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Summary

In the framework on the Netherlands in-service testing program for heavy-duty
vehicles of the Ministry of Infrastructure and Water management TNO has
conducted three on-road emission tests with PEMS on a N3 Euro VI Step-C truck
conform Regulation EU No. 582/2011 [1] as amended by EU No. 2016/1718 [2], to
verify that the vehicle meets the requirements concerning the applicable heavy duty
vehicle in-service conformity emission regulations.

e For the three valid tests the 90% cumulative exhaust emissions conformity
factors for NOx, THC and CO are below the maximum allowed value of 1.5.

e The 90% cumulative NOx conformity factors for test 1,2 and 3, determined
according the work based method are 0.50, 0.33 and 0.32, and on average
0.38.

e The 90% cumulative NOx conformity factors for test 1,2 and 3, determined
according the CO2 based method are 0.52, 0.33 and 0.33, and on average
0.39.

Considering the demonstrated validity of the measurements, the results of the
measurements are interpreted as plausible. During testing, no anomalies were
encountered. The CF results show that for both work- and CO2 based window
methods the limit of 1.5 was not exceeded for components NOx, CO and THC(with
application of the emission limits set for Pl engines according to (EU)
N0.133/2014][3)).

The CF for PN has not yet been determined. This means the CF for PN are purely
indicative and do not account for pass/fail. Notable is the strong decline in CF for
PN during the course of the test program. It is unknown if a regeneration of the
particulate filter took place before the start of the first test.

TNO PUBLIC
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1 Introduction

1.1 Background

The Ministry of Infrastructure and Water management has contracted TNO to
conduct the in-service emissions testing programme for heavy duty vehicles. In this
programme TNO tests on an annual basis a selection of vehicles of which the data
is used to:
Determine the emissions factors for heavy commercial vehicles
— Determine trends over the different EU standards and steps:
— Are the vehicles getting sufficiently cleaner each generation/step in the real
world?
— Use the data and insights in Brussels in discussions about the improvement
of the test procedures
— Screen the in-service conformity
— Assess new/alternative technologies
— Provide information to stakeholders. To help make purchase decisions for
cleaner and more fuel efficient transport

In the framework of this programme in 2017 TNO has tested two articulated trucks
that are running on LNG to determine the level of criteria pollutants and to
determine the tank-to-wheel greenhouse gas emissions. Because the test sample
of vehicles was small due to the fact that only few types of vehicles running on LNG
were offered on the market it was then recommended to test additional vehicles
when they would arrive on the market. Since September, 2018 Volvo Trucks offers
a tractor with a dual fuel engine running on LNG as the main fuel.

A number of PEMS tests have been performed on one truck. The test programme
contained in-service conformity tests according the applicable PEMS test
requirement for testing the in-service conformity as well as additional tests that were
focussed on typical representative driving conditions. The results of the in-service
tests performed over the applicable N3 test cycle are discussed in this report. An
overview of the results of all tests are presented and discussed in TNO report
R10193[7].

1.2 Goal

Euro VI certified Heavy duty engines need to fulfil requirements with regard to the
in-service conformity. Those requirements are laid down in EC Regulation (EU) No.
582/2011 [1] and amendments and prescribe PEMS tests to be performed under
specified conditions to check the in-service conformity of the regulated gaseous
emissions NOx, CO and THC. In addition PN was measured as requested by the
Ministry of Infrastructure and Water management as it is not regulated yet. The goal
of the series of PEMS tests that were performed in the test programme in
accordance with the requirements of the EC regulation was to check the in-service
conformity of the subject, a Volvo FH420 with a dual fuel engine.

TNO PUBLIC
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1.3 Assignor

The emissions tests were performed at the request of the Dutch Ministry of
infrastructure and Water management.

1.4 Method of testing

To check the in-service conformity, three tests has been performed

with a Portable Emissions Measurement System (PEMS) on a vehicle that was
made available by a transport company. The vehicle has Vehicle Identification
Number YV2RZ70A3JA829953. This vehicle is an N3 Euro VI Step-C vehicle with a
dual fuel engine running on LNG-Diesel with an odometer reading of 19.990 km at
intake of the vehicle. The tested vehicle is shown in Figure 1.

The tests have been performed conform Regulation (EU) No. 582/2011 [1] as
amended by EU No. 2016/1718 [2] to verify that the vehicle meets the requirements
concerning heavy duty vehicle ISC emission regulations. The emission test has
been performed under the ISO 17025 accreditation of TNO Power Trains.

The engine is classified as a 1A Dual fuel engine, which means the average Gas
Energy Ratio(GER) is not lower than 90% and does not idle using exclusively diesel
and has no diesel mode. According to (EU) No.133/2014[3] the emission limits set
for Pl engines in annex | to regulation (EC) No. 595/2009[4] are applied.

Figure 1  The test subject, a Volvo FH420 tractor with a Euro VI step C certified ‘1A’ dual fuel
engine with LNG as the main fuel.

TNO PUBLIC
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2 Test Setup

2.1 Test vehicle

The vehicle identification and engine certification label is shown in Figure 2 and 3.
Locally available LNG and EN590 market fuel was used during the tests. Detailed
information about the fuel and exhaust parameters can be found in Appendices B.4,
C.4andD.4.

I

Figure 2  Vehicle identification of the tested vehicle.

Figure 3  Engine certification label.

TNO PUBLIC
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2.1.1 Vehicle information

Table 1 lists the relevant information on the test vehicle.

TNO PUBLIC
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Table 2 and Table 3 list the relevant information on the engine and aftertreatment
system respectively.

The vehicle received a regular scheduled software update at the local dealer daily
before the test programme. Information about the software and calibration
identification on the engine and aftertreatment can be found in Table 4. It is
unknown whether an DPF regeneration has taken place prior to testing.

Table 1 General information.

Model Volvo FH420

Vehicle owner Peter Appel Transport B.V.
License plate no. 77-BLB-4

EEC Type approval 595/2009*2016/1718C
Date of registration 04-07-2018

Odometer reading at intake 19990 km

vehicle

Maximum technically 21000 kg

permissible laden mass

Gross Train Weight (GTW)? 46440 kg

Registered mass running order | 8131 kg

truck

Registered mass running order | 7400 kg

trailer

Loading capacity combination 34489 kg

Payload combination (53%) 16389 kg

Combination weight during test | 31920 kg

Axle configuration 4x2

VIN (chassis number) YV2RZ70A3JA829953
Wheelbase 3.8m

Vehicle class N3

Gearbox make + type Volvo Sweden - AT2612F
Number of forward gears 12

Tyre make and type rear axle Continental Hybrid HD3
Tyre size 315/70/R22,5

Tyre test pressure 8.5 bar

Fuel tank capacity Diesel 195 |

Fuel tank capacity LNG 205 kg

AdBlue tank capacity 64 |

1 The maximum GTW is limited due to the maximum axle loads of the combination as described in
TNO report R10193[7].

TNO PUBLIC



TNO PUBLIC | TNO report | TNO 2019 R10014

Table 2 Engine information.

Engine type

G13C420 (LNG engine)

Fuel injection system

Combined Diesel/Gas Injector

Engine serial number

805066

Number of cylinders 6
Displacement 12.777 |

Euro Class Euro VI

Turbo Yes
Intercooler Yes

EGR Yes (Uncooled)

Table 3 Aftertreatment information.

Aftertreatment system
(downstream)

Diesel Oxidation Catalyst (DOC)

Diesel Particulate Filter (DPF)

Selective Catalytic Reduction (SCR)

Ammonia Slip Catalyst (ASC)

Consumable reagent

AdBlue

Table 4 Software versions and identifications.

Engine Control Module Aftertreatment Control Module
Software version 23338537 23385413
Software ID 23154053 23154361
Calibration ID 23154058 23154435

2.1.2 Test fuel

Before and during the tests the vehicle was fuelled with market fuel LNG at gas
station ‘Truckstop 8’ in Eindhoven. See Annex A for detailed information on the

LNG composition.

TNO PUBLIC
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2.1.3 Vehicle payload

According to Annex 2, paragraph 4.1 of EU No. 2016/1718 [2], the vehicle payload
shall be 10 — 100% of the maximum payload (in absence of statistics to
demonstrate a representative payload for the vehicle). In order to be able to
compare results with previously measured LNG trucks as mentioned in TNO report
R10193][7], the specific load percentage results in 53%.

The specified load percentage of 53% results in a mass of the ballast load of 16389
kg. Therefore a combined test mass of 8131 kg (running order mass truck) + 7400
kg (running order mass trailer) + 16389 kg (loading mass) = 31920 kg (total test
mass). Prior to testing, the total combination mass was measured as shown in
Appendix G.

An artificial payload is used to load the combination to 53% payload ( = 16389 kg).
The load consisted of concrete blocks, a container filled with water and the
measurement equipment. The payload is shown in Figure 4.

Figure 4  The vehicle payload inside of the trailer.

TNO PUBLIC
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2.2 Equipment used

2.2.1 Gaseous emissions

9/25

The analyser that was used for measuring the gaseous emissions is the OBS-ONE-
GS12 (PEMS) with serial number 63JNMN52. For its specifications see Table 5.
Detailed information about the checks performed for the calibration of the gaseous
analysers can be found in Appendix G.

The PEMS analyser installed in the vehicle is shown in Figure 5.

Table 5 OBS-ONE-GS12 specifications.

Gaseous Analyser Range Accuracy

component

THC Flame lonization 0 — 10000 ppmC | Within £0.3% of full scale or 2.0%
Detector (FID) of readings (whichever is larger)

Cco Non-Dispersive 0-10% Within £0.3% of full scale or 2.0%
Infrared (NDIR) of readings (whichever is larger)

CO; Non-Dispersive 0-20% Within £0.3% of full scale or 2.0%
Infrared (NDIR) of readings (whichever is larger)

NO Chemi- 0 — 3000 ppm Within +£0.3% of full scale or 2.0%
Luminescence of readings (whichever is larger)
(CLD)

NOy Chemi- 0 — 3000 ppm Within +£0.3% of full scale or 2.0%
Luminescence of readings (whichever is larger)
(CLD)

Figure 5 The PEMS analyser mounted in the cabin of the truck.

TNO PUBLIC
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2.2.2 Exhaust flow meter

The exhaust mass flow, pressure and temperature are measured with a Pitot Flow
Meter Unit (PF) and flow tube as shown in Figure 6, for its specifications see Table
6. Detailed information about the calibration of the pitot flow module and tube can
be found in Appendix E.

Table 6 Horiba Pitot Flow Meter specifications.

PF serial number PG7RUL35

Flow tube serial number 150502F

Flow tube diameter 4 inch (F-tube)

Flow measurement range 0 — 30 m3/min

Flow measurement accuracy Within £0.5 % of full scale or +2.0 % of

readings (whichever is larger)
Exhaust temperature measurement 0-800°C

range
Exhaust temperature accuracy Within £2.0 % of full scale

Exhaust pressure measurement 70-115 kPa (abs)

range

Exhaust pressure accuracy Within £2.0 % of full scale

EFM Cable Exhaust H/L Tube and Thermocouple

Cable

Figure 6  The flow tube connected to the exhaust of the truck.

TNO PUBLIC
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2.2.3 Particle Number Measurement

At the request of the Dutch Ministry of infrastructure and Water management,

11/25

Particle Number (hereinafter PN) has been measured during the campaign using a
PN-PEMS module. Table 7 shows its specifications. Detailed information about the

checks performed for the calibration of the particle counter can be found in

Appendix E.
Table 70BS-ONE-PN specifications
Detectable . .
particle Limited to 1 pm by inlet cyclone
Detection <60% at 23 nm
efficiency >60% at 50 nm
Particle Single particle counting (nominal 100:1 dilution)

concentration

1 000 : 50 000 000 particle/cm3

Condensing liquid

99.5% isopropyl alcohol

Catalytic stripper

Efficiency >99.9% of 30 nm

Particle
concentration

+15% compared to the standard

accuracy
Englr;(:ir;]mentm Temperature -10 — 40 °C

bl Pressure 86 — 106 kPa
conditions

Sample interval

2 Hz

2.2.4  Other equipment

Table 8 lists the remaining equipment that was used to operate the measurement

system.

Table 8 Other equipment.
System software 1.3.6
Horiba Post
Processing 2.12.0

software version

Power supply

Honda 20i EAAJ-1820185

Power terminal

24V Power supply

Power cable

Power Cable BATT24V to DC3 + DC4 to DC3
extension cable

GPS sensor

U-Blox ANN-MS-1-005 GPS Antenna

Weather station

Temp and RH sensor Horiba 61361448

Protocol adapter

Kvaser Leaf Light v2 73-30130-00685-0

software version

Heated line Single Heated Line 191°C
System battery 2x 12V 170 Ah 1000 A (EN)
Silverscan

6.22.36.28520

Silverscan CAN
interface

Kvaser Leaf Light v2 018504

TNO PUBLIC
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2.3 Testroute

A test route was selected that meets the following requirements for a N3 category
vehicle:

1. Target time share of urban, rural and motorway operation : 20, 25 and 55%
(£5%) respectively;

2. Atotal cycle work between 4-7 times reference work (World Harmonized
Transient Cycle work) or a total CO2 mass between 4-7 times reference
CO2 mass (World Harmonized Transient Cycle CO2 mass);

3. The assessment of trip composition shall start after the engine coolant
temperature has reached 343 K (70°C) for the first time or after the coolant
temperature is stabilized within £2 K over a period of 5 minutes whichever
comes first but no later than 15 minutes.

All tests started with a cold engine(engine coolant temperature below 303 K(30°C))
as required in point 2.6.1. of EU No. 2016/1718 [2] . For more details see
Appendices B.1, C.1 and D.1.

The route that was driven is shown in figure 7. To determine the start of the rural
and motorway parts, the first acceleration method has been used. This means that
the first acceleration above 55km/h indicates the beginning of the rural part, and the
first acceleration above 75km/h indicates the start of the rural part.

Boxmeer

Figure 7 The test route.

TNO PUBLIC
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2.4 OBD error check

An OBD error check was performed by TNO prior to the first PEMS test. No active
emission related error codes were found in the vehicle during the whole
measurement programme.

Software:  Silver Scan-Tool 6.22.36.28250
Adapter: Kvaser Leaf Light v2 73-30130-00685-0

TNO PUBLIC
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2.5 Test procedure

The figure below shows the daily test procedure in a flowchart:

eWarm up PEMS equipment

*Change heated filters and fill isopropyl cartridge for PN measurement
eCheck piping and wiring

L EIEN AN eCheck OBD for malfunctions with OBD Silver scan-tool

Calibrate Appendix E)

PEMS

eStart sampling
eStart engine
eRun Test route (starting with warm-up route)

eKey switch on
eCalibrate PEMS with zero (Synthetic air) and span gas (for specifications see

N\
eStop sampling
eZero + span driftcheck
eExport PEMS data
J
N\
eUse HoribaPP (Calculation tool for cycle results by Horiba)
eCheck results
Data eFuel, oil and Adblue sample taken and stored at TNO
evaluation )

2.6 Data processing
HoribaPP (Post Processing) version 2.12.0 has been used as data processing tool.

The detailed test results for test 1, 2 and 3 can be found in Appendices B, C, and D
respectively. The main results are discussed in the next section.

TNO PUBLIC
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3 Results summary

3.1 Checks and conditions

Several data checks were performed in order to minimise measurement errors.
Sections 3.1.1 to 3.1.3 show the result of these checks for analyser drift, odometer
and test conditions respectively. In addition, a consistency check on the fuel flow
was performed as described in section 3.1.4 including the brake-specific fuel
consumption (hereinafter BSFC) of all three tests. The requirements regarding trip
composition and trip characteristics are shown in section 3.1.5 and 3.1.6. Finally, in
section 3.1.7, the full-load curve is used to determine if the measured torque values
correlate with the full-load curve provided by the manufacturer.

3.1.1 Drift check

The analysers were calibrated prior to testing and checked for zero and span during
periodic checks and after the test completed. During post-processing, the analyser
drift was determined. If the difference between the pre and post-test results is equal
to or greater than 2 % as determined during the drift check, the test shall be voided
or the measured concentrations shall be corrected for drift. All drift values were
below 2% of full-scale after the data were evaluated so no drift correction was
applied.

The results of the drift checks are shown in Figure 8 to Figure 10.

Zero Span
Channel Pre Post Drift [3%F5] Pre Post Drift [3%F5]
CO [vol%] MeasData_1Hz/GA_COConc -0.000354  0.002208 0.025614 3.007269 3.021646 0.143770
€02 [vol%] |MeasData_1Hz/GA_CO2Conc 0.008501 0.025682 0.083507 ~ 15.532550 15.944430 0.055400
NO [ppm] MeasData_1Hz /GA_NOConc 0.570827 0.124470 = -0.014879 2505.4130002501.616000 -0.126567
NOx [ppm] |MeasData_1Hz/GA_NOxConc 0.951119 0.556754 = -0.011812 2505.3760002472 465000 -1.096500
THC [ppm{C] |MeasData_1Hz /GA_THCConc -0.061939 -0.013151 0.000487 S73.590300 957445600 -0.161447
cri4 [ppm] |--—- I I R I R ——
Figure 8 Drift check test #1.
Zero Span
Channel Pre Post Drift [%FS5] Pre Post Drift [%eFS5]
€O [vol%] MeasData_1Hz/GA_COConc 0.000044 0.000516 0.004726 3.008180 3.004481 -0.036990
€02 [vol%] |MeasData_1iHz/GA_CO2Conc 0.003032 0.016371 0.066699 - 15940310 15947780  0.037350
NO [ppm]  |MeasData_1Hz/GA_NOConc 0.047345  0.089851 = 0.001417 2505.0650002482.955000 -0.737000
NOx [ppm] |MeasData_1Hz/GA_NOxConc -0.355943 1986701 0.078088 2505.1210002472.350000 -1.092367
THC [ppmC] |MeasData_1Hz/GA_THCConc -0.081524  0.344833  0.004264 973.762900 942.236600 -0.315263
CH4 [ppmC] |-——- | | | |

Figure 9 Drift check test #2.

