmation calculation:
95.7 Ib/hr NO, x 10/25 x 28/46

= 23.3 Ib/hr

ROW 80--VOC Emissions (Ib/hr) - See Note C:
3 ppm x (1-6.1/100) x 1,601,395 acfm x 2,116.8 Ib/ft2 x 12 (molecular wgt. of carbon)
x 60 min/hr + (1,545 x (941 + 460) x 10°)

= 3.18 Ib/hr
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Table A-3:
ROW 117-H,50, Mist Emissions (Ib/hr):
Based on S percent SO, converted to acid mist
2.82 1b SO,/hr x 0.05 x 98 + 64 (or a ratio 3.06/2)

=2.16 x 107!

Table A4:
ROW 155--POM Emissions (Ib/hr):
EPA emission factor as noted in printout:
933.9 (MMBtu) x 0.48 pg/J x 2.324 1b/10'2 Btu/pg/] + 10° (to adjust to 10'2 Btu)

= [.04 x 10 Ib/hr

ROW 158--Formaldehyde Emissions (tb/hr):
EPA emission factor as noted in printout.

Same calculation as ROW 155,



REVISIONS TO TABLE 2-1 AND 3.3

REFLECTING MINOR CHANGES
(i.e., H,SO, AND ANNUAL EMISSIONS)
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Table 2-1. Stack, Operating, and Emission Data for the Proposed Cogeneration Facility

Maximum Emissions

CT/Duct Burner
Parameter CT Only* cre Duct Burner* Total
Stack Data (ft)
Height 115 115
Diameter 15.7 15.7
Operating Data
Temperature (°F) 250 220
Velocity (ft/sec) 69.9 58.14
Building Data {ft)
Height 76 7%
Length 60 60
Width 43 43
Maximum Hourly Emissions (1b/hr) :
S0, 2.82 2.59 0.37 2.96
PM/PM10 11.0 9.0 1.22 10.22
NO, 95,7 86.4 12.2 08.6
CO 233 21.0 12.2 33.2
vOC 3.18 298 3.7 6.7
Sulfuric Acid Mist 0.02 0.02 0.003 0.02
Annual Potential Emissions (TPY)
SO, 1235 11.34 0.68 12.02
PM/PM10 48,18 39.42 2.25 41.67
NO, 419.2 3784 225 400.9
CO 102.1 92.1 225 114.6
vOoC 139 13.0 6.75 19.75
Sulfuric Acid Mist 0.95 0.87 0.05 092

Note:  10° Btu/hr = million British thermal units per hour.

CO = carbon monoxide.
CT = combustion turbine.
°F = degrees Fahrenheit.
ft = feet.
ft/sec = feet per sccond.
HRSG = heat recovery steam generators.
lb/hr = pounds per hour.
Neg = negative.
NO, = nitrogen oxides.
0, = oxygen molecule.
PM = particulate matter.
PM10 = particulate matter less than or equal to 10 micrometers.

ppmvd = parts per million by volume dry.
$Q, = sulfur dioxide.
TPY = tons per year.
VOC = volatile organic compound,

Performance based on 20°F with NO, emissions at 25 ppmvd (corrected to 15 percent O,); 8,760 hr/yr
operation,

Performance based on 59°F with NO, emissions of 25 ppmvd (corrected to 15 percent O,), 8,760 hr/yr
operation; stack parameters based on 90°F ambient temperature.

Performance based on 122 x 10° Btu/hr heat input for HRSG; annual emissions based on 4,500 hours per
year operation at an average heat input of 100 x 10° Btu/hr.
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Table 3-3. Maximum Emissions Due To the Orlando CoGen Limited, L.P. Project Compared to the

PSD Significant Emission Rates

Emissions {TPY)

Potential
Emissions From Significant
Proposed Emission PSD
Pollutant Facility Rate Review

Sulfur Dioxide 12.02 40 No
Particulate Matter (TSP) 41.67 25 Yes
Particulate Matter (PM10) 41.67 15 Yes
Nitrogen Dioxide 400.9 40 Yes
Carbon Monoxide 1146 100 Yes
Volatile Organic Compounds 19.75 40 No
Lead NEG 0.6 No
Sulfuric Acid Mist 092 7 No
Total Fluorides NEG 3 No
Total Reduced Sulfur NEG 10 No
Reduced Sulfur Compounds NEG 10 No
Hydrogen Sulfide NEG 10 No
Asbestos NEG 0.007 No
Beryllium NEG 0.0004 No
Mercury NEG 0.1 No
Vinyl Chloride NEG 1 No
Benzene NEG 0 No
Radionuclides NEG 0 No
Inorganic Arsenic NEG 0 No

Note: NEG
TPY

Negligible.

Tons per year.



BACKUP CALCULATIONS FOR TABLES 4-5, 4-6, AND 4-7
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Table 4-5. Direct and Indirect Capital Cost for Selective Catalytic Reduction (SCR) (Page 1 of 2)

Estimated Basis for
Cost Component Cost ($) Cost Estimate

Direct Capital Costs

SCR Associated Equipment 607,500 Developed from manufacturer
budget quotations®

Ammonia Storage Tank 172,400 Developed from manufacturer
budget quotations®

HRSG Modification 303,000 Developed from manufacturer
budget quotations®

Indirect Capital Costs .

Installation 419,300 20% of SCR associated equipment
and catalyst®

Engineering, Erection Supervision,

Startup, and O&M Training 329,000 10% SCR equipment and catalyst
with contingency, ammonia storage
tank, HRSG costs, installation
labor.©

Project Support 180,900 5% SCR equipment and catalyst
with contingency, ammonia storage
tank, HRSG engineering costs, and
installation labor.f

Ammonia Emergency Prepardness

Program 19,200 Engineering estimate

Liability Insurance 18,100 0.5% SCR equipment and catalyst
with contingency, ammonia storage
tank, HRSG engineering costs and
installation labor.

Interest During Construction 575,000 15% of all direct and indirect
capital costs, including catalyst
cost®

Contingency 458,000 20% of all capital costs®

Total Capital Costs 3,096,700 Sum of all capital costs
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Table 4-5. Direct and Indirect Capital Cost for Selective Catalytic Reduction (SCR) (Page 2 of 2)

Basis for
Cost Estimate

Estimated
Cost Component Cost ($)
Annualized Capital Costs 373,700
Recurring_Capital Costs
SCR Catalyst (Materials
and Labor) 1,489,200
Contingency 297,800
Total Recurring Capital Costs 1,787,000
Annualized Recurring Capital
Costs 718,600

Capital recovery of 10% over 20
years, 11.74% per year'

Developed from manufacturer
budget quotations’

20% of recurring capital costs
Sum of recurring capital costs

Capital recovery of 10% over 3
years, 40.21% per year'

Note: HRSG = heat recovery steam generators.
SCR = selective catalytic reduction.
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Footnotes for Table 4-5 (Note that all calculations were rounded to nearest 100.)

a. Developed from various vendor data as an algorithim to account for mass flow (lb/hr)
through HRSG.

The SCR associated cost is made up of 2 factors:

1. Catalyst Housing, vaporizer, and HRSG wash system is $98.7 per 1,000
Ib/hr mass flow at ISO (59°F) conditions.

$98.7 x 2,482 10° Ib/hr = $245,000
2. Control system costs = $362,500
Total is $607,500
b. Ammonia tank size is based on SCR size as follows:
$69.4/1,000 Ib mass flow x 2,482 x 10° Ib/hr = $172,400
¢. HRSG modifications based on mass flow at $122.2 per 1,000 1b mass flow.
$122.2/10° Ib x 2,482 x 10° Ib/hr = $303,000
d. From EPA QAQPS cost control manual
(607,500 + $1,489,200) x 0.2 = $419,300
e. From EPA OAQPS cost control manual
($607,500 + $172,400 + $1,787,000 + $303,000 + $419,300) x 0.10
= $329,000
f.  Engineering estimate; same as engineering costs except use 0.005.
g. From OAQPS cost control manual and engineering estimate.
0.15 ($607,500 + $172,400 + $303,000 + $419,300 + $329,000 + $180,900
+ $19,200 + $18,100 + $1,787,000) = $575,000
h. From EPA OAQPS cost control manual and engineering estimate
0.20 ($607,500 + $172,400 + $303,000 + $419,300 + $329,000 + $180,900
+ $19,200 + $18,100 + $575,000) - (0.25 x 0.15 x $1,787,000)
= $458,000; note that the {0.2 x 0.15 x $1,787,000)

removes contingency for catalyst.
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OAQPS cost control manual; standard statistical tables for 10% interest over 20 years
$3,096,700 x 0.1174 = $363,700

Developed from manufacturer data at $0.6/1b mass flow:

$0.6 x 2,482,000 = $1,489,200

Same rationale as h:

0.2 x $1,489,200 = $1,787,000

Manufacturer guarantees of 3 years life or catalyst. Used OAQPS cost control manual
interest of 10 percent over 3 years (40.21 percent per year):

0.4021 x $1,787,000 = $718,600
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Table 4-6. Annualized Cost for Selective Catalytic Reduction (SCR) (Page 1 of 2)

Estimated Basis for
Cost Component Cost ($) Cost Estimate

Direct Annual Costs

Operating Personnel 20,800 16 hours/week @ $25/hour®

Ammonia 27,900 $300/ton; NH4:NO, = 1:1
volume®

Accident/Emergency Response Plan 8,100 Consultant estimate, 80 hours/year
@ $75Mour plus expenses @ 35%
labor®

Inventory Cost 58,300 Capital recovery (11.74%/year) for
1/3 of catalyst cost?

