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EXECUTIVE SUMMARY

BT Environmental Consulting, Inc. (BTEC) was retained by DTE Energy Services (DTE)
to evaluate nitrogen oxides (NOx) and carbon monoxide (CO) emission rates from a single
peaker unit while operating at four load conditions at the Greenwood Energy Center

(GWEC) peaker facility located in Avoca, Michigan. The emissions test program was
conducted on October 20, 2017.

Testing of Peaker Unit 11-1 consisted of triplicate approximate 30-minute test runs while the
unit was operating at four load conditions. The emissions test program was required by 40 CFR
75, Appendix E. The results of the emission test program are summarized by Table 1.

Table 1
11-1 Peaker Overall Emission Summary
Test Date: October 20, 2017

Unit 11-1
Load Pollutant z.&v?rage Emission Limit
Emission Rate
NOx 8.1 pprnv1 9 ppmv1
SIMW
CO 14.1 ppmv’ 25 ppmy’
NOx 8.6 ppmyv' 9 ppmv’
70 MW
CcO 10.6 ppmv' 25 ppmv’
NOx 8.5 ppmvE 9 ppmvl
60 MW
CO 7.6 ppmv1 25 ppmv’
NOx 7.8 ppmv1 9 ppmvI
50 MW
CO 8.8 ppmV1 25 ppmv1
1: Corrected to 15% O,
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1. Introduction AIR QUALITY DIVISION

BT Environmental Consulting, Inc. (BTEC) was retained by DTE Energy Services (DTE)
to evaluate nitrogen oxides (NOx) and carbon monoxide (CO) emission rates from a single
peaker unit while operating at four load conditions at the Greenwood Energy Center
(GWEC) peaker facility located in Avoca, Michigan. The emissions test program was
conducted on October 20, 2017.

AQD has published a guidance document entitled “Format for Submittal of Source
Emission Test Plans and Reports” (December 2013). The following is a summary of the
emissions test program and results in the format suggested by the aforementioned
document.

l1.a Identification, Location, and Dates of Test

Sampling and analysis for the emission test program was conducted on October 20, 2017 at
the GWEC facility located in Avoca, Michigan. The test program included evaluation of
NOx and CO emissions from peaker unit 11-1.

1.b  Purpose of Testing

AQD issued Renewable Operating Permit No. MI-ROP-B6145-2011a to DTE. This permit
limits emissions from each turbine as summarized by Table 1.

Table 1
CO and NOx Emission Limitations
Greenwood Energy Center

Facility Permit No. NOx Emission CO Emission
Limit Limits

GWEC MI-ROP-B6145-2011a | 9ppmv @ 15% O, | 25 ppmv @ 15% O,

1.c  Source Description

The DTE electric company Greenwood Energy Center located at 7000 Kilgore Road in
Avoca, Michigan, employs the use of three natural gas-fired peaker turbines for the
purpose of energy production. Each peaker turbine is nominally rated at 82.4 MW.
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1.d  Test Program Contacts
The contact for the source and test report is:

Mark Grigereit, QSTI

Senior Specialist - EMR

DTE Energy Corporate Services, L.L.C.
Detroit M1 48210

Names and affiliations for personnel who were present during the testing program are
summarized by Table 2.

Table 2
Test Personnel
Name and Title Affiliation Telephone
Mr. Mark Grigereit DTE Energy Corporate Services, . 05
Senior Specialist- EMR L'L'C.' (313)-412-03
Detroit MI 48210
. GWEC
Edgfngﬁtii?urbme Specialist 7000 Kilgore Road (313)-920-8586
P Avoca, MI 48006
i BTEC
gﬁ)ﬁfﬁa@n“; i?“ng 4949 Fernlee (586) 744-9133
! i Royal Oak, MI 48073
i . BTEC
i shane Rabceas 14949 Fernlec (248) 548-8070
Royal Oak, MI 48073

2. Summary of Results

Sections 2.a through 2.d summarize the results of the emissions compliance test program.
2.a Operating Data

Process data monitored during the emissions test program included generation (MW), gas
flow, intet guide vane angle, compressor discharge temperature, compressor discharge

pressure, and exhaust temperature.