TNO PUBLIC
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Zero Span

Channel Pre Post Drift [%FS5] Pre Post Drift [96F5]
CO [vol%] |MeasData_1Hz/GA_COConc -0.000300 0.00321%5 0.035185 3.006424 3.024368 0.173440
CO2 [vol%] |MeasData_1Hz/GA_CO2Conc -0.000790 0.018556 0.096732 15947560 16.019540 0.361500
NO [ppm] MeasData_1Hz,/GA_NOConc -0.185370 - -0.356749 = -0.006379 2506 4660002484 645000 -0.727233
NOx [ppm] |MeasData_1Hz/GA_MNOxConc -0.848110 = -1.050467 = -0.008079 2505.4530002464.862000 -1.353033

THC [ppmC] |MeasData_1Hz/GA_THCConc
CH4 [ppmC] |----

0.006278 0.102181 0.001085 S73.746700 S50.461600 -0.232851

Figure 10 Drift check test #3.

3.1.2 Odometer distance check

The odometer reading was recorded before and after each test. The travelled
distance is compared to GPS and OBD data from the PEMS in Table 9. The results
show that the vehicle odometer corresponds well to the calculated OBD distance.

Table 9 Odometer distance check against GPS data.
Test # Odometer Odometer Odometer OBD GPS
start end distance distance distance
km km km km km
1 20095 20273 178 177.4 178.6
22 20286 20477 191 190.5 191.8
3 21218 21395 177 175.9 177.0
3.1.3 Test conditions

The PEMS cycles with the test-vehicle were measured under the conditions as
shown in Table 10. The conditions encountered are valid for ISC testing as set by
EU No. 582/2011[1].

Table 10  Test conditions PEMS tests.
Test Test . Ambient
# Date definition Cycle | Payload Traffic temp. Weather
12-10- PEMS
0, o
! 2018 test N3 53% Regular 24°C Sunny
27-08- PEMS
0, o
2 2018 test N3 53% Regular 24°C Cloudy
30-08- PEMS 0 R
3 2018 tost N3 53% Regular 16°C Cloudy

For more detailed test conditions see Appendices B.1, C.1 and C.1.

2 The Urban duration for test 2 was 4 minutes longer than test 1. As the motorway duration ratio for
test 1 was on the lower limit(50,5%), the decision was made to extend the Motorway part to avoid

a failure on trip composition.

TNO PUBLIC
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3.1.4  Fuel consistency check

The fuel consistency check was performed by TNO as shown in Figure 11. The
consistency of the data was verified using a correlation between the measured fuel
flow from the ECU and the fuel flow calculated from exhaust mass flow measured
by the EFM and gaseous exhaust components that include carbon according to EU
No. 2016/1718 [2].

In absence of a Diesel- and LNG fuel flow signal, a diesel equivalent signal is
broadcasted by the ECU. A linear regression was performed for the measured and
calculated fuel rate values which resulted in a regression coefficient R2 > 0.9.

Correlation of ECU Fuel Rate to Calculated Fuel Rate

22 y=0.9327x+0.2844
R*=0.9617

Fuel_CB_1 [g/s]

innovation
for life

0 2 4 6 8 10 12 14 16 18 20 22
OBD_EngineFuelRate [g/s]

Figure 11 Correlation of ECU fuel rate to calculated fuel rate for test 1

The fuel consistency check result is valid for test 1, 2 and 3. The results are shown
in Table 11 and in Appendices B.8, C.8 and D.8.

Table 11  Linear regression fuel rate correlation.

Test # Slope Intercept Regression
m b R?
1 0.93 0.28 0.96
2 0.94 0.34 0.96
3 0.90 0.26 0.96

In addition to this fuel consistency check, the brake-specific fuel consumption was
calculated by dividing the total fuel consumption (in grams) by the total cycle work
(kwh). The result for the calculation from OBD and emission data are shown in

Table 12.

TNO PUBLIC
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Table 12  Brake specific fuel consumption.
Test # BSFC from OBD BSFC from emissions
g/kWh g/kWh
1 199.4 199.5
200.2 206.2
199.3 190.9
3.1.5 Trip composition

All trips meet the required trip composition requirements as set by EU No.
2016/1718[2] as seen in Table 13 to Table 15. The trip characteristics are shown in
Table 16. The vehicle speed trace for the three tests is shown in Figure 12.

Table 13  Test compositions PEMS test #1.
Test#1 Urban Rural Motorway
Average speed km/h 27.8 60.6 79.4
Distance km 19.5 41.9 113.0
Duration h:min:s 0:42:05 0:41:30 1:25:21
Duration ratio % 24.9 24.6 50.5
Target % 20 25 55
Valid/invalid Valid Valid Valid
Table 14  Test compositions PEMS test #2.
Test # 2 Urban Rural Motorway
Average speed km/h 24.4 60.9 77.7
Distance km 18.0 41.9 127.7
Duration h:min:s 0:44:16 0:41:15 1:38:36
Duration ratio % 24.0 22.4 53.6
Target % 20 25 55
Valid/invalid Valid Valid Valid
Table 15 Test compositions PEMS test #3.
Test#3 Urban Rural Motorway
Average speed km/h 25.6 59.6 80.6
Distance km 175 41.9 113.0
Duration h:min:s 0:40:53 0:42:11 1:24:05
Duration ratio % 245 25.2 50.3
Target % 20 25 55
Valid/invalid Valid Valid Valid
Table 16  Trip characteristics all tests.
Test Ac'celerat_ing Depelerat_ing Cruising time Stop time ratio
# time ratio time ratio ratio
% % % %
1 14.0 9.8 72.0 4.2
2 12.0 8.5 73.1 6.4
3 12.9 9.7 72.1 54

TNO PUBLIC
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Figure 12 Vehicle speed trace for all tests.

3.1.6 Full load curve check

The torque data provided by the ECU was compared to the full load curve provided
by Volvo. The first test is shown in Figure 13. The result of all tests can be found in
Appendices B.10, C.10 and D.10. The red curve displays the provided full-load
curve from Volvo, the blue dots are the measured ECU torque points during the

test. The figure shows that the measured engine load is slightly higher in

comparison with the full-load curve. According to ECE R49 revision 6 Amendment 1
[5] a correction is not necessary as the maximum ECU torque signal is within 7% of

the provided full load curve.
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Figure 13 Full load curve check.

TNO PUBLIC



TNO PUBLIC | TNO report | TNO 2019 R10014 21/25

3.2 Emission results

The results of the emissions measurements and subsequent data processing are
described in sections 3.2.1. to 3.2.3.

3.2.1 Brake specific emission
Table 17 shows the total cumulative gaseous and particulate emissions divided by

the total cycle work. For the calculation of cycle work, all negative engine torque
values are set to zero.

Table 17  Test evaluation: Total cycle emissions.

Test Cycle WHTC
4 co CO2 THC NOx PN work reference
work ratio
g/kwWh g/kwWh g/kwh g/kwWh #/KWh kWh -
1 2.479 543.8 0.303 0.155 5.515e+11 2135 6.4
2 2.720 564.4 0.301 0.115 3.234e+11 214.1 6.4
3 2.445 519.0 0.351 0.177 1.815e+11 213.8 6.4

For more detailed test results see appendix B.1, C.1 and D.1.
3.2.2 Conformity Factors

The CF (Conformity Factor) results for NOx emission, for both work- and CO2
window based methods are shown in Table 16 and Table 19.

Data was processed according to EU N0.2016/1718 [2], which means that:

— Data evaluation starts after the coolant temperature has reached 70°C for
the first time or after the temperature has stabilised within +2K over a
period of 5 minutes whichever comes first but no later than 15 minutes.

— Windows are marked valid when the average engine power exceeds the
minimum power threshold of 20%. When the resulting share of valid
windows is below 50%, the power threshold is lowered in steps of 1% (to a
minimum of 15%) until the amount of valid windows exceeds 50%;

—  From the resulting valid windows, per emission component the 10t
percentile of the windows with the highest calculated emissions are
discarded:;

— The conformity factor is determined by dividing the resulting highest
emission by the legislative limit for Positive Ignition(Pl) engines, therefore
the CHa4 limit was used for THC.

Table 17 and Table 19 show that the CF results for NOx, THC and CO for both the

work and CO: based window results are below the limit (CF 1.5) as demanded by
EU No. 582/2011 [1].
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The CF for PN has not yet been determined. This means the CF for PN as shown in

Table 17 and Table 18 are purely indicative and does not account for pass/fail.
Notable is the strong decline in CF for PN during the course of the test program. It
is unknown if a regeneration of the particulate filter took place before the start of the

first test.

For detailed information about the reference parameters that were used during the
data processing, see Appendices B.5, B.6, C.5, C.6, D.5 and D.6.

Table 18  Test results: 90% cumulative percentile of the work-based exhaust emission
conformity factors of the engine system tested.
Work based window
Valid Power
3 4
Test# co THC NOx PN windows threshold
CF CF CF CF % %
1 0.57 0.65 0.50 2.33 93.5 20
2 0.65 0.63 0.33 1.39 93.9 20
3 0.77 0.77 0.32 0.53 91.2 20
Table 19  Test results: 90% cumulative percentile of the CO,-based exhaust emission conformity
factors of the engine system tested.
CO2 based window
Valid Power
3 4
Test# co THC NOx PN windows threshold
CF CF CF CF % %
1 0.57 0.65 0.52 241 91.1 20
2 0.64 0.61 0.33 1.30 93.3 20
3 0.83 0.81 0.33 0.57 89.4 20

For more detailed test results see appendices A5 &6, B.5& 6 and C.5 & 6.

3.2.3  TNO binning results

TNO binning [6] has been performed on all tests.

The brake specific results of the binning method match the results as described in
3.2.1. since no data is discarded for the binning method.

Test# 1: See appendix B.11 & B.12
Test# 2 : See appendix C.11 & C.12
Test# 3 : See appendix D.11 & D.12

The results of the binning method suggest that the highest NOx emissions per
amount of CO2 can be found at relatively high engine loads (rural speed bins).

3 The window based THC emissions are divided by the limit for CH4 set for Pl(positive ignition)
engines according to (EU) No.133/2014(3].

4 CF for PN is not regulated. Window based PN is divided by WHTC CI limit from Annex | of EC
595/2009
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4 Conclusion

Three on-road emission tests were performed with PEMS on a N3 Euro VI Step-C
truck conform Regulation (EU) No. 582/2011 [1] as amended by (EU) No.
2016/1718 [2] to verify that the vehicle meets the requirements concerning heavy
duty vehicle in-service conformity emission regulations.

e For the three valid tests the 90% cumulative exhaust emissions conformity
factors for NOx, THC and CO are below the maximum allowed value of 1.5.

e The 90% cumulative NOx conformity factors for test 1,2 and 3, determined
according the work based method are 0.50, 0.33 and 0.32, and on average
0.38.

e The 90% cumulative NOx conformity factors for test 1,2 and 3, determined
according the CO2 based method are 0.52, 0.33 and 0.33, and on average
0.39.

Considering the demonstrated validity of the measurements, the results of the
measurements are interpreted as plausible. During testing, no anomalies were
encountered. The CF results show that for both work- and CO2 based window
methods the limit of 1.5 was not exceeded for components NOx, CO and THC(with
application of the emission limits set for Pl engines according to (EU)
N0.133/2014]3)).

The CF for PN has not yet been determined. This means the CF for PN are purely
indicative and do not account for pass/fail. Notable is the strong decline in CF for
PN during the course of the test program. It is unknown if a regeneration of the
particulate filter took place before the start of the first test.
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[1]

(2]

3]

[4]

(5]

[6]

[7]
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=~ Slot start date-time:
~ Gate erminz

-~ » 2018-10-04 15:00:00

Maasvlakteweg 993

Maasvlakte Slot end date-time:

Tel: +31 181 79 90 00 2018-10-04 16:30:00

Slot ID nummer / Weegbrug volgnummaer /
Slot 1D number: Weighbridge seq i
SNV_1008101 2017003090

LNG L ier klant / C r's LNG
Shell Western LNG B.V.
Carel van Bylandtlaan 30 2596 HR The Hague The Netherland

ML

Product:

UN1972

Aardgas, Sterk Gekoeld, Vloeibaar, 2.1, (B/D)
Natural Gas, Refrigerated Liquid, 2.1, (B/D)

Klant / Customer:
Shell Nederland Verkoopmaatschappij B.V.
Weena 70 3012 CM Rotterdam

ML

Kenteken Truck / License plate truck:
36-BFF-7

Kenteken Trailer / License plate trailer:
ON-80-PG

Container ID (if applicable, e.g. HOYU 434433 3):
Mot Applicable

fl dres 1 / Delivery 1
Shell retail station Waalwijk Nederland

2 / Delivery address 2:
Shelt retail station Eindhoven Nederland

Ticket Datum / Ticket Date: Ticket Tijd / Ticket Time:
2018-10-04 15:51:53
Compositie / Composition (Vol %):
Methane 93.846 Neo Pentane 0.002
Ethane 5144  lso Pentane 0.006
Propane 0.600 Hexane 0.000
MNormal Butane 0,137  Carbon dioxide 0,000
Iso Butane 0.138  Nitrogen 0.126
MNormal Pentane 0.002
GHV (MJ/Ka): | LHV (MJ/kg): Methane nr: Temp. LNG (*C):
54.933 49.596 80970 -157.620

DIN EN 16726
GHV (kWh/kg): | WI (MJ/Nm3): | Dens. (kg/m3): | Dens. (kg/Nm3)
15.259 54,583 437.491 0.764

Tot. energie geladen / Total energy loaded (MWh) | S (mg/Nm3)
297.248 0.000

Afleveradres 3 / Delivery address 3:

Gewicht VOOR laden / Weight BEFORE loading:
21700 kg LBO2 3914 2018-10-04 14:58

Gewicht NA laden / Weight AFTER loading:

No

Naam & handtekening C%cﬂ@'@ﬂg&!ign{um: 41180 kg LBO2 3915 2018-10-04 15:51
Peter Verkooijen , [ - Netto gewicht geladen / Net weight loaded:
Naam & handteke ‘ator / Operator name & signature: 19480 kg
A, Voogt .
&
Cooldown service:

Commentaar / Comments:
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B Test#1

B.1 Emission report

Appendix B | 2/70

HORIBA

Emission Report

Test Vehicle Device
Test ID DB iehicie Name o TT-BLB4 Cell Name: . DES-0ME
Test Date o 20132 iehiche Type o N3 Cell Description
Test Start P [ ) | Fuel Type D CNG
Test End o a3 Description o LT3 _Vovo_
Diriver o Ricamo
Comment
Emission (Include Cold Start)
Conc. Conec.
Total Mass | Unit | Mass [ Distance | Unit (Mass / Work ("4)] Unit Mazx. Ave. Unit
CO 6995 | g 3.816 | gikm 3208 | g/kWh 2.832 0.03857 | wol%
Co2 1.222E5 | g 684.0 | gikm 560.4 | g/kWh 9.703 3.830 | wvol%
THC 7208 | g 0.4035 | gikm 0.3306 | g/kWh 845.6 TH.83 | ppmC
CH4 —\ 8 — | g'km — | g/kWh — — | ppmC
NMHC — | @ — | g'km — | g/kWh — — | ppmC
NO (*1) 2593 | g 0.1452 | gkm 0.1180 | g/kWh 9652 13.21| ppm
NO2 (*2) 3080 | g 0.1730 | gkm D.1418 | g/kWh 2233 5980 | ppm
NOx 56.83 | g 0.3182 | gkm 0.2607 | g/kWh 9823 1882 | ppm
PM —| g -— | gikm — | g/kWh — (*3) — ("3} | mmicm3
PN 1.22E14 | # G.81E11 | #&km 5.58E11 | #/xwh | 3.65E6 ("2) | 6.80E4 ("3) | &#em3
("1} : MO mass is calculated by molecular weight.
Fusl Economy | 32.3] LN0Okm (*2) : MOZ mass is subtracted NO mass from MOx mass.
WO and MOx mass are calculated by molecular weight.
{"3) : at DdegC
("4) : Mass / Work and Total Work is not corrected data.
Trp Summary Trip Condition
Max. Ave. Unit Min. Max Ave. Unit
Velacity GPS 854 588 kmmh Temperature 284.8 300.5 207.0 K
Velocity OBD 85.0 582 kmvh RH. 448 648 55.8 %
Velocity EIU — — kmvh Pressure 101.5 101.8 101.7| kPa
Eng. Speed 1876 1054 pm Alfitude 9.6 433 25.8 m
Eng. Torgue — — MNm
Eng. Power 3242 8a.7 kW
Total Distance 178.612 km
Total Work ["4) 217804 kWh
Total Trip Duration 3:02:53| h:min:s
Stop Duration 12:04| mins
Number of Stop — #
Trip Maximum Speed 8543 km'h
Min. Coolant Temp 2932 K
Max. Coolant Temp 3572 K
0BS-0ONE Post Processing v2.12.0 Template ID Emission_EC_ENG.TDR
Report ID 20180114110728_A
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B.2 CO2-based report

