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ABSTRACT 
Palm oil and its derivative products are the most important non-oil & gas commodities in the 
Indonesian economy. This is due to its increasing dominant non–oil and gas exports, and  
the large number of job opportunities available. The upstream palm oil industry supply 
chain consists of the farmers, the traders and the CPO factories. The aim of this study is to 
measure the business risk levels. The methods used are the Fuzzy Analytical Hierarchy 
Process (FAHP) and Agent Base Modeling using Netlogo, Highest risk is obtained by 
farmers with a value of 0.516, followed by CPO-factory at 0.306 and the traders at 0.179.  
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1. INTRODUCTION 
 
Today, palm oil products especially Crude 
Palm Oil (CPO) is one of the most important 
agricultural commodities in Indonesia for at 
least three reasons. Firstly, palm oil is the 
main raw material for cooking oil, therefore a 
continuous supply of CPO to the processors 
is imperative to maintain cooking oil 
availability and price stability. Secondly,  
CPO has proven to be a promising major 
source of foreign exchange earnings and 
taxes in Indonesian economy. Thirdly, the  
palm fruit  farming, supply chain  and CPO 
processing has been creating  employment 
opportunities and at the same time improve 
the welfare of the community (Soetrisno and 
Winahyu, 1991). 
 
Palm oil supply chain is a very complex 
system, starting from palm oil cultivation by 
the farmers. Fresh fruit bunches (FFB), the 
harvest of the farms, are collected by traders 
who then sell them to  CPO factories where 
these FFB are processed into CPO. CPO is 
sold  to the downstream processors to be 
converted into various products, such as 
cooking oil, margarine, cosmetics raw 
materials, and more edible and no-edible 
products. Indonesian palm oil farmers are 
generally trapped in a weak bargaining 
position. This is due to the monopsonistic 
general market structure of  FFB (Lubis, 
2006) in most palm fruit farm areas in 

Indonesia. In this market structure, only few 
traders and CPO factories in most areas 
control the market. Most farmers have 
limited capital and market information. 
 
The low bargaining power, resulting in a 
lower rate of return than the risk faced by 
farmers. This prompted the need for a model 
that describes the interaction of palm oil 
agro-industry value chain that delivers a 
balanced level of benefits to weight the risks 
to the perpetrators or stakeholders. One 
method that can be used to find the weight 
of the risks faced by individual actors 
upstream palm oil supply chain is to use the 
method of fuzzy analytical hierarchy process 
(FAHP) and its agro-industry value chain 
interactions can be described by the 
manufacture of simulation-based object 
oriented programming using one software 
agent base modeling. 

 
 

2. THEORETICAL BACKGROUND 
 

Supply Chain Management 
Supply chain Management is the systematic, 
strategic coordination of the traditional 
business functions within a particular 
company and across business within the 
supply chain for the purpose of improving 
the long-term performance of the traditional 
company and the supply chain as a whole 
(Chopra & Meindl, 2007) 
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Supply chain is not only oriented to the 
internal affairs of a company, but also the 
external affairs concerning relationships with 
partner companies. Because the companies 
that are at the core of a supply chain want to 
satisfy the final consumer, they must work 
together to make a cheap product, send it on 
time, and with good quality. Only by 
cooperation between the elements of the 
supply chain of these objectives will be 
achieved. Today's competition is no longer 
between one company with other 
companies, but between one supply chain 
with another (Pujawan, 2010).  

 
2.1 Value added 
Value added is the value that occurs as a 
commodity is processing, transport and 
storage in a production process (the use/ 
provision of functional inputs). The added 
value is influenced by technical factors and 
non-technical factors. Or output information 
obtained from analysis of the added value is 
the value added, the ratio of added value, 
margin and fringe benefits received by the 
owners of factors of production (Hayami, 
1987). 

