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Abstract
 

Biodiesel is a renewable fuel with great potential to support energy transition in Indonesia. This research 
aims to analyze the impact of the policy of developing biodiesel on CPO prices. Time series and secondary 
data from January 2015 to December 2023 were used in this research with the Autoregressive Distributed 
Lag (ARDL) method. The dependent variable was the domestic CPO prices and the independent variable 
were the price of CPO in the international market, biodiesel production volume, exports of CPO and its 
processed products, price of palm cooking oil, export levies, export duties, CPO production volume, and 
the Rupiah exchange rate against the United States Dollar. The results in the short run was the domestic 
CPO prices were influenced positively and significantly by the volume of biodiesel production, the export 
volume of CPO and its processed products, and the price of palm cooking oil. In the long run, domestic 
CPO prices were significantly and positively influenced by international CPO prices and palm cooking oil 
prices. At the same time, export levy, CPO production volume, and the Rupiah exchange rate are 
significantly and negatively influenced. These results indicate that biodiesel production impacts the 
prices of biodiesel raw materials and cooking oil in the short run. 
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INTRODUCTION 

Energy transition refers to a major shift in 

how a country or region produces, distributes, 

stores, and consumes energy, moving from 

fossil fuels to sustainable energy sources 

(Solomon and Krishna, 2011; Gallo et al., 2016; 

Chen et al., 2019). This transition is essential to 

reduce greenhouse gas (GHG) emissions since 

fossil fuel use generates substantial GHG 

emissions (Kovač, Paranos and Marciuš, 2021). 

The energy transition in Indonesia 

represents a strategic effort to reduce reliance 

on fossil fuels and enhance national energy 

security. A key initiative within this transition 

is the utilization of palm oil-based biofuels, 

commonly known as biodiesel. Biodiesel is a 

type of bioenergy or biofuel derived from 

vegetable oils, including fresh or used cooking 

oil, which undergoes a transesterification 

process (Supraniningsih, 2012). Biofuels are 

categorized into biogas, bioethanol, and 

biodiesel and are produced from biomass or 

renewable biological materials and typically 

require specialized processes to be converted 

into fuel (Ahmad et al., 2011; (Hirani et al., 

2018). 

In line with Indonesia's commitment to 

reduce GHG emissions, the government has 

begun developing more environmentally 

friendly renewable energy. In 2006, the 

government initiated palm oil-based biofuel 

production, and in 2008, it officially 

implemented a mandatory biodiesel program 

under the Minister of Energy and Mineral 

Resources Number 32 Regulation concerning 

the Provision, Utilization and Trade of Biofuels 

as Other Fuels. This mandate aims to produce 

environmentally friendly fuels while also 

enhancing Indonesia's energy resilience and 

independence, stabilizing domestic CPO 

prices, increasing the added value of 

Indonesian palm oil, meeting the renewable 

energy target of 23% by 2025, substituting fossil 

fuels to reduce fuel imports, and lowering GHG 

emissions.  

Markard (2018) stated that every energy 

transition process will produce winners and 

losers. Cantarero (2020) explained that 

developing countries face challenges in the 

energy transition. Biodiesel development has 

an impact on increasing employment 

opportunities in Indonesia and gross domestic 

product (Dharmawan et al., 2020; Sahara et al., 

2022). Biodiesel also can help Indonesia to 

tackle unstability of oil prices (Suhara et al., 

2024; Wirawan et al., 2024). While the 

increasing of the biodiesel blending rate has the 

potential to cause losses in CPO exports due to 

increased demand for biodiesel raw materials 

(Halimatussadiah et al., 2021).  

Indonesia still relies on fuel imports to 

meet its domestic consumption. Increasing oil 

import can encourage for biodiesel production 

(Timilsina, Mevel and Shrestha, 2011; Koizumi, 

2015). Ewing and Msangi (2009) stated that the 

energy market can affect agriculture directly 

and indirectly. The direct impact is that 

increasing energy prices will increase the cost 

of agricultural inputs such as fertilizers. The 

indirect impact causes an increase in household 

spending on fuel purchases. 

Biofuel production in 2007-2008 was 

stated to contribute to increasing food prices 

(Mueller, Anderson and Wallington, 2011; 

Zilberman et al., 2012). However, Ajanovic 

(2011) and Staab and Duffield (2019) stated that 

the development of biofuels in the European 

Union and America in 2008 did not affect the 

increase in food prices. Sahara et al. (2022) 

stated that the development of B30 could 

potentially increase the price of agricultural 

food products. 

Increased biofuel production will 

increase the demand for raw materials. 

Zilberman et al. (2012) stated that ethanol 

production from corn significantly increases 

the price of food commodities. Tanaka et al. 

(2023) stated that the use of soybean oil as 
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biodiesel in America could impact soybean 

prices and influence international soybean 

prices. However, Shrestha et al., (2019) stated 

that biodiesel production does not necessarily 

cause an increase in corn and soybean prices in 

America.  

CPO is an essential raw material for 

Indonesia's food industry especially cooking 

oil, oleochemical and biodiesel industries. 

Indonesian Palm Oil Association (IPOA) 

projects that the Indonesian palm oil industry 

will significantly increase production, domestic 

consumption, and exports from 2020 to 2045. 

Production of CPO and PKO (Palm Kernel Oil) 

is estimated to increase from 51,502 thousand 

tons in 2020 to 92,440 thousand tons in 2045. 

