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Abstract: Problem statement: The oil palm industry is an export orientated sttty which heavily
relies on the world market. In 2007 alone the teigdort earnings reached RM 45.1 billion. It is
essential that the oil palm industry is ready tetibe higher expectation of its overseas customers
the environmental performance of the industry. IGfgcle Assessment (LCA) is a tool to evaluate the
environmental impacts of a product or process thinout its entire life cycle. To identify the potiht
environmental impacts associated with the prodoctid CPKO and to use this assessment for
evaluating opportunities to overcome the potentrgdacts.Approach: This study had a gate to gate
system boundary that starts with the collection wadsportation of the palm kernel from the palin oi
mills to the production of Crude Palm Kernel OilRKO) at the kernel crushing plants. Six kernel
crushing plants were selected to collect inventtata which consists of inputs of raw materials and
energy; outputs of solid, liquid and gaseous waste® crushing plants used electricity directlyrfr
the grid while one crushing plant used the eleityrigenerated at the neighboring palm oil mill for
processing. This study compared the Life Cycle lehgegssessment (LCIA) of two scenarios namely;
when the crushing plants uses electricity fromgtid versus the crushing plant which uses elegyrici
generated from the palm oil mill. The LCIA was cantkd using the Simapro software and the Eco-
Indicator 99 methodologyResults: For scenario one there was two potential impactslgn&om the
electricity consumption from the grid for procegsand diesel consumption for transporting the palm
kernel from the mills. For scenario two, the ponmpact from the electricity consumption froneth
grid was reduced due to the use of renewable erfesgythe palm oil mill and the impact from diesel
consumption was reduced due to the short distamcé&dnsporting the palm kernelonclusion: It
was recommended that more kernel crushing plaatsidioe integrated with the palm oil mills to over
come these impacts.
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INTRODUCTION manufactured products and services offered corésbu
to adverse effects on resources and the qualitthef
The world is demanding for economic growth butenvironment and that these effects can occur atades
yet this growth must be achieved through envirortaien of the life cycle and not just during manufacturing
conservation while enhancing the quality of humié | Since the late 1990s there is also a widespread
Sustainability is about preserving the health o th emergence of eco-labeling criteria and EMS which
biosphere and the efficient use of natural resaulige  extends into agriculture products and processing
air, water, land, flora and faufla Sustainable sectors. Eco-labeling is slowly evolving to become
development has been popularly defined as developmemarket-based voluntary mechanism in the greening of
that meets the needs of the present withoutgriculture products supply chain. Eco-label Type |
compromising the ability of future generations teen specifically requires a LCA for certification.
their own need8. This clarion call has resulted in the Life Cycle Assessment (LCA) is a tool to evaluate
recognition of environmental issues to increasehe environmental impacts of a product or process
enormously from the last decade onwards gaininghroughout its entire life cyd LCA was first
momentum each year. The consumers or public havéeveloped as a method to evaluate the impacts of a
become more aware that the consumption ofproduct over its entire life cycle, but it has sirgrown
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to be used in evaluating the environmental impatts
business activities or a nation’s economic actiaty
well. Over the last ten years there has been a rapi
expansion in the demand for LCA studies to chaet th
environmental performance of products. Industries,
environmental experts, academics, regulatory aitiger
politicians, consumers associations, environmental
organizations and the general public want to know h
to assess the environmental quality of products and
production process. LCAs have become a common
environmental management tool and a good analytical
method for assessing and optimizing the environatent
quality of a system over the whole life cy@le
The oil palm industry is a very important industry
which contributes immensely towards the economy ofig. 1: Cross section of oil palm fruit let
the country. In 2007 alone the total exports ofpailm
products, constituting of palm oil, palm kernel, galm The expeller consists basically of a perforated
kernel cake, oleo chemicals and finished produas w cylindrical cage in which runs a worm or screw. The
19.56 million tones resulting to a total exportretags of  discharge end of the cage is fitted with an adpleta
RM 45.1 billiod". Exports of palm kernel oil increased cone which restricts the discharge opening of tigec
by 14.1%-1.06 million tonnes in 2007. USA was theThe rotation of the worm transports the meal toward
major market for palm kernel oil in 200With  the outlet end of the perforated cage and the bigle
0.24 million tonnes, followed by China PR, the Ehdla restricted by the cone, a pressure is built upnindage
Japan. However exports of palm kernel cake decliyed thus causing the oil to be squeezed out of the.riiéal
1.9%-2.09 million tonnes from 2.13 million tonnes i internal pressure in the cage is regulated by auprsts
2006. The major palm kernel cake export marketewerto the outlet cone. The extracted oil flows throuba
the European Union, South Korea and Austfalia perforations in the cage whilst the solid mattercake,
The oil palm industry is an export orientatedis discharged from the opening around the cone.nWhe
industry which heavily relies on the world market. efficiently operated the residual oil in the cake i
Therefore it is vital for the oil palm industry toe  between 5-694.
sustainable and competitive to increase its longrte
profitability and sustainability. It is essentibt the oil  Objective: The objectives of this study are to:
palm industry is ready to meet the higher expemtatif
its overseas customers on the environmentat Identify the potential environmental impacts

