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ABSTRACT

This Oil Bypass Filter Technology Evaluation final report docusém feasibility of using oil

bypass filters on ECO Transit buses. This test took place over a 7 month period of 2008 and the
test bus logged over 45,000 miles while a control bus was tested repeatedly over 42,000 miles.
Oil samples, taken at each 6,6@@e bus servicing event documented the condition of the engine
oil for continued service. Twenseven variables were normally tested, including the presence of
desired additives and undesired wear metals such as iron and chrome, as well as soot, water,
glycol, and fuel.

Depending on the assumptions employed, the Eagle County Fleet Maintenance Manager found
that oil bypass filter systems for diesel engine buses have a positive payback at approximately
36,000 miles or 60,000 miles (as tested), whictb@iaa 6 month or 10 month return on
investment (ROI) based on current use for the test bus.

Disclaimer
This document highlights work sponsored by agencies of Eagle County, Colorado. Neither the County
Government nor any agency thereof, any of their employees, makes any warranty, express or implied,
or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its useotviodiithge privately
owned rights. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by EagCounty or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of Eagle County or any agency thereof



SUMMARY

This report is the final report that documents the feasibilitysofguoil bypass filter technology

on the ECO Transit bus fleet. This evaluation was conducted by the Eagle County Fleet
Maintenance Department for the ECO Transit management and the Environmental Department of
Eagle County. Kleenoil USA, Inc. oil bypafiiser systems were tested onboard one of the buses

for approximately 45,000 miles. The performance of the Kleenoil oil bypass filter system was
used to support the goal of reducing petroleum consumption by using oil bypass filter systems in
the ECO Trarisbus fleet and the Eagle County fleet of vehicles and equipment.

The Kleenoil system was installed on the test bus in early summer 2008. All testing was
completed in December 2008. The bypass filter is still being used on the bus.

The bus had redarly scheduled 6,00fnile servicing events, at which time the ffibw filter

and one hypass filter was changed, and an oil analysis sampiekeasThe oil sample was

then sent to an oil analysis laboratory for a report on the condition of thebeilgeneratedThe

oil analysis report presented the testing results for 27 variables, including the presence of desired
additives and undesired wear metals such as iron and chrome, as well as soot, water, glycol, and
fuel.

A total of four oil changes othetestbus occurred during the final evaluation. Three oil changes
were caused blguman error when a part time PM mechanics changed the oil because they were
not familiar with the test regimerhis event effectively started a new test (9/5/08 stad)data
presented later in this report will reflect results starting at zero miles and concluding at 25,789
miles. No changes were done because of negative oil analysis répa@tery case, the oil
analysis report stated that the oil was suitabléuidher service. The Fleet Maintenance

Manager made the decision that if the test bus could accomplish a 75% oil savings, (oil use of
24,000 miles compared to the previous practice of 6,000 miles) then he would have the oil
changed and be satisfied wittetsavings. The test did accomplish this goal and going forward
his current decision is to operate on a 6,000 mile filter change frequency and full oil and filter
change at 24,000 miles.

Depending on the assumptions employbd,Eagle County Fleet Maanance Manager found

that oil bypass filter systems for diesel engine buses have a positive payback at approximately
36,000 miles which is about a 6 month return on investment (ROI) based on current use for the
test bus.
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Oil Bypass Filter Technology Evaluation
Final Report

INTRODUCTION AND BACKGROUND

The oil bypass filter evaluation, performed for the Eagle County Regional Transportation
Authority (ECO Transit) was initiated to evaluate oil bypass filtration application in the entire bus
fleet. A relatively new (2007 model) Gillig Low Floor Bus with a Cummins ISM engine was
chosen as the test vehicle for this evaluation. The bus travels established routes, carrying riders
from communities to locations throughout the county.

This Oil Bypass FilteTechnology Evaluation report covers-anénth evaluation period between
June and December 2008. A Kleenoil USA, Inc. oil bypass filter system (Figure 1) was tested on
the chosen diesel bus.