 
2.2. Fuzzy AHP 
Fuzzy AHP is one of the ranking methods. 
Fuzzy AHP AHP combines the fuzzy 
concept approach (Raharjo et al, 2002). 
FAHP cover the weaknesses contained in 
the AHP, the problem of the subjective 
nature of the criteria that have more. 
Uncertainty is represented by the sequence 
numbers of the scale. To determine the 
degree of membership of the FAHP, use the 
rules function in the form of triangular fuzzy 
numbers or Triangular Fuzzy Number (TFN). 

 
2.3. Agent Based Modeling 
ABM concept derived from the combined 
interdisciplinary concept known as "Science 
of Complexity", which is a term that is 
expressed by Ramalingam and Jones 
(2008). In the scientific concept of biological 
and social sciences are combined to 
produce a complex joint that can anticipate 
that non-linear systems, self-regulated, 
heterogeneous, adaptable, no feedback, and 
can bring out the behavior. All combined 
science was implemented into a computer 
and software engineering that makes agent-

based modeling framework, which is the 
result of the development of theories ranging 
from artificial intelligence computer, neural 
network, and computer programming to 
evolve. 

 
 

3. RESEARCH METHOD 
 
The research method in this study can be 
seen graphically in Figure 1. 

Start

Literature Study

Problem 
Identification

Data Collection:
Financial statement and volume of sold in a year was taken from 
modified of Hayami method. (Hidayat, 2012)
Interaction between actors of upstream supply chain of palm oil.
The result of risk weighted questioner.

Calculation of each risk weighted from 
the actors of of upstream supply chain 

of palm oil 

The result of risk 
weighted questioner

Fuzzy Analytical 
Hierarchy Process

Model design

Model construction

Interaction between 
actors of upstream supply 

chain of palm oil

Simulation experiment 
(Validity & Reliability Test)

 using SPSS
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Agent Base Model

Implementation the result 

Yes

Data anlysis

Conclusion & suggestion 

Finish

Figure 1. Flowchart of research methodology 
 
Flowchart presented in Figure 1 shows the 
flow chart of this study are as follows:  
 
3.1  Literature Studies 
Literature study is an initial step of reading 
research literature related to the theme to be 
taken. The literature referred to here can be 
books, articles from newspapers and 
magazines both print media and others, and 
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journals related to the theme you want and it 
will be taken, such as balancing the value-
added models based on the level of risk in 
the supply chain of palm oil (Hidayat, 2012). 
 
3.2. Data Collection 
The method of data collection in this 
research are as follows: 
a. Interviews and questionnaires charging 

risk weight to the upstream supply chain 
actors including palm oil growers, 
dealers or collectors and CPO mills. 

b. Library Studies conducted in order to 
determine what methods will be used to 
resolve the issues to be examined as 
well as acquire the basics of a strong 
reference in applying the method to be 
used in this thesis. 

c. Observation (Observation) is one of the 
methods of data collection/ facts by 
direct observation, in this case, to see 
business process supply chain actors 
directly upstream palm especially 
farmers and traders / collectors. 

 
Scenario making of palm oil supply chain

Identification of entities, roles, functions, 
activities and interaction between the involved 

elements

Describes the concept model in detail

Coding and implementing the result

Verification and validity

Suitable

Yes

Using the model

No

 
Figure 2. Stages of the manufacturing 
process using agent-based modeling 

software Netlogo 
 
3.3. Data processing 
The steps required in the processing of the 
data is as follows: 
a. Calculating risk weightings of each palm 

oil supply chain actors using fuzzy AHP. 
b. Making simulation model of balancing 

the value-added supply chain upstream 
palm oil using agent-based modeling 

using software Netlogo. Details of the 
modeling process can be seen in picture 
2. 

