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WASTE VEGETABLE OIL ASA DIESEL REPLACEMENT FUEL

Michal Vargorgik
ABSTRACT

Waste oils and fats can be used as renewable éselurces. Conversion of waste oils and fats toibged
fuel is one possibility but poses some difficulsesh as in the use of toxic or caustic materiadd Ay product
disposal. Conversion to biodiesel may also decrélasesconomic attractiveness of using waste oilsials. An
alternative to the use of biodiesel is the useegfetable oils or rendered animal fats as a fuelingselatively
unmodified oils or fats eliminates the problem agsted with toxic and caustic precursor chemicalyda
residual biodiesel alkalinity as the oil is usedhmiut altering its chemical properties.

This paper discusses the use of waste vegetablaranthl oils and fats as unmodified fuels in corspien
ignition engines.

1. INTRODUCTION

Waste edible oils and fats pose significant disppsablems in many parts of the world. In the pasich of
these waste products have been used in the produsitianimal feeds. However due to possible linksveen
BSE and this practice, the use of waste edible anfais for animal feed is not as common as it owes,
resulting in disposal problems. As it is often iifiit to prevent the contamination of waste vegletadil with
animal products during cooking, waste vegetabl®fédn must be treated in a similar manner as stevanimal
fats.

One possibility for the disposal of these prodigtss a fuel for transport or other uses. Convarsiovaste
oils and fats to biodiesel fuel has many environt@leadvantages over petroleum based diesel fuekeder it
is not commercially available in Australia and theack-yard’ production of biodiesel may preseniags risks
as the process uses methanol, a toxic and flamnhighld, and sodium or potassium hydroxide, bothwbich
are caustic. By-product disposal may present furdiféculties and environmental considerations npagclude
production in sensitive areas. An alternative ® ke of biodiesel is the use of vegetable oikadered animal
fats as fuel.

Using unmodified oils not only eliminates problersach as residual biodiesel alkalinity by-product
disposal, but also increases the economic vialilitysing the oil or fat. While the use of vege&abl animal
oils and fats as fuels may be somewhat surpridifigs when examined in an historical context ees see that
the compression ignition engine, first developedatasable level of functionality by the French-b&tadolf
Diesel near the end of the 19th century, was aaitjirdesigned to operate on vegetable oil.

In 1900, Rudolf Diesel demonstrated his new congio@signition engine at the World Exhibition in Bar
running on peanut oil. In 1911 he wrote "The engiae be fed with vegetable oils and would help m@rably
in the development of agriculture in the counttlest use it." [1]

It was about this time that new drilling technolamyd exploration techniques were developed andhege
these ushered in the age of cheap and plentifglifagels. Consequently, the use of vegetable amohal oils
and fats as fuels has only been used for a fewiapearposes such as in racing fuels or in envirentally
sensitive areas where petroleum spills tend to ecamsre serious problems than do spills of animal/an
vegetable derived fuels. After some one hundredsyefiusing liquid petroleum fuels, we are now firgithat
there are unforeseen side effects, the foremostapsrbeing the so-called Enhanced Greenhouse Effect
Australia, transport use contributes some 16% oftdalia’ s greenhouse gas emissions. Of this, Hiest
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contributed about 17% or 11,705,000 tonnes of CQRvalent. An additional 1,622,000 tonnes is redelasom
diesel fuel used for electricity generation. [2] ©@p of greenhouse gas emissions is the vexingtiquesf how
little — or much — is left. However oils of vegelaland animal origin, unlike fossil fuels, havepmtential to be
produced not only on a sustainable basis but atstdcbe greenhouse gas neutral, or at the very, least
substantially less greenhouse gases per unit ettesgydo any of the fossil fuels.