Domestic consumption, which includes the 

food industry, oleochemicals, and the use of 

fatty acid methyl ester (FAME) as a raw 

material for biodiesel, has also experienced a 

significant increase. In 2020, domestic 

consumption was recorded at 19,438 thousand 

tons and is projected to reach 43,768 thousand 

tons in 2045. In addition, palm oil exports are 

also expected to grow from 32,064 thousand 

tons in 2020 to 48,672 thousand tons in 2045. 

Although domestic demand is increasing, 

export projections also show a stable growth 

trend. This shows that the Indonesian palm oil 

industry will remain a major player in the 

global market, although most of the production 

is also allocated for domestic consumption. The 

projected increase in production capacity to 

92,440 thousand tons by 2045 ensures that 

Indonesia can meet domestic demand while 

maintaining large exports. 

This study aims to analyze the impact of 

the policy of developing biodiesel on CPO 

prices. The research is expected to provide 

deeper insight into how the development of the 

biodiesel energy transition affects CPO prices. 

With the increasing demand of CPO for 

biodiesel as an alternative fuel, especially in 

policies such as the mandatory B20 to B50 in 

Indonesia, this study highlights the direct 

relationship between the increase in the 

biodiesel blending rate and the fluctuation of 

CPO prices in the domestic and global markets. 

With the increase in domestic biodiesel 

consumption, pressure on CPO export supplies 

may increase, directly affecting the 

commodity's price. This study contributes to 

understanding how Indonesia's energy 

transition policy can affect CPO's prices. This 

study also contributes to the literature on the 

impact of energy policies, especially the 

mandatory biodiesel policy, on the palm oil 

industry. By mapping the impact of biodiesel 

policies on CPO prices, this study can be a 

reference for policymakers in designing policies 

that support price stability and the welfare of 

farmers and all the stakeholders in the palm oil 

industry. 

 

RESEARCH METHODS 

This research used secondary data in 

time series from January 2015 to December 

2023. Data sources were obtained from the 

Ministry of Agriculture, Ministry of Finance, 

Ministry of Energy and Mineral Resources, 

World Trade Organization, Bank Indonesia, 

and the Indonesian Palm Oil Entrepreneurs 

Association (GAPKI). All the varieables were 

presented on Table 1. 

 

Table 1. Variables and operational 

definition 

Variables Definition 

International 

CPO price 

(CPOI) 

Average monthly price of 

CPO in the Rotterdam 

market average monthly 

(c.i.f. price, i.e. cost, 

insurance and freight price) 

USD/MT 
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Domestic 

CPO price 

(CPOD) 

Average monthly price of 

CPO in the Indonesian  

 

domestic market average 

monthly (IDR/kg) 

Cooking oil price : Average 

monthly price of national 

bulk cooking oil (IDR/kg) 

Biodiesel 

production 

volume (BIO) 

Total of monthly production 

of palm oil biodiesel 

(thousand litres) 

Export duty 

(ED) 

Average nominal CPO 

export duty stipulated in the 

Regulation of the Minister of 

Finance each month 

(USD/MT) 

Export levy 

(EL) 

Average nominal CPO 

export levy stipulated in the 

Regulation of the Minister of 

Finance each month 

(USD/MT) 

Export 

volume of 

CPO and its 

derivatives 

(CPOX) 

Total of monthly CPO 

exports volume and its 

derivatives (HS codes 

15111000 and 15119000 

consisting of 15119020, 

15119031, 15119032, 15119036, 

15119037, 15119039, 15119041, 

15119042, and 15119049) 

(thousand tons) 

Cooking oil 

price (COP) 

monthly average price of 

cooking oil (IDR/kg) 

CPO 

Production 

(CPOP) 

Total of monthly production 

volume of national CPO 

(thousand tons) 

Rupiah 

exchange rate 

(IDR) 

Average monthly nominal 

exchange rate of Rupiah 

against the US Dollar 

 

The Autoregressive Distributed Lag 

(ARDL) model is a versatile econometric tool 

that estimates the relationship between 

variables over time, accommodating both 

short-run and long-run dynamics. This model 

can be used for testing using time series data 

(Kripfganz and Schneider, 2023). Short run 

model equation is: 

𝐷(𝐿𝑁𝐶𝑃𝑂𝐷)𝑡 = 𝛼 + ∑ 𝛽𝑖𝐷(𝐿𝑁𝐶𝑃𝑂𝐷)𝑡−𝑖

𝑝

𝑖̇=1

+ ∑ 𝛾𝑗𝐷(𝐿𝑁𝐶𝑃𝑂𝐼)𝑡−𝑗

𝑞1

𝑗=0

+  ∑ 𝛿𝑗𝐷(𝐿𝑁𝐵𝐼𝑂)𝑡−𝑗

𝑞2

𝑗=0

+ ⋯

+   ∑ 𝜁𝑗𝐷(𝐼𝐷𝑅)𝑡−𝑗

𝑞𝑛

𝑗=0

+ 𝜖𝑡 

 

The ARDL model also can predict for the 

long run analysis. The aim is to identify and 

estimate the long-run equilibrium relationship 

between independent and dependent variables 

in an econometric model, even though the data 

used has different integration properties (I(0), 

I(1), or a combination of both). The equation for 

the long run model is written as : 

 

𝐿𝑁𝐶𝑃𝑂𝐷𝑡 =  + 𝛽1𝐿𝑁𝐶𝑃𝑂𝐼𝑡 +  𝛽2𝐿𝑁𝐵𝐼𝑂𝑡

+  𝛽3𝐿𝑁𝐶𝑃𝑂𝑋𝑡 +  𝛽4𝐿𝑁𝐶𝑃𝑂𝑃𝑡 

+  𝛽5𝐸𝐿𝑡 +  𝛽6𝐸𝐷𝑡 +  𝛽7𝐿𝑁𝐼𝐷𝑅𝑡 

+  𝜖𝑡 

 

The purpose of a stationary test in time 

series analysis is to check whether the time 

series data is stationary, that is, whether its 

statistical characteristics are constant over 

time. These statistical characteristics include 

mean, variance, and autocovariance. 