Appendix B | 3/70

Test Vehicle Device
Test ID o 148 Vehice Name o TT-BLE4 Cedl Name: o OB5-OME
Test Date - 2manon2 Wahicia Type - N3 Cell Description
Test Start ooEsEs Fued Type CNG
Test End ER TR ] Descripiion o LT3 Voo
Diriver . FRicamo
Comment
Test Normality
Threshald Valid Criteria | Unit £ ool -
Window z 4
& 180 f
Duration =20 012 50 % !
= 1600 R
5 e
5 1400{ -
1200
o 2000 4000 6000 8000
Index
CF Result
— . e T w w 0
60% | CF Criteria [O (&} B oS sl O J
2 oo T .2 o 468 f|
co 0.57 1.5§ 05 5 osiE 0ss{ O gl /|
THC 0.65 1.5(= =) g ro g & |
4 15 = (%8 ~1
NMHC | - — 15| e DESTE 435 ——
D 0 oel (=8 -
cHe | - - 15 03 osl o |
NOx 052 15 parsT —_ s
- - 05 o5 assl 025 u.ss--r/_ e e—
PM - — — L
osasl 0z [y
PN - 241 — 1 1 s 0.5 sy
: B 4 1000 2000 3000 4000 SO00 6000 OO0
Index
Window Info.
Valus Uit
All Window Mumber BD49 #
Valid window Mumber 7338 #
OBS-ONE Post Processing v2.12.0 Temglate ID © WindowHDVCO2 ENG TDR
Report ID © 20100114110830_A
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B.3 Work-based report

Test Vehicle Device
Test ID FRT Vahige Name . TTBLE4 Cell Mame : CBS-OME
Test Date - AMEHOAZ Vahicie Type ] Cell Description
Test Start o 1EEES Fued Typa : CNG
Test End HRIRE Description LT3 _Vovo_
Diriver : Rigardo
Comment
Test Normality
T . i ]
Threshold Valid Criteria | Unit § s _ -
Window 2 e
Power 20 < 035 50| % E 25 J’
@y r
§ 175
Valid Urban Window | Fail| 1::1 o0 e 3000 2000 5000 5in0 7o
Index
CF Result
L L L L T &
80% | CF Criteria {2 - o . Q Q o5 O J_.f
- : ik =] f
co 0.57 15E i 2 8 os 3o |
125 @ = Z =
THC 0.65 1.5 2 sl 2 el 2 g f
NMHC | - —| 15 1 ‘E ' E el / /
03 [
CH4 - — 1.5|F 075 G.N-E 0.6+ g o I ]
NOx 0.50 1_55 os 2 < s Pl
.02 0551 Lz =
PM - — — o
025 0is (‘f—(‘
PM_ |- | =233 ~ B
o o os! o1 L
¢ 1000 2000 3000 4000 SO00 6000 7000
Index
Window Info.
Value Unit
All Window Number ToBd| #
Valid window Mumber T4TE| &
OBS5-OME Post Processing v2.12.0 Tempiates ID 1 WindowHDWVWork_EMG TDR
Repart ID © 20M00114110947_A
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B.4 Parameter emission report
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HORIBA
Parameter Report (Emission)
Test Vehicle Device
Test ID 148 Vehice Name Cell Name : OBS-ONE
Test Date - 20181012 Viehidie Type Cell Descaription
Test Start - Fuel Type
Test End Doz Descripton
Driver Ricardo
Comment
Basic Calc. Parameter
Pitot Parameter Data Cormrection
Tube Data 1 Drift Correction OFF
Pitot Type & Serial No Type F Time Alignment OFF
Tube Data 2 Gain & Offset OFF
Pitot Type & Serial No - Band Filtering OFF
Exhaust Parameter Hangup C ion Par OFF
HIC 3.850 Used Type 0BS
oic 0.000 Value 0.00
siIC 0.000 Dry<->Wet Convert Inactive
N/C 0.000 Temperature and Humidity Comrection Parameter
Density [kg/m3] (at 20degC) 1.1797 NOx OFF
Fuel Parameter PM OFF
HIC 3.850 C jon Sy Compression Ignition
oic 0.000 Data Source
sIC 0.000 Sampling Rate 1Hz
N/C 0.000 OBD Protocol ISO27145
Fuel Mass Fraction [g/g] 0.756 Vehicle Speed GPS_VehicleSpeed
Density [kg/L] 0.7780 Exhaust Flow PF_ExhaustFlowRate
Lower Heating Value [kJ/kg] 408573.00 Calc. Type
Engine Parameter Mass Calculation Method Density
Combustion Efficiency [%] 42.00 Power FrictionTorque
PM Parameter Work FrictionTorque
Correction Factor -_ Negative Torque to Zero Active
Tare Weight 0.0000
Loaded Weight 0.0000
Device Delay Time
MEXA Transformation Time [s] 8.2
PTFM Transformation Time [s] 0.2
PFPM Transformation Time [s] 0.0
PFPN Transformation Time [s] 0.0
OBS-ONE Post Processing v2.12.0 Template ID ParameterEmission_ENG.TDR
Report ID 20120114110729_C
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B.5 Parameter CO2-based report

HORIBA

Parameter Report maw Hov coz)

Test Vehicle Device
Test ID D148 iehicie Name o TT-ELE4 Cell Name: . DES0OME
Test Date o 20anorz2 Viehicie Type : N3 Cell Description
Test Start oOMEsEs Fuel Typs I ONG
Test End ER TR ] Description o LT3 Voo
Dirives > Ficamdo
Commant
Window Method Parameter
Reference Quantity Ambient Conditions
CO2 [g] 18300.00 Atmospheric Press. [kPa] OM
Max. Power [KW] 315.00 825
Criteria Custom Ambient Temp. [degC] ON
Judgement of Acceptance [EU) 20181718 -7
Threshold Limit Cold Start
Upper Limit [%] 20 Until Coolant Temp. for the first ime [degG] ON
Lower Limit [%] 15 70
Upper Duration [s] 1809 After Engine Start [min] ]/
Lower Duration [s] 2545 15
All Window Valid Ratio [%] 50 Engine Start Threshold [rpm] OM
CF Limit 50
Co 15 Coolant Temperature Stabilization oM
THC 15 Stabilization Time [min] kil
NMHC 15 Stabilization Temp. [degC] 2
CH4 15 Base Channel
NOx 15 CO2 Mass
Emission Limit Setting MASS_1/CO2_MASS 1
Selected Emission Limit Custom-WHTC Work
CO [mgkWh] 4000 Work_1/Work_Zero
THC [mg/kWh] 500 Power
MMHGC [mg/kWh] — Power_1/FrictionTorque_Zero
CH4 [mg/kWh] — Vehicle Speed
NO:x [mglkWh] 460 MeasData_1Hz'GPS_VehicleSpeed
PM [mg/kWh] 10
PH [#kWh] 8.0E11
OBS-ONE Post Processing v2.12.0 Tempiate ID FarameterWindowHDVCOZ_ENG.TOR
Report IO 0190114110839 C

TNO PUBLIC




TNO PUBLIC | TNO report | TNO 2019 R10014 | Final Appendix B | 7/70

B.6 Parameter work-based report

HORIBA
Parameter Report (maw Hovwork)
Test Vehicle Device
Test ID D48 iehicie Name o Tr-BLE4 Cell Name: . DESONE
Test Date o 2nanonz iehicha Type o M3 (Cell Description
Test Start IOMEsEst Fuel Typs I CHG
Test End HR TR ] Descripiion o LT3 _Viovo_
Dirtver . Ricamo
Commest
Window Method Parameter
Reference Quantity Ambient Conditions
Work [KWh] 33.40 Atmospheric Press. [kPa] ON
Maz. Power [kKW] 315.00 825
Criteria Custom Ambient Temp. [degC] oM
Judgement of Acceptance (EU) 2018/1718 -7
Threshold Limit Cold Start
Upper Limit [36] 20 Until Coolant Temp. for the first time [degl] ON
Lower Limit [36] 15 70
All Window Valid Ratio [%] 50 After Engine Start [min] ON
CF Limit 15
co 1.5 Engine Start Threshold [rpm] ON
THC 1.5 50
NMHC 1.5 Coolant Temperature Stabilization oM
CH4 1.5 Stabilization Time [min] 5
NOx 1.5 Stabilization Temp. [degC] 2
Emission Limit Setting Base Channel
Selected Emission Limit Custom-WHTC CO2 Mass
CO [mg/kWh] 4000 MASS_1/CO2_MASS 1
THC [mg/kWh] 500 Work
NMHC [mg/kWh] — Work_1/Work_Zero
CH4 [mgikWh] — Power
NOx [mgikWh] 480 Power_1/FricionTorque_Zero
PM [mg/kWh] 10 Vehicle Speed
PH EkWh] 6.0E11 MeasData_1Hz/GPS_VehicleSpeed
0OBS-OME Post Processing w2.12.0 Tempizte ID : FommeterWindowHDWVWoE_ENG TDR
Report D 1 20M90114110947_C
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B.7 Driving report
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HORIBA
Driving Report

Trip Composition (Include Cold Start)

Test Vehicle Device
Test ID T 148 Vehide Name : TT-BLB4 Cell Name: : OBS-ONE
Test Date T 20181012 Vehice Type : NS Cell Description
Test Start T 105651 Fusi Type CNG
Test End S VS & ] Description : L731_Voivo_
Driver >  Ricamio
Comment
Map
% - Urban
¢ Rural
* Motorway

= OpaSrmetiiny andicasshasn, CL-EYAA

£ ool -
Urban Rural |Motorway [  Unit E :W T, N
Distance 237 418 1130| km 3 60- :[ \l M |
1]
Duration 0:56:01| 0:41:30| 1:25:22 h:min:s . |y ;| i ‘y " || y
i T R
4 {0010 (S |
20811 1) ‘-'q,"1)! 1
Total Distance 178612]  km EJ 1| : !
= -07- e ol 1% 113 1 ' '
Total Duration 3:02:53( h:min:s % v 5000 750 -
OBS-ONE Post Processing v2.12.0 Template ID - Driving_EUHDV_ENG.TDR
Report ID : 20190114110729 B
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B.8 Fuel rate correlation
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B.9 Ambient pressure validation
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B.10Torque curve correlation
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B.11Binning graph
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B.12Binning results

General

Filename L731_02

Test # 1

Trip N3

Payload [24] 48

Trip data

Time [s] 10137

Distance [km] 174.41

Average Speed [km/h] 61.9

Results 1

Totals [g/km] [g/tonkm] [g/kWh] g/kgCO2
coz2 666 20.9 544 1000
co 3.04 0.10 2.48 4.56
NOx 0.19 0.01 0.15 0.28
HC 0.37 0.01 0.30 0.56
NO2 0.06 0.00 0.05 0.10
Results 2 km/hl | 0..<50 >=50...<75 >=75
PEMS bins

Avg speed in bin [km/h] 28.4 69.0 81.7
co2 [g/km] 1279 660 522
co [g/km] 8.1 2.2 2.1
NOx [g/km] 0.25 0.18 0.18
HC [g/km] 0.7 0.4 0.3
NO2 [g/km] 0.1 0.1 0.1
Time [s] 3272 2070 4795
Time relative [%] 329% 20% A7%
NOx/CO2 [g/ke] 0.20 0.27 0.34
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C Test#2

C.1 Emission report

Appendix C | 15/70

HORIBA

Emission Report

Test Vehicle Device
Test ID Do14e iehicie Name o TT-BLB4 Cell Name: . DES-0ME
Test Date o 20131015 iehiche Type o N3 Cell Description
Test Start ooM3E4 Fuel Type D CNG
Test End o 140659 Description o LT3 _Vovo_
Diriver o Ricamo
Comment
Emission (Include Cold Start)
Conc. Conec.
Total Mass | Unit | Mass / Distance | Unit (Mass / Work ("4)] Unit Mazx. Ave. Unit
CO T01.2| g 3.656 | gikm 3.188 | g/kWh 2.580 0.03811 vol%
Co2 1.270E5 | g 662.2 | gikm 5708.2 | g/kWh 9.020 3.814 | wvol%
THC 7251 | g 0.3781 | gikm 0.3308 | g/kWh 7301 80.08 | ppmC
CH4 —| @ -— | g'km — | g'kWh — — | ppmC
NMHC — | @ — | g'km — | g/kWh — — | ppmC
NO (*1) 2335 g 0.1212 | gkm D.1061 | g/kWh 1136 1222 | ppm
NO2 (*2) 2650 | g 0.1387 | gkm 0.1213 | g/kWh 1430 4380 | ppm
NOx 4084 | g 0.2509 | gkm 0.2273 | g/kWh 1138 16.40 | ppm
PM —| g -— | gkm — | g/kWh — (*3) — ("3} | mmicm3
PN T.O4E13 | # 3.87E11 | #%km 3.21E11 | #wwWh | 2.40E6 ("3) | 3.80E4 ("3) | &#em3
("1} : MO mass is calculated by molecular weight.
Fusl Economy | 31.3] LM00km (*2) : MOZ mass is subtracted NO mass from MOx mass.
WO and MOx mass are calculated by molecular weight.
{"3) : at DdegC
("4) : Mass / Work and Total Work is not corrected data.
Trp Summary Trip Condition
Max. Ave. Unit Min. Max Ave. Unit
Velacity GPS 840 583 kmmh Temperature 2833 3002 208.7 K
Velocity OBD 83.5 578 kmvh RH. 340 587 434 %
Velocity EIU — — kmvh Pressure 100.8 1012 101.1| kPa
Eng. Speed 1678 1030 pm Alfitude 14.5 420 257 m
Eng. Torgue — — MNm
Eng. Power 324.3 @5.1 kW
Total Distance 181.762 km
Total Work ["4) 219226 kWh
Total Trip Duration 31727 | h:min:s
Stop Duration 15:48| mins
Number of Stop — #
Trip Maximum Speed 84.02| km'h
Min. Coolant Temp 2732 K
Max. Coolant Temp 3572 K
0BS-0ONE Post Processing v2.12.0 Template ID Emission_EC_ENG.TDR
Report ID 20180114110132_A
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C.2 CO2-based report
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HORIBA

Window (HDV CO2-based) Report

Test Vehicle Device
Test ID D148 Vehide Name I Tr-BLB4 Cell Name o OBS-OME
Test Date - 2Manons Wahiche Type - N3 Cell Description
Test Start oo Mk3E4 Fued Typa I CNG
Test End T 140659 Descriplion © LT3 _Voivo_
Diriver o Ficamo
Commest
Test Normality
Thrashold Walid Criteria | Unit & = r
A 20004 [
Window E 4
Duration = 233 50| % o 18 —
= 1600 e———
5 -
E 14004
1200
o 2000 4000 G000 BODD
Index
CF Result
00% | CF Criteria |0 I o] 15 nesl O3 & 't
ra [
co 0.84 15/ I 2 § 3t 8 oef {
Y ST os 5 osE  osl o — |
THC 0.81 1.5|Z =] 2 L = 'E 0B — |
@ £ oS5t S 0es -~ |
MMHE | - — 15 ol [ o7t Pl
cHe | - — 15 g g 8T8 o2 sl T T
MOx 0.33 152 . as| USS[ eslj”
- - — — asl 0 sl /7
[ I
PN - 1.30 — 1 1 D475 04 03
B ) - (] 2000 4000 5000 E000
Index
Window Info.
Value Unit
Al Window Number 8815 #
Valid window Mumber 8225 #
OBS-ONE Post Processing v2.12.0 Temglate ID © WindowHOVCOZ_ ENG TDR
Report ID : 2019014105718 A
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C.3 Work-based report
Window (HDV work-based) Report
Test Vehicle Device
Tesl ID o 148 Viehide Name I Tr-BLB-4 Cell Hame o OBS-OME
Test Date o 2Manons iehicie Type b 5] Cell Description
Test Start o134 Fuel Typa CNG
Test End T 140659 Descripion T LT3 Voivo_
Driver I Ricamo
Commat
Test Normality
Thrashold Valid Criteria | Unit 2 ms s
Window & 5 R
Power 20 < 938 50| % g 25 T
o
8 1/
£ wsly
Valid Urban Window | Fail| 1::1 el ] P P
Index
CF Result
035
90% | CF Criteria [3 . & MB_% i 3 G =
E i >
co 0.85 [ g E “'az"’é w3 § 9] Pl |
THC 0.63 15 2 uslz 2 2 os //--” f
NMHC | - — 15 1 E u.asi 0= E o7 -
P 1
- —] 15[ 075 0.0+ o
CH4 3 g 11\55—3 02 06 {’/,- e
MWOx 0D.33 1.5 05 0,525+ sl | e
.02+ g
PM - - —| n=s o5 g IJ.A»]/J"'
PN - 139 — 0 ol pars o1 D3
[1] 2000 4000 G000 8000
Index
Window Info.
Value Unit
All Window Mumber aver| #
Valid window Mumber 8230 #
OBS-OME Post Processing v2.12.0 Tempiate ID : WindowHDVWork_ENG.TDR
Feport ID o HS0114110013_A
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C.4 Parameter emission report
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HORIBA

Parameter Report (Emission)

