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Consumers Energy Regulatory Compliance Testing Section (RCTS) conducted nitrogen 
oxides (NOx), carbon monoxide (CO), and volatile organic compound (VOC) testing at a 
stationary, spark-ignition (SI) internal combustion engine (ICE), identified as EUENGINE3-1, 
installed and operated at the St. Clair Compressor Station, in Ira, Michigan. The facility is 
classified as an area source of hazardous air pollutants (HAP) and the source is a natural 
gas-fired, four-stroke lean burn (4SLB), 4,835 brake horsepower (BHP) engine which 
operates as needed to maintain natural gas pressure to move it in (injection) and out 
(withdrawal) of storage reservoirs and along the natural gas pipeline system. The test 
program was conducted February 27, 2018 to satisfy initial performance testing 
requirements and evaluate compliance with 40 CFR 60, Subpart JJJJ, "Standards of 
Performance for Stationary Spark Ignition Internal Combustion Engines," (aka NSPS SI ICE) 
and Michigan Department of Environmental Quality (MDEQ) Permit to Install (PT!) 106-14. 

Three, 60-minute test runs were conducted at the engine exhaust following the procedures 
in United States Environmental Protection Agency (USEPA) Reference Methods (RM) 1, 3A, 
4, 7E, 10, 18, 19, and 25A/ALT-096 in 40 CFR 60, Appendix A. Please note that while ALT-
096 is not in 40 CFR 60, Appendix A, ALT-096 incorporates relevant Appendix A, Method 
25A procedures and requirements specific to operating a Thermo-Electron Model (TECO) 55I 
for methane and non-methane organic compounds (NMOC) measurement at 40 CFR 60, 
Subpart JJJJ sources. 

There were no deviations from the approved stack test protocol or associated USEPA 
Reference Methods; however, test provisions existed in the protocol for conducting initial 
performance testing on EUEMERGEN3-1, EUENGINE3-2, EUENGINE3-3, and EUENGINE3-4. 
These engines were tested during previous test programs and the results presented in 
separate reports. Testing of EUENGINE3-1 was delayed due to mechanical issues until 
February 27, 2018, within 30 calendar days following the first operation of the engine for 
routine production purposes during the 2018 calendar year. 

During testing, EUENGINE3-1 operated at horsepower and torque conditions within plus or 
minus(±) 10 percent of 100 percent peak (or the highest achievable) load, as specified in 
40 CFR 60.4244(a). The results of the emissions testing are summarized in Table E-1 on 
the following page. 
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Table E-1 

EUENGINE3-1 

NOx 
0.46 1.0 0.6 

39.1 82 

co 0.034 2.0 0.36 
4.7 270 

voe 0.08 0.7 0.2 
7.4 60 

NOx nitrogen oxides 
CO carbon monoxide 
VOC volatile organic compounds (non-methane, non-ethane organic compounds), as propane 
g/HP-hr grams per horsepower hour 
1 Owners and operators of stationary non-certified SI engines may choose to comply with the 

emission standards in units of either /HP-hr or mvd at 15 ercent 02 

The results of the EUENGINE3-1 testing indicate the NOx, CO, and VOC exhaust emissions 
are in compliance with PT! 106-14 and NSPS SI ICE limits. 

Detailed results are presented in Appendix Table 1. Sample calculations, field data sheets, 
and laboratory data are presented in Appendices A, B, and C. Engine operating data and 
supporting documentation are provided in Appendices D and E. 
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This report summarizes the results of compliance air emissions testing conducted February 
27, 2018 on EUENGINE3-l installed and operated at the Consumers Energy St. Clair 
Compressor Station. 

This document follows the Michigan Department of Environmental Quality (MDEQ) format 
described in the December 2013, Format for Submittal of Source Emission Test Plans and 
Reports. Reproducing only a portion of this report may omit critical substantiating 
documentation or cause information to be taken out of context. If any portion of this report 
is reproduced, please exercise due care in this regard. 

1.1 IDENTIFICATION, LOCATION, AND DATES OF TESTS 

Consumers Energy Regulatory Compliance Testing Section (RCTS) conducted nitrogen 
oxides (NOx), carbon monoxide (CO), and volatile organic compound (VOC) testing of a 
stationary, spark-ignition (SI), internal combustion engine (ICE), identified as EUENGINE3-
1, installed and operated at the St. Clair Compressor Station in Ira, Michigan on February 
27, 2018. 