Oil bypass filter vendor data and industry literature sughestypass filters extend engine oll

life by cleaning solid contaminants as small as one micron out of the engine oil as well as
removing harmful liquid contaminants (water, glycol and fuel) from the engine oil. A bypass
filter from Kleenoil was used tevaluate the feasibility of reducing engine oil use and minimizing
waste o0il generation at ECO Transit and all of Eagle County fleet operations

Figure 1.



This final report covers the following topics:

T
T

Bypass filter technology

Status of bus iteage and performance
Oil saving

Analysis and trends of bus engine oll
Lessons learned from the bus evaluation
Cost of oll

Cost of filter systems

Cost of filter systems installations
Cost comparison and oil use savings
Bypass system payblaperiods
Summary

Conclusions



Bypass Filter Technology

The standard oil filters on diesel or gasoline engines are called full flow oil filters because they
filter the full oil flow out of the oil pump. The full flow filtersap particles down tthe 30 to 40
micronsized range. The diesel engine oil pumps move about 35 gallons per minute or 2,100
gallons per hour. If these full flow filters were denser to trap finer particles, they would restrict
the flow too much. A bypagsl filter system:

Features aftermarket installation

Is installed as part of the oil supply system but it bypasses the full flow filter

Filters a partial flow of 0ilZ to 3 gts. per minute) indense or specialty filter

Cleans solid contaminants sisall as 1 micron

Does not replace the conventional full flow oil filter system but works in conjunction

with it

Does not negatively affect the enginebs oil

= = =4 =8 =8 -9

The premise of the bypass filtration industry is that by safg@ming thesolid contaminates out

of the ail, the oil stays cleaner, retains it lubricating capability, keeps its acid reducing capacity
longer, protects engines (longer engine life), and extends oil drain intervals. Byproducts of
longer oil drain intervals include:

1 Reduction in foreign oil dependency

1 Conservation of new oil usehich effectively reduces the users carbon footprint and
demonstrates sustainability

1 Reduction of waste oil generation which is considered very environmentally friendly

1 Enhanced return afvestment.

BUS TESTING

Status of Bus Mileage and Oil Performance

The engine oil normally used for the ECO Transit fleet is Chevron Delo 480-46 and no

change was made for this test. The digeslered test bus (874) traveled 49,026 miles during

this evaluation. However, as stated earlier, the data following will take a look at a scenario
starting at zero miles and concluding at 25,789 miles. This actually is mile 23,237 thru 49,026 of
the overall test. Miles 0 thru 23,237 were tested butepmirted here because an inadvertent oil
change compromised the procedure. Oil analysis reports from samples taken at mile zero through
mile 23,237 are included and commented on.

Attachment 1 is the actual oil analysis reports from the early testingpéomentation of early
results.



Table 1 shows the complete history of oil changes and mileage accrued on the oil.

15t 2nd Srd 4th
Change/ Change/ Change/ Change/
Bus # Miles on Reason Miles on Reason Miles on Reason Miles on | Reason Total Test
oil oil oil ail Miles
874 7-31 Mistake 8-20 Mistake 9-5 Mistake 12-19 Planned
12,200 5,729 5,308 25,789 49,026
873 6-12 Planned 9-25 Planned
6,000 6,000
A second ECO Transit bus (t8dearlyidemtical tothstestbhusas a i c c
(874). ltis a Gillig (2007) Low Floor Model with a Cummins ISM diesel engine. Three oll
samples were taken (each after 6,000 miles of service), and the resulting oil analysis samples are
of note in the fact that le the oil particle count is higher (dirtier) than the oil samples from the
(874) test bus, at the tested 6,000 mile mark it is only marginally dirtier and the oil condition
makes it suitable for further service. The second and third samples occuthedsame day as
the 6,000 mile oil was collected first cold and then again at operating temperature (hot) to
determine if particle count changed drastically. That indeed was the case, indicating that the
particles fully disperse inthe hotoilanddohot nd t o Acongregateod. Thi s ¢

conclusion that the oil additives (detergents and dispersants) are still in place and doing a good
job.
Oil Changes Avoided and Oil Savings

