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1.0: INTRODUCTION

Mesilla Valley Transportation Solutions (MVTS) certifies the fuel savings from this product
are as 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 product’s 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) 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. Note: blue text indicates a link to the topic. Click to follow. Alt + &
returns the reader to the initial location.

2.0 TEST SUMMARY

BG 2-Part Heavy Duty Engine & Fuel System Performance Restoration included adding
liquid treatment to the fuel tanks and engine oil immediately preceding a regularly
scheduled engine oil change. This included two products: Heavy Duty Fuel System
Performance Restoration (Diesel Fuel System Cleaner) and Engine Performance
Restoration. After adding the required amounts to the fuel tanks and engine oil, a
stationary regeneration was performed, followed by the regularly scheduled engine oll
change. During a 1000-mile track test at 65 mph, a Freightliner Cascadia with Detroit
Diesel 15-Liter engine showed an improvement of 1.31% with the BG 2-Part Heavy
Duty Engine & Fuel System Performance Restoration. An International LT with
Cummins X15 15-Liter engine showed an improvement of 2.11%. These results were
determined from the final 200 miles of the test. The Detroit Diesel saw steady
improvement throughout the 1000-miles, apart from an initial loss in the first 200 miles.
The Cummins engine saw an immediate improvement of 1.08% in the first 200 miles,
then remained relatively steady until approximately 600 miles, at which point it steadily
improved through the remainder of the test. Fuel injectors were removed before and after
the test to analyze the spray holes using a 200x digital microscope. Visual improvements
were found on both engines’ spray holes in the form of less blockage. Both trucks were
2017 model year with approximately 300,000 miles.

Table 1: Fuel Economy Test Results

Engine Type Test Results
Detroit Diesel DD15 1.31%
Cummins X15 2.11%
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3.0:

TEST VEHICLES

Fuel Economy Test:
BG Products

Three (3) vehicles were used for the BG 2-Part Heavy Duty Engine & Fuel System
Performance Restoration test, with details shown in the table below. Further vehicle
details can be found in the Appendix. Trucks were Class-8 sleeper cabs including two (2)
Freightliner Cascadia models and one (1) International LT. Each truck had approximately
300,000 miles and were 2017 model year. One (1) Cascadia was used as the Control
vehicle, which did not receive BG Product treatment. The other two (2) trucks were Test
vehicles that would receive BG Product treatment during the test. The purpose of two (2)
test vehicles was to quantify the effect of BG Products on the Detroit Diesel 15-Liter
engine of the Freightliner Cascadia as well as the Cummins X15 15-Liter engine of the
International LT. Trucks were provided by a well-renowned national carrier that is part of
the MVT Solutions Elite Fleet group.

All vehicle GVW's were approximately 44,000 Ibs. Trailers were 53' Hyundai dry vans,
with trailer skirts and no other aerodynamic products installed.

Purpose

Brand and Model
Model Year
Engine

Odometer (miles)
(Start of Baseline Run)

Trailer

Gross Vehicle Weight
(GVW) Ibs.

Table 2: Vehicle Info Summary

Vehicle A
Test Vehicle
Freightliner Cascadia
2017

Detroit Diesel 15-Liter
298,708

2019 Hyundai 53' Dry
Van

43,700

Vehicle B
Test Vehicle
International LT
2017
Cummins X15 15-Liter

289,255

2019 Hyundai 53' Dry
Van

44,200

Vehicle C
Compare Vehicle
Freightliner Cascadia
2017

Detroit Diesel 15-Liter
305,777

2019 Hyundai 53' Dry
Van

43,480
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Figure 1: Veh. A, 2017 Freightliner Cascadia w/DD15 (Test Truck)
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Figure 3: Veh. C, 2017 Freightliner Cascadia w/DD15 (Compare Truck)
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3.1: VEHICLE FUEL ECONOMY TEST EQUIPMENT
MVT Solutions fuel economy testing utilizes 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. Data loggers were
connected to each truck CAN Bus to record engine and vehicle data, which was analyzed
for further study of engine and aftertreatment systems.

MVTS test sensors include:
e Data acquisition system (records sensor data)
Fuel flow meter (accurate to 0.2%)
Fuel temperature sensor
Tire temperature sensor (infrared, mounted on left-front drive tire)
Ground/road temperature sensor (infrared, mounted ahead of 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

Figure 5: Aerodynamic Sensors Figure 6: Data Acquisition System
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Figure 7: Fuel Flow Meter

Figure 8: Tire Temp. Sensor
= =

4.0: TEST PROCEDURE

The BG Products test had multiple stages to quantify its affects. In simple fuel economy
tests, oftentimes a product shows results immediately after installation such as with
aerodynamic technologies. However, in the case of engine or fuel related technologies,
a break-in period (a.k.a. conditioning period) may occur in which case fuel saving results
may be delayed. This was expected with BG Products, whereby time would be required
to clean and treat the engine systems. For this reason, the BG Products test was 1000
miles in distance after treating the fuel and engine oil. Fuel injectors were also inspected
before and after the test.

4.1: STEP 1: PRE-TEST SERVICE AND PREPARATION
To ensure consistent engine variables for the duration of the test, several service tasks
were completed prior to testing.

4.1a: TRUCK SERVICE
Prior to testing, all three (3) trucks were serviced by Mesilla Valley Transportation
technicians including:

e Engine oil changed

e Fuel filters changed

e Air filters changed

e New tires installed

Engine oil was changed prior to testing. This ensured all three (3) trucks had oil in the
same condition for testing, and prior to the 1000-mile test when the oil was changed again.
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4.1b: FUELING

All fuel was drained from the trucks and refilled at the same time from the T/A in Las
Cruces, NM. Two (2) auxiliary fuel containers were also filled from the same T/A pumps,
totaling 600 gallons. This fueling procedure was followed to ensure all trucks used the
same batch of fuel throughout the entire test.