Test Vehicle Device
Test ID Do4e Vahicie Name o TT-ELE4 Cell Name: o OBS-ONE
Test Dale o 20Man0s Vehice Type : N3 Cell Description
Test Start 10:36:14 Fued Type CHNG
Test End o 140esa Descriplon o LT3 Voo
Dirtver . Ricamo
Commest
Basic Calc. Parameter
Pitot Parameter Data Comection
Tube Data 1 Drift Cormection OFF
Pitot Type & Serial No Type F Time Alignment OFF
Tube Data 2 Gain & Offset OFF
Fitot Type & Seral No — Band Filtering OFF
Exhaust Parameter Hangup Comection Parameter OFF
HIC 3.850 Used Type 0OBS
oc 0.000 Value 0.00
SIC 0.000 Dry=->Wet Convert Inactive
NG 0.000 Temperature and Humidity Comection Parameter
Density [kgfm3] (at 20degC) 1.1787 NCx OFF
Fuel Parameter PM OFF
HiC 3.850 Combustion Systerm Compression lgnition
oc 0.000 Data Source
SiC 0.000 Sampling Rate 1H=z
NIC 0.000 OBD Protocol ISO27145
Fuel Mass Fraction [g/g] 0.756 Vehicle Speed GPS_VehicleSpead
Density [kgiL] 0.7780 Exhaust Flow PF_ExhaustFlowRate
Lower Heating Value [kJ/kg] 48573.00 Cale. Type
Engine Parameter Mass Calculation Method Density
Combustion Efficiency [%] 42.00 FPower FrictionTorque
PM Parameter Work Friction Tormue
Cormection Factor — Megative Tomue to Zero Active
Tare Weight 0.0000
Loaded Weight 0.0000
Device Delay Time
MEXA Transformation Time [s] 6.2
PTFM Transformation Time [s] 0.2
PFPM Transformation Time [s] 0.0
PFPM Transformation Time [s] 0.0
OBS-ONE Post Processing v2.12.0 Template ID ParameterEmission_ENG.TDR
Report ID 20180114110132_C
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C.5 Parameter CO2-based report

HORIBA

Parameter Report mawHpv coz)

Test Vehicle Device
Test ID o 148 Vehice Name o 7T-BLE-4 Cell Mame o CEB5-O0ME
Test Date @ 2MaHns Vehice Type : N3 Cell Deserigtion
Test Start 10c36:14 Fued Type CHNG
Tiest End D 140559 Diescripion D LT3 _Vovo_
Dirives > Ricamio
Commant
Window Method Parameter
Reference Quantity Ambient Conditions
cO2 [g] 18300.00 Atmospheric Press. [kPa] ON
Mazx. Power [kKiW] 315.00 825
Criteria Custom Ambient Temp. [degC] ON
Judgement of Acceptance (EU) 20181718 -7
Threshold Limit Cold Start
Upper Limit [%] 20 Until Coolant Temp. for the first ime [degC] ON
Leower Limit [%] 15 70
Upper Duration [s] 1809 After Engine Start [min] oM
Lower Duration [s] 2545 15
All Window Valid Ratio [%] &0 Engine Start Threshold [rpm] ON
CF Limit 50
co 15 Coolant Temperature Stabilization ON
THC 15 Stabilization Time [min] 5
NMHC 15 Stabilization Temp. [degC] 2
CH4 15 Base Channel
MOx 15 CO2 Mass
Emission Limit Setting MASS_1/C0O2_MASS_1
Selected Emission Limit Custom-WHTC Work
GO [mgkWh] 4000 Work_1/Work_Zemo
THC [mg/kWh] 500 Power
NMHC [mg/&Wh] -— Power_1/FricionTorque_Zero
CH4 [mg/kWh] — Vehicle Speed
N [mglkWh] 460 MeasData_1Hz/GPS_VehicleSpead
PM [mg/kWh] 10
PN [#kWh] G6.0E11
OBS5-OME Post Processing v2.12.0 Tempiate ID FarameterW indowHDVCOZ_ENG.TDR
Report 1D I0130114905T1E_C
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C.6 Parameter work-based report
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HORIBA

Parameter Report maw Hovwork)

Test Vehicle Device
Test ID Do14e Vahicie Name o Tr-BLB4 Cell Name o OBS-ONE
Test Date : AMAANS Vehige Type Cell Description
Test Start ooM3E4 Fued Typs CHNG
Test End o 140659 Descripiion o LT3 _Vovo_
Diriver o Ricamo
Comment H
Window Method Parameter
Reference Quantity Ambient Conditions
Work [KWh] 33.40 Atmospheric Press. [kPa] OMN
Max. Power [kW] 315.00 82.5
Criteria Custom Ambient Temp. [degC] oM
Judgement of Acceptance (EU) 2016/1718 T
Threshold Limit Cold Start
Upper Limit [%] 20 Until Coolant Temp. for the first time [degC] ON
Lower Limit [%] 15 70
All Window Valid Ratio [%] 50 After Engine Start [min] oM
CF Limit 15
co 15 Engine Start Threshald [rpm] OMN
THC 15 50
NMHC 1.5 Coolant Temperature Stabilization oM
CH4 1.5 Stabilization Time [min]
HOx 15 Stabilization Temp. [degC] 2
Emission Limit Setting Base Channel
Selected Emission Limit Custom-WHTC CO2 Mass
CO [mg/kWh] 4000 MASS_1/C0OZ2_MASS_1
THC [mg/kWh] 500 Waork
HMHC [mg/kWh] — Work_1/\Work_Zemo
CH4 [mg/kWh] — Power
NOx [mglkWh] 480 Power_1/FrictionTorque_Zero
PM [mg/kWh] 10 Vehicle Speed
PN [#kWh] 6.0E11 MeasData_1Hz/GPS_VehicleSpeed
OBS5-0OMNE Post Processing v2.12.0 Tempiate ID FarmeterWindowHDVWork_ENG.TOR
Report I 20504 44110043_C
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o

Driving Report

Trip Composition (Include Cold Start)

Test Vehicle Device

Test ID 1148 Vehicie Name 1 7i-BLB4 Cell Name OBS-ONE
Test Date ;20181015 Vehice Type - N3 Cell Description
Test Start 103614 Fuei Type CNG
Test End : 140659 Descripion © L731_Vovo_
Driver : Ricamio
Comment

Map

% * Urban

* Rural
; * Motorway

= Opeaswaetiinp ) camstancer, CC-BY-54

£ 80 | ——T
Urban Rural | Motorway |  Unit g PI - ‘_4.1: ' |
Distance 2.1 419 127.7| km g 80 ! [ [
| |
Duration 0:57:35( 0:41:15| 1:38:37 | h:min:s Wi 1Rl | )
i 40 [ Ll %‘-Iq
” i 18 I l
> i |T |1 |, 4
20‘J‘4|‘=.‘1‘|I |
Total Distance 191.762 km il ﬁ i‘:l [:l :
T 3 -17:27 -min: N | BB RT T f L + '
otal Duration 3:17:2 h:min:s ) 2% -
OBS-ONE Post Processing v2.12.0 Template ID : Driving_EUHDV_ENG.TDR
Report ID : 20190114110132 B
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C.8 Fuel rate correlation
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C.9 Ambient pressure validation
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C.10Torque curve correlation
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C.11Binning graph
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General

Filename L731_03

Test # 2

Trip N3

Payload [2%6] 48

Trip data

Time [s] 11045

Distance [km] 187.59

Average Speed [km/h] 61.1

Results 1

Totals [g/km] [g/tonkm] [g/kWh] g/kgC0O2
ca2 644 20.2 564 1000
co 3.10 0.10 2.72 4.82
NOx 0.13 0.00 0.11 0.20
HC 0.34 0.01 0.30 0.53
NO2 0.05 0.00 0.04 0.08
Results 2 [km/h] 0...<50 >=50...<75 >=75
PEMS bins

Avg speed in hin [km/h] 26.1 69.3 80.1
co2 [g/km] 1342 656 499
Co [g/km] 9.9 2.0 2.1
NOx [g/km] 0.30 0.17 0.08
HC [g/km] 0.7 0.4 0.3
NO2 [g/km] 0.2 0.1 0.0
Time [s] 3486 1971 5588
Time relative [%] 32% 18% 51%
NOx/C0O2 [g/kg] 0.22 0.26 0.17
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D Test#3

D.1 Emission report

Test Vehicle Device
Test ID B LT Viehicie Name o TT-BLB-4 Cell Name: > DB5-0OME
Test Dale o 2013024 Viehiche Type : N3 Cell Description
Test Start B g B Fued Type I CNG
Test End HR FEEE Descrpion o LTH_Vovo_
Ditver Ricamio
Commest
Emission (Include Cold Start)
Conc. Conc.
Total Mass | Unit | Mass f Distance | Unit (Mass / Work ("4) Unit Mazx. Ave. Unit
CO 8195 | g 3.500 | gikm 2817 | g/kWh 2325 0.03544 wol%
co2 1.175E6 | g 6841 | ghkm 5345 | g/kWh 9.380 3681 wol%
THC 8211 a 0.4639 | ghkm 0.3734 | g/kWh 53749 BB.60 | ppmC
CH4 —| g -— | g'km — | g'kWh — — | ppmC
NMHC —| g -— | g'km — | g'kWh — — | ppmC
NO ("1} 2843 | g 0.1606 | g'km 0.12932 | g/kWh 1812 16.62 | ppm
NO2 ("2} 5652 g 0.31932 | g'km 0.2570 | g/kWh 475.3 12.65 | ppm
NOx 8484 | g 0.4799 | g'km 0.38632 | g/kWh 2114 28.68 | ppm
PM | g — | gkm — | aWh —("3) — ("3) | mmicm3
PH 301E13 | # 2. 21E11 | #km 1.78E11 | #%Wh | 3.08EE (*3) | 2.08E4 ("3) | &#cm3
{"1) : MO mass is calculated by molecular weight.
Fuel Economy I 31.3) LMDOkm {*2) : NO2 mass is subiracted NO mass from NOx mass.
WO and MOx mass are calculated by molecular weight.
("3} : at OdegC
("4} : Mass | Work and Total Work is not cormected data.
Trip Summary Trip Condition
Max. Ave. Unit Min. Max. Ave, Unit
Velocity GPS &7.3 5ga kmuh Temperature 288.0 2007 2881 K
Velocity OBD 862 584 kmih R.H. 727 B85 80.0 %
Velocity EIU — — kmih Pressure 102.1 102.5 1024 kPa
Eng. Speed 2077 1058 pm Altitude 123 410 257 m
Eng. Torgue — — Nm
Eng. Power 3240 713 kW
Total Distance 177.010 km
Total Work ("4) 219.914| kWh
Total Trip Duraticn 3:00:45| h:min:s
Stop Duration 12:44| mins
Mumber of Stop — #
Trip Maximum Spead 87.28| km/h
Min. Coolant Temp 2732 K
Max. Coclant Temp 3562 K
OBS-ONE Post Processing v2.12.0 Template 1D : Emission_EC_ENG.TDR
Report ID 1 20100114111844_ A
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D.2 CO2-based report
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Test Vehicle Device
Test ID 1187 Vahige Mame : TT-BLE4 Call Name : OBS-ONE
Test Date - 2o Vehicie Type S Cell Description
Test Start Do Fued Typa CNG
Test End R IE Descripiion LT3 _Veoivo_
Drives Ricardo
Comment
Test Normality
Threshald Valid Criteria | Unit £ 20 /
Window 2 20004 {
A 1900] {
Duration =20 804 50| % 1800} |
g 1y ~
1500} o
E s —
1400
0 1000 2000 3000 4000 5000 6000 7000
Index
CF Result
TR A TR TR TR = TH 1=
0% | CF Criteria (O o E 0 osl O 0B ]
=] X n.aﬂs-§ - A
co 0.83 15| T i |
S 050 0SE F 03 %ﬁ?- |
THC o081 15|Z o 2 @ g
@ = nrTshs 075 —
NMHC | - — 15 | u" 05T e
CH4 1.5 osg 0 e
= - n7sls 0225 [
NOx 0.33 1.5 o5 o5 ol 02 ,—’r T
M| - — — [T
D675 0175
PN - 057 - 1 1 oesl s 03
B aa 0 1000 2000 3000 4000 5000 5000 7000
Index
Window Info_
Value Umit
All Window Mumber 7802 #
Valid window Mumber 7083 #
OBS-ONE Post Processing v2.12.0 Template 1D : WindowHDVWCOZ_ENG.TDR
Repaort ID o Ae0T14112118LA
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D.3 Work-based report

Test Vehicle Device
Test ID o 157 Vahigie Name © TTALB4 Cell Mame © CBS-OME
Test Date - AMAMY Vahigie Type - Cell Description
Test Start o AT Fued Typa © CNG
Test End ERRT 6 Descripon © LT3 _Voivg_
Dirtver Ricarmo
Comment
Test Normality
Threshald Valid Criteria | Unit £ x5 I
Window 4 - - -
I
Power 20 = a91.2 0| % g »s {
|- f
= "/
Valid Urban Window | Fail| "-‘u o0 2000 300 20 5000 5in0 700
Index
CF Result
L w ™ L w o =
80% CF Crtera (2 s o w&o 10 03xs+ O 1)
co 077 e E (8 el el @ our Y/
THC 077 15& =G 5 [0 amsl 2 '
- - I E 1057 2 orsis ]
NMHC | - — 1.5 E E 025
CH4 - — 1.5[F 075 g Ly 172 noss
NOx D32 152 ps .
=y N ] — o0 065
025 0A7S
PN - 0.53 -
[ o el 015 02
1000 2000 3000 4000 5000 6000 7000
Index
Window Info.
Value Unit
All Window Mumber TH3II| #
Valid window Mumber TIAT| &
OBS-OME Post Processing w2.12.0 Tempiate 1D : WindowHDVWork_EMG TDR
Report ID : 2M00118112228_A
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D.4 Parameter emission report
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HORIBA

Parameter Report (Emission)

Test Vehicle Device
Test ID P E-T Vahicie Name o Tr-BLB4 Cell Name o OBS-ONE
Test Dale o 2013024 Wehide Type : N3 Cell Description
Test Start 11In Fued Typs o CHNG
Test End 144107 Descriplon o LT3 _Voivo_
Diriver Ricanio
Comment
Basic Calc. Parameter
Pitot Parameter Data Comection
Tube Data 1 Dirift Correction OFF
Pitot Type & Seral Mo Type F Time Alignment OFF
Tube Data 2 Gain & Offset OFF
Pitot Type & Seral No — Band Filtering OFF
Exhaust Parameter Hangup Comection Parameter OFF
HiC 3.850 Used Type 0OBS
[ali 0.000 Value 0.00
SiC 0.000 Dry=->Wet Convert Inactive
MNIC 0.000 Temperature and Humidity Comection Parameter
Density [kg/m3] (at 20degC) 1.1787 NOx OFF
Fuel Parameter PM OFF
HIC 3.850 Combustion System Compression lgnition
QIC 0.000 Data Source
SiC 0.000 Sampling Rate 1Hz
NI 0.000 OBD Protocol ISO27145
Fuel Mass Fraction [g/g] 0.756 Vehicle Speed GPS_VehicleSpead
Density [kg/L] 0.7780 Exhaust Flow PF_ExhaustFlowRate
Lower Heating Value [kJkg] 48573.00 Cale. Type
Engine Parameter Mass Calculation Method Density
Combustion Efficiency [%] 42.00 Power FrictionTorque
PM Parameter Work Friction Tormue
Comection Factor — Megative Tomue o Zero Active
Tare Weight 0.0000
Loaded Weight 0.0000
Device Delay Time
MEXA Transformation Time [s] 6.2
PTFM Transformation Time [s] 02
PFPM Transformation Time [s] 0o
PFPN Transformation Time [s] 0o
OBS-0ONE Post Processing v2.12.0 Template ID ParameterEmission_ENG.TDR
Report ID 20190114111844 C
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D.5 Parameter CO2-based report

HORIBA
Parameter Report (mawHbv co2)
Test Vehicle Device
Test ID B LT Viehicie Name o TT-BLB4 Cell Mame > DB5-O0OME
Test Date - 20nannze Viehicis Type B Cell Descrigtion
Test Start DomEn Fuel Typs I CHG
Test End B i Descriplon I LT3 Voo
Dirives Ricanio
Commant
Window Method Parameter
Reference Quanitity Ambient Conditions
CO2 [g] 18300.00 Atmospheric Press. [kPa] ON
Max. Power [kW] 315.00 825
Criteria Custom Ambient Temp. [degC] OM
Judgement of Acceptance (EU) 20161718 -7
Threshold Limit Cold Start
Upper Limit [%] 20 Until Coolant Temp. for the first ime [degC] ON
Lower Limit [%] 15 7O
Upper Duration [s] 1909 After Engine Start [min] oM
Lower Duration [s] 2545 15
All Window Valid Ratio [%] 50 Engine Start Threshold [rpm] OM
CF Limit 50
co 15 Coolant Temperature Stabilization ON
THC 15 Stabilization Time [min] 5
NMHC 15 Stabilization Temp. [degC] 2
Ch4 15 Base Channel
NOx 15 CO2 Mass
Emission Limit Setting MASS_1/CO2_MASS_1
Selected Emission Limit Custom-WHTC Work
CO [mgfkWh] 4000 Work_1/Work_Zero
THC [mgikWh] 500 Power
NMHC [mgkWWh] -— Power_1/FricionTorque_Zero
CH4 [mg/kWh] -— ehicle Speed
NOx [mg/kWh] 460 MeasData_1Hz/GPS_VehicleSpeed
PM [mgikWh] 10
PH [#kWh] 8.0E11
OBS-OME Post Processing v2.12.0 Tempiste ID :  FammeterWndowHDVCOZ_ENG TDR
Repert 1D : EMEDi41IZ1EC
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D.6 Parameter work-based report