2.b  Applicable Permit

The applicable permit for this emissions test program is Renewable Operating Permit
(ROP) No. MI-ROP-B6145-2011a.
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2.¢c  Results

The overall results of the emission test program are summarized by Table 3 (see Section
5.a). NOx emissions from peaker UNIT 11-1 were below the corresponding limit of 9
ppmyv, corrected to 15% O,. CO emissions were also below the limit of 25 ppmv,
corrected to 15% O,.

3.  Source Description

Sections 3.a through 3.e provide a detailed description of the process.

3.a  Process Description

The GWEC employs the use of three natural gas-fired peaker turbines for the purpose of
energy production. Each peaker turbine is nominally rated at 82.4 MW,

The turbines are equipped with dry low-NOx combusters,

3.b  Process Flow Diagram

Due to the simplicity of the Peaker unit, a process flow diagram is not necessary.

3.¢c Raw and Finished Materials

The raw material used by the process is natural gas.

3.d Process Capacity

Peaker turbine UNIT 11-1 can operate up to 82.4MW, dependent upon ambient conditions.
3.¢ Process Instrumentation

Process data monitored during the emissions test program included generation (MW), gas
tflow, inlet guide vane angle, compressor discharge temperature, compressor discharge
pressure, and exhaust temperature.

4. Sampling and Analytical Procedures

Sections 4.a through 4.d provide a summary of the sampling and analytical procedures
used.

4.2 Sampling Train and Field Procedures

Turbine exhaust NOx content was measured using a Thermo Electron Model 42i NOx gas
analyzer, the CO content was measured using a Teledyne Model 300EM CO gas analyzer,
and the O, content was measured using a Servomex 4100 0,/CO; gas analyzer. A sample
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of the gas stream was drawn through an insulated stainless-steel probe with an in-line glass

. ® .
fiber filter to remove any particulate, a heated Teflon sample line, and through an
electronic sample conditioner to remove the moisture from the sample before it enters the
analyzer. Data was recorded at 4-second intervals on a PC equipped with data acquisition
software.

Sampling and analysis procedures utilized the following test methods codified at Title 40,
Part 60, Appendix A of the Code of Federal Regulations (40 CFR 60, Appendix A):

« Method 3A, “Determination of Oxygen and Carbon Dioxide Concentrations in
Emissions from Stationary Sources”, was used to measure the O, concentration of the
exhaust gas.

» Method 7E, “Determination of Nitrogen Oxide Emissions from Stationary Sources”, was
used to measure the NOx concentration of the exhaust gas.

« Method 10, “Determination of Carbon Monoxide Emissions from Stationary Sources”,
was used to measure the CO concentration of the exhaust gas.

» Method 19, “Determination of Sulfur Dioxide Removal Efficiency and Particulate
Matter, Sulfur Dioxide, and Nitrogen Dioxide Emission Rates”

» Method 20, “Determination of Nitrogen Oxides, Sulfur Dioxide, and Diluent Emissions
Jorm Stationary Gas Turbines”, was used for gas turbine testing methodologies.

The NOx converter efficiency was verified as specified by Method 7E.
| 4.b Recovery and Analytical Procedures

This test program did not include laboratory samples, consequently, sample recovery and
analysis is not applicable to this test program.

4.c  Sampling Ports

Figure 2 shows relevant sampling port and traverse point locations.
4.d Traverse Points

The sampling locations met the minimum criteria specified by Method 1. 12 points were
sampled each test run.

5. Test Results and Discussion

Sections 5.a through 5.k provide a summary of the test results.
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5.a Results Tabulation

The overall results of the emissions test program are summarized by Table 3. Detailed
results for the emissions test program are summarized by Tables 4-7.

