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This paper presents the supply network design and the utilisation of rubber seed oil (RSO) in Malaysia.
Rubber plantation covers about 20% or 1.02 Mha of commercial plantation area in Malaysia (MRB,
2012). At average, 1 ha of land yields 150 kg of oil bearing seeds (Ramadhas et al., 2005). The rubber
seeds yields good amount of oil at 30-40 wt% of the seed (Yusup and Khan, 2010). At 20% seeds
utilisation, 35 wt% oil extraction ratio and 96 wt% oil conversion rate (Yusup and Khan, 2010a), 10310
t/y of biodiesel could be produced. This increases the country’s energy security by developing another
potential renewable energy source. RSO has good potential to meet the renewable energy share in
Malaysia as well as the growing biodiesel market globally. After extracting oil from rubber seeds, the
biomass or seeds left over could be used to feed cows, pigs and other livestock. These applications
direct the utilisation of rubber seeds to a zero-waste path. In addition, the supply network of the
biomass is synthesised through mathematical programming in this paper. Centralised processing
facilities are proposed and optimised biomass distribution network is displayed. A simplified real case
study is presented to elucidate the model.

1. Introduction

The current world is developing towards sustainable green future. Research is carried out by most
countries to increase the utilisation of biomass and substitute fossil fuel with renewable energy to
improve energy security. Palm-based biodiesel is produced as one type of renewable energy since the
last decade.

1.1 Biodiesel market and production

The world biodiesel market is estimated to develop at an average growth rate of over 30 % annually by
2016, reaching 140 BL (Dekeloil, 2012). The main raw materials used for biodiesel production in
Malaysia are methanol and crude palm oil (CPO). Currently, Malaysia and Indonesia appears as the
key players towards CPO production on the global stage. These two countries predict that the oil palm
industry needs to grow by 2.5 Mt/y in order to meet the rising global appetite for palm oil (Rowe, 2012).
In Malaysia, the land availability limits the expansion of oil palm industry. On the other hand, there is
only 10 biodiesel production plants are under operation despite the relatively high amount of biodiesel
manufacturing licences issued by the Malaysian government. This situation is caused by the increasing
raw material - CPO price over the years, which diminishes the economic viability of biodiesel
production.
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1.2 Biomass: rubber seed in Malaysia

In Malaysia, rubber plantation appears to be the second largest agricultural sector after oil palm. Figure
1 illustrates the proportion of agricultural land use in Malaysia. Currently, the only main product
extracted from rubber tree is rubber tree milk. Rubber seed as one type of biomass has been ignored
and left as waste previously. Based on the current commercial rubber planting area of 1.02 Mha, it is
estimated that 153 t of rubber seed are available yearly. Yusup and Khan (2010a) investigated the
possibility of using 50:50 CPO and rubber seed oil (RSO) to produce biodiesel. The quality of the
biodiesel produced was checked with international standards and it showed that it could be used as
commercial substitute for diesel fuel (Yusup and Khan, 2010a).

% of Commercially Cultivated
Plantations Given Over to Main
Tree Crops

coconut cocoa
1.8%

oil palm _
77.4 %

Figure 1: The land use based on the commercially cultivated main tree crops as of year 2009. (Source:
MPIC, 2010)
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Figure 2: Source and sink (superstructure) representation of the biomass allocation problem.

2. Problem statement

The problem to be addressed in this paper is formally stated as the followings: given a set of rubber
seed collection points (suppliers) to be allocated to a set of centralised processing points and then to a
set of biodiesel production plants (consumers) via roadway system (by truck). The problem may be
described by the superstructure representation as shown in Figure 2. The work aims to determine the
optimum allocation of biomass to maximise the economic potential and to minimise the carbon foot
print resulted from the transportation activity.
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3. Model formulation

Biomass is transferred from sources (a) to intermediates processing points (c) to sinks (b) or directly to
sinks, varying a = 1...Na, ¢ = 1...Nc and b = 1...Ng. The objection function is defined as:

OBJ =Min> (COTR +CORW) @)
where COTR is the transportation cost incurred; CORW is the raw material cost.

D> WAC,, =CAPA, xF1xF2 VaeA )

ceC

where WAC, is the biomass flowrate from a to c; CAPA; is the limit of biomass availabilty; F1 is the
amount of biomass available per ha of plantation; F2 is the proportion of biomass collected out of the
total biomass available.

> OCB,, =Y WAC, xF3 vceC ®)

beB acA

where OCBq, is the oil flowrate from c to b; F3 is the oil extraction rate of biomass.

BIO, = > OCB,, xF4 vbeB @)
ceC

where BIOy, is the biodiesel production rate; F4 is the conversion factor of the biomass oil to produce
biodiesel.

