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Abstract. Essential oil industry is a growing industry in Indonesia due to the abundance of raw materials. 
However, the current production rate is still not able to meet the demands of domestic and foreign industries. 
This research aims to map Indonesian essential oil agroindustry, which starts from the supply of raw 
materials at the farm level to the marketing of products of essential oils at the exporter level. This research 
employed system dynamics approach. A conceptual model was built to determine factors that influenced 
the production of essential oils along the supply chain and is presented in a causal loop diagram. The results 
of this research indicate that the price factor is the main factor influencing the production of essential oils, 
and can be used as a basis to assist in determining the strategy for developing essential oil agroindustry in 
the future. This research will be useful for policy makers, all business actors involved in the essential oil 
agroindustry, and future researchers. 
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1 Introduction 

In terms of the availability of raw materials, labor, and 
market opportunities, essential oil is one of the 
agroindustry products that has the potential to be 
developed [1]. Essential oil is a type of oil that is distilled 
from various kinds of plants, such as lemongrass, 
vetiver, clove, cananga or ylang-ylang, cinnamon, 
patchouli, rose, and others. Essential oils are obtained 
from roots, stems, flowers, and leaves of plants that have 
been extracted beforehand [2,3]. Essential oils are now 
increasingly becoming a concern because they are 
relatively safe, have many benefits, and are widely 
accepted by consumers. The benefits and natural 
activities of essential oils are related to their chemical 
content. The chemical component of essential oils 
determines their commercial values as raw material for 
industry. Essential oils are used as raw materials or 
indirect materials in the manufacture of fragrances and 
flavors. There are a lot of industries that utilize essential 
oils, including cosmetic industry, chemical industry, 
pharmaceutical industry, and food industry [4–7]. 

No less than 40 types of essential oils that have been 
recorded and have been traded on the global market can 
be produced in Indonesia [1]. Of these 40 types, 13 types, 
which are patchouli, lemongrass, cloves, ginger, 
nutmeg, pepper, cinnamon, sandalwood, jasmine, 
vetiver, ylang-ylang or cananga, eucalyptus, and cubeb, 
have expanded to the global essential oil market [8,9]. 
Data from Statistics Indonesia, which was processed by 
the Ministry of Trade, have shown that the value of 
Indonesia’s essential oil exports has increased from year 
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to year (Fig. 1). The main export destination countries 
for Indonesian essential oils are (1) the United States, 
which covers 26.30% of all exports of Indonesian 
essential oils to the global market, (2) Singapore with a 
market share of 17.24%, (3) France with a market share 
of 10.37%, (4) India with a market share of 9.51%, and 
(5) Switzerland with a market share of 6.98%. 

 

Fig. 1. The Export Value of Indonesian Essential Oil 
from 2010-2019 

The data above show that the potential of natural 
resources is high and market opportunity for Indonesian 
essential oil agroindustry is big. The opportunity is even 
bigger due to the development of industry that utilizes 
essential oils, increasing population, and awareness to 
use natural essential oils because it is safer than 
synthetic chemicals [10]. The development of essential oil 
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agroindustry will have an important impact because it 
may expand employment opportunities, increase added 
value, and build an economy that has a comparative 
advantage. 

Meanwhile, Indonesia faces competition with other 
exporting countries, such as China, India and Brazil [11]. 
The tight competition in the global market and the 
increasingly demanding market requirements in 
developed countries requires the Indonesian essential oil 
industry to be able to increase the productivity, 
efficiency, and quality of their products [12]. Therefore, 
effective and efficient development strategies are 
needed to improve the competitiveness of the essential 
oil agroindustry. 

Solutions and strategies for developing essential oil 
agroindustry need to be formulated. Development 
strategy formulation starts with an analysis of the 
current condition of the essential oil agroindustry. 
Analysis of current conditions is illustrated by a 
conceptual model of system dynamics approach. In the 
case of Indonesian essential oil agroindustry, there is a 
tendency for situations that often change, for example, 
uncertain price change that affects the production of 
essential oil [12]. Prices are not the only cause of the 
decline in essential oil production. There are still other 
interrelated factors. Many variables that affect a variable 
make the system complex. Problems that are complex 
and variables that change over time can be solved using 
system dynamics. System dynamics are also used for 
simulations and predictions of objects [13–15]. Conceptual 
model using system dynamics approach will show the 
complexity and dynamics of factors that contribute to 
the Indonesian essential oil production. 

Previous studies using system dynamics approach 
have been conducted. Yudi et al. (2016) developed 
system dynamics modelling to analyze management 
performance and the performance of cassava farmers. 
Rahmah et al. (2017) analyzed the maize production 
system in Indonesia by using system dynamics. The 
same analysis of different commodity, namely citrus, 
was conducted by Ferreira et al. (2016). Research that 
uses system dynamics is able to solve complex problems 
[16,17]. 

From several previous studies that have been 
conducted, there has been no research on the 
development of the essential oil agroindustry by using 
system dynamics approach. The advantage of system 
dynamics is that the system is more informative in 
presenting forecasting data, more accurate in describing 
short and medium-term behaviors, and more in depth in 
the development of scenarios [18]. The purpose of this 
research is to map and illustrate the complexity of the 
Indonesian essential oil agroindustry, starting from the 
supply of raw materials at the farmer level to the 
marketing of essential oil products at the exporter level. 
Conceptual model is designed to provide easy 
understanding of the system as a whole, so that the 
linkages between factors can be understood clearly. 

 
 

2 Research Method  

This research was conducted using the system dynamics 
method. The essential oil product that was observed in 
this research was cananga oil. Cananga essential oil was 
chosen because Indonesia is known as one of the 
producers of cananga oil and cananga oil is a leading 
export product [1,19]. In the global market, cananga oil 
from Indonesia is known as Java Cananga Oil [20]. The 
research site was Blitar Regency, East Java, Indonesia. 
Blitar Regency was chosen as the research site because 
there are many cananga trees as raw material for 
essential oils and several distillation activities in the 
regency. Based on data that were obtained from East 
Java Province Regional Development Planning Agency 
in 2013, Blitar Regency accounted for approximately 
80% of Indonesia’s exports of cananga essential oil. 

The stages of this research were: 
1. Surveys and interviews with cananga essential oil 

agroindustry actors in Blitar Regency regarding 
existing problems, production processes, and 
business processes; 

2. Literature research on the development of cananga 
essential oil agroindustry, system dynamics concept, 
and supply chain formation; 

3. Forming supply chain of cananga essential oil 
agroindustry in Blitar Regency. The supply chain 
was designed based on interviews with cananga 
essential oil agroindustry actors; 

4. Determining the factors that affect the production of 
cananga essential oil along the supply chain, starting 
from the level of farmer, producer, collector, and 
exporter; 

5. Determining the relationship between factors, which 
were divided into four sub-models, namely, farmer, 
producer, collector, and exporter; 

6. Forming a chain for each stage. 
Meanwhile, data were collected from: 

1. Interviews of 4 cananga oil producers, 1 cananga oil 
collector, and 34 cananga farmers. The largest 
cananga production center is in Ponggok District, 
with a total area of 149.6 ha and an average 
production of 676.94 tons/year, while other 
production centers are also found in several other 
districts. Blitar Regency has 2 centers of essential oil 
distillation, which are in Ponggok District and 
Srengat District with 8 business units and 89 workers 
[21]; 

2. Data that were obtained from the Statistics 
Indonesia. 

3 Results 

3.1 Problem Identification 

Cananga oil is an essential oil that has been traded and 
exported since the colonial era [1,22]. However, at present, 
the production of cananga essential oil continues to 
decline [1]. The global demand for cananga essential oil 
is around 120-130 tons per year [23]. Statistics has shown 
that annually, Indonesia is only able to export an average 
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of 20 tons of cananga essential oil [24], of which 
approximately 16 tons are produced in Blitar District. At 
present, the production rate of cananga in Blitar has 
decreased, as shown in Fig. 2. This is due to the fact that 
many of the cananga plants were abandoned by farmers, 
they switched to planting other crops that could produce 
more profits. It has an impact on the decline in 
production of essential oil in Blitar Regency. The 
decline in the production of cananga essential oil in 
Blitar Regency will consequently have a direct effect on 
Indonesia’s export values. Indonesia’s position as a 
producer of cananga essential oil may be displaced. If 
these conditions continue to occur, of course it will be 
difficult for Indonesia to survive and compete as a major 
exporter of cananga essential oil. 

 

Fig. 2. Production Rate of Cananga 

The decline in the production of cananga essential 
oil, presumably due to fluctuating prices. In the business 
process of cananga essential oil agroindustry network, 
prices are determined by market mechanisms [19]. This 
condition is certainly not very beneficial for all parties 
in the supply chain network of the essential oil industry. 
Producers bear the risk of uncertain income, and may 
even incur losses, while consumers, who are personal 
producers such as small-scale producers, bear the risk of 
uncertain production costs. Price uncertainty results in 
uncertainty of profit margin obtained by actors in the 
supply chain network. 

Interviews were conducted with the business actors 
of cananga essential oil agroindustry in Blitar Regency. 
From the interview results, it can be concluded that: 
1. The process of cananga essential oil production still 

employed a simple processing system. 
2. There was no synergic cooperation of actors in the 

supply chain network of the cananga essential oil 
agroindustry with the local government and other 
business partners. 

3. Quality standards required support from the 
government so that international market standards 
could be met properly. In addition, cananga essential 
oil agroindustry might have a bargaining position 
related to price and quality if producers knew the 
quality of the essential oils they produced. 

4. Farmers switched to planting other commodities 
instead of cananga because other commodities 
generated profits faster, so the supply of raw 
materials for the distillation activities was reduced. 

5. The prices of cananga and cananga oils tended to be 
unstable. 

3.2 Cananga Oil Supply Chain 

Cananga oil is derived from fresh cananga flowers that 
go through a process of distillation. Cananga that is 
considered as a native plant of Indonesia is Canangium 
odoratum Baill. forma macrophylla, while ylang-ylang 
(Canangium odoratum Baill. forma genuina) is cananga 
originating from the Philippines. Cananga and ylang-
ylang belong to the family        Annonaceae [25]. Cananga 
is also widely planted in Polynesia, Melanesia, and 
Micronesia [26]. Cananga essential oil products require 
many processes to reach consumers. There are many 
parties involved in the distribution of cananga essential 
oil products, ranging from farmers to exporters. Fig. 3 
shows the supply chain and actors in the cananga 
essential oil agroindustry. 

Farmer Collector ExporterDistiller

Information Flow

Material Flow

Cash Flow
 

Fig. 3. Supply Chain of Cananga Essential Oil 

Farmers plant cananga and they obtain cananga 
seedlings by plant cuttings. The new plants from 
cuttings can be planted in other media and then 
transplanted. They can also be planted directly in the 
land that has been prepared. Cananga can be harvested 
in 4-5 years. Cananga has varied growing season, 
depending on the area where it grows. Cananga flower 
harvest volume depends on plant age and season 
conditions. The older the age of the plant is, the higher 
the harvest volume becomes [26]. Cananga flowers that 
have been harvested are sold to producers who own 
distilleries. 

The distillation process that was applied in Blitar 
Regency was water distillation. This process is most 
widely used by essential oil farmers in Indonesia [27]. 
Cananga oil quality is strongly influenced by differences 
in the growth area of cananga, hervest timing, and 
flower maturity [28]. Distillers sold cananga oil directly 
to collectors. Collectors were from Jakarta and usually 
came directly to the distilleries. Collectors sell cananga 
essential oils to exporters. Exporters will export cananga 
essential oils abroad. Most of the cananga essential oils 
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are sold to European countries (France, Britain, 
Germany), the United States, Japan, and Singapore. 

3.3 Conceptual Model 

The conceptual model will be developed by taking into 
account the components that influence the production 
rate of cananga essential oil in the cananga essential oil 
agroindustry. 

3.3.1 Chain at the Farmer Level 

Cananga harvest volume is determined by many factors, 
including planting area, harvesting area, productivity, 
and land-use change. Land-use change from land for 
cananga plants to more productive plants in Blitar 
Regency is around 15% per year, causing a reduction in 
the area of cananga plantations [29]. As a consequence, it 
greatly affected the production rate of cananga flower. 
The availability of cananga flowers in cananga farmers 
was greatly influenced by seasonal changes. During the 
rainy season, a 4- to 5-year-old cananga tree produced 
1-2 kg of cananga flowers, while during the dry season, 
it produced 6 kg of cananga flowers. Government 
regulations related to the program to increase 
agricultural/plantation production of cananga plants in 
2014 affected the harvest volume of cananga in Blitar 
Regency. The government provided 5,000 cananga 
seedlings and 5,000 kg of compost. The program had an 
impact on reducing the production costs incurred by 
cananga farmers. 
 In general, each factor gave a positive relationship to 
the total harvest volume of cananga, meaning that if 
there was an increase in the factors, except for the factor 
of land-use change, the total harvest volume of cananga 
would also increase. If many farmers replaced cananga 
plants with other plants that were more financially 
profitable, then the harvest volume of cananga would 
decrease. The relationship between factors can be seen 
in Figure 4. 

 
 
Fig. 4. Chain at the Farmer Level 
 
 

3.3.2 Chain at the Distiller Level 

Cananga oil production is influenced by several factors, 
which are supply of raw materials from farmers, 
distillery capacity, processing technology, and yield of 
oil produced. Supply of fresh cananga flower from 
farmers greatly influences the production rate of 
cananga oil production. In certain months, producers do 
not obtain supply of flowers from farmers because 
farmers prefer to sell their products directly to local 
market to meet the demand of the wider community. The 
community usually uses cananga flowers in ritual and 
cultural activities. Cananga flowers are used during 
wedding ceremonies and grave visits [26]. In these 
months, producers inevitably have to stop production. 

The number of distillers in Blitar Regency was 
currently 8 distillers [21]. Each distiller had an average of 
5 boilers with a production capacity varying between 
500-1,000 kg. Distillation was conducted for an average 
of 62 hours by the water distillation [27]. Yield of cananga 
oil was strongly influenced by the length of storage 
period of flowers before distillation [30], the prevalence 
of contaminants, and machine efficiency. Distillers 
received many cananga flowers whose quality was 
below the standard and it resulted in low yields of 
cananga oil. Another factor that caused the low yield of 
cananga oil was the boilers of the producers that alredy 
passed through generations, so the machine efficiencies 
were low. Each distillation process required 4-5 workers 
per production. The distillation process was over wood 
fires using corn cobs, peanut shells, and husks [26]. In 
general, each factor gave a positive relationship to 
cananga production, meaning that if there was an 
increase in the factors, except the factors of length of 
storage period of flowers and prevalence of 
contaminants, the total cananga oil production would 
increase. The length of storage period of cananga 
flowers before the distillation process greatly affected 
the quality of cananga oil production. The prevalence of 
contaminants also affected cananga oil production. The 
more contaminants were found in raw materials, the 
lower the quality of production became. The 
relationship between factors can be seen in Fig. 5. 
 

Fig. 5. Chain at the Distiller Level 
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3.3.3 Chain at the Collector Level 

The stock of cananga oil at collector level was 
influenced by various factors, such as the stock of 
cananga at distilleries, exporters demand, and prices at 
collector level, all of which had a positive relationship. 
Fig. 6 explains the relationship between these factors. 
Stocks of cananga oil from distillers greatly affected the 
availability of cananga oil at collector level. If cananga 
stock quantities at distiller level increased, cananga oil 
stock quantities at collector level would automatically 
increase. Collectors from Jakarta directly visited 
distilleries to do transactions [26]. Labor costs and 
transportation costs incurred by collectors had a 
negative effect on cananga oil stock at collector level. 
Transportation costs had a negative relationship with 
cananga oil at collector level because if transportation 
costs were high, the frequency of shipping was low. 

The price of cananga oil was influenced by its 
quality, one of which can be seen from the ester number. 
Ester number is defined as the amount of organic acids 
that form compound of ester [31]. Increasing the ester 
number will increase the selling price of cananga oil. 
The current price of cananga is around IDR 1,350,000 
per kilogram. 

