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Abstract Indonesian coal production and consumption are expected to increase
within the foreseeable period. The coal production is estimated to reach its peak in
2026 and subsequentlywill be decreased.Meanwhile the consumptionwill continually
increase. The coal production that is greater than the domestic coal consumption raises
a problem of resource allocation in Indonesian energy sector. In this study Indone-
sian coal resource allocation within the foreseeable period of 2014–2030 is solved
using linear programming method. Linear programming optimizes the coal resource
allocation by minimizing logistic cost which consist of coal purchasing cost and trans-
portation cost from producer’s transshipment to consumers. The optimization results
of resource allocation optimization indicate a change of Indonesian coal suppliers in
the domestic market with respect to time to reach the minimum logistic cost. Sensitiv-
ity analysis indicates that the pattern of resource allocation will be more affected by
coal purchasing cost than transportation cost. Also, the existence of the stock will not
change the pattern of resource allocation but will affect the total logistic cost although
not significant. Related to domesticmarket obligation (DMO), stipulation of coal basin
priority as supplier of a consumer area with respect to time will ensure the fulfilment
of DMO quota for the mining companies.
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1 Introduction

Indonesia depends on fossil fuels such as crude oil, coal, and natural gas as its main
energy resources. In early 1990, the energy needs of Indonesiawas around 51.9million
tonnes of oil equivalent (MTOE). It comprised 61.1, 6.6, and 29.3% of crude oil, coal,
and natural gas, respectively. In 2015, the energy needs has increased to 195.6 MTOE
due to rapid economic growth. Fossil fuel still takes place in dominating the domestic
demand although the proportion of the respective energy resources is now changed
to 37.6, 41.1, and 18.3% [1]. The rest of the demand is fulfilled by renewable energy
resources.

Among the three energy resources of fossil fuel, coal has themost rapid consumption
growth of approximately 10%per year. Such significant growthmaybe triggered by the
advantages of coal in comparison to other energy resources, i.e. its abundant domestic
coal reserves (around 30 million tonnes in 2013), and its bulky solid type make it easy
to transport using any kind of mode.

Indonesian coal supply for domestic market is secured enough. The reserve to
production ratio (R/P) of coal indicated that it can be utilized for supplying both the
domestic and internationalmarkets for another 75years [2].Despite such abundant coal
reserves, the fact that Indonesia is an archipelago country is problematic to transporting
the domestic coal supply. Indonesian coal is supplied by two islands, i.e. Sumatra and
Kalimantan, both having diverse variations in terms of the coal quality (Fig. 1). The
potential foreland coal basins inKalimantan areKutai, Tarakan, andBarito basins. The
potential continental margin coal basins in Sumatera are Ombilin, Bengkulu, South
Sumatera, and Central Sumatera Basins [3]. The coal, of diverse quality, is needed by
all the regions in Indonesia, from east to west with the territory length as wide as the
length of Europe continent. This raises a problem on resource allocation.

The resources allocation problem is defined as the allocation of limited resources
to the end-users in such a way that the maximum overall return is achieved [4]. It typ-

Fig. 1 Distribution of coal basin in Indonesia
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ically occurs in non-renewable energy resource. The analysis of the energy resources
allocation is carried out during the planning stage of the energy supply. Various meth-
ods are available to examine the optimum supply allocation. One of the well-known
yet widely used methods is MARKAL (market allocation). MARKAL is a bottom-
up, dynamic technique, originally and mostly linear programming model developed
by International Energy Agency [5,6]. Such a model describes supply and demand
sides in energy system, and also cover technological aspects to be used to identify
the relationship between the macro-economies, energy use, and the impact of energy
resources consumption such as carbon emission [6].

With respect to the allocation of energy resources, this study will examine the
supply of coal resources in fulfilling the needs of the domestic market until 2030.
The assessment covers the aspect of production, consumption, and optimization of the
supply allocation. Production is forecasted using Gompertz curve by applying coal
basin approach, taking into account its unique geological process which will affect
the quality of the coal. For coal commodity, quality is the main determinant of the
exploitation rate. Coal consumption will be divided with respect to the consumer area
using multi-variable regression linear method. The determinant variable of the coal
consumption are regional gross domestic product (GDRP), population, and time. The
results of coal production and consumption forecasting until 2030 will be optimized
by linear programming method to obtain the optimum condition of coal supply in
which lowest logistic cost is achieved.

