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ABSTRACT

The increasing demand for sustainable energy has intensified interest in agricultural residues as alternative solid-fuel
resources. Oil palm mesocarp, a lignocellulosic residue generated during palm oil extraction, represents a potential
feedstock for renewable energy production, particularly in oil palm-producing regions. This study evaluated the energy
potential of oil palm mesocarp as a renewable solid fuel by characterizing its proximate composition and calorific value.
Moisture content, volatile matter, ash content, and fixed carbon were determined using the analytical procedures
reported in the study, while calorific value was measured using a bomb calorimeter in accordance with ISO 18125. The
results showed that oil palm mesocarp had a moisture content of 8.36%, volatile matter of 71.48%, fixed carbon of
15.34%, and ash content of 4.82%. Its calorific value was 19.76 M]/kg, indicating appreciable energy content and
potential suitability for solid-biofuel applications. The relatively low moisture content suggests reduced drying
requirements, while the high volatile matter content indicates favorable ignition characteristics. The measured ash
content also suggests a comparatively modest inorganic residue fraction following combustion. In comparison with the
conventional solid fuels discussed in the study, the calorific value of oil palm mesocarp was comparable to that of some
wood fuels, although lower than that of wood charcoal. These findings demonstrate the potential of oil palm mesocarp
as a renewable solid-fuel feedstock and support its valorization as an agricultural waste-to-energy resource. Further
investigation of briquette durability, combustion emissions, and performance under controlled operating conditions is
recommended to establish its practical applicability for domestic and industrial energy systems.

Keywords: Oil Palm Mesocarp; Biomass Energy; Renewable Solid Fuel; Proximate Analysis; Calorific Value; Agricultural
Residue; Waste-To-Energy.

1 INTRODUCTION

Energy. It is an integral parts of human promotion, and it greatly affects socio-economic development, quality of life of
the consumers and national security. The world is facing the challenge of satisfy increasing requirement of energy. The
alternative source of energy is particularly important in this regard. Renewable energy sources in the form of biomass,
energy from water (hydropower), the sun (solar energy) and the wind (wind energy) are attractive options [1]. iBiomass
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ienergy icontributes ito irural idevelopment iand ienergy isecurity, [2]. Biomass ienergy iis iderived ifrom iorganic
imaterials isuch ias iplants, ianimals, iand itheir iby-products, iwhich ican ibe iconverted iinto iusable iforms ilike /heat,
ielectricity, iand ibiofuels. iThese imaterials iinclude 7agricultural iresidues, iwood, ianimal imanure, iand imunicipal
iwaste. iBiomass iis iconsidered irenewable ibecause iit iis ireplenished ithrough inatural ibiological iprocesses iwithin
ia irelatively ishort itime iframe i[3][4].

0il palm mesocarp is among the various agricultural wastes available. It is a waste obtained from the processing of oil
palm [5]. Nigeria is among the world‘s highest producers of oil palm and produces great amount of oil palm mesocarp
yearly [6]. This biomass though plentiful is normally under exploited or completely wasted. It is said to have a relatively
high lignocellulosic content and a high calorific value, therefore it would be suited for briquette production [5];[7].

The objective of this study is to evaluate the energy potential of oil palm mesocarp as a renewable solid fuel based on
its proximate characteristics and combustion properties.

The aim of this study was to evaluate the energy potential of oil palm mesocarp as a renewable solid-fuel feedstock
through the characterization of its proximate composition and calorific value, and to assess its suitability for potential
biofuel applications in comparison with conventional solid fuels.

2 MATERIALS AND METHODS

2.1 Collection and preparation of oil palm Mesocarp

The icollection iof iOPM ibegins with tharvesting imature ifresh ifruit ibunches i(FFB) ifrom ioil ipalm itrees. iProper
iharvesting iensures ioptimal ioil iyield iand ifiber iquality. iThe ifruits iare idetached ifrom ithe ibunches imanually ior
imechanically ibefore iprocessing.

OPM iis iobtained iduring ithe imechanical iextraction iof icrude ipalm ioil. iAfter isterilization iand idigestion, ithe ifruits
iare ipressed, iproducing ia iresidue iknown ias ipress icake, iwhich icontains ifiber, ipalm ikernel inuts, iand iresidual

ipulp i[8]

The iseparation iof imesocarp ifiber ifrom ipalm ikernel inuts iis iachieved ithrough, imanual isorting iin ismall-scale
imills fand imechanical iseparation iusing ifiber-nut iseparators iin fiindustrial isettings.