A test protocol submitted to the MDEQ on August 31, 2017 was subsequently approved by 
Mr. Tom Gasloli, MDEQ Environmental Quality Analyst, in a letter dated September 13, 
2017. Note that provisions existed in the protocol for conducting initial performance testing 
on EUEMERGEN3-1, EUENGINE3-2, EUENGINE3-3, and EUENGINE3-4. These engines were 
tested during previous test programs and the results presented in separate reports. Testing 
of EUENGINE3-1 was delayed due to mechanical issues until February 27, 2018, within 30 
calendar days following the first operation of the engine for routine production purposes 
during the 2018 calendar year. 

1.2 PURPOSE OF TESTING 

The test program was performed from February 27, 2018 to satisfy initial performance 
testing requirements and evaluate compliance with the applicable limits specified in 40 CFR 
Part 60, Subpart JJJJ, "Standards of Performance for Stationary Spark Ignition Internal 
Combustion Engines" (aka NSPS SI ICE) and in MDEQ Permit to Install (PT!) 106-14. The 
applicable emission limits are presented in Table ·1-1. 
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Table 1-1 

R 336.1205(1)(a) 
NOx ,---;;:;--t~~~~~t'-;:;::;;:;;~~-;;;:--;:;-:-'1 40 CFR 52.21(c) & (d) 

1-------l-----=8:::2:___-l-:__:__:__:__:__"'+-c:_P.'.:P:.:m:.:v_:d_:a:.:t_:1:.:5:.:
0

/,_::_o _:O:.:'c.j 40 CFR 6 0 .4233 ( e) 
2.0 g/HP-hr Table 1 to Subpart JJJJ of 

co f------==---+~~N0'~':"'ir----=-:---:--:-:::~7 Part 60-NOx, CO, and voe 
L _____ _(_ ___ _.:2'.::7'...'.0:'.__µ~Q3!2'~~~--'pf'lp:'.'.m_'.'._'._v'.'..d_'.:a'..:t...'.1'..:5'..:0A:::0 _.::0~,'_j Emission Standards for 

o. 7 g/HP-hr Stationary Non-Emergency 
-e----=.: ____ _j SI Engines 2:100 HP 

voe 

NOx nitrogen oxides 
CO carbon monoxide 

60 ppmvd at 15% 0 2 

(Except Gasoline and Rich 
Burning LPG), Stationary SI 
Landfill/Digester Gas 
Engines, and Stationary 
Erner enc En ines >25HP 

VOC volatile organic compounds (non-methane, non-ethane organic compounds) as propane 
g/HP-hr grams per horsepower hour 
1 Owners and operators of stationary non-certified SI engines may choose to comply with the 

emission standards in units of either /HP-hr or mvd at 15 ercent O, 

1.3 BRIEF DESCRIPTION OF SOURCE 

EUENGINE3-1 is a 4,835 brake horsepower, four-stroke lean burn (4SLB), SI ICE located at 
an area source of hazardous air pollutant (HAP) emissions. The engine operates as needed 
to maintain natural gas pressure to move it in (injection) and out (withdrawal) of storage 
reservoirs and along the natural gas pipeline system. 

1.4 CONTACT INFORMATION 

Table 1-2 presents the names, addresses, and telephone numbers of the contacts for 
information regarding the test and the test report, and names and affiliation of personnel 
involved in conducting the testing. 
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Table 1-2 
Contact Information 

F!togram 
Contact, Address . - Role -"., - - ' 

Ms. Karen Kajiya-Mills Michigan Department of Environmental Quality 
State Regulatory Technical Programs Unit Manager Technical Programs Unit 

Administrator 517-335-4874 525 W. Allegan, Constitution Hall, 2nd Floor S 
kaji':(a-m11lsk@michigan.gov Lansing, Michigan 48933 

Mr. Robert Elmouchi Michigan Department of Environmental Quality 
State Regulatory Environmental Quality Analyst Southeast Michigan District 

Inspector 586-753-3736 27700 Donald Court 
elmouchir@michigan.gov Warren, Michigan 48092 

Mr. Gregory Baustian 
Consumers Energy Company 

Executive Director-Natural Gas 
Responsible 

Compression and Storage Zeeland Generation 
Official 425 N. Fairview Road 616-237-4009 

Zeeland, Michigan 49464 g regory:. ba ustia n@cmse nerg)'.'.. com 
Ms. Amy Kapuga Consumers Energy Company 

Corporate Air Senior Engineer Environmental Services Department 
Quality Contact 517-788-2201 1945 West Parnall Road 

amy.kaguga@cmsenergy:.com Jackson, Michigan 49201 
Mr. Brian Mauzy Consumers Energy Company 

Test Facility 
Gas Field Leader III St. Clair Compressor Station 

586-716-3331 10021 Marine City Highway 
brian.mauzy:@cmsenergy.com Ira, Michigan 48023 
Mr. Thomas Schmelter, QSTI Consumers Energy Company 

Test Team Engineering Technical Analyst II L&D Training Center 
Representative 616-738-3234 17010 Croswell Street 

thomas.schmelter@cmsenergy_.com West Olive, Michigan 49460 

2.1 OPERATING DATA 

During the performance test, the engine fired natural gas and pursuant to §60.4244(a), the 
engine was operated within 10% of 100 percent peak (or the highest achievable) load. The 
performance testing was conducted with the engine operating at an average load >95% 
torque and >95% horsepower, based on the maximum manufacturer's design capacity at 
engine and compressor site conditions. 

Refer to Attachment D for detailed operating data. 

2.2 APPLICABLE PERMIT INFORMATION 

The St. Clair Compressor Station has been assigned State of Michigan Registration Number 
(SRN) B6637 and operates Plant 3 in accordance with PT! 106-14. EUENGINE3-1, 
EUENGINE3-2, EUENGINE3-3, and EUENGINE3-4 are emission unit sources identified in the 
permit and collectively included within the FGENGINES-P3 flexible group. Incorporated 
within the permit are the applicable requirements of NSPS SI ICE. 

Regulatory Compliance Testing Section 
GE&S/Environmental & Laboratory Services Department 

Page 3 of 15 
QSTI: T.R. Schmelter 



2.3 RESULTS 

The results of the EUENGINE3-1 testing indicate the NOx, co, and voe exhaust emissions 
are in compliance with PTI 106-14 and NSPS SI ICE limits. Refer to Table 2-1 for the 
summary of test results. 

NO, 

co 

voe /HP-hr 
mvd at 15% 02 

NOx nitrogen oxides 
CO carbon monoxide 

Table 2-1 

EUENGINE3-1 
0.46 

39.1 
0.034 
4.7 
0.08 
7.4 

1.0 
82 

2.0 
270 

0.7 
60 

VOC volatile organic compounds (non-methane, non-ethane organic compounds) as propane 
g/HP-hr grams per horsepower hour 

1 Owners and operators of stationary non-certified SJ engines may choose to comply with the 
emission standards in units of either g/HP-hr or mvd at 15 ercent 02 

Detailed results are presented in Appendix Table 1. A discussion of the results is presented 
in Section 5.0. Sample calculations, field data sheets, and laboratory results are presented 
in Appendices A, B, and C. Engine operating data and supporting information are provided 
in Appendices D and E. 

EUENGINE3-1 is operated as needed to maintain natural gas pressure in order to move it in 
(injection) and out (withdrawal) of storage reservoirs and along the natural gas pipeline 
system. A summary of the engine specifications are provided in Table 3-1. 

Table 3-1 

EUENGINE3-1 Waukesha 16V275GL+ 4,835 Oxidation catalyst 

3.1 PROCESS 

EUENGINE3-1 is a natural gas-fired 4SLB SI ICE constructed in 2017. In a four-stroke 
engine, air is aspirated into the cylinder during the downward travel of the piston on the 
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intake stroke. The fuel charge is injected when the piston is near the bottom of the intake 
stroke; the intake ports are then closed as the piston moves to the top of the cylinder, 
compressing the air/fuel mixture. The ignition and combustion of the air/fuel charge begins 
the downward movement of the piston called the power stroke. As the piston reaches the 
bottom of the power stroke, valves are opened and combustion products are expelled from 
the cylinder as the piston travels upward. A new air-to-fuel charge is injected as the piston 
moves downward with a new intake stroke. 

The engine provides mechanical shaft power to gas compressors and/or pumps. The 
compressors and/or pumps are used to withdrawal or inject natural gas into high pressure 
natural gas storage fields or to help move natural gas and maintain pressure within the 
natural gas pipeline transmission and distribution system. Refer to Figure 3-1 for a four­
stroke engine process diagram. 