Stationarity testing is crucial because most 

classical time series analysis methods, such as 

ARDL, assume that the data being analyzed is 

stationary. 

 

𝐷(𝐿𝑁𝐶𝑃𝑂𝐷)𝑡 = 𝛼 + 𝛽𝑡 + 𝛾𝐿𝑁𝐶𝑃𝑂𝐷𝑡−1

+ ∑ 𝛿𝑖𝐷(𝐿𝑁𝐶𝑃𝑂𝐷𝑡−𝑖)

𝑃

𝑖=1

+ 𝜖𝑡 

 

 

Where D(LNCPOD)t is the first 

differentiation form of the natural logarithm of 

(1) 

(2) 

(3) 
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CPO consumption at time. First differentiation 

ensures data stationarity (unit root test) in time 

series analysis.  is constant or intercept in the 

model. This constant value describes the 

average value of the change (differenced) in 

LNCPOD when all other variables in the model 

are zero. β is coefficient of the time variable t. γ 

is the coefficient of the first lag of the LNCPOD 

variable at time t-1. ∑ 𝛿𝑖𝐷(𝐿𝑁𝐶𝑃𝑂𝐷𝑡−𝑖)𝑃
𝑖=1  is 

summation of the LNCPOD difference lag 

values up to the p-th lag. ϵt is error term 

orrandom disturbance that describes factors 

not explained by the model or stochastic 

variations of the model. 

The main objective of lag length selection 

in the ARDL  model is to ensure that the model 

can capture the dynamics of the short-run and 

long-run relationships between the variables 

analyzed. ARDL Lag equation (general ARDL 

model): 

 

𝐿𝑁𝐶𝑃𝑂𝐷𝑡 = 𝛼 + ∑ 𝛽𝑖𝐿𝑁𝐶𝑃𝑂𝐷𝑡−𝑖

𝑝

𝑖=1

+ 

                                   ∑ 𝛿𝑖𝑥𝑡−𝑗  

𝑞

𝑗=0
+  𝜖𝑡     

 

Where LNCPODt is the dependent variable, Xt-

j is the independent variable, p and q are lagged 

for the dependent and independent variables, 

respectively, and ϵt is the error term.  

 

ARDL Bounds Test is used to test the 

cointegration relationship between variables. 

The hypothesis is: 

H0: There is no cointegration. 

H1: There is cointegration. 

The equation model is:  

𝛥𝐿𝑁𝐶𝑃𝑂𝐷𝑡 = 𝛼 + ∑ 𝛽𝑖𝛥𝐿𝑁𝐶𝑃𝑂𝐷𝑡−𝑖

𝑝

𝑖=1

+ ∑ 𝛿𝑗𝛥𝑋𝑡−𝑗

𝑞

𝑗=0

+ 𝜙𝐿𝑁𝐶𝑃𝑂𝐷𝑡−1

+ 𝜓𝑥𝑡−1 +  𝜖𝑡 

 

In linear regression, the residuals of the 

model must be normally distributed to ensure 

that the dependent variable does not have a 

wrong functional form (Khatun, 2021). One of 

the most common methods used for testing 

data distribution or normality is Jarque–Bera 

test (Ghasemi and Zahediasl, 2012). This 

research, used Jarque–Bera test for normality 

test. The aim of this test is to see whether the 

model's residuals are normally distributed.  

The hypothesis is: 

H0: Residuals are normally distributed. 

H1: Residuals are not normally distributed. 

Jarque-Bera Test Equation: 

 

𝐽𝐵 =
𝑛

6
(𝑆2 +

(𝐾 − 3)2

4
) 

 

Where n is the sample size, S is the skewness 

and K is the kurtosis of the residuals. 

 

Heteroscedasticity comes from the words 

hetero and scedasticity. Scedasticity or 

scedasticity means spread (variance) (Gujarati, 

2003). This research used Breusch-Pagan Test 

test to check whether there is 

heteroscedasticity in the model  (Halunga et al., 

2017).   

The hypothesis was: 

H0: Homoscedasticity (no heteroscedasticity). 

H1: There is heteroscedasticity. 

The equation for the Breusch-Pagan Test: 

 

𝜖𝑡
2 = 𝛼 + 𝛽1𝑋1,𝑡 + 𝛽2𝑋2,𝑡 + ⋯ + 𝛽𝑛𝑥𝑛,𝑡 + 𝑢𝑡 

  

(4) 

(5) 

(6) 

(7) 
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This test was conducted using 

Breusch-Godfrey test (Edgerton and Shukur, 

1999). This test is used to check whether there 

is autocorrelation in the residuals. The 

hypothesis was: 

H0: There is no autocorrelation. 

H1: There is autocorrelation. 

The equation for the Breusch-Godfrey Test: 

 

𝜖𝑡 = 𝛼 + ∑ 𝛽𝑖𝜖𝑡−𝑖

𝑝

𝑖=1

+ 𝑢𝑡 

 

The main function of the CUSUM 

(Cumulative Sum of Recursive Residuals) and 

CUSUM of Squares (Cumulative Sum of 

Squares of Recursive Residuals) tests is to 

evaluate the stability of parameters in a 

regression model over time. This test is useful 

in detecting changes in model parameters 

that may occur due to structural instability. 