Dividing the 25,789 total test miles for this report by 6,000 (ibrenal ECO Transit bus oll

change service interval) suggests that there would have been 4 service intervals, but in actuality
the bus had 1 service interval. The buses are typically called into service each time they reach
6,000 miles. The service prognaused by the maintenance personnel is based on the mileage that
is recorded by the bus drivers when the buses are fueled. Sometimes the system is not absolute
and the bus is run further than the 6,000 miles as was the case in this test. This ceesb# the

of several reasons, the most frequent being high demand for the bus combined with the workload
of the fleet maintenance department. Since they service all County vehicles and equipment, there
are times when the shop is overloaded (actual repaidsiegjular oil change services are delayed

for a few days (and miles).

The results of this test show that a total of 126 quarts of oil (31.5 gallons) was saved. Each full
oil change service event requires 42 quarts of oil and in this test, ratherahantd, only 1
occurred.

Table 2 shows the calculated oil volume of 31.5 gallons saved during this evaluation.

Table 2. Oil Savings

Bus Number Actual Oil Qts of Qil per Qts of Oil Avoided Gallons of Ol
Changes Avoided Change Avoided
874 3 42 126 315
Total Gallons 31.5

When extended oil drain intervals are discussed, practitioners often attempt to increase the service

interval mileage, such as going from 6,000 miles to 9,000 miles. The Eagle County Fleet
Maintenance Department researchers in thaguation did not extend (increase the interval

mileage) oil change intervals by a fixed amount, but instead repeatedly avoided (or skipped) the




bus service intervals. To have changed the service interval at fleet maintenance would have
caused a major resion or renovation to the ECO Transit, and therefore fleet maintenance bus
maintenance program. The ECO Transit buses are on a regulan@|@@@rvice schedule.

Each bus gets a regular service inspectomn some components are serviced every 6103

while others are serviced every 12,000, and in some cases longer intervals. Therefore for this
evaluation, increasing the interval mileage was never considered.

Another way to measure the success of bypass oil filtration is to look at the ndrabehanges
avoided and calculate the percentage of oil saved. In calculatipgrtentage of oil saved, the
number of avoided oil changes was divided by the total service intervals. In the case of the ECO
Transit bus used in this evaluation, thewswa 75% reduction in eihange oil use and a

concurrent 75% avoidance of waste oil generation. Table 3 shows the numbeicef serv

intervals, oil changes, and avoided oil changes.

Table 3.
Bus Number Test Miles Actual Service Total Qil Avoided Percent
Intervals Changs Changes Savings
874 25,784 4 1 3 75%
TOTALS 25,784 4 1 3 75%

Filter System and Test Periods

This oil bypass filter evaluation used a filter system supplied by Kleenoil USA, Inc. The intent of
this test was to determine the econoamd environmental feasibility of using oil bypass filter
systems.

The system was tested for 7 months, is in service today and will continue in service indefinitely.

Analysis and Trends of the Bus Engine Oil Evaluation
Oil Analysis Sampling

During thebus engine oil bypass filter evaluation, oil analysis samples were taken. The resulting
reports provide the basis for the analysis and trending of the bus engines and oils. At each regular
6,000mile service interval, a sample was taken from the busamicto the laboratory.

Oil Analysis Reports

An example of an oil analysis report is located in Appendix A. It also contains some baseline
data for Chevron Delo 400 15w40 oil. The generic aspects of an oil analysis report include:

Engine wear metalnalysis, such as iron and copper

Chemical tests for pollutants, such as water, fuel, soot, and coolant in the oil

Oil condition analysis, such as viscosity and TBN values

Previous test results

Judgment/comments on the condition of the engine ail niagmal, abnormal, or critical.