 
 
4. RESULTS AND DISCUSSION 
 
At this stage, it describes the marketing 
research of the upstream supply chain of 
palm oil that has been done is the 3 main 
components that play an important role in 
the marketing supply chain upstream palm 
oil starts producing fresh fruit bunches, CPO 
is to become farmers, wholesalers, CPO 
mill. The three actors who played these are 
interdependent with each other, so 
everything needs to maintain good relations 
so that the distribution of value added in 
balance and all the parties do not feel 
disadvantaged. Public exposure of each 
actor involved in the marketing of palm oil 
supply chain is discussed in this study in the 
form of a chart as shown in Figure 3 and 
Figure 4 are attached. 
 
4.1. Financial data 
In this study, the overall financial data that is 
used is the data from previous studies are 
taken from the dissertation Hidayat, 2012. 
Financial data used can be seen in table 1. 
Detailed financial data used, contained in 
Attached Financial Data. 

Table 1 Financial Data Research 

Information 
Actor 

Farmer (IDR) Collector (IDR) CPO mills (IDR) 

Sales 
output 180.000.000 180.000.000 43.200.000 

Raw 
materials 6.411.988.173,84   

Other input 
costs of 
production 124.777.601.078,17 1.462.433.333,33 23.769.000.000,00 

Other input 
costs of non 
production 5.406.064.690,00 2.331.091.666,67 8.395.965.000,00 

Source: Hidayat, 2012 
 
4.2. Risk Identification 
Figure 5 shows the AHP structure to prepare 
the questionnaires by experts to determine 
the assessment of risk factors. The experts 
comprised of the upstream supply chain 
players are the palm oil growers, traders and 
CPO mills. 
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4.3. Fuzzy Analitycal Hierarchy Process 
(FAHP) 
Work using FAHP get the highest risk weight 
that is borne by the farmer, then CPO mills, 
followed by collectors. Weighting the results 
that have been done using FAHP obtained 
results in Table 2. 
 
4.4. Agent-based Modeling Results 
Based on the calculation of value added in 
general and the formulation of the decision-
making for each actor upstream palm oil 
supply chain can be described simulation 
program flow diagram using agent-based 
modeling software Netlogo which can be 
seen in Figure 6 are attached. 
 

In Figure 6, the first to do is perform the 
calculation of value added services to 
farmers, and then proceed to the merchant 
value-added calculations. In the calculation 
of value added services to merchants, the 
cost of raw materials used are the result of 
the actor's previous sales, the farmers. This 
also applies to the actor after traders (CPO 
mill), the cost of raw materials used are the 
result of the selling dealer, and so on. 
Quantitative output of the results of agent-
based modeling is a form of data contained 
in the file with comma separated values 
(CSV) file in the folder you created Netlogo 
program. The results of agent-based 
modeling view can be seen in Figure 7. 
 
 

 

Identification of risk factors for each level 
of the upstream palm oil supply chain

Improved the quality of 
supply

Maintaining continuity of 
supply stable

Maintaining a balance of 
value-added distribution

Farmer Trader of TBS CPO Factory

Price risk

Supply risk

Transportation 
risk

Information 
risk

Policy risk

Market risk

Safety risk

Production 
risk

Environtment 
risk

Quality risk

Partnership 
risk

Technology 
risk

 
Figure 5. Hierarchy of Risk Identification 

 
Table 2. The weighting results of actors of the upstream palm oil supply chain 

Actor Quality of supply Continuity 
of supply 

Distribution of 
value added 

End 
Weighted 

Farmer 0.565 0.393 0.628 0.516 
Collector 0.097 0.284 0.097 0.179 

CPO Factory 0.338 0.323 0.275 0.306 
Weighted 0.151 0.437 0.412 1.000 
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Figure 7 Display the results of agent-based modeling when executed 

 
Based on simulation results, the balance of 
the added value gained by each of the 
following actors: 
1. Farmers obtain equilibrium value when 

prices are in the range of Rp. 1420, - the 
profit is in the range between Rp. 116 
274 346 058, -. 

2. Traders gain equilibrium value when 
prices are in the range of Rp. 1666, - the 
profit is in the range between Rp. 
40,252,475,000, -. 