The following are the equations of each test: 

 

𝐶𝑈𝑆𝑈𝑀𝑡 = ∑ 𝜔𝑖

𝑡

𝑖=𝑘+1

 

𝐶𝑈𝑆𝑈𝑀𝑄𝑡 = ∑
𝜔𝑖

2

𝛴𝑖=𝑘+1
𝑇 𝜔𝑖

2

𝑡

𝑖=𝑘+1

 

 

Where 𝜔𝑖 is the recursive residual, k is the 

number of parameters, and T is the total 

observations. 

 

RESULTS AND DISCUSSION 

Indonesia’s journey in biodiesel 

production reflects a strategic shift towards 

renewable energy, driven primarily by the need 

to reduce reliance on fossil fuels, support 

domestic palm oil industry, and reduce GHG 

emissions. When Indonesia started producing 

biodiesel in 2006, the initial blending level was 

set at 2.5%, meaning biodiesel only comprised 

2.5% of the diesel blend, while the remaining 

97.5% came from fossil-based diesel. Since then, 

Indonesia has gradually increased the blending 

level in line with government mandates and 

environmental goals. In 2023 and 2024, 

Indonesia’s biodiesel policy has reached the B35  

Figure 1. Development of biodiesel blending rate from 2006 to 2025 
 

Source : Indonesian Palm Oil Association (IPOA), Directorate General of New, Renewable Energy 
and Energy Conservation -  Ministry of Energy and Mineral Resources 

(8) 

(9) 

(10) 
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blending level (Figure 1). This change 

represents significant progress, making 

Indonesia one of the global leaders in 

biodiesel use and producer. 

In 2007, the government launched a 

downstream program for the palm oil 

industry to increase its added value. By 2010, 

the Ministry of Industry expanded this 

initiative, specifically targeting the palm oil 

sector. Downstreaming represents a 

government-led effort for structural 

transformation, aimed at modernizing the 

CPO processing industry and promoting the 

export of higher-value derivative products 

(Berlian, 2015). The goal of the palm oil 

downstream program is to enhance the added 

value of processed palm oil through its 

application in food, non-food, and biofuel 

industries. Here, value refers to the quality of 

a product, determined by its necessity, 

usefulness, or perceived importance, as well 

as its monetary worth in trade or sale (Rutner 

and Langley, 2006). 

In 2024, the biodiesel blending rate is  at 

B35 and by 2025 will be B40. Biodiesel 

development can reduce the negative impact of 

international CPO prices on Indonesian 

domestic CPO prices (Prananta and 

Kubiszewski, 2021). Energy transition in 

Indonesia also an essential strategic step in 

facing the challenges of climate change and 

reducing dependence on fossil fuels. As a 

developing country with a large population, 

Indonesia is committed to balancing increasing 

energy needs and the environmental 

sustainability agenda. In the global context, 

energy transition means shifting from an energy 

system dominated by fossil resources, such as 

coal, oil, and gas, to the use of more 

environmentally friendly energy, such as 

renewable energy, energy efficiency, and low-

carbon technology. 

The dynamics of biodiesel production 

development in Indonesia are greatly influenced 

by government policies. Along with the 

increasing biodiesel blending mandate (from 

B2.5 to B35 in 2023), domestic biodiesel 

production volume has increased rapidly. Figure 

2 shows the relationship between the average 

price of CPO (Crude Palm Oil) in Rupiah per 
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Source : Ministry of Trade, Ministry of Agriculture 
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kilogram and the volume of biodiesel 

production in kiloliters from January 2015 to 

December 2023. The average price of CPO 

increases gradually from early 2015 to 2023. 

There are price fluctuations at some points, 

especially around 2020-2021, where the price 

of CPO experienced a sharp increase. The 

volume of biodiesel production also shows a 

sharp increase over time, although there are 

fluctuations at some points, especially after 

2021. There is a sharp increase in the volume 

of biodiesel produced in 2020-2021, followed 

by a brief decline, then increasing again until 

2023. A correlation between the increase in 

biodiesel volume and CPO prices can be seen. 

For example, when the volume of biodiesel 

increases significantly, the price of CPO also 

tends to increase, especially in 2020-2021. The 

increase in biodiesel volume may contribute 

to the increase in CPO prices because 

increased biodiesel production requires more 

palm oil as a feedstock, thereby reducing the 

supply of CPO for other markets and 

increasing prices. 

 

Table 2.  Stationarity test results on all 

variables 

Variable Level First Difference 

LNCPOI 0.3735 0.0000** 
LNBIO 0.1571 0.0000** 
LNCPOX 0.0000** 0.0000** 
LNCOP 0.8040 0.0000** 
PE 0.0792 0.0000** 
LNCPOP 0.0906 0.0000** 
EL 0.2017 0.0000** 
LNIDR 0.5711 0.0000** 

** significant at level of =5% 

Table 2 presents the results of 

stationary tests. For variables international 

CPO price, domestic CPO price, biodiesel 

production volume, export duty, export levy, 

cooking oil price, CPO production and Rupiah 

exchange rate  the p-values at the Level are 

above common significance levels (=5%), 

indicating that these variables are non-

stationary at their levels. For Export volume of 

CPO and its derivatives, stationary in the level. 

However, after taking the first difference, the p-

values drop to zero (0.0000), suggesting that 

these variables become stationary after 

differencing once.  

The nesxt step was to determine optimal 

lag length. The purpose is to determine the 

appropriate number of lagged terms (or past 

values) of both the dependent and independent 

variables to include in the model. Based on the 

Akaike Information Criteria (AIC) plot in Figure 

1, the selected lag corresponds to the model with 

the lowest AIC value, which is visually 

identifiable as the lowest point on the curve. 