performance of the industry. associated with the production of CPKO
The oil palm Fresh Fruit Bunch (FFB) is a uniqgues  To use this assessment for evaluating opportunities
crop. Two types of oil can be obtained from thispcr to overcome the potential impacts
A palm fruit is drupe oval in shape and contains a
kernel which is the seed (nut). The kernel is sumdzd MATERIALSAND METHODS
by the fruit wall made up of hard shell (endocarp),
fibrous fruit pulp or oil bearing tissue (mesocagmd Six kernel crushing plants were chosen for this

the skin as shown in Fig®®1 Within the nut there is the study. Five of the chosen crushing plants use ridégt
kernel. As shown in the cross section in Fig. thefoil  directly from the national grid supply for processi
palm fruit lets, the crude palm oil is obtainednfrehe  while one crushing plant uses the electricity gatest
mesocarp while palm kernel oil is obtained from theat the neighboring palm oil mill. The inventory dat
kernel within the nut. which consisted of raw material, energy consumption
Crude palm oil is processed at the palm oil millswastes and emissions were collected over a pefiod o
and the kernel which is cracked from the nut isya b one year from each kernel crushing plant. A Lifeley
product at the palm oil mills. This kernel is then Inventory (LCI) for every tonne of CPKO produced
shipped by trucks to nearby kernel crushing pléimt$ was created and these data were then input into the
process these kernels into Crude Palm Kernel OiSimaPro Software Version 7.1 to carry out the Life
(CPKO). This is carried out by a continuous screw,Cycle Impact Assessment (LCIA). The Eco-Indicator
commonly known as an expeller. 99 methodology was selected to conduct the LCIA.
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System boundary and functional unit: This study has Limitations/constraints: The simapro software used is

a gate to gate system boundary which starts gtdhle  an European software with European data. However,
oil mills when the palm kernel is collected up title  the software is generic and Malaysian data has been
production of CPKO at the kernel crushing plants.input into the database wherever possible to canduc
Figure 2 shows the various stages included in théhis study. However the background data has been
system boundary. The functional unit for this stusly adopted from the database it self for example tegedl

one tonne of CPKO produced at the kernel crushingised due to lack of Malaysian data. This is on¢hef
plant. main constrains in determining the LCIA as Malaysia
lacks the much needed background data. With this

constrain in mind the LCIA is conducted.
Eaning
EE - 0 =

RESULTS
Screw
1 pressing Using the inventory data collected over a peribd o
} one year from each kernel crushing plant, the Life
Coarse — - Cycle Inventory (LCI) was created for every onerten
sereen Eler of CPKO produced at the kernel crushing plant as
. } shown in Table 1.