Catalyst Disposal Cost 68,900 Engineering estimate®

Contingency 43,700 . 20% of indirect costs'

Ener osts

Electrical 35,000 80 kWh/hr; $0.05/kWh8

Heat Rate Penalty 172,600 4" back pressure, heat rate
reduction of 0.5%, energy loss at
$0.05/kWh"

MW Loss Penalty 98,700 84 MW lost for 3 days; lost
capacity @ $0.05/kW; cost of
natural gas @ $3/MMBtu
subtracted’

Fuel Escalation Costs 94,400 Real cost increase of fuel J

Contingency 60,400 20% of energy costs; excludes fuel

Total Direct Annual Costs

688,800

escalation®

Sum of all direct annual costs
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Table 4-6. Annualized Cost for Selective Catalytic Reduction (SCR) (Page 2 of 2)

Estimated Basis for
Cost Component Cost ($) Cost Estimate

Indirect Annual

Overhead 34,200 60% of ammonia and 115% of
Q&M labor, and 15% of O&M
labor (QAQPS Cost Control
Manual)'

Property Taxes and Insurance 97,700 2% of total capital costs™

Annualized Capital Costs 373,700 Capital recovery of 10% over 20
years, 11.74% per year (from
Table 4-5)

Recurring Capital Costs 718,600 Capital recovery of 10% over 3
years, 40.21% per year (from
Table 4-5)

Total Indirect Annual Costs 1,214,200 Sum of all indirect annual costs

Total Annual Costs 1,903,000 Total annualized cost”

Note: All calculations rounded off to the nearest $100.

kW = kilowatt.
kWh = kilowatt-hour.
kWh/hr = kilowatt-hour per hour.
MM/Btu =
NH,; = ammonia.
NO, = nitrogen oxides.
O&M =

million British thermal units.

operation and maintenance.
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Footnotes for Table 4-6 (note that all calculations were rounded off to nearest 100)
a. Engineering Estimate:
16 hours/week x 52 weeks/year x $25/hour = $20,800
b. Delivered cost of ammonia at $300/ton
400.9 TPY NO, x 0.65 (~ 16 ppm removed/25 ppm) x $300 x 17/46
(molecular weight of ammonia to NO,)
= 27,900
¢. 80 hours/yr x $75 x 1.35 = $8,100
d. Required to purchase and store 1/3 of a catalyst for replacement or required.
$1,489,200 x 0.1174 (20 years @ 10 percent) +~ 3 = $58,300
e. Estimated as $27.77/1,000 Ib mass flow; based on catalyst volume.
$27.77 x 2,482 (1,000 1b mass flow) = $68,900
f. OAQPS cost control manual background documents
0.2 x (320,800 + $27,900 + $8,100 + $58,300 + $68,900) = $43,700
g. 80 kWh/hr from SCR manufacturer; $0.05/kWh is cost of estimated energy:
80 kWh/hr x $8,760 hr/yr x $0.08/kWh = $35,000

h. 4" back pressure from SCR manufacturer; 0.8 percent energy loses from general CT
performance curver; 78.83 MW power rating at 150 (53°F) conditions.

78.83 MW x 0.005 x 8,760 hrs/yr x 1,000 kW/mw x $0.05/kWh = $172,600

i. 3 days required to change catalyst or maintenance; saving in gas usage subtracted
84 MW x 3 days x 24 hours x $0.05/kWh x 1,000 mwh - (856.9 x 10° Bwu/hr
x 3 days x 24 hours x $3/10° Btu) = $98,700

j.  Escalation of fuel costs over inflation; 3 percent over 20 years; factor calculated as
0.454565; applies to electrical and heat rate costs only:

0.454565 x ($35,000 + $172,600) = $94,400
k. OAQPS cost control manual background documents
0.2 x ($35,000 + $172,600 x $98,700) = $60,400

I.  0.6($27,900 + 1.15 x $20,800) + 0.15 x $20,800 = $34,200
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From OAQPS cost control manual
0.02 x ($3,096,700 + $2,787,000)
Total direct annual costs plus total indirect annual costs:

$688,800 + $1,214,200 = $1,903,000
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Table 47. Maximum Potential Emission Differentials TPY With and Without Selective Catalytic

Reduction
Project With SCR Project Without SCR
Pollutants Primary Secondary* Total CT/DB Difference®
Particulate 24 ¢ 2.06 26 0 26
Sulfur Dioxide 0 22.64 23 0 23
Nitrogen Oxides 141 © 11.32 152 401 {249)
Carbon Monoxide 0 0.68 1 0 1
Volatile Organic ] 0.10 0 0 0
Compounds
Ammonia 64 © 0.00 64 0 64
Total 229 36.81 206 401 (135)
Carbon Dioxide" - 3,535 3,535 - 3,535

Note:  Btu/kWh = British thermal units per kilowatt-hour.

L] (=% n (-3

CT = combustion turbine.
DB = duct burner.
MW = megawalt.
% = percent.
SCR = selective catalytic reduction.
TPY = tons per year,

Lost energy of 0.47 MW from heat rate penalty and electrical for 8,760 hours per year operation
(0.5% of 78.83 MW plus 0.080 MW). Assumes Florida Power Corp. baseloaded oil-fired unit would
replace lost energy. EPA emission factors used for 1% sulfur fuel oil and an assumed heat rate of
10,000 Btu/kWh. Emission factors use were (Ib/10° BTU): PM = 0.1; SO, = L1; NO, = 0.55, CO
= 0.033 and VOC = 0.005. Example calculation for PM - 0.47 MW x 10,000 BTU /kwh x

1,000 kw/MW x 8,760 hr/yr x 0.1 Ib pm/10° BTU + 2,000 Ib/ton = 2,06 TPY.

Difference = Total with SCR minus project without SCR.

Assume sulfur reacts with ammonia; 11.65 TPY SO, x 132 (MW of ammonia salt) « 64 (MW of S0,).
9 ppm NO, emissions.

10 ppm ammonia slip (ideal gas law at actual flow rate from stack): 726,343 acfm x 60 m/hr x

10 ppm/10° x 2,116.8 Ib/f® + 1,545 x 17 (molecular weight of NH;) + (460 +230) x 8,760 + 2,000.
Reflects differential emissions due to lost energy efficiency with SCR (i.e., 0.47 MW CO, calculated
based on 85.7% carbon in fuel oil and 18,300 BTU/Ib).
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DRY LOW NOx EMISSIONS

ABB's second generation "EV" Burners, proposed to Air Products for the Orlando
Cogeneration Project, when operated on natural gas, require no introduction of steam or
water to maintain low NOx emissions.

ABB guarantees to achieve a Dry Low NOx emission level for the unit proposed,
equipped with the "EV" burner, of 25ppmvd, (15% O, corrected) when operating at base
load on the natural gas fuel specified.

EXPERIENCE

ABB pioneered development of Dry Low NOx combustor technology in 1984. Qur first
generation "lean pre-mix" burner achieved 36ppmvd (15% corrected) on a model 13B gas
turbine located in Germany.

Since that time ABB has placed in operation or has on order, nine (9} first generation
"lean pre-mix burners" and twelve (12) second generation "EV burners” (as proposed for
the GT 11N's for Air Products). The total accumulated operating hours ABB has now
exceeds over 80,000 hours. :

The following is a list of installations, type of burner, { first or second generation)
accumulated operating hours, and measured or anticipated NOx levels.