= =4 =8 =8 =9

Oil analysis reports provide multiple services to the end user. The spectrochemical or
spectrometric analysis of the oil detects and quantifies the parts per million (ppm) of engine wear
metals, oil additives, and me@ntaminates in oil, and this analysis is the crux of most oll



analysis reports. These reports also reveal other data helpful to understanding the condition of the
engine and to solving potential problems. For instance, a report showing very highcolito

indicate the air filter could be faulty, high potassium could indicate a coolant leak, and fuel in the
oil could indicate injector problems.

The number of items tested in an oil analysis report depends on the level of analysis desired; the
more ests desired, the more costly the testing. Qil analysis laboratories can provide a litany of
tests for the end user. For this evaluation, particle sizing was used to report the 1ISO 4406
Cleanliness Code of the olil.

An analysis report is interdependehtmany aspects of the condition of the oil, and through
consistent reports a trend germane to each engine is established. The reports alert the fleet
personnel when an oil or engine wear metal is out of the established range of acceptable values.
Other apects can include:

Oil degradation from coolant or fuel

Incorrect grade of lubricant in use

Air filter failure allowing sand or dirt intake
Overextended or underutilized drain intervals.

= =4 =4 =9

Quantification of PPM Volumes

Values of wear metals are @tdtin parts per million (ppm) on oil analysis reports. A partial list

of wear metals includes iron, copper, lead, and chromium. But when an engine oil analysis
reports 50 ppm of iron, what does that mean in terms of the entire volume of engine 0il? The
volume that 50 ppm of iron displaces in 106 liters (28 quarts or 7 gallons) of engine oil is 1.3 ml
of fine iron (less than 10 microns in size), which is equivalent to 0.26 teaspoon. The assumptions
and calculation are shown below.

Assumptions:

1 liter of oil is equivalent to about 1 kilogram of oil
A 28-quart oil sump is 26.5 liters, or 26,500 ml

1 ml equals 0.2 teaspoons

1/1,000,000 is 1 ppm

100% is 1,000,000 ppm.

=A =4 =8 -8 =9

Equation:

100% + 1,000,000 ppm = X% + 50 ppm = 0.005%

0.00005 x 26,500 ml = 118l

1.3 ml x 0.2 (teaspoons) = 0.26 teaspoon of fine iron particles in 28 quarts of oil.

Oil Quality Metrics

Early in this evaluation, oil quality criteria were established as to when the engine oils required
changing. These criteria include a ligpbysical properties and their acceptable value limits.
When the physical property values exceeded or fell below the established limits, the oil was
changed. These criteria included:

f Oil contaminates: fuel (03%), water (>0.25%)



f Oxidation and nitration numbers (030 Abs/ cm)
f Total base number (0O3.0 mgKOH/ ml)

1 Soot content ( O3 %)

1 Viscosity (12.50 to 16.39 centistokes)

For this evaluation, the above listed itenerevthe fitnes$or-service limits and were the metrics

for determining when to change the oil during this test. For an expanded discussion of oil
analysis condemnation limits, see Appendix D, Oil Analysis Explanation in the first report of this
test proedure.

If an oil analysis report indicates a high or higher level of engine wear metals, it does not
significantly impact the lubricating value of the oil. Nor will changing the oil solve the wear
metal problem. An unusual high wear metal concentratian extreme negative trend of
repeated high wear metals indicates that a bearing or engine part is wearing. To avoid a
catastrophic and costly engine failure, appropriate repair/replacement action should be taken.
Water and glycol values were nevetatded in the oil analysis reports during this evaluation.
Soot values were typically below 1.0 Abs (Absorption units).
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Oil Analysis Reports
Table 4.

Soot testing measures the presence of solids in the oil from the combustion process. Excessive
sdids may possibly impair antivear benefits and, indirectly, perhaps lead to additional wear
above normal for a given engine. Soot levels exceeding 3% indicate the oil should be changed.