- LCIA was conducted for the five kernel crushing

plants A to E which uses electricity from the gadd

are all located at a distance from the palm oilgrals

shown in Fig. 3 and 4. Figure 5 shows the LCIA for

Fig. 2: System boundary of mechanical extraction okernel crushing plant F which uses renewable energy
crude palm kernel olil and located within three km of the palm oil mill.
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Fig. 3: Characterization of the LCIA for 1 tonne@PKO produced

Table I: Life Cycle Inventory for the production afie tonne of CPKO

Crushing Plant A B C D E Average Std Dev. F
Envt. Inputs:

Palm Kernel (t) 2.3500 2.300 2.2000 2.2700 2.2000 .27@ 0.060 2.3800
Electricity form Grid (kWh) 275.0200 238.190 283087 234.6200 294.3600  265.1300 27.140 26.0200
Electricity generated at POM (kWh) - - - - - - - 2ao0o0
Distance (km) 62.5000 80.000 77.5000 90.0000 8%.000 79.0000 10.400 3.0000
Diesel consumption (L) 11.2500 14.400 13.9500 1020 15.3000 14.2200 1.870 0.9000
Envt. Outputs:

Palm kernel cake (t) 1.1300 1.190 1.0000 1.1800 0an1 1.1200 0.100 1.2200
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Fig. 5: Characterization of the LCIA for 1 tonne@?PKO produced (Non-grid energy supply)

DISCUSSION plants all have identical processing methods and
conditions. These crushing plants are typical & th
Almost all the kernel crushing plants in Malaysia majority of the crushing plants in Malaysia. Allete
uses the mechanical method which is basically thdernel crushing plants use the double squeezinpadet
direct crushing and pressing of the kernels to egeie to press out as much CPKO as possible.
out the kernel oil from the kernels. The waste friis Based on Table 1 one of the major environmental
process is the palm kernel cake which is the cuisheinputs is the energy consumption for the whole
kernel after the oil is pressed out. The selectadiing  processing of palm kernel into CPKO. This energy
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source is the electricity supply from the natiogaid Based on Fig. 3, the LCIA shows that there are two
which is the biggest input within this system boarnyd  major parameters causing the potential impactsllin a
In average about 265.13 kWh electricity is consumedhe impact categories. The parameters causing the
for every one tonne of CPKO produced. potential impacts are from the transportation of th
Kernel crushing plants F is also identical in thepalm kernel from the palm oil mills to the kernel
processing methods with the other crushing plantstb crushing plants and the electricity consumptionmriro
has one big difference which is the source of theghe grid for processing. The potential impact frime
energy. Kernel crushing plant A to E all use onheo transportation is mainly from the diesel consumptio
energy source for the processing which is the etétyt ~ from the trucks or Lorries. Due to the distanceseen
from the national grid supply. However kernel cingh the palm oil mills and the kernel crushing plants,
plant F uses the electricity supply from the neigithg ~ transporting the kernel which uses fossil fuelasising
palm oil mill. Palm oil mills generate electricityy ~ the potential impact under all the impact categorie
burning the biomass in the furnace to run a turbinerhe kernel crushing plants in Malaysia are situated
which generates electricity for its own milling pess nearer to the ports for easier access for expottieg
as well as for the kernel crushing plant nearbythem ~ CPKO. This is the reason for the distance betwben t
palm oil mills mesocarp fiber and shell are useduas  Palm oil mills and the kernel crushing plants. Tzém
in the boiler and are burnt to produce heat to ednv oil mills are normally located nearer to the oillmpa
water into steam. This steam is then used to run Rlantations. The other parameter causing the patent
turbine which generates electricity for the milling imPacts is the electricity consumption from theiarzal
process and the whole mill compound. The mesocarfd- Again being a fossil fuel based energy soLtius
fiber and shell are actually wastes from the FFBcivh @S0 contributes as a potential impact under ad th
are then recycled as boiler fuel. The mesocarp fibe MPAcCt categories. ,
the waste after oil has been pressed out of thecaes Palm kernel cake is the waste aﬁer which the palm
of the fruit. The shell is the outer layer of thet which ~ Kernel oil has been squeezed out. This palm keala

when cracked produces kernel and shell. HoweveEeCOmes a _savings as it is us_ed as animal fe?de Sin
kernel crushing plant F still consumes some eletyri oth electricity and transportation seem to be icgus

from the national grid supply when the palm oil Insl the potential impact in all impact categories,

not processing. However it should be noted that thdlormalization is carried out to examine which imipac
amount is only 26.02 KWh per tonne of CPKO more significant or harmful. The Normalization risu