2. CONVERSION OF A VEHICLE TO OPERATE ON WASTE COOKING OIL

An alternative to the use of biodiesel is the us®eagetable oil or animal fats as a fuel. The défees
amongst fats and oils, whether of animal or vedetahgin, relate mainly to the level of saturatiorthe carbon
chain. Generally speaking, the lower the numbetanible bonds, the higher the melting point of tigdytceride
and the greater the stability of the triglyceridgoblymerization and spontaneous oxidation. Fromragine use
point of view, it is preferable to use saturateis fas fuels as they are more stable and lessamistst oxidation,
particularly under the elevated temperatures aedsures as found in an engine environment. Howgwerno
their higher melting points, difficulty may be engdered in starting the engine without pre-heatifthe fat.

In order to test the viability of using relativelysaturated oils in engines, a 1990 Mazda withQaliZe
indirect injection OHC diesel was obtained withiaw of running it on various types of triglyceridés and
fats. At that time of purchase, the vehicle hadeces 222,000 km. The previous owner stated thaetiggne
head had been overhauled, but no further detaite wovided. Since the purchase, and prior to treversion
to operate on triglyceride oils, the injector pumgs overhauled. Fuel consumption of the vehicleliesel was
stable at about 6.9 L/100 km. The vehicle is used damily vehicle in a 2-car household. At theetiof
conversion (October 2000), the vehicle had cov@®H 000 km. Waste palm oil (a solid fat) was usetaily
but the time delay in melting this oil preventee us the oil on short journeys. Consequently, wasigola oil
was tried and has been used exclusively for the7|&90 km.

At about 80 cSt (at 20° C), the viscosity of usadata oil is significantly greater than that of siewhich
has a viscosity in the range of 2 to 4.5 cSt. 3], However, as canola oil is warmed, its viscosils quite
significantly and at about 70° C the viscosity limat 5 to 10 cSt. Thus the viscosity is sufficigriidw to allow
its use as a replacement fuel for diesel with oatrhuch difficulty.

The vehicle was fitted with an additional 17 lifeeel tank under the bonnet together with the nexgskiel
lines, additional filter and a solenoid valve tatrol the fuel source. Electrical connections thiermostat, glow
plug, run-on timer, switches and the solenoid vakere also installed. The oil tank was fitted wihheat
exchanger comprising one metre of 12 mm copper. flbis was connected to the engine coolant systain a
pre-heats the oil in the tank. The tank was locatetie engine bay to maximise heat transfer taidné and to
keep the coolant lines short. The finished tankdadeable capacity of seventeen litres. This gaamge of up
to 240 km between refuelling. Additional filterimgas installed with an internal preheater. The pratér, a 24
V diesel glow plug, together with a relay and thestat was installed so that if a solid fat was useduel, any
solidified fat in the filter chamber could be quicknelted. The filter used (Ryco Z30) providesrétion to 30
micron. A vacuum gauge was fitted after the fulééfiand it was found that at start-up with colai@a oil, fuel
flow was insufficient causing a vacuum in the flieé and filter. An extra in-line fuel pump was @didbefore
the filter and this alleviated this problem and haseased fuel filter life. The heated oil fuaidiwas one metre
of 5/16" semi rigid nylon tube encased in a 5/@lrer coolant pipe. Brass fittings were used to ensunimal
corrosion and leakages of coolant. The three A@rlydc solenoid valve was mounted in close proxirtotthe
fuel pump to minimise changeover lag. The fuel metine to the diesel tank was redirected to tha faump
suction side between the solenoid valve and fueigourhis was done to prevent the oil in the retura going
to the diesel tank. A disadvantage of this is thatfuel system became rather intolerant of athénsystem. A
run-on timer was installed using a modified ‘ tutimer’ . After the solenoid valve is switched baokdiesel,
the timer keeps the engine running for a periotdré, even if the vehicle is parked and the keyaesd from
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the ignition. During this period, the oil in thejéstor pump is gradually replaced by diesel angrfiseveral
minutes, only diesel remains in the fuel pumpefiltfuel lines and injectors. The correct time vi@asnd by a
trial and error. A manual override switch was atstalled to allow emergency, or short duratiorpping of the

engine.
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The supplier of the used oil (a fast food outldteifs the oil and puts it into containers for eatiion. To
ensure that the oil is clean, the oil is heated additionally filtered through a 5 micron bag filtét was found
that the used oil usually becomes cloudy and tlis feund to be a combination of the oil startingabtdify due
to partial de-unsaturation of the oil from use anishor water content. If water content is suspeaétheing
excessive, the oil is heated above 100’ C to exatpdhe moisture.