HORIBA
Parameter Report (maw Hov work)
Test Vehicle Device
Test ID o 15T Vehice Name o 7T-BLE-4 Cell Mame o CEB5-O0ME
Test Date @ 2MaHn24 Vehice Type : N3 Cell Deserigtion
Test Start B | b ) Fued Type I CNG
Test End PR . e Diescripion o LT3 _Voivo_
Dirives Ricanio
Commant
Window Method Parameter
Reference Quantity Ambient Conditions
Work [kWh] 3340 Atmospheric Press. [kPa] OM
Max. Power [k\W] 315.00 825
Criteria Custom Ambient Temp. [degC] oM
Judgement of Acceptance (EU) 201611718 7
Threshold Limit Cold Start
Upper Limit [%6] 20 Until Coolant Temp. for the first time [degC] OMN
Lower Limit [%] 15 70
All Window Valid Ratio [36] 50 Afier Engine Start [min] ON
CF Limit 15
co 1.5 Engine Start Threshold [rpm] ON
THC 15 50
NMHC 15 Coolant Temperature Stabilization OM
CH4 15 Stabilization Time [min]
HOx 1.5 Stabilization Temp. [degC]
Emission Limit Setting Base Channel
Selected Emission Limit Custom-WHTC CO2 Mass
CO [mgik¥Wh] 4000 MASS_1/C02_MASS_1
THC [mgfkWh] 500 Waork
MNMHC [mg/kWh] - Work_1/\Work_Zero
CH4 [mg/kWh] - Power
MO [mg/kWh] 480 Power_1/FrictionTorgque_Zero
PM [mgikWWh] 10 \Vehicle Spead
PN [EkWh] B.0E11 MeasData_1Hz/GPS_VehicleSpead
OBS5-OME Post Processing v2.12.0 Tempiate ID . FammeterWindowHDVWork_ENG.TDR
Report D 1 IS04112228 C
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D.7 Driving report

Appendix D | 34/70

o

Driving Report

Test Vehicle Device
Test ID T o157 Vehicie Name : TT-BLB4 Cell Name : OBS-ONE
Test Date - 20181024 Vehicie Type - N Cell Description
Test Start Co1zEn Fusi Type : CNG
Test Ena T o144107 Description : L731_Vowo_
Driver Ricardo
Comment
Map
% 4 * Urban
* Rural
* Motorway
(7)) :
= amn
\
N\ +
) o L3
p. L, :
T 2 Opasemetiin aadicanztane CU-SYA
Trip Composition (Include Cold Start) - —
Urban Rural | Motorway | Unit " - -
o |
Distance 221 418| 1130| Km ! | \ ’r d
R
Duration 0:54:28| 0:42:11| 1:24:06 | h:min:s :;\ ‘ ‘
A
| | “:
1 | N
Total Distance 177.010 km : :
= o o P — 1 il 1 1 1
Total Duration 3:00:45 h:min:s 750 3
OBS-ONE Post Processing v2.12.0 Template ID - Driving_EUHDV_ENG.TDR
Report ID : 20190114111844 B
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D.8 Fuel rate correlation
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D.9 Ambient pressure validation
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D.10Torque curve correlation

EngineTorque (Nm)
TorqueCurve (Nm)

x

Measured EngineTorque vs Full Load Curve {Nm)
Engine Speed [rpm]
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D.11Binning graph
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General

Filename L731_11

Test # 3

Trip N3

Payload [26] 48

Trip data

Time [s] 10027

Distance [km] 172.29

Average Speed [km/h] 61.9

Results 1

Totals [g/km] [g/tonkm] [g/kwh] g/kgC02
co2 644 20.2 519 1000
co 3.03 0.10 2.44 471
NOx 0.22 0.01 0.18 0.34
HC 0.44 0.01 0.35 0.68
NO2 0.14 0.00 0.11 0.21
Results 2 [km/h] 0...<50 >=50...<75 >=75
PEMS bins

Avg speed in hin [km/h] 26.8 68.5 829
o2 [g/km] 1291 655 498
co [g/km] 6.4 2.3 2.5
NOX [g/km] 0.81 0.17 0.10
HC [g/km] 0.8 0.5 0.3
NO2 [g/km] 0.6 0.1 0.0
Time [s] 3245 2006 4776
Time relative [9] 32% 20% 48%
NOXx/CO2 lg/kel 0.63 0.27 0.21
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E Calibration reports OBS One

E.1 Pitot flow module PG7RUL35

CERTIFICATE OF CALIBRATION

issUEDBY HORIBA UK LIMITED

DATE OF ISSUE 25 January 2018 CERTIFICATE NUMBER C10468

HORIBA UK LTD Page 1 of 4 pages

Kyoto Close Approved Signatorv

Moulton Park Name T.Lowe

Northampton

NN3 6FL Signature l

Telephone: 01604 - 542500

Telefax: 01604 - 542699 This is an electronically controlled document

Customer: TNOPTC
Address : Automotiv Campus 25, 5708 JZ Helmond, Netherlands

Customer Ref: 4510611024 System Model: PF Channel 1

Site: HORIBA Serial Number: HUK16080009
System: HGS PG7RUL35 Calibration Engineer: A.Cernych
Software Version: 2.0.6 Calibration Date: 23 January 2018
Method:

The K Type Thermocouple Channel was calibrated against a Laboratory F which is ble to national standards. The

instrument was calibrated by simulating a temperature to the channel and recording the displayed reading. The Thermocouple calibrator was
placed in close proximity to the channel and allowed to acclimatise. Readings were taken ata number of set points across the channels range.
The Results are referenced to IEC584-1:2013
The pressure instrument provides a digital indication and an electrical output corresponding to the applied pressure. The instrument was
calibrated using the comparison method against a Druck DPI 605 Pressure C whose calibration is to national The
f device was dto the system and the pressure was reduced to its lower limit. The pressure was increased to the upper limit
and stepped down at regular settings across the instruments range. The displayed instrument readings and reference readings were recorded.
The differential pressure instrument provides a digital indication and an electrical output corresponding to the applied vacuum pressure. A set of
ings was taken as ived and a set of ings was taken as left. The instrument was calibrated using the comparison method against a
Furness FCO560 Mi whose calibration is to national .The refi device was placed in close proximity to
the instrument. A vacuum pump was used, and the system was depressurised to its lower limit and stepped up at regular settings across the
instruments rance. The instruments disolaved value and the were d

Equipment Used

Equipment Serial Number Certificate Number Calibration Date
Druck DPI 605 60504643 C10082 25 September 2017
Furness FCOS560 1504102 15208 06 October 2017
Druck Unimat TRX Il 2662 U84963-16 06 March 2017
Temperature & Humidity 12240759 u87178-17 07 July 2017
Uncertainties
The uncertainties iated with the of the applied pi are:- 0to 3 kPa ( 0.3 % + 0.00087 kPa ), 3to 12 kPa (0.3 % +

0.001 kPa), 80 kPa to 120 kPa Absolute ( 0.05 % + 0.187 kPa)

The uncertainty of for Ther les are [1.0°C + instrument resolution.]

The recorded uncertainty refers to the and is not to indicate the il ion, or ility of the ir
Standard unit conversions used are:

1 Pa = 0.0002953 inHg @ 0°C, 1 Pa = 0.00750062 mmHg @ 0°C, 1 Pa = 0.00401474 inH20 @ 4°C, 1 Pa = 0.000145038 psi.

Condition Of Equipment GOOD Leak Check PASSED
The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k = 2, providing a level of confidence of
approximately 95%. The uncertainty evaluation has been carried out in with UKAS requil }

This certificate is issued in accordance with the y acer N requil of the United Kingdom Accreditation Service. It p

lity of to r national and to units of measurement realised at the National Physical Laboratory or other
recognised national standards laboratories. This certificate may not be produced other than in full, except with the prior written approval of the
issuing laboratory.

SCT 50.0 PF Calibration Certificate v1.1
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CERTIFICATE OF CALIBRATION Certificate Number C10468

UKAS Accredited Calibration Laboratory No. 0767

Page 2 of 4 pages

Environmental Conditions

I Barometer kPa | Temp °C | Humidity % |
I 99.61 £ 0.40 I 21720 [ 287:200%h |
Differential DP 1 Pressure N | Differential DP 2 Pressure
Make _|First Sensor Model | -/+ 0.25KPA 3.3V I Make |First Sensor A Model | -/+1.25KPA 3.3V
SIN_|74-8C31-EE| Range | 03  kPa (G SIN_|35-983226] Range | 15 Pa (O)
Ori i In Situ Orientation In Situ

As Found _Coeffi A0_-2.1837E-03 |A1 1.0025E+00 As Found _Coeffi A0

1.7305E-03 |A1 9.9301E-01

A2 7.51120E-03 A3 -1.3347E-02 [A4 -3.0792E-02 A2 1.98192E-03 A3 5.0768E-03 |A4 -1.3490E-04

Point Reference Device % Error_| % Error Point Reference Device % Error | % Error
kPa (G) kPa (G) (Rdg (F.S) kPa (G kPa (G) (Rdg) | _(F.5)
1 -0.300 -0.304 1.35 -1.35 1 -1.250 -1.180 -5.60 4.67
2 0.000 -0.004 -1.38 2 0.000 0.068 4.54
3 0.300 0.296 -1.45 -1.45 3 1.500 1.571 4.76 4.76
Coefficient Adjusted. Stability + 0.0001 kPa C i Adjusted. Stability + 0.0002 kPa
As Left  Coeffici A0 1.9203E-03 |A1 1.0034E+00 As Left  Coeffici A0 _-6.6214E-02 [A1  9.9181E-01
A2 5.30982E-03 A3 _-1.6781E-02 |A4 -5.9688E-03 A2 -2.25244E-04 A3 5.4399E-03 |A4 1.5451E-04
Point Reference Device % Error | % Error Point Reference Device % Error | % Error
kPa (G) kPa (G) (Rdg) (F.S) kPa (G) kPa (G) (Rdg) (F.S)
1 -0.300 -0.300 0.02 -0.02 1 -1.250 -1.250 -0.02 0.02
2 -0.250 -0.250 0.00 0.00 2 -1.000 -1.000 -0.04 0.03
3 -0.200 -0.200 0.06 -0.04 3 -0.750 -0.750 -0.03 0.01
4 -0.150 -0.150 0.03 -0.02 4 -0.500 -0.500 -0.04 0.01
5 -0.100 -0.100 -0.04 0.01 5 -0.300 -0.300 -0.09 0.02
6 -0.050 -0.050 0.00 0.00 6 -0.200 -0.200 -0.19 0.03
7 0.000 0.000 0.04 7 -0.100 -0.100 -0.38 0.03
8 0.050 0.050 0.18 0.03 8 0.000 0.000 0.01
9 0.100 0.100 -0.02 -0.01 9 0.100 0.101 0.60 0.04
10 0.150 0.150 -0.06 -0.03 10 0.200 0.200 0.08 0.01
11 0.200 0.200 0.08 0.05 11 0.300 0.300 -0.11 -0.02
12 0.250 0.250 0.06 0.05 12 0.500 0.500 -0.07 -0.02
13 0.300 0.300 -0.01 -0.01 13 0.750 0.750 -0.06 -0.03
14 1.000 1.000 0.00 0.00
15 1.250 1.250 0.01 0.01
16 1.500 1.500 -0.01 -0.01

SCT 50.0 PF Calibration Certificate v1.1

TNO PUBLIC




TNO PUBLIC | TNO report | TNO 2019 R10014 | Final

TNO PUBLIC

CERTIFICATE OF CALIBRATION

UKAS Accredited Calibration Laboratory No. 0767

Appendix E | 43/70

Certificate Number C10468

Page 3 of 4 pages

Differential DP 3 Pressure | Differential DP 4 Pressure
Make |FirstSensor AG| _ Model | -/+ 0-5KPA3.3V | Make |FirstSensor AG| _ Model | -/+ 0-7.5KPA 3&{
SIN_ | 55F6-32B4| Range | 5 kPa_(G) SIN_| 70-5C-FF-2F| Range | 7.5 _ kPa (G)
Orientation In Situ Ori { In Situ
As Found C AD -8.6848E-03 [A1 1.0042E+00 As Found C (A0 7.2174E-03 |A1 1.0029E+00
A2 1.94517E-04 A3 -1.1681E-04 [A4 -1.0885E-05 A2 1.29413E-03 A3 -6.0782E-04 |A4 4.8089E-05
Point Reference Device % Error | % Error Point Reference Device % Error | % Error
kPa (G) kPa (G) (Rdg) | (F.S) kPa (G) kPa (G) (Rdg) FS)
1 0.000 -0.009 -0.18 1 0.000 -0.008 -0.10
2 2.500 2.493 -0.29 -0.15 2 3.500 3.483 -0.50 -0.23
3 5.000 4.994 -0.12 -0.12 3 7.500 7.474 -0.35 -0.35
Coefficient Adjusted. Stability + 0.0004 kPa Coefficient_Adjusted. Stability + 0.001 kPa
As Left  C i (A0 -8.0581E-05 [A1 1.0027E+00 As Left  C A0 1.6126E-02 [A1 1.0083E+00
A2 2.46788E-06 A3 6.1734E-05 |A4 -3.1487E-05 A2 -5.02082E-05 A3 -3.5648E-04 |A4 3.1927E-05
Point Reference Device % Error | % Error Point Reference Device % Error_| % Error
kPa (G) kPa (G) (Rd (F-S) kPa (G) kPa (G) R (F.S)
1 0.000 0.001 0.02 1 0.000 -0.002 -0.03
2 0.100 0.101 1.42 0.03 2 0.100 0.099 -1.24 -0.02
3 0.200 0.200 0.03 0.00 3 0.200 0.200 -0.04 0.00
4 0.300 0.300 0.10 0.01 - 0.300 0.299 -0.35 -0.01
5 0.500 0.501 0.23 0.02 5 0.500 0.500 -0.06 0.00
6 1.000 1.002 0.19 0.04 6 1.000 1.000 0.04 0.01
7 1.500 1.499 -0.04 -0.01 7 1.500 1.500 0.00 0.00
8 2.000 2.000 0.02 0.01 8 2.000 2.000 -0.01 0.00
9 2.500 2.499 -0.03 -0.02 9 2.500 2.499 -0.03 -0.01
10 3.000 3.001 0.02 0.01 10 3.000 2.999 -0.03 -0.01
11 3.500 3.501 0.01 0.01 1 3.500 3.499 -0.03 -0.01
12 4.000 4.001 0.01 0.01 12 4.000 4.000 0.00 0.00
13 4.500 4.498 -0.04 -0.03 13 4.500 4.500 0.01 0.00
14 5.000 5.001 0.01 0.01 14 5.000 5.000 0.00 0.00
15 5.500 5.500 0.00 0.00
16 6.000 6.001 0.01 0.01
17 6.500 6.498 -0.03 -0.03
18 7.000 6.998 -0.03 -0.03
19 7.500 7.501 0.01 0.01

SCT 50.0 PF Calibration Certificate v1.1
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CERTIFICATE OF CALIBRATION Certificate Number C10468

UKAS Accredited Calibration Laboratory No. 0767 Page 4 of 4 pages
Exhaust Pressure Transd Exaust Temp Temperature
Make _|First Sensor A Model 800-1100MBAR 3.3V Make | HUK Model | K Type
SIN_|73FC3A-AE| _Range 110 kPa(A) SN | EXT Range | 1400 °‘C
Orientation In Situ Orientation In Situ
As Found Coefficients [A0 2.3888E+02 [A1 -8.6319E+00 As Found _Coefficients JAO -1.6445E+00 |A1 1.0129E+00
A2 1.45418E-01 A3 -9.7402E-04 |A4 2.4421E-06 A2 3.59721E-05 A3 -1.9436E-07 |A4 1.4546E-10
Point Reference Device % Error_| % Error Point Reference Device % Error | % Error
KPa(A) KPa(A) (Rdg) | _(F.5) - *C (Rdg) | (F.5)
1 90.02 90.03 0.01 0.01 1 0 -1.3 -0.08
2 100.01 100.00 -0.01 -0.01 2 200 198.5 -0.76 -0.11
3 110.00 110.00 0.01 0.01 3 600 599.4 -0.10 -0.04

No Adji 1t. Stability + 0.04 kPa Coeffi Adj . Stability +0.05°C
As Left Coefficients [AO 2.3888E+02 [A1 -8.6319E+00 As Left  Coefficients [A0 -4.1702E-01 [A1 1.0128E+00
A2 1.45418E-01 A3 -9.7402E-04 [A4 2.4421E-06 A2 3.59905E-05 A3 -1.9547E-07 |A4 1.4667E-10

Point Reference Device % Error_| % Error Point Reference Device % Error | % Error
kPa(A) kPa(d) | (Rdg) | (FS) G T (Rdg) (F-S)
1 90.01 90.01 0.00 0.00 1 0.0 0.2 0.01
2 95.00 95.00 0.00 0.00 2 20.0 19.4 -2.87 -0.04
3 97.50 97.51 0.02 0.02 3 100.0 100.7 0.72 0.05
B 99.99 99.99 0.00 0.00 4 200.0 199.8 -0.08 -0.01
5 102.48 102.52 0.04 0.03 5 400.0 399.4 -0.15 -0.04
6 104.98 104.97 -0.01 -0.01 [ 600.0 600.7 0.12 0.05
4 109.98 109.98 0.00 0.00 7 800.0 799.6 -0.05 -0.03
8 1000.0 1000.1 0.01 0.01
End of UKAS Certificate

SCT 50.0 PF Calibration Certificate v1.1
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2 Pitot flow tube 150502F

CERTIFICATE OF CALIBRATION

issuED BY  HORIBA UK LIMITED

DATE OF ISSUE 21 August 2018 CERTIFICATE NUMBER ciiz54
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HORIBA

HORIBA UK LTD Page 1 of 3 pages

Kyoto Close Approved Signatory

Moulton Park Name M. Singh

Morthampton I\~ “_"‘-q.“_

M3 BFL Signature v e S,
Telephone: 01604 - 542500 H
Telefax: 01604 - 542699 Electronically cortrolled document
Customer : TNO, Department: Powertrains, Attn Jan Willem de Koning,

Address: PTC Building D, Automotive Campus 25, 5708 JZ HELMOND, THE NETHERLAND:
Customer Ref: 4510736236 Item Calibrated: F Tube