BIO, <0.5xCAPB, vbeB (5)

where CAPB;, is the biodiesel production capacity.
The distance between the facilities is calculate using the straight line distance equation:

DT = \/(xl %, ) +(y, - y,) (6)

where DT is distance (km); X1, X2, Y1, Y2 are the Cartesian coordinates of supply and destination points.

The transportation cost is estimated using the equation:

COTR= Y (DT,. xWAC,, +DT,, xOCB, )xCTR (7)

aeAbeB,ceC

where CTR is roadway transportation cost per km per kg.

The raw material cost is calculated using the equation:

CORW = » WAC, xCRW ®)

aeA,ceC

where CRW is the cost of biomass per kg.

4. lllustrative case study

A modified actual case study is presented to illustrate the application of the proposed model. The data
of the case study is based on the actual crop distribution, biodiesel plants under operation and
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transportation cost by truck. However, the actual identities of the companies are concealed to keep the
business propriety. Figure 3 shows the geographical locations of the facilities.

Figure 3: Location of rubber seed supplier and consumers with both the supply and demand point can
act as intermediate processing points.

Table 1 shows the estimated Cartesian coordinates of the supply and demand facilities and their
respective production capacities. The supply points act as the rubber seed collection points located
near/in rubber plantations. The rubber seeds collected are sent to a centralised processing facility c,
which can be a or b. RSO is extracted from rubber seeds in ¢ and sent to b for biodiesel production.
The roadway transportation system by truck is employed.

Table 1: Locations of biomass sources, processing plants and their capacities.

Biomass X- y- Capacity Production X- y- Capacity
sources coordinate coordinate (ha) plant coordinate coordinate (ty)
al -1196 6223 255832 bl -1461 6187 350000
a2 -1210 6231 77878 b2 -1276 6233 60000
a3 -1339 6197 156418 b3 -1531 6182 300000
a4 -1426 6201 150202
ab -1373 6214 191808
a6 -1402 6209 119810

Table 2 shows the parameters used for the optimisation model. The supply network model is solved
with the objective function Eq (1) subjected to other constraints listed above in Section 3.

Table 2: Parameters for supply network optimisation and biomass conversion.

Particular Parameter
1 Rubber seed yield 150 kg/ha
2 RS utilisation / collection 20 wt%
3 RSO extraction from rubber seed 35 wt%
4 RPO/CPO conversion 96 wt%
5 Rubber seed cost 3.00 RM/kg
6 Palm fresh fruit bunch cost 0.71 RM/kg
7

Transportation cost

0.30 RM/km/t
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The linear supply network model is solved using the optimisation software General Algebraic Modelling
System (GAMS) 23.4.3 with the solver CPLEX. The optimum allocation scheme proposed is tabulated
in Table 3.

Table 3: Allocation of rubber seed and RSO to processing facilities and biodiesel production plants.

| al | a2 | a3 | a4 | a5 | a6 | bl | b2 | b3 | bl | b2 | b3
al 7675 al 2686
a2 2336 a2 818
a3 4693 a3 1642
a4 4506 a4 1577
a5 5754 a5 2014
a6 3594 a6 1258

Rubber seed is sold at 3000 RM/t with an oil extraction ratio (OER) of 35 wt%; whist, palm fresh fruit
bunch is sold at 716 RM/t with an average OER of 20 wt% as of May 2012 (MPIC, 2012). This results
in the gross costs of 8571 RM/t of RSO and 15000 RM/t of CPO excluding the processing costs. This
brings a gross saving of 64 M RM/y. Furthermore, with the developed supply network for palm biomass
in Malaysia, the supply network can be directly applied on rubber biomass.

5. Conclusions and future works

This paper investigates the potential of enhancing the use of biomass to produce valuable products
and fuels. Biodiesel can be produced by non-edible oils and fats. Therefore, the edible palm oil can be
allocated to meet the increasing vegetable oil demand whereas the RSO can replace CPO utilisation in
CPO's non-edible oil sector. The partial substitution of CPO with RSO in biodiesel production increases
the amount of economic return to the producers. This may accelerate Malaysia's implementation of B5
biodiesel policy over the whole country. Furthermore, this substitution may increase the international
biodiesel demand by offering more attractive biodiesel export rate.

This study can be improved by incorporating more accurate case data, e.g. transportation distance can
be retrieved from road maps or GIS systems for a more realistic distance calculation. In future work,
the study is to be extended to (i) integrate other type of renewable biomass sources into the supply
network; (ii) synthesize a supply network considering the most usage of interested biomass; (iii)
consider the transportation schedule and truck loading limits. In addition, process design (Vlad et al.,
2010) and exergy analysis (Jaimes et al., 2010) can be performed to further validate the feasibility of
biodiesel production from RSO/CPO blend.
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Nomenclature

c set index for centralised processing facility
a subset index of ¢ (for biomass source)
b subset index of ¢ (for biofuel production facility)
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