From the x-axis labels in Figure 3, the optimal 

model appears to be ARDL(2, 1, 3, 2, 0, 4, 1, 4, 4). 

This represents the selected lag structure for 

each variable in the ARDL model, indicating the 

number of lags for each variable that minimizes 

the AIC value.  
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Figure 3. Optimal lag length selection 

 

The results of this research show that in 

the short run (Table 3), the domestic CPO price 

is positively and significantly influenced by the 

volume of biodiesel production (3 previous lags), 

the export volume of CPO and its processed 

products (2 previous lags), and the price of palm 

cooking oil. Meanwhile, domestic CPO prices (1 

to 2 lags previously), export duties (3 to 4 lags 
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previously), export levies (currently, 1 to 2 lags 

previously), CPO production (1 lag 

previously), and the Rupiah exchange rate 

against other currencies. The American dollar 

(2 lags and four lags previously) has a 

significant negative effect. In the long run, 

domestic CPO prices are significantly and 

positively influenced by international CPO 

prices and palm cooking oil prices. At the 

same time, export demand, CPO production 

volume, and the Rupiah exchange rate were 

significantly and negatively influenced.  

The negative coefficient on the variable 

CPO domestic prices D(LNCPOD(-1)) 

indicates that domestic CPO prices at lag 1 

(previous period) have a significant negative 

effect on changes in domestic CPO prices in 

the current period. In commodity markets, 

prices tend to fluctuate in response to excess 

or shortage of supply and demand. If the CPO 

price increases in the previous period (lag 1), 

this may decrease demand because the higher 

price reduces consumption or increases 

supply because producers want to take 

advantage of the high price. As a result, prices 

decrease in the next period. This can explain 

the negative relationship between the CPO 

price in the previous period and the current 

price change. 

CPO prices significantly influenced 

Indonesia's domestic CPO prices on the 

international market  (Yanita and Suandi, 

2023).  The increase in CPO prices in the 

global market will increase the amount of 

CPO exports and reduce the amount of 

domestic supply (Winardi et al.., 2017; Irawan 

and Soesilo, 2021).  

Purba and Hartoyo (2010) stated that 

increasing CPO prices on the international 

market would increase CPO exports by 

0.182%. The increase in international CPO 

prices can reduce of domestic CPO supply due 

to excessive exports, thereby increasing the 

price of derivative products such as cooking oil 

(Siregar, et al., 2014).  

Biodiesel production is closely related to 

the demand for CPO because palm oil is the 

primary raw material of biodiesel. When 

biodiesel production increases, the demand for 

CPO also increases. Over time, this increase in 

demand will cause a decrease in the supply of 

CPO in the domestic market, ultimately driving 

up CPO prices. The results in Table 3 show that 

biodiesel production volume significantly 

positively affects domestic CPO prices in the 

previous lag 3. This indicates that there is a time 

lag required for increased biodiesel production, 

which will impact CPO prices. Domestic market 

adjustment to increased demand for CPO takes 

time because the market may initially have 

sufficient stock. However, in the longer term, 

demand increases due to the continued growth 

of biodiesel production. 

The increase in export volume will impact 

reducing domestic CPO stocks, which could 

encourage an increase in domestic CPO prices 

(Irawan and Soesilo, 2021). Hartoyo et al. (2011) 

stated that the development of the biodiesel 

industry would disrupt the availability of raw 

materials for cooking oil. The impact of 

increasing CPO export volumes may not be 

immediately felt in domestic prices. There is a 

time lag between increased exports and their 

impact on prices in the domestic market. This lag 

can be caused by various factors such as 

previously agreed export contracts, logistics 

processes, or domestic stock adjustments. 

Therefore, the effect of increasing export 

volumes is only seen significantly at lag 2. 

An export levy is imposed to support the 

mandatory biodiesel program and the 

development of the downstream palm oil 

industry. Although this levy can help increase 

state revenue, the high burden can encourage 

producers to prefer selling CPO in the domestic 

market, especially when international prices are 

unfavourable. The significant negative effect of 
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the export levy current up to lag 2 indicates 

that the export levy policy immediately lowers 

domestic CPO prices, as exporters reduce 

exports due to the additional burden of the 

levy, which causes an increase in domestic 

supply. The absence of a significant effect of 

export levy lag 3 indicates that after three 

periods, the impact of the export levy on 

domestic CPO prices fades because the 

market has adjusted to the policy. The 

significant positive effect of export levy lag 4 

indicates that after several periods, the 

market recovers, and exporters increase 

exports so that supply in the domestic market 

decreases, eventually increasing domestic 

CPO prices. 

Setting CPO export duties is considered 

effective in maintaining domestic palm 

cooking oil supply and prices (Susila and 

Setiawan, 2001). Rifin (2010) stated that the 

implementation of a CPO export tax will 

reduce the competitiveness of Indonesian 

CPOs in the international market. If the price 

of CPO in the international market is high, 

but the export tax imposed is also high, then 

the export volume will decrease (Susila and 

Setiawan, 2001; Prasetyo et al., 2017; Nugroho 

and Lubis, 2020). 

Wahyudi et al. (2023) stated that the 

Rupiah exchange rate against the US Dollar 

significantly positively affects Indonesian 

CPO prices in the short run. The exchange 

rate is one of the determinants of domestic 

commodity prices (Aprina, 2014). The Rupiah 

exchange rate against the US Dollar also plays 

a vital role in the volume of Indonesian CPO 

exports. 

Export duty is imposed on CPO exports 

to prevent too much CPO from being 

exported when international prices are high, 

to maintain stable domestic supply. This duty 

varies based on the global CPO reference 

price. When international CPO prices rise 

above a certain threshold, the government 

increases the export duty to reduce exports and 

maintain domestic price stability.  