INSTALLATION

Lauswaard
Lauswaard
Korneburg
Lage Weide 5
Hemweg 7
Pegus 12
Almere
Purmerend
Galileistraat 1
Lunds Energiverk
Pegus

MCV1

Anyang
Anyang
Anyang
Anyang
Anyang
Bandang
Bandang
Bandang
Bandang

(1}

¥R

B84
87
87
87
88
89
89
88
g9
90
s¢
91
91
91
S1
91
91
91
81
9l
9l

annular combustor

Gas Turbine and Combined Cycle Power Plants

DRY LOW NO, REFERENCE LIST

LOCATION

Germany
Germany
Austria
Netherlands
Netherlands
Netherlands
Netherlands
Netherlands
Netherlands
Sweden
Netherlands
Midland
Korea

Korea

Korea

Korea

Korea

Korea

Korea

Korea

Korea

MODEL  TYPE BURNER _ NOx level
13B 1st 36
138 ist 36
13D ist 47
11D5 1st 38
13E 1st 38
13E ist 38

8 1sgtt 65
8 1st 69
8 1st ¥ 63
10 2nd 25
9 2nd 25
11N 2nd 25
11N 2nd 25
11N 2nd 25
11N 2nd 25
11N 2nd 25
11N 2nd 25
11N 2nd 25
11N 2nd 25
11N 2nd 25
11N 2nd 25

ABB
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CONCLUSION

ABB is the most experienced gas turbine generator set manufacturer in the world for
providing Dry Low NOx combustor technology. We have accumulated over 80,000 hours
of operating experience and have obtained the know-how for the requirements needed
to apply this technology. We have installed or on order, 21 units representing
approximately 1600 MW of installed worldwide capacity using Dry Low NOx combustor
technology, and we remain the market leader in this field. The second generation Dry
type "EV" burners proposed to Air Products will provide a low NOx level over operating
ranges, the simplest design, the most probable least amount of future maintenance, and
is backed by a company that has the most experience in this technology.

For more information and technical details, please refer to Part ill, Section 1.1.2.
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GT11N WITH DRY LOW NO, EV BURNER

The following photograph shows a GT11N in operation with a second generation dry low
NO, EV burner. This unit is located at the MCV1 (Midland Cogeneration Venture} in

Midland, Michigan. The unitis presently completing tests, which will be completed in the
coming weeks.

Major achievements were made at Midland which include:
- Successful ignition and light-off
- Successful achievement of Dry Low NO, of iess than 25 ppmvd at full load
- Demonstrated achievement of part load low NO, levels
- Demonstrated reliability |

- Completion of work to schedule

ABB will be releasing additional information regarding this unit as it becomes available
in the coming weeks.
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Less means more:

25 ppm max. - the magic
number possible with the dry
low-NOy combustor (p.3)
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25 ppm max. - the magic
number possible with the dry low-
NOx combustor

The production of nitrogen oxides that accompanies fossil fuel combustion is one of the
key problems the power generation industry will have to resolve if poliutant emissions are
to be reduced. Research into new combustor technologies is currently the most impor-
tant activity in the gas turbine sector that is addressing this problem.

The gpproach adepted by the
business area PGT (Power Gene-
ration Gas Turbines) at the time
new combustor concepts were
being considered was both logi-
cal and simple: as the nitrogen
oxides are produced during the
combusticn process, it wasinthe
combustor that technicalimpro-
vements would have to be intro-
duced to reduce them.

Although a simple deduction. ifs
reclization invelves a  highly
complex technology with limits
imposed by physicaland chemi-
caf conditions.

Stoichiometry as
an interference
factor

With conventional gas furbine
burners, the fuel is injected di-  The blue flame shows that less NOx is being produced at the lower
rectly into the flame. The fuel air  flame temperature.

ADDR 3
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mixture exhibits a concentration
gradient within which the very
hot stoichiometric mixture is pro-
duced. As the formation of nitro-
gen oxides depends on a high
temperature and a certain resi-
dence time, conventional bur-
ners (i.e. the diffusion type) pro-
duce large amounts of nitrogen
oxide as a matter of course.,

In contrast to the oil firing used to
heat private households, gas fur-
bines bring far larger quantities of
airinto contact with the fuel than
would berequired for the theore-
tically necessary stoichiometric
mixture. Combustion begins at
the high stoichiometric flame
femperature of 2000 °C or abo-
ve, and ends at a far lower turbi-
ne inlet temperature. However,
due to the high flame termpera-
ture in the combustor’s primary
zone NOx formation is generally
too high. It is therefore necessary
o drastically reduce the flame
temperature from the beginning.

A paradox shows
the way: cold
flames

There have been many approa-
ches to solving this difemma.
Howewver, all of them were direc-
ted at reducing the formation of
nitrogen oxides by lowering the
flame temperature.

Fire and water: diffusion flames
with wet confrof

By injecting water or steam di-
rectly into the flame, it is possible
1o lower the temperature and
consequently reduce nitrogen
oxide emissions to values of 25to

4

150 ppm. This method is used
widely throughout the world, and
has the desirable byproduct of
generating more power, This is
possible asalargervolume of gas
is forced through the turbine than
in conventional combustion
without water injection,

Aless desirable "byproduct”isthe
drop in efficiency in plants with a
heat recovery facility with steam
turbine (combined cycle power
piants) that results from the poor-
er utilization of injected steam in
the gas turbine.

The "dry” approach

Improved efficiency and a fur-
ther reduction in nitrogen oxide
emissions, particularly for the
combined cycle power plant -
the current No. 1 on the list of
clean plants - was and stilt is the
driving force behind the deve-
lopment of dry iow-NOx burner
concepts,

This type of burner has special
benefits for plants operated non-
stop. Since ftheir first-time costs
make up only approximately 6 %
of the total running costs over
their lifetime, it pays fo invest
more in improving their efficien-
cy. In a combined cycle plant,
efficiencies 1 to 2 % higher than
with wet control are possible with
this method.

PGT developed three concepts
dlong these lines:

e The first-generation lean pre-
mMix burner

¢ The ring combustor

» The second-generation lean
premix burner

The third-named concept was
based on preliminary work car-

an Ll L

ried out at the ABB Research
Centre in Dattwil and subse-
guent joint development for its
application in ABB gas turbines.

Lean Prernix Burner

This concept is based on the
simple principle of premixing air
and fuel, with the maximum
amount of excess qir, before
combustion. The amount of air
used is about twice the theoreti-
cal amount required for combu-
stion, thus giving the method its
name ‘'lean premix’. From the
outset, the flame temperature is
at least 500 °C lower thaon in the
earlier method. The hot yellow
flame is replaced by a blue fla-
me which is much colder and
produces less NOx.

ABB premiére

Such burners were first deployed
in 1984 on a Type 13 gas furbine.,
The father of this iow-NCx deve-
lopment, the engineer Hans
Koch, replaced the turbine’s dif-
fusion burner by a bundle oflean
premix burners.

Cne difficulty he had to overco-
me was caused by the premixed
flames exhibiting @ much smaller
range of stability than the con-
ventional diffusion flames. where
the stabilizing element was sim-
ply the boundary between the
air and fuel. Small, central diffu-
sion flames were added to try
and achieve befter stabilization,
but these caused the pollutant
emissions to increase again.

Asecond difficulty 1o be overco-
me involved the machine’s con-
trol with these low-pollutant air
fuel mixtures. The amount of fuel
needed to control the machine
varies widely with the load (in the
ratic of 1:4). Alean premixburner

0)
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~ Less means more:
25 ppm max. - the magic
number possible with the dry low-
NOx combustor

The production of nitrogen oxides that accompanies fossil fuel combustion is one of the
key problems the power generation industry willhave toresclve if pollutant emissions are
to be reduced. Research into new combustor technologies is currently the most impor-
tant activity in the gas turbine sector that is addressing this problem.

The approach adopted by the
business areq PGT (Power Gene-
ration Gas Turbines) at the time
.- nhew combustor concepts were
".\ ) being considered was both logi-
cal and simple: as the nitrogen
oxides are produced during the
combustion process, it wasin the
combustor that technicalimpro-
vements would have to be intro-
duced to reduce them.

Although a simple deduction, its
realization involves a  highly
complex technology with limits
imposed by physical and chemi-
cal conditions.

Stoichiometry as
an interference
factor

Wwith conventional gas turbine
burers, the fuel is injected di-  The blue flame shows that less NOx is being produced at the lower
rectly into the flame. The fuelair  flame temperature.
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mixture exhibits a concentration
gradient within which the very
hot stoichiometric mixture is pro-
duced. As the formation of nitro-
gen oxides depends on a high
temperature and a certain resi-
dence time, conventional bur-
ners (i.e. the diffusion type) pro-
duce large amounts of nitrogen
oxide as a matter of course,

In contrast to the oil fiing used to
heat private households, gas tur-
hines bring farlarger quantities of
airinto contact with the fuel than
would berequired forthe theore-
tically necessary stoichiomedtric
mixture. Combustion begins at
the high stoichiometric flame
temperature of 2000 °C or abo-
ve, and ends at a far lower turbi-
ne inlet temperature. However,
due fo the high fiame tempera-
ture in the combustor’s primary
zone NOx formation is generally
too high. It is therefore necessary
to drastically reduce the flame
temperature from the beginning.

A paradox shows
the way: cold
flames

There have been many approa-
ches to solving this dilemma.
However, all of them were direc-
ted at reducing the formation of
nitrogen oxides by lowering the
flame temperature.

Fire and water: diffusion flames
with wet controf

By injecting water or steam di-
rectly into the flame, it is possible
fo lower the temperature ond
conseqgquently reduce nifrogen
oxide emissions to values of 25 to

4

150 ppm. This method is used
widely throughout the world, and
has the desirable byproduct of
generating more power, This is
possible as alarger volume of gas
is forced through the turbine than
in  conventional combustion
without water injection.