Figure 3-1. Four-Stroke Engine Process Diagram 
Four~slroke cycle 

Intake 
Air-fuel rrih<lure 

Is drawn In. 
© 2007 En,:,yelop.iedia Britano!oa, tne. 

valves closed 

compression 
Air-fuel mixture 
is comprassect 

power 
Explosion forc:es 

piston down 

int11ke exhaust 
valve open 

eKha.ust 
Piston pushes out 

bt.Jrned gases. 

The natural gas-fired engine flue gas is controlled through parametric controls (i.e., timing 
and air-to-fuel ratio), lean burn combustion technology, and oxidation catalysts. The 
Waukesha engine includes a control module that monitors and adjusts engine parameters 
for optimal performance. The NOx emissions from the engines are minimized through the 
use of lean-burn combustion technology. Lean-burn combustion refers to a high level of 
excess air (generally 50% to 100% relative to the stoichiometric amount) in the combustion 
chamber. The excess air absorbs heat during the combustion process, thereby reducing the 
combustion temperature and pressure and resulting in lower NOx emissions. 

The oxidation catalysts are manufactured by Powertherm Company. Four catalyst modules 
are installed on the engine. The catalysts use propriety materials to lower the oxidation 
temperature of CO and other organic compounds, thus maximizing the catalyst efficiency 
specific to the exhaust gas temperatures generated by the engine. The catalyst also 
provides control of formaldehyde, as well as non-methane and non-ethane hydrocarbons. 

Detailed operating data recorded during testing are provided in Appendix D. 

3.2 PROCESS FLOW 

Located in southern St. Clair County, the St. Clair Compressor Station helps maintain 
natural gas pressures in southeast Michigan. The Hessen, Puttygut, Swan Creek, Four 
Corners, Ira, and Lenox gas storage fields are located in the Niagaran geologic formation 
and used to store and supply a capacity of approximately 45.6 billion cubic feet of natural 
gas. The station connects to these six underground storage fields, which provide enough 
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natural gas to serve up to 20 percent of the supply to Consumers Energy's 1. 7 million gas 
customers in winter. 

The facility is divided into three plants comprising natural gas reciprocating compressor 
engines, combustion turbines, and associated equipment to maintain pressure and move 
natural gas in and out of the storage reservoirs. Plant 3 natural gas compressor engine 
EUENGINE3-1 was the focus of this test program. Refer to Figure 3-2 for the St. Clair 
Compressor Station Plant 3 Process Flow. The green lines represent gas into the engine 
compression system, while the blue lines represent discharged gas. The gas can be routed 
through the plant, into underground storage reservoirs, or out to the distribution pipelines. 

Figure 3-2. St. Clair Compressor Station Plant 3 Process Flow 

EUENGINE3-1 

3.3 MATERIALS PROCESSED 

/loJ•ILlt>l"Y 
!IUL!lll<u 

""' 
DEHY, AREA 

~---~<x,) 
l<E."="~TEl!S U,)OL 

~-;, 

0 

RECEIVED 
APR 20 2018 

AIR QUALITY DIVISION 

The fuel utilized in EUENGINE3-1 is exclusively natural gas, as defined in 40 CFR 72.2. 
During testing the natural gas combusted within the engines was comprised of 
approximately 94% methane, 4% ethane, 1 % nitrogen, and 1 % carbon dioxide. 

3.4 RATED CAPACITY 

The engine has a maximum power output of approximately 4,835 horsepower. The engine 
has a rated heat input of 27 million British thermal units per hour (mmBtu/hour). The 
normal rated capacity of the engine is a function of facility and gas transmission demand. 
The engine operating parameters were recorded and averaged for each test run. Refer to 
Appendix D for operating data recorded during testing. 

3.5 PROCESS INSTRUMENTATION 

The engine processes were continuously monitored by GE Power engine controllers for the 
Waukesha engines, data acquisition systems, and by Consumers Energy operations 
personnel during testing. Data were collected at 1-minute intervals during each test for the 
following parameters: 
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• Fuel use ( cfm) 

• Engine speed (rpm) 

• Power (BHP) 

• Torque (% max) 

• Catalyst input temperature (°F) 

• Catalyst differential pressure (in. H2O) 

• Engine hours 

Refer to Appendix D for operating data. 

Consumers Energy RCTS tested for NOx, CO, voe, and oxygen (0 2 ) concentrations using 
the United States Environmental Protection Agency (USEPA) test methods presented in 
Table 4-1. The sampling and analytical procedures associated with each parameter are 
described in the following sections. 

Table 4-1 
Test Methods 

USEPA 
Parcametet Method "'"ti 

--'-------------'-------------"-'1 ___ e ___________ _ 
Sample traverses 

Oxygen 

Moisture content 

Nitrogen oxides 
(NOx) 

Carbon monoxide 
(CO) 

Ethane 

Emission rates 

Volatile organic 
compounds 

1 

3A 

4 

7E 

10 

18 

19 

Alt-096: 

18/25A 

Sample and Velocity Traverses for Stationary Sources 

Determination of Oxygen and Carbon Dioxide Concentrations 
in Emissions from Stationary Sources (Instrumental Analyzer 
Procedure) 

Determination of Moisture Content in Stack Gases 

Determination of Nitrogen Oxides Emissions from Stationary 
Sources (Instrumental Analyzer Procedure) 

Determination of Carbon Monoxide Emissions from Stationary 
Sources (Instrumental Analyzer Procedure) 

Measurement of Gaseous Organic Compound Emissions by 
Gas Chromatography 

Sulfur Dioxide Removal and Particulate, Sulfur Dioxide and 
Nitrogen Oxides from Electric Utility Steam Generators 

Measurement of Gaseous Organic Compound Emissions by 
Gas Chromatography and 
Determination of Total Gaseous Organic Concentration Using 
A Flame Ionization Analyzer via TECO-55I for NSPS SI ICE 

4.1 DESCRIPTION OF SAMPLING TRAIN AND FIELD PROCEDURES 

The test matrix presented in Table 4-2 summarizes the sampling and analytical methods 
performed for the specified parameters during this test program. 
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Table 4-2 
Test Matrix 

EUENGINE3-1 

1 9:44 10:44 60 
1 Natural gas sample 

3A collected. 

02 4 Flexible bags for ethane 
February 2 NO, 11:15 12: 15 60 7E analvsis collected. 

27 co 10 

3 
voe 

12:40 13:40 60 
19 

25A/18 
Alt-096 

4.2 SAMPLE LOCATION AND TRAVERSE POINTS (USEPA METHOD 1) 

The number and location of traverse points was evaluated according to the requirements in 
US EPA Method 1, Sample and Velocity Traverses for Stationary Sources. 

Two 4-inch diameter test ports protrude approximately 4-inches beyond a 36-inch diameter 
vertical stack exhausting the engine. The exhaust stack is designated as SVENGINE3-1 
within PT! 106-14, FGENGINES-P3, Section VIII, Stack/Vent Restrictions, which require 
exhaust gases to discharge through stacks ~36-inches in diameter and ~65 feet above 
ground. The sampling ports are located: 

• Approximately 117 inches or 3.25 duct diameters downstream from the 
confluence of the oxidation catalyst exhaust silencer to the vertical exhaust 
stack, and 

• Approximately 286 inches or 7.9 duct diameters upstream of the stack exit. 
The stack exit is 65 feet above the ground surface. 

Because the duct is > 12 inches in diameter and the sampling port locations meet the two 
and half-diameter criterion of Section 11.1.1 of Method 1 of 40 CFR Part 60, Appendix A-1, 
the sample probe was marked at 3 traverse points located at 16.7, 50.0, and 83.3% of the 
measurement line ('3-point long line'). Engine exhaust gas was sampled from each of the 
three traverse points during Run 1 of the testing and at a single point based on the results 
of the stratification test performed during Run 1. A representative drawing of a tested 
engine's exhaust stack sampling locations are presented as Figure 4-1. 
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Figure 4-1. Exhaust Stack Sampling Port Locations 
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4.3 NOx, CO, AND 02 CONCENTRATIONS (USEPA METHODS 3A, 7E, AND 10) 

Oxygen, nitrogen oxides, and carbon monoxide concentrations were measured using the 
sampling and analytical procedures of USEPA Methods 3A, Determination of Oxygen and 
Carbon Dioxide Concentrations in Emissions from Stationary Sources (Instrumental Analyzer 
Procedure), 7E, Determination of Nitrogen Oxides Emissions from Stationary Sources 
(Instrumental Analyzer Procedure), and 10, Determination of Carbon Monoxide Emissions 
from Stationary Sources (Instrumental Analyzer Procedure). The sampling procedures of 
the methods are similar with the exception of the analyzers and analytical technique used to 
quantify the parameters of interest. The measured diluent concentrations were used to 
adjust measured pollutant concentrations to 15% 0 2 • 

Engine exhaust gas was extracted from the stack through a stainless steel probe, heated 
sample line, and through a gas conditioning system to remove water and dry the sample 
before entering a sample pump, gas flow control manifold, and chemiluminescent, 
paramagnetic, and infrared gas filter correlation gas analyzers. Figure 4-2 depicts the 
Methods 3A, 7E, and 10 sampling system. 

