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Abstract: Indonesia needs to find an alternative fuel to substitute diesel in their power plants in
order to reduce the use of nonrenewable energy sources. The Indonesian government has a target
to reduce oil fuel consumption while improving the efficiency of energy utilization. Crude palm
oil is proposed to be used for this substitution. In this paper, the authors conduct an economic
analysis of the replacement of diesel by crude palm oil. To predict future prices, a time series analysis
is conducted using AutoRegressive Integrated Moving-Average method. A financial analysis of a
specific project (0.75-MW power plant) is conducted using static financial indicators (payback period,
return on investment). Results show that replacing diesel with crude palm oil may be profitable. This is
especially true for the proposed prospects of diesel price evolution. Analysis shows that the price of
crude oil, which is the main factor in the pricing of diesel, may go up. Also, recently Indonesian currency
depreciated against the US dollar, which also implies a higher cost of diesel.
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1. Introduction

An increased demand for biofuels can be observed in many countries around the world. Indonesia
has become the world’s biggest palm oil producer, with more than 20 million tons of crude palm
oil (CPO) production, with an annual growth rate of about 10 percent [1]. This fact unfortunately
also has led to deforestation and the reduction of biodiversity. While deforestation is bad per se, it is
possible to see that this deforestation may be partially offset—from an environmental standpoint—by
the replacement of diesel fuel with crude palm oil in Indonesian power plants. According to our
analysis, the diesel price seems to be fluctuating more compared to the CPO price [2,3]. Crude palm
oil is a renewable resource. Therefore, using it for electricity generation seems to be a more sustainable
solution for Indonesia, compared to the current use of diesel [4,5]. At the same time, it must be
mentioned that the change of land use into palm oil plantations is associated with some environmental
degradation [6].

Palm oil is also used for electricity generation in Malaysia [7]. According to Perusahaan Listrik
Negara (PLN) Electricity Statistics, the industrial sector is the second largest electricity buyer in
Indonesia [8]. The government of Indonesia has a target to reduce oil fuel consumption by replacing
it with other forms of energy (diversification) and improving the efficiency (conservation) of energy
utilization both upstream and downstream. Indonesia aims to reduce oil use by 20% and increase
renewable energy utilization from 17% to 25% by 2025, while also achieving its target of greenhouse
gas (GHG) emissions reduction of 26% by 2020. In 2014, oil power plants represented 23% of energy
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consumption mix for the industry sector in Indonesia. PLN itself, according to their 2014 statistics,
has about 2.6 GW of installed capacity that is powered with diesel plants.

All kinds of liquid fuels occurring in a natural (raw) state are composed of three main components:
total water content, ash matter, and combustibles. This composition can be expressed by Formula (1):

σ(Wtr) + σ(Ctr) + σ(Htr) + σ(Or) + σ(Str) + σ(Nr) + σ(Atr) = 100% (1)

where σ(Wtr), σ(Ctr), σ(Htr), σ(Or), σ(Str), σ(Nr), and σ(Atr) are weight parts of total water, carbon,
hydrogen, oxygen, sulphur, nitrogen, and ash amounts in the original sample (% weight) [9].

Water and ash matter are contained as the non-flammable part of fuel, described as ballast.
The flammable part of fuel is composed of carbon, hydrogen, sulphur, and nitrogen. Just carbon,
hydrogen, and sulphur are involved in the exothermic reaction with air oxygen-autogenous burning.
Oxygen involved in fuel works as an oxidant, and nitrogen is the only part which is not involved in
burning [10–14].

All of the main three fuel components (water, ash, and flammables) are very important factors in
the combustion process. Their properties greatly influence the construction of combustion equipment
as well as its operation regime [15–20]. Figure 1 shows unit process of a palm oil plantation [8].
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Figure 1. Unit process of a palm oil plantation (FFB—fresh fruit bunch).

The environmental process of palm oil production and processing has been already known for a
long time [21].

Perusahaan Listrik Negara (PLN) built a 10-megawatt power plant fueled by crude palm oil (CPO)
in Dumai, Riau Province. The power plant was initially fueled with diesel, but was later converted
to a crude palm oil (CPO)-fueled power plant by installing converter equipment at the plant [22].
These modifications of existing plants consist, among other factors, of new circulation and processing
modules. It is necessary to provide a thorough economic analysis of this investment into a power plant.
This is mainly necessary as there are several factors that play a dominant role in the success of a plant,
such as subsidies for diesel provided by Indonesian government as well as the price of underlying
commodities, specifically West Texas Intermediate (WTI) crude oil [23].

Figure 2 shows the energy efficiency of palm oil as an energy excess of the potential energy of
palm oil [20].
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Figure 2. Energy excess of the potential energy of palm oil.

