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1.0: ABSTRACT
The purpose of this project was to quantify the effect of the Revoy EV vehicle on fuel
economy, emissions, and range in an on-road (highway) regional and long-haul scenario.

Testing was conducted at 65 MPH using 53-foot dry van trailers with a payload of 20,000
Ibs. Testing was conducted on a 41.1-mile rolling hill interstate loop in New Mexico to
replicate real-world driving. The route was segmented to analyze performance in
acceleration, hills, steady-state driving, and the rolling terrain itself.

Results showed that Revoy EV improved fuel economy by 65.2% (14.79 MPG) over the
complete lap (termed Scenario 3), 68.2% (17.59 MPG) on the lap with one
acceleration/deceleration removed (Scenario 2), and 69.7% (19.12 MPG) on the lap when
both acceleration/decelerations were removed (Scenario 1). On flat terrain, the fuel
economy improved by 90.4% with the Revoy EV, which was partially the result of the
overall higher average fuel economy on flat terrain compared to the lap average, however,
still indicates a significant improvement on flat terrain. Note: percent (%) results are
calculated from reduction in fuel consumed compared to the baseline, not MPG.

Terrain-specific results, as displayed in , indicated that the Revoy EV displayed improved
efficiency across various terrain types when compared to the baseline vehicle. The most
notable improvement was observed on flat terrain, with a 90.4% reduction in fuel
consumption. Rolling hills and uphill climbs followed with 68.8% and 65.9% improvement,
respectively, reflecting consistent energy use across elevation changes.

Acceleration and deceleration segments recorded efficiency improvements of 27.9% and
74.7%, respectively, suggesting the Revoy EV was able to manage power delivery and
recovery effectively across transitional driving conditions. These outcomes reflected a
consistent trend of reduced fuel consumption across a variety of terrain types under the
test conditions.

In terms of emissions, NOx was reduced by 74.38% as measured by mass. Measuring
NOx reduction by mass was found to be important as opposed to measuring in parts-per-
million (ppm) as a result of the significant decrease in the amount of fuel consumed, which
greatly affected the total NOx reduction.

Test distance of the Revoy EV on the full loop that included five (5) accelerations and
decelerations totaled 123.3 miles and consumed 58.8% of the battery State of Charge

(SOC). Subtracting the accelerations, which summed to 4.4% of the SOC, and utilizing

the batterybés full SOC makes MVTS confident t|
between charges. This makes it possible to conduct 500-mile routes with a midway

exchange of the Revoy EV.
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Figure 1: Revoy EV vs. Compare Vehicle Terrain Summary
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The Revoy EV is configured to easily connect to any tractor-trailer configuration and the
MVTS6 test team f oubDrdingtwihitte Revoy EY did notrragure any
additional components or changes to the tractor or trailer. Changing the Revoy EV
required 3:47 minutes, which was performed by a Revoy technician.

Driver feedback about the Revoy EV was positive, indicating the vehicle improved in
acceleration and uphill. The improvement in acceleration made highway entry easier
and drivers always prefer ascending hills with added power. The overall lap time was
slightly quicker as a result of the faster acceleration, but the lap time was affected by
slower turnarounds.



- MR Revoy EV

RANSPORTATION
GOLUTIONS On-Road Fuel Economy Test
Table 1: 3-Tractor Fuel Economy Results
Revoy EV Compare Veh. Revoy EV
Baseline Test Test vs. Baseline Baseline Test Results
MPG MPG MPG Gal/1000 mi. % MPG MPG MPG Gal/1000 mi. %
Scenario 1
(36.6 miles, Steady 8.48 8.43 -0.06 -0.77 -0.7% 8.36 27.42 19.12 83.89 69.7%
State, Rolling Terrain)
Scenario 2
(38.7 miles, 1 826 | 822 | 004 0.60 05% | 824 | 2579 | 1759 83.22 68.2%
Accel/Decel. & Rolling
Terrain)
Scenario 3 _. TTassssasEEERERREEEREEEEEE T T
(41.0 miles, Full Tett]  7.97 7.94 -0.03 -0.51 04% | 7.92 | 22.68 | 1478 82.69 65.2% | ¢
Loop,ZAcceUDecel.} LT I "Eamsmmay ML L NN VT T T T T T T T Ay e T T T T T 0 | ---------------Il"""'-----

Results for the remainder of testing can be found in the body of the report and using the
table of contents. Note: MPG values listed are forthete st runs and do not
to No.2Dieseld r e s u | a&ss resuli ad differences in the vehicles during the Baseline

run.

Tips:
Use 6Navigation Paned to easily |l ocate sec
Click on references in the text such as |
numbers to be directed to their report location. Use Alt + & to return to original
location.

N
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Fuel Economy Experts

2.0: INTRODUCTION

The purpose of this fuel economy test was to quantify the fuel economy improvement
between an International LT 625 sleeper cab with and without the Revoy EV unit equipped
and activated (i.e., providing electric power to the vehicle). The Compare vehicle was also
an International LT 625 sleeper cab tractor.

The two (2) MVTS tractor odometers were 60,231 and 63,496 at the beginning of testing
for Vehicle A (Test vehicle equipped with the Revoy EV unit) and Vehicle B (Compare
vehicle), respectively. Both tractors were 2019 model year (MY).