 
 
 

Fig. 6. Chain at the Collector Level 

3.3.4 Chain at the Exporter Level 

Cananga oil stock quantities at exporter level were 
influenced by four factors, namely, current price of 
cananga oil at exporter level, cananga stock quantities at 
distiller level, cananga stock quantities at collector level, 
and total costs incurred by exporters. The existence of 
collectors greatly affected cananga oil stock quantities 
at the exporter level. If the supply of cananga oil from 
collectors was increasing, the stock quantities in 
exporters would also increase. 

In the supply chain of cananga essential oil 
agroindustry, prices are determined by market 
mechanisms. Price fluctuations mainly occured because 
of market price uncertainty. The price of cananga oil at 
the exporter level was influenced by prices in the global 
market. It indicated that if the price of cananga essential 
oil in the global market was high, then the price at the 
exporter would be also high. 

 

Fig. 7. Chain at the Exporter Level 

4 Discussion  

From the field research that had been conducted on the 
agroindustry of cananga essential oil, it was found that 
in general, the main problems in the Indonesian essential 
oil agroindustry was fluctuating prices. Business actors 
involved in the supply chain of the essential oil 
agroindustry consisted of farmers, distillers, essential oil 
collectors, and exporters. From the conceptual model 
that was built, it can be seen that price was a factor that 
affected the stock quantities at all four levels of the 
model. If the price increased, the stock quantities tended 
to increase, and vice versa. The stock of essential oils 
was affected by production rate. It indicated that price 
uncertainty resulted in uncertainty of the production rate 
of essential oil. Fluctuating prices of essential oil are 
determined based on international market mechanisms. 
This was in line with the results of interviews conducted 
with business actors in essential oil agroindustry and 
research conducted by Alighiri et al. (2017) and 
Hendrastuti et al. (2012), which stated that price 
fluctuations occurred due to uncertainty in market 
prices, product quality, and production rate of essential 
oil. 

The role of government is needed in the development 
of essential oil agroindustry. Government policies must 
be emphasized to improve essential oil quality and 
stabilize essential oil prices. Stable prices are expected 
to increase the interest of business actors in producing 
essential oils. Policies that are made as a form of strategy 
to develop essential oil agroindustry must be able to 
address all problems and reach all aspects of 
agroindustry actors. Aspects that need government 
attention include: (a) aspects of the production process, 
which are related to the need to improve technology in 
the distillation process so as to improve the quality of 
essential oils, (b) marketing aspects, which are related to 
the need to strengthen competitiveness and develop 
downstream industry, (c) institutional aspects, which are 
public policies that are needed to support regulations to 
strengthen essential oil business chain, and (d) aspects 
of national character building, which are also needed to 
strengthen human resources for building entrepreneurial 
and competitive character. The government, in making 
policies, must consider all these aspects and the complex 
systems and thus, a thorough understanding of the 
system is needed. 
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From the conceptual model that had been designed, 
it can be seen that the essential oils produced by 
producers could all be accommodated and bought by 
collectors and exporters, meaning that the essential oil 
products they produced were accepted by the market. 
This is a strength owned by Indonesian essential oil 
agroindustry where business opportunities are high 
because of high demand in the international market. 

5 Conclusion  

The main problems in the development of Indonesian 
essential oil agroindustry was price fluctuations. The 
purpose of using the system dynamic method was to 
map and illustrate the complexities of the Indonesian 
essential oil agroindustry, starting from the supply of 
raw materials to the marketing of products. The 
conceptual model was built to integrate the factors that 
influenced the production of essential oils in order to 
develop Indonesian essential oil agroindustry. From the 
conceptual model of the system dynamics that was 
created, it was known that the production rate of 
essential oil was influenced by price. If the price of 
essential oils was high, then the preference of farmers to 
plant essential oil-bearing plants would high, the 
frequency of distillation would increase, and the 
essential oil production would increase as well. The 
current price of essential oils was also thought to be a 
major factor in the declining production of Indonesian 
essential oils. 

The conceptual model is a qualitative phase of 
system dynamics. Researchers in Indonesia and other 
developing countries can use this conceptual model to 
conduct quantitative testing in order to develop essential 
oil agroindustry. In addition, this conceptual model can 
be used as a consideration for policy makers in 
developing Indonesian essential oil agroindustry. 
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