Recently, the price of diesel has grown in Indonesia. The price of subsidized diesel was raised
from IDR 6400 (USD $0.49) to IDR 6900 (USD $0.53) per liter (+7.8%) in March 2015 in Indonesia.
The current price of palm oil is IDR 10,116 (USD $0.77) [24]. The price increase was considered
necessary as crude oil prices had increased over the past month, while the rupiah continued to
depreciate. Since the beginning of 2015, the Indonesian government has drastically reduced public
spending on fuel subsidies in a move to free-up funds for structural economic and social development
by scrapping a large chunk of fuel subsidies. The system of diesel subsidies can be described by the
following, shown in Figure 3 [25].
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It is clear from Figure 3 that a system of subsidies always leads to an ineffective economy.
The portion depicted by the grey triangle is lost to society as a result of government intervention.
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While Q* signifies an efficient market level, Q0 is the level associated with the given Indonesian
subsidies. In order to understand a market price of diesel, its structure must be introduced. Generally,
the price of diesel can be decomposed into the following parts, as depicted in Figure 4 [26].Energies 2018, 11, x FOR PEER REVIEW  4 of 12 
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Figure 4. Typical price structure for diesel fuel.

Figure 4 clearly shows that, in general, the price of crude oil has a more than 55% influence
on the final price of diesel. This differs based upon different legal and economic conditions but,
generally speaking, roughly one half of the price of diesel depends upon the price of crude oil
commodity [27–29]. The crude palm oil price structure is similar to that of diesel fuel. The biggest
difference is the application of a lower tax rate for CPO. Necessarily, an economic evaluation of a new
power plant depends not only on the current price and exchange rate, but also on future prices and
currency value. In the following section, an analysis of WTI crude oil price is conducted using an
AutoRegressive Integrated Moving-Average model.

2. Materials and Methods

Measurements of CPO and diesel consumption were conducted in Indonesia using the available
technology combined with a scale for weight measurement. Volume was calculated by weight
reduction measurement using the relationship among standard density, weight, and volume. This was
repeated 10 times. Researchers calculated the arithmetic average of these measurements and estimated
the annual consumption. This was done for both diesel and CPO. The power generation of an Indonesian
power plant was estimated, assuming that the power plant will not be available 10% of the time within
a year.

ARIMA models provide a unique approach to time series forecasting by describing autocorrelations
in the data. In ARIMA models, the variable of interest is forecasted using a linear combination of historical
values of the variable. The data for modeling were collected based on historical prices of WTI crude
oil. ARIMA stands for AutoRegressive Integrated Moving-Average. The order of an ARIMA model is
usually denoted by the notation ARIMA (p,d,q), where p is the order of the autoregressive part (AR), d is
the order of the differencing, and q is the order of the moving-average (MA) process. ARIMA model
was estimated as ARIMA (1,1,1), as an Augmented Dickey Fuller test proved the existence of a unit
root in the time series. ARIMA helps us to understand the data and to predict future data points [30].
The general ARIMA model can be written as Equation (2):

Wt = µ +
θ(B)
φ(B)

· at (2)

where t is the index of time, Wt is the response series Yt or a difference of the response series, µ is
the mean term, operator at is the independent disturbance, also called the random error, and B is the
backshift operator, which is given by Equation (3):

BXt = Xt−1 (3)
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ϕ(B) is the autoregressive operator, represented as a polynomial in the backshift Equation (4):

φ(B) = 1 − φ1B − . . . − φpBp (4)

θ(B) is the moving-average operator, represented as a polynomial in the backshift Equation (5):

θ(B) = 1 − θ1B − . . . − θqBq (5)

For differencing without seasonality adjustments, we can use Equation (6):

Wt = (1 − B)dYt (6)

When appropriate orders are substituted, a model for ARIMA (1,1,1) that is estimated in
econometric software GAUSS can be written out as Equation (7):

(1 − B)Yt = µ +
(1 + θ1B)
(1 − φ1B)

· at (7)

Results of the ARIMA model are tested for white noise, and goodness of fit is tested using Schwarz
(also known as Bayesian), Hannah-Quinn, and Akaike information criteria in GAUSS [31]. Also using
GAUSS, the existence of an association between the response and each term autoregressive (AR) and
moving average (MA) is tested for statistical significance, whereas the p-value for the term is compared
to a significance level for a given null hypothesis. For the financial analysis, the following formulas are
used. In order to calculate how long the investment takes to recoup, the payback period is calculated
using Equation (8):

pp =
p − n

p
+ ny = 1 + ny −

n
p

(8)

where pp is the payback period, and ny is the number of years after the initial investment at which the
last negative value of cumulative cash flow occurs. n is the value of cumulative cash flow at which the
last negative value of cumulative cash flow occurs, and p is the value of cash flow at which the first
positive value of cumulative cash flow occurs.