The iseparated ifiber iis ifurthericleaned ito iremove idirt, isand, iand ioil iresidues. iWashing iand iscreening iprocesses
iimprove ifiber iquality iand isuitability ifor ibriquetting I[8]

Processing iof iOil iPalm iMesocarp ifor iBriquetting ilnvolves iprocesses isuch ias: isize ireduction, idrying iof ifiber,
iremoval iof iresidual ioil iand ipretreatment...

2.2 Proximate Analysis

Moisture Content: Moisture icontent iwas idetermined iaccording ito i(ASTM iE872-24), iusing ithe ioven-drying
imethod

MC(%)="-2 %100 €3]

Where: i

MC = imoisture icontent

Wi i= iinitial iweight

Wf i= ifinal iweight

Ash Content: Ash content is the percentage of inorganic residue remaining after a fuel sample has been combusted under
specified conditions. It provides an indication of the non-combustible mineral fraction of the biomass and is an

important parameter in evaluating fuel quality and potential ash-related operational challengesAsh icontent iwas
idetermined iaccording ito i(ASTM iE872-24), iusing the standard igravimetric ifurnace imethod. [10; 11]

Mass iof iAsh icontent

Ash iContent i(%) (2)

Mass iof iOriginal iSamples
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Volatile Matter: Volatile matter (VM) refers to the proportion of gaseous and vapour products, excluding moisture
vapour, released from a fuel sample when heated under specified conditions in the absence of air. It is an important
indicator of the fuel’s devolatilization characteristics and can help explain its ignition and combustion behaviour.
Volatile imatter iwas idetermined iaccording ito iASTM iE872-24. The Volatile matter iof ithe isamples iwas ithe
idetermined ias igiven iby iequ. i4

) Mass iloss iduring theating

Volatile iMatter i(% (3)

Original iMass

Fixed Carbon: Fixed icarbon icontent iwas idetermined according to ASTM E870-24 iby ithe idifference imethod iafter
idetermining ithe imoisture icontent, ivolatile imatter, iand iash icontent iof ithe ibriquette isamples. The iFixed icontent
iof ithe oil palm mesocarp iwas ithe idetermined ias igiven iby iequ. i4

FCi=1i100 i- i(MC i+ iVM i+ iAC) (4)
Where:

MC = iMoisture icontent

VM i=iVolatile imatter

AC i= iAsh icontent

Calorific Value: Calorific ivalue irepresents ithe iamount iof theat ienergy ireleased iduring ithe icomplete icombustion
iof ia iunit imass iof ifuel. The icalorific ivalue iof ithe oil palm mesocarp iwas idetermined iaccording ito i(ISO 18125,
i2017) iusing ia ibomb icalorimeter. The icalorific ivalue iof ieach isample iwas isubsequently iobtained ifrom ithe
imeasured itemperature irise iand iexpressed iin iM]/kg. The iCalorific iValue iof ithe isamples iwas ithe idetermined
ias igiven iby iequ.5 i

CV= (Wix iAT-e)i/m i (5)
CV=iCalorific ivalue

W i= iCalorimeter ienergy iequivalent i(k]/°C) i

AT i= iTemperature irise i(°C) i

e i= iTotal icorrection i(ignition iwire, icotton ithread, iacid iformation) i(Kk]) i

m i= iSample imass i(kg) i

3 RESULTS AND DISCUSSION

The iTable 1 ishows iresult ifor iproximate idata iof ithe ioil ipalm imesocarp. iThese ivalues idemonstrate ithat ioil
ipalm imesocarp ipossesses ifavorable iphysicochemical iproperties ifor ibriquette iproduction iand iconfirms iits
isuitability ias 7a irenewable ibiomass ifuel.