Aless desirable "byproduct”isthe
drop in efficiency in ptants with a
hedt recovery facility with steam
turbine (combined cycle power
plants) that results from the poor-
er utilization of injected steam in
the gas turbine.

The “dry” approach

Improved efficiency and a fur-
ther reduction in nitrogen oxide
emissions, particularly for the
combined cycle power plant -
the current No. 1 on the list of
clean plants - was and still is the
driving force behind the deve-
lopment of dry low-NOx burner
concepts.

This type of burner has special
benefits for plants operated non-
stop. Since their first-time costs
make up only approximately 6 %
of the total running costs over
their lifetime, it pays to invest
more in improving their efficien-
cy. In a combined cycle plant,
efficiencies 1 10 2 % higher than
with wet control are possible with
this method.

PGT developed three concepts
along these lines:

« The first-generation lean pre-
mix burner

¢ The ring combustor

» The second-generation lean
premix burmner

The third-named concept was
based on preliminary work car-

ried out at the ABB Research
Centre in Datwil and subse-
quent joint development for its
application in ABB gas turbines.

Lean Premix Burner

This concept is based on the
simple principle of premixing air
and fuel, with the maximum
amount of excess air, before
combustion, The amount of air
used is about twice the theocreti-
calamount required for combu-
stion, thus giving the method its
name ‘lean premix’. From the
outsef, the flame temperature is
at least 500 °C lower than in the
earlier method. The hot yellow
flame is replaced by a blue fia-
me which is much colder and
produces less NOx.

ABB premiére

Such burners were first deployed
in 1984 on a Type 13 gas turbine.,
The father of this low-NOx deve-
lopment, the engineer Hans
Koch, replaced the turbine’s dif-
fusion burner by a bundle of lean
premix burners,

One difficulty he had to overco-
me was caused by the premixed
flames exhibiting a much smaller
range of stability than the con-
ventional diffusion flames, where
the stabilizing element was sim-
ply the boundary between the
air and fuel. Small, central diffu-
sion flames were added to try
and achieve better stabilization,
but these caused the pollutant
emissions to increase again,

A second difficulty fo be overco-
me involved the machine's con-
trol with these low-poliutant air
fuel mixtures. The amount of fuel
needed tc control the machine
varies widely with the load (inthe
ratio of 1:4). Alean premix burner



NI A 2

Dry Low NOx

would be extinguished by such
fuel throttling.

The problem was resolved by
supplying fuel to groups of bur-
ners at atimeinstead of all toge-
ther, and in a particular, rather
ingenious order.

The result of this initial develop-
ment work was a reduction in
NOx values to 38 ppm. Anumber
of ABB gas turbines are currently
operating with such combusfors,
two of the largest being rated
150 MW,

Complex flames
As the laws of similarity are far more complicated in combustion engineering than in mechanical or

fluids engineering, model experiments do not say enough about how the final product will behave in
operation. Burners and even complete burner groups used for experiments must therefore be full size.

The ring combustor

In the second concept anumber
of small burners are arrangedin a
circle. This arrangement resulted
in a drastic reduction in the size of
the combustor. The first such
combustor wasinstalled ina GT 8
in 1987 and Is still operating today.

In the ring comibustor natural gas
is injected through very small
nozzles. Althcugh the flames are
of the diffusion type, their small
size enables the NOx emission to
be reduced to 70 ppm. However,
as it became clear that this me-
thod would not lead to a reduc-

tion in NOx values to 25 ppm
max.. efforts were redirected to
the development of a second-
generation lean premix burner.

Second-generation lean premix
burner

The development goals were set
clearly in 1987. pollutants were
to be reduced to 25 ppm during
gas combustion, withthe added
possibility of oil combustion with
injected water.

The second generction has
some genuinely new features:
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1. The torsion body which is cha-
racteristic of blades with aero-
dynamic profiles is replaced
by a cone with tangential air
inlets.

2. The premix flames are no lon-
ger stabilized by central diffu-
sion flames, but by adjacent
burners of the same type.
however operated in another
premix mode.

The principle, highly simplified, is
that some of the burners are kept
constantly hot as a kind of pilot
systemn, while the fuel to the other
bumers - the main system - is
conijrolied over a wide range.

Annular combustor

Detail of a ring combustor. The burner matrix can be seen on the left.

6

The swirling flames, which are at
different temperatures, mix tho-
roughly and uniformiy. The result
is a low-NOx. dynamically stabili-
zed flame.

Thisidea. which was derived from
basic studles carried out by Dr.
JJ. Keller at the ABB Resedarch
Centre in Dattwil, enables the
goai of 25 ppmmax. to be achie-
ved.

When used in a combined cycle
power plant, it aiso dllows effi-
ciencytobeimprovedby 1t02%
compared with the wet control
method.

-Lean:Premix-1st Generation -

Lean Premix 2nd Generation
25ppm max.
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The cleanest power plant in the world - AES Placerita, California.

) The strictest regulations concerning the emission of pollutants are applied in the USA and Japan. In the
USA, it is California which leads the field. AES Placerita is currently the world’s cleanest power plant,
with poliutant values below 10 ppm. Special soundproofing equipment has been installed which also
reduces noise during normal operation to less than 39 dBA at a distance of 244 m (the proximity of the
plant’s nearest neightour).



ABB Power Plants
gathering
honours

Since the end of October two
power plants built by ABB have
been singled out fo receive a
prestigious award from the Ame-
rican trade journal "Power”.

Hot on the heels of the 1982 Inter-
national Energy Conservation
Award, which went to Hemweg 7
combined cycle plant in the
Netherlands as one of three
power facilities to make a-name
for itself in energy conservation,
comes an Environmental Protec-
tion Award.

The new award is for the Romer-
bracke district heating plant in
West Germany, and goes to the
utility Stadbtwerke Saarbrlcken
AG, VKW Dusseldorf, who delive-
red the circofluid FBC, and ABB
Mannheim, who acted as gene-
ral contractor for the turnkey
plant.

The jury cited extremely low emis-
sions, high cost-efficiency, in part
due to the fact that coal high in
inerts can also be burnt, and
harmony with the urban surroun-
dings as reascns for the award.

Gerhard Hebel aond Dr. Hans
Hubert Lienhard, who accepted
the awards on behalf of ABB,
emphasized in their congratula-
tions to the utiiities that such re-
ductions in pollutant emissions
are always joint efforts, requiring
close cooperation between the
utilities and the power plant buil-
der. Utilities must show a willing-
ness to embrace new ideas, to
make major fincncial commit-
menis, and. not least, tounderta-
ke joint development projects.
Finally they pointed out that joint
effort would enable modemn
power plant technologies to be

Romerbricke

developed for the world market,
and that these technologies
woulld also be available to third-
world countries.
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Stadtwerke Saarbriicken’s Romerbriicke district hedting power

plant was supplied turnkey by ABB
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February 14, 1992

Mr. Jack Kindt
Environmental/Energy Division
Air Products and Chemicals, Inec.
7201 Hamilton Blvd.

Allentown, PA 18195-1501

Subject: ABB GTI11N, EV Combustor =~ cc. Chris Allevik

Dear Mr, Kindt,

ABB has proven in Midland, Mi that their GT1IN-EV can reach NOx emission values of
less than 25 ppmvd (15%:02) when firing natural gas, As you can see from the attached
press release, the GT11IN has actually run as low as 9 ppm, even though the continuous
operating level as of now is 13 ppmvd (15%02) with CO levels below 8 ppm. Please be
aware that these values are below the actual air permit requirement for Midland and that
they are based on long-term testmg on-site. More than 1500 operating hours have been
accumulated at Midland,

Included is also a graph which shows NOx méasurements by ABB as well as a thlrd-party
company (CONSUMERS POWER) at a certain point within the test period. The burner air
to fuel ratio ¢an be adjusted to show different NOx levels, Here they show values of less
than 25 ppmvd (15%02) over a load range from 60% to 100%

I have also attached a copy of the ASME paper 90-GT-308 which shows burner tests under
full-engine conditions. The paper summarizes the effect of pressure, temperature and air to
fuel ratio on NOx formation for the ABB EV burner. NOx values of less than 25 ppmvd
(15%02) were measured at full load,

If you have any questions, please don't hesitate to call me at 908-932-6368.

Very truly yours,

Performance Engmeer
Gas Turbine Engineering

ABB Power Generation Inc.

Gas Turpine Power Division 1460 Livingston Avenue Telephonc: 508-932-6000
North Rrunswick, New Jersey 08502 Telefax: 908-932-6194
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“NEWS RELEASE

CONTACT: Andrew J. Lazarus
A. J. Lazarus Associates, Inc.
1500 Broadway, Suite 1708
. New York, NY 10036
-FOR T DIATE LEASE (212) 768-=24930

ABB ANNOUNCES COMMERCIAT.JZATION

OF DRY LOW NOYX COMBUSTOR;

MICHIGAN UNIT ACHIEVES 9 PPM LEVEL UNDER FULL LOAD

North Brunswick, New Jersey, December 3, 1991 -- ABB (Asea Brown
Boveri) announces commercial operation of its advanced Dry Low NOy
Combustor at the Midland Cogeneration Ven?ure (McV) facility in
Michigan. According to ABB’s Gas Turbine Power Division, after
more than 1000 hours of operation, the EV-bﬁrner has achieved
emission levels well below the permit requirements. These results,
announced by ABB after systematic‘on—site tests, have demonstrated
the ability to provide 9 ppm Dry Noxrperformance and CO levels
below 8 ppm under full locad.

"our experience with advanced lean pre-mix burner technology,
which began in 1984, 1is sgubstantiated by more than 120,000
accumulated hours of operational experience. We have installed or
have on order 23 units representing approximately 2000 MW of world-
wide capacity. This gives us a leading position in Dry Low NOy
combustion technology and reinforces our commitment to a clean
environment in the future®, said Harvey Padewer, President of ABB's

Gas Turbine Power Division.

(more)
ABB Power Generation Inc.

1460 Livingsten Avenue Telgphaone: 908-932.6000 Terefax: 908-832-6121
Nora Brynswick, New Jersey 08302 908-932-€1€2
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A significant departure from more conventional premix burners
the Dry Low NO, EV-burners consist of two half-cones shifted t
form two inlet slots. The resulting vortex flow developed insid
the cone mixes the gaseous fuel with the air entering from thi
slots in the side of the burner. This lean mixture then leaves the
cone creating a vortex breakdown which forms a stable flame zone.
No diffusion or pilot stage is needed, therefore, the flame i:
stable and there is no risk of flashback. The simplicity of thi:
design accounts for the EV-burner’s exceptional reliability.

The burner system can be switched on or fo in a matter of
seconds to accommodate load changes. Unlike other designs, the
temperature distribution is uniform throughout, guaranteeing the
combustor thermal efficiency.
| A patent for ABB’s Dry Low NO, system was granted in the
United States in 1985,

ABB believes the EV-burner has the near term potential t«
achieve even lower emission levels without recourse to selective
catalytic reduction (SCR). \

The MCV began commercial operation in March 1990. With 12 ABE
gas turbines, the plant has a capacity of 1370 MW, and up to 1.3f
million pounds per hour of process steam for industrial use.
Principél customers are the Dow Chemical Company for steam anc

electricity and Consumers Power for electricity.

{more)
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ABB’s Gas Turbine Power Division is part of ABB Power
Generation Inc. and supplies a complete range of gas turbines for
peaking, baseload and combined cycle operations from its North
Brunswick, New Jersey headquarters. ABB Power Generation Inec.
offers equipment and services for steam and gas turbine generators,
combined c¢ycle and hydro=-electric power plants. ABB, with
approximately $6 billion sales and some 30,000 employees in the
United States, provides products and services for pover,
automation, environmental control, transit and other markets.
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Second Generation Low-Emission Combustors for ABB
Gas Turbines: Burner Development and Tests at
Atmospheric Pressure

TH. SATTELMAYER, M, P. FELCHLIN, J. HAUMANN, J. HELLAT, B. STYNER
ABB Corporate Research Center, Aerodynamics Department
CH-5405 Baden, Swilzerland

ABSTRACT:

Based on fundamental research ¢oacesning swirling flows, including
the vortex breakdown phenomcnon, as well as on swability
considerations of premixed flames, a second generadon of low
emission bumers has been developed

The lean premixiag technique provides NOx-emissions below
L5ppmv for natwral gas. For liquid fuels the oxides of nicogen are
limired w0 $2ppmv (oil no. 2).

The nove! bumer technology will be applied 10 the well-known ABB
silo combustor. As a first siep the Conical Premix Bumner will be
used w rewofit the ABB wype | [N, For the ABB gas turhine type 8
the desien of a novel {ully annular combusior is in progress.

Most of the conceprral work conceming burner derodynamics and
burner-burner interaction has been carried out on sgaled-down
burner- and combustor-models. For a second siep 2 secior of the
combusior in 1:1 scale has been tested at arnospherie pressure,
Additional high pressure tesis provide information about the
combustor performance at engine conditions.

The present paper summanzes the results of the first two sieps
beginning with the early ideas in the conceptual phase up to the il
tests which prove the-low-NOx capability for beth gaseous.and Jiguid
fuels uncer atmospheric pressure conditions.

SOMENCLATURE:
b width of air inlet slot {coni¢al premix bumer)
< air velocicy
of fucl concentradon
D burner diameter
m mass flow rate
r radius
Tair ar temperature upsoeam of bumner
‘11_”p calculated primary 2onc temperature
Bumer bumer remperaturc
[ gas remperanue on bumer ceatetline
v axiad air velocity
v radial air velocity
w tngendat air velocity
X axial coordinate
v coordinawe {combustor heighr)
z coordinatw: (combustor width)
& ¢one angle (Fig, 9)

Qw angle of flow near burner wall (Fig.9)
Ghumer cquivalence ratio fuclfuir of buner
@Prmin  equivalence rado fuel/air of main bumer
Dpifor  <quivalence ratio fueliir of pilok burner
Abumer  excess air coefficient of humer

dcomb  excess air cocfficicnt of combdustor

GOAL OF THE CONTINUING COME
DEVELOPMENT PROGRAM AT ABB

In 1984 the first Dry-Low-NOx combusior of ABB »
seevice in Lagsward (FRG). The cluster of bumers is shov
1. Combustion air and gascous fucl are mixed in an ams;
before the mixture enters a large rwbular combustor via ai
NOx-emissions below 40ppmy have been measured it ¢
presswes up to [4.5 bars and inler temperanues up to 380°
the large residence times in the combustor, very high ¢o
efficicncies are obuined above approximately 40% load (11,
Usiag the cxpetience gained from six units (total GT o
MW) with more than 63000 hours of operation, the first g
investigauon of low emission combuston is o imp
rformance of ABB silo combusiors by replacing the prese
tncluding the mixing wubes (FIG, 2). For this purpose a no
fuel bumer of considerably simpler design has been de
Additienally, seversl kinds of burner saging bave been inv
to simplify the fuel supply 2ad congol syswem. In order 01
reliability of the present silo combustor technology, on
changes are made to parts of the hot gas path downstrea
bumners.
Due to the NOx-limitation of 25ppmv, the percentage of air
for combusdon increases with incTeasing pressure rado and
temperacure of the compresser. Simulancously, more air i
for wall cooling, as long as the basic combustor design and
cooliag wehnique remain unchanged. The 2ir consumption
cooling can be minimized by reducing the overall surfaze o
¥3s path from burner to turbine inlet As a3 consequence
turbines with very high pressure ratios (e.x. ABB type 8).
combustor is of 2 fully annular design (F1G. 3) and will be ¢
with 18 main burners and 18 altarnately distributed sma2!
burners. All burncrs are of the same rype.

*Praseniad at the Gas Turbing and Asroengine Congress and Expasition—Jung 11+14, 1950-~Brusasts, Beigrum
This papar his Daen accaitad for pUDIICAMION ia the Transactions of Ine ASME
Dlacuszion of It will ba sccepted at ASME Hasdquarters untd Saptembder 20, 1090
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OF LOW NOx-COMBUSTORS

(CLUSTER OF PREMIX BURNERS)
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q\
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to turbine from compressor

FIG, 3: ANNULAR COMBUSTOR EQUIPFE
PREMIX BURNERS (e.g. GT8)

PREMIX BURNER DEVELOPMENT
DOWN MODELS

A unigue propenty of the Conical Premix Bume:
stabilizadon in free space near the bumer ouile
breakdown of a swirling flow |2]. The swir
simple design (FIG. 5) consists of two halves
shifted 10 form twa air inlet slots of constant »
tube known from conventional bumer desig.
Gaseous or liquid fuels can be bumt. The operat
cases is shown In FIG. 2. Gaseous fuels m
combustion air by means of fuel distribution n
tows of small holes perpendicular 1o e inles
Complete mixing of Ruet and air is obtained shont
disuributing the holes along ihe Inlet slots
conccntration profile in the bumer exit piane car
fuels are injecred at the bumer tip using a pn
assisted awomizer. Due 10 the flame suabiliza
premixing and combustion chambers can be
mixing and ¢complete evaporation is achieved de
swirler before the recirculation zone is approache
the mixture takes place near the flow stdgnation
perfectly nonluminescent oil Mame is obtained.
more conventional premix burner designg, no diff
is needed 10 improve the s1ability of the premixed
equipped with Conical Premix Burners dlways
premixed maode. Due 10 the fact that neither gasee
present upstream of the swirler exceprionat relia
obuiined. Since the zone of igniton is significandy
burner witlls. the hear transfer to the bumer seetion

FIG. 2: SILO-COMBUSTOR EQUIPPED WITH CONICAL

FIG 4: QPERATING PRINCIPLE OF THE CC
PREMIX BURNERS {e.g. GTIIN)

BURNER

[[¥)