2 Coal mining in Indonesia: reserves, production and utilization

2.1 Indonesia’s coal reserves

Indonesian coal reserves have continued to increase in the past 10 years. The total
coal reserve in 2003 was 6.98 billion tonnes. In 2013, the reserve increased to 30.79
billion tonnes (Fig. 2) [2]. Thus, the average reserve growth is around 16% per year.
Kutai Basin has the highest reserve growth, followed by the South Sumatra and Barito
basins. The rates of reserve growth of the three coal basins are around 18, 17, and 10%,
respectively, indicating that the most intensive exploration activity was conducted in
those three coal basins for the past three decades. Furthermore, Kutai, South Sumatra,
and Barito basins have the highest coal reserve of around 89% of the total Indonesian
coal reserve.

Analysis based on coal quality shows that each coal basin has unique quality distri-
bution. The tectonic process during the coal deposition period determines the quality
of coal deposits in each basin. The characteristics of Indonesian coal with respect to
the setting of tectonic plates are listed in Table 1 [3].

The Coal basin in Kalimantan is dominated by medium to high calorific value (CV)
of coal. Around 87% of Kalimantan coal falls into these categories. High CV coal in
Tanjung Formation, Barito Basin, Kalimantan, was formed during the Eocene period.
Another Kalimantan high CV coal is explored in the PinangDome, Kutai Basin, which
was formed by intrusion process during its genesis [7]. About 97% of the reserve of
Sumatra coal, however, is dominated by low to medium CV of coal. High CV coal was
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(a) History of reserve (b) Reserve distribution year 2013 
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Fig. 2 Profile of coal reserve in Indonesia by basin

Table 1 Coal basin in Indonesia and its characteristic

Basin Typical deposit Calorific value Moisture content Sulfur content Ash content

Ombilin Lenticular and
small coverage
area

7000 Low Low Low

Barito–Tanjung Thin and
continuous in
lateral direction

6000 Low High Low

Bengkulu Thick and wide
coverage area

<5000 High Low High

South Sumatra,
Central Sumatra

<5000 High Low High

Barito–Warukin <5000 High Low High

Kutai and Tarakan <5000 High Low High

however still observed in Sumatra, in Ombilin basin and PTBA Anthracite. Ombilin
basin was formed during the Eocene period. PTBA Anthracite coal was formed by
intrusion process during its genesis. In general, Kalimantan coal has better prospects
due to its higher quality coal when compared to Sumatra (Fig. 3) [2].

2.2 Indonesian coal production

Despite such abundant coal reserves, until 1990 Indonesia only produced small amount
of coal. Coal was lacking its competitiveness to oil back then. After the oil price
booms in 1974 and 1981, there is a tendency to explore coal as a substitute of oil and
Indonesia becomes one of the target for coal exploration [8]. Following the success
of exploration program of Coal Contract of Work (CCoW) between the GoI and the
mining companies in 1979, Indonesia’s coal production has then started to increase.
Coal production increased by about 17% per year (Fig. 4) [10] in between 1990
and 2013 and the companies listed in CCoW contributed of more than 60% of total
production.
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Fig. 3 Profile of coal reserve by quality in Indonesia by basin

(a) Coal production by basin (b) Coal production by quality
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Fig. 4 Historical production of Indonesian coal

The amount of the coal production is influenced by the amount and quality of the
coal reserve in each coal basin. Kutai and Barito basins, the two basins with the highest
reserves, contribute around 83% of total coal production. South Sumatera basin, even
though has high amount of reserves, only produced 6%of total coal production in 2013.
Its contribution is 23% less than the production in Tarakan basin (Fig. 4a), although the
total reserves is nearly ten times of Tarakan basin. This indicates that there is another
factor which affect the amount of production; the quality of coal reserve.

Coal production, like other non-renewable resources, follows the law of rent by
David Riccardo. The law states that producer will prefer to mine high CV coal in
advanced than the low CV coal due to higher economic rent [9]. Figure 4b and Table 2
[2,10] show that around 40% of high CV coal reserves and 10% of the low CV coal
reserves have been produced until 2013. Bengkulu, Kutai, Barito, and Tarakan basins
have higher priority to mine as they are rich in high CV and medium CV coal. Low
CV coal mining has just started in 2004. Within the last 10 years, only less than 1%
of low CV coal reserves are mined in Kutai and Tarakan basins.

Indonesian coal production increases significantly within the last 20 year. Such a
significant increase is attributed to the comparative advantages of Indonesian coal,
i.e.; (1) mining method and strategy, (2) location factor and mode of transportation,
and (3) mining production scheme.
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2.2.1 Mining method and strategy

Indonesia has many variations of coal deposit. One of the parameters to classify such
variations is the sedimentation process and tectonic setting during depositional period.
The sedimentation process and tectonic setting during depositional period classify the
coal deposits into three categories of geological condition, i.e.; simple, moderate, and
complex. The examples of simple geