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1 Overview Of Visio "

This report summarizes the testing and presents the results of emissions tests carried
out for verification testing for catalyst destruction efficiencies for diesel nitrogen oxides
(NOx) to satisfy the requirements of EGLE Permit to Install 327-98G. Testing was
carried out on a General Motors (GM) Diesel Duramax 6.6 litre diesel engine.

The test cell set up comprised of a well-used representative diesel aftertreatment
system. This system comprising of a Close Coupled Diesel Oxidizing Catalyst
(CCDOC), a Selective Catalytic Reduction (SCR) and finally a combined Diesel
Oxidizing Catalyst Il (DOCII) and Diesel Particulate Filter (DPF) unit as fitted to a
vehicle.

The diesel efficiency was found, as expected to have a zero Nitrogen Oxide (NOXx)
conversion efficiency, over the 24 hour test the engine and test consumed 117.4 gallons
(444 .4 liters) of Ultra Low Sulfur Diesel (ULSD) and produced 16.2 Ibs. (7,348 grams) of
Diesel Nitrogen Oxide (NOx) at the rate of 0.675 Ibs. per hour (306.17 grams per hour)
for the duration of the test.
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2 Testing Description

2.1 Background

The test consisted of running a diesel engine in a test cell over a twenty-four (24) hour
period, utilizing a typical diesel test cycle and vehicle aftertreatment system and
establishing the conversion efficiency of NOx and fuel consumption over the duration of
the test. The system was tested without the effects of urea or Diesel Exhaust Fluid
(DEF) making the testing a worst case.

This was achieved by sampling the emissions upstream and downstream of the
aftertreatment system each hour. From these results a diesel NOx emission conversion
efficiency was calculated.

The analyzers used were Horiba Mexa 7500D calculated with NIST traceable gases.
The calibration gases are also A2LA ISO17025 certified for use. All analyzers were
zeroed and spanned with their relevant calibration gases prior to use.

NOx Analyzers Specification:
Horiba CLA 520
Range 0 to 5,000 ppm Accuracy +/-1% of FSD. (+/-50 ppm)

2.2 Test Cycles
2.2.1 Diesel Nitrogen Oxides (NOx) Conversion Efficiency Test

The test was to demonstrate that the NOx produced during the catalyst ageing test
cycle is measured and recorded. The catalyst conversion efficiency is calculated and
recorded over the duration of the test. The total mass of NOx produced, and fuel
consumed to be reported.

The test used a sensors EFMS flow meter directly in the exhaust flow to calculate the
exhaust mass flow directly.

The test was run over a twenty-four-hour period with emissions samples on an hourly
basis. The engine and catalyst system data being recorded electronically every second
(1 hertz) and secondary handwritten data collected every hour directly by a shift
technician, this also promotes human interface with the test at least every hour.

The NOx emissions were measured and recorded at pre and post locations on the
aftertreatment system using a Horiba Mexa CLA-720D NOx analyzer. The analyzer was
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calibrated prior to testing with NIST traceable gases as required. Results were then
calculated to establish the NOx mass emissions produced and the overall conversion
efficiency.

The twenty-four-hour test was started on Tuesday October 27t on Procat Test Cell
number 19 and completed during the evening of Wednesday October 28t. The test was
run at an engine speed of 2,000 rpm with a load of 230 Ib/ft torque and controlled to a
CCDOC inlet temperature of 350 deg C and ran at these conditions steady for the test
duration a representative ageing test.

2.3 Test Equipment

All testing was carried out within ProCat Test Cell number 19 for the Diesel NOx
Emission testing. The test set up was typical of all diesel aftertreatment testing carried
out within the facility at ProCat.
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24 Hour NOx Efficiency Test

Lag Date Log ime| T o Test Exhust Fiow Extaus Fow Speed Tore ToiePostion)  Power | FuelFlow | FuetFlow | NOxEmit | NOEmted | CO | HC | MOx | CO | HC | MOr | €O | THC | Mox

HHMSS] HHMMSS | hgshe | bshe | opm | B % P bt | gl | bsh gy o Lpom Lopm | % [ opam [ pm | % | % | %

In Out Effciency
020200 2300 | 00000 | S8 | 16 [00| 26| 412 906 0L 4% | 068 | 66 | 00 | 4600 | %900 | 000 | 300 | 100 | 10000 | 743 | om0
020200/ 53500 10000 | S | oo lam| s | 42 46 6 | 48 | 067 | 4 | o0t | 5000 | 4900 | 000 | 3000 | 100 [ 10000 | 7400 | 0
000200043500 20000 | 50 | | 2| 48 %2 q3 | 063 | 26769 | o0t | 1200 [S000| 000 | 2000 | 100 | 1000 | 222 | 00
02200/ 5300 3000 | &3 | 13 [t | 240 | 408 9) % | a1 | o065 | 2506 | 001 | %00 | 5600 | 000 | 700 | 100 | 10000 | 7308 | 00
08200/ 63500 | 40000 | 28 | e [am| 25| a7 85 a5 | 463 | 060 | 29080 | 000 | %00 | 5000 000 | 10 | 100 | 10000 | 222 | 000
020200/ 739001 50000 | A% | te Tl | s 903 79 | A1 | 065 | M0t | 00y | 300 [ 4moo | 000 | 1000 | 100 | 10000 7297 | 000
1020200/ 83500 | 60000 | 50 | e |om0| | s %0 28 | 46 | o065 | % [ oot | 500 [0 | o0 | 0w [ anm | | i | oo
02020 9400 | 70000 | S0 | 15 o] s | 4 B4 B3 | A% | 06 | M6 | 00t | 4000 | 4500 000 | 1200 | amoo | 10000 | 7551 | om0
10282000 103500, 80000 | St | 1 | | 4 85 Bt | 4% | 06 | W66 | 002 | 100 | 4000 | 000 | om0 | 4000 | 10000 | 223 | o0
02020/ 113500] 90000 | S0 | e | 20| 4 1 %8 | 45 | 08 | Mo | o0 | 000 | 4moo | 000 | a0 | 40| 10000 | 8000 | om
1028200 123500] 100000 | 50 | 118 || 412 07 4| A6 | 084 | 27 | 00 | 300 | 9600 | 000 | 1000 | 5100 | 10000 | 7143 | 000
10282000 13%500] 110000 | S | 1 a2 | 41 90 23 | 460 | 06 | oa7ee | oot | 700 | 400 | 000 | 800 | %00 [ 1000 | 0% | 000
1020200 143000] 120000 | 50 | s [am| 2| s 83 25 | 46 | ose | 2080 | oo | 3000 | 6000 | 000 | om0 |0 | 10000 | 000 | 000
028000 5000 000 | 50 | om lamlms | @ &1 a1 0 46 | o6 | 90 | o0 7200 | 5300 000 | 2000 | %0100 | 10000 | 7083 | 000
10202000/ 163500] 140000 | 5% | 100 |10 25 4 6 a0 | 4% | 060 | % | o0n | 400 | 5600 | 000 | 10 | 5600 ] 10000 | 4t | om0
0282007365000 50000 | 58 | 108 |0 M| 42 %0 79 | 410 | 065 | me0r | 000 | 300 | 51000 | 000 | 800 | 52100 ] 10000 | 78% | om0
10282000( 183500 160000 | S0 | 105 a0 2 | 42 M5 B4 | 478 | 06 | 292 | 001 | 300 | 50500 | 000 | 800 | 56500 | 10000 | 7778 | o
10202000/ 1935000 70000 | 9 | 1166 | 00] 28 | 409 %4 a1 | oaeh | 06 | 290 | 00 | 3500 | 5800 | 000 | 700 | 5900 | 10000 | 8000 | 00
1028200(203500] 90000 | B | 15 || M0 | 46 o4 A0 4% | 08 | 5 | 00 | 00 | 50000 | 000 | 900 | 52000 10000 | 7750 | om0
0800( 2035000 100000 | %5 | o (w2 | 4 %4 25 | 48 | 066 | 0% | o0t [ 5o [ 500 ] 000 | 80 | 500 | 10000 ] 8% | o0
102020023500 20000 | 55 | 1m0 a0 28| 4 06 B |41 |08 | w06 |00 | %00 | S400 | 000 | 900 | 50800 | 10000 | 163 | 000
10202000(252600] 200000 | 5% | 1186 || m | 49 84 B3 | A% | 066 | 282 | 00t | 5500 | 54900 | 000 | 1400 | 5000 | 10000 | 74% | om0
1009200003500 | 20000 | 50 | 115 a0 26| 409 89 B L AT |05 | M6 | 000 | 200 | qr00 | 000 | 600 | 500 | 10000 | 273 | 0w
0292000 13500 20000 | 56 | 106 |00 20| 42 §8 9 | 410 | 065 | 200 | 000 | 600 | 5000 | 000 | 700 | 5000 | 10000 | 7500 | 00
1029200 23500 | 240000 | 56 | 10 a0 4| 409 X B a1 |08 | me06 | om | o0 [ sl 000 [ 900 [ 500 | 10000 | 1568 | 00
1029200033500 2000 | 5% | 100 w0 w409 98 B o4n | oos | omeos | o0t | 300 | seo0 | 000 | 700 | 51900 | 10000 | 1878 | 000
Ave over 24 hrs 470 065 240!
Total over 24 hours {114 qalons 1625 1 348 grams
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Appendix 4.1 ProCat 24 Test Set Up Documentation and Performance Sheets