Table 3

11-1 Peaker Overall Emission Summary
Test Date: October 20, 2017

Unit 11-1
Load Pollutant Average Emission Limit
Emission Rate
NOx 8.1 ppmv' 9 ppmvE
1MW
CO 14,1 ppmv! 25 ppmv!
NOx 8.6 ppmv’ 9 ppmv‘
70 MW
CO 10.6 ppmv’ 25 ppmy’
NOx 8.5 ppmv1 9 ppmv1
60 MW
CO 7.6 ppmvl 25 ppmvi
NOx 7.8 ppmv’ 9 ppmv’
50 MW
CO 8.8 ppmv’ 25 ppmy’

1: Corrected to 15% O,

5.b Discussion of Results

The overall results of the emission test program are summarized by Table 3 (see Section
5.a). NOx emissions from peaker UNIT 11-1 were below the corresponding limit of 9
ppmv, cotrected to 15% O,. CO emissions were also below the limit of 25 ppmv,

corrected to 15% O,

S.¢  Sampling Procedure Variations

There were no sampling variations used during the emission compliance test program.

5.d  Process or Control Device Upsets

No upset conditions occurred during testing.
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5.e Control Device Maintenance

There was no control equipment maintenance performed during the emissions test
prograrm.

5f Re-Test

The emissions test program was not a re-test.

5.2 Audit Sample Analyses

No audit samples were collected as part of the test program.

5.h Calibration Sheets

Relevant equipment calibration documents are provided in Appendix B.

5.i Sample Calculations

Sample calculations are provided in Appendix C.

5.j  Field Data Sheets

Field documents relevant to the emissions test program are presented in Appendix A

5.k Laboratory Data

There are no laboratory results for this test program. Raw CEM data is provided
electronically in Appendix D.

RECEIVED
DEC 18 2017
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Fabde ¥
LG Ti-1 45T BRY WOx a20d00 Emission Rates
BIE Greenwgwd
Gresnwood Energy Center
BTEC Project No. 04948-271384
Sampling Dates: 10/20/2017

Parameter . Ban 1 ;i Ron 2 ] Ron 3 | Average | |G, Cerrection
{Test Run Drate 70017 100202017 | 1072072017 , Co 0.08: (.07 0.06]
1Test Run Time | ORB0GED | 18:10-10:40 | 10:48-11:18 ' ICma Y 106%] 1081 1001
: : : Jow 1 ses|  ogl] 073
TOnygen Concenimation (%) | bR A 1473 14.62 147
3 Oxygen Concentration {%, drift correoted as per USEPA TE) 15.80 i 15.67 15.67 50
! 1 ‘ NOx Correction |
Ontlet Oxides of Nitrogen Conceniration (ppmv) £:0 1 7.8 ! 77 7.8 | ] i
10utiet NCOx Concentration (pprow, corrected as per USEPA 7E) ] .2 3.0 5.0 8.1 Co | -8.17, ~0.13 -(0.13
Onatlet NOx Concentration (ppany, cortected o 13% 0G4 . 8.2 4 8.1 ' 5.1 1 s 2535 255 2535
] 1Cm 25.18 24.89 24 70
Outlet Carbon Mionoxide Concentration (s ; 163 14.3 1 12.8 i4.5
10uflet OO Conceniration {ppmy, corrected as per USEPA 7E) | 16.0 13.7 " 123 14.0 CO Correction
{0utlet CQ Concentratienippmy, corrected 1o 15% 0y 6.0 f 13.9 | 124 .. 142 ] 1 :
‘ -‘ {Co 1024y 0250 013
1Cma 7 311 514 3L
Cm 51.69 52,43 52.81
sctim = standard cabic fest per minute
dscfm = dry standard cubic foct per exinute
ppmy = parts per million on 2 volome-to-volume basis
1bfr = pounds per hour
MW = molesalar weight {CO = 28:01, NOx = 46,01, 80, = 54,03, CH; = 44,19, carbon = 12.81)
24.24 = moiar volume of air at smnderd conditions {70°F. 29.92" Hg)
2531 =8 perm’
453600 = mg per
Eguations
Contg s =Cone ™ (20.9-133/(20.9 - %0,)
Rev. 2.0

5/8/2012 BC




Tabie 3
CTG 11-1 {70 MW} NOx and CO Emission Rafes
DTE Greenwood
Greenwood Energy Center
BTEC Project No. 049A8-271384
Sampling Dates: 10/20/2017

Parameter LA Run 2 ] Run 3 1 Awverage | 10, Correction
Test Run Date 10/2072017 10/20/2017  §  10/20/2017 5 ‘ Ce ] 0.06] 0.04 0.03
Test Run Time 11:30-12:86 | 12:09-12:39 12:48-13:18 ; Cma | 10061 10,03 16.01
; Cm 1 973 974 om
Oxygen Concentration (%} 14.54 14.57 14.57 146
Oxygen Conceniration (%, drift corrected as per USEPA 7E) 4 14.99 | 14.99 13.03 ] 158
| NOx Correction
Outlet Oxides of Nitrogen Concentration (ppmv) 84 8.2 82 83
Ouilet NOx Concentration {ppmv, correcied as per USEPA 7E) 87 8.3 8.0 .6 Co -0.17 ~0.21 «{3.21
{Dutlet NOx Concentration (pprov, corrected te 15% O4) 8.7 85 & g6 Cma 258 255 255
: {Cm 24811 24081 2480
I Cutlet Carben Monoxide Concesatration {(ppmv} 11.2 ) 113 10.6 3 115
iCutlet CO Concentration {ppmv, corrected as per USEPA 71) 1 IG38 | 0.9 101 ] 196 0 Correciion
Outlet CO Concentration (ppmv, eorrected 1o 15% C4) 0.8 183 0.2 : 146 ]
1o .12 0.03 0.03
Cma 31 5“1 311
Cm 52690 53.08] 3323

scim = standard cabic feet par minue

dsefin = dry standard cubis feet per minute

ppmy = parts per million on a volume-to-volumez basis

Ib/hr = pounds per hour

MW = melecular weight {CO=28.01, NOx=40.01, S0, = 64,85, CH, = 44.10, carbon = 12.01)
24.14 = molar volume of air at standard conditions (70°F, 29.92" Hg)

3531 =4¢ per m

453600 = mg per b

Equations
Conegysp: = Cone * {205 -151(20.9 - %05

Rev. 2.0
&/8/2012 BC




Toabkle &
CTG 11-1 {60 MW NOx and CO Emisvion Rates
DTE Greenwenod

Greenwood Energy Center
BTEC Project No. 049A8-271384
Sampling Dates: 10/206/2017

Parameter Run 1 Run 2 Run 3 Average 0, Correction
Test Run Daig 18/20/2017 10672072017 10/20/2017 Co | 0.03 0.03 0.0%
jTest Run Time 13:30-14:00 14:08-14:38 14:46-153:16 Cma 10.01; 10.01 10.61
Cr 9.65 9.64 0.61
Oxygen Concenizration (%) 14,52 14.46 14.36 14.4
Oxygen Concentration (%, drift corrected as per USEPA 7E) 15.02 15.04 14.9¢ 15.8
1 NQx Correction
Oirtlet Oxides of Nitrogen Concentration {ppmw) 83 8.1 7.9 8.1
JOwutlet NOx Concentration (ppmyv, corrected as per USEPA 7E) 8.6 8.5 83 8.5 Co -0.1%8 -0.17 -0.20
Dutlet NOx Coucentration (ppmy. corrected to 15% Oy) 8.7 8.5 8.3 8.5 Cma 25.3 233 2355
] Cmi 24.81 24.69 24.63
{Cutiet Carbon Monoxide Concentration (ppmiv) 7.8 7.8 8.6 8.1
Outlet CO Concentration {ppmv, comrected as per USEPA 7E) 73 7.3 8.1 7 CO Correction
Catlet CO Concentration (ppmv, corrected to 15%05) 7.3 7.3 8.1 7.6 ]
Co 1 022 0.20 0.03
Cma 511 511 511
Cm 53.17 33.35 34.09
scfm =standard cubic feet per minute
doefn = dry standacd cobic feet por minute
prmv = parts per millien on a volumg-to-volums basis
1o/hr = pounds per hour
MW = molecular weight (CO =28.01, NOx = 45.01. 8O, = 64.05. C,H, = 44.10, carbon = 12.01)
24.14 = molar valume of air at standard coadiziens (70°F, 25.92" Hg)
3553l = perm’
452600 =mg per fb
Equations
Contanse.cz = Cone ¥ (20.9 -15)420.2 - %05)
Rev. 2.0

