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1.0: ABSTRACT

Mesilla Valley Transportation Solutions (MVTS) certifies the fuel savings described in this
report. Note: this report was designed for carriers and providing information relevant to
their needs. Therefore, the format varies from traditional fuel economy and technical
reports. The Report Summary provides the reader a quick synopsis of the fuel savings.
Following the Summary is the body of the report and further details on the subjects. This
fuel economy test was performed using MVTS proprietary fuel economy test methods.
These test methods were developed from race car engineering and advanced vehicle test
methods, which the Mesilla Valley Transportation (fleet or MVT) has relied on since 2012
to identify substantial fuel savings. The MVTS methods provide highly accurate and
reliable answers on real-world fuel savings in comparison to other test methods, which
enables carriers to make the best decisions for their company.

Contact MVTS with any questions regarding the product or test. As part of an MVTS
Certified™ test, MVTS supports product inquiries, which we encourage carriers to utilize.

The purpose of this test was to quantify the fuel economy savings on a Class 8 tractor
when pulling a loaded Range RA-01 electric powered trailer. The Range RA-01 was
coupled with one of the test tractors and compared to a tractor coupled with a standard
53-foot Hyundai dry van trailer.

Testing was conducted in El Paso, TX on a 25.5-mile route that was a mix of urban and
highway conditions to replicate real-world driving. The route was segmented to analyze
performance in stop/go and steady-state flat road conditions.

Testing was conducted at 60 MPH on the pedal using International LT 625 6x4 sleeper
cab tractors with Cummins X15 engines pulling the 53-foot Range RA-01 dry van trailer
and 53-foot Hyundai dry van trailer. Payload was approximately 20,000 Ibs. for each
vehicle, which equated to an approximate Gross Vehicle Weight (GVW) of 59,000 Ibs. for
the Test vehicle with the Range RA-01 trailer and 55,000 Ibs. for the Compare vehicle
and trailer. Equivalent payloads were chosen as opposed to equivalent GVWSs as a result
of the offset in the trailer weights, which was realistic to fleet operations.

Compared to the Compare tractor and trailer, the Test tractor equipped with the Range
RA-01 trailer experienced a fuel economy improvement of 3.25 MPG (36.9%) during
Scenario 1, an improvement of 4.69 MPG (35.3%) during Scenario 2, and an
improvement of 3.82 MPG (36.3%) during Scenario 3.

Scenario 1 consisted of stop/go, urban conditions, Scenario 2 consisted of mostly flat
road, highway conditions and Scenario 3 was the entire test route.
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Table 1: Range RA-01 Scenario Test Results Summary
Range Trailer
Baseline Compare Trailer
! P ' (Range ON)
Diff. to OFF Diff. to OFF
MPG
MPG % MPG %
Scenario 1 7.02 3.25 36.9%
(7.0 miles, Stop/Go "Lap" 1)
Scenario 2
(12.5 miles, Flat Road "Laps" 2, 10.41 - --- 4.69 35.3%
4, 5)
Scenario 3
(25.4 miles, Full Loop, "Laps" 1 8.18 - --- 3.82 36.3%
to5)
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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 Range RA-01 electric
powered trailer system activated (i.e., providing electric power to the trailer axle). The
Compare vehicle was also an International LT 625 sleeper cab tractor, and its trailer was
a Hyundai 53-foot dry van trailer. The Range Energy trailer was also a 53-foot dry van.
Tests were conducted in El Paso, TX on an Urban/Highway route that included stops,
starts and steady-state driving.

The two (2) MVTS tractor odometers were 54,938 and 55,676 at the beginning of testing
for Vehicle B (equipped with Range RA-01 trailer) and Vehicle A (equipped with Compare
Hyundai trailer), respectively. Both tractors were 2019 model year (MY).

Figure 1: Test and Compare Vehicles

The El Paso, TX route was conducted on a loop around the Eastern portion of the city
and consisted of 25.5 miles with no significant changes in altitude. The Range system
was alternated on/off on consecutive runs throughout the test. A total of 16 test loops
(408 miles) were completed.

More details on the test route and data are included later in the report.

Tractor speeds were set at 60 MPH fi o the pedal,6which was the speed limit along the
highway portion of the test loop. The test loops were driven on the pedal instead of cruise
controlt o repl i cat e uwbartugagea irctlelshod duiatior af lighway driving
scenario. Setting a maximum speed on the pedal is as consistent as cruise control and
did not impede test results in any way. The test vehicle with the Range RA-01 trailer had
a 59,000 lbs. GVW and the compare vehicle and trailer was 55,000 Ibs. Payload was
approximately 20,000 Ibs. for both vehicles.

8
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3.0: TEST EQUIPMENT

MVTS fuel economy test equipment was installed on the test vehicles 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. The Range trailer was also
equipped with electric vehicle (EV) sensors that measured value such as torque, power,
voltage and temperature.

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 (left-front drive tire)
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


https://youtu.be/OXe3bbrn86o
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Figure 2: Aerodynamic Sensors Figure 3: Data Acquisition System

10
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4.0: TEST ROUTES

4.1: URBAN/HIGHWAY ROUTE IN EL PASO, TX

The route in El Paso, TX started and ended at the R Leasing truck yard, which is part of
the MVT family of companies. This route consisted of I-10 East, North Zaragoza Road,
North Loop Drive East, TX-375 Loop, and Gateway North Boulevard where it fed back
into 1-10 East (See Figure 7). The loop was 25.5 miles and included 10 traffic lights, mainly
on the non-highway section of the route.