Site: HORIBA Offsite Item Serial Number: 150502F

System: PF Module Item Range: 0 to 30000  lmin
System Model:  Version 2 Calibration Date: 13 August 2018
Serial Number:  HGS GVIFLXSF Software Version: 206

Method:

The flow tube was accimatised io the laboratory environment (20 & 2°C) ovemight. The flow tube was connecied o a series of Smooth Approach Orifll of
traceanie calloration history. The fow fubs was then calbrated over 115 given flow range. This 3ata was then racorded and entered nto the coemclent
calculation software. The new callbration coefMclents were entered Info the PTFM software. An As Left Accuracy check was carmed out and the data
reconded. The specien accuracy of Me device |5 + 2.0 % of point or + 0.5% of Ml S03ke Which ever |3 the graater. The recorded Valles wers an average
of 30 readings, with an Interval of 1 HZ

Equipment Used
Equipment Serial Mumber Certificate Mumber Calibration Date
Baromater 4347288 C10045 14 September 2017
Fumess FCO510 8411150 15060 D4 Saptember 2017
FRT 1501047 C10044 12 September 2017
Temperatura & Humldky 10960330 U90432-17 17 January 2018
Pitot Calibration Coefficient K= 12778.18
Al = 0.000000E+00
A= 1.027B0BE+0D
A2 = -2.598689E-06
Al = 1.68051TE-10
Ad = 4.208331E15
Ambient Conditions
| BarometerkPa | ‘I emperature “C | Hurmdﬂy % 1
1 99,35 | 21.30 [ S0.7 |

Uncertainties

The uncertainties of callbration |s ihe uncertalnty of the appled pressure + 1 digit and Instrument readaoliiy. The esiimated unceriainties assoclated wkh
the measurement of the applied pressures are: 0 io 2 kPa | 0.4 % + 0.9 Pa ), 210 20 kPa [ 0.4 % + 6.8 Pa ), Absolte Pressure | 0.04 % + 187 Pa )

The I.'I(Eﬂam‘ljl'ﬂr measurement MFEI'HFIEI'NI.I'E Is [0.17'0 + Instrument resoution and Instrument madanllny.]

b. Linearity - Intercept ([Xmin(at-1)+a]} : WEhin 1.0 % full scale. Slope (al): 0.8 to 1.02. SEE(Standard Estimated Emor) : Within 2.0 % of full seale.
I:CDETHIHEI" ofdeterrnlnanon}: 0.990 or mare

The recorded uncartainty refers to the measurements and IS not Intended to Indicats the specification, of repeatabiity of the Instrument

The reported expanged uncertainty is based on 3 standard unceriainty mukiplled by a coverage facior k = 2, provkiing a level of confidence of
approximately 55%. The uncertainty evaluation Nas DEen camed out I 3ccordance with UKAS reguirements.

This cerMmeate IS Issued In accordance with the Iaboratory accreditation requiramants and cerfias that all devices used Nave Taceablity of measuement
to recognised national standards, and fo units of measurement realised at the National Physical Laboratory of oiher recognised national standards
laboratosies. This cartificate may not be produced other than In full, excep? with the prior written approval of the Issuing laboratory.

TNO PUBLIC
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CERTIFICATE OF CALIBRATION

issuen By HORIBA UK LIMITED

Certificate Number  C11254

Page 2 of 3 pages

a. Performance test

= S TOW TR oW Sians |
SAD Emor
NO Imi3imin]| [¥min] [m3/min] [Fmin] [%:RO] [%F5]
1 1 0.000 0.000 0.000 0.326 0.00 PASS
2 1 3.038 3025.148 | 3040 3039.944 0.06 0.01 PASS
3 1 6.001 B000.575 | 6027 6027.0858 0.44 0.08 PASS
4 1 9.022 9021.510 § 9059 9058.863 0.41 0.12 PASS
5 1 12082 12081.890 | 12.073 | 12073.049 0.07 -0.03 PASS
[ 1 14.876 14876.197 J 14.936 | 14935.885 0.40 0.20 PASS
7 1 17.981 17980.646 | 17.862 | 175881.536 0.55 -0.33 PASS
[ 1 21127 21126.894 § 21.110 | 21110.056 .08 -0.06 PASS
9 1 23973 23973.205 § 23992 | 23091.535 0.08 0.08 PASS
10 1 27051 27051.390 § 26.943 | 26943.325 -0.40 -0.36 PASS
11 1 30.102 20102.355 § 20.970 | 29965.750 .44 -0.44 PASS
b. Linearity
[a0}FS%)= D0.13 al=09¥0 SEE(F5%)= 024 r* = 1.0000
c. Moize {2.0 % of full scale or less) STATUS
Component Test Result
ZERO 002 %FS PASS
Exh. Flow SPAN 0.33 %FS PASS
d. Rep-eatabﬁly {2.0% of reading scale or less) STATUS
Component Test Result
Exh.Flow [ SPAN 1.71]%RS PASS
‘Test Data Average Uata Standard deviation data
ZERO SPAN ZERO SPAN
[mi3imin] [m3/min] [m3/min] [m3{min]
1 0.003 9.784 0.004 0.141
2 -0.004 9.931 0.005 0.125
3 -0.004 9.746 0.004 0134
4 -0.010 9.890 0.007 0.096
5 -0.006 9.843 0.005 0107
6 0.005 9.836 0.007 0.124
7 -0.008 9.758 0.007 0123
8 0.007 9783 0.005 0.093
9 -0.006 9.723 0.006 0.082
10 -0.005 9.760 0.007 0.088
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CERTIFICATE OF CALIBRATION

issuen By HORIBA UK LIMITED

Certificate Number  C11254

Page 3 of 3 pages

Calibration Data

SAD Flow P itot dF| Pitot T.| PHot P. PRoT Flow.
jm3/min] [iémin) ea) | [degt]| wPa) | [m3min] [iimin] [K=1000]
0.0000 00 o000 21.00] o026 | D.0000 0.0 0.00000
3.0281 | 30281 Jooer|2077| co22 | Zgses | 2ose5 | 023315
6.0008 | 60006 Joo264|2071] ooz | 59300 | 58300 | 048372
0.0215 | 9021.5 Joson| 20e6| ooz | 89526 | 809526 | 0.60801
20818 | 120810 | 1065 20.55] D15 | 110920 | 110826 | 00922 |
128762 | 148762 | 1.635| 20.52| oo.08 | 14.7907 | 147607 | 1.15468
170806 | 175808 |2350] 20.40| ceos | 17.7374 | 177374 | 1.38473
21,1260 | 211268 J2.305| 20.36| esss | 209911 | 20001.1 | 1.63874
230732 | 230732 |4.301| 2026 easo | 238354 | 230324 | 1.88263
270514 | 270514 [5515] 2022 @862 | 270853 | 270853 | 2.11450
30.1024 | 301024 |e.0osz| 20.04| os.40 | 304670 | 304679 | 237858
SAD Calibration Data

SN HI17 al 3.4140252E-01 a3 7.3339133E-18

Throat 3442 |7 ai &.0383315E-0T ad -5.9535008E-24

Inlet 1000 ~ az -3 23T5236E-12 a5 0.0000000E+00

TNO PUBLIC
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E.3 Checks performed on the different analysers

E.3.1 CO Linearize check

Pl i

Analyzer Linearize Check

HGS No. : B3JMMM5E2 Start Time : 2018/08/16 15:05:42
Device : GA End Time : 2018/08/18 15:50:32
Line : Tailpipe Test Status : Pass
Analyzer Test Result
Component: CO Linearize Check : Pass
Range : 10.0 wol% Drrift Check - —
Chechk Gas Top Gas Check : —
Top Gas Supply Port - Span Mid Span Check : —
Top Gas Concentration - 848 wvol%
Checker
Control Type - GDC-OMNE
Curve Setting Curve Criteria
Paoly Order - 4th Preset Mame - Standard
Fitting Type - Weights Judge Type - Use Larger Limit
Adjust 0% 100% - Active Criteria 1: 2.0 % of Point (PT)
Criteria 2 : 0.2 % of Full Scale (F5)
Measurement Value
Curve :
Referance Pressure : 101.4 kPa Curve Coefficient ZIS Coefficient
Reference Temperature - 26.13 degC A? -EI.E?41EIBE_—:IIE! [ A 1.000797E+00 |
A 1.326000E-00 | [ B 3.737542E+02 |
Reference Humidity : 51.23 % A2 5.047525E-08
Ref. Temp. (Humidity) : 2613 degC :i _:!4:25;::;1&
Current Data Set Current Curve
Point # Cut Gen. Conc. ZI5 Adj. Counts Measured Conc. Emor Status
3] [wal%] [wol%] [2]
1 100.0 0.480 120573 0.480 0.00{PT) Pass
2 80.0 8.532 113228 8.558 0.31(PT} Pazs
3 a0.0 7.584 105694 7.628 0.58(PT) Pazs
4 70.0 6636 7828 6885 0.73({FT) Fass
5 80.0 5.688 88570 5.736 0.84({FT) Fass
] 50.0 4740 80671 4772 0.68(PT) Pass
i 40.0 378z TOeez 3.807 0.40{PT) Pass
B 38.0 3413 Gaa48 3423 0.28(FT) Fass
] 320 3.034 2469 3.037 0.12{PFT) Fass
10 30.0 2.844 0219 2.847 0.12(PT) Pass
1 28.0 2,654 57884 2.656 0.08(PT) Pass
12 240 2275 52085 2278 0.08(PT) Pazs
13 20.0 1.896 47632 1.694 0. 11(FT) Fass
14 18.0 1.706 44755 1.702 -0.23(FT) Fass
15 16.0 1517 41727 1512 -0.32(PT) Pass
18 14.0 1.327 38508 1.322 -0.08(F5) Pass
Test Mo. 176 142 AlA-03H-XDCA4RXZ

TNO PUBLIC
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HOR|BA Analyzer Linearize Check

Current Data Set Current Curve
Point # Cut Gen. Conc. ZI'5 Adj. Counts Measured Conc. Ermor Status
[*] [wol%] [vol%] [%]
17 12.0 i.138 35005 1.124 -0.04F5) Pass
18 10.0 0.948 31413 0.847 -0.01(F5) Pass
19 oo 0.853 28490 0.858 D.03{F5) Fass
20 B.0 0.758 27384 0.782 0.03{F5) Pass
1 7O 0.654 25141 0.6&7 D.03{F5) Fass
22 6.0 0.560 22742 0.572 0.03{F5) Pass
23 5.0 0474 20143 0.477 D.03F5) Pass
24 4.0 0.378 17271 0.382 D.03{F5) Fass
25 38 0.341 18022 0.343 D.02(F5) Pass
26 3.2 0.303 14708 0.305 0.01(F5) Pass
27 3.0 0.284 14022 0.285 0.01(F5) Pass
28 28 0.265 13323 0.266 D.0INFS) Pass
e 24 0.228 11823 0.2268 -0.01(F5) Fass
30 2.0 0.120 10240 0.128 -0.02(F5) Pass
&1 1.8 0.171 B426 0.168 -0.02(F5) Pass
3z 1.8 0.152 8583 0.149 -0.02(F5) Fass
33 14 0.133 7640 0.120 -0.0HF5) Pass
34 12 0.114 A706 D111 -0.0HF5) Fass
35 1.0 0.085 5721 0.082 -0.03F5) Pass
36 0.8 0.078 4680 0.073 -0.0HF5) Pass
aF 0.6 0.057 3685 0.054 -0.0HFS) Fass
a8 D4 0.038 2420 0.035 -0.03F5) Pass
38 0.2 0.018 1227 0.018 -0.01(F5) Pass
40 0.0 0.000 -78 0.000 D.0INFS) Pass
Drift Chack (Fero) -
Step Gas Conc. Measured Conc. Criteria Errar Status
[vol%] [wol%] [%] [36]
Zero -— — - — -—
Drift Check (Span)
Step Gas Conc. Measured Conc. Criteria Errar Status
[vol%] [wol%] [%] [36]
Span — — - — -—
Comment
Test Mo. 178 212 AlA-I3H-XOCHRX2Z

TNO PUBLIC
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E.3.2 CO: Linearize check

HOR'BA Analyzer Linearize Check

HGS No. : 83JNMMN52 Start Time : 2018/068/16 14:17:08
Device : GA End Time : 2018/08/18 15:02:05
Line : Tailpipe Test Status : Pass
Analyzer Test Result
Component : CO2 Limearize Check : Pass
Range - 20.0 wol% Drift Check - —
Chechk Gas Top Gas Check : —
Top Gas Supply Port: Span Mid Span Check - —
Top Gas Concentration - 1518 wol%
Chechker
Control Type - GDC-ONE
Curve Setting Curve Criteria
Paly Order - 4th Preset Mame : Standard
Fitting Type - Weights Judge Type - Use Larger Limit
Adjust 0% 100% - Active Criteria 1: 2.0 % of Point (FT)
Criteria 2 : 0.3 % of Full Scale (F5)
Measurement Value
Curve :
Reference Pressure : 101.4 kPa Curve Coefficient ZIS Coefficient
Reference Temperature - 25.84 deg C AFI -5.216313E_—:Ij A 1.008818E+00
A 2 T8TSA1E-0 B 8.380810E+02
Reference Humidity : 5238 % A2 1.631171E-08
Ref. Temp. (Humidity) : 25.84 degC ii : jﬁif‘; ; :;
Current Data Set Current Curve
Paint # Cut Gean. Conc. Z'5 Adj. Counts Measured Caone. Emor Status
[*%] [wol%] [vol%] [%]
1 100.0 15.18 252180 15.18 0.00{PT) Pass
2 80.0 13.64 234674 13.65 0.08(PT) Pass
3 an.o 12.13 216231 1213 0.03(PT} Pass
4 70.0 10.81 197219 10.84 0.23(PT} Pass
] 80.0 9.008 177081 9.133 0.41(PT) Pass
] 50.0 7.580 155662 7.628 0.84(PT) Pass
T 40.0 6.064 132468 8111 0.77(PT) Pass
B 36.0 5458 122663 5508 0.88(PT) Pass
] 320 4.851 112378 4,895 0.80(PT) Pass
10 30.0 4.548 107172 4.585 1.04(PT) Pass
1 28.0 4.245 101768 4281 1.08(PT) Pass
12 24.0 3.638 a0421 3675 1.00{PT) Pass
13 20.0 3.032 78417 3.058 0.88(FT}  Pass
14 18.0 2720 72082 2748 0.08({FS5) Pass
15 16.0 2429 G5621 2437 0.DB{F3) Pass
16 14.0 2.122 58778 2.128 0.03({F5) Pass
Test Mo, 175 112 AlA-D3H-XOCE4RX 2

TNO PUBLIC
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Analyzer Linearize Check

Current Data Set Current Curve
Point # Cut Gen. Conc. ZI'5 Adj. Counts Measured Conc. Ermor Status
[%] [vol%] [wol%] [%]
17 12.0 1.818 51689 1.818 0.0NFS) Pass
18 10.0 15168 44448 1.517 0.0NF5S) Paszs
19 B.0 1.384 40504 1.382 0.01(F5) Paszs
20 B.0 1213 36805 1.214 0.01{F5) Fass
21 7.0 1.081 32801 1.082 0.0NF5) Fass
22 6.0 0.810 28645 0.808 0.0NF5) Fass
23 5.0 0.758 24537 0.783 0.02{F5) Fass
24 4.0 0.608 20145 0.612 0.03{F5) Pass
25 3.8 0.548 18281 0.545 0.02{F5) Paszs
25 3.2 0.485 18490 0.481 0.03{F5) Paszs
er 30 0.455 15639 0.483 0.04(F5) Paszs
28 28 0424 14708 0.433 0.04(F5) Paszs
28 24 0.354 12724 0.373 0.04(F53) Fass
30 2.0 0.303 10785 0.310 0.04(F53) Fass
N 1.8 0.273 BBET 0.281 0.04{F5) Pass
3z 1.8 0.243 8841 0.251 0.04{F5) Pass
a3 14 0212 7838 0.220 0.04{F5) Paszs
34 1.2 0.182 B795 0.180 0.04(F5) Pass
35 1.0 0.152 5685 0.157 0.03(F5) Paszs
35 0.8 0.121 4648 0.127 0.03{F5) FPass
a7 0.6 0.021 3620 0.087 0.03{F5) Fass
3B 0.4 0.081 2558 0.087 0.03F5) Pass
38 0.2 0.030 1300 0.032 0.01{F5) Pass
40 0.0 0.000 147 0.000 0.0NFS) Pass
Drift Chieck (Zero) -
Step Gas Conc. Measured Conc. Criteria Error Status
[wol%] [eol%] [%] [%]
Zero -— — — — —
Drift Check (Span) -
Step Gas Conc. Measured Conc. Criteria Ermar Status
[waol%] [wol%] [%] [36]
Span -—- -— - -— —
Comment
Test Mo. 175 2/2 AlA-D3H-XDCBE4RX2

TNO PUBLIC
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E.3.3 NO Linearize check

