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Discover the PIT Group

PIT Group is onef@leven research groups of FPInnovations, which has over 400 employees at six main
offices all across Canada and in the United States, as well as in regional offices located in each Canadian
province.

t L¢ DNRdzZLIQa GSIY 27F NEXHSdoNdarisnkEon férloder 36 $e&rs, This @anks@ S )
mission is to improve each phase of the transportation system, cut costs and emissions, and increase the
safety of operations.

By working together and by using the most recent technological andatipeal innovations, our world
class professionals specialize in delivering concrete solutions at reasonable costs, as we apgofitnon
research and development institute.

As part of services offered to clients, PIT Group supports fleets and supjliptements solutions for
specific problems, and develops combined integrated solutions for more complex problems depending on
Of ASyitaQ ySSRao

ISO 17025 certified tests

The Standards Council of Canada (SCC) granted the ISO/IEC 17025:2088Had¢redation for tests
conducted by PIT Group. This standard is the international reference for testing laboratories, and it is rarely
granted to tests conducted outside of laboratories.

PIT Group testing activities under the 1ISO 17025 certification includednsumption testing for heavy

duty vehicles, such as testing according to $3£&1and TMC Fuel Consumption Test Procedurgpe |l,
SAEJ1526Fuel Consumption Test Procedure (Engineering Method), and TMC Fuel Consumption Test
Procedureg Type lll, EPSmartWay Test Methods, fuel consumption testing for gty vehicles, and
emissions testing using portable emission measurement system (PEMS) according to EPA regulations.

Our mission

Innovative, worldclass engineering group contributing toward th#development and accelerated
AYLE SYSYGlFdAz2zy 2F a4l FS:I adadlAylrotST YR SFFTFAOAS)
transportation industry.

Strategy

To be the information hub among technology suppliers and carriers:

1. The most efficientproductive fleets rely on our indisputable findings to select the technologies that
will give them a substantial competitive edge.

2. The most innovative technology suppliers bank on our expertise and -al@pithh knowledge of the
needs of fleets to developetter products.

3. We create alliances with the best organizations in the world to push the limits of technological
innovation in sustainable and smart mobility.
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Context

Dynacert basedat 101-501 AllianceAve., Toronto, Ontario, Canada, M6N 2Jtandated FPInnovains
PIT Group to conduct testingp evaluae the impact on fuel consumption and emissions of the
| @ RNJ DSy n . T8sQestii@prograh®was baseespectivelyon the TMC Fuel Consumption Test
Procedureg Type 1l, RP 1102A (TMC 2016&e)] CFR (Codd &ederal Regulation), Title 40 Part 1065,
Engine Testing Procedures, Part 106bibpart J PEMS Testing (CFR 2008).

This report presentthe testsof contract 312-02 - Addendum 3 as well ashe first phase of the testing for
contract 94202, which was nginally presentedn Contract Report 9492 (Surcel 2017)

Technology

| @ RNJ Beéhylology isdesigned for omoad applications with Class-68 vehicles According to the
manufacturer,] @ RN} DSy xn A& | LRNIFof ST &l f8ucek hydkogdnRhdA | 6 f S
oxygen on demandrom the electrolysis oflistilled water. The addition diiydrogen and oxygen gases

through the air intakavould improve the combustion resulting in a more complete fuel burn which would

deliver increased fuel economincreased torque, lower emissis and extend engine oil lifeThe system

runs directly from the vehicles power system providing for high electrical efficiency and shuts off when the
truck key is off.

Methodology

Test $te

The tests were performeat the Transport Canada Motor Vehicle Test Cetbeated at 100 rue du
Landais, Blainville (QC), Canada, J7Qv@@éh is presently operated by PMG Technolodfiégure 1)

" .
Radar Speed Sign
Checkpoint

Weather Station

START / FINISH
and Radar Checkpoint
" .

Figurel. Test site with radar checkpoints and weather $itan positions.
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The fuel consumption tests were conductedthe BRAVO highpeed test tracka highbanked, parabolic
oval with the length of 6.66 km (4.15 mile§ heemission measurementsere performed on the ALPHA

low-speed test track, a parabolic @wvith the length of 6.88 km (4.28 Iex).