Figure 7: Test Route (in Red)

= —=

Route GPS Start/End Point via Google Maps (for map reference purposes only):
I-10 Frontage Road, Eastbound: 31.725503, -106.310493

11
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4.2: NOTE ABOUT 6 APOSECTIONS AND NOMENCLATURE

4.2a: EL PASO TEST ROUTE

The El Paso test loop was automatically sectioned into five (5) 61 apsé by the
acquisition system usingpre-s et GPS coordinates. Throughout
or Ol apsdé refers taoe,paparof of meaiméldp @B@malyr out e
be confusing since the term Ol apd coanouodn!l y r e
a course. This discrepancy is a default of the data acquisition system and cannot be

changed in the data graphs. Therefore, it is adopted in the report for consistency. The

0l aps 6 a rteedatehimRigare 8 with arrows and as a map in Figure 9. Each red
vertical dashed Iine in the figure represents

Data shownin Figure8i ncl udes (from top bo06BogitéoemuRBKBPS
Used ( R a wm)nifliliters(mL),6 Accel P@Jéd GPBoA|6Gan d ud@&@PEedd a
(Satellites Used). The data acquisition system records more data than shown, the figure

simply illustrates one worksheet of data.

The upper left of Figure 8 (point A) shows the start of Lap 1 (i.e., I-10 E Frontage Road)
and GPS Speed (tractor speed). The fluctuations in GPS Speed are the result of changes
in altitude, traffic conditions, or encountering traffic signals at intersections.

The GPS Altitude trace shows the terrain (i.e., hills) on the route. Note that terrain appears
aggressive, however this is caused by graph scaling. The total change in altitude for the
test route (maximum subtract minimum) was approximately 56 meters (185 feet).

The 61l apsd f or t Rigure8,arsnumbe@dfiom 1-Sahdinelmde difierent

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

include Stop/Go (Lap 1), Flat Road (Laps 2, 4, and 5), and Mixed (Lap 3) . These 0Ol
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 Urban/Highway Test Results (Range RA-01) section.

Note: Terrain refers to different driving conditions and/or sections and not necessarily
changes in altitude.

12
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Flgure 8: El Paso Test Data Graphics
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Table 2: El Paso Lap Numbers, Terrain, Roads

Route:
Lap #
1

u B W N

El Paso I-10 to Zaragoza to 375
Terrain Type Location

Stop/Go
Flat
Mixed
Flat

Flat Short

Zaragoza/North Loop Drive
Border Hwy W (375)

1-110

I-10E

I-10E

13
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Figure 9: Test Route Map by Lap and Terrain Type

Lap 3, Mixed (I-110)

Lap 4, Flat (I-10 E)

Lap 5, Flat (1-10 E Short)

[Lap 2, Flat (Border Hwy W)]|

Lap 1, Stop/Go (Zaragoza)

14
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4.3: TESTING SEQUENCE

The Range Energy RA-O1 trailer test occurred during two (2) test days, which actually
occurred at night and overlapped PM and AM times (August 1-3, 2023). All testing
occurred in El Paso, TX.

Figure 10: Compare Vehicle on Test Route

LAl ,.~'

5.0: TEST VEHICLE PREPARATION

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

5.1: VEHICLE FUEL AND CHARGING

A single batch of diesel fuel was purchased for the MVTS test tractors at TA Travel Center
in Las Cruces, NM which was used for the entirety of testing to ensure consistency (Figure
11). Two (2) 330-gallon containers were used to store additional fuel of the same
purchased batch, which was used to fuel the tractors (Figure 12). Prior to initial fueling of
the tractors, all existing fuel was pumped from the tractors and fresh fuel from the single
batch was used.

The Range RA-01 trailer was charged prior to each test day. Since the test staging area
did not have any provisions for electric vehicles, a Level 3 DC charger paired with a diesel
generator was set up to provide onsite charging (Figure 13 and Figure 14). In normal fleet
operations, charging would be provided by on-site power instead of a diesel generator.

15



. A\Eﬂ'i."e“v Range Energy, Inc.
X Tg%“fﬂ‘-ﬁg‘.{.'g;” Range RA-01 Fuel Economy Test

Fuel Economy Experts

Figure 11: Fueling MVTS Test Tractors
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Figure 14: Charging the Range RA-01 Trailer
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5.2:  OiL CHANGE

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

5.3: REGENERATIONS (REGENS)

Prior to the start of testing, the tractors had stationary regens performed to keep the
emissions systems consistent between test days. 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.

5.4: TIRES, TRAILERS, DRIVERS

Tires, trailers, and drivers remained consistent throughout testing since these factors
required consistency to quantify the before versus after condition of the Range RA-01
system activation.

5.5: DRIVING, SETTINGS, CRUISE CONTROL, VEHICLE PARAMETERS

Tractors were accelerated from a stop and speed was set using the pedal only, and cruise
control was not engaged. The target speed for the drivers was the speed limit, which
varied from 40 MPH to 60 MPH. Setting and maintaining vehicle speed with the pedal
was a more realistic representation of operating in an urban/highway environment where
traffic and road conditions were not ideal for the use of cruise control. Drivers applied
foundation brake 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 on the I-10 E frontage road, near the entrance/exit of
the R Leasing truck yard. The trucks started the test 3-minutes apart, which avoided
aerodynamic influence and created a buffer between the tractors for stopping at traffic
lights and encountering unforeseen traffic or road conditions. Vehicles ran a warm-up lap
around the entire test route prior to testing.
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5.6: CALCULATING FUEL SAVINGS

Fuel economy results were determined by measuring the 6 f u e | usedoief,or

Laps 1-5). These values were obtained through the data acquisition system and flow

meters installed by MVTS. The O6fuel used?®o
to arrive at relative differences bet ween

fuel flow meter (Figure 4) . Al t hough it i's termed a

measures volume in one (1) milliliter (mLY) increments, which is approximately 29
measurements per fluid ounce. This enabled 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

of

eadc

v al

t hel

ow

removable weigh waprsk® ohi 6 hawkiset io the teucking i onal |

industry. When using weigh tanks (SAE Type 2 method) 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 percent (%) when comparing
two vehicles.