The irelatively ilow imoisture icontent i(8.36%) iindicates ithat ithe ibiomass irequired iminimal idrying ibefore
idensification. iMoisture icontents ibelow i10-12% iare igenerally iconsidered iideal ifor ibiomass ibriquetting ibecause
ithey ipromote ibetter icompaction, iimprove idimensional istability, iand ienhance icombustion iefficiency [14; 15].
iSimilarly, ithe iash icontent iof i4.82% iis iwithin ithe iacceptable irange ireported ifor iagricultural ibiomass ifuels,
isuggesting ithat ithe imesocarp iwould igenerate irelatively ilow iash iresidues iduring icombustion /[16]

The 0il palmimesocarp ialso iexhibited ia ihigh ivolatile imatter i(71.48%), iindicating igood iignition icharacteristics
iand iease iof iflame ipropagation. iAlthough ihigh ivolatile imatter ipromotes irapid iignition I[17], iexcessive ivalues
imay iincrease iflame iintensity fand ismoke iemission; thowever, ithe imeasured ivalue ifalls iwithin ithe inormal irange
ireported ifor ilignocellulosic ibiomass iresiduesi[18]. iFurthermore, ithe ifixed icarbon icontent i(15.34%) iindicates
ithe ibiomass ipossesses isufficient icarbonaceous imaterial icapable iof isustaining icombustion iafter ivolatile igases
ihave ibeen ireleased. iHigher ifixed icarbon igenerally icontributes ito ilonger iburning iduration iand iimproved iheat
iretention I[16].
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The icalorific ivalue iof i19.76 iM]/kg iconfirms ithat ioil ipalm imesocarp iis ian ienergy-rich ibiomass isuitable ifor
irenewable ifuel iproduction. iThis theating ivalue icompares ifavorably iwith imany iagricultural iresidues ireported iin

ithe iliterature iand ifalls iwithin ithe irange irecommended ifor idomestic iand iindustrial ibiomass ibriquettes I[17;
19].

Proximate data representation
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Figure 1: Result Ifor Proximate IData Jof Ithe Ioil Palm Mesocarp

3.1 Comparing energy content of Conventional Fuel
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Figure 2: Typical iconventional ifuel iCalorific iValue

0il palm mesocarp energy content compared with the control samples which are the conventional solid fuels. According
ito iFAO, ithe iAir-dried iconventional ifuel iwood irecorded ia icalorific ivalue iof i16M]/kg iand i16.7- i20.3M] /kg ifor
ithe iOven-dry iTropical iwood. ilndicating ithe iOil ipalm iMesocarp poses a good proportion of ienergy icontent iat
19.76M]/kg. iHowever, icomparing ito ithe icalorific ivalue iof iWood icharcoal, iapproximately i33M] /kg iwas ireported
iand ithis ihigher iCalorific iValue iis iattributed ito icarbonization iProcess. [20; 21]. The icalorific ivalue ifrom ithe
iwood icharcoal ido inot ireduce ithe irelevance iof ithe ioil ipalm iMesocarp because ithese biomass has inot been
icarbonized ito iconserve ienergy iand ialso ioffers iWaste ito iEnergy ialternative. Non-carbonized ibriquettes ipossess
ienergy icontent ithat ican ibe icompared iand, iin imost icases, iserve ias ian ialternative ifuel iwood ibut iusually illower
ithan icharcoal. [22]iCarbonization iincreases iEnergy icontent iof icharcoal. The Oil palm mesocarp possesses a
substancial fraction of the energy content of conventional solid fuels while being renewable and derived from an
agricultural residue.

4  CONCLUSION

This study evaluated the energy potential of oil palm mesocarp as a renewable solid fuel through proximate renewable
solid fuel through proximate analysis and calorific value determination. The mesocarp had a moisture content of 8.36%,
volatile matter of 71.485, afixed carbon of 15.34%, and ash content of 4.82%, with a calorific value of 19.76 M]/kg. The
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low moisture content means little drying is needed before use, the high volatile matter indicates easy ignition, and the
modest ash content suggests limited residue after combustion.

The calorific value is comparable to that of air-dried wood (about 16M]/kg) and falls within the range reported for oven-
dry tropical woods (16.7-20.3 M]/kg), though it is lower than wood charcoal (33 M]/kg). Because the mesocarp is
uncarbonized, it offers a waste-to-energy option that avoids the energy losses of carbonization. These findings support
oil palm mesocarp as a potential renewable solid fuel biomass, particularly in oil palm-producing regions such as
Nigeria.
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APPENDICE A: IOIL PALM MESOCARP PROXIMATEIDATAIATIRAWISTATE

Sample Moisture Volatile imatter | Fixed iCarbon | Ash Calorific ivalue
icontent i(%) (%) (%) iContent(%) i(M]/kg)

0il iPalm | 8.36 71.48 15.34 4.82 19.76

iMesocarp
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