North Carolina Lube Oil By-Pass Filter Project

1) Brief Overview

Thelube oil by-passfilter project was developed in an effort to prevent pollution by
reducing the amount of used lube oil from engines being discarded to sawers, land-fills,
indnerators, etc. The use of thisfilter system would reduce the frequency of oil changes,
and perhaps completely eliminate them. In North Carolina, over 20,000,000 quarts of ail
are sold annudly for light trucks and automobiles, and more, of course, for heavy trucks
and buses. A subgtantial amount of the used ail is discarded, and the oil from asingle ail
change could pollute over one million gdlons of drinking water.

A lube ail by-passfilter is an additiond ail filter instaled on avehicle and operatesin
pardld with the regular, full-flow ail filter. Within an engine, the by-passfilter system
takes a Sdestream of 10-15% from the regular oil flow at the discharge of the oil pump,
cleansthe oil asthe engine runs, and returnsit to the oil panto be recirculated through
the regular oil system.

This project dso initiated the use of oil analyses to give the vehicle managers improved
information on what was going on ingde the engines, and to dert them to any possble
needs for changing the oil and/or filters. An oil sample was taken at the time interva that
the oil would normaly have been changed and sent to alab for analyses, usudly atotd of
two weeks from sample to report.

The State of North Carolina has over 35,000 vehicles of dl types and uses, and about half
of these are school buses. 1n addition to the NC Division of Pollution Prevention and
Environmental Assistance' s (DPPEA) interests in preventing pollution, the senior
managers of the Department of Public Ingtruction (DP1) were interested in improving the
efficiencies and maintenance of their buses. Ten counties were selected for this program,
and each provided six buses for this two year test program, so the program was set-up to
include 60 busestotal. NC includes mountains and sea shores and dl types of climates
and terrains in between, so counties were salected from all areas of the State,

DPPEA funded this test program with about $20,000 of grant monies to purchase, ingtall,
and initidly change the ail in each of the 60 buses in the program. The program started
in June of 1997, and ran through June of 1999. The results were of such vaue to the
school bus managers that DPI specified the inclusion of a by-passfilter on al 580 of the
new buses purchased for the year 2000, and did this without receiving any additiona
monies from the NC Legidature.
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2) Technological Aspects

The thought of operating avehicle for years, and even its entire life, without ever
changing the lube oil was a concept that did not have wide spread acceptance, and was
not easly sold to DPI. During the presentations to the county school bus managers and
mechanics, there was consderable skepticism. We used reports of successful by-pass
filter tests on over-the-road tractors having gone over 500,000 miles without an ail
change, dong with studies showing the wear of engines was due primarily to particlesin
the 1 to 5 micron size range, and a SAE report on by-pass filtersin lowa school buses
done back inthe‘ 70sand ‘80s. Thefilter manufacturers claimed their filters cleaned-up
the oil by removing at least 95% of the particles 1 micron in Sze or lessaswell as smdll
amounts of fuel and water that get into the lube oil system. In addition to keeping the ail
clean, the removd of the 5— 10 micron particles should aso reduce engine ware. There
were articles about smilar type filters having been used successfully prior to the *50s.

Many people bdieve ail “breaks-down” in an engine and thus can not be used over long
periods of time. Some “experts’ claim that oil only gppears to bregk down when it
becomes too viscous and/or too thin due to various materias getting into the oil, but the
oil itsdf in fact does not change or bresk-down. We felt the experts, the reports, and the
data adequately supported a thorough test of thisfilter system.

The use of periodic oil anayses was included in the program to supply the bus managers
with improved information about what was going on within their engines, in an effort to
give them asound basis for believing the engines were not being damaged by not
changing the lube oil & the frequencies done in the past. These andyses provided
detailed information on changes in viscosity, soot levels, moisture levels, metds, dirt, and
additives. Thistype of information would be of particular value in that any increasesin
metals would aso indicate which specific parts of the engine were wearing.

The potentid affect of the by- pass filters on engine warranties was a mgor concern to the
school bus managers. The engine manufacturers provided written assurances that the use
of these filterswould not invaidate the warranties unlessit could be proven thefilters

had caused the problems. Each of the filter manufacturers guaranteed they would replace
an engineif it were ruined due to their filter.

Three different types of by-pass filters were selected to be tested. The Purodyne filter
(formerly cdled THP) which was thought to be a top-of-the-linefilter with its srong
housing, canigter type filter dement, oil flow indicator, and heater for removing weter,
fud, etc wasincluded. It wasthe highest cost of the three. The Enviro Filter was
included because of its inexpensive paper filter dement and overdl low cost. The
Amsoil Dud-Guard filter was included because of its easy spin-on eement change, and it
used awood based filter media Amsoil’ s Tri-Guard sysem including synthetic oil was
aso included to test for the potentid benefits of synthetic oil.
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The test program was set-up for each county to test two Enviros, two Amsoil Dual-
Guards, one Amsoil Tri-Guard, and one Purodyne filter system over atwo year period.
In addition to the functioning of the filters, we were o very interested in the various
agpects of changing and disposing of the used filter dements.

The current practice isto change the ail filters at 6,000 mileintervas. A school busin
NC drives about 7,000 miles per year on average.

3) Goalsand Results:
A) Goals
1) totest the effectiveness of by-passfilters

2) totest the effectiveness of the school bus managersin ingaling and
managing this new type of operation

3) todeveop thefinancid aspects of thesefilters

4) thelong range god of this project isto completely diminate oil changes on
al vehides and the consequent eimination of the disposa of the used ail

The use of oil andyses will hopefully lead to other improvements in managing the
maintenance of the buses by giving the managers better information with which to make
decisions based on data, as opposed to set schedules.

A cleaner, more consstent oil may dso improve fue efficiencies due to lower friction
levelsin the engines, so the appropriate records were set-up to monitor for increased
miles per gdlon (MPG.) The use of synthetic oil was dso included in this program to see
if it would increase the MPGs.

A cleaner, more congstent oil may aso reduce the maintenance of engines and extend
their lives. There have been reports of over-the-road tractors running over 500,000 miles
without an oil change and essentidly no engine wear after tearing down for ingpection.
The Dade County Florida school bus manager has had very good successin this area over
severd years.

B) Results

The test program was considered to be very successful. DPI included by-passfiltersin
the specifications for new buses beginning with the purchase of buses for the year 2000.

Goa 1. Dueto work loads coupled with unavailable labor and manageria changes, 12

buses out of the origind list of 60 did not participate in the program. Of the 48 that did,
32 of them got through the two years without an oil change. And they are now well into
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the third year without oil changes. Some of the 16 changes were done due to information
in the lab andyses, and some were done by mistake. During this two year period, we
would have expected at least 96 oil changes for the 48 busesin the program. Even
dlowing for the changes by mistake, 76 out of the possible 96 changes were diminated,
or 79%. Thedimination of these oil changes aso saved the labor time to make the
changes. It is estimated that these filters will save the NC DPI about $100,000 per year
in operating expenses.

The bus managers continued to change the full-flow ol filter at the regular 6,000 mile
interva, but it is now believed that the full-flow filtersin pardle with a by-passfilter
remove very little, if anything, and the change interva for full-flow filterswill probably
be lengthened subgtantidly, with consequent substantid labor savings

The by-pass filter e ements were changed only when a specific reason arose. Mogt of the
by- pass filter elements were not changed during the two year test program. Of those that
were changed, it was concluded that the Amsoil Dud-Guard e ement was the easiest and

least messy to handle.

The managers liked the oil analyses very much. In addition to specific numbers, the lab
reports included specific advice if atest result were out of line with an expected resuilt.
Soot levelsin the engine oil are generaly amgjor concern for diesel engines, and an
upper limit of 4% had been et at the outset of this program based on the experiences of
the mechanics. Throughout the two years of this program, it was very rare to see soot
levels above 1%. The viscosities remained very uniform for the most part, but afew
buses were changed due to rising viscosties. In afew instances, the by-pass filter
element was changed when the lab andlyses showed numbersrising, and in every case,
the numbers returned to the expected ranges without changing the ail. 1n afew instances,
the lab results showed a need to watch carefully for leeking gaskets, dirt in the ail pan,
etc. Some managers sarted including other busesin this part of the program.

We did not see differences between the performances of the three different filters tested
in their abilities to keep the oil clean and uniform.

At the end of the first year, there appeared to be an improvement in miles per gallon, but
the data did not confirm this at the end of the second year. The synthetic oil did not
appear to provide improved MPG.