Analyzer Linearize Check

e

HGS5 No. : B3JNMN52 Start Time : 2018/08/21 8:05:18
Device : GA End Time : 2018/08/21 8:48:57
Line : Tailpip= Test Status : Pass
Analyzer Test Result
Component - MO Linearize Check : Pass
Range - 3000 ppm Drift Check - —
Check Gas Top Gas Check @ —
Top Gas Supply Port: Span Mid Span Check : —
Top Gas Concentration : 2510 ppm
Checker
Control Type - GDC-OME
Curve Setting Curve Criteria
Poly Order - 2nd Preset Mame : Standard
Fitting Type - Weights Judge Type - Use Larger Limit
Adjust 0% 100% - Active Criteria 1: 2.0 % of Point (PT)
Criteria 2 : 0.2 % of Full Scale (FS)
Measurement Value
Curve :
Reference Pressure 101.9 kFa Curve Coefficient ZIS Coefficient
Reference Temparature - 3241 degC .ﬁ.?l -1.1?51:IDE_-:II3 A 1.018714E+00
A 3.507678E-03 B -3.808425E+02
Reference Humidity : 57.21 % AZ 4.711025E-11
Ref. Temp. (Humidity) : 2580 degC :i ;E;EEEEE:;E
Current Diata Set Current Curve
Point # Cut Gen. Conc. ZI5 Adj. Counts Measured Conc. Ermor Status
(%] [ppm] [pem] [%]
1 100.0 2510 6668213 2510 0.00{PT) Pass
2 80.0 2258 604147 2260 0.08(PT) Pass
3 80.0 2008 537720 2011 0.14{PT) Pass
4 70.0 1757 471508 1760 0.18(PT) Pass
5 60.0 1508 404806 1509 0.2{FPT) Pass
] 50.0 1255 337038 1258 0.24(PT) Pass
T 40.0 1004 270828 1007 0.28(PT) Pass
] 36.0 038 243828 9058 0.25(PT) Pass
o 320 8032 216758 2040 0.21(PT) Pass
10 30.0 7530 203283 T54.8 0.21(FT) Pass
1 28.0 7028 188771 TO3.8 0.14{PT) Pass
12 24.0 6024 182005 603.3 0.15(PT) Pass
13 20.0 5020 135680 501.8 -0.07(FT) Pass
14 18.0 4518 122030 451.1 0AT(PT) Pass
15 16.0 401.8 108354 3807 -0.08(F3) Pass
168 14.0 3514 p4864 3401 -0.08(F5) Pass
Test Mo. 178 1/2 CLA-DZHSV-XOCE4RN2
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HOR'BA Analyzer Linearize Check

Current Data Set Current Curve
Point # Cut Gen. Conc. Z'S Adj. Counts Measured Cone. Ermor Status
[%] [ppm] [ppm] [%]
17 12.0 .z 81009 2085 0.0%(F5) Pass
18 10.0 251.0 G7457 2482 -0.0%(F5) Pass
18 a0 2259 G07aE2 2233 -0.08(F5) Pass
20 BO 200.8 54071 188.5 -0.08(F5) Pass
el | 7.0 1757 47210 173.0 -0.08(F5) Pass
x2 6.0 1508 40475 148.1 -0.08(F5) Pass
23 50 1255 33727 1233 0.07(F5) Pass
24 4.0 1004 280803 .24 0.07(F5) Pass
25 38 a0.28 24330 28.49 -0.08(F5) Pass
28 32 80.32 216448 78.58 -0.08(F5) Pass
a7 30 75.30 20318 7373 -0.05(F5) Pass
28 28 70.28 18838 G8.61 -0.08({F5) Pass
2 24 60.24 18269 58.75 -0.05(F5) Pass
30 20 50.20 13502 48.91 -0.04{F35) Pass
3 18 45.18 12254 43.97 -0.04({F35) Pass
32 18 40.16 10824 38.05 -0.04({F5) Pass
a3 14 35.14 a5a2 34.10 -0.03(F35) Pass
4 12 30.12 8255 2819 -0.03(F5) Pass
a5 10 25.10 BR82 24.13 -0.03(F5) Pass
a5 08 20.08 5562 19.28 0.03(F5) Pass
ar 0.6 15.08 4264 14.47 0.02(F5) Pass
3B 04 10.04 20848 2618 0.01(F5) Pass
e} 0.2 5.020 1538 4.791 0.01(F5) Pass
40 00 0.000 335 0.000 0.00{F5) Pass
Drift Chack (Zera) :
Step Gas Conc. Measured Conc. Criteria Ermor Status
[ppm] [ppm] [%] [38]
Fero -— —_ — —_ —
Drift Chack (Span) :
Step Gas Conc. Measured Conc. Criteria Ermaor Status
[ppm] [ppm] [%] [38]
Span --- — — — —
Comment
Test Mo. 178 212 CLA-DZHSV-XOCHRK2
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E.3.4 NOx Linearize check

HOR'BA Analyzer Linearize Check

HGS No. © B3JNMNS2 Start Time : 2018/06/21 8:58:08
Devies © GA End Time : 2018/08721 10:20:03
Line : Tailpipe Test Status : Pass
Analyzer Test Result
Component - NOx Linearize Check : Pass
Range - 3000 ppm Drrift Check : —
Check Gas Top Gas Check : —
Top Gas Supply Port - Span Mid Span Check : —
Top Gas Concentration - 2510 ppm
Chechker
Control Type : GDC-OME
Curve Setting Curve Criteria
Paoly Order : 2nd Preset Mame : Standard
Fitting Type - Weights Judge Type - Use Larger Limit
Adjust 0% 100% - Active Criteria 1: 2.0 % of Point (FT)
Criteria 2 : 0.3 % of Full Scale (F3)
Measurement Value
Curve :
Referance Pressure : 102.0 kPa Curve Coefficient ZI5 Coefficient
Reference Temperature - 3298 degC .ﬁ.lfl 3'833295?:“ A 2.7E0835E 01
A 3.585057E-03 B -1.065883E+03
Reference Humidity : 57.28 % A2 -4 8439768E-11
Ref. Temp. (Humidity) - 2586 degC :i ;E ;EE;EE: ;E
Current Data Set Current Curve
Point # Cut Gen. Conc. 25 Adj. Counts Measured Conc. Emor Status
[3] [pem] [ppm] []
1 100.0 2510 670042 2510 0.00FT) Fass
2 80.0 2250 600724 2367 0.35(PT) Pass
3 80.0 2008 542430 2018 0.52(PT) Pasz
4 70.0 1757 475288 1771 0.79PT) Pass
5 80.0 1508 407688 1520 0.93(PT) Pass
il 50.0 1255 330000 1260 1.13(PT) Pasz
Fi 40.0 1004 ey 1018 1.37(PT) Pass
] 36.0 038 244723 9164 1.42{FT) Fass
] 320 8032 217622 2144 1.40PT) Pasz
10 30.0 7530 204222 TE4.5 1.52(PT}) Pass
1 28.0 7028 190485 7131 1.48(PT) Pass
12 24.0 6024 163331 811.8 1.53(PT) Pass
13 20.0 5020 135732 508.5 1.30MPT) Pass
14 18.0 4518 121853 456.8 1.12{PT) Pass
15 16.0 4018 108071 405.0 0.11(F5) Pass
18 14.0 3514 84121 3532 0.08(F5) Pasz
Test Mo. 178 112 CLA-DZHSV-XOCBRM2
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HOR'BA Analyzer Linearize Check

Current Data Set Current Curve
Paoint # Cut Gen. Conc. ZI5 Adj. Counts Measured Cone. Emor Status
[%] [ppm] [ppm] [%]
17 12.0 3012 80392 3020 0.03{F5) FPass
18 10.0 251.0 GARET 2513 0.01(F5) Pass
14 8.0 2259 G0272 2283 0.01(F5} Pass
20 B.O 200.8 53404 200.8 0.00F5) Pass
21 7.0 1757 48744 1755 S0.01(F5) Pass
22 6.0 150.6 30078 1502 S0.01(F3) FPass
23 5.0 1255 33257 1250 “0.02(F5) Pass
24 4.0 1004 26542 2878 “0.02(F5) Pass
25 3.6 20.28 23852 80.78 “0.02(F5) FPass
24 3.2 80.32 21165 78.72 S0.02(F5) Pass
ar 3.0 75.20 19818 7460 S0.02(F5) Pass
28 28 70.28 18478 80.74 S0.02(F5) Pass
20 24 60.24 15821 50.78 S0.02(F5) Pass
30 20 50.20 13143 40,60 S0.02(F3) FPass
3 1.8 45.18 11808 44 &2 “0.02(F5) Pass
32 1.8 40.18 10471 38.63 “0.02(F5) FPass
33 14 35.14 9147 3464 “0.02(F5) FPass
34 1.2 3012 7815 2067 S0.01(F5) Pass
35 1.0 25.10 G448 2455 S0.02(F5) Pass
35 0.8 20.08 5118 18.58 S0.02(F3) FPass
ar 0.6 15.06 3818 14.71 S0.01(F5) Pass
38 0.4 10.04 2527 9872 S0.01(F3) FPass
3a 0.2 5.020 1201 4004 0.004F5) Pass
40 0.0 0.000 -107 0.000 0.004F5) FPass
Drift Check (Zera)
Step Gas Conc. Measured Conc. Criteria Error Status
[ppm] [ppm] [%] [%]
Zero -— — — — —
Drift Check (Span)
Step Gas Conc. Measured Conc. Criteria Error Status
[pprn] [ppm] [%] [%]
Span -—-- — — — —
Comment
Test Mo, 179 212 CLA-DZHSV-XOCHRX2
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E.3.5 NOx Converter efficiency check

HORIBA

HGS Mo. : 63JNMNGE2

NOx Converter Efficiency Check

Start Time : 2018/08/21 10:43:10

Dievice : GA End Time : 201808721 11:10:51
Lina : Tailpipe Test Status : Pass
Analyzer Checker
Component : NOx Control Type : GDC-OME
Range : 3000 ppm COzone Initial Counts : 240
Chechk Gas O=zone Step Counts : 20
Gas Supply Port : Span Ozone Final Counts : 240
Concentration : 190 ppm
Sequence
Condition in 'a" & 'b' : (a) Approx. 20%, 10% < (b} < 20%
Data Collecting Time - 10 s
Measurement Value
Zero Cal. Concentration : 0 ppm Span Cal. Concentration : 180 ppm
Mumber of Retry Step-3(b) : 4]
Step Time 02 Flow oG Mode Target Conc. Measured Conc.
[=] [epm] [epm]
Step-1(A) B0 OFF OFF N 1368.9
Step-2(a) B0 ON OFF NO Appro. 123 135.3
Step-3(b) 300 ON OM N 14 < Canc. < 27 19.56
Step-4ic) 300 ON OM MO 132.7
Step-5(d) B0 ON OFF MO 1367
Step-6(B) B0 OFF OFF MO 137.0
Test Result
ltem Criteria Result Status
[%] [%]
MNOx Converter Efficiency = i-M le 100
NO{a)— NO(B) | 850 - 1000 4744 Pass
NO(B)y-NO(4
Percent NO2 in NO = %ﬁlm
NO ) -0 - 50 0.0% Pass
Comment
Test No. 180 141 CLA-DZHSV-XOCB4RX 2
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E.3.6 THC Linearize check

HOR'BA Analyzer Linearize Check

HGS No. © B3JNMNS2 Start Time : 2018/06/16 15:55:50
Devies © GA End Time : 2018/08/M16 16:20:28
Line : Tailpipe Test Status : Pass
Analyzer Test Result
Component : THC Linearize Check : Pass
Range - 10000 ppmC Drrift Check : —
Check Gas Top Gas Check : —
Top Gas Supply Port - Span Mid Span Check : —
Top Gas Concentration - 938 ppmC
Chechker
Control Type : GDC-OME
Curve Setting Curve Criteria
Paoly Order : 2nd Preset Mame : Standard
Fitting Type - Weights Judge Type - Use Larger Limit
Adjust 0% 100% - Active Criteria 1: 2.0 % of Point (FT)
Criteria 2 : 0.3 % of Full Scale (F3)
Measurement Value
Curve :
Referance Pressure : 101.3 kPa Curve Coefficient ZI5 Coefficient
Reference Temperature - 26.15 degC .ﬁ.lfl -T'BEQMBE-:” A 1.088252E+00
A 1.071870E-02 B 3.048264E+01
Reference Humidity : 51.25 % A2 4.881587E-10
Ref. Temp. (Humidity) - 26.15 deg C :i ;E ;EE;EE: ;E
Current Data Set Curmrent Curve
Point # Cut Gen. Conc. 25 Adj. Counts Measured Conc. Emor Status
[3] [ppmC] [ppmC] []
1 100.0 9380 38565 9380 0.0MFS) Fass
2 80.0 8442 TeETE 2434 -0.01(F3) Pass
3 80.0 7504 TORST THOT 0.00NF5) Pasz
4 70.0 6568 62344 650.2 0.03{F5) Pass
5 80.0 5628 53632 566.8 0.04F5) Pass
il 50.0 4800 44838 4735 0.05(F5) Pasz
Fi 45.0 4221 40328 4257 0.04(F5) Pass
] 40.0 3762 38008 380.0 0.05(F5) Fass
] 35.0 3283 31538 3328 0.04(F5) Pasz
10 30.0 2814 27058 2852 0.04(F5) Pass
1 25.0 2345 22682 2380 0.04F35) Pass
12 20.0 1878 18188 191.4 0.04F5) Pass
13 15.0 1407 13607 142.8 0.02(F5) Pass
14 10.0 93.80 8073 95.00 0.01(F35) Pass
15 5.0 48.80 4558 47.30 0.0F5) Pass
18 0.0 0.000 78 0.000 0.00NF5) Pasz
Test Mo. 177 112 FIA-DTHDSV-RMYLEWHK4
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HOR|BA Analyzer Linearize Check

Drift Check (Zero)

Step Gas Conc. Measured Conc. Criteria Error Status
[ppmC] [ppmC] [%] [%]

Zero -— — — — —

Drift Check (Span)

Step Gas Conc. Measured Conc. Criteria Error Status
[pemC] [ppmC] [%] []
Span - — — — —
Comment
Test Mo, 177 212 FIA-O1HDEV-RMYLEWEA
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E.3.7 THC Hang-up check

H0R|BA Hang-up Check

Automotiv

HGS No. : 83JNMN52 Start Time : 2018/08/22 10:00:53
Device : GA End Time : 2018/08/22 10:07:15
Line : Tailpipe Test Status : Pass
Analyzer
Component : THC
Range : 10000 ppmC
Check Gas
Gas Supply Port - Leak Checker
Sequence
Zero/Span Calibration : Active
Purge Time : 0 s
Data Collecting Time : 10 s
Measurement Value
Zero CAL Concentration : 0 ppmC Span CAL Concentration - 238 ppmC
Step Time Measured Conc.
Overflow Zero 80 s 0.00 ppmC
Test Result
Item Critena Result Status
Hang-up = 2.0 ppmC 0.00 ppmC Pass
D: 7 171
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E.3.8 V-leak check (Span Gas)

HORIBA VLeak Check (Span Gas)
LA 1 i
HES Mo. @ B3JMMNS2 Start Time : 201810010 22:42:00
Device - GA End Time : 20181010 22:50:59
Line : Tailpipe Test Status : Pass
Analyzer
Hot Sample Cold Sample
Component : CO2 —
Ramge : 200 wol% -
Concentration : 15.94 wol% —

Check Gas
Gas Supply Port : Leak Checker

Sequence
Zero/Span Calibration :  Active
Hot Sample Cold Sample
Owerflow Zero Time © 60 s —
Owerflow Span Time : 60 s —
Drata Collecting Time - 10 s
Overflow Purge Time : 60 s
Purge Time : 30 s
Measurement Value
Hot Sample Cold Sample
Zero Cal. Concentration 0.00 vol% —
Span Cal. Concentrafion : 15.94 vol% —

Hang-up Concentration : — —_

Step Time Measured Conc.

Owerflow Span (Hot) 60 s 15.87 wol%

Cwverflow Span (Cold) - —

Test Result
Item Criteria Result Status
Span — (Chverflow Span — Hamg —up) Wleak (Hot) = 1.0% 043% Pass
Vieak = =100
pan [ViLeak (Cold)] =  — — —
ID: 30 111
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E.4 Checks performed on PN analyser

Customer :
Model :
Type :
WBS No. :
HGS No. :

HE Stock

TEST REPORT

On-board Emissions Measurement System

OBS-ONE-PN
$2100508840000090
P8UCEBRA

Date of Calibration: 2017/11/13

1. Specification
1) Power Source

2. Test Data

2) Leak Test

Main unit: DC24V

3) Performance Tests

b. CPC Linearity Check

TRE00544A(1/3)

HORIBA, Ltd.