FIG 5: PROTOTYFE BURNER FOR HIGH PRESSURE TESTS
Frequentdy, severe stability problems occur with premixed flames in

5;3 turbine combustors. An imponant property of the bumer flow
ield js how song the disturbances originaing from combustion will
influence the loczl position of the _Igmtion zone near the stagnation
point. A weak characterigtic-causes flucrmadng local heat refease and
destabilizes the combustion process.
Voriex breakdown theory (3] clearly indicates that the most stable
wansitdon from a supercritical closed vonex flow ino an annular form
-wjth recirculation on the axls is ebtained only for switling flows
without a deficit in axial veloeity on the bumer axis, a3 known from
flows generared from ¢.g. radial swirler configurations.
For the Conical Premix Bumer {1 can easily be shown that an
anaslytical solution ¢an be given for potential flow barween the burner
1ip and the zone of vorex breakdown.,

solution dees not depand on the axial bumer coordinace:

u=flu  Arrv(n) sCwin)=f(u .Br)

The parameter B is a function of the cone angle and the width of the
Ialet slote; :

f=Const.- {tana Jb)

FIG. 6 shows the theoretical velocity field for 2 prototype burner
with an erifice diamerer of 100num near the exit planc,

The exisience of an analyrical solution teads to a high degree of
understanding without using any elaborare numerical computer
codes. Fuel concenmration or spray penctration and evaporation
calculatons, for example. can be easily performed.

Theoretical considerations lead 10 the result that vonex breakdown

near the burner exit plane will eccur when parameler P excecds a

centdin minimum value fmin. Burners with lower values of § violate
the vortex breakdown criterion and lead 1o flow fields completely
unsuitable for combustion purposes. .

FIG. 7 shows Laser-Doppler-Ancmometer messorements for a
bumer geometry (ulfilling the theoretical criterion for vortex
breakdown. The appropriate profiles within the bumer are gencrated
as predicied. The rransition from a closed vonex flow with high
velocities on the axis to its snnular flow state with stagnation on the
2xis takes place within 3 short distance close to the burner outlet.
Satisfactory agieement betweea calculated (se¢ FIG. 6) 2nd measured
velegity profiles is obtaised in the region upstream of voniex
breakdown (FIG. 8). The breakdown of the vorex flow occurs
slightly upstreans of the bumner exit plane. As 1 consequence, only
low swir] velocities are measured near the bumer axis at the burner
outlet due to the recroulation 2one,

93
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FIG.6: VELOCITY DISTRIBUTION WITE
(POTENTIAL FLOW WITHOUT BREAKDOWN)

|
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streamilngg

angential vaiocity w gzl

FIG 7: VELOCITY DISTRIBUTION (LDA-MEA.
NON-REACTING FLOW)
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FIG. 8: COMPARISON OF PREDICTED AND MEASURED
SWIRL PROFILES

The flow dircetion near the burner wall depends on the distance
between burner wall and bumner centerline, Therefore, different
cutves arc oblained for the three circumferendal posirions of
measyurement depicted in FIG. 9. Only in the region of vonex
breakdown can major differences betwcea prediction and
measurement be seen

T i

—— prediction (breakdown excluded)
- = = measurement ;

m -1 Fol
AN
-1 10
2
-1 ! ! ! 1 11 I g -
168 =140 170 100 40 %44 48 ] ]
voriez Dredkdown X(mmj
| At

F1G. 9: COMPARISON OF PREDICTED AND MEASURED
FLOW DIRECTION NEAR THE BURNER WALLS

Temperature profile measyrements on the burer axis provide
information about the flame ‘Eosiu'on in the casc of reacting flow,
F1G.10 reveals that the air in the upstream part of the burnex remains
cold 2nd thar the e tise due to combustion takes place near
the stagnation point found for cold flow. The beginning of the
temperanar rise depends weakly on the air preheat temperanime,

- i Concent stion f&0e,)

L L]

FIG 10: POSITION OF TEMPERATURE
AXIS

in a first approack, completely homogencous
desirable to abate the formauon of nivogen o
profile with a slighdy lower mixmre sgength i
tecirculation (FiQ. 1) yields viea low em
Conical Premix Bumer.
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FIG, i1: FUEL DISTRIBUTION IN BUR!
(NONREACTING GAS FLOW, TRACER
TRACER: CO)

Typical results of emission measurements for
atmospheric pressure are shown in F1G.12.
used in the tests is rated o approximatcly 150k
ceramic, aAlmost adizbate flame ube wasused. |
injected along the inlet slots, very low NO
cmissions are obrained when the blowoff 1

(A=2.3). Since the aversge flame emperatoe ror
where quenching of the reaction from C0 10 CO
in carbon monoxide formation ¢an hardly b
premixed flame extinguishes without any sign
stage of incomplere combustion. Similar resu
clusters of burners, all operated with the sam
when quenching effects near cooled liner walls

stroag.

Addit!ionauy. it can be concluded from FIG. 132
further sitaplify the Conical Premix Bumer usit
the injection of gaseous fue! (no fuel disuibution
slots required) leads o unsadsfactory NOx-em
are not well mized until combustion begins,

For Bquid fucls beuer mixing is obuincd due 1o 5
droplet ¢vaporatioa within the bummer. FIG. 13 :
of nozzie positon on bumner performance for two

" which differ slightly fromn each other in terms ¢

spray angle. Generally, the nozzle position whe
emissions are measutcd also yields minimuom
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FIG 13; INFLUENCE OF NOZ2ZLE POSITION ON NOx-

EMISSIONS (PRESSURIZED NO2Z1ES)

X Burner
FI1G. 12; NOx- AND C0O- EMISSIONS OF PROTOTYPE BURNER

Shifting the nozzle downsmeam leads 1o 3 dewrricration of evaper.
and results in luminescent flames from droplet cormbustion.
fnozzle positions far upsteam nonuniform fuel concentston it
burner exit planc is obtained, which augmenss NOx gencration i
outer region of the flow. At the tame tme, combuston =
increases due 1w the lack of fuel in the recirculation zane on the b
axis. For air-assisted noxzxles similar results were obrained FIC
proves the low-NOx capability of the Conical Premix Burm
atmospheric pressure, The lowest NOx-emissions measured fo

{ABurner=2) are approximately twice as high as those meanure
propanc if the daw is compared on the basis of te burner equival:
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F1G. 14: NOx- AND CO- EMISSIONS OF PROTOTYPE BURN
(LIQUID FUEL. FUEL BOUND NITROGEN.NEGLIGIBLE)

In order 10 take the chemical composition of the fuel i
consideration, the daia is correlated 10 the primary zone temperat
(FIG. 15) calculaied on the basis of the ol air mass flow includ
dilution air (see FIG. 4), Parameters are:

« kind of fue] (fucl bound nirogen negligible)
combustor inlet temperanire .
burner (gaseous fuel. dual fuel)
kind of atomizer (pressurized, air-assisted)
size of awmizer
- $pray angle
Despite the wide scatering of the daa, FIG, 15 clearly indicates t
the optimura nozzle configuration for oil (pressurized nozzle, sp
angle 30 deg.) yields similar emissions to those measured
propane at different air inlet lemperatures. Since the NOx-gesenar
of premixed flames is mainly governed by the flame termperature
€an be concluded that & high degree of premixing is obtained ever
the case of liquid fuels a3 long #s the combustion air is smon:
preheated. Tests using alr-assisted atomizers reveal that
deserioration of droplet evaporaton at lower air inlet temperatu
leads 10 a remarkable increase in NOx-formation ar constant fla:
femperanire.

[T I |
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FIG. 15: INFLUENCE OF PRIMARY ZONE TEMPERATURE ON
NOx-EMISSIONS

BURNER STAGING PRINCIPLE

For single shaft gas turbines running with constant specd, the fuel
consumption changes by approximaiely a factor of 3 from idling to
full load. Modern premix bumers, however, must be operaied at
almost constant equivalence ratio if a cerain NQx-limitaton is not to
be exceeded. An advantage of ABB silo combustors is that this is
achieved by bumcr {fuel) staging: In principle, purely premixed
combustion can be maintained down 1o very low load by
concentrating the fuel flow on an appropriste aumber of burmners in
the centre of the combustor. .

