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1.2 Problem Statements 

Palm oil mill company generally face problems of transporting the oil palm biomass 

to the biomass facility since there is often change of distance travelled by the carrier of 

oil palm biomass due to having no specific transport instruction. With the presence of 

optimal route of transportation being implemented in the transportation process, it is 

essential that palm oil mill company can minimize the cost during the transportation, 

while can maximize the profit of the palm oil mills. This research study will determine 

the optimal transportation route of oil palm biomass delivery to the potential biomass 

facilities with contributing parameters are taken into account by using linear programming 

model in General Algebraic Modeling System (GAMS). 

1.3 Aim and Objectives 

The aim of this study is to develop a decision tool that can decide optimal 

transportation route to transport oil palm biomass to the potential biomass facility by using 

linear programming model. The specific objectives of this study are: 

i. To develop a model that can provide user with optimal location and optimal

routes, while can minimize the transportation cost.

ii. To calculate the potential economic values for each palm oil mill that can

be generated by selling oil palm biomass to the biomass facility.
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2.2 Oil Palm Biomass 

With the rising growth of oil palm production, the amount of residues generated 

also show a corresponding increase. One hectare of oil palm plantation can produce about 

50-70 tonnes of biomass residues (Salathong, 2007). In that case, oil palm industry is the

major contributing to the biomass. The oil palm industry has been known as the main 

sector generating abundant biomas�, these include empty fruit bunch (EFB), mesocarp 

fibre (MF), palm shell (PS), oil palm fronds (OPF) and oil palm trunks (OPT). In 2014, 

the FFB processed yielded about 95.68 million tonnes and based on the standard biomass 

to FFB extraction rate (Table 1 ), the estimated oil palm biomass produce along the 

processes, comprises of 21.03 million tonnes of pruned OPF (50% removal from the 

plantation), 7.34 million tonnes ofEFB, 4.46 million tonnes of PS, and 7. 72 million tonnes 

of MF, in total 40.55 million tonnes of oil palm biomass generated (Loh, 2017). According 

to the Hussain et al. (2002), percentage amount of EFB, MF and palm kernel shell (PKS) 

generated on weight basis from fresh fruit bunch are 23%, 15% and 6%, as shown in 

Figure 3. 
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Habibi et al. (2018) designed a Location-Inventory-Routing Problem (LIRP) 

optimization model for designing an algae fuel production and distribution network 

consisting of biomass production facility, distribution facilities, and extraction sites. The 

proposed model minimizes the total cost of the network including the cost of locating the 

distribution facilities and transportation and the expected inventory costs including 

holding, shortage, ordering and purchase. The proposed model helps decision-maker 

determine the optimal location and order policy of algae fuel distribution facilities, 

allocation of extraction sites to these facilities, and the routing decisions. 

2.4 General Algebraic Modeling System 

General Algebraic Modeling System (GAMS) is one of the available optimization 

model tools and is used in this research study. Since the focus of this study was to solve 

the problems at palm oil mill by using optimization model, thus GAMS is highly 

recommended as GAMS has incorporated ideas drawn from relational database theory 

and mathematical programming and has attempted to merge these ideas to suit the needs 

for strategic modelers. GAMS is high-level modeling system for mathematical 

programming and optimization; it consists of language compiler and a stable of integrated 

high performance solvers (An Introduction to GAMS, 2011). It is specifically designed for 

modeling linear, nonlinear and mixed integer optimization problems which is especially 

useful with large and complex problems (Amosa and Thokozani Majozi, 2016). 
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3.2 Problem Definition 

At certain location, a few numbers of palm oil mills and biomass facilities, optimal 

routes to transport oil palm biomass from palm oil mills to the biomass facilities need to 

be determined. All the oil palm biomasses generated had same mode of transportation. 

Thus, the oil palm biomasses that involved in this optimal transportation model are empty 

fruit bunch (EFB), palm kernel shell (PKS) and mesocarp fibre (MF). These biomasses 

were transported from palm oil mills to the biomass facilities by optimal routes that will 

be decided by the optimal transportation model. Several key questions need to be 

answered along the decision making process, (1) What are the most optimal routes for 

each palm oil mills to transport its oil palm biomass to the biomass facility? (2) Where is 

the most strategic potential biomass facility? (3) What is the profit for each palm oil mills 

from biomass sales? 
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Figure 8 showed the routes between the palm oil mills to the biomass facilities by 

using the Google Earth. Meanwhile, Table 4 showed the distance calculated between the 

palm oil mills to biomass facilities. 