Tractor speeds were set at 65 MPH i o the pedaloinstead of cruise control, which is as
consistent as driving on cruise control and did not impede the test results in any way. The
test vehicle with the Revoy EV unit had a 78,000 Ibs. GVW and the compare vehicle and
trailer was 53,000 Ibs. Payload was approximately 20,000 Ibs. for both vehicles. More
details on the test route and data are included later in this report.

Figure 2: Revoy EV Test Vehicle

12
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3.0: TEST ROUTE

3.1: LAS CRUCES, NM ROLLING HILLS TERRAIN

The selected test route in Las Cruces, New Mexico (Figure 3), spanned 41 miles between
mile markers 51 and 71 on I-25, chosen for its varied terrain and low traffic. This provided
diverse driving conditions and minimized external influences on fuel economy. The route
was driven six times daily to ensure consistent, reliable data, with each lap considered an

independent event.

Figure 3: 1-25, Exit 51 to 71 Test Route
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Route GPS Start/End Points via Google Maps (for map reference purposes only):
Exit 51: 32.784972, -107.263556
Exit 71: 33.064341, -107.308701
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3.2:  NOTE ABOUT O APGSECTIONS AND NOMENCLATURE

Thetestroutewas aut omati cal | Splsietcstdi obnye dt hien tdoa t9a oa c q
using pre-set GPS coordinates. Throughout this reporttheterms &p | 1 tSp| iotr st@ r ef er
a part of the test route (e, part of the 6Bap, phlauidbde raerde 1s ho
Figure 4 with arrows. Each red vertical dashed line in the figure represents the start/finish

of Smal 6t 6 secti on.

Data shownin Figure4i ncl udes (from top to bottom) OGPS
Used (Raw)é in ml, O0Accel Pedal Pos (%), 6 06GP!:
Used). The data acquisition system records more data than shown; the figure simply

illustrates one worksheet of data.

The upper left of Figure 4 (point A) shows the start of Split 1 (i.e., Exit 51) and GPS Speed
(tractor speed). Notice the speed starts at zero (0 MPH) and increases (i.e., accelerates)
to 65 MPH where it remains relatively steady until Split 5, which is Exit 71 where the
vehicle exits the highway. The small fluctuations in GPS Speed are the result of changes
in altitude, where the vehicle speed varies as a result of ascending and descending
terrain.

The GPS Altitude trace shows the terrain (i.e., hills) on the route. Note that terrain appears
aggressive, however this is the result of graph scaling. The total change in altitude for the
test route (maximum subtract minimum) was approximately 115 meters (377 feet).

The Splits for the test lap, shown in Figure 4, are numbered from 1-9 and include various

terrain driving sections and terrain types. These are listed below in Table 2. Terrain types

include Acceleration (Split 1 and 6), Uphill (Split 2), Rolling Hills (Split 3 and 8), Flat

Terrain (Split 4 and 7) and the highway Exits/Deceleration (Split5 and 9 )Spl The®e
enabled the individual analysis of various types of vehicle conditions, as well as being

grouped into various driving scenarios that included combinations of the terrain. This will

be discussed further in the On-Road Test Results section.
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Figure 4: Las Cruces Test Data Graphics
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Table 2: Las Cruces Split Numbers and Terrain Type

Route:

Exit 51-71-51

Split #

Terrain Type

1

Acceleration

Uphill

Rolling Hills

Flat

Deceleration

Acceleration

Flat

Rolling Hills

0 [ C0 (=] | [Cn | | Cd | RS

Deceleration
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3.3: TESTING SEQUENCE

Testing occurred over a total of two (2) days (June 4" and 5™). There were no changes
in testing equipment, trailers, tires, or drivers for this test.

Figure 5: 2019 International LT/625 with Revoy on Test Track
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4.0: TEST VEHICLE PREPARATION

Test equipment was calibrated, installed and tested prior to vehicle testing. All vehicles
were checked for proper functionality. The vehicles were found to be in sound mechanical
condition.

4.1: OiL CHANGE

Oil changes were not performed prior to testing. This was partially the result of the tractors
not being compared to each other in total fuel economy and partially the result of the
tractor oil mileage being within a reasonable range of each other.

4.2. FUEL

A single batch of diesel fuel was purchased from Rio Valley Biofuels in Las El Paso, TX.
This fuel was used for the entirety of testing to ensure consistency. One (1) 500-gallon
container and two (2) 300-gallon containers were used to store additional fuel of the same
purchased batch, which was used to fuel the tractors. Prior to initial fueling of the tractors,
all existing fuel was pumped from the tractors and stored in separate fuel totes.

4.3: REGENERATIONS (REGENS)

Prior to the start of each test day, the tractors had stationary regens performed to keep
the emissions systems consistent. This also helped ensure the tractor did not enter a
passive regen during the test day and skew results. Although regen fuel usage is part of
fleet operations, it can skew short-term fuel economy test results. Therefore, MVTS
typically chooses to exclude regens from the actual fuel economy test results.
Furthermore, regen fuel can be quantified within the fleet with long-term results.

4.4: TIRES, TRAILERS, DRIVERS
Tires, trailers, and drivers remained consistent throughout testing. The testing was only
to validate relative fuel economy and did not require changes to these variables.

4.5: DRIVING, SETTINGS, CRUISE CONTROL, VEHICLE PARAMETERS

Tractors were accelerated from a stop with 100% throttle and the pedal held to 100%

where the ECM controlled the vehicle to 65 MPH. The tractor throttle operated
automatically, reducing the driverdds influenc
braking so as not to exceed a maximum downhill speed of 70 MPH or if needed to slow

for traffic or other hazards.

Radios were turned on with volumes adjusted as desired by the driver (speaker volume
has minimal effect on electric load). Windows remained up. A reference sheet (checklist)
with these instructions was attached to the dash for drivers to follow. To start the test, the
trucks would accelerate from a stop at the highway entrance (test day started at Exit 51),
at 3-minute intervals. This avoided aerodynamic influence and created a buffer between
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the tractors for turnaround times at each exit. Vehicles experienced a 1-hour highway
warm-up prior to testing during the drive from the MVTS shop to the testing location in
Las Cruces.

4.6: CHARGING

The Revoy EV unit was charged prior to each testing day. A 100-kW diesel generator was
used supply the power to charge the Revoy EV. Charging was performed a full day prior
to testing starting, and immediately after returning to the shop after each testing day.

The mobile charging unit was utilized because the MVTS shop did not have the
appropriate EV charging capabilities.

Figure 6: Revoy EV Charging
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4.7 MVTS SENSORS AND DATA ACQUISITION SYSTEM

In addition to the flow meters used for measuring fuel used, other MVTS sensors included
aerodynamics sensors (air speed and direction, Figure 7), high precision GPS for
triggering lap start/stop points and vehicle speed, as well as latitude, longitude, and
altitude. Temperature sensors were used to measure tire and road surface temperature
(Figure 10 and Figure 11). The vehicle CAN Bus was also connected to obtain data on
engine RPM and other engine information. All sensor data was recorded on the onboard
data acquisition system and displayed in the cab of the tractor (Figure 8). MVTS typically
uses this sensor data for its proprietary Energy Method fuel economy analysis, however,
for this on-road test, results were obtained from fuel used values only. The remaining
sensors provided additional insight into vehicle operation and determined consistency of
laps, including any chosen to be omitted as a result of outside variables such as traffic
interference.

4.7a: TEST EQUIPMENT

MVTS fuel economy test equipment was installed on the Test tractors as shown below.
This test equipment uses a data acquisition system and sensors specifically for this
testing. This style of testing is derived from race car engineering where reliable sensor
data is critical to understanding vehicle modifications.

MVTS test sensors include:
Data acquisition system (records sensor data)
Diesel fuel flow meter (accurate to 0.2%)
Diesel fuel temperature sensor (compensated fuel consumption values)
Ground/road temperature sensor (infrared, mounted ahead of left-front drive tire)
Tire temperature sensor
Wind speed air pressure sensor (truck hood)
Wind direction sensor (truck hood)
Ambient air temperature sensor (truck hood)
Ambient air pressure sensor (truck cab)
High Precision GPS (latitude, longitude, altitude, time)

Click this link to see a video of MVTS sensors and testing: How We Test

19
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Figure 7: Aerodynamic Sensors Figure 8: Data Acquisition System

)
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4.8. CALCULATING FUEL SAVINGS
Fuel economy results were determined ey meas.!
laps 1-9). These values were obtained through the data acquisition system and flow
meters installed by MVTS. The oO0fuel usedo6 val
to arrive at relative differences betwekn thei
fuel flow meter (Figure 9) . Al t hough it i sOtehenedi as &lIf | blwo

measures volume in one (1) milliliter (mL) increments, which is approximately 29
measurements per fluid ounce. This allowed fuel to be measured on a very precise level

and correlated to the geographical location in which it was consumed (i.e., where in the

test loop). This provided great capabilities with data analysis as opposed to using
removabl e weigh tugssOk swharchoéttamkditopnal |y have
trucking industry. With weigh tanks, only one (1) measurement per test run would be

possible and therefore no further analysis or correlations could be conducted on
acceleration, hills, etc. Tank top-ups (used with SAE Type IV tests) only provide one (1)

measured value per day and therefore also do not allow for further analysis of fuel

consumed and location.

Fuel economy results are shown throughout the report as both MPG (miles per gallon)
and percent (%) when comparing two vehicles.

Percent Difference in Fuel Used

8 8 , 8
——- ")+ ( ~— x 100

Where:

Fuel Used (Veh. x) is the fuel used during the lap or combination of laps by the vehicle
being compared to (i.e., Compare vehicle).

Fuel Used (Veh. y) is the fuel used during the lap or combination of laps by the vehicle
being analyzed (i.e., Test vehicle).

Example: Rolling terrain (Split 3) for Lap 1 of Day 1, Veh. A (Revoy-equipped vehicle)
and Veh. B (Compare vehicle) had Fuel Used values of 1,988 milliliters (mL) and 6,806
mL, respectively. Choosing the Revoy-equipped vehicle as Veh. y (i.e., the vehicle being
compared to) is shown below.

R

Percent Difference in Fuel Used —X 100 = 70.8%

This indicates the Revoy equipped vehicle used 70.8% less fuel traveling on rolling terrain
than the Compare vehicle in that particular lap. Note: This may vary when compared to
the overall average as a result of additional variables.

L milliliter (mL) is a metric unit for measuring volume. 1 U.S. fluid ounce = 29.57 mL.
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5.0: ABOUT THE TRACTORS

Table 3 provides specifications for two 6x4 sleeper cab tractors, referred to as Vehicle A
and Vehicle B. Both tractors are International LT 625 models from the year 2019,
equipped with Cummins X15 engines and Eaton Endurant 12-Speed automated
transmissions.

Vehicle weights were measured at the T/A Travel Center in Las Cruces, NM using a CAT

certified scale. Weights were measured with drivers in the tractors. Since tractors were

compared to themselves, the difference in driver weight did not factor into the fuel

economy delta results. Axle weights are shown below in Table 4. The weight difference

is the result of the Revoy Unit on Vehicle A,whichadded 19, 600 | gostoron t hat
of the scale and 22,160 Ibs. overall (bottom right cell).

Table 3: Test Tractor Detail Summary

Aerodynamics
TruckReport | oo . 1 Make | Vehicle Model | Model Year Engine Transmission mnEs || GIzCim |Rncy R es | BT | oo, || EDD || pmne
Nomenclature (miles) Ratio mph (inches) Position Trailer Gap Gap (inches)

Fairings (o]

Eaton Endurant 12-Speed
Veh. A International LT625 2019 Cummins X15 B 59687 2791 1270 228 24.25/0 Yes 508 2925

Eaton Endurant 12-Speed!

Veh. B Int tional LT 625 2019 G ins X15
el International ummins AMT

63073 2.79:1 1120 228 24.25/0 Yes 57.0 35

Table 4: Axle Weights by Test Tractor

Vehicle Average Axle Weights (Ibs.) .
Diff. to Veh. A
Make Steers Drives Revoy Trailer Total
veh. A 11,420 25,160 19,600 22,560 78,740 0
Veh.B 11,280 22,600 ] 22,700 56,580 -22,160

Figure 12: Test Vehicle Full Weight Scaling
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Figure 13: Test Vehicle Revoy EV Axle Weight Scaling

é}\\-l‘-'nhilmpomnﬂgu

5.1: 2019 INTERNATIONAL LT 625

The 2019 International LT 625 was equipped with a Cummins X15 engine, rated at 264
HP, and an Eaton Endurant 12-Speed automated transmission. At 65 mph, the engine
operated at approximately 1270 RPM. At the start of testing, the odometer showed 59,687
miles. Aerodynamically, the LT 625 featured a roof air deflector/fairing and cab extenders.
Test setup details are available in the Setup Sheets section, and additional photos can
be found under Vehicle Pictures in the Appendix.

Figure 14: 2019 International LT 625 at Test Route
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6.0: TEST PROCEDURE
Prior to each day, a pre-test checklist was followed to ensure vehicle preparation and
consistency as explained above including regens, tire pressures, and fueling.

(@)
o

Prior to beginningt he test, vehicles wer anileddivafromehd up
MVTS shop to the test site.

Upon arriving at the test site, the test procedure below was followed for each vehicle. A
gap of three (3) minutes was created between vehicles at the start of the test. The Test
Engineer rode in the last vehicle and information was related to the Engineer by phone
from the other vehicles.

6.1: TEST PROCEDURE STEPS:
1) Vehicle stops at Exit 51 Northbound on-ramp with passenger window aligned
with O0seat beltd sign.
2) Driver checklist procedure conducted by driver.
3) Tractor OEMieb&zreirpode drée)set (
4) MVTS data acquisition fuel counters zeroed.
5) Start test by accelerating at 100% throttle and entering highway.
6) Pedal remains at 100% and ECM controls to 65 mph.
7)  Continue on 100% pedal until crest of hill prior to Exit 71 Northbound where truck
coasts, foundation brake is applied due to downhill gradient.
8) Exit highway.
9) Make two (2) left hand turns to enter on-ramp Exit 71 Southbound
10) St op with O0seat beltd ssegondsat passenger Wwi
11) Accelerate at 100% throttle and enter highway.
12) Pedal remains at 100% and ECM controls to 65 mph.
13) Continue on pedal until ¥2 Mile marker sign prior to Exit 51 Southbound where
truck is coasted, and light foundation brake is applied.
14) Exit highway.
15) Make two (2) left hand turns to enter on-ramp Exit 51 Northbound
16) St op with 6seat belté ssegondsat passenger wi
17) Repeat steps above five (5) more times to complete test driving.
18) End of driving, stop at Exit 51 Southbound
19 Record OEM O6tripd using phone camera. Shut
20) Download data from MVTS data acquisition system. End test driving.
21) Return to Las Cruces, NM
22) Scale vehicles at T/A CAT Certified scales.
23) Return to MVTS shop. Prepare vehicles for next test day.

In the event that the engine brake did not retain a maximum speed of 70 mph during the
test, the foundation brake was applied to maintain that speed.
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Test results include combinations of multiple lap sections, as well as each individual lap
and driving conditions or terrain type. The combination of lap sections replicates various
driving scenarios. For example: steady state conditions and steady state conditions with
one acceleration and deceleration lap section included. Analyzing the individual laps
isolated the performance of each tractor in each terrain. A large amount of data was
acquired during the test, which will be analyzed in the sections to follow. A summary of
results from Scenarios 1, 2, and 3 are shown below in Table 5. These will be discussed

in more detail in their respective scenario sections.