 

Table 3. Short run results 

Variable Coefficient t-Statistic Prob. 

D(LNCPOD(-1)) -0.285771 -3.061225 0.0031*** 
D(LNCPOD(-2)) -0.117389 -1.484863 0.1419 
D(LNCPOI) 0.542584 7.143721 0.0000*** 
D(LNCPOI(-1)) 0.224442 1.956085 0.0543* 
D(LNBIO) -0.006559 -0.331839 0.7410 
D(LNBIOL(-1)) -0.003567 -0.194730 0.8461 
D(LNBIO(-2)) -0.013828 -0.801587 0.4254 
D(LNBIO(-3)) 0.033758 2.155247 0.0344** 
D(LNCPOX) -0.013313 -0.846927 0.3998 
D(LNCPOX(-1)) 0.015716 0.899672 0.3713 
D(LNCPOX(-2)) 0.066160 3.608805 0.0006*** 
D(LNCOP) 0.700466 4.169088 0.0001*** 
D(EL) -0.000394 -2.168967 0.0333** 
D(EL(-1)) -0.000445 -2.745064 0.0076*** 
D(EL(-2)) -0.000573 -3.152387 0.0023*** 
D(EL(-3)) -1.60E-05 -0.094977 0.9246 
D(EL(-4)) 0.000442 2.650347 0.0099*** 
D(LNCPOP) -0.041133 -0.783481 0.4359 
D(LNCPOP(-1)) -0.093965 -1.814472 0.0737* 
D(ED) 0.000401 1.587541 0.1167 
D(ED(-1)) -0.000278 -1.086191 0.2810 
D(ED(-2)) 0.000370 1.400447 0.1656 
D(ED(-3)) -0.000767 -3.148943 0.0024*** 
D(ED(-4)) -0.000599 -2.708066 0.0084*** 
D(LNIDR) -0.489069 -1.701382 0.0931* 
D(LNIDR(-1)) 0.391067 1.437480 0.1549 
D(LNIDR(-2)) -1.186589 -4.041879 0.0001*** 
D(LNIDR(-3)) -0.106419 -0.399349 0.6908 
D(LNIDR(-4)) -1.002431 -3.922887 0.0002*** 
C 0.002839 0.634346 0.5278 
R-squared 0.813556   
Adjusted R-
squared 

0.739489   

F-statistic 10.98407   
Prob(F-statistic) 0.000000   

*significant at the =10% level; **significant at the 

=5% level; ***significant at the =1% level. 

 

The weakening of the Rupiah against the 

US Dollar can have positive and negative 

impacts. The positive impact is that it can 

increase export profit margins. The depreciation 

of the Rupiah exchange rate will increase the 

price of CPO exports to the world market, 

increasing export volumes while domestic supply 

will decrease. Meanwhile, the negative impact of 

the weakening of the Rupiah is an increase in the 

price of imported goods, mainly imported 

industrial raw materials. The weakening of the 

Rupiah will impact the prices of CPO (Khin et al., 
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2013).  The weaker the Rupiah against the US 

Dollar, the higher the CPO export volume 

(Pradina and Adhitya, 2023). This will reduce 

domestic supply, potentially increasing CPO 

prices on the domestic market. 

Indonesia and Malaysia are one of the 

world's largest CPO exporters (Novindra et 

al., 2019; Hidayat et al., 2023). Indonesia has a 

comparative advantage in palm oil due to its 

high production and export volumes (Utsaha, 

Suharno and Utami, 2022). Since most of 

Indonesia's CPO production is intended for 

export, prices in the international market are 

the primary reference for producers in setting 

prices in the domestic market. When 

international CPO prices rise, producers in 

Indonesia tend to increase prices in the 

domestic market because they can gain 

greater profits from the export market. 

Global supply and demand dynamics, 

including production in palm oil-producing 

countries, trade policies, and climate 

conditions greatly influence CPO prices in the 

international market. When global CPO 

production declines, international prices rise. 

This price increase causes prices to rise in the 

domestic market because producers choose to 

export their CPO to more profitable 

international markets rather than selling it 

domestically. 

The R-squared value obtained is 

0.813556. This value shows how much 

variability of the dependent variable can be 

explained by the model. In this case, 81.36% of 

the variation in the dependent variable can be 

explained by the independent variables in the 

model. The higher the R-squared value, the 

better the model explains data variation. The 

Adjusted R-squared value is 0.739489. This 

value is an adjustment of R-squared to 

account for the number of independent 

variables in the model. A value of 0.739 

indicates that the adjusted model explains 

about 73.95% of the data variability. 

Table 4 shows the results of a 

Cointegration Test (Bounds Test). This test helps 

determine if there is a long-run equilibrium 

relationship between the dependent and 

independent variables in an ARDL. The 

calculated F-statistic for the Bounds Test is 

19.78190. This value will be compared to the 

critical values listed under columns I(0) and I(1) 

at various significance levels to determine 

whether cointegration exists. The F-statistic 

(19.78190) is much larger than the critical value 

of 3.77 for the I(1) bound at the 1% significance 

level. Since the F-statistic exceeds the upper 

bound at the highest significance level (1%), 

there is strong evidence of cointegration. This 

means the variables in the model have a long-run 

equilibrium relationship. 