Oil Evaluation Trends and Findings
Over the evaluation period, naus trends and findings in the data were observed, details of
which are discussed for the following topics:

Wear metals
TBN
Viscosity
Additives
Particle count

= =4 =8 =8 -9

Wear Metals

There have been three primary wear metals tracked in this test: irorgidazhpper. Table 5

shows the complete wear metal history of these three metals from the test laboratory for the bus
engine. It igmportant to remember when looking at these data that this is a record of oil tests

and that the oil was normally not clggad with each service. This means that values tend to

increase with each test as the oil ages. This is not always absolute but a tendency. When the oil in
a bus engine is changed, many values at the next service interval will be lower (which is tbetter fo
iron, copper, and lead). At this point the trend would start over.

Table 5. Oil analysis report histories for bus engine wear metals (iron, lead, and copper).

Bus Number Test Date Miles on OIl Iron (ppm) Lead (ppm) Copper (ppm) Viscosity TBN
874 6/10008 5,870 9.4 2.3 2.5 13.7 7.27
7/31/08 12,200 9.2 1.9 3.7 13.9 6.94

9/25/08 6,000 7.1 1.3 3.1 14.0 6.85

10/3/08 13,509 14 2.9 7.4 13.96 6.33

12/3/08 21,857 21 6.4 12 13.92 5.69

12/19/08 25,789 22 4.4 10 14.2 5.91

Total Base Number

The TBN indicates th acid reducing value of the oil and is a commonly requested oil analysis
test. For this evaluation, ifBEBN value was 3.0 mgKOH/ml or below, it would serve as a flag
for requiring an oil change. The TBN of the new oil (Chevron Delo 460-48) used irthe bus
engines has a TBN of about 12. The typical trend for TBN with the bus engines is a gradual
decrease over time for used engine oil. Table 6 shows the TBN trendeoigine up to when the
oil was changed.



Table 6. TBN Trend
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Table 6.

Table6. Total base number (TBN) is a measure of the presence of additives that neutralize an acid
buildup. A TBN of 3.0 (mgKOH/ml) or below is considered low, and the oil should be changed.

Viscosity

The viscosity valuesfo t he t est bus are given in Tabl e 5.
with respect to temperature, as measured in centistokes (cst). The limits for viscosity are based

on the SAE grade specified; SAE 40 has a range of 12.50 to 16.29 cststldieused in the

bus engines is 15¥M0. All values during the test were acceptable.

Additives

This test reveals no real degradation in the additive values supporting claims that most oil today is
adequately fortified with additive packages that alfowextended use of the oil as sold.

Particle Count

As detailed in the first report, Particle Count refers to the number of measurable particles in the

oil. The particles are sized and counted and the results are illustrated on the oil analysas report

the ISO 4406 code. New oil standards are approximately 18/15 on the ISO 4406 Scale. A copy
of the ISO 4406 cleanliness chart supplied by Kleenoil USA is shown in Attachment 5. The test
bus had a total of six oil analysis reports and the resultsterehment 1 and Attachment 2.



For the test, it was recommended by Kleenoil USA that their filter element be changed every
6,000 miles. The first three samples followed that regime and the particle count shows that the
filter system does indeed keep thikcleaner than new oil with a representative ISO 4406 Code

of 15/13. The next sample represents a service interval of 7,507 miles, which is 25% more use on
a filter element. As expected, the particle count went up to a value of 17/14. While ftHis is st
cleaner than new oil, it is clear that the particle count is elevated over the 6,000 mile samples.
The next sample (12/31/08) was a service interval of 8,348 miles, which is 39% more use on the
filter element. Again, the particle count increasedis Bample shows an ISO 4406 code of

19/16, which is slightly dirtier than new oil but certainly within normally acceptable limits.
However, from K|leenoil s perspective, this oil
engine utilizing their bypasoil filter system. It is clear that the optimum life of the Kleenaill

filter element in this application is indeed 6,000 miles of service. The Eagle County Fleet
Maintenance Department regularly services the buses at 6,000 mile intervals, so the @fgimum

of the element matches their service plan.

In the rare occasion where the service interval is extended because of shop load, the results do

clearly show that they can run 25% more miles on the element and still have oil in service that is
cleaner thn the new oil at installation.

1C
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