Figure 10: Filling Truck and Auxiliary Containers

Filling Aux. Containers

4.1c: FUEL INJECTOR INSPECTION

All six (6) fuel injectors were removed from the two Test trucks (Vehicle A and B;
Freightliner Cascadia and International LT). The fuel spray holes were inspected and
photographed using a 200x digital microscope. The fuel injectors were then reinstalled
with proper replacement fittings. This was to compare the condition before and after the
test of any blockage that may be present in the injector spray holes.

10
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Figure 11: Fuel Injector Removal (International LT w/Cummins X15)

Figure 12: Fuel Injector Inspection with 200x Digital Microscope

11
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4.1d: TRAILERS

Trailers were inspected and received regular maintenance to ensure consistency
between them.

Trailers were loaded equally to achieve approximately 44,000 Ibs. Gross Vehicle Weight
(GVW). Details for each vehicle can be found in the Appendix. Water totes were used for
ballast and secured in the trailers to ensure consistency throughout the test.

Following service and set-up, the two (2) Test trucks drove approximately 375 miles prior
to the Baseline run to the test track. The Compare truck (Truck C) drove approximately
475 miles.

12
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4.2: STEP 2: BASELINE TEST

The Baseline test consisted of 153 miles. The three (3) vehicles had a 1-minute gap
between them, which was equivalent to approximately one (1) mile. The vehicles travelled
at a steady speed of 65 miles-per-hour (mph). This resulted in an average Engine Actual
Torque % of 46%, and Engine Load % of 50.6% (see highlighted rectangles in Figure 14).

Figure 13: Baseline Run Entering Test Track

Prior to the Baseline run, tire pressures were set to 110 psi (cold). This was done in the
early morning prior to any sunlight affecting tire temperatures, which ensured consistency
between all tires. Engine stationary regenerations were conducted on each truck the night
prior to the Baseline run. This ensured consistency for the test run procedures.

Figure 14: Baseline Truck ECM Data
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4.3: STEP 3: BG PRODUCTS SERVICE

Immediately following the Baseline run, the two (2) test trucks received BG 2-Part Heavy
Duty Engine & Fuel System Performance Restoration service. All three (3) trucks had
stationary regenerations performed and oil changes to maintain consistency between
them. Details are shown in the table below.

Table 3: BG Products Service Steps

Truck A Truck B Truck C
Step (Freightliner/Detroit (International/ (Freightliner/
Test Truck) Cummins Test Detroit Compare
Truck) Truck)
BG Products: Heavy
Duty Fuel System 2 quarts added (1 2 quarts added (1
3A Performance quart per 100 gallon quart per 100 gallon None
Restoration (Diesel fuel tank) fuel tank)
Fuel System Cleaner)
BG Products: Engine 3 quarts added (1 3 quarts added (1
3B Performance quart per 15 quarts quart per 15 quarts None
Restoration engine oil) engine oil)

Engine Stationary Yes (after BG Product | Yes (after BG Product

3C Regeneration Yes
Performed added) added)
3D Engine Oil Changed Yes Yes Yes

Figure 15: Step 3: BG Service (2 Test Trucks), Regen & Oil Change (All 3 Trucks)

14
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4.4: STEP4:1000-MILE TEST RUN

Following BG Product service and engine oil changes, the 1000-mile Test run
commenced. Vehicles were driven in the same sequence with 1-minute intervals between
them. The vehicles stopped every 200 miles for data download and driver changes. Two
drivers were assigned to each truck, alternating each 200-mile test run.

Fuel consumption and MVTS proprietary data were collected during all driving miles
during the Baseline and 1000-mile Test runs. Therefore, fuel consumption of the vehicles
was compared throughout the entirety driven miles.

Note: since the BG Fuel System Performance Restoration was added to the Test trucks
(Truck A and Truck B) fuel tanks, the fuel systems in those trucks were treated for the
entire 1000-mile Test run. This allowed the product to continually treat fuel economy of
the two Test vehicles.

4.4a: PRODUCT INFORMATION AND PROCEDURE
BG 2-Part Heavy Duty Engine & Fuel System Performance Restoration included:

e Heavy Duty Fuel System Performance Restoration (Diesel Fuel System Cleaner)
e Engine Performance Restoration (EPR)

Figure 16: Fuel System Performance Restoration

15
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Figure 17: Engine Performance Restoration (EPR)

The BG 2-Part Heavy Duty Engine & Fuel System Performance Restoration is designed
to be included with regular oil change service intervals, and is very straight-forward and
simple. The two (2) products are added prior to changing the engine oil. A stationary
regeneration is conducted, which takes approximately 45-60 minutes for most Heavy Duty
diesel engines (steps outlined in Table 3 in section above). The purpose of conducting
the stationary regeneration is to allow the engine to operate in a non-idle condition, while
generating heat and cleaning the engine and aftertreatment system. The purpose of
conducting this service prior to an oil change is to allow the engine deposits which collect
in the engine oil to be immediately removed from the engine.

The purpose of the BG Products Service overall is to restore the lost performance in an
engine, which can occur in normal operations. This occurs due to deposits forming on
parts such as pistons, piston rings, fuel injectors, combustion chamber, and
aftertreatment system among others.

BG Products Fuel System Performance Restoration remains in the fuel tanks after the oil

change and is consumed during regular usage following the oil change (i.e. fuel tanks are
not drained following the oil change).

16
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5.0: TESTRESULTS

As listed in the Summary section, the BG 2-Part Heavy Duty Engine & Fuel System
Performance Restoration resulted in a fuel economy improvement of 1.31% for the
Freightliner Cascadia with Detroit Diesel DD15 15-Liter engine, and 2.11% for the
International LT with Cummins X15 15-Liter engine. These values are the average
values from the 800-1000 mile Test run, shown on the right side of Figure 18 and Figure
20 respectively. These values were used as the primary test results since they indicate
the results as the product progressed through the test, which can be considered a break-
in or conditioning period. This will be explained in more detail below.

Figure 18: Detroit Diesel DD15, 15-Liter Results by 200-mile Test Run
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Figure 19: Detroit Diesel DD15, 15-Liter Results by Lap
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Figure 20: Cummins X15, 15-Liter Results by 200-mile Test Run
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Figure 21: Cummins X15, 15-Liter Results by Lap
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5.1: DETROIT DIESEL DD15, 15-LITER RESULTS

As shown in Figure 18, the Detroit Diesel fuel consumption improved throughout the test.
The upward trend suggests improvement may have continued if the test was extended
past 1000 miles. From 0-200 miles, the fuel consumption worsened with a value of
-0.50%. This initial detriment to fuel consumption is not surprising. MVTS has experienced
this trend in other engine and aftertreatment tests, which can occur for various reasons.
This can include the cleaning process itself temporarily leaving contaminants in those
systems that clear out over time and distance travelled (i.e. break-in or conditioning
period). A second reason can be changes in the engine and/or aftertreatment that cause
the Engine Computer Management (ECM) to alter its programming and function of those
system. These will be analyzed further in a follow-up report.

The fuel consumption continuously improved throughout the 1000-mile test, becoming
positive during the 600-800 mile run at 0.31% and finally to 1.31% during the 800-1000

18
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mile run. The trendline is a moving average of the values acquired for each lap. Therefore,
rather than using an average value from a 200-mile distance as in the bar graph figure
above, a distance of one lap (9 miles) was used to acquire greater resolution and detail
in the results. The upward trend is also visible in Figure 19, where the trendline (dotted
line) crosses the zero value at approximately 656 miles. This suggests approximately 650
miles were required to experience the fuel consumption benefit on the Detroit Diesel
engine with 300,000 miles accumulated (i.e. this was the 'break-in' period). However, it
should be noted that engines may experience different break-in periods based on their
condition, miles accumulated, or other important characteristics.

An important section to recognize in Figure 19 is the sudden upward spike at
approximately 868 miles and resultant increase in the trendline following. The spike was
due to a decrease in fuel consumption on the Compare vehicle, which resulted in a
comparative improvement for the Test vehicle since the fuel efficiency is a comparison of
the Test and Compare vehicles. Initially, this may appear as an anomaly or faulty test
result; however, MVTS considers this valid and will explain further. Note: unless the
reader is familiar with the function of the Detroit Diesel fuel system, this explanation may
seem easy to dismiss; however, MVTS has experienced this occurrence many times
during testing, as have other testing organizations.

The Detroit Diesel engine (i.e. in Vehicle C, the Compare vehicle) has a unique fuel
system whereby it stores fuel internally when fuel demand is low, and opposingly
consumes from that storage when demand is high. As a result, when measuring fuel flow
such as in this test, this fuel storage feature can appear to skew results. However,
although there was a spike in the results at the 868 mile mark, there was also an opposing
decrease during the miles following. This is illustrated by comparing the trendline (dotted
line) on the left of the spike (779 - 838 miles) to the trendline after the spike (868 - 960
miles). The former section of the trendline is above zero, whereas the ladder is near-zero
for the entire period from 868 to approximately 960 miles. This is a result of the Compare
vehicle engine consuming fuel which was stored during the spike period. Although MVTS
has experienced this many times during testing, each instance must be analyzed
individually to ensure the storage characteristic averages accordingly. In this instance,
the final results are considered legitimate. This is evidenced by the near-zero values
following the spike as discussed. This is further evidenced by viewing the trendline from
534 to 748 miles, which was a continuous upward trend, and an indication of continuous
improvement in fuel consumption for the test vehicle. Whereas from 748 miles until the
spike, the trendline was relatively flat. It is unlikely the fuel consumption ceased
improvement at 748 miles, whereas it is more likely the Detroit Diesel in the Compare
vehicle was consuming fuel from its storage and skewing the results, which became
depleted after the 838 mile mark and replenished its fuel storage as shown in the sudden
spike. Overall, MVTS considers the final test results of 1.31% for the Detroit Diesel 15-
Liter engine to be legitimate. In fact, MVTS believes the results may have continued to
improve if tested longer based on the continuous upward trend leading up to 1000 miles.
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5.2: CUMMINS X15 15-LITER RESULTS

The Cummins X15 saw positive results in the 0-200 mile run of 1.08% (Figure 20). This
differed to the Detroit Diesel, which initially experienced a negative impact on fuel
consumption. However, although the Cummins X15 saw an immediate improvement, it
remained near 1% for the first 600 miles, at which time it began to improve from that
period until the end of the test at 1000 miles. This improvement after approximately 600
miles was similar to the trend found with Detroit Diesel engine discussed above. The main
difference being that the Cummins experienced an improvement in the 0-200 mile run
whereas the Detroit Diesel saw a detriment initially. By comparison, from 600 to 1000
miles, the Cummins showed an improvement of 1.24% (i.e. from 0.87% to 2.11%) and
the Detroit Diesel experienced an improvement of 1.66% (i.e. from -0.35 to 1.31%).
Therefore, although the two engines had difference trends in the first 200 miles after BG
Products Service treatment, they saw similar results after 600 miles. This is a positive
sign of BG Products' performance. This also suggests that approximately 600 miles are
required for a break-in period before seeing steady improvement. The trend also raises
the question of whether greater fuel savings would have been measured if the test were
extended past 1000 miles.

Table 4: Test Runs

Run Name
Run 1 Baseline
Run 2 I(;)(_}zgéou(liis
Run 200.400 il
Run 4 100.600 il
Run 500.500 il
Run 6 3]035 11(;];](;1 Eis
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5.3: UNITS OF MEASUREMENT

The BG Products test results are shown as a percent since they pertain to engine
efficiency, which is measured as a percent. This differs to technologies in other categories
such as aerodynamics and tire rolling resistance, which are measured in gallons per 1000
miles (gal/1000 miles). This topic is explained in the report since MVTS is an advocate
for measuring in gallons per 1000 miles and this report may seem contradictor. Contact
MVTS with questions about units of measurement.

5.4: WEATHER CONDITIONS SUMMARY

Temperatures ranged from 24.0°F to 51.0°F. Winds ranged from 3 mph to 10 mph. It
should be noted that the MVTS test methods account for these variables and their affects
on fuel savings. Therefore, the range in climate conditions did not impede the test results
shown in this report. Complete weather data can be found in the Appendix.

5.5. MEASUREMENT ACCURACY

The accuracy of fuel economy measurements is critical in determining the trustworthiness
of test results. Historically, this has been a major difficulty in the trucking industry with fuel
economy testing, which has led to confusion and misleading results. The MVTS test
methods overcome this issue by achieving better accuracy, which is one of the ways it
provides more reliable test results.

Accuracy for all the tests were calculated using a 95% confidence interval, a common
standard for testing measurement. 95% confidence interval indicates that if the test was
repeated 100 times, values would fall within the range in 95 out of the 100 tests (i.e. the
reader would be 95% confident the value would be within that range).

In the case of the BG Products test, accuracy was somewhat unique. Due to the fuel
system complication in the Detroit Diesel engine and the spike in fuel consumption, this
created what appears as a deviation from the average. As a result, theoretical calculations
for accuracy were affected (i.e. margin of error became greater). Figure 19 shows the
spike in percent (%) results at the 868-mile mark, which as discussed in that section is
explainable and not an error in the test. Therefore, the theoretical accuracy that is
calculated using the standard deviation is incorrect from a practical standpoint and will be
analyzed further.

Using all lap data, the accuracy of the Detroit Diesel DD15 was +/- 2.12%. If the two (2)
spike laps are removed, the accuracy becomes +/- 0.33%, which is more realistic and
indicates the test is accurate and valid. In fact, knowing the fuel consumption of the Detroit
Diesel drifted before and after the spike occurred due to the fuel system, the practical
accuracy of the test can be expected to be even better.

Using an accuracy value of +/- 0.33%, Figure 22 below illustrates the bell curves for the

Detroit Diesel Baseline vs. 800-1000 miles (i.e. final 200 miles of the test). The bell curves
illustrate a clear difference in fuel economy. The fuel savings was 1.31%. The minimum
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and maximum values are the test results plus or minus the accuracy value (1.31% +/-
0.33%), which were 0.98% and 1.64%.

Figure 22: Detroit Diesel Baseline vs. 800-1000 miles Fuel Consumption Bell Curve
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Similar to the Detroit Diesel DD15 accuracy, the Cummins X15 accuracy was also
affected by the fuel system on the Detroit Diesel Control vehicle. Figure 21 shows a spike
in percent (%) results at the 868-mile mark similar to the DD15 graph of Figure 19. The
theoretical accuracy when including all laps was +/- 2.47%; however, when removing the
two (2) spiked laps the accuracy was +/- 0.53%, which for the same reasons as explained
above is more realistic. Figure 22 below illustrates the statistical bell curve for the
Cummins X15 Baseline vs. 800-1000 miles (i.e. final 200 miles of the test). The bell curves
illustrate a clear difference in fuel economy. The fuel savings were 2.11%. The minimum
and maximum values are the test results plus or minus the accuracy value (2.11% +/-
0.53%), which were 1.58% and 2.64%.

Figure 23: Cummins X15 Baseline vs. 800-1000 miles Fuel Consumption Bell Curve
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6.0: FUEL INJECTOR INSPECTION FINDINGS

Inspecting the injector spray holes was challenging due to their small size, awkward
shape of the injector itself, and temporary set-up in the MVT shop. In a laboratory, images
would have been more consistent; however, that would have required shipping the
injectors and more downtime for the test vehicles and the on-site method was chosen.

6.1: DETROIT DIESEL DD15 INJECTOR SPRAY HOLE FINDINGS

Viewing the spray holes from the six (6) cylinders shows a pattern on the DD15; less
debris on the internal diameter of the spray holes. Figure 24 is a good example, such as
Spray Hole 4 ‘Before’ and ‘After’ images. The Before image on the left show deposits on
the inner diameter of the spray hole [A], appearing metallic colored. On the right, the After
image shows a clean inner diameter, no deposits, and overall less blockage in the
diameter of the spray hole. These images require some subjectivity in their analysis;
however, the pattern is the same throughout the spray holes shown (Figure 24 - Figure
29). While viewing the spray holes in-person with the microscope, it was easier to
recognize the difference in the Before and After condition, simply due to seeing multiple
angles and lighting conditions. Overall, the improved injector spray hole conditions help
explain the improved fuel economy on the Detroit Diesel-powered vehicle.

6.2: CUMMINS X15 INJECTOR SPRAY HOLE FINDINGS

Similar to the DD15 injectors, the Cummins X15 saw improvements in the ‘Before’ and
‘After’ results. The After results showed less debris and blockage (Figure 30 - Figure 35),
similar to the DD15. On Figure 31, Spray Hole 6, there appears to be considerable
blockage in the Before image [A], whereas the After image is more open [B]. Due to the
angles and lighting, quantifying improvements may be somewhat subjective; however,
since fuel economy improved, the injector images help support reasons why.
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Figure 24: DD15 Cylinder 1 Injector Spray Holes

Unit #53914 Detroit Diesel DD15 298,281 Miles
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Figure 25: DD15 Cylinder 2 Injector Spray Holes

CYLINDER TWO

BEF ORE AFTER




RANSPORTATION
OLUTIONS BG Products

Fuel Economy Experts

{Mﬁﬁ'ﬂ‘v Fuel Economy Test:

Figure 26: DD15 Cylinder 3 Injector Spray Holes
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Figure 27: DD15 Cylinder 4 Injector Spray Holes
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Figure 28: DD15 Cylinder 5 Injector Spray Holes
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Figure 29: DD15 Cylinder 6 Injector Spray Holes
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Figure 30: Cummins X15 Cylinder 1 Injector Spray Holes
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Figure 31: Cummins X15 Cylinder 2 Injector Spray Holes
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Figure 32: Cummins X15 Cylinder 3 Injector Spray Holes
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Figure 33: Cummins X15 Cylinder 4 Injector Spray Holes
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Figure 34: Cummins X15 Cylinder 5 Injector Spray Holes

BEEORE CYLINDER FIVE AETER

SPRAY HOLE 2

................................................... e e e et

SPRAY HOLE 4

................................................... e B i L

y

SPRAY HOLE 6




{Mﬁﬁ'ﬂ‘v Fuel Economy Test:

RANSPORTATION
OLUTIONS BG Products

Fuel Economy Experts

Figure 35: Cummins X15 Cylinder 6 Injector Spray Holes
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7.0: CONCLUSION

The Detroit Diesel DD15 and Cummins X15 15-Liter engines saw fuel consumption
improvements of 1.31% and 2.11% respectively with the BG 2-Part Heavy Duty Engine
& Fuel System Performance Restoration service, which included Heavy Duty Fuel System
Performance Restoration (Diesel Fuel System Cleaner) and Engine Performance
Restoration.

The Detroit Diesel saw an initial loss in fuel consumption and then steadily increased
throughout the 1000-mile test, becoming positive (i.e. above zero) at approximately 650
miles and averaging 1.31% for the final 200 miles of the test.

The Cummins saw an immediate improvement from the BG Products service of 1.08%. It
then remained relatively steady near 1% until approximately 600 miles where it steadily
increased to average 2.11% in the final 200 miles of the test.

Since both engines were still improving after 1000 miles tested, greater fuel savings may
have been measured if the test were extended.

Discrepancy in the test results may derive from the spike in the fuel economy
improvement at approximately 868 miles and its subsequent overall improvement from
that spike. However, thorough analysis of the lap-by-lap results, as well as experience
with the fuel storage characteristic of the Detroit Diesel engine, indicated that all results
shared in this report can be considered reliable and legitimate. Greater detail on the topic
can be found in the Test Results section relating to the Detroit Diesel.

Theoretical accuracy was affected by the spike in fuel consumption of the Control vehicle;
however, analysis showed that when omitting the two (2) spike laps the accuracy was
+/- 0.33% for the Detroit Diesel DD15 and +/- 0.53% for the Cummins X15. Both accuracy
values can be considered valid and reliable for the product evaluation.

Conducting the BG Product service is relatively simple and straight-forward. The BG
Product service requires adding (in this case) 2 quarts of Fuel System Performance
Restoration to the fuel tanks (1 quart per 100 gallons) and 3 quarts of Engine Performance
Restoration to the engine crankcase. A stationary regeneration is then performed, and
the engine oil drained and replaced accordingly. This is a procedure any trucking
company could follow to improve fuel economy and potentially improve maintenance
issues in the engine and aftertreatment systems.

Inspection of the fuel injectors before and after the test showed visual signs of
improvement from reduced blockage in the fuel spray holes. This has the potential to also
reduce maintenance and downtime. It is unknown if the reduced blockage was the cause
of the fuel economy improvement or simply part of it. Other areas of potential
improvement include the pistons, rings, and aftertreatment system. Engine and
aftertreatment data will be further analyzed in a subsequent report.
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Overall, the improvement in fuel economy and spray hole blockage from the BG Product
service is highly encouraging for any trucking fleet. Since it has been historically difficult
to find fuel economy improvements from a product added to the fuel system and/or engine
oil, the BG 2-Part Heavy Duty Engine & Fuel System Performance Restoration deserves
great recognition for achieving 1.31% on the Detroit Diesel DD15 and 2.11% on the
Cummins X15.
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8.0: APPENDIX

8.1: VEHICLE A TRUCK/TRAILER VEHICLE DETAILS

Figure 36: Vehicle A Info (Test Veh.)

December 2, 2019
Date
Company Not Available
Location Pecos, Texas
Test Route Pecos 9-mile Test Track

TRUCK ID: 53914
Brand Freightliner
Year 2017
Model Classic Cascadia
Engine Detroit Diesel DD15
VIN 3AKIGLDR6HSHDS8126
Mileage (miles): 298,308
Transmission Detroit DT12
Rear Gear 2.41:1
Fuel Load Full at start of dyno, start of Pecos test
Fuel Type & Batch No. 2 Diesel
Axle Weights 11,220 16,520 15,960
Total weight 43,700
TRAILER ID: 7453
Model Hyundai 3VC2530152-AJSW
VIN 3H3V532C6LT401126
Year 2019
Size 53'
Trailer Gap (inches) 36 inches
Add-ons

39



= ‘\ ESILLA

VALLEY Fuel Economy Test:
L leotomamna BG Products

Fuel Economy Experts

Figure 37: Vehicle A Tire Info (Test Veh.)