 

Table 4. Cointegration Test (Bounds Test) 

Test 
Statistic 

Value Signif. I(0) I(1) 

F-statistic 19.78190 10%   1.85 2.85 
k 8 5%   2.11 3.15 
  2.5%   2.33 3.42 
  1%   2.62 3.77 

 

The results of the long-run test are 

presented in Table 5. These results show that in 

the long run, domestic CPO prices are 

significantly and positively influenced by CPO 

prices in the international market and cooking 

oil prices, while those that significantly and 

negatively influence are export levy, CPO 

production, export duty, and the Rupiah 

exchange rate against the US Dollar. In the long 

run, biodiesel production volume does not 

significantly affect domestic CPO prices. These 

results indicate a spillover impact from biodiesel 

production on raw materials and cooking oil 

prices in the short run. If CPO stocks are 

abundant, CPO prices can fall and vice versa 

(Limbong and Halimatussadiah, 2022).  

CPO prices in the international market 

significantly positively affect domestic CPO 
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prices (a=1%). Indonesia is the world's leading 

producer and exporter of CPO, so domestic 

CPO prices are greatly influenced by global 

market conditions. When international CPO 

prices rise, producers in Indonesia prefer to 

export CPO because they can get higher 

prices in the global market. 

Export levies have a significant negative 

effect (=5%) on domestic CPO prices in 

Indonesia because they change the dynamics 

of supply and demand in domestic and 

international markets. Export levies increase 

exporters' costs when they sell CPO to the 

international market. With higher export 

levies, the total cost of exporting becomes 

greater, so the profit margin from selling CPO 

abroad is reduced. As a result, producers are 

more likely to hold back or reduce export 

volumes and increase sales in the domestic 

market to avoid the burden of these levies. 

This decrease in exports increases the 

availability of CPO in the domestic market, 

potentially lowering domestic prices due to 

increased supply. 

CPO production significantly 

negatively affects (=10%) on domestic CPO 

prices in the long run. High CPO production 

causes an increase in CPO supply in the 

domestic market. When production increases 

significantly and more CPO is available in the 

market than can be absorbed by domestic 

demand, CPO prices will fall. In economic 

principles, when the supply of a commodity 

exceeds demand, the commodity's price will 

fall to balance the market. Therefore, 

increased CPO production can cause excess 

supply in the domestic market, ultimately 

depressing CPO prices in the long run. 

The rupiah exchange rate significantly 

negatively affects domestic CPO prices 

(=1%). If the Rupiah weakens, CPO 

producers may be more tempted to export 

their products because the price in Dollars is 

more attractive. This could reduce supply for 

the domestic market. However, suppose the 

government or local policies impose export 

restrictions, implement high export taxes to 

protect domestic CPO supplies, and the 

implementation of Domestic Market Obligation 

(DMO). In that case, producers will be forced to 

sell in the domestic market even though global 

demand is more favourable. This could create 

excess domestic supply, which depresses 

domestic CPO prices. 

Biodiesel production does not significantly 

affect domestic CPO prices because of 

government policies that regulate CPO supply 

for biodiesel, biodiesel dependence on subsidies 

and crude oil prices, and the abundance of CPO 

supply in the domestic market. In addition, 

domestic CPO prices tend to be more influenced 

by global market conditions, so increasing 

domestic biodiesel production is not enough to 

cause significant changes in domestic CPO prices 

in the long run. 

 

Table 5. Long-run result 

Variable Coefficient t-Statistic Prob. 

D(LNCPOI) 0.546643 5.717417 0.0000*** 
  D(LNBIO) 0.006987 0.189188 0.8505 

D(LNCPOX) 0.048864 1.619788 0.1096 
D(LNCOP) 0.499206 4.225394 0.0001*** 
D(EL) -0.000703 -2.501555 0.0146** 
D(LNCPOP) -0.096282 -1.715676 0.0905* 
D(ED) -0.000621 -1.228718 0.2231 
D(LNIDR) -1.705752 -3.283643 0.0016*** 
C 0.002023 0.637592 0.5257 

 

The development of the biodiesel program 

increases domestic demand for CPO and will 

impact domestic palm oil prices (Purba and 

Hartoyo, 2010; Joni et al., 2011). However, 

(Rambe, Kusnadi and Suharno, 2019)  stated that 

the development of biodiesel has not had much 

impact on the increase in domestic CPO prices. 

One of the main challenges in using CPO for 

biodiesel is the competition between two major 

sectors that use CPO for the food industry 

(cooking oil) and energy (biodiesel). When the 

demand for biodiesel increases along with 
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mandatory policies such as B20 and B30, the 

volume of CPO allocated for cooking oil 

production can decrease. This puts pressure 

on the supply of CPO for food needs, 

ultimately increasing the cooking oil price. 

Corley (2009) stated that population growth 

will increase CPO consumption. Mueller et al. 

(2011) stated that biofuel production could 

increase the prices of food commodities. The 

increase in CPO prices needs to be anticipated 

because it can potentially increase the price of 

cooking oil.  

Increasing the biodiesel blending rate, 

as implemented in Indonesia, can worsen the 

situation when the supply of CPO is limited or 

disrupted. As a result, the price of domestic 

cooking oil can increase, considering that 

CPO is the main ingredient in its production 

(Tety, Hutabarat and S, 2009). 

The dynamics of global supply and 

demand greatly influence the price of CPO in 

the international market. When the demand 

for CPO-based biodiesel increases in the 

global market, the price of CPO is 

automatically pushed up. This increase in 

CPO price will directly impact the production 

costs of cooking oil, considering that 

producers must adjust prices to compensate 

for the increase in raw material prices. At the 

same time, CPO export policies such as export 

duties or export levies imposed by the 

government can affect the supply of CPOs in 

the domestic market. If the government 

encourages CPO exports to benefit from high 

prices in the international market, this could 

reduce domestic supply and cause cooking oil 

prices to increase. 