Table 5: 3-Tractor Comparison Rolling Hills Terrain Scenario Test Results Summary

Compare Veh. Revoy EV
Revoy EV
Baseline Test Test vs. Baseline B e Test Results
MPG MPG MPG Gal/1000 mi. % MPG MPG MPG Gal/1000 mi. %
Scenario 1 q
(36.6 miles, Steady 8.48 8.43 -0.06 -0.77 -0.7% 8.36 27.42 19.12 83.89 69.7%
State, Rolling Terrain)
Accuracy +/-0.24 +/-2.72 +/-16.2%
Scenario 2
(38.7 miles, 1
8.26 8.22 0.04 -0.60 -0.5% 8.24 25.79 17.59 83.22 68.2%
Accel/Decel. & Rolling
Terrain)
Accuracy +/-0.23 +/-3.05 +/-14.8%
Scenario 3
(41.0 miles, Full Test 7.97 7.94 -0.03 -0.51 -0.4% 7.92 22.68 14.79 82.69 65.2%
Loop, 2 Accel/Decel.)
Accuracy +/-0.19 +/-2.97 +/-10.9%

Note: percent (%) fuel saving results are based on fuel consumption values as opposed
to MPG values, which greatly affects the numeric value.
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7.1: SCENARIO 1: ZERO ACCELERATION/DECELERATION, ROLLING HiLL TERRAIN

To compare the fuel economy of the tractors during steady state driving conditions, Splits

2-4 and 7-8 were grouped together to create Scenario 1. These Splits consist of the same

terrain, however in opposite directions of the interstate (Figure 15). Note: Splitsé ar e
sections of the route designated by the data acquisition system and are not a full circuit

of the test route. The Splits consisted of mild and medium rolling hills. Using pedal speed
maximumof65MPH, each tractor 6s character ifastoredcs dur
into the results. Scenario 1 consisted of 36.6 miles of the 41-mile test route. Note:

data/time moves from left to right on the graphs.

The GPS Altitude trace in the graph below (point A) shows the relative terrain of the
Steady State data. Although it appears there are major altitude changes, the total change
in altitude for this scenario is approximately 328 feet. The Steady State scenario includes
the majority of the test route and the scenarios to follow will simply add more lap sections
to this data scenario.

Figure 15: 3-Truck Comparlson Scenario 1 Graphlcal Data
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Figure 16: Test Vehicle on Test Route, Rolling Hills Terrain

In Scenario 1, the Revoy EV achieved a fuel economy improvement of 19.12 MPG while
operating under steady state conditions on rolling terrain, specifically with Split 2 to 4 and
7 to 8. This performance is displayed in the first chart, which shows the vehicle's efficiency
across various driving conditions. (Figure 17).

Figure 17: Scenario 1 Fuel Economy (MPG)
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Percent differences in fuel economy between tractors are shown below in Figure 18. The
chart shows that the Revoy EV achieved a 69.7% reduction in fuel consumed compared
to the baseline measurements. This value illustrates a substantial increase in efficiency
under the tested conditions.

Figure 18: Scenario 1 Fuel Economy Percent Difference
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7.2: SCENARIO 2: ONE ACCELERATION/DECELERATION, ROLLING HiLL TERRAIN

Scenario 2 consisted of Splits 1-4 and Splits 7-9 (Figure 19), which added one (1)
acceleration/deceleration to the Steady State (Scenario 1) combination shown in the
preceding section. Scenario 2 includes the tractor efficiency during acceleration and
highway exit/deceleration. This scenario consisted of 38.7 miles of the 41-mile test loop.
Overall, the fuel economy for both tractors were slightly lower compared to Scenario 1,
which is expected since more fuel is consumed during acceleration.
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Figure 20: Test Vehicle Accelerating from Exit 51 Ramp
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In Scenario 2, the Revoy EV improved fuel economy by 17.59 MPG under steady state
conditions with one acceleration and deceleration zone, as shown in Figure 21. The fuel
economy in this scenario is lower than in Scenario 1, where the vehicle recorded 19.12
MPG. This data displayed the vehicle's performance in maintaining fuel economy across
varied driving conditions under the tested Splits.

Figure 21: Scenario 2 Fuel Economy (MPG)
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Figure 22 displayed the percent difference in fuel economy for the Revoy EV in Scenario

2. The data shows a 68.2% reduction in fuel consumed compared to baseline
measur ement s. This 1 mprovement highlights the
driving conditions. The percentage increase underscores the Revoy EV's capacity to

optimize fuel usage effectively in these operational settings.

Figure 22: Scenario 2 Fuel Economy Percent Difference
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7.3: SCENARIO 3: TWO ACCELERATION/DECELERATIONS, ROLLING HILL TERRAIN

Scenario 3 consisted of Splitsl to 9 (Figure 23), representing a full lap of the rolling hill
terrain with two acceleration and exits (deceleration) zones. This scenario evaluates the
Revoy EV's performance over a full lap, incorporating steady-state driving, hill climbs,
descents, and acceleration/deceleration events. This scenario consisted of the full 41

miles of the test route. This scenario illustrates the effects of the acceleration and exists
(decelerations) on fuel economy.
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Figure 24: Test Vehicle Exiting Highway at Exit 51
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In scenario 3, the Revoy EV achieved a fuel economy of 14.79 MPG over the full lap, as
shown in (Figure 25).The fuel economy in this scenario is lower than scenario 1 and
scenario 2, where the vehicle recorded 19.12 and 17.59 MPG respectively. This data
displayed thevehi cl eds per f or mafoetexonomy acrossivariedaliiving n g
conditions under the tested Splits.