Percent Difference in Fuel Used

8 38 i 8
— - — )+ ( ~— x100

Where:
1 FuelUsed (Veh. B) is the fuel used during the lap or combination of laps by the vehicle
being analyzed (i.e., Test vehicle with Range RA-01 trailer).
1 FuelUsed (Veh. A) is the fuel used during the lap or combination of laps by the vehicle
being compared to (i.e., Compare vehicle with MVTS Compare trailer).

Example: During a Scenario 1 lap (stop/go), Test vehicle (Veh. B that was equipped with
the Range RA-01 trailer) and Compare vehicle (Veh. A) had Fuel Used values of 4311
milliliters (mL) and 4062 mL, respectively during the Baseline (Range RA-01 inactive) and
values of 2740 mL and 3860 mL during the Scenario 1 Test lap (Range RA-01 active),
respectively.

Percent Difference in Fuel Used:
- )+ ( X 100 = 33.1%

This indicates that the Test vehicle (with Range RA-01) experienced an increase in fuel
economy of 33.1% and therefore used less fuel during this lap. Note: The stated value is
specific to this lap only and does not represent the overall average result.

L milliliter (mL) is a metric unit for measuring volume. 1 U.S. fluid ounce = 29.57 mL.
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5.7: 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 2), 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 5 and Figure 6). The vehicle CAN Bus was connected to obtain data on engine

RPM and other engine information. The test vehicleds daéalsb acqui

connected to the Range RA-016 sontrol and monitoring unit via CAN Bus, and data on
various drive unit parameters were collected. All sensor data was recorded on the
onboard data acquisition system and displayed in the cab of the tractor (Figure 3). 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 determining
consistency of laps, including any chosen to be omitted as a result of outside variables
such as traffic interference.

5.8: ABOUT THE TRACTORS AND TRAILERS
Identical Navistar International tractors were 6x4 sleeper cabs as shown in Table 3 and
the images that follow.

Vehicle weights were measured at the TA 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 affect fuel economy
results.

Table 3: Test Tractor Detail Summary

Aerodynamics
. . Model . L. Odometer Final Drive RPM at 65 |Wheelbase | 5th Wheel Gap:
Vehicle Make| Vehicle Model Engine Transmission R R N . Tank
Year (miles) Ratio mph (inches) Position L Extender to
Fairings .
Trailer
B Centered
~ Cummins X15 450 EX; Eaton Endurant 12-
Veh. A | International LT 2019 55,676 2.79 1195 228 between Yes 35
450 HP, 1750 Ib-ft Speed AMT _
Drive axles
~ Centered
N Cummins X15 450 EX; Eaton Endurant 12-
Veh.B | International LT 2019 54,938 2.79 1195 228 between Yes 32.75
450 HP, 1750 Ib-ft Speed AMT ori |
rive axles

Axle weights shown below.

Table 4: Axle Weights by Test Tractor

. . Axle Weights (Ibs.) .
Vehicle Vehicle Model Diff. to LT/MVTS

Make Model/Trailer Year Steers Drives Trailer Total Trailer (T2)

MVTS Trail
International | "/ (Tz)r‘"er 2019 11,340 21,840 21,320 54,500 0

International | w/Range Trailer 2019 11,400 22,660 25,040 59,100 4600
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Figure 15: Compare Vehicle (Vehicle A)
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5.8a: 2019 INTERNATIONAL LT 625

The 2019 International LT 625s were powered by Cummins X15 diesel engines rated at
450 HP. Transmissions were Eaton Endurant 12-speed automated manual transmissions
(AMTSs). At 60 MPH the engine speed was approximately 1102 RPM. At the beginning of
testing, the odometers indicated 55,676 miles for Vehicle A and 54,938 miles Vehicle B.
The tractors had identical aerodynamic and drivetrain configurations. More information
about these tractors and the test setup can be found in the Appendix in the Setup Sheets
section. Additional pictures can be found under Vehicle Pictures in the Appendix.

Figure 17: Test Vehicles and Trailers Preparing for Testing

| udll “W.B _:1)‘"!
)
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5.8b: RANGE ENERGY RA-01 (2023 GREAT DANE DRY VAN TRAILER)

The Range RA-01 trailer is a 2023 Great Dane 53-foot dry van trailer equipped with the
Range system, which consists of a drive unit, battery pack, and cooling system.
Aerodynamic trailer skirts are normally installed on this trailer and were removed for this
test. More information can be found in the Appendix in the Setup Sheets section.

Figure 18: Range Energy RA-01 Trailer

5.8c: MVTS COMPARE TRAILER (2020 HYUNDAI TRANSLEAD DRY VAN TRAILER)

The MVTS Compare trailer was a 2020 Hyundai Translead 53-foot dry van trailer.
Aerodynamic trailer skirts are normally installed on this trailer and were removed for this
test. More information can be found in the Appendix in the Setup Sheets section.
Additional pictures can be found under Vehicle Pictures in the Appendix.

Figure 19: MVTS Compare Trailer (T2)
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6.0: WEATHER CONDITIONS SUMMARY
Ambient temperature during testing on Day 1 ranged from 79°F to 85°F and winds ranged
from O to 7 MPH. Day 2 ranged from 77°F to 84°F and winds ranged from 0 to 10 MPH.

Note: Testing started late in the evening and ended early in the morning the following
day. MVTS methods include instantaneous and constant weather data acquisition on
each vehicle during testing.
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7.0:  URBAN/HIGHWAY TEST RESULTS (RANGE RA-01)

The test loop consistedo f 5 pérlloapp Test results include combinations of multiple
lap sections, as well as each individual lap and driving conditions or terrain type. The
combination of lap sectionsr ep |l i cat es vsaendrias.®F0r edampler $topfso O
conditions, Flat Road conditions and a mix of these conditions. Analyzing the individual
laps isolated the performance of the Range RA-0L1 trailer in each terrain. A large amount
of data was acquired during the test, which will be analyzed in the sections that follow. A
summary of results from Scenarios 1, 2, and 3 with a 20,000 Ibs. payload is shown below
in Table 5. These will be discussed in more detail in respective scenario sections of this
report.

Note: percent values rely on the denominator, which varies depending upon which
vehicle and unit is being compared and switches based on MPG or Fuel Used since those
units being inversely proportional.

Test results stated below do not include parasitic losses that may occur on the trailer.
Scenario 1 included only Lap 1, which was the stop/go section of the loop. In this lap there
was an improvement of 3.25 MPG (36.9%). Pertinent test values are shown in blue text
in the right-side of the table.

In Scenario 2, which were the Flat Road Laps 2, 4, 5, the improvement was 4.69 MPG
(35.3%). In this scenario, the vehicle remained rolling at highway speed for the duration.

In Scenario 3, the improvement was 3.82 MPG (36.3%) and included the Full Loop (i.e,.
all laps).
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Table 5: Range RA-01 Urban/Highway Scenario Test Results Summary

. ] Range Trailer
Baseline Compare Trailer 8
(Range ON)
Diff. to OFF Diff. to OFF
MPG
MPG % MPG %
sl 7.02 325 36.9%
(7.0 miles, Stop/Go "Lap" 1)
Accuracy - - +/-0.42 +/-1.9%
Scenario 2
(12.5 miles, Flat Road "Laps" 2, 10.41 - - 4.69 35.3%
4,5)
Accuracy -— - +/-0.42 +/-2.7%
Scenario 3
(25.4 miles, Full Loop, "Laps"1 ~ 8.18 -— -— 3.82 36.3%
to 5)
Accuracy +/-0.46 +/-3.1%
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Figure 20: Scenario 1, 2, 3 Fuel Economy Results (%)
Fuel Economy Difference (Percent %)
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Figure 21: Scenario 1, 2, 3 Fuel Economy Results (MPG)
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7.1: SCENARIO1: STOP/GO (LAP 1)

To compare the fuel economy of the tractors during stop/go conditions, Scenario 1
included only Lap 1, which was the stop/go section of the test loop and mainly included
North Zaragoza Road and North Loop Drive East.

Note: Ol apsd® are sections of the route designat
not a full circuit of the test route. The laps consisted of city streets with traffic signals and
light traffic. Scenario 1 consisted of 7.1 miles of the 25.5-mile test loop.

The GPS Altitude trace in Figure 22 below (point A) shows the relative terrain of the
stop/go data. Although it appears there are major altitude changes, the total change in
altitude for this scenario is approximately 44 meters (144 feet). At the top of the figure,
Lap 6 indicates that one (1) test loop has already been completed and is restarting on
Lap 6, which is the second Lap 1 of the test day.

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

Figure 22: Scenario 1 Graphical Data (Lap 1)
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During Scenario 1, the Test tractor equipped with the Range RA-01 trailer experienced
an improvement of 3.25 MPG (36.9%) compared to the Compare tractor equipped with
the MVTS Compare trailer. This was the greatest fuel savings value measured and the
section with the most stops/starts and shortest distance. Overall, it is most representative
of a city/urban route.

Figure 23: Scenario 1 Fuel Economy Results (%)

Scenario 1 Fuel Economy Difference (Percent %)
Stop/Go: Lap 1
Range RA-01 vs. MVTS Compare Trailer
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Figure 24: Scenario 1 Fuel Economy Results (MPG)

Scenario 1 Fuel Economy Difference (mpg)
Stop/Go: Lap 1

1000 Range RA-01 vs. MVTS Compare Trailer

9.00
8.00
7.00
6.00
5.00
200 3.25
300 —
2.00
1.00

Miles-per-gallon (mpg)

0.00

Scenario 1

29



~ \MESILLA
A\\VALLEY Range Energy, Inc.

§‘3"E.'_’.“+'?B“.I.'%"' Range RA-01 Fuel Economy Test

Fuel Economy Experts

In addition to fuel economy measurement, performance and power characteristics were
analyzed when the RA-01 system was inactive and active. When the RA-01 system was
inactive, the tractors operated in an almost identical manner during Scenario 1, as shown
in Figure 25. Red/Green Trace = Test Vehicle, Black Trace = Compare Vehicle. Point A
shows the GPS Speed trace between the two (2) vehicles during an acceleration point
were nearly identical, with no distinguishable gap between the traces. Point B shows the
data trace for the Acceleration Pedal Position. At the acceleration point, the pedal position
indicated 100% throttle application for both vehicles. Point C shows the data traces for
the power applied by the Range RA-01 system (driveUnitPower_Out [kW])) and the power
generated during Regenerative Braking (driveUnitPower_Regen [kW]). Since the Range
system being inactive, these channels indicate zero power being produced (or near zero
due to sensor offsets). Point D shows the Average Instant Estimated Brake Power [kKW]
produced by the Test vehicle and Compare vehicled s e nfgy ithe entire lap, as
calculated by the v e hi c | e dlEs v&ugé khay differ slightly between vehicles as a
result of variabilities caused by vehicle traffic, traffic lights, and driving style. During this
lap, the Testvehicle6 s e n g i n éanpverage Brake Power of 90.3 kW (121.1 bhp)
and the Compare vehi clAelge Bakeoweref 74 kiVdldxle d an
bhp). Point E shows the Fuel Consumed by the Test vehicle and Compare vehicle during
this lap was 4311 mL and 4062 mL, respectively. Note: stop/go scenarios create
variability between vehicles, hence the different in torque and fuel values shown.