Since the same procedure for ¢an combustors will lead to
unsatisfaciory temperature profiles at the wrbine inlet, additional
diffusion sta ﬁcs are required, which exhibit an augmentation of NQa-

emissions below full load ,
Phod Barrr = Mol burnar v POl Duffoid .0 i ' f"?‘\\'}
. . u ." S
_,.-.‘.--’ . . ..\' '"'.-.? —t .(\s_-
R ) R ) 2
o e CTXERLEN o A2

FIG, 16; MAIN- AND PILOT-BURNER CONFIGURATION OF
THE ANNULAR COMBUSTOR -

A novel piloting technique has been realized in the ABB
combustor (F1G. 16). Pilot- and main-bumers are alw
distributed and have the 1ame direction of swirl. Sable corr
from idling w full load is obtained 1s long as the pilot bumers
in seif-stabilized mode. The fuel flow is split 10 obtaia the
equivalcnce ratios of the pilot bumer independant of the
ourput of the combustor. Supplementary fuel is fed o th
burners. At Jow load the mixture obtained from the main by
too lean to ignite at the bumner outler, Nevertheless, high corr.
¢fficiencies and uniform emperature profiles at te nurbine :
obtained due 1o the unstable arangement of hot (pilot bume
cold {main bumers) vorticities which generate intease mixis
primary zone. Without any sudden wansition in coo

rformance, the self-stabilized gode of the main burners is
near full load

Y (mm}

Pilot Burne:

Main Burner
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FIG. 17: TEMPERATURE DISTRIBUTION AT HIGH

(X =400MM. Dpilor=Pmain=0.56)
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FIG. 18: TEMPERATURE DISTRIBUTION AT LOW °
(X=400MM.®pitor=0.56.Omain=0)
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FIG. 17 and FI1G. 18 show two examples of the temperarure field
measured in 1 combustor mode! with 2 burner coafiguraton
consisdng of rwo pilot burners and one main bumner located between
therg. It can be understood easily that a very uniform temperature
profile is obuined st high load (FIG. 17) due o ¢qual equivalencs
ratios of all burners. More interesting is the result for pilot burner
operation only (FIG. 18): Although 77% of the combustion air
passes thyough the main bumers in the annular configuradon, the
keamperanure {leld quality remaing very satisfactory even when all fuel
i3 fed 10 the pilot burners.

{n chzracrerizing the temperarure field by means of panem facwors for

the whole croys secdon (OTDF) and for the profiles measured in y-
direction (PTDF), an impression of the temperarure uniformity cn
gained (TABLE 19, coardinate 2: see FIG, 13)).

Fuel Mode OIDF®) FIDF(%)
(y-profile)
without wall cooling
(=adizbasic wall):
Propane tp=om |4 2.4
$ro=0) 10 68
al ¢p=dm |7 2.7
om=0 12 4-7
wall cooling Includad:
Propane =hm  § <12 <3
* 2=0
<9
Z=100mm
dm=0 <20 <§
Z=0
<10
Z5100mm

TABLE 19: TEMPERATURE PATTERN FACTCORS

As long 23 adiabatic conditions are considered, very low values are
¢alculared from the messurements, A combination of film cooling
with convective cooling using 2 finned liner was found to be
appropriate for the annular combustor with its low flame emperature
and its well-defined flow direcSon near the wall. Including the effect
of wall cooling causes pattern factors to increase slighty. Side wall
effects of the te5t rig cause a detcriomrion in ODTF. For this frason
the values given for ODTF in TABLE 19 are higher than those to be
expected for the annular bumer configuration. The measurmments
indicai¢. nevertheless, an adequate temperature uniformity at the
turbine inlet section. An addidonal mixing secton will nex be required
and the endre air flow can be used as burmer or wall cooling air,
respectvely, .

Emission measurements provide informaton abowt the burnout and
the NOx-generadon in the panial Joad regime, when the main burners
do not operate in seif stabilized mode. In FIG, 20 the NOx-emissions
are plonsd versus the pilot bumer and main bumer equivalence ratios.
Independently from how the fuel flow is split. the thermal ourput of

the combustor remaing consant along the sraight Acomb lines. NOx.
cmissions below Sppmyv are obined in 2 wide range of operadon
when the fuel flow to the pilat burner is properly chosen. Whea 2
uniform full load equivalence rado for all burners of approximasely
o=0.44 (Acombw2.3) is fixed (sce FIG. 14), idling is reached at
Acomb=~6. With rcgard 1o niwogen oxides. the pilot bumer
cquivalence naro should be decreased from 0p=0.65 to 0.44 while
the mein bumer load is incTeased from ¢=0.03 to 0.44. Almost

complete burnour was measured for Acombs3.d FIG. 21 or - in
lerms of gas rurbine output - above S0% load. At lower Joads the
gdot bumer etimvalcnu rno mest be increased slightly o improve
urnout. A3 fong z3 NOx-generation at very low loads is not
considered, almost complete burnout can be achieved even az idling.
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FIG, 20; NOx-EMISSION CHART (400°C, PROP/
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FIG. 21: CO-EMISSION CHART (400°C, PROPANI

Based on the tests at atmospheric pressure, it ¢zn be
the technique of pileting proposed for the ABB annt
leads to very promising results in the partial Joad regin
to those /obtained for bumer staging in sflo combusior

VALIDATION OF RESULTS IN I:1
AMBIENT PRESSURE

Subsequent to the coneeprial phase of the combustor
experiments were performed on 1:] seale at aomosphe
pressure using natura} gas and oil no. 2 as fucls,
included single bumer 1518 as well as 12q13 of 2 comt
(test fig comprising 2 pairs of burners), The NOx-en
high load re (a1ain burners) are shown in FIG. 25
problems o} flame smability, ultra low emissions an
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FIG. 22;: OPTIMUM PERFORMANCE OF THE MAIN BURNER
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AT ENGINE SIZE AND ATMOSPHERIC PRESSURE (420°C)
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F1G. 23: BURNER TEMPERATURES (Qp"z.z'tbburncr.

$m~0.65$burner)

natural gas. Fer cil no, 2 the emissions obuained from ¢
down models cannot be fully validaed Beside the effects o
from fuel bound nirogen, which ¢an ¢learly be derecied. o
performance ar 1:] scale is due 1o the influence of bume
droplet spray d;::ncm:ion. The calculation of the spir
evaporaton of droplets for the three cases:

1, scaled down bumner operated at ammospheric pressure
2. burner of engine size operated at atmospheric pressure
3. burner of engine sizg under engine conditions

predicts the desired homogencous fuel concentadon caly in

1 and 3. Tests atengine size but at armoypherie pressure (cas
to & high concentration of the fuel vapour in the outer p2
bumer exlt plane, gencrated from the droplets with an inida
size greater than the mass median diameter of the spray. Tc
liquid fuet from ignigng within the burner, the residence tiroe
minimized. For all st cases the caleulsied residence time

cx¢eed approximately éma.

To answer the question whether the desired NOx-limitatio
reached under engine conditions, the influence of air pre
NQx-formation must be known. Based on experimental dara
scaling laws can be found in the literarure, Oversimplifie
approaches indicatz an influence proportional to the squan
combustor pressure, If the equivalencs s at full foad 15 2d

®Burner<0.44, full load emissions for natural gas will not ea
NOx-target even in the case of 3 s¢aling law NOx~peombusu
By subilidng the flame in free the heat wransfer o the
Premix Burner is minimized. FIG. 23 proves that the
temperdture (thermocouples 22.24,26,29,31 and 33) ¢
significantly exceed the temperature of the air. O
thermecouples at the bumer ¢xit plane (28 and 35) record
temperarures, since the impingernent eooling of the combus
panel was not present in the lests at ammospenc pressure

CONCLUSIONS

Compared 1o the first generation of ABB low-NOx bur
Conical Premix Burner exhibits severat advantages:

- simple design
- ng fuel upstream from burner (flashback impossible)

.- n¢ premixing tube

simple cil injecton technique

The following resuls have been obuined during the test pr
ambient pressure:

a.) burner models:

. zone of.recirculation in free.space . (vortex breakdowr
acts as a flameholder

excellent stability of premixed flame

ignidon near bumer exit plane

zone of rexcdon displaced from bumner walls
low-NQz-capability for gascous 13 well as liquid fuel

LI T )

b.} pardal {oad perfarmance:

simple piloting concept for the annular combustar

only two burner groups (pilot burners and patin burner
excellent temperanure profile without mixing zone

§o:; NOa-cmissions 2§ well 2s complete burnout abc
o

[ |

¢.) combustor segment (1:1 scale):

- natural gas: validaden of results from model experiment

- narural gas: NCx<cmissiens exuemely low: less than 2§
engine condidons

- oil no. 2: NOx-cmissions somcwhar higher than iz
ex

periments
. low burner temperanses
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Florida Department of Environmental Regulation

Twin Towers Office Bidg. ® 2600 Blair Stone Road @ Tallahassee, Florida 32399-2400

Lawton Chiles, Governor Carol M. Browner, Secrewarsy

January 28, 1982

CERTIFIED MAIL - RETURN RECEIPT REQUESTED

Mr.

John P. Jones, President

Orlandoc CoGen Inc.
7201 Hamilton Boulevard ,
Allentown, Pennsylvania 18195-1501

Dear Mr. Jones:

Re:

The

Completeness Review for Application to Construct A Combustion
Turbine and Associated Heat Recovery Steam Generator
AC 48-206720 and PSD-FL-184

Department has reviewed the application package received on

December 30, 1991. Based on a technical evaluation of the
material, the application package is deemed incomplete.
Therefore, please submit to the Department’s Bureau of Air
Regulation the following information, including all calculations,
assumptions and reference material, and the status will, again,
be ascertained:

1.