Using used cooking oil as an alternative 

biodiesel feedstock can help reduce pressure 

on CPO, which can stabilize cooking oil 

prices. If more biodiesel is produced from 

used cooking oil, then the demand for CPO 

for biodiesel can be reduced, and a larger 

supply of CPO can be allocated for food needs 

such as cooking oil. This can potentially reduce 

or stabilize cooking oil prices, especially in the 

domestic market. 

Nuva et al. (2019) stated that the benefits 

of biodiesel development do not directly impact 

the community because palm oil produced by 

farmers is not only used to produce biodiesel. 

The Indonesian government has implemented 

mandatory biodiesel policies such as B20 and B30 

as part of its energy transition and carbon 

emission reduction efforts. However, this policy 

also has an impact on the cooking oil market. 

When the biodiesel blending rate increases, the 

demand for CPO for fuel also increases, causing 

a reduction in the supply of CPO for cooking oil 

and an increase in prices. On the other hand, if 

the government can introduce regulations that 

support the use of used cooking oil as a biodiesel 

feedstock on a large scale, this can help reduce 

demand for CPO, stabilize CPO prices, and 

ultimately lower cooking oil prices.  

Policies such as export levies and export 

duties imposed on CPO and its derivatives also 

play an important role in determining cooking 

oil prices. High export duties can reduce CPO 

exports and increase domestic supply, which can 

depress cooking oil prices. However, if export 

levies are low, producers may be more 

encouraged to export CPO, which can reduce 

domestic supply and increase cooking oil prices. 

 In linear regression, the R-squared value 

is commonly used as an assessment of Goodness 

of Fit (Pas, 1987). The R-squared value obtained 

is 0.813556 indicating that approximately 81.36% 

of the variability in the observed data can be 

explained by the model. This means that the 

model has a good ability to explain the 

relationship between the independent and 

dependent variables. The result of the 

probability value for normality test was 0.5124, 

this value is greater than significance level 

(=5%), meaning we fail to reject the null 

hypothesis of normally distributed residuals.  
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The next tests were the autocorrelation 

and heteroscedasticity test to test the 

robustness of the model used (Jegadeesh and 

Karceski, 2009; Vogelsang, 2012). The results 

for these test are shown in Table 6. The 

Breusch-Godfrey Serial Correlation LM Test, 

shows probability value (Prob. F(2,71) = 0.1519) 

is greater than 0.05, so we fail to reject the null 

hypothesis, meaning there is no evidence of 

serial correlation in the residuals. 

Heteroskedasticity test using Breusch-Pagan-

Godfrey test shows Prob. F(29,73) = 0.6554. 

Since this probability is greater than 0.05, we 

fail to reject the null hypothesis of 

homoscedasticity, indicating no evidence of 

heteroskedasticity. 

 

Table 6. Autocorrelation and 

heteroskedasticity test result 

Breusch-Godfrey 
Serial Correlation 

LM Test 

Prob. 
F(2,71) 

Prob. Chi-
Square(2) 

0.1519 0.0698 

   
Heteroskedasticity 

Test: Breusch-
Pagan-Godfrey 

Prob. 
F(29,73) 

Prob. Chi-
Square(29)  

0.6554 0.6021 

 

Figure 4 shows a CUSUM (Cumulative 

Sum) test plot, which is commonly used to 

check the stability of coefficients in a time 

series regression model, such as ARDL. If the 

CUSUM line (blue line) stays within these 

bounds, it indicates that the model's 

coefficients are stable over time. These lines 

show the 5% significance level. If the line 

crosses these boundaries, it suggests a 

structural break or instability in the model's 

parameters. Since the CUSUM line stays 

within the critical bounds, we can conclude 

that the coefficients of the model are stable 

over time.  

The CUSUM of Squares (CUSUMQ) test 

is shown in Figure 5. These lines show the 5% 

significance level. If the CUSUMQ line 

remains within these boundaries, it suggests 

that the variance of the residuals is stable over 

time.  

-30

-20

-10

0

10

20

30

I II III IV I II III IV I II III IV I II III IV I II III IV

2019 2020 2021 2022 2023

CUSUM 5% Significance  
Figure 4. Result of CUSUM 

 

If the line crosses these boundaries, it 

indicates a potential structural break or 

instability in the model's variance. Since the blue 

CUSUMQ line stays within the 5% significance 

boundaries, this implies that there is no 

significant change in the variance of the residuals 

over time. The model appears to be stable in 

terms of variance. 
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Figure 5. Result of CUSUMQ 

 

Together, the CUSUM and CUSUMQ tests 

provide strong evidence that your model is 

stable, both in terms of the coefficients and the 

variance of the residuals. 

 

CONCLUSION 

The research results show that in the short 

term, the domestic CPO price is influenced 

positively and significantly by the volume of 

biodiesel production, the export volume of CPO 

and its processed products, and the price of palm 

cooking oil. Meanwhile, domestic CPO prices, 
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export duties, export levies, CPO production, 

and the Rupiah exchange rate against the US 

Dollar have a significant negative effect. In the 

long term, domestic CPO prices are 

significantly and positively influenced by 

international CPO prices and palm cooking 

oil prices, while export demand, CPO 

production volume, and the Rupiah exchange 

rate are significantly and negatively 

influenced. Government policies need to 

consider the complexity caused by various 

factors including the biodiesel development 

policy itself. Increasing the biodiesel blending 

rate must consider domestic CPO prices so 

that it does not impact the increase in CPO 

prices in the domestic market so that it does 

not cause an increase in the price of CPO 

derivative products in the domestic market. 
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