Truck 53914

LF:

Michelin X Line Energy

275/80R22.5

18/32

110

Front Axle Tires

Type

Size

Tread Depth (32nds)

Pressure (psi)

LF-Outer Drive:

Michelin XDA Energy +

LF-Inner Drive:

Michelin XDA Energy +

Drive Axle Tires

275/80R22.5
22/32

275/80R22.5
22/32

Type

110

110

Size
Tread Depth (32nds)
Pressure (psi)

LR-Outer Drive:

Michelin XDA Energy +

LR-Inner Drive:

Michelin XDA Energy +

Drive Axle Tires

275/80R22.5

275/80R22.5

Type

22/32

110

22/32

110

Size

Tread Depth (32nds)

Pressure (psi)

RF: Same

Michelin X Line Energy

275/80R22.5

18/32

110

RF-Inner Drive:

Michelin XDA Energy +

RF-Outer Drive

Michelin XDA Energy +

275/80R22.5
22/32

275/80R22.5
22/32

110

110

RR-Inner Drive:

Michelin XDA Energy +

RR-Outer Drive

Michelin XDA Energy +

275/80R22.5

275/80R22.5

22/32

110

22/32

110

LF-Outer Trailer:

Michelin X Line Energy T

LF-Inner Trailer:

Michelin X Line Energy T

Trailer

Tandem Front

275/80R22.5

13/32

275/80R22.5

13/32

Type

110

110

Size
Tread Depth (32nds)

Pressure (psi)

LR-Outer Trailer:

Michelin X Line Energy T

LR-Inner Trailer:

Michelin X Line Energy T

Tandem Rear

275/80R22.5
13/32
110

275/80R22.5
13/32
110

Type

Size
Tread Depth (32nds)
Pressure (psi)

7453

RF-Inner Trailer

Michelin X Line Energy T

RF-Quter Trailer

Michelin X Line Energy T

275/80R22.5

13/32

275/80R22.5

13/32

110

110

RR-Inner Trailer

Michelin X Line Energy T

RR-Outer Trailer

Michelin X Line Energy T

275/80R22.5
13/32
110

275/80R22.5
13/32
110
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8.2: VEHICLE B TRUCK/TRAILER VEHICLE DETAILS

Figure 38: Vehicle B Info (Test Veh.)

December 2, 2019
Date
Company Not Available
Location Pecos, Texas

Test Route Pecos 9-mile Test Track
TRUCK ID: 56039
Brand International
Year 2017
Model LT
Engine Cummins X15
VIN 3HSDZAPR6JN510743
Mileage (miles): 288,613
Transmission Eaton 10 speed AMT
Rear Gear 2.73
Fuel Load Full at start of dyno, start of Pecos test
Fuel Type & Batch No. 2 Diesel
Axle Weights 11,540 16,660 16,000
Total weight 44,200

Photo/Video/Audio folder name:

TRAILER ID: 7543

Model Hyundai 53' Dry Van VC2530152-AlS
VIN 3H3V532C0LT401199

Year 2019

Size 53'

Trailer Gap (inches) 36 inches

Add-ons
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Figure 39: Vehicle B Tire Info (Test Veh.)

Truck 56039

LF:

Michelin X Line Energy

275/80R22.5

19/32

110

Front Axle Tires

Type

Size
Tread Depth (32nds)

Pressure (psi)

LF-Quter Drive:

Michelin XDA Energy +

LF-Inner Drive:

Michelin XDA Energy +

Drive Axle Tires

275/80R22.5

275/80R22.5

Type

22/32

22/32

Size

110

110

Tread Depth (32nds)

Pressure (psi)

LR-Outer Drive:

Michelin XDA Energy +

LR-Inner Drive:

Michelin XDA Energy +

Drive Axle Tires

275/80R22.5

22/32

275/80R22.5

22/32

Type

110

110

Size
Tread Depth (32nds)

Pressure (psi)

RF: Same

Michelin X Line Energy

275/80R22.5

19/32

110

RF-Inner Drive:

Michelin XDA Energy +

RF-Outer Drive

Michelin XDA Energy +

275/80R22.5

275/80R22.5

22/32

22/32

110

110

RR-Inner Drive:

Michelin XDA Energy +

RR-Outer Drive

Michelin XDA Energy +

275/80R22.5

22/32

275/80R22.5

22/32

110

110

LF-Outer Trailer:

LF-Inner Trailer:

Trailer

Michelin X Line Energy T

Michelin X Line Energy T

Tandem Front

Type

Size

275/80R22.5 275/80R22.5
13/32 13/32
110 110

Tread Depth (32nds)

Pressure (psi)

LR-Outer Trailer:

LR-Inner Trailer:

Tandem Rear

Michelin X Line Energy T

Michelin X Line Energy T

Type
Size

275/80R22.5 275/80R22.5
13/32 13/32
110 110

Tread Depth (32nds)

Pressure (psi)

7543

RF-Inner Trailer

RF-Outer Trailer

Michelin X Line Energy T

Michelin X Line Energy T

275/80R22.5 275/80R22.5
13/32 13/32
110 110

RR-Inner Trailer

RR-Outer Trailer

Michelin X Line Energy T

Michelin X Line Energy T

275/80R22.5 275/80R22.5
13/32 13/32
110 110
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8.3: VEHICLE C TRUCK/TRAILER VEHICLE DETAILS

Figure 40: Vehicle C Info (Compare Veh.)