The emission «calculations are not adequately shown in
Appendix A. All calculations affecting emissions should be
shown 1in their entirety, since Tables 3-3, A-1, A-2, A-3 and
A-4, are a product of Appendix A. For example, the Appendix
A calculation for NOx emissions, corrected to 15% oxygen, is
only a set-up with no final calculations. The application
should clearly show how all emission-related quantities were
obtained. Also, please provide copies of any emission
factors (i.e., page, table, actual vendor testing data,
AP-42, vendor guarantee, etc.) used in the calculations.

For Tables 4-5, 4-6 and 4-7, please provide the calculations
to support your data and provide a copy of the reference
material (i.e., page, table, errata sheet, vendor guarantee,
etc.) used to derive this data.

For the proposed combustion turbine, the ABB 11N-EV, please
provide documentation from the vendor that there 1is a dry
low-NOx combustor currently available for operation. BAlso,
provide any pertinent information (i.e., model #, design,
etc.) on the combustor. If the combustor is not currently
available, what design considerations are being made in order

Mw:ﬁPWW

Prinwed wtch Soy Rawsd funki



Mr. John P. Jones
Page Two

to be able to install/retrofit one at a later date and,

in

the interim, meet the proposed 25 ppmvd (corrected to 15%
oxygen) or possible lower BACT (best available control

technology) 1limit?

4. On page 4-12, under the heading "Dry Low-NOx Combustor",

it

is stated that the proposed unit can achieve less than the
proposed 25 ppmvd, when firing natural gas. Please provide
the 1levels of NOx emissions that have been achieved by this
unit to date; also, and if available, provide a copy of the

synopsis page of any test data.

5. Can a selective catalytic reduction (SCR) system

be

retrofitted to the proposed source under its current design

configuration? 1If not, please explain in detail.

If there are any questions, please call Bruce Mitchell at
904-488-1344 or write to me at the above address.

Sinc;zily, tiiﬁﬁhk
Fﬂ
C. H. Fancy, P.E.
Chief

Bureau of Air Regulation
CHF/BM/plm
c: Collins, CD
Nester, OCEPD
Smallridge, Esqg., DER
Shaver, NPS
Harper, EPA
Buff, P.E., KBN

oo n




Ceres el e o e, AR - .-

. SENDER:. - .-

7

(,E‘Ma ﬂ,‘\ P

*« Complete itemns 1 snd/or 2 for addmonai services.
*. Complete items’3, and 4a & b.

-# _Print your name and address on the reverse of this form so
that we can return’this card to you. '--'

e Attach this form to the front of the mallpnece or on the L
" back if space does‘got permit. _ - -
& ‘Write “‘Return Hecelpt Hequested" on the mallplece next to
the article number,~ ¢

I"alfo wish to receive the
following services (for an extra
fee) :

.0 Addressse s Address

2 (] Restrlcted Delivery

COnsult postmaster for fee.

3. Article Addressed to: — «i:| 4a. Article Number

Nr.fJOLA P. Jones, Pre51dent

P 832 531 770

Orlanao CoGen Inc. 7
7201 Hamilton Boulevard

4b. Service Type )
O Registered [J tnsured

Allentow, Pennsylvania 18195- ISGﬂE(k““md 0 coo

[ express Mail [ Return Receipt for

Merchandise

7. Date of Delivery

=

- Iz

5. Hignature ({Addressee)

8. Addressee’s Address {Only if requested

z~f Wﬁ,ﬂb 7 and fee is paid)

6. Sighajure (Agent)

-

PS Form 3811, October 1990

p 432 53& 770

«U8. GPO: 1990~273561 DOMESTIC RETURN RECEIPT

Certified Mail Receipt
" No Insurance Coverage Provided
- Do not use for Internationa! Mail

e
moses (See Reverse)

Sent i©

Mr., John P. Jones, OrlandJ

7701 Hamilten B1lvd.

Streel & NO. CoGen Inc.

PO., State & ZIP Cooe

Allentow, PA 18 95-1501

Postage $

Cerlied Fee l

Special Dehvery Fee

Restrictea Delivery Fee

Return Receipt Showing
10 Whom & Date Delivereq

Return Aeceipt Showing 19 YWnom.
Daie. & Aodress of Telivery

Tal. Postage
- $

&
Fostmark or Date

Mailed: 1-28-92

PSD-FL-184

PS Form 3800 June 1990

Permit: AC 48-206720



To &l\ \Cf iﬁ IM&LU_

Date ’ l J Time _[D(_

HILE YOU WERE OUT
M= «qb__ j A

of_M_ ‘.r,;" ;Qf/!/‘\(flllk‘l \_)E 1_,_;“1

¢hore .

X

Area Code Number Ertensian
X TELEPHONED PLEASE CALL | 1}
CALLED TO SEE YOU WILL CALL AGANN | |
WANTS TO SEE YOU URGENT |
I
|

| T RETURNED YOUR CALL

Messag,e ttu_(_ﬁ% Ck 3}‘/‘ ’U’/ /J !




Florida Department of Environmental Regulation
Twin Towers Office Bldg. ® 2600 Blair Stone Road ® ‘Tallahassee, Florida 32399-2400

Lawton Chiles, Governor Carol M. Browner, Secretary

January 10, 1992

Mr. Dennis Nester

Air Program Supervisor

Orange County Environmental
Protection Department

2002 E. Michigan Avenue

Orlando, Florida 32806

Dear Mr. Nester:

RE: Orlando CoGen Limited
Orange County, PSD-FL-184

The Department has received the above referenced PSD
application package. Please review this package for completeness
by January 27, 1992, and forward your comments to the
Department’s Bureau of Air Regulation. The Bureau’s FAX number
is (904)922~-6979.

If you have any dquestions, please contact Bruce Mitchell or
Cleve Holladay at (904}488-1344 or write to me at the above

address,
Sincerely,
Patricia G. Adanms
Planner
Bureau of Air Regulation
/pa
Enclosures

Recyoled a Faper
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Transmittal
S — DM NS— 31 T
RECET ™™
Date: January 8, 1992 N 13:2
JA )
Project No.: 91134/0200 Air
. Division of ment

To: C.H.Fancy, P.E. surces Manage

ThIef, Bureau of Alt Regulation Res

FDER

2600 Blair Stone Read

Tallahassee, FL 32399-2400

Re: Orlando CoGen

The following items are being sent to you: U with this letter O under separate cover

3 PSD Permit Application for Orlando CoGen Limited, L.P.
Cogeneration Project:

These are transmitted:

Kl As requested O3 For approval

O For review QO For your information

O For review and comment O

Remarks:

Sender: Jan Wyckoff

Copy to: Project File (2)
Dave Buff

KBN ENGINEERING AND APPLIED SCIENCES, INC.
1034 Norhwost 57th Stroct_ Galnasviite, Florida 32605  904/331-9000  FAX: 90413324189 AF1/LOT1 (07/91)

emriat SO AVEOAT ABOAATHMITY AN AFFIRMATIVE AGTION EMPLOYER




Florida Department of Environmental Regulation
Twin Towers Office Bidg. ® 2600 Blair Stone Road @ Tallahassee, Florida 32399-2400

Lawton Chiles, Governor . Caro! M. Browner, Secretary

January 7, 1992

." "Mrs. Chris Shaver, Chief

"+, . Permit Review and Technical Support Branch
1_' .. ‘National Park Service-Air Quality Division
.+ +7 Post Office Box 25287

. .. Denver, -Colorado 80225

Dear Mrs.-Shaver:

~, .. RE: Orlando CoGen Limited
= s ~‘Orange County, PSD-FL-184

‘M-The Department has received the above referenced PSD
application package. Please review this package for completeness
tby./January 27, 1992, and forward your comments to the
'aDepartment's Bureau of Air Regulatlon. The Bureau’s FAX nunber

.etes

Sincerely,
%z&a@ 2 @//W
Patricia G. Adams

Planner
Bureau of Air Regulation

Recycled :."1 FPaper



Florida Department of Environmental Regulation
Twin Towers Office Bldg. ® 2000 Blair Stone Road @ Tallahassee, Florida 32399-2400

Lawton Chiles, Governor Carol M. Browner, Secretary

January 7, 1992

Ms. Jewell A. Harper, Chief
Air Enforcement Branch

U.S. EPA, Region IV

345 Courtland Street, N.E.
Atlanta, Georgia 30308

Dear Mrs. Harper:

RE: Orlando CoGen Limited
Orange County, PSD-FL-184

The Department has received the above referenced PSD
application package. Please review this package for completeness
by January 27, 1992, and forward your comments to the
Department’s Bureau of Alr Regulation. The Bureau’s FAX number
is (904)922-6979. T

I1f you have any questions, please contact Bruce Mitchell or
Cleve Holladay at (904)488-1344 or write to me at the above

address.
Sincerely,
7%&%2&&1»19 Lpmnr
Patricia G. Adams
Planner
Bureau of Air Regulation
/pa
Enclosures

Recycled a Paper




