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Abstract
This work involved the production of diesel from most commonly available
palm fruits oil Pisifera elaeis guineensis and testing for the brake power,
torque of an engine and specific fuel consumption of a conventional diesel
engine utilizing the produced diesel from palm oil. The obtained results were
compared with those for fossil diesel fuel. The results show that the value of
brake power was 6927.21W for fossil diesel while that of biodiesel was
7135.02W. Similarly the value for brake torque for fossil diesel was 44.1Nm
and that of biodiesel was 45.42Nm. The average value obtained for the
specific fuel consumption in the three experiments conducted for fossil diesel
and biodiesel were 69.09 and 129.21 I/lkWh respectively. It was discovered
that the values of brake power, torque power and specific fuel consumption
for bio diesel fuel were higher than those of fossil diesel fuel.
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Introduction

Biodiesel is an alternative to petroleum-based diesel fuel and it is made from
renewable resources such as vegetable oils, animal fats or algae. A lipid transesterification
production process is used to convert the base oil to the desired ester and to remove free fatty
acids [1]. After this processing, the end product, biodiesel, unlike the straight vegetable oil
has combustion properties very similar to fossil diesel. Biodiesel is non-flammable and in
contrast to fossil diesel, it is non-explosive, with a flash point of 150°C as compared with
64°C for fossil diesel [2].

Unlike fossil diesel, it is biodegradable and non-toxic, and it reduces toxic and other
emissions when burned as a fuel. It is a clear amber-yellow liquid with a viscosity similar to
fossil diesel [2].

Biodiesel can be mixed with petroleum diesel at any concentration in most modern
engines, although it has the disadvantages of degrading rubber gaskets and hoses in older
vehicles, vehicles prior to 1992 [2]. It is a better solvent than fossil diesel and has been known
to break down deposits of residue in the fuel lines of vehicles, which usually run on
petroleum. Consequently, fuel filters may become clogged with particulates if a quick
transition to pure biodiesel is made, but the biodiesel cleans the engine in the process [2].

Biodiesel also eliminates sulphur emissions (SO;), because it does not include sulphur.
Also, it has a higher cetane rating than fossil diesel, and therefore ignites more rapidly when
injected into the engine [3]. It contains fewer aromatic like Benzo fluo ranthene and
enzopyrenes.

It is one of the substitutes to replace fossil fuels as the world’s primary transport
energy source, because it is a renewable fuel that can replace fossil diesel in current engines
and can be transported and sold using today’s infrastructures. Diesel derived from vegetable
oil have good potential as an alternative diesel fuel because it’s energy content, viscosity and
phase changes are similar to those of fossil diesel [3].

It has been estimated that the annual consumption of fossil fuel is an amount that took
nature, on average, about one million years to produce and since energy consumption will
triple over the next 50 years, with enormous demand arising particularly in the so-called
developing countries like Nigeria. This demand will include the use of carbon-free source of

energy [4-7].
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Bio-fuels provide us with completely emission-free energy cycle [8, 9]. The initial
energy of the biomass oxygen system is captured from solar radiation in photosynthesis and
when released in combustion, the biofuel energy is dissipated. The elements of the material
should be available for recycling in natural, ecological, or agricultural processes. Thus, the
use of industrial bio-fuels when linked carefully to natural ecological cycles may be non-
polluting and sustainable [10-12]. Although there is no energy source that is completely
environmentally safe, energy must be used more wisely in order to minimize the
environmental hazard and optimize the efficiency with which it is produced [13-16].

One of the most interesting developments is a growing realization that vegetable oils
present a practical alternative to fuels and lubricants derived from liquid fossil fuels, which is

the focus of this paper.

Material and Method

Materials

The materials used for the experiment were raw palm oil, potassium hydroxide
analytical pellets, methanol, vinegar (acetic acid), water, fossil diesel and potassium
methoxide.

The following equipment was involved: (i) volumetric flask, (ii) beakers, (iii)
thermometer, with range 0-100°C graduated in 1°C, (iv) magnetic stirrer hotplate, (v) funnels,
(vi) conical flask, (vii) test tubes, (viii) separating funnels,(ix) distillation apparatus, (X)
measuring cylinders, (xi) supply tank, (xii) graduated cylinder, (xiii) 3-way tap, (xiv) supply
pipe, (xv) adjusting screw, (xvi) steel band, (xvii) flywheel, (xviii) stops, (xix) weights and
brake lining material (hardened fibre).