Figure 25: Scenario 3 Fuel Economy (MPG)
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Percent differences in fuel economy between tractors are shown below in Figure 26. The
figure shows that the Revoy EV achieved a 65.2% reduction in fuel consumed compared
to the baseline measurements. These values showed a substantial increase in efficiency
under the tested conditions.

Figure 26: Scenario 3 Fuel Economy Percent Difference
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In the following sections, different types of terrain are analyzed individually to compare
the fuel economy of each tractor. These include Acceleration, Uphill, Rolling Hills, Flat
Road, and Highway Exit. In the terrain sections, results will be shown as a percent only
since the miles per gallon or total fuel used does not transfer well to differences in grade
or loading whereas percent values show the relative difference between tractors and
therefore transfer well to variations. In addition to analyzing fuel economy, the
performance and characteristics of each tractor will also be analyzed. Table 6 shows the
amount of fuel used on average for each terrain type encountered on the test route. The
left column of values shows the percent of total fuel used per terrain type, which indicates
the relative influence each terrain type had on the overall fuel economy and results. These
values will be referred to throughout the terrain analysis sections.

Figure 27: Test Vehicle Driving on Highway

Table 6: Fuel Usage by Terrain Type

Percent Compare Veh. Revoy EV

of Total mL Gallon mL Gallon
Acceleration 12.4% 2411 0.64 1306 0.48
Uphill 8.0% 1560 0.41 883 0.23
Rolling Hills 67.0% 13049 3.45 8954 2.37
Flat 9.2% 1797 0.47 989 0.26
Deceleration 3.3% 647 0.17 559 0.15
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/.4a: TERRAIN TYPE: ACCELERATION

Acceleration occurred while entering the highway at both ends of the test lap, during Split
1 and Split 6. The trucks were stopped at the same location on the ramp where the
passenger side window was adjacent to a
consistent distance and started from O MPH. During Split 1, after accelerating onto the
highway, the terrain traveled slightly uphill. Split 6 presented immediate uphill travel that
continued for the majority of that lap. Figure 28 notes the acceleration Splits in the test
route data. Table 7 summarizes the average difference in distance traveled, fuel used,
and time spent to complete the Acceleration terrain section between the Test and
Compare trucks.
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Table 7: Acceleration Section Summary
Acceleration
Change in Fuel
Gallons
-0.18

Change in Distance
Meters Miles
0 0.000

Change in Time

Percent
17.1%

Minutes
-00:28.7

Percent
27.9%

Percent mL
0.0% -674
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Figure 29 shows a zoomed in view of Split 1 and the acceleration data. The data shown
is one lap (red_trace = Compare vehicle), (black trace = Revoy EV enabled).

Acceleration represented 12.4% of the total fuel used per test lap and consisted of 6.0%
of the total length of the loop at 3,967 meters (2.46 miles). The Compare vehicle on
average consumed 2,411 mL (0.64 gal.) of fuel while the Revoy EV-equipped vehicle
consumed 1,806 mL (0.48 gal). This represented an improvement of 27.9% in fuel
consumed with the Revoy EV. Note: the raw volume values shown in the graph may not
correlate to the percent calculation since the graph represents one lap only and not the
overall test average.

The change in Split time for the acceleration run as shown in Table 7 was -00:28.7,
representing a 17.1% improvement for the Revoy EV. The Split time for Split 1 as shown
in Figure 29 was 1:18.216 for the Compare vehicle and 1:14.376 for the Revoy EV.

Figure 29 shows data traces from the Compare vehicle and the Revoy-equipped vehicle
(red and black traces, respectively). The Revoy-equipped vehicle accelerates faster, as
shown by point A where the black speed is higher than the Compare vehicle. Point B
shows the Revoy vehicle utilized different gear changes and arrived in top gear earlier as
a result of its faster acceleration (and lower engine load). Point C visibly illustrates lower
Fuel Rate with the Revoy-equipped vehicle, indicating that vehicle requires less fuel to
accelerate. Therefore, the Revoy-equipped vehicle accelerated faster and consumed less
fuel, which was to be expected with its EV-assisted driving.
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Figure 30 illustrates data channels from the Revoy system itself, which relate specifically
to its electric (EV) controls. The Motor Torque at point A indicates it reached 1,500 Nm
(1106 Ib.-ft.) and remained around 1,000 Nm (738 Ib.-ft.) for much of the Split. The red
trace at zero indicates the Compare vehicle did not apply motor torque. Point B indicates

a 6106 when the motor i s e fand C idudtratasrthé Stateaf o

Charge (SOC) and declines over time. This is less apparent during the short acceleration
Split where the decrease was less than one percent (<1%). Motor Speed (point D) shows
values during the Revoy-equipped run and zero during the compare run. Fuel Rate (point
E) is the same data shown in the previous graph and was included here for simple
comparison with the EV-related traces. Emissions NOx values decreased when the

wh en

Revoy was active, as shown atpointFandG.Poi nt F i sNOx, Whichiédnteringa k e 6

the emissions system (exiting the engine). The Compare vehicle is considerably higher
since it consumes more fuel, which is most apparent in the early stage of the acceleration
near point G. The reason for a greater difference in this section of acceleration is the
result of the engine operating at maximum torque and fuel consumption, which results in
the aftertreatment system allowing more NOx to exit the tailpipe. Further in the
acceleration Split, the NOx Output values converge between the Compare and Revoy-
equipped vehicle as a result of the aftertreatment system maintaining the rate of Intake
NOx. This indicates the Revoy has a greater emissions reduction during acceleration and
would therefore experience the greatest total improvement on vehicles with a higher
frequency of acceleration.