Date tested : 28, Nov.,2017

1) Appearance, Dimensions and Construction Check =+ = st esererersrerirsarirerienaininnns Good
.............................................................................. Good
a. CPC Calibration Coefﬁcients ........................................................ Good
Parameters Calibration Coefficients
C1 1.0814
C2 -0.0215
C3 0.0015
CPC S/N: OBS ONE PN 174102
................................................................... Good
Reference Conc. CPC Conc. .
(#em?®) (#em?) Error (£10.0%RS)
0.0 0.0 0.0%
1471.1 1380.8 -6.1%
3001.4 2846.6 -5.2%
4473.2 4251.2 -5.0%
7300.1 6898.8 -5.5%
10672.6 10026.5 -6.1%
16764.1 15893.3 -5.2%
27163.0 25712.0 -5.3%
a1(0.90~1.10) 0.95
Ixmin(ai-1)+a0l(=5.0%FS) 0.3
R*(=0.970) 1.000
SEE(=10.0%FS) 3.09
c. Particle Concentration Correction Factor (200nm monodisperse soot) =+ ===+ +sssesecesecens Good
Reference Conc. CPC Conc. Ratio
(#/cm®) (#/cm®) (Reference / CPC)
6901.9 5849.1 1.18
18918.3 16931.5 1.12
26388.5 23017.8 1.15
Co 1.1382
“XSample line length:6.0m
OBS-ONE-PN
1/3 S2100508840000090
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TRE00544A(2/3)
d. System Efficiency (MonodiSperse So0ot) =« ===+« st esssuesmsenirussiiitnesuiennannannnsanan, Good
Particle Size| Reference Conc. CPC Conc. Criteria | Efficiency
(nm) (#/em?®) (#em?®) (%)
15 5886.5 422.4 <10% 7.2
23 5481.5 22942 20-60% 41.9
30 6354.9 4037.6 30-100% 63.5
50 5414.7 47411 60-110% 87.6
70 5425.4 5321.1 70-110% 98.1
100 6541.9 6297.6 90-110% 96.3
200 6941.1 7266.9 90-110% 104.7
“¥Sample line length:6.0m
e. Volatile Particle Removal Efficiency Check (Removal Efficiency: >99%) == =+=ssseeseresaraannns Good
Diam. >100nm nebulizer Emery oil
Inlet Outlet Removal Efficiency
(#/cm®) (#/cm®) (%)
512619.8 3241.9 99.4
f. Warm-up (30minites after POWEr On) « ===« = s sesesesensuettnemutatieiituiiaieaieaianaanss Good
Item Temp. Range
Saturator 30.0°C+0.2°C
Condenser 21.0°C+0.2°C
Optics 20.8°C~29.0C
Catalytic Stripper 350C+10°C
Heated Line =20C
g_ NOiSe CheCk (§1000#/Cm3 [ 120550) ..................................................... Good
h. System Zero Check =+ ==+ ==+ sssssstastanetateenteaeeneenetseeeststceerasssssanssnes Good
[ Item | Value | Unit [ Criteria |
System Zero [ 00 [ #em® [ =100 |
Sample line length:6.0m
i. Warm-up and ZERO Drift Check (CPC Conc.: S100#/Cm®) =+« s sseeseeeeretarauauuuaiannnnns Good
Line HEPA air at Sample Inlet Unit
After 0.5(h) 0.0 #lcm®
After 4(h) 0.0 #lcm®
j. Flowrate accuracy Check =+ === s sresesserunenaenseeretiiietiiieiattaessiienaanananns Good
Item | Reference | Value | Unit | Criteria | Error
CPC
Sample flowrate | 0102 [ 0100 [ Umin [ 5.0% -2.3%
Bypass flowrate | 0597 0596 | LUmin | $16.0% | -0.1%
1st Diluter
Dilution flowrate | 6317 | 6299 | LUmin [ #30% | -0.3%
2nd Diluter
Sample flowrate | 0072 | 0071 | Umin [ #20.0% | -0.4%
OBS-ONE-PN
2/3 S$2100508840000090
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TRE00544A(3/3)
k. Dilution Factors Check .............................................................. GOOd
Item Target Value Unit Criteria | Difference
1st Dilution Factor 10.0 10.0 - +1 0.0
2nd Dilution Factor 9.0 9.6 - 1 0.6
4) Accessories Check (Quality, quantity and appearance) »==+=+=sssssesrrsssssransessnssnnanns Good
3. OVera" Inspection .................................................................. Pass
Each of the above results must meet with the standards by HORIBA, Ltd. x
L S (2 h
Inspected by~ _/I/[\ oA Y\ Approved by : “q .4 Lo~ o o
; > 7 HORIBA, Ltd.
OBS-ONE-PN
313 $2100508840000090
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TRE00544A(1/2)
Customer : HE Stock
Type : On-board Emissions Measurement System
Model : OBS-ONE-PN
WBS No. : $2100508840000090
HGS No. . P8UC6BRA
1. Specification
Power source : 24VDC
2. Test results
1) Appearance, dimension and CONStrUCHON =+ +ssssrssssntiariutnneteassrssssnssnnasnsnnnas Good
2) FUNCHON = ® s sesasessesuennenseeneretsetsssiaesssesasessasssssserassssnsasnsnsnnsns Good
3) Performance of SENSOrS »« =+ s+ sssssetasetinssenetatasensssasssessssssnsnssssssnsssnnnss Good
a. Accuracy of pressure sensor for ambient air
Within +0.2kPa
b. Linearity of pressure sensor for ambient air
Intercept(|Xmin(21-1)+ag|) : Within 1.0% of full scale
Slope(a,) : 0.99t01.01
SEE(Standard Estimated Error) : Within 1.0% of full scale
r(Coefficient of determination) : 0.998 or more
c. Accuracy of temperature sensor for ambient air
Within +0.5degC
d. Linearity of temperature sensor for ambient air
Intercept(|Xmin(21-1)+ag|) : Within 1.0% of full scale
Slope(a,) : 0.99t0 1.01
SEE(Standard Estimated Error) : Within 1.0% of full scale
r(Coefficient of determination) : 0.998 or more
e. Accuracy of humidity sensor for ambient air
Within +1.5% as relative humidity
f. Accuracy of power input voltage
Within £1.0% of reading scale
3. Overall inspection sssrerrrrreiteniiniinana. Srassssscssssssannann PR Passed

w0 =
Date: 28 Nov.2017 Inspector':/l//rp,\ o’n.‘ = Approver: T OV tine
-

7 ~
OBS-ONE-PN
12 $2100508840000090
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TRE00544A(2/2)
Detail of test results
3) Performance of sensors
a. Accuracy of pressure sensor for ambient air
Range: 70~115kPa
Component | Reference value Actual value Error Max Error |
115 kPa 115.00 kPa 114.90 kPa -0.10 kPa -0.10 kPa |
110 kPa 110.00 kPa 110.00 kPa 0.00 kPa
105 kPa 105.00 kPa 105.00 kPa 0.00 kPa
100 kPa 100.00 kPa 100.00 kPa 0.00 kPa
95 kPa 95.00 kPa 95.00 kPa 0.00 kPa
90 kPa 90.00 kPa 90.00 kPa 0.00 kPa
85 kPa 85.00 kPa 85.00 kPa 0.00 kPa
80 kPa 80.00 kPa 80.00 kPa 0.00 kPa
75 kPa 75.00 kPa 75.00 kPa 0.00 kPa
70 kPa 70.00 kPa 70.00 kPa 0.00 kPa
b. Linearity of pressure sensor for ambient air
Intercept(|Xnin(as-1)+ag|) 0.0 %FS
Slope(a;) 1,00
SEE(Standard Estimated Error) 0.0 %FS
r’(Coefficient of determination) 1.000
c. Accuracy of temperature sensor for ambient air
Range:-40~60degC
Reference value |  Actual value Error Max Error |
0.00 degC 0.00 degC! 0.00 degC 0.00 degC|
5.00 degC 5.00 degC 0.00 degC
10.00 degC 10.00 degC 0.00 degC
15.00 degC 15.00 degCl 0.00 degC
20.00 degC 20.00 degC 0.00 degC
25.00 degC 25.00 degC 0.00 degC
30.00 degC 30.00 degC 0.00 degC
35.00 degC 35.00 degC 0.00 degC
40.00 degC 40.00 degC 0.00 degC
45.00 degC 45.00 degC 0.00 degC
50.00 degC 50.00 degC 0.00 degC
d. Linearity of temperature sensor for ambient air
Intercept(|X in(a:-1)+aq|) 0.0 %FS
Slope(a;) 1.00
SEE(Standard Estimated Error) 0.0 %FS
*(Coefficient of determination) 1.000

e. Accuracy of humidity sensor for ambient air
Range:0~100%RH
[ Component] 0%RH [ 20%RH [ 40%RH | 60%RH | 80 %RH | 100 %RH | Max Error |
[ Sensor | 0.0 %RH[ 20.0 %RH| 40.0 %RH| 60.0 %RH| 80.0 %RH| 100.0 %RH| 0.0 %RH|

f Accuracy of power input voltage
[ Component] 24.50 VT Test Resuit]
| Voltage | 245V | 0.00 %RS

OBS-ONE-PN
2/2 $2100508840000090
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F Details of the gases used

F.1 Span gas

THE LINDE GROUP

Kalibrierzertifikat / Certificat d'étalonnage

PanGas AG Spez
Von der Sch
Laboratoired

algase-Fuliwerk Indust

The Swiss Calibration Service is one of the signatori
calibration certificates

Zertifikat Nr 2017014687

N® du certificat
Auftraggeber Linde Gas Benelux B.V.
Client

Kanaalweg 4e
6951KJ Dieren

Probenahme Aus Behalter, nach Abfallung Nr.  75631110726305
Prélévement Dans Ie récipient, aprés remplissage de celui-ci

! Produkt / Produit Gasgemisch zertifiziert SCS / Mélange de gaz certifié SCS
Material Nummer/ 800002451

numeéro d'article
Prifspezifikation; Resultat | Spécification d'essai: Résultat

Anforderung Prifergebnis Messunsicherheit
Exigences Résultats d'analyse Incertitude de mesure
C3H8 330.0 ppm mol 330.1 ppm mol 1.00 % rel
NO 2'500.0 ppm mol 2'503.4 ppm mol 1.00 % rel
co 3.000 % mol 3.009 % mol 1.00 % rel
Cco2 16.000 % mol 16.006 % mol 1.00 % rel
N2 Rest / Reste Rest/ Reste

Dieses Kalibrierzerti
Einheiten (SI)
Ce certificat d'étalonnage confirme le raccordement aux étalons nationaux qui matérialisent les grandsurs physiques (SI)

<at dokumentiert die Rickverfolgbarksit auf nationale Normale zur Darstellung der physikalischen

Die angegebene erweiterte Messunsicherheit ist die Standardunsicherheit der Messung multipliziert mit einem
Erweiterungsfaktor k=2, was bei einer Normalverteilung einem Vertrauensniveau von etwa 85% entspricht
Llincertitude de mesure €largie donnée est l'incertitude-type surle résultat de la mesure multipliée par le facteur

( d'élargissementk=2 ce qui, pour une distribution gaussienne, correspond & un niveau de confiance d'environ 95 %
Stabilitats-Garantie / Garantie de stabilité 24 Monate / Mois
min Lagertemperatur =10°  min Verwendungsdruck & bar empf. Verwendungstemp
Température de stockage min. Pression d'utilisation min Temperature d'utilisat
Datum/ Date 04.12.2017
Far die Messung /pour la mesure: DHUBER Freigabe / Autorisation: MPALLY
Derinhalt dieses Zertifikates darf nurin vollstandiger Form veroffentlicht oder en werden
Le contenu du présent certificat ne doit étre pdlié ou communiqué que dans son i
(Elektronisches Dokument ohna Unterschrift) (Document électronique sans signature)
INPUT CONVERSION
Temperature 5C Temperature sC
Pressure 760 TORR Pressure 760 TORR
Total KG Amount 5 KG
MOLE FRACTION RELATIVE GAS VOLUME FRACTION Auto
prop 330.100 PPM Propane 324,618 PPM
NO 2503.4 PPM Nitric oxide 2503908 PPM
{ co 3.009 % Carbon monoxide 3.0m %
coz 16.006 = Carbon dioxide 15.935 A
H2 80.70165 »~ Nitrtogen 80.77 k4

TNO PUBLIC
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F.2 Hydrogen/helium

THE LINDE GROUP

TNO PUBLIC

Pagina: 1van i
Ordernummer: D0030634/3
Clindernummer: 574426
Cilindereigenaar: Linde Cilinder
Cilinderinhoud [1}: 10
Analyse Certificaat
1506141
Componenten Analyse
Waterstof 10 vol %
(.H' <1 vpm
Helium Rest
Vuldruk [15°C] ca 150 bar Min. opsliag temperatuur Niet van toepassing
Gasvolume 15001 Min. restdruk S bar
Stabiliteit 16 maanden Aanbevolen gebruikstemperatuur- 10°C - 30°C
Aansluiting w1
Materiaalcode 3260110

Analysedatum: 20-10-2016

Analist: Theo van Dick

Linde Gas Benelux B V. - Kanaalweq 4e - 6951K] Dieren B )

Telefoon: +31 (0)313 490 440 Fax: +31 (0)313 450 069 E-mail: hiq.lg.ni@linde.com
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F.3 Synthetic air

TNO PUBLIC

og’l?(l’

Tusamamensotaung
Nebenbestandteila, ppm
Konformutatzerkiarung
li=feraren

Sichamee
fennzeichnung

Frodultdatentiatt

Synthetische Luft KW-frei 20 % Sauerstoff, Rest Stickst

Sauerstolf (0,) 20%
Stickstoff (N} Rest

HO0 <2
o, =1
o =1
KW 0.1
NO, <01

Arxpbon wert @cidoaio Whmenastads (- Molamalk) A1 vesionme

Wersell.  Anatpes. Staditw

WieEE Qenauigie (Mo

Velotv) relativ)

2u diesam Produkt ist eine Konfomitatserkldnng in unserem Kundenportal untix
warw linde-ges.de/direkt online verfaghar

Stzhiflasche

Rouminhait, Fulmengs, Fulldruck, Gesamtgewicht mit  Aussen-@,  Gesemtlange

fLites] ca '] ca fbar]  Fallung ca [kg) calmm]  ca [mm]

10 1,94 200 20 140 975

S0 9.7 200 80 229 1655

Flaschenbundel

Rauminhait. Fulmenge, Fulldruck, Anzahl Flaschen Cesamtgewicht, mit MaBeca,

fLites] ca. [m3) ci. {bar]  im Bundel Fullung ca. [kg) (4 x L x B){mm]
600 1164 200 12 1200 1900 x 980 x 770

Weksee Ueferntes wf Askoge

EG-Sikcherheftsdatenblatt unter www, inda-gas da/direkt

Flaschenschuiterfarbe,/ Leuchtendas Grun RAL 6018

Umlaufonder Farbstraifen ber Bundein

Auleber: mit Angaben zur lusa'nemeuw?

Ventdanschiuss: G 3/4 (DIN 477 Nr. §). Messing M 19 x 1,5 LH [DIN 477 Nr.
14), Messing

linde AG

Linde Gases Division, Seitnerstr, 70, D-82049 Pullach

Telefon: 01803.850 00-0°, Teletax: 018 03850 00-1°, www inde-gas.de

*0.08 Erd Do MINUED 20t 590 0F Fatnedr | MobiFunk Bis 0,42 Bero pro M 1ir Sichentoiung ounas hahon Kveaus
08¢ Kenorbonuung Werden DRIon Lriner Bzl PP Tune

Anderuagen roenaken
Stemd 15 10,2012
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TNO PUBLIC

Eigenschaften

Anwendungen

Lbentalls verfugbar:

Haftungsausscuss:

HIQ’

Syninetiscne Lufl K ies 200 % Saserstof|, Rt Seicksiof! 2y
virdichietes Gasgemisch
Chemisches Teichen: 0.in N,

Betrichsgas i GC-Detek
Spai- und Nullgas fir Probenahmesinrichtungen und Mefigesste
EURD 6 Synthetische Luft KW-frei

Prusgas 1 % Sauerstoff, Hest Stickstoft

Prujgas 10 % Saverstoft, Rest Stickstoft

Pruigas 18 % Saversioft, Rest Stckstoft

Praigas 2 % Saverstoff, Rest Stickstoff

Profgas 2,5 % Sauverstoff, Rest Stickstoff

Prafges 209 % Sauerstoff, Rest Stickstoft

Pruigas 4 % Sauerstoft, Rest Stickstott

Pruigas 5 % Sauerstoft, Rest Stickstoft

Prilfgas 8 % Sauerstoft, Rest Stickstoff

Prifges 9 % Sauerstolf, Rest Stickstoll

Prafges in HIQ® MINICAN<or/>1 % Sauerstoff, Rest Stickstoft
Synthetsche Luft 20 % Sauerstott. Rest Stickstott

Gasgemische und Prifasse in kundenspazifischer Zusammensatzung auch in weitaran GebindegroBen

All2 Angaben des Produkidstenbiaties entsprechen dem gegenwartigen Wissensstand. Die Linde AG
prift und aktualisiert die nformationen standig und behalt sich das Recht vor, Anderungen oder
Erganmungen der bareitgestalitan mformationen vorzunehmen. Trotz alker Sorgfalt konnen sich Daten
irzwichen verandert haben. Eine Haltung oder Garantie fir die Akiualitat. Richtigheit und
Vollstandigrat der 2ur Veriugung gesteliten Informationan kann daner nicht Ubamommen weroen.
leder Anwender ragt sefbst die Verantworiung dafie, dass alle relevanien gesetzichen
Bastimmungan angahalten werden Lnd dess die hier beschnabanen Produkte for seine

£ cke geeignet sind. Die Angaben auf desem Produktdatenblatt sind keine vertraglichen
Iusicherungen von Produklegenschafton, Die VerviellaRigung von Informatonen, Toxten, Bilgom
oder Daten bedarf der vorherigen Zustimmung der Linde AG.

Linde AG
Linde Gases Divsion, Sednersty. 70, D-82049 Pullach
Tedeton: 018 03,850 00-0°, Tedetax: 018 03.850 00-17. waw.inde-gas.de

* 0,09 turo pro Vimute aus dom dt Festaetz | NebiTurk bis 042 Ewro pro Minate. Lur Scherstotung cnes hohon Kvosus
der Gurdentetiousng werden Oaten weacres Kunden we 2.8, i

ARGLrIgEn VDA ales
Stand 15102012
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G Vehicle mass receipt

Gebr. van Bussel
Herselseweg 36
5715 PJ Lierop
Tel: 0492-332110

Bonnr: 12919
Datum: 12.10.2018

Voertuig: TESTVOERTUIG
Testvoertuig

Klant: 28020

TNO

Postbus 96829

2509 JE DEN HAAG
Transp.: 28020

TNO

Postbus 96829

2509 JE DEN HAAG
Produkt :

Wegingl : 31.920 kg 14:22 17869
Weging2 : 31.920 kg 14:22 17869

Netto: 0 kg

¥x% Pfister Weegtechniek **x

TNO PUBLIC