Testvehicles
Vehicle configurations are presented in Tabld-igures 2 and 3present photos of the test and control
vehicles.
Tablel. Vehicle data
Parameters Testvehicle Controlvehide
Tractors
Vehicle test [Beet ID) C6(2243) C7(2240)
VIN 3HSDJAPR4FN144571 3HSDJAPR1FN181450

Make and model

International Prostar+

Build year (model year) 2014 (2015)
Engine make and model Cummins ISX15
Emission label info EPA 2015

Rated powe

336 kW (450 hp) / 1800 rpm

Peak torque

2237 Nm (1656ftp/ 1000 rpm

Transmission

Eaton Fuller $geed

Differential make and maoaléd

MT4614X*D3.90

Tires

MicheliilR22.5

Tire pressure (cold)

690 kPa (100 psi)

Test weight 9010 kg (1988%) 8930 kg (19687 Ib)
5th wheel setting 203 mm (8 in)
Trailers
Vehicle test ID T8 T9
Vehicle fleet ID 343 344
VIN 2M592161791121504 2M592161191121501
Type, mke and model 53ft Cube VaiManac 94253001
No. of axles 2
Build (model) year 2008 (2mm)

Tires

Michelid55/50R22.5 XTE

Tire pressure (cold)

690 kPa (100 psi)

Truck trailer gaggrodynamic gay

1422mm $6in) 965mm 88in) 1473mm §8in) 1016nm 40in)

King Pin Setting

914 mm (36 in)

Bogey position

12.19 m (40 ft) (to the eevitthe rear axle)

Test weight

20850 kg (45966 Ib) 20840 kg (45944 Ib)

Total test weight

29195 kg (64364 Ib) 29270 kg (64529 Ib)

PIT) PIT Group

FPInnovations
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Figure2. Testvehicle G-T8.

Figure3. Controlvehicle G-T9.
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Fuel @nsumptiondst procedure

The test procedure was based on TMC Fuel Consumption Test Procgtiype I, RP 1102A (TMC 2016).
The tests were conducted in test conditions accordinthte recommended practicavhich aingto obtain
results that can be cortéred representative of actual service conditions: this applies to load, weather,
wind, etc.

The fuel consumption tests were conducted the BRAVO higbpeed test trackThe length of a test run
was b laps (00km), with departure and arrival at the samesition along the track.

According to the TMC Fuel Consumption Test Procedufigpe 1l, RP 1102A (TMC 2)1Be test
compared the fuel consumption of a test vehicle operating under two conditiensusan unmodified
control vehicle. Fuel consumptiomas accurately measured by weighing portable tanks before and after
each run.The repeatability of the scale measurements was periodically checked during the tests using a
set calibration weightFigure4 shows the installation of the portable tanks.

—

Figure 4. Installation of the portable fuel tanks.

Control and test vehicles had the same general configuration and were coupled to the santeadersi

for the baseline andest segments. The vehicle weights remained the same ftifinout the entire test
segment The vehicles were in good working condition, with all settings adjusted to the manufacturer's
specifications.

The test consisted of a baseline segment (usingmodified vehicles) followed biyvo test segmens (the
technolagy being tested, thé & R NJ ,Bv8sylsed on the test vehislhile the control vehicle stayed in
its original state). Foall segments, the representative results were the ratio between the average fuel
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consumed by the test vehideand the average fuelomsumed by the control vehidgthe T/C ratio).
Results were expressed with a confidence interval of 95%, which was determined from the variation in the
measured fuel consumption data relative to the nominal value and number of data values obfHireed.

fuel savings @ and fuel improvement (Fwere determined by analyzing the measured fuel data and
reflect the changes resulting from the modificationitige tested on the test vehicl@hese nominal values
consisted of the percentage difference between thaselinesegmentratio (T/C) and thetest segment

ratio (T/Cy.
Fuel savings
O p "ZHII—I D)
Fuel improvement
O p nzn% 2)

Driving procedure

Each day, prior to testing, aléhicles were warmed up for the same amount of time (mimin one hour)
at the test speed.

¢ KS RNAOGSNDE Ay T padtigalySlimhstedi coluctinl thalnbsis an aglbsad circuit
and by strictly controlling the driving cycle as follows:

A fixed idling time was used.
Drivers started with marum acceleration.
A cruising speed of 105 km/h (65 mph) was set.

Drivers steered as close as possible to the painted line at the right side of the track, without
touching it.

Drivers maintained a constant driving speed using the cruise control.

After the established test duration was complete, drivers stopped using the cruise control at
the designated point.

During deceleration, drivers used only the service brakes and did not accelerate.