Figure 30: Revoy Channels 6 S plbData
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From the data (Figure 31), the Revoy EV achieves a 27.9% improvement in fuel efficiency
during acceleration (0-65 MPH) compared to the baseline test. During this acceleration
section, the Revoy EV consumed 27.9% less fuel than the baseline test.

Figure 31: Acceleration Comparison (%)
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7.4b: TERRAIN TYPE: UPHILL

The Uphill terrain occurred while driving on the highway at both points during the test lap,
specifically during Split 2, which is considered mid-hill. The trucks-maintained motion
throughout this lap without stopping. Uphill driving required the engines to operate at a
steady, higher throttle and torque. Figure 34 notes the uphill Splits within the test route
data and identifies the hill using the GPS altitude graph. Table 8 summarizes the average
difference in distance traveled, fuel used, and time spent to complete the Uphill terrain
section between the Test and Compare trucks.
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Table 8: Uphill Section Summary

Uphill
Change in Distance Change in Fuel Change in Time
Meters Miles | Percent mL Gallons | Percent | Minutes | Percent
-2 -0.001 0.0% -1028 -0.27 65.9% | 00:00.9 -0.7%
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Uphill represented 8.0% of the total fuel used per test lap and consisted of 5.0% of the
total length of the loop at 3,300 meters (2.05 miles). The Compare vehicle on average
consumed 1,560 mL (0.41 gal.) of fuel while the Revoy EV-equipped vehicle consumed
883 mL (0.23 gal). This represented an improvement of 65.9% in fuel consumed with the
Revoy EV. Note: the raw volume values shown in the graph may not correlate to the
percent calculation since the graph represents one lap only and not the overall test
average.

The change in Split time for the acceleration run as shown in Table 8 was 00:00.9,
representing a 0.7% loss for the Revoy EV. The Split time for Split 2 as shown in Figure
33 was 1:54.481 for the Compare vehicle and 1:54.748 for the Revoy EV.

Figure 33 shows data traces from the Compare vehicle and the Revoy-equipped vehicle
(red and black traces, respectively). The Revoy-equipped vehicle held a similar speed
as the Compare vehicle, as shown by point A, and point B shows the Revoy vehicle held
the same engine speed as the Compare vehicle. Point C illustrates a lower Fuel Rate for
the Revoy-equipped vehicle, indicating that vehicle required less fuel to maintain a similar
speed as the Compare vehicle. Therefore, the Revoy-equipped vehicle had a lower
engine load as a result of the EV-assisted driving, which resulted in less fuel used at
similar engine and vehicle speeds.

Figure 33: Uphill Data Comparison
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Figure 34 illustrates data channels from the Revoy system itself, which relate specifically
to its electric (EV) controls. The Motor Torque at point A indicates it reached 1,000 Nm
(738 Ib.-ft.) for much of the Split and dropped to 120 Nm (89 Ib.-ft.) when the vehicle
coasted downhill. The red trace at zero indicates the compare vehicle did not apply motor
torque. Point B indicates a 616 when the moto
illustrates the State of Charge (SOC) and declines over time. During this uphill section,
the SOC decreased by 1.6% from the start of the Split to the end of the Split. Motor Speed
(point D) remained consistent at 2400 RPM for the Revoy-equipped vehicle during Split
2. The Revoy-equipped Intake NOx (point E) remained lower than the Compare vehicle
for most of the Split, but the Revoy-equipped vehicle allowed more NOx to exit the tailpipe
than the Compare vehicle at multiple points of this section (point F). Note: This behavior
only showed for this specific lap and is not representative of the whole test.
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From the data (Figure 35), the Revoy EV achieved a 65.9% improvement in fuel efficiency
during uphill terrain during the speed range of (0-65 MPH) compared to the baseline test.
During this uphill section, the Revoy EV consumed 65.9% less fuel than the baseline test.

Figure 35: Uphill Comparison (%)
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7.4c: TERRAIN TYPE: FLAT ROAD

The Flat Road terrain occurred while driving on the highway during both points of the test
lap, during Splits 4 and 7, which are considered flat road segments. The GPS Altitude
trace clearly demonstrates the levelness of the terrain. This section is designed to isolate
data primarily related to aerodynamic and rolling resistance under low torque conditions,
minimizing the influence of driver behavior or terrain. Figure 37 highlights the Flat Road
terrain in the data. Table 9 summarizes the average difference in distance traveled, fuel
used, and time spent to complete the Flat Road terrain section between the Test and
Compare trucks.
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Table 9: Flat Road Section

Flat Road
Change in Distance Change in Fuel Change in Time
Meters Miles | Percent mL Gallons | Percent | Minutes | Percent
-3 -0.002 0.0% -1624 -0.43 90.4% | 00:00.1 -0.1%
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Flat Road represented 67.0% of the total fuel used per test lap and consisted of 10.4% of
the total length of the loop at 6,817 meters (4.24 miles). The Compare vehicle on average
consumed 1,797 mL (0.47 gal.) of fuel while the Revoy EV-equipped vehicle consumed
989 mL (0.26 gal). This represented an improvement of 90.4% in fuel consumed with the
Revoy EV. Note: the raw volume values shown in the graph may not correlate to the
percent calculation since the graph represents one lap only and not the overall test
average.