S/B/2012 BC




Table 7
ZFG 111 (50 MW) NOx and CQ Emission Rates
DTE Greenwood
Greenwood Energy Center
BTEC Project No.043A8-271384
Sampling Dates: 107202047

Parameter Runl Run z ] Run 3 Average |
Test Run Dhate 10/26/20617 102072017 10/20/2057
JTest Run Time 15:28-15:59 16:09-16:39 16:48-17:18
] Oxygen Concentration (%) 14.37 14.36 14.39 14.4
{Oxygen Concentration (%, drift corrected as per USEPA TE) 14.94 | 1495 14.93 14.9
Outilet Owides of Nitrogen Cancentration {ppmv) 7.3 7.5 73 75
Cuatdet NOx Concentratinn (ppmy, correcied as per USEP4 7E) 79 79 78 78
Cler NG Concentration {pprmy, corrected 1o 15%404) : 7.8 7.8 7.8 7.8
Fouilet Carbon Monoxide Cencersiration [ppmvy 9.1 ] 8.7 ' 94 9.4
Outlet CO Concentration (ppmyv, cormected as per USEPA 7E) 8.5 9.1 ] 83 58
f0utlet CCr Concentration {ppmyv, corrected te 15%0;) B.4 21 ; 8.8 88

0O, Correction

sefm = standard cubic feet per minare
Gscfm = Gy standard cubic feer per minuie
primy = paris per miilion on 2 volume-to-volume basis

1oy = pounds per hour

3P = maolecular weight (CO = 2801, NOx = 4601, 50, = 64.05, C,H, =44 18, carbon = 1251}

24.14 = mglar volume of air at standardl cenditions (70°F, 29.92" Hy)
ax= 3 3
3531 =f parm

453600 =mg per lb

Eguations
Conicgsmo: = Cone ¥ 120.9 -15)/(30.9 - %50,)

1Co ! $.03 8.06 ¢.07
{Cma 1 10.0%) 10.01 16.01
Cm ; G.64] 9,64 2.66
INGx Correciion
Co -0.25 (123 ~0.21
Cma | 2535 255 255
1Cm 24.65 2d 86 34.79
CO Correction
o l 0.05) (.08 0.02
Jma 1 511 311 511
Cm | 3434 5390|5399
Rev. 2.0

5/8/2012 BC



| SR

Mid

Calibration Gas

| S

High

Heated Sampie Line

=

Pump

Maisture Removal System

Calibration Line

Vent

T ———

N

\

-

e
£ero

und

Flow Controller

Figure No. 1

Teledyne
CO Analyzer

Servomex 4100
0,fCO, Analyzer

TECO 421
NO/NO,
Chemiluminacent Analyzer

Data Acquisition System, Laptop
PC, & Pdag Soflware

ik

GWEC
Avaga, Michigan

USEPA Method 3A, 7E, and 10

Sampling Date:
Cotobar 20, 2017

BT Environmental Consulting inc.
4949 Ferniee Avenue
Royai Oak, Mt 48073




s

Stack Dimensions:
Depth: 108
Width; 228

inches
inches

Not 1o Scale
Points _ |Distance "
1 18.0
2 54.0
3 90.0
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