Palm Oil Mill Route to Biomass Facility Legend 

(j Bon•• Fecity 
0 Pa!m OJMU 

Figure 8. Location of each palm oil mills and biomass facilities and generated routes 
from palm oil mills to the biomass facility. 

Table 4. Calculated distance between palm oil mills to the biomass facilities. 

Palm Oil Mill Distance between Palm Oil Mills to Biomass Facility, km 

L __ . ___ Adela __ · _______________ T�iTa� _ . .J 
Simpang Wa Ha 39.59 41.49 

r Tunjuk Laut_-=
-
-=��- �0.80 . 

-
________ .- �-� �-�:�. 50.6�----��--�=�=

Lok Heng 28.98 49.54 

r Telok Sengat ___________ - ---- 2
8.19 · · ...... ---- ·-- ·- ------r -- • 3

8.
12 • ·----
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CHAPTER4 

RESULTS AND DISCUSSION 

4.1 Results 

4.1.1 Overall Model Performances 

The linear programming (LP) model is coded in GAMS with the objective 

function of maximizes the profit of oil palm biomass sale while minimizing the 

transportation cost. The profits of each palm oil mills from biomass sale were shown in 

Table 6. Table 7, 8 and 9 showed the amount of oil palm biomass to be supplied to the 

biomass facility. 

Table 6. Palm oil mills' profit from biomass sale. 

Profit from Biomass Sale (RM/year) 
Palm Oil Mills . . Profit (RM/year)

(_ E�--��---· __ "! ___ ..___ , p� j
Simpang Wa Ha 5,241,970.08 2,148,600.00 916,337.89 8,306,907.97 

[!u.njuic ���t�--·. • ... �· ·, --�,,i44�i;�·:09 · ·:_���·?i2���Q�QQ_=i��g��;ii�Jz- ����,1���1&�� 1i] 
Lok Heng 7,049,770.00 2,907,125.58 1,238,009.19 11,194,904.76 

- ...... - . - .. ·.- .. . . 
-.-·-··· ·-. ·····-··•····-·..,. ·: ·--· --···· •·· ·-··· -····.-.-··---·-·· ··- ··--··-~····-·--�-��--·-···· --······--

il elok Senga� ·.: - .• .• .. S- 290 400.00.. 2"170 048.96: • . 929 "19L96 __ ., ·: ·8 389 640.91.r -·--·--········-·••--'- • �----�··'-·•·-··�L--�.--....:,-.---·"- _., •••• · ··--·--�----··'··· -···'·············- • 
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Total Profit 38,359,737.41 
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4.3 Sensitivity Analysis 

4.3.1 Sensitivity Analysis on Biomass Supply for Each Palm Oil Mills 

From the sensitivity analysis, the increment of the biomass supply amount does 

not affect significantly, because the limitation of capacity of biomass facility unit. From 

Figure 10, reduction of supply amount of EFB plays significant role in this developed 

model, which it affect significant drop of profit for each mills. However, Lok Heng and 

Tunjuk Laut have higher drops, -7. 76 and 7 .64, since both mills generate larger amount 

of EFB supply. 

Meanwhile, Figure 11 showed the reduction of supply amount of MF gives little 

drops to the mills profit. Lok Heng has the highest drop of -3.09% while Tunjuk Laut has 

-3.04%, even thoug� both mills generate same amount of MF supply, due to Lok Heng

sends all of its MF supply to the biomass facility. Compared to Tunjuk Laut, only send its 

MF supply about 96%. As Figure 12, the reduction of supply amount of PKS does not 

significantly affect the model due to the lower generation of PKS at each mill. 
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APPENDIXB 

Set 
i 'palm oil mill' /simpangwaha, tunjuklaut, lokheng, teloksengat/ 

j 'biomass facility' /adela, taitak/ 
. 

, 

Scalar 
f 'transportation cost RM/tonnes-km' /0.9/ 
g '2joumeys/10 tonnes' /0.2/ 
. 

, 

Parameter 
efb _ supply(i) 
I 

efb generated in each mill i 

simpangwaha 21600 
tunjuklaut 28800 
lokheng 28800 
teloksengat 21600 
I 

mf_supply(i) 
I 

mesocarp fibre generated in each mill i 

simpangwaha 14086 
tunjuklaut 18782 
lokheng 18782 
teloksengat 14086 
I 

pks_supply(i) 
I 

simpangwaha 5634 
tunjuklaut 7513 
lokheng 7513 
teloksengat 5634 
I 

efb _ capacityG) 
I 

adela 60000 
taitak 40000 
I 

mf capacity(i) 

palm kernel shell generated in each mill i 

capacity for efb j 

capacity for mf j 
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