Also, return on investment is calculated by Equation (9):

ROI =
P
C
·100 (9)

where P is the net profit and C is the cost of investment.
For volatility calculation, standard deviation is calculated using Equation (10). The standard

deviation is known as σ (sigma) and is calculated as follows:

σ =

√
Σ(x − µ)2

N
(10)

where x represents each value in the population, µ is the mean value of the population, Σ is the
summation (or total), and N is the number of values in the population.

3. Results and Discussion

Figure 5 shows the development of WTI crude oil prices between 2002 and 2017 with a prediction
for four consecutive quarters using the identified ARIMA model [32]. The prediction for 2017–2018
does not take into account fundamental analysis factors such as the influence of shale gas, politics of
Organization of the Petroleum Exporting Countries (OPEC), etc.
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The prediction for the year 2017–2018 is based upon an ARIMA model that is summarized in Table 1.

Table 1. Model 1: ARIMA, using observations 1986:2–2017:1 (T = 124) Dependent variable: (1-L)
v1—Standard errors based on Hessian.

Coefficient Std. Error Z p-Value

Const 0.254807 0.710035 0.3589 0.71970
phi_1 0.142828 0.14087 1.0139 0.31063
theta_1 0.340985 0.128735 2.6487 0.00808 ***
Mean dependent var 0.251909 S.D. dependent var 6.801058
Mean of innovations 0.000911 S.D. of innovations 6.086578
Log-likelihood −577.3991 Akaike criterion 1162.798
Schwarz criterion 1175.548 Hannan-Quinn 1167.968

*** Significant on 99% level.

Table 1 presents a constant (const), a vector of AR coefficients (phi_1), and a vector of MA
coefficients (theta_1). Results show that the theta moving-average (MA) operator (theta_1), which is
represented as a polynomial in the backshift operator, is significant at the 99% level. At the same time,
the autoregressive coefficients parameter (AR) is insignificant. Therefore, this model was compared
to other variations using information criteria to see how well the model fits the data. The estimated
criteria (Akaike, Hannah-Quinn, and Schwarz) were used to identify the best ARIMA model. These are
also presented in Table 1. Using these criteria, researchers decided to keep the model and conduct a
prediction that is found in Figure 5.

The price prediction for 2017–2018 shows a slight increase, with the level reaching almost
$60 dollars by the last quarter of 2018. The authors acknowledge that the prediction power of this
model is limited and other fundamental factors such as the overall supply in the market, etc. must be
taken into consideration.

At the same time, as previously mentioned, the exchange rate also influences the domestic prices
of diesel. The Indonesian rupiah (IDR) has been depreciating in the last several months. This is obvious
from Figure 6, where a (United States dollar) USD/IDR comparison shows the growing depreciation
of the Indonesian rupiah against the US dollar from September 2017. It also shows a moving average
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of 30 days (MA, 30) that can be used for forecasting the future development of this exchange rate.
This (MA, 30) gives us a smoothed moving average over the longer time period.
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Since the start of September 2017, Indonesia’s rupiah has tumbled 2.1% against the US dollar,
being one of the worst performing emerging Asian currencies this year [33]. This is also obvious from
the moving average indicator in Figure 6.

As the price of oil is an essential factor determining the price of diesel, it is necessary to evaluate
the price of CPO relative to the price of crude oil. This is done in Figure 7. Prices of crude palm oil are
based upon a fixed conversion from tons to barrels that takes into account appropriate temperature
and density of CPO [34].
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West Texas Intermediate.

Figure 7 shows difference between WTI and CPO [25,33]. While the WTI crude oil price is
currently lower, we do not know which one is relatively more stable. This can also be tested by
evaluating the volatility. Historical price volatility is a measure of the magnitude in percentage terms
of daily price changes over a specified period of time. The standard deviation is calculated (movement
from the average) over the past 30 days of the daily changes in price in percentage terms, and then the
percentage is annualized [35–37].
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This was conducted for both series with the following results that are summarized in Table 2.

Table 2. Standard deviation for WTI crude oil and CPO.

CPO WTI

3.81 2.84

The results show that the WTI price is less volatile. Now, this analysis can be used to evaluate the
economy of crude palm oil power plants in Indonesia. We can also see that both time series seem to be
moving closely together, which may be tested through further research.

Given the introduced data, the economy of a 0.75-MW power plant can be analyzed. For the
diesel price, the current subsidized price is selected [25,33]. For the CPO price, the current price in the
market is chosen. Annual consumptions in liters of diesel or CPO, respectively, were estimated based
on experiments conducted in Indonesia that are described in the methods section. Experiments show
that, due to its chemical nature, CPO provides less energy per liter and thus in order to produce the
same amount of electricity, a higher volume of fuel is needed. Annual power generation was estimated
based on the data of an Indonesian power plant. Researchers assume technological breaks of 10%
within one year. The fixed cost in Table 3 is based on the total cost associated with the conversion that
was conducted by an undisclosed technological firm. All data are summarized in Table 3. It must
be acknowledged that with a larger output as with, for example, the existing 10-MW power plant,
the economies of scale may contribute to even better economic results.