Method
The transesterification reaction was carried out in a conical flask equipped with a
thermometer and mounted on a magnetic stirrer hotplate. Meanwhile, 500ml of palm oil
sourced from pisifera elaeis guineensis species was heated to 45°C in a container in order to

improve its mixability with methanol. Agitation was provided by the magnetic stirrer which
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was set at constant speed. The choice of speed may vary, but for every experiment, it must be
constant throughout.

Then, 2.3 grams of potassium hydroxide was dissolved in 100ml of methanol and the
mixture was stirred for about 15 minutes. Potassium methoxide was then introduced into the
vessel containing palm oil.

The heater was set to bring the temperature of the reaction mixture to 55°C and the
system was held at this temperature while mixing proceeded for an hour.

The reacted mixture was allowed to stand for about eight hours in order for the phases
to separate and settle. A separating technique namely decantation with a funnel was used to
separate the waste (glycerin) from the biodiesel, which was collected in separate bottles.

Further, 10ml of acetic acid (vinegar) was added to the product sample and then
washed with 100ml of water.

The mixture was left for another twenty four hours to allow the oil and water to
separate. The denser soapy water was drained out through the bottom leaving the cleaned

product whose volume was ascertained in a measuring cylinder [17].

Experimental Procedures for the Determination of Brake Power

A steel band with the brake lining material (hardened fibre) was placed on the
flywheel and connected to a load reception unit and various sizes of dead loads (loads acting
in one direction) in kilograms were used to resist the motion of the flywheel.

The engine was set on 1500 rpm, weights were placed in the load reception unit, until
a point where the total load added resisted completely the motion of the flywheel.

The weight obtained at the point the flywheel stopped was noted. This weight in
Newton’s was then used to calculate the brake power of the engine using Equation (1) for
both fossil diesel and biodiesel fuels [18].

2nNT
P. = 1
where:
T=FxR (2)

and P, = brake power in Nm/s or Watts; W or F = weight in Newton and T = torque; R =

radius (distance in metre) and N = number of revolution per second.
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Experimental Procedures for the Determination of Torque

The same experimental procedure for determining brake power was followed and the
total loaded weight that stopped the flywheel was recorded as well as the distance from the
centre of the flywheel to the centre of the total loaded weights. The recorded weights and the
radius were used to calculate the torque of the engine using Equation (2) for both fossil diesel
and biodiesel fuels [18].

Experimental Procedure for Determination of Specific Fuel Consumption

A simple arrangement for measuring the specific fuel consumption was put in place.
When used, the volume of the bio diesel in the graduated cylinder was noted.

During the experiment, the time taken for the engine to use this quantity of fuel is
recorded preferably by a stop watch. The total dead load (loads acting in one direction) to
resist completely the movement of the flywheel was recorded. Also, the total volume of fuel
in litres was noted as well as the value of the brake power in kilowatts.

These parameters were used in determining the specific fuel consumption for both
fossil diesel and biodiesel fuels [18].

Results and Discussion

The average value for the brake power obtained for fossil diesel was 6927.21W, which
is lower compared with that of biodiesel which was found to be 7135.02W.

Similarly, the average value for the engine torque for fossil diesel was found to be
44.1Nm, while that of biodiesel was found to be 45.423Nm.

The average value obtained for the specific fuel consumption of biodiesel was higher
than that of fossil diesel as showed on Table 1.

Table 1. Experimental results

S/No Engine dead Loading Brake power | Engine torque CSOF;]eSCun;:]Cp?iJ;rI]
load W (N) period t (s) Py (W) (Nm) (I/kWh)
Fossil diesel 98 30.17 6927.21 44.1 69.09
Biodiesel 100.94 15.67 7135.02 45.423 129.21
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Figure 1. Brake Power developed by Fossil diesel and Biodiesel

It can be concluded that the brake power obtained while using biodiesel is biger than
the one obtained while fossil fuel was used. Figure 1 show that within 15.67 second about
7135.02W was obtained using biodiesel while it took 30.17 second to obtain 6927.21W with
fossil fuel.