When the RA-01 system was active during stop/go conditions, the Test tractor
experienced an increase in acceleration, a reduction in fuel consumption, and a decrease
in average engine power produced (Figure 26). Red/Green Trace = Test Vehicle, Black
Trace = Compare Vehicle. Point A shows the Speed trace of the Test vehicle higher than
the Speed trace of the Compare vehicle during the acceleration point, indicating the Test
vehicle had greater acceleration and achieved a higher speed than the Compare vehicle
over the same distance traveled. Point B shows throttle application during the
acceleration point was the same as when the Range system was inactive. Point C shows
power applied by the Range RA-01 system was approximately 200 kW (268 hp) during
the acceleration point and produced a Max Power Output of 209.3 kW (280.7 hp) during
the stop/go lap. The Average Power produced by the Range system for this lap was
approximately 42.3 kW (56.7 hp). Max Power generated during Regenerative Braking
was 41.7 kW (55.9 hp) and the average for the entire lap was 2.7 kW (3.6 hp). Note: On
the graph, Power Output is displayed as a negative value and Power Input (via
Regenerative Braking) is displayed as a positive value. Point D shows the Average Brake
Power produced during this lap was 49.7 kW (66.6 bhp)f or t he Test ang hi cl e
70.9 kW (95.1 bhp) for the Compare vehicled s e pwiichrwas lower compared to when
the Range system was inactive. Point E shows the Fuel Consumed during this lap by the
Test vehicle was lower than the Compare vehicle, which was 2740 mL and 3860 mL,
respectively.
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Figure 25: Range System Inactive versus Compare Vehicle (Scenario 1)
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Figure 26: Range System Activated versus Compare Vehicle (Scenario 1)
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7.2. SCENARIO 2: FLAT ROAD (LAPS 2,4, 5)

To compare the fuel economy of the tractors during flat road conditions, Scenario 2
included Laps 2, 4, and 5, which were the flat and steady state sections of the test loop
(I-10 E and TX-375) where the vehicles sustained highway speed for the majority of this
scenario. Lap 5 was a short, flat section that exited I-10 E and continued on the frontage
road. Scenario 2 consisted of 12.5 miles of the 25.5-mile test loop.

The GPS Altitude trace in Figure 27 below (point A) is pointed out to clearly illustrate the

levelness of the terrain. The total change in altitude for this scenario is approximately 19
meters (63 feet).

Figure 27: Scenario 2 Graphical Data (Laps 2, 4, and 5)
|

Lap 2 1 Lap 3

Lapd 1 Laps

mnuj‘L‘ one Speed RPM [rpm]  1105.1 Lap 2
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-

During Scenario 2, the Test tractor equipped with the Range RA-01 trailer experienced
an improvement of 4.69 MPG (35.3%) compared to the Compare tractor equipped with
the MVTS Compare trailer.

Figure 29: Scenario 2 Fuel Economy Results (%)
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Figure 30: Scenario 2 Fuel Economy Results (MPG)
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In addition to fuel economy measurement, performance and power characteristics were
analyzed when the RA-01 system was inactive and active. When the RA-01 system was
inactive, the tractors operated in an almost identical manner during Scenario 2, as shown
in Lap 2 in Figure 31. Red/Green Trace = Test Vehicle, Black Trace = Compare Vehicle.
Point A shows the GPS Speed trace between the two (2) vehicles were nearly identical,
with no distinguishable gap between the traces. The Average Speed for both vehicles
during this lap was 60.5 MPH (circled in red). Point B shows the Acceleration Pedal
Position indicated 100% application for both vehicles. Point C shows the Range system
inactive, with no Power Output or Input from the system. Point D shows the Average
Brake Power produced by the vehicles was approximately the same, at 121.8 kW (163.3
bhp) for the Test vehicle and 121.4 kW (162.8 bhp) for the Compare vehicle. Point E
shows the Fuel Consumed by the Test vehicle and Compare vehicle during this lap was
3238 mL and 3229 mL, respectively, which was nearly identical.

When the RA-01 system was active during flat road conditions, the Test tractor
experienced a reduction in fuel consumption and average engine power produced (Figure
32). Red/Green Trace = Test Vehicle, Black Trace = Compare Vehicle. Point A shows
the Speed trace between the two (2) vehicles was the same, with no distinguishable gap
between the traces. The Average Speed for both vehicles during this lap was 60.7 MPH
(circled in red). Point B shows the Acceleration Pedal Position was the same and
indicated 100% application for both vehicles. Point C shows the Range system active and
produced a Max Power Output of 180.4 kW (241.9 hp). The Average Power produced by
the Range system for this lap was approximately 52 kW (69.7 hp). Max Power generated
during Regenerative Braking was 72.7 kW (97.5 hp) and the average for the entire lap
was 2.1 kW (2.8 hp). Due to the mostly level terrain, Regenerative Braking was not as
active as the other scenarios. Point D shows the Average Brake Power produced during
thislapwas 79.1 kW (106.1bhp) f or t he Test 111.4 KW (149.4bbm
for the Compare vehicleds engi méeeRange systdm
was inactive. Point E shows the Fuel Consumed during this lap by the Test vehicle was
lower than the Compare vehicle, which was 2158 mL and 2976 mL, respectively, and
indicated a significant fuel savings.
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Range RA-01 Fuel Economy Test

Figure 31: Range System Inactive versus Compare Vehicle (Scenarlo 2)
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7.3: SCENARIO 3: FULL TEST LOOP/MIXED (ALL LAPS)

Scenario 3 consisted of all laps of the test route, Laps 1 through 5. This scenario consisted
of Stop/Go, Flat Road, and Mixed terrain conditions. Scenario 3 consisted of the full 25.5-
mile test loop.

The GPS Altitude trace in Figure 33 below (point A) shows the relative terrain of the full
test loop. The total change in altitude for this scenario is the overall change in altitude,
which is approximately 56 meters (185 feet).

Lap 6 Lap 7 Lap 8 Lap9 | X0

Figure 33: Scenario 3 Graphical Data (All Laps)
| |
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During Scenario 3, the Test tractor equipped with the Range RA-01 trailer experienced
an improvement of 3.82 MPG (36.3%) compared to the Compare tractor equipped with
the MVTS Compare trailer.

Figure 35: Scenario 3 Fuel Economy Results (%)
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Figure 36: Scenario 3 Fuel Economy Results (MPG)
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In addition to fuel economy measurement, performance and power characteristics were
analyzed when the RA-01 system was inactive and active. When the RA-01 system was
inactive, the tractors operated in an almost identical manner during Scenario 3 (full test
loop), as shown in Figure 37. Red/Green Trace = Test Vehicle, Black Trace = Compare
Vehicle. Point A shows the GPS Speed trace between the two (2) vehicles were nearly
identical, with only a few spots of distinguishable gap between the traces. The Average
Speed during this test loop was 47.4 MPH for the Test vehicle and 42.5 MPH for the
Compare vehicle (circled in red). Point B shows the Acceleration Pedal Position was
similar for both vehicles, with variability occurring due to traffic conditions, traffic lights,
and driving style. Point C shows the Range system inactive, with no Power Output or
Input from the system. Point D shows the Average Brake Power produced by the vehicles
were 105.5 kW (141.5 bhp) for the Test vehicle and 84.9 kW (113.9 bhp) for the Compare
vehicle. Variability for this parameter is caused by the same reasons listed above for the
pedal position. Point E shows the fuel consumed by the Test vehicle and Compare vehicle
during this test loop was 13,569 mL and 12,369 mL, respectively.

When the RA-01 system was active, the Test tractor experienced an increase in
acceleration, a reduction in fuel consumption, and a decrease in average engine power
produced (Figure 38). Red/Green Trace = Test Vehicle, Black Trace = Compare Vehicle.
Point A shows the Speed trace of the Test vehicle higher than the Speed trace of the
Compare vehicle during an acceleration point, indicating the Test vehicle had greater
acceleration and achieved a higher speed than the Compare vehicle over the same
distance traveled. Overall, the speed traces were similar to when the Range system was
inactive. The Average Speed during this test loop was 47.8 MPH for the Test vehicle and
42.3 MPH for the Compare vehicle (circled in red), similar to the previous test loop,
indicating the test loops were driven in a consistent manner. Point B shows throttle
application during this test loop was mostly the same as when the Range system was
inactive the entire test loop. Point C shows the Range system active and produced a Max
Power Output of 204.4 kW (274.1 hp). The Average Power produced by the Range
system for this test loop was approximately 50.3 kW (67.5 hp). Max Power generated
during Regenerative Braking was 75.7 kW (101.5 hp) and the average for the entire lap
was 6.5 kW (8.7 hp). Point D shows the Average Brake Power produced during this test
loopwas 665 kW (89.2bhp) for the Test 83a3&kWi(ldl.7ebldpsfore ngi ne
the Comparevehi cl eds engi ne, which was | ower compar
was inactive. Point E shows the Fuel Consumed during this test loop by the Test vehicle
was lower than the Compare vehicle, which was 8728 mL and 12314 mL, respectively
and indicated a significant fuel savings.

Note: More information on the reduction in Average Brake Power during Scenario 3 can
be found below in Section 8.0.
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Figure 37: Range System Inactive versus Compare Vehicle (Scenario 3)
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8.0: OEM CAN BUS RESULTS

Data from the Engine Control Module (ECM) was obtained during testing. This relates to
various systems within the function of the engine including coolant, intake, and
aftertreatment system (i.e. emissions system). Channels relevant to this test are shown
below. All values are shown in metric units since those are the units provided by the ECM.
The OEM sensor data is from Scenario 3, the entire test loop, and includes all steady-
state, acceleration, and deceleration conditions.

OEM values are shown as bar graphs of raw average values for the Baseline and Test
runs and as the average percent change where:

S o %Yé GOi Qa'QE O
0 Qi OHE d "QFE Qp T T
26 0i a0t 0

Note: The numerator is arranged as Test T Baseline, which is opposite to the fuel
economy values shown above. This is due to a difference in sign preference. With fuel
economy, a decrease in Test T/C indicates a fuel savings and is therefore calculated to
produce a positive value.
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8.1: AFTERTREATMENT PARTICULATE FILTER INLET TEMPERATURE

The Aftertreatment Particulate Filter Inlet Temperature is measured at the inlet of the
Diesel Particulate Filter (DPF). The Test Vehicle experienced a decrease in
Aftertreatment Particulate Filter Inlet Temperature when the Range system was activated.
The measured decrease in temperature was -15.6%. The reduction in Inlet Temperature
was due to less fuel being consumed and therefore less heat being generated by the
engine.

Figure 39: Aftertreat Part Filter In Temp (Scenario 3)
Aftertreat Part Fltr In Temp [°C]
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Figure 40: Change in Aftertreat part filter In Temp (%) (Scenario 3)
Aftertreat Part Fltr In Temp [°C]

Percent Change

-15.61%
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8.2: AFTERTREATMENT PARTICULATE FILTER OUTLET TEMPERATURE

The Aftertreatment Particulate Filter Outlet Temperature is measured at the exit of the
DPF. Comparing the Inlet and Outlet temperature provides input as to the function of the
DPF. The Test Vehicle experienced a decrease in Aftertreatment Particulate Filter Outlet
Temperature when the Range system was activated. The measured decrease in
temperature was -15.1%, which was due to less fuel being consumed with the Range
system active.

Figure 41: Aftertreat Part Filter Out Temp (Scenario 3)
Aftertreat Part Fltr Out Temp [°C]
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Figure 42: Change in Aftertreat Part Filter Out Temp (%) (Scenario 3
Aftertreat Part Fltr Out Temp [°C]
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8.3: AFTERTREATMENT INTAKE NOX

Aftertreatment Intake NOXx is the parts-per-million entering the exhaust aftertreatment
system (i.e. exiting the engine). The Test Vehicle experienced a decrease in
Aftertreatment Intake NOx when the Range system was activated. The measured
decrease in NOx was -22.2%, which is a substantial decrease and may also relate to the
decrease in exhaust temperature. Prior MVTS testing showed minimal reduction in NOXx,
therefore MVTS is confident the improvement in NOx with the Range system is a
legitimate improvement.