The other environmental input is the diesel '€ z\ﬁhshown In F'?' 4d th tential i ¢t
consumption. This diesel consumption is from the en normalized,  the potential - impact —irom

trucks or Lorries that transport the palm kernehdrthe ?IeCtr'C't¥ i see_rl_r;]s to tt))e mlofe dpcrjomTer;:B:fhan
palm oil mills to the kernel crushing plants. The ransportation. "his can be explaned dué to Mo

distance varies from mill to mill but in averageén be bgsed fuel used to produce this energy which usels ¢
said that the kernel travels for a distance of 7. k oil and natur(_all gas compared o the _transportambnh
However for kernel crushing plant F which is siadt only uses dlese_l. Another reason 1S also because th
right beside the palm oil mill, the distance is dotvn quantity of the d'es?' consumption is much Ie_ss_lﬂhla

to only about 3 km. This explains the figures 0.9fL electricity consumption. From the re_sults ab_ovs very
diesel per ton CPKO for this crushing plant comgare clear that the main parameter causing the impefobis

to 14.22 L toit CPKO for the other five kernel the electnc_lty consumption from the_grld foIIovvb_ g the
i transportation of the palm kernel which uses diesel
crushing plants.

The other environmental input is of course the Most kemel —crushing plants in Malaysia
. . P predominantly uses electricity from the nationadi dor
palm kernel itself which ranges from abow(2.

53 L CPKO. Thi is based h their processing. However there are some Kkernel
-35 tonnes tonne CPKO. This range is based on the .\ ,shing plants that use alternate energy sources.

k_ernel extraction rate of e_ach c_ru_shing plant WhiChAIthough this is quite rare but there are crustprants
directly reflects on the pressing efficiency. .. that are located right beside the palm oil mill.rie

The main environmental outputs are the emissiongryshing plant F is such a plant that is locatethiwi
from the trucks and the palm kernel cake. Due & U the boundaries of the palm oil mill. This kernel
of mechanical pressing, there is some oil retaingtle  crushing plant uses the electricity generated exptim
palm kernel cake resulting it to be a good sourte ooil mill for their processing. When there is a sage or
animal feed. All the palm kernel cakes are eithershut down of the palm oil mill, only then they ube
exported or used internally as animal feed. grid supply as a back up.
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In order to compare the differences between kernel
crushing plants which use electricity from the gaiad
are located far away with a kernel crushing plahictv 1.
uses electricity from the neighboring palm oil nahd
is located nearby, the LCIA for kernel crushingrpl&
was conducted and the results are shown in Fig. 5.
Based on the results it clearly shows that when th2.
kernel crushing plant is located either within ffedm
oil mill compound or nearby the impact from thesgie
consumption is very little. Same goes for the piidgén
impact from the electricity consumption from thedgr
Because this kernel crushing plant uses the etdgtri
which is generated at the palm oil mill, the fossked
energy is displaced. 3.

CONCLUSION

The present reality is that we have to deal with
environmental deterioration. Mitigation using th€A
concept must be viewed as an investment for ourdut
generation if not for ourselves because efforts ird.
mitigation of environmental degradation will traats
into a concerted effort to combat the many
environmental impacts resulting from mismanagement
of natural resources and energy. LCA is the toat th 5.
puts the development of products, materials and the
associated processing steps in the context of th&t m
important issue of the moment i.e., sustainability. 6.

On the whole within the system boundary the
production of CPKO has only two major environmental
impacts and both are due to the use of fossil fuels
Scenario two with a kernel crushing plant integiate
the palm oil mill shows that are the best way to
overcome the potential impacts. In view of this,reno
kernel crushing plants should be integrated witd th
palm oil mills to over come these impacts.
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