Once at the finish point, the trucks idlé&gfore the engines werautned off. All the vehicles in
a test run idled for the same duration during the run.

The time interval between two consecutive trucks remained the same in order to avoid the effects of
turbulence caused by other trucks and to prevent multiple trucks fbmimg at the same place and time

on the track. The driving cycle was controlled with two radars (Figure 1). A radar speed sign displayed the
speed of oncoming vehicles using highly visible LEDs, and was checked by the test drivers at every lap. The
other device was a radar gun, operated by the test personnel, and placed on the opposite side of the track.
Drivers received instructions liywo-way radiq to ensure that the speed of the vehicles and the distance
between the vehicles on the track remained cométarhe duration of the runs was also checked. The
vehicles were also instrumented with global positioning system (GPS) units, which were used for checking
vehicle speed and distance.
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Emissions reasuremenprocedure

Dynacertrequested emissions measuremsntvhich were performed on the test tract@6 (2243)sing
the HoribaOBS2200 portable emission measuring system (Figbkebased on CFR (Code of Federal
Regulation), Title 40 Part 1065, Engine Testing Procedures, Par30@art J PEMS Testing (CZER8).

The emission measurements were performed on the ALPHA&peed test trackThe length of a test run
was six laps (41.3 km), with departure and arrival at the same position along the track.

The tests can be characterized by the following:

Two test segments: baseline segmenttife test vehiclewas not usingthe | @ RNJ DSy u
technology followed by a finaltest segment (the test vehicle usinthe | @ RNJ DSy u
technology)

Each test segment consisted of one wanmrun followed by three valid measurement gjn

The runs were conducted at a constant speed of 80 km/h, with a standard acceleration and
braking protocol;

Standard emission test: measurement of carbon monoxide (CO), carbon dioxieniGa@-
nitrogen oxidesNQ), and total hydrocarbons (THC), irkiay.

For the purpose of thérack emission tests, the test tractavascoupled with the Taylor RE25K Towing
Dynamometer for both baseline and final emission measurement tests, which dssureolled road load
and also providéthe electric power for théHoriba OB2200.

*,
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Figure5. Test vehicle duringrack emissions measurement

@ PIT Grqup 14/38 Contract Report CR-022Addendum 3)
FPInnovations



Test equipment

The following equipment was used during the tests:

Portable tanks with a capacity of 144 L (38 gallons): Norcan Aluminum 103461;

Calibratel scale with a capacity of 226.80 kg and a resolution of 0.02 kg: Weiglix DS 2424
A-005, serial no. 76096; Calibration certificate NA6023-032817 from March 28, 2017.

Calibrated scale with a capacity of 150 kg and a resolution of 0.02 kg: Cb@Qis&ial no.
0015208635; Calibration certificate NA67Z®5032817 fromMarch 28, 2017

Vehicle scale: Moducam Bamd113801L, serial no. 261102; Indicator: Rliake; Calibration
from April, 2017.

Calibration weights TROEMNER 20 kg, serial nO1FPR02, FFO3, FFP04, FPO5, FRO6:
Calibration certificate \WD4265824187 from March 20, 2017.

Thermometer and hygrometer: Vaisala, model HRE3, serial no. X0550005, range 100%
RH;-40° to 60 °C; accuracy-+1%; +f 0.1 °C; Calibration certificatt09692 from April 10,
2017.

Wind monitor: Young model SE 09101, serial no. 118857, raf@@ @n/s; 02360°; accuracy
+0.3 m/s; + 2°; Calibration certificate 209694 from April 20, 2017;

Wind speed sensor: Campbell Scientific, model 014A, serial no. NEd8%E 0100 mph,
accuracy 0.25 mph (0.40 km/h); Calibration certificate 209693 from April 20, 2017;

Barometric pressure transducer: Omega, model PXBO&A5V, serial no. 4892413, accuracy
* 0.25%; Calibration certificate 209691 from April 10, 2017;

Dataacquisition system: Fluke, model Hydra (2635A) Data Bucket, serial no. 5796307, accuracy
+ 0.018%; Calibration certificate 209690 from April 10, 2017;

Onboard computers: ISAAC DRU900, with GPS, speed precision 0.03 m/s.

Horiba OBS2200 portable emission nasurement system: serial no. S2000594944000010,
calibration before every measurement according to t®® Board Emission Measurement
System OB3200 Instruction ManugHoriba 2011).