Figure 43: Aftertreat Intake NOx (Scenario 3)
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Figure 44: Change in Aftertreat Intake Nox (%) (Scenario 3)
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8.4: _AFTERTREATMENT OUTLET NOX

Aftertreatment Outlet NOx is the NOx leaving the aftertreatment system (i.e. tailpipe
emissions). The Test Vehicle experienced a decrease in Aftertreatment Outlet NOx when

the Range system was activated. The decrease in NOx was -40.0%. It should be

mentioned that the Outlet NOx values are relatively small in magnitude and small changes

in their values can result in significant changes in percent. The improvement in Output

NOx will be related to the reduction in Inlet NOx, which indicated less NOx was entering

the emissions system and has resuhtséd an i mpr

Figure 45: Aftertreat Outlet NOx (Scenario 3)
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Figure 46: Change in Aftertreat Outlet Nox (%) (Scenario 3)
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8.5: PARTICULATE FILTER SOOT LOAD

The Particulate Filter Soot Load is the percentage of soot collecting on the aftertreatment
filtration system. Since this is a cumulative value, Soot Load increased on both vehicles
during the test run. However, the Test Vehicle with the Range system activated
experienced a lower increase in Soot Load compared to the Compare Vehicle. The
relative change in Soot Load for the Test Vehicle was -1.4%. It should be noted that Soot
Load can vary between vehicles in normal operating conditions, however, these two (2)
trucks are typically very consistent due to having identical specifications and nearly
identical mileage. An improvement in Soot Load has a long term benefit to the vehicle
since the DPF last longer and regen frequency is improved.

Figure 47: Part Filter Soot Load (Scenario 3)
Part Fltr Soot Load [%]
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Figure 48: Change in Part Filter Soot Load (%) (Scenario 3)
Part Fltr Soot Load [%]

Percent Change

Test

45



. MRLLLLEQ( Range Energy, Inc.
X §‘3"E&‘+'?3‘.I.'%"' Range RA-01 Fuel Economy Test

Fuel Economy Experts

8.6: PARTICULATE FILTER ASH LOAD

The Particulate Filter Ash Load is the percentage of ash measured on the Diesel
Particulate Filter (DPF). Zero percent is common, and the results shown are common on
this vehicle. Ash Load is not typically a concern in a test of this type.

Figure 49: Part Filter Ash Load (Scenario 3)
Part Fltr Ash Load [%]

W Compare Vehicle @ Test Vehicle

Percent (%)
s

0.0 0.0 0.0 0.0

Baseline Test

Figure 50: Change in Part Filter Ash Load (%) (Scenario 3)
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8.7: ACTUAL PERCENTAGE ENGINE TORQUE

Actual Percentage Engine Torque is the percent of maximum torque used by the engine.
It varies linearly with fuel economy and the Change in Actual Percentage Engine Torque
typically follows a similar trend to the fuel economy changes between the trucks, although
opposite in polarity. The Test Vehicle experienced a decrease in Actual Percentage
Engine Torque when the Range system was activated. The measured decrease in torque
was -29.3%, which was due to power and torque provided by the Range system and the
reduction in fuel consumption.

Figure 51: Actual Percentage Engine Torque (Scenario 3)

Actual Percent Engine Torque [%]

M Compare Vehicle M Test Vehicle
100

g5

(%)
233828883

Baseline Test

Actual Percent Engine Torque

Figure 52: Change in Actual Percentage Engine Torque (%) (Scenario 3)
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8.8: INSTANT ESTIMATED BRAKE POWER

Instant Estimated Brake Power is the estimate of the power developed by the engine.
This parameter is linearly related to Actual Percentage Engine Torque, which is why the
Change in Instant Estimated Brake Power follows a very similar trend to the Change in
Actual Percentage Engine Torque above. It varies linearly with fuel economy and typically
follows a similar trend to the fuel economy changes between the trucks, although opposite
in polarity. The Test Vehicle experienced a decrease in the average Instant Estimated
Brake Power when the Range system was activated. The measured decrease in power
was -32.5%, which was due to power and torque provided by the Range system and the
reduction in fuel consumption.

Figure 53: Instant Estimated Brake Power (Scenario 3)
Instant Estimated Brake Power [kW]
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Figure 54: Change in Actual Percentage Engine Torque (%) (Scenario 3)

Instant Estimated Brake Power [kW]

Percent Change

-32.46%

Test

48



. A\\EELLL%% Range Energy, Inc.
X §“o"'.3'_’.°+'13‘.{.'§."' Range RA-01 Fuel Economy Test

Fuel Economy Experts

8.9: ENGINE PERCENT LOAD

Engine Percent Load is linearly related to Actual Percentage Engine Torque, which is why
the Change in Engine Percent Load follows a very similar trend to the Change in Actual
Percentage Engine Torque above. The Test Vehicle experienced a decrease in Engine
Percent Load when the Range system was activated. The measured decrease in load
was -28.7%, which is related to the torque and improved fuel consumption.

Figure 55: Engine Percent Load (Scenario 3)
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Figure 56: Change in Engine Percent Load (%) (Scenario 3)
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8.10: TURBOCHARGER SPEED

Turbocharger Speed is affected by several factors including Engine Speed, Engine Load,
and Engine Torque, all of which affect the Boost Pressure and Turbocharger Speed. Due
to this, Turbocharger Speed often follows a similar trend to those parameters. The Test
Vehicle experienced a decrease in Turbocharger Speed when the Range system was
activated. The measured decrease in speed was -12.4%, which was also related to the
reduced torque and power required by the tractor when the Range system was active.

Figure 57: Turbocharger Speed (Scenario 3)
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Figure 58: Change in Turbocharger Speed (%) (Scenario 3)
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8.11: INTAKE AIR MASS FLOW

Intake Mass Air Flow is directly related to Turbocharger Speed since all Intake Flow first
passes through the Turbocharger. Percent change in Intake Air Mass Flow is similar to
the percent change in Turbocharger Speed. The Test Vehicle experienced a decrease in
Intake Air Mass Flow when the Range system was activated. The measured decrease in
flow was -13.8%, which was again related to the reduced fuel consumption when the
Range system was active.