Table 3. Economy of a CPO power plant in Indonesia.

Diesel Crude Palm Oil

Price (USD/l 0.99 0.86
Annual consumption (l per year) 1,397,530 1,533,211

Fixed cost (USD) 280,000
Total electricity produced (kWh per year) 5,913,000.00

Fuel cost (USD per year) 1,383,554.7 1,318,561.46
Fuel cost per 1 kwh (USD/kWh) 0.23 0.22

Fuel cost savings/kWh (USD/kWh) 0.01
Annual savings on fuel (USD per year) 64,993.24

Payback period (years) 4.3
Return of investment (%) 23.21

The Table 3 shows excellent results for the investment with both profitability indicators being
extremely high (approximately 4 years payback period and 23.2% return on investment). The economy
of this project looks even better while prospects for diesel prices are relatively dim in Indonesia due to
the cutting of government spending on diesel subsidies.

Results may be altered in light of the predicted increase in prices from ARIMA forecasting
(Figure 5).

Market participants use volatility values to gauge uncertainty in factors that have influence on oil
markets, including supply, demand, and geopolitical or macroeconomic events [38]. This has been
conducted for both series with the following results that are summarized in Table 2.

At the same time, economic performance over the past decade as characterized by an average
real GDP growth of 5.2% increased the demand for electricity [1]. Due to increased demand and
insufficient supply, state-utility PT. Perusahaan Listrik Negara (PLN) has been forced to implement
frequent rolling blackouts in Java and Bali [22]. Also, according to PLN, about one third of Indonesia’s
population still does not have access to electricity [1]. The national electricity demand is expected to
grow, on average, at around 8.5% per year over the period from 2015 to 2021, indicating an electricity
demand at around 358 TWh in 2019 [39].
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Diesel power plants have the highest generating cost per kWh compared to other types of power
plants in Indonesia [40–43]. So, renewable energy power plants make a viable business for both PLN
and the private sector [1,35]. The investment needed to convert a 10-MW diesel-fueled power plant
into a 10-MW CPO-fueled power plant is anywhere between IDR 22 billion (US $1.9 million) and IDR
29 billion. The investment figure is dependent on how many engines a power plant has and the size
of the engines. Replacing diesel with CPO to fuel a power plant could eventually reduce production
costs by between 40% and 60%, according to Indonesia-Investments [25]. Based on the current price
of oil, the conversion of a 15-MW diesel-fueled power plant will save up to $4.5 million per year in
electricity production costs [25,44].

It can be argued that implementation of more renewable energy may be, for example, insufficient grid
infrastructure [40]. At the same time, using renewable energy sources may contribute to higher energy
security [41].

It is necessary to ensure the supply of resources for energy production in timely manner. This will
mean that more plants that would use renewable resources can be employed. It is also possible that
the government may provide certain incentives for potential investors that would invest into this
conversion. These could include various tax benefits or subsidies [45–48].

Transport fuels are highly subsidized in Indonesia, resulting in fuel prices that are among the
lowest in Asia [42]. Currently, about 43% of the actual costs of diesel are covered by the government
through subsidies [49]. The Indonesian government will consider letting the price of subsidized
fuel float by keeping the subsidy at a fixed amount. The Indonesian administration will suggest a
permanent fixed subsidy rate, which might be 1000 or 2000 rupiah per liter, and the vice-president
expressed confidence that the new policy could be implemented next year, according to a recent
report [50].

4. Conclusions

In this paper, it was that the use of CPO instead of diesel can be highly prospective in Indonesia
since CPO prices are low and diesel subsidies provided by the government have been decreasing.
Analyzed power plant conversion yields approximately 23.2% return on investment and a payback
period of roughly 4 years. Indonesia has a chance to become one of the world’s leaders in green
electricity production since CPO is a renewable resource. The main obstacle to the proposed project
may be the high initial investment. However, foreign investors can potentially be involved in these
projects. It can be also recommended to go ahead with the project of diesel replacement, as the
predicted price of oil based on the estimated time series model seems to be going up. This may,
as already mentioned, lead to increases in the price of diesel in Indonesia. Other factors that influence
the economy of diesel replacement are also favorable for the project. For example, Indonesian currency
has been depreciating, thus contributing to the higher price of diesel. Volatility estimates that are
calculated in this paper, on the other hand, support the use of diesel, as crude oil, which is the main
price determinant of diesel, is less volatile than crude palm oil.
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