December 2, 2019
Date
Company Not Available
Location Pecos, Texas
Test Route Pecos 9-mile Test Track
TRUCK ID: 54938
Brand Freightliner
Year 2017
Model Classic Cascadia
Engine Detroit Diesel DD15
VIN 3AKJGLDR7HSGP5297
Mileage (miles): 305,009
Transmission Detroit DT12
Rear Gear 2.41:1
Fuel Load Full at start of dyno, start of Pecos test
Fuel Type & Batch No. 2 Diesel
Axle Weights 11,200 16,120 16,160
Total weight 43,480

Photo/Video/Audio folder name:

TRAILER ID: 7445

Model Hyundai 53' Dry Van 3VC2530152-AJSW
VIN 3H3V532C6LT401126

Year 2019

Size 53'

Trailer Gap (inches) 36 inches

Add-ons
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Figure 41: Vehicle B Tire Info (Test Veh.)

Truck 54938
LF: Front Axle Tires RF: Same
Michelin X Line Energy Type Michelin X Line Energy
275/80R22.5 Size 275/80R22.5
Tread Depth
19/32 19/32
/ (32nds) /
110 Pressure (psi) 110

LF-Outer Drive:

LF-Inner Drive:

Drive Axle Tires

RF-Inner Drive:

RF-Outer Drive

Michelin XDA Energy + Michelin XDA Energy + Type Michelin XDA Energy + Michelin XDA Energy +
275/80R22.5 275/80R22.5 Size 275/80R22.5 275/80R22.5
22/32 22/32 freaa wept 22/32 22/32
110 110 Pressure (psi) 110 110

LR-Outer Drive:

LR-Inner Drive:

Drive Axle Tires

RR-Inner Drive:

RR-Outer Drive

Michelin XDA Energy + Michelin XDA Energy + Type Michelin XDA Energy + Michelin XDA Energy +
275/80R22.5 275/80R22.5 Size 275/80R22.5 275/80R22.5
22/32 22/32 Tread Depth 22/32 22/32

(32nds)
110 110 Pressure (psi) 110 110

Trailer

LF-Outer Trailer:

LF-Inner Trailer:

Tandem Front

7445

RF-Inner Trailer

RF-Outer Trailer

Michelin X Line Energy T Michelin X Line Energy T Type Michelin X Line Energy T Michelin X Line Energy T
275/80R22.5 275/80R22.5 Size 275/80R22.5 275/80R22.5
Tread Depth
13/32 13/32 13/32 13/32
/ / (32nds) / /
110 110 Pressure (psi) 110 110

LR-Outer Trailer:

LR-Inner Trailer:

Tandem Rear

RR-Inner Trailer

RR-Outer Trailer

Michelin X Line Energy T Michelin X Line Energy T Type Michelin X Line Energy T Michelin X Line Energy T
275/80R22.5 275/80R22.5 Size 275/80R22.5 275/80R22.5
13/32 13/32 Tread Depth 13/32 13/32

(32nds)
110 110 Pressure (psi) 110 110
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8.4: TEST ROUTE
Pecos, Texas 9-mile circle track. Counter-clockwise direction, middle lane (of 3).

Figure 42: Pecos Test Track
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8.5: SAVINGS CALCULATIONS
Below is a brief outline of how to use the test results to calculate savings. For more detail
or assistance contact MVT Solutions.

8.5a: Fuel Savings Calculations
Fuel savings resulting from this test can be calculated as follows:

Test result (percent) x Fuel Used per year, per vehicle

Example: BG Products with Cummins X15 engine = 2.11%. If a vehicle travels 125,000
miles per year at 7 miles-per-gallon, the total fuel used is 17,857 gallons:

2.11% x 17,857 = 377 gallons saved annually
8.5b: FINANCIAL SAVINGS CALCULATIONS

Financial calculations can be made by multiplying the fuel saved by the fuel price. Using
the U.S. average retail price of diesel fuel in 2019, $3.056 /gal:

377 gallons/year x $3.056 /gal = $1,152 /year in fuel savings

To continue calculating the net financial savings requires input of the product investment,
fleet trailer-to-truck ratio and other pertinent variables unique to each carrier. Contact
MVTS for assistance if required.

8.5C: TECHNOLOGY PAYBACK AND RETURN-ON-INVESTMENT

Buyers of fuel economy technologies are most interested in saving money. For a
technology supplier to be successful, their technology must save their potential customers
money.

a) Fuel savings (per year) = (percent test result) x (vehicle fuel used per year)
b) Dollar savings (per year) = (Fuel savings (per year)) x (Price of fuel per gallon)

c) Payback (months) = (Product cost) / (Dollar savings per month)

1 Source:
https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=EMD EPD2DXL0 PTE NUS DPG&f=W
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8.6: WEATHER CONDITIONS
Weather during testing was cool with light wind. Weather data was acquired from a local
Weather Underground weather station. Source shown below.

The reader should be aware that MVTS methods include instantaneous and constant
weather data acquisition on each vehicle, and this testing has minimal dependency on
external weather data collection. MVTS test data accounts for changes in wind,
temperature, and other pertinent variables instantaneously. Note, darkened rows pertain
to test times.

Table 5: Test Run Times

Begin End
Baseline 7:30 A M. | 9:53 AM.
BG Products
0-200 miles 2:18 P.M. | 5:20 P.M.
BG Products

500400 miles 5:56 PM. | 8:59 PM.

BG Products

400-600 miles 9:33 P.M. |12:35 AM.

BG Products

600-800 miles 1:11 AM. | 4:14 AM.