Conclusions

The performance analysis under specific fuel consumption showed that fossil diesel
had lower values than that of biodiesel indicating that biodiesel had a slightly higher viscosity
compared with the fossil.

Under torque application, the biodiesel had a higher value than the fossil fuel. Also the
brake power value of the biodiesel was higher than that of the fossil fuel indicating a larger
brake power for the biodiesel compared with the fossil diesel.

Results obtained in this work show that bio-fuel obtained from palm oil has properties
close to petrol diesel. Therefore, it can be used as a substitute for diesel oil. The palm oil has
the advantage that it is a non-polluting source of energy; hence, it can help in reducing the
emission of greenhouse gases and other emissions that are toxic and cacogenic.

Based on this study, it is believed that a time will be reached in the future when
demand for non-polluting and efficient energy sources will be met by other sources than fossil
fuel globally.

120



@ Leonardo Journal of Sciences Issue 18, January-June 2011
ISSN 1583-0233 p. 115-122
References

10.

11.

12.

Darnoko D., Cheryan M., Kinetics of Palm Oil Transesterification in a Batch, Journal of
the American Oil Chemists' Society, 2000, 77(12), p. 1263-1267.

Broome D., Khan J.M., The mechanisms of soot release from combustion of
hydrocarbon fuels with particular reference to the diesel, Published by United States

Environmental Protection Agency, 1971.

Darnoko D., Continuous production of methyl Esters from Palm oil & Recovery of Beta
carotene by membrane Technology, Ph.D. Thesis, University of Illinois, Urbana, 1999.

Drew H.W., General organic and biological chemistry, Philadelphia Sander College,
1995, p.40-45.

Wang X., Feng Z., Energy consumption with sustainable development in developing
country: A case in Jiagu, China, Journal of Energy Policy, 2002, 31, p. 1671-1684.

Hepbasli A., Ozalp N., Development of energy efficiency and management
implementation in the Turkish industrial sector, Journal of Energy Conversion
Management, 2003, 44(2), p. 231-249.

Tsagarakis P.K., Optimal number of energy generators for biogas utilization in waste
water treatment facility, Journal of Energy Conversion Management, 2007, 48(10), p.
2694-2698.

Blanco-Cangui H., Lai R., Soil and crop response to harvesting corn residues for bio-
fuel production, Journal of Geoderma, 2007, 141(3-4), p. 355-362.

George T.A., Shreve’s Chemical Process Industries, 5" Edition, New York, McGraw-
Hill, 1984.

Philip M., Advanced Chemistry, London, Cambridge University Press, 1992.

Hall P., Planning: Millennial retrospect and prospect, Journal of Programme Planning,
2002, 57, p. 263-284.

Fang Y., Zeng Y., Balancing energy and environment: The effect and perspective of

management instruments in China, Journal of Energy, 2007, 32(12), p. 2247-2261.

121



Performance Evaluation of Palm Qil as Biodiesel
Sunday Albert LAWAL and Ahmed BABAKANO

13.

14.

15.

16.

17.

18.

122

Hepbasli A., Utlu Z., Akdeniz C.R., Energetic and exergetic aspects of cotton stalks
production in establishing energy policies, Journal of Energy Policy, 2007, 35, p. 3015-
3024,

Zia H., Deradas V., Energy management in Lucknow City, Journal of Energy Policy,
2007, 35(10), p. 4847-4868.

Tsagarakis K.P., Papadogiannis C., Technical and economic evaluation of the biogas
utilization for energy production at Irakilo municipality, Greece, Journal of Energy
Conversion Management, 2006, 47, p. 844-857.

Kevin T.P., Lewis A.O., An Introduction to Global Environmental Issues, London
Butler and Tanner Ltd., 1994

Sridharan R., Mathal I.M., Transesterification Reactions, Sri. Ind. Rcs, 1974, 33, p.
178-187.

Bent R.W., Stephens D.L., Motor Vehicle Technology part Il, Pitman Publishing; 3rd
Revised Edition, 1981.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