Taylor R825K Towing Dynamometer, serial no.1P9CP4221EB343609, catiliratiwe every
measurement according to theRS90K - 200K Towing Dynamometer Operation &
Maintenance Manua(Taylor Dynamometer Inc. 2013).

Installation of Hy d r a G emtést vehicle

The installation of @ RN} DSy un 2y GKS GSaid affeStKeAb@stliSe testcsegmenti n o 0
completed in the morning aftne 6 2017.¢ KS | @ RN DSyun RS@GAOS gl a Ayadlff
under the supervision of Mr. Ruston Hoffman and Mr. Larry Arti@hrepresentative of Dynacert.

Vehicle mileageat installai A 2 y 2 F (i KMBs134287R kit AftBrythe installation of the device, the
test vehicleaccumulated brealn distance ofL1 495km, between June 7 and August 22, 2017, when the
first test segment was completeand of 24 181 km between June 7 and Gmo 31, 2017when the
second test segment wammpleted.Figure 6and Figure present photos of the devices installed on the
test vehicle.
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Figure6. Installation ofl & R NJ Dr8estwehicleC6 (2243).

Figure7. Gas injection port on air intake manifold aest vehicleC6 (2243).
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Test results

Fuel onsumptiortestresults
The following results were obtained foré R NJ fioi® Pymacert

U First test (see Table 2):
0 Fuel savings:.879% +0.611%
o0 Fuel impovement:0.887% +0.616%
U Second test (see Table 3):
0 Fuel savings: 5.530 % + 1.009 %
0 Fuel improvement: 5.854 % + 1.068 %

U These results were obtained at:

o Trailer weight 20850kg @59661b.), tractor weight 9010kg (L98641b.); Tractortrailer
gap: 1422mm (56in.); aerodynamic g&p 965mm (38in.);

0 Mean vehicle speed:05 km/h (65mph);

0 Mean air temperature:

A First test16.59+ 5.48°C 61.86+ 9.86°F)
A Second test 9.78 + 1.34 °C (49.6 + 2.41 °F)
0 Mean wind speed
A First test11.73+ 1.90km/h (7.29+ 1.18mph);
A Second test 18.5 + 4.88 km/h (11.5 + 3.03 mph)

Tables 2and 3 summarizethe resultsand cetails of the baseline antest segmentsare presented in
AppendixA. AppendixB presents data analysis.

The firsttest run of thefirst test segmen(Tale 2)wasdetermined to be invalid because lo¢avy rain and
pounding water on the test track histest runis highlighted in yellow.

! Longitudin&distance between the vertical flat surface of the back of the cab/sleeper to the vertical flat surface on the front of the
trailer (SAE International 2012)

2 Longitudinal distance between tradt most point of the cab external surface, including aeradyit side fairings, and the
forward most point of the cargearrying portion of the vehicle (SAE International 2012)
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Table2. Summary of test resultsfirst test

Baseline segmeniune6, 207 TestsegmentAugust 22207
Consumed fuel, kg Consumed fuel, kg
Test T/C Test T/C
runs Test vehicl€6T8 Control vehicl€7T9 ratio runs Test vehicl€6T8 Control vehicl€7T9 ratio
(2243343) (2246344) (2243343) (2246B44)
1 36.30 34.96 1.0383 1 35.16 34.10 1.0311
2 36.52 35.18 1.0381 2 33.72 32.80 1.0280
3 36.74 35.52 1.0343 3 34.99 33.94 1.0309
4 34.38 33.56 1.0244
Average T/C ratio 1.869 Average T/C ratio 1.0278
Fuel savings, %| 0.879+ 0611
Fuel improvement, % 0.887+ 0616
Table3. Summary of test results: second test
Baseline segmeniune 6 207 TestsegmentDctober 31207
Test Consumed fuel, kg s Test Consumed fuel, kg .
runs Test vehicl€6T8 Control vehicl€7T9 ratio runs Test vehicl€6T8 Control vehicl€7T9 ratio
(224343) (224@344) (22443) (224@B44)
1 36.30 34.96 1.0383 1 35.32 35.98 0.9817
2 36.52 35.18 1.0381 2 35.34 35.90 0.9844
3 36.74 35.52 1.0343 3 34.88 35.86 0.9727
Average T/C ratio 1.0369 Average T/C riat 0.9796
Fuel savings, % 5.53G 1.009
Fuel improvement, % 5.854 + 1.068
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