The change in Split time for the acceleration run as shown in Table 9 was 00:00.1,
representing a 0.1% loss for Revoy EV. The Split time for Split 4 as shown in Figure 37
was 1:54:394 for the Compare vehicle and 1:54:788 for the Revoy EV.

Figure 37 shows data traces from the Compare vehicle and Revoy-equipped vehicle (red
and black traces, respectively). The Revoy-equipped vehicle maintained a similar speed,
as shown by point A where the black speed matches the Compare vehicle. Point B and
point C show the Revoy vehicle consumed little to no fuel for most of this section. This
indicates the Revoy-equipped vehicle was powered mostly by the Revoy EV unit instead
of the diesel engine.

Figure 37: Flat Road Data Comparison
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Figure 37 illustrates data channels from the Revoy system itself, which relate specifically
to its electric (EV) controls. The Motor Torque at point A indicates it reached 960 Nm (708
Ib.-ft.) and remained around 500 Nm (369 Ib.-ft.) for much of the Split. The black trace
dropped to -800 Nm (-590 Ib.-ft.), indicating the Revoy system regenerated power. The
State of Charge (SOC) decreased by 1.2% during the length of Split 4 (point B). Motor
Speed (point C) for the Revoy system ran at 2400 RPM. Emissions NOx values at the
entrance of the emissions system and exiting the tailpipe, as shown at point D and E,
were reduced to zero on the Revoy-equipped vehicle. The Revoy-equipped vehicle Intake
NOXx is noticeably lower as a result of it being powered primarily by the Revoy EV. The
reduction of NOx exiting the tailpipe (point E) is less noticeable but is still visible since the

Compare vehicle consumes more fuel.
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From the data (Figure 39), the Revoy EV achieves a 90.4% improvement in fuel efficiency
during flat road terrain during the speed range of 0-65 MPH compared to the baseline
test. During this flat road range, the Revoy EV consumed 90.4% less fuel than the
baseline test.

Figure 39: Flat Road Comparison (%)
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7.4d: TERRAIN TYPE: ROLLING HILLS

The Rolling Hills terrain occurred while driving on the highway during both Split 3 and
Split 8 of the test lap, considered as the rolling hill segments. These segments consisted
of mild to medium hills and were located on the same stretch of highway, though driven
in opposite directions. (Table 6). Table 10 summarizes the average difference in distance
traveled, fuel used, and time spent to complete the Rolling Hills terrain section between
the Test and Compare trucks.
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Table 10: Rolling Hills Section
Rolling Hills
Change in Fuel

Change in Distance Change in Time

Meters

Miles

Percent

mL

Gallons

Percent

Minutes

Percent

-19

-0.012

0.0%

-8984

-2.37

68.8%

-00:11.2

0.7%
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Rolling hills represented 67.0% of the total fuel used per test lap and consisted of 74.3%
of the total length of the loop at 48,866 meters (30.36 miles). The Compare vehicle on
average consumed 13,049 mL (3.45 gal.) of fuel while the Revoy EV-equipped vehicle
consumed 8,954 mL (2.37 gal). This represented an improvement of 68.8% in fuel
consumed with the Revoy EV. Note: the raw volume values shown in the graph may not
correlate to the percent calculation since the graph represents one lap only and not the
overall test average.

The change in Split time for the acceleration run as shown in Table 10 was -00:11.2,
representing a 0.7% improvement for Revoy EV. The Split time for Split 3 as shown in
Figure 41 was 13:09:493 for the Compare vehicle and 13:11:674 for the Revoy EV.

Figure 41 shows data traces from the Compare vehicle and Revoy-equipped vehicle (red
and black traces, respectively). Point A illustrates the Revoy-equipped vehicle Fuel Rate
was zero for the majority of the Rolling Hills section and was consistently lower than the
Compare vehicle when the vehicles traveled uphill (point B). This indicates the engine
load was reduced as a result of the power of the Revoy system assisting the vehicle on
the uphill sections of Split 3. Point C and D show the power assistance the Revoy system
provided to the Revoy-equipped vehicle by the lack of a gear downshift on one of the
biggest uphill climbs in Split 3. This further indicates the reduced engine load experienced
by the Revoy-equipped vehicle.

Figure 41: Rolling Hills Data Comparison
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Figure 42 illustrates data channels from the Revoy system itself, which relate specifically
to its electric (EV) controls. The Motor Torque at point A indicates it reached 1,000 Nm
(738 Ib.-ft.) when powering the vehicle through the Split and -1,000 Nm (-738 Ib.-ft.) when
the Revoy system regenerated power. The State of Charge (SOC) during the Rolling Hills
Split decreased by 6.8% (point B). Motor Speed (point C) for the Revoy-equipped vehicle
was 2500 RPM for much of the Split, had a peak speed of 2643 RPM and a minimum
speed of 2087 RPM. Emissions NOx values decreased when the Revoy was active, as
shown at poi nt F and G. Point F is the
system (exiting engine). Both vehicle traces for Intake NOx emissions follow the same
pattern as the fuel rate, where the Compare vehicle Intake NOx emissions is greater than
the Revoy-equipped vehicle.
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