Goal 2 Theinsartion of thistype of filter into the existing maintenance program

required changesin the record keeping system that was used to schedule oil changes.
There were no blank spacesin the system to easily accommodate the additiona
information needed to properly manage the by-passfilters. But the managers, including
those maintaining the centra record system, devel oped an effective dternative to handle
this Stuation. The mechanics doing the oil changes were aso very interested in making
this program work and took specia precautions to ensure the oil was not changed, which
worked for the most part as explained above. Thisincluded specid labels and other
reminders about the by-pass filter on a particular bus.
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The managers accepted and began using the oil andysesimmediatdy, and to the point of
requesting not to make a program-wide change of the by- pass elements after the first
year. They pointed out, and rightly 0, that the analyses did not indicate changes were
needed. Although not explicitly stated, it is believed they were very interested in usng
their manpower for other priority needs.

Goa 3: Theorigind finandd andysesindicated there might aso be agood return-on-
investment (ROI.) Assuming oil changes would be done every three years and an oil pan
holding 25 quarts, the test results indicate a minimum ROI of about 38% if the most
expensvefilter wereinddled. Ingaling the less expensive filters could produce ROIsin
the 75% range. We of course expect the oil changes to be much less frequently than
every three years. The recent new EPA low NOx regulations have caused the engine
manufacturers to adjust the engines such that they will produce more soot, which will
necessitate more oil changes. In order to not increase the frequency of oil changes, the
manufacturers have increased the size of the oil pans, which would raise the ROI.

This test program was not of long enough duration to evaduate the potentid benefits of
reduced engine maintenance, but it is expected this could easily turn out to be the mgjor
financid benefit of this system.

Goa 4: Thisgoa has not yet been reached, but we bdlieve the day is coming.
4) Trandsferability

Thistechnology and its substantid benefits are eadly trandferable to dl types of vehicles,
regardless of the type of fud used. Most of our school bus managers and mechanics
quickly and easily adapted to this new way of maintaining and improving the efficiencies
of the buses, even though it meant changing the recordkeeping system they had been
using for scheduling oil changes. The savings in manpower easily compensated for the
minor changes and additiond attention required to operate this program successfully.

In addition to the pollution prevention benefits, the very good financid benefits should
help mativate the use of thisfilter system throughout various types of flegts, and someday
inindividud cars

A particularly valuable transferable aspect of thistest isits potentid usein view of the
new low NOx diesd engines prescribed by the EPA. In order for the engine
manufacturers to meet the new NOXx leves, one of the modifications they are making isto
change the timing settings of the engines, which will mogt likely cause the soot levelsin
enginesto rise subgtantialy. The new school buses purchased for the year 2000 have
larger oil pans, supposedly to accommodate the anticipated higher soot levels. This
change would obvioudy increase the amounts of used oil. The by-passfilters could
negate this negative aspect of the new low NOX regulations.
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5) Integration into DPI’sactivities

DPI specified the Amsoil Dud-Guard by-pass filter in each of the 580 new school buses
purchased for the year 2000. DPI did not get additional monies to purchase thesefilters,
whose ingtaled cost was about $250,000; they took it out of their budget for buying new
buses. 1t will be interesting to seeif the savings over the years motivate the DPI
management to aso retrofit part or al of their exiding fleet.

An additional benefit of this program is that the filters can be gradually worked into the
system, or done dl at the same time, depending on the financia resources and manpower
available. The ingalation and maintenance of thesefiltersis quite easy to learn.

All of these new buses will become part of the lab analyses program, and other buses
without by-passfilters will probably be included, as has dready been done in some
counties.

6) Resourcesfor the project

Money: DPPEA provided $20,000 of grant moniesto fund this project. The
DPPEA grant monies have been used primarily over the years as “ seed”
money to encourage managements to gpprove the testing of new
potentidly viable technologies. This specific program has been
successful in heping develop a very effective pollution prevention
program that was subsequently adapted and expanded by an operating
management, with an initid investment of over ten times the grant
money provided.

Equipment: Severd by-pass filters were available on the market, and three of
them were chosen for this project. When abus reachesthe end of its
usefulness, the by-pass filter can be transferred to anew bus.

Many school buses were available, managed by good managers
interested in improving their operations and efficiencies.

Lab Analyses The NC DOT had a contract with Petroleum Products Monitoring
of Athens, GA to test oil samples for about $6 each.

Ingtdlation and labor: Each of the countiesingaled most of the filtersusing their
own mechanics. The ingalation was facilitated by specid
adaptors and valves for taking the oil stream from the
discharge of the ail pump, and returning the ail to the ail
pan.
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