BG Products

300-1000 miles 4:32 AM. | 7:43 A M.
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Table 6: Weather Data, December 18

Fuel Economy Test:

BG Products

Time
12:53 AM
1:53 AM
2:53 AM
3:53 AM
4:53 AM
5:53 AM
6:53 AM
7:53 AM
8:53 AM
9:53 AM
10:53 AM
11:53 AM
12:53 PM
1:53 PM
2:53 PM
3:53 PM
4:53 PM
5:53 PM
6:53 PM
7:53 PM
8:53 PM
9:53 PM
10:53 PM
11:53 PM

Temperature Dew Point Humidity Wind Wind Speed Wind Gust Pressure Precip. Condition

28F
26 F
27F
27F
26 F
24F
24 F
25F
32F
41 F
44 F
47F
50F
S0F
51F
51F
S0F
46 F
41 F
40F
38T
37F
37F
32F

I8F
17F
18F
I8F
17F
17F
I6F
17F
21F
20F
19F
14F
I0F
8F
6T
6F
SF
7F
I0F
I11F
I11F
14F
12F
I13F

66 %
69 %
69 %
69 %
69 %
75 %
71 %
72 %
64 %
43 %
37 %
27 %
20 %
18 %
16 %
16 %
16 %
20 %
28 %
31%
33 %
39 %
36 %
45 %

7 mph
7 mph
6 mph
7 mph
6 mph
6 mph
5 mph
5 mph
5 mph
9 mph
10 mph
10 mph
8 mph
8 mph
8 mph
10 mph
8 mph
6 mph
3 mph
5 mph
5 mph
8 mph
9 mph
7 mph

0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph
0 mph

27.40 in
27.40 in
27.40 in
2739 in
2738 n
27.37 in
2738 in
2739
27.40 in
2741 in
2741 mn
27.39in
27.36 in
2732 m
27.30 in
27.29 in
27.28 n
27.28 in
27.29 in
27.29
27.30 in
27.30 in
2730 in
27.29 in

0.0 m
0.0in
0.0m
0.0 m
0.0in
0.0 mm
0.0 m
0.0 m
0.0 m
0.0 m
0.0in
0.0 mm
0.0 m
0.0 m
0.0 m
0.0 m
0.0 m
0.0 m
0.0 m
0.0 m
0.0 m
0.0 m
0.0 m
0.0 m

Fair
Fair
Fair
Fair
Fair
Fair

Source: https://www.wunderground.com/history/daily/us/tx/midland/KMAF/date/2019-12-18
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Table 7: Weather Data, December 19

BG Products

Time Temperature Dew Point Humidity Wind Wind Speed Wind Gust Pressure Precip.

12:53 AM 33F 12F 42 % S 7 mph Omph 2728in 0.0in
1:53 AM 31F I3F 47 % S 6 mph Omph 27.26m 0.0in
2:53 AM 31F 13F 47 % S 5 mph Omph 2725in 0.0in
3:53 AM 34F 11F 38%  SSW 8 mph Omph 2724in 0.0in
4:53 AM 30F 12F 47 % S 6 mph Omph 2723m 0.0
5:53 AM 29F 13F 51 % S 7 mph Omph 2722in 0.0in
6:53 AM 30F I3F 49 % S 6 mph Omph 2722m 0.0in
7:53 AM 29F I13F 51 % S 7 mph Omph 2722m 0.0
8:53 AM 32F 16 F 52%  SSE 6 mph Omph 2722in 0.0in
9:53 AM 41F I5F 35 % S 13 mph Omph 2723m 0.0in
10:53 AM 46 F 12F 25 % S 15 mph 25mph  2723in 0.0in
11:53 AM 49F I3F 24 % S 15 mph Omph 27.20mn 0.0in
12:53 PM 52F 13T 21 % S 17 mph Omph 27.17mm 0.0in
1:53 PM 52F 14F 22% S 14 mph Omph 27.14m 0.0in
2:53 PM 52F 14F 22%  SSE 16 mph Omph 27.11m 0.0
3:53 PM 51F I13F 22 % S 14 mph 23mph  27.10m 0.0 1n
4:53 PM S51F 13F 22% S 17 mph Omph 27.10mm 0.0in
5:53 PM 49F I3F 24 % S 12 mph Omph 27.12m 0.0
6:53 PM 47F I5F 28%  SSE 13 mph Omph 27.12in 0.0in
7:53 PM 46 F I5F 29%  SSE 15 mph Omph 27.11in 0.0in
8:53 PM 45F 16 F 31 % S 13 mph Omph 27.13m 0.0in
9:53 PM 45F 16 F 31%  SSE 16 mph Omph 27.12in 0.0in
10:53 PM 45F 13F 27 % S 16 mph Omph 27.13in 0.0in
11:53 PM 44F 14F 30 % S 13 mph Omph 27.13m 0.0in

Condition
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair

Mostly Cloudy
Fair

Fair

Source: https://www.wunderground.com/history/daily/us/tx/midland/KMAF/date/2019-12-19
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8.7: PRODUCT DETAILS
e Heavy Duty Fuel System Performance Restoration (Diesel Fuel System Cleaner)
e Engine Performance Restoration (EPR)

8.8: TEST PERSONNEL

8.8a: MVT SOLUTIONS
e Daryl Bear, Lead Engineer & COO
e Drew Cassidy, Test Engineer

8.8b: DRIVERS
Allan Dahringer
Carlos Aragon
Jack Burchell
Seth Knight

Bill Barton
Andrew Burnett

8.8c: BG PRODUCTS
e Steve Bash, Technical Sales
e Nathan Ebert, Chief Business & Strategy Officer
e Tim Allbritten, Senior Business Development Manager

8.9: MVT SoLUTIONS CONTACT INFO
Daryl Bear, Lead Engineer & COO
Daryl.Bear@m-v-t-s.com

317-603-9325

Drew Cassidy, Test Engineer
Drew.Cassidy@m-v-t-s.com

Website: www.m-v-t-s.com
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