Figure 59: Intake Air Mass Flow (Scenario 3)
Intake Air Mass Flow [kg/h]
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Figure 60: Change in Intake Air Mass Flow (%) (Scenario 3)
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8.12: ENGINE COOLANT TEMPERATURE

Engine Coolant Temperature is the temperature of the coolant measured in the engine.
The Test Vehicle experienced a small decrease in Engine Coolant Temperature when the
Range system was activated. The measured decrease in temperature was -4.3%, which
is related to the reduction in fuel consumed when the Range system was active.

Figure 61: Engine Coolant Temp (Scenario 3)
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Figure 62: Change in Engine Coolant Temp (%) (Scenario 3)
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8.13: EGR MAss FLow

Exhaust Gas Recirculation (EGR) Mass Flow is partially related to Turbocharger Speed
and Intake Flow, with the exception that the EGR is valved, and changes based on the
emissions needs of the engine. The Test Vehicle experienced a decrease in EGR Mass
Flow when the Range system was activated. The measured decrease in EGR Mass Flow
was -12.1%, which is related to the reduced fuel consumed when the Range system was
active.

Figure 63: EGR Mass Flow (Scenario 3)
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Figure 64: Change in EGR Mass Flow (%) (Scenario 3)
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8.14: ENGINE SPEED

Engine Speed RPM is the rotational speed of the engine and was mostly consistent
throughout the test, as expected due to the constant steady state vehicle speed. The Test
Vehicle experienced a small decrease in Engine Speed RPM when the Range system
was activated. The measured decrease in Engine RPM was -0.2%, which can be
considered zero and was expected since vehicle speed was unchanged.

Figure 65: Engine Speed (Scenario 3)
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Figure 66: Change in Engine Speed (%) (Scenario 3)
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8.15: ENGINE OIL TEMPERATURE

Engine Oil Temperature was consistent throughout the test. The small changes were
within normal operations of the vehicles. The Test Vehicle experienced a small decrease
in Engine Oil Temperature when the Range system was activated. The measured
decrease in temperature was -0.1%.

Figure 67: Engine Oil Temp (Scenario 3)
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Figure 68: Change in Engine Oil Temp (%) (Scenario 3)
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8.16: FAN SPEED

Fan Speed is the speed of the fan as a ratio of the actual fan drive (current speed) to the
fully engaged fan drive (maximum fan speed). For the majority of the test the fan was off.
The Test Vehicle indicated a decrease in Fan Speed of -100.0% when the Range system
was activated. It should be mentioned that the Fan Speed values are relatively small in
magnitude and small changes in their values can result in significant changes in percent,
however, the improved Fan Speed was due to the truck engine requiring less power
during acceleration and therefore not requiring as much assistance from the engine fan
to reduce coolant temperature.

Figure 69: Fan Speed (Scenario 3)
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Figure 70: Change in Fan Speed (%) (Scenario 3)
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9.0: RANGE RA-01 DRIVER FEEDBACK

Drivers had positive feedback about pulling the Range RA-01 trailer. The kingpin sensor-
controlled power application made the trailer feel light and easy to pull. Drivers reported
the Range trailer did not ever feel as though it was pushing the tractor, which was a prior
concern of the drivers. The vehicle accelerated easier and faster with the Range system
activated, which the drivers also liked. Range made on-ramp merging and traffic lights
easier. The regenerative braking of the Range trailer also made slowing easier.

10.0: CONCLUSION
Overall, the Test tractor equipped with the Range RA-01 trailer experienced an
improvement in fuel economy during all scenarios.

The Test vehicle equipped with the Range RA-01 trailer experienced a fuel economy
improvement of 3.25 MPG (36.9%) during Scenario 1, an improvement of 4.69 MPG
(35.3%) during Scenario 2, and an improvement of 3.82 MPG (36.3%) during Scenario 3.

Other improvements noted were an increase in acceleration, ease of braking with
regenerative braking, a reduction in fuel consumption and a decrease in average engine
power required from the tractor. Driver satisfaction was also experienced with the Range
trailer.
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11.0: APPENDIX

11.1: TEST PERSONNEL

11.1a: MVT SOLUTIONS ENGINEERING
Daryl Bear, Lead Engineer & COO
Jacob Schwartz, Test Engineer and Driver
Jonathan Ruppert, Test Engineer

11.1b: MVT SOLUTIONS DRIVERS & TECHNICIANS
Jacob Schwartz, MVTS Test Engineer and Driver
John Rintelen, MVTS Technician and Driver

11.1c: RANGE ENERGY
Ryan Flatland, Simulation and Controls Lead
Angello Pinedo, Vehicle Test Engineer
Jeff Scorsur, Vehicle Operations Lead

11.2: MVT SOLUTIONS CONTACT INFO
Daryl Bear, Lead Engineer & COO
Daryl.Bear@m-v-t-s.com
317-603-9325

Jonathan Ruppert, Test Engineer
Jonathan.Ruppert@m-v-t-s.com
575-405-5015

MVTS Website
https://m-v-t-s.com/

58


mailto:dbear@InnovativeFuelSolutions.com
mailto:Jonathan.Ruppert@m-v-t-s.com
https://m-v-t-s.com/

“%“EE.‘%‘.‘E‘.{.‘%’“ Range RA-01 Fuel Economy Test

Fuel Economy Experts

{\VALLLEAY Range Energy, Inc.

11.3: VEHICLE PICTURES

11.3a: RANGE ENERGY RA-01 (2023 GREAT DANE DRY VAN) ADDITIONAL IMAGES

Figure 71: Great Dane Range Energy Dry Van (Left Side)
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Figure 73: Range Energy Drive Unit (Gen 1)

Figure 74: Range Energy Drive Unit (Side View)
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