3. USE OF THE OIL AND PRELIMINARY RESULTS

To date, the vehicle has been driven over 7500 gimgwcanola oil. In the morning, the oil in thekas cold and
quite viscous and a particular start-up routine trbesused. In addition, if, at the end of the ttig vehicle will
not be restarted again for several hours, thenuédetvn sequence must be followed in order to aleasy
restarting. Glow plugs are used for all starts. Whtarting cold, the engine is started on diesdlthe journey
commenced. When the engine temperature has readoechal’ as shown on the engine temperature gatinge,
fuel solenoid is operated, and the journey conSnusing vegetable oil. For hot or warm starts, ghgine is
started using the vegetable oil.

Shutdown:

In the cooler months, at about 5 km from the endaufh journey, the fuel solenoid is released. Atehd of the
journey, the ignition switch is turned off. If thiene delay has not expired, the engine continuagléo until the
end of the delay. During warmer periods, the shutddelay override switch is used to stop the endpmeall
stops, except for the last journey of the day.

Comparison of performance and economy

Using records of fuel consumption and distanceetfiad, there has been no noticeable differencauéh f
consumption or engine power when operating on Higgém or canola oil. The fuel consumption hasrbee
found to be approximately 6.9 L/100 km, regardieSe/hat fuel is being used. It is planned that faliting of
performance will be carried out in the near futdeéing into account different driving conditionsdadifferent
fuels.
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Problems

Cold starting with canola oil: If the engine hasbeallowed to cool completely (eg overnight) and th
shutdown routine not followed, then the engine fayery difficult to restart. It has been foundttheating the
injectors by, for example, pouring hot water ovegrh or using a hair dryer, will allow the enginedstart with
no difficulty.

Saturated oils: The use of saturated (solid) fatsooler months would require significant improvenseto the
heat exchanger in the oil tank. Palm oil tendesdladify in the filter (prior to a glow plug heatbeing installed)
and in the front half of the tank while travellingducing useable capacity. This may be less gbhlgm if a 6
port solenoid valve were to be used, circulatingtée oil back to the tank, and improving the heptiiithe olil

in the tank. Carbon build up causing wear: Replaatgee been made of accelerated engine wear duergased
carbon deposits in combustion chambers. [3, 4, §]tl#e engine condition at the start of the test wais
accurately measured, no proper evaluation of ther wen be made. However, at the end of the vehielethe

engine will be dismantled and evaluated for anyoaimal evidence of wear or damage.

Galvanised Fuel tank: The oil tank was made fromsgalvanised steel sheet metal. It was foundttieabil

reacted with the zinc plating and this resultedglabules of reacted oil blocking the fuel filter anany

occasions. The oil tank was consequently removisdned and acid etched to remove the zinc coahing.
reacted fuel globules have been observed since.

Costs:

The tank was made using scrap materials and coesttgwas of negligible cost. It was estimated tifiat
professionally made using new materials, it woudgtehcost approximately $400. Other expenses wittes:
$30, filter elements - $5, heated fuel line - $1&lenoid valve - $95, sundry items - $100. Thaltobst was
$250. Operating costs are $5 per 10,000 km for fileaw elements
Exhaust emissions:

At this stage no exhaust emission tests have beee.drhe level of particulates as gauged by simple
visibility checks appears about the same whetheming on diesel or canola oil. However, as thecoiitains no
sulphur, SO2 emissions are not present when ruronirtgglyceride oils. Furthermore, the pungent ktypical
of diesel exhaust is not present. Rather the simadimilar to that of a BBQ. Life-cycle CO2 emissfoare
substantially reduced. Studies done by Sheehaly Beer et al etc indicate that reductions by ashmas 80 to
90% compared to fossil diesel fuel can be expecfieen the renewable nature of the oil, and thiatitha re-use
of a spent product. [14, 15, 16, 17] Nitrogen ogidBOx) emissions would most likely be similar digistly
elevated by ~10% as compared to fossil dieseldHtitian to atmospheric nitrogen, most vegetable amidnal
oils contain small quantities of nitrogen contagiproteins, which upon combustion, release variatregen
oxides. [14, 15, 16, 17] Unburnt hydrocarbon emissimay or may not be increased. Previous resdash
shown that this is very dependent of the vehiclstase of tune, age and the specific propertighebil. [7, 14,
16, 17]

Cost efficiency:

Using free waste canola oil, fuel costs have bedn for the diesel fuel used in the start-up andtgbwn
periods. Fuel purchase records for 10,000 km shewehicle has used 240 litres of diesel. Drivimg tistance
on diesel only would normally require approximaté§0 litres of fuel. This represents a fuel costirsg of
65%. The conversion has paid for itself with sasinig diesel purchases in excess of $400. Diffetsaige
patterns would give obviously give different resultysage patterns for this vehicle show mainly tstigas, with
one or two longer (>20 km) journeys per week. ARigle use increases, the diesel fuel savings waldd be
expected to increase. The only requirement foretligs that the motor must be allowed to reach aiegy
temperature before operating on triglyceride @il that the oil must be diluted or purged fromfirel pump
before shutdown. Due to higher fuel usage largbickes would be able to have greater fuel costrggsvivhich
would more than offset the increased costs of atelylocated oil tank. Obviously, if there werelte a greater
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demand for used and waste cooking oil, the oil matybe available free and the cost of purchasingtevail
must then be taken into account. While this woudigtied the pay-back period, as long as there wassonable
difference between the cost of the waste oil arebali fuel and any extra maintenance costs weretaot
excessive, it would probably still be economicailgble to undertake the modifications and operateised oil.

Possible improvements

Solenoid Valve: The use of a six port solenoid gadwnd an alterative fuel line set-up would redbeeshutdown
delay requirement, as the return line would nofeokeback into the fuel pump.

Fuel filter: The provision of a heated fuel filteising filter elements giving 5 micron filtratiorowld protect the
fuel pump from the possible 5 — 30 micron particiesremoved by the Ryco Z30 filter. Filter heatimguld be
most effective if heated by engine coolant.

Biodiesel: Starting the vehicle on biodiesel wofuither enhance the environmental benefits obtdénab

3. CONCLUSION

Many vegetable and animal oils can be used asldiegkcement fuels. The two ways of doing this tare
either use the ail as a straight fuel or to conttegtoil to a methyl or ethyl ester (biodiesel) tBof these ways
have various advantages and disadvantages. Ot @futhors (Clark) converted a Mazda 626 to operate
straight vegetable oil and has done over 7500 kimguhis method. The other author (Calais) has hestng
biodiesel in an unmodified Toyota Corolla for 0\20,000 km. In converting the Mazda 626 to operate o
straight oil, a small tank was fitted under the einof the vehicle. In order to minimise fuel * dgdlugging’
problems due to high fuel viscosity, both the tdfiiter and fuel lines are heated. The vehicleirist fstarted on
diesel and then when the engine has reached nap®ahting temperature and the oil has been heated,
solenoid valve is operated which switched the fystem over to the oil. To date there has beenvideece of
increased engine wear, lubricating oil dilutionather problems. However the experience of othessshawn
that increased engine wear may occur but as yestill too early to determine whether or not thilf occur in
this example. Even so, the economic benefits obthby using waste canola oil may more than offagtextra
engine maintenance costs. It is hoped that comtinueésearch on this project may provide more in&siom
about this in the future.
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