Figure 4-2. Methods 3A. 7E. and 10 Sampling System 
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Prior to sampling engine exhaust gas, the analyzers were calibrated by performing a 
calibration error test where zero-, mid-, and high-level calibration gases were introduced 
directly to the back of the analyzers. The calibration error check was performed to evaluate 
if the analyzers response was within ±2.0% of the calibration gas span or high calibration 
gas concentration. An initial system-bias test was performed where the zero- and mid- or 
high- calibration gases were introduced at the sample probe to measure the ability of the 
system to respond accurately to within ±5.0 percent of span. 
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An NO 2 -NO conversion check was performed by introducing an approximate 50 ppmv NO 2 

calibration gas into the NOx analyzer. The NO 2 -NO conversion check evaluates the ability of 
analyzer to accurately measure total nitrogen oxides. The NO,-NO conversion results were 
acceptable because the analyzer's NOx concentration was 2:90% of the introduced NO 2 

calibration gas concentration. 

Upon successful completion of the calibration error and initial system bias tests, sample flow 
rates and component temperatures were verified and the probe was inserted into the duct. 
After confirming the engine was operating at established conditions the test run was 
initiated. NOx, CO, and 0 2 concentrations were recorded at 1-minute intervals throughout 
the 60-minute test duration. 

At the conclusion of the test run, a post-test system bias check was performed to evaluate 
analyzer bias and drift from the pre- and post-test system bias checks. The system-bias 
checks evaluate if the analyzers bias is within ±5.0% of span and drift is within ±3.0%. The 
analyzer's responses were used to correct the measured concentrations for analyzer drift. 
Refer to Appendix B for measured concentrations and Appendix E for analyzer calibration 
supporting documentation. 

4.4 MOISTURE CONTENT (USEPA METHOD 4) 

The alternative procedure in 40 CFR Part 60, Appendix A Method 4, Determination of 
Moisture Content in Stack Gases, §16.4 was used to calculate flue gas moisture content by 
summing the moisture mole fraction of the ambient air, the free water in the fuel fired, and 
the hydrogen in the fuel. This data was used to convert measured pollutant concentration 
from a wet basis to dry basis. The natural gas fuel sample laboratory analyses results are 
contained in Appendix C of this report. 

4.5 ETHANE CONCENTRATIONS (USEPA METHOD 18) 

USEPA Method 18, Measurement of Gaseous Organic Compound Emissions by Gas 
Chromatography, was used to quantify the ethane component of the measured organic 
compound emissions. Two engine exhaust gas samples were collected in flexible bags and 
submitted to a laboratory to measure ethane concentrations. The laboratory analyzed the 
samples by gas chromatography with flame ionization detector. The reported ethane 
concentrations were corrected for spike recovery, averaged, and converted from ethane to 
propane based on the number of carbon atoms in each compound. The ethane 
concentrations were subtracted from the measured non-methane hydrocarbon 
concentrations used to calculate the non-methane, non-ethane voe emission rate. Refer to 
Appendix C for the USEPA Method 18 laboratory results. 

4.6 EMISSION RATES (USEPA METHOD 19) 

USEPA Method 19, Determination of Sulfur Dioxide Removal Efficiency and Particulate 
Matter, Sulfur Dioxide, and Nitrogen Oxide Emission Rates, was used to calculate a fuel 
specific F factor to calculate pollutant emission rates. A fuel sample was collected during 
testing and analyzed to measure hydrocarbons, non-hydrocarbon, heating value, and other 
properties. The results were used to calculate Fw and Fd factors (ratios of combustion gas 
volumes to heat inputs) using USEPA Method 19 Equations 19-13, 19-14, and 19-15. The 
Fd factor was used to calculate the emission flow rate with the corresponding equation 
presented in Figure 4-3. 
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Figure 4-3. USEPA Method 19 Emission Flow Rate Equation 
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measured at engine fuel feed line, calculated as (fuel feed rate in 
lt3/min) x (fuel heat content in mmBtu/lt3

) 

stack oxygen concentration, dry basis(%) 

4.7 VOLATILE ORGANIC COMPOUNDS (ALT-096: USEPA METHODS 18/25A) 

voe concentrations were measured using Approved Alternative Test Method 096 (ALT-096) 
as an alternative or modification to combine 40 eFR 60, Appendix A, reference method 25A, 
Determination of Total Gaseous Organic Concentration Using a Flame Ionization Analyzer, 
and reference method 18, Measurement of Gaseous Organic Compound Emissions by Gas 
Chromatography. Methane and non-methane organic compounds (NMOe) were measured 
using a Thermo Scientific 551 as specified in Alt-096. Figure 4-4 depicts the NMOe sample 
apparatus configuration. 

The components of the extractive NMOe sample interface apparatus are constructed of Type 
316 stainless steel and Teflon. Flue gas was sampled from the stack via a sample probe and 
heated sample line and into the analyzer communicating with data acquisition handling 
systems (DAHS) via output signal cables. The analyzer uses a rotary valve and gas 
chromatograph column to separate methane from hydrocarbons in the sample and 
quantifies these components using a flame ionization detector. 

Prior to testing, the analyzer was calibrated by introducing known concentrations of 
hydrocarbon free zero gas and high-level methane and propane USEPA Protocol calibration 
gas standards to the analyzer and adjusting its signal output to appropriate levels. A 
method 25A calibration error test was completed by introducing low- and mid-level 
calibration gases to the sample system to evaluate if the analyzer's response was within 
±5% of the calibration gas concentration. During this procedure the system response time 
was measured to determine the time from the concentration change to the measurement 
system response equivalent to 95% of the step change. 

Following the completion of the test period, the zero and low-level calibration gases, one at 
a time, were introduced into the measurement system to evaluate analyzer drilt. The 
analyzer's response was recorded and if the drift values were within ±3% of span, the test 
data was validated. 

As requested by the MDEQ, the measured NMOe concentrations were adjusted for analyzer 
bias using USEPA Method 7E equation 7E-5b. Ethane was subtracted from the measured 
NMOe concentrations and the calculated moisture content of the exhaust gas was used to 
convert this concentration to a dry basis. The non-methane, non-ethane organic compound 
concentration (NMNEOC) and the calculated volumetric flowrate were used to calculate the 
voe mass emission rate and evaluate compliance with the applicable permit limits. 
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Figure 4-4. USEPA Method 25A NMOC Sample Apparatus 
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The test program was performed to satisfy the initial performance testing requirements and 
evaluate compliance with the NSPS SI ICE and MDEQ PT! 106-14. 

5.1 TABULATION OF RESULTS 

The results of the EUENGINE3-1 testing indicate the NOx, co, and voe exhaust emissions 
are in compliance with NSPS SI ICE and PT! 106-14 limits as summarized in Table 2-1. 
Appendix Table 1 contains detailed tabulation of results, process operating conditions, and 
exhaust gas conditions. 

Please note that 40 CFR Part 60, Subpart JJJJ defers to 40 CFR Part 51 VOC definitions, 
specifically, §51.lO0(s)(l) defines voe as any compound of carbon ... other than the 
following, which have been determined to have negligible photochemical reactivity: 
methane, ethane ... , and (2), Where such a method also measures compounds with 
negligible photochemical reactivity, these ... compounds may be excluded as VOC if. .. 
accurately quantified, and such exclusion is approved by the enforcement authority. The 
Consumers Energy test protocol included a request; subsequently granted by the MDEQ; to 
collect exhaust gas samples in flexible bags for Method 18 ethane analysis at an outside 
contracted laboratory, since the Thermo Scientific 551 NMOC measurement includes ethane, 
thus creating a positive ethane bias potential when testing natural gas-fired stationary 
sources. 

The potential for a positive ethane bias was observed during testing at the facility on 
January 9th during EUENGINE3-2 Runs 1 and 2 when field measured NMOC results were less 
than the 0.7 g/HP-hr Subpart JJJJ Limit, but greater than the 0.2 g/HP-hr PTI-106-14 limit. 
After confirming agency approval for separate ethane analysis, RCTS collected a 
representative, "as fired" sample for ethane analysis in duplicate from the engine on 
February 27, 2018 during Run 2. The duplicate sample was designated for backup analysis 
in the event of flexible sample bag shipping damage or if needed for quality assurance. 
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The reported ethane laboratory result was converted to propane and subtracted from the 
field-measured NMOC concentrations measured as propane, thus yielding a representative 
NMNEOC (VOC) result. 