Appendix 4.2 Hourly Emission Data & Efficiency Sheets

Appendix 4.3 Procat Ageing Report & Histograms

Appendix 4.4 Diesel Fuel Specification Sheet

Appendix 4.5 Horiba Analyzer Span Gas Certificates of Analysis

Appendix 4.6 ProCat Sample Test Cell Summaries October 28t & 29t
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Appendix 4.1

Procat 24 Hour NOx Emission Test Set Up Documentation and Performance Sheets
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Hours 25
Description §NOx Efficiency Get File
Date October 29, 2020
Job Number §2762-56s1
Title 25 hr NOx Efficiency
Graph No Catalyst Desciption and Part No |

Turbo Out Temp
DOC 1 (CC26832) Inlet Temp

DOC 1 (CC26832) Outlet Temp

SCR (CC26808) Outlet Temp

DPF (CC27836/26823) Outlet Temp

olole|N|o|ala|wivd =




suig ainjesadwa |

SIJIIRNILSIRRLILTLILR T ESLDRELLLLSNRRNN
O000000000000000000000000000000
_“__«__ﬂ“.ﬁn“"“1__“""“n“+“—.--+_“"“v“o
—— IIN
T v
T9
g
Zsowsm 1=
a
T8
-+ 04
- ¢l
Kouaioiyg
0¢20¢ XON 4Y §2
‘62 49940300
}enoid /
dwa] 3nO oqing 1800 n_




suig ainyesadwa |

4+ 092

4+ 0ve

4+ 0cg
00e

SIIINIIIXLIILLERISSESLEDAYE S
00000000000000000000000
[ T T T T T T T T T T T T T T T T T T T T Ll T - Lt} o
+ G
+ 0i
b o
o
Zsowsm [—
a
+ Gl
T+ 0¢
Kouaroiyg
020e XON 4Y §2
‘62 48¢0300
fguor : .\\N
18D0ld

dwsaj 3j8jul (2£892992) | 200



suig asnjesadwia |

223 AN 2RI ZIILRSSESLDELLLYTSRNNNN
0000000000000000000000000000000
44—+t ggigeeire—femeleemreeet—t ()
_=.
+ S
+ 0l
T
o
Zsowsm e
7
+ Gl
+ 02
Aousionyg
0202 XON 4y §2
‘62 18¢0300
1eN0.
. dwaj 19pnO (2£892292) L D04 0 n_
W=, =

\..\\Il..y /_

A (C W\ // . Iy
/ D S " < ~4



suig ainjesadwia |

8./_1_1_1_1999999SWSQ.V.V“W.V.VSSWSSZZZZZ
o ® O A N O 0 O A N O O O N © ®©® O N © ® O N © @ & A N O
O O O O O O O O O O O O O O OO O O O OO o oo oo oo o o o o
"ttt ——F——F—F—+——F——+—+—+—+—+——+—glgasiececieeceeackoecfeeest
T
TP
T9
T8
x
oL £
zeows@ e
7]
T cl
T i
T 9l
+ 81
0coe fouaioyg XON 1Y §Z
‘62 1940300
fBueoy,

dwa] 19nO (3089299) YOS



Zsoms@

dwsaj 39pnO (£2892/9€8.2299) 4da

suig ainjesadwa |
S I AN 22 RIR LIRSS ARS8 LLESRRRENND
000nu0nU0000000000000000000000000
44— ————+——+——+——+——+—+———ggggeie—ciemcreesjeeest )
T e
- v
T~ 9
T8
g
+ 0l £
]
T ¢l
T vl
+ 9l
Kouaioig T 8l
0c0¢c XON 4y g2
‘6¢ 4990300
}e00id /