3. Factory CPO obtain equilibrium value 
when prices are in the range of Rp. 
8579, - the profit is in the range between 
Rp. 68,507,835,000, -. 

 
4.5. Validity Test 
Internal Validity Test 
Internal validity test performed to model 
ABM is to see if there are some error 
function on the main menu functions that 
include the functions file, edit, tools, zoom 
and tab; those functions display that includes 
a virtual world display, graphics, and 
monitor; the main key functions or interfaces 
that include setup, go and slider and 
command center functions that include 
observer, patches and turtles. From the ABM 
model results were performed using the 
software Netlogo not found error in all parts 
of the function. To determine the internal 
validity of the test results in more detail, can 
be seen in the attached Table 3. 

External Validity Test 
Based on the results of testing the validity of 
using SPSS version 16, that the data for 
fresh fruit bunches and profit of each supply 
chain actors upstream palm oil used in this 
study is valid. This conclusion is based on 
the following criteria: 
1. Item scores for price Farmers, 

Merchants, and CPO Factory each have 
a score of 0573, 0884, and 0887. The 
magnitude of the correlation coefficient is 
larger item scores for critical r 0062 Total 
Score (α = 5%), means that the 
instrument is valid. 

2. Item scores for Profit Farmers, Traders 
and CPO Factory each have a score of 
0526, 0735, and 0770. The magnitude of 
the correlation coefficient is larger item 
scores for critical r 0062 Total Score (α = 
5%), means that the instrument is valid. 

 
Test Reliability 
According to the table 4.7, calculate r values 
obtained for the variable selling price is 
equal to 0860 and calculate r values 
obtained for the variable profit is equal to 
0791. According to Anwar (2001), the alpha 
value of more than 0.7; then the model is 
satisfactory and is considered reliable. So 
the model of balancing upstream value-
added palm oil supply chain is reliable. 
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5. CONCLUSION 
 
Based on FAHP calculations the result with 
the greatest risk were borne by the farmers 
[0.516], followed by the CPO mills [0.306] 
and the traders [0.179] 
 
The reliability test results obtained for the 
sales price [variable count r value for the 
selling price] is  0860, for the profit [variable 
count r values obtained for the variable 
selling price] is 0791. Therefore the model 
for balancing the palm oil supply chain is 
reliable. Based on the test results  the 
models are in accordance with the state in  
the real world. 
 
The results of the simulation show that  the 
balance of the added value gained by the 
farmers obtain equilibrium value when FFB 
prices around Rp. 1420, - with a total 
(farmers group) profit of Rp. 
116.274.346.058. Traders obtain equilibrium 
value when FFB prices are around Rp. 1666, 
- with a lower profit of Rp. 40.252.475.000; 
CPO Factory obtains equilibrium at FFB 
price of Rp. 8579, - and a profit of Rp. 
68.507.835.000. 
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ATTACHMENTS 
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Figure 3 The business process of palm oil upstream supply chain actors 
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Figure 4 The Business Flowchart of  palm oil upstream supply chain actors 
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Figure 6 The flowchart of Agent Based Modeling 

 
Table 3 Internal validity test result of agent based modeling using Netlogo 

Test Sub Measurement Target Result 

Error · Number Compiling Error Error Free No Error 

· Number Running Error Error Free No Error 

Main Menu Functions · File Function, running/ not Running Running 

· Edit function, running/ not Running Running 

· Tool Function , running/ not Running Running 

· Zoom Function, running/ not Running Running 

· Tab Function, running/ not Running Running 

Display Function · Display Agents “world”, work/ not Work Work 

· Graphics Display Function, work/ not  Work Work 

· Monitor Display Function, work/ not Work Work 

Main Key Function (Interface) · Setup Button Function, work/ not  Work Work 

· Go Button Function, work/ not  Work Work 

· Slider Button Function, work or not Work Work 

Command Center · Command Observer,  work/ not Work Work 

· Command Turtles, work/ not  Work Work 

· Comand Patch, work/ not Work Work 

 