5.2 SIGNIFICANCE OF RESULTS 

The results of the testing indicate compliance with the PT! 106-14 and NSPS SI ICE limits. 

5.3 VARIATIONS FROM SAMPLING OR OPERATING CONDITIONS 

No operating condition variations were encountered during the test program. 

5.4 PROCESS OR CONTROL EQUIPMENT UPSET CONDITIONS 

No upsets were encountered during the test program. 

5.5 AIR POLLUTION CONTROL DEVICE MAINTENANCE 

Startup and commissioning of the engine occurred prior to the test. Engine optimization 
and continuous parametric monitoring are performed to ensure lean-burn combustion and 
compliance with regulatory emission limits is achieved. 

5.6 RE-TEST DISCUSSION 

Based on the results of this test program, a re-test is not required. Subsequent air 
emissions testing on the engine will be performed every 8,760 engine operating hours or 3 
years, whichever is first, thereafter to demonstrate compliance. The engine hours at the 
conclusion of testing were 366.24 for EUENGINE3-1. 

5.7 RESULTS OF AUDIT SAMPLES 

Audit samples for the reference methods utilized during this test program are not available 
from USEPA Stationary Source Audit Sample Program providers. The USEPA reference 
methods performed state reliable results are obtained by persons equipped with a thorough 
knowledge of the techniques associated with each method. Factors with the potential to 
cause measurement errors are minimized by implementing quality control (QC) and 
assurance (QA) programs into the applicable components of field testing. QA/QC 
components were included in this test program. Table 5-1 summarizes the primary field 
quality assurance and quality control activities that were performed. Refer to Appendix E 
for supporting documentation. 

Table S-1 

Ml: Sampling Evaluates if the Measure distance Pre-test ;,,2 diameters 
Location sampling location from ports to downstream; 

is suitable for downstream and ~0.5 diameter 
sampling upstream flow upstream. 

disturbances 
Ml: Duct Verifies area of Review as-built Pre-test Field measurement 
diameter/ stack is accurately drawings and field agreement with as-
dimensions measured measurement built drawin s 
M3A M7E Ensures accurate Traceabilit rotocol Pre-test Calibration as 
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Table 5-1 

Ml0: calibration of calibration gases uncertainty ;5;2.0% 
Calibration gas standards 
standards 
M3A, M7E, Evaluates Calibration gases Pre-test ±2.0% of the 
Ml0: operation of introduced directly calibration span 
Calibration analyzers into analyzers 
Error 
M3A, M7E, Evaluates Calibration gases Pre-test and ±5.0% of the analyzer 
MlO: System analyzer and introduced at sample Post-test calibration span for 
Bias and sample system probe tip, heated bias and ±3.0% of 
Analyzer Drift integrity and sample line, and into analyzer calibration 

accuracy over test analyzers span for drift 
duration 

M7E: NO 2 -NO Evaluates NO 2 calibration gas Pre-test or NOx response 2:::90% of 
converter operation of NO 2 - introduced directly Post-test certified NO 2 

efficiency NO converter into analyzer calibration gas 
introduced 

M25A: Evaluates Calibration gases Pre-test ±5.0% of the 
Calibration operation of introduced through calibration gas value 
Error analyzer and sample system 

sam le s stem 
M25A: Zero Evaluates Calibration gases Pre-test and ±3.0% of the analyzer 
and Calibration analyzer and introduced through Post-test calibration span 
Drift sample system sample system 

integrity and 
accuracy over test 
duration 

5.8 CALIBRATION SHEETS 

Calibration sheets, including gas protocol sheets and analyzer quality control and assurance 
checks are presented in Appendix E. 

5.9 SAMPLE CALCULATIONS 

Sample calculations used to compute emissions data are presented in Appendix A. 

5.10 FIELD DATA SHEETS 

Field data sheets are presented in Appendix B. 

5.11 LABORATORY QUALITY ASSURANCE/ QUALITY CONTROL PROCEDURES 

The method specific quality assurance and quality control procedures in each method 
employed during this test program were followed, without deviation. Refer to Appendix C 
for the laboratory data sheets. 

5.11.1 QA/QC BLANKS 

other than Method 18 QA/QC and calibration gases used for zero calibrations, no other 
reagent or media blanks were used. Laboratory QA/QC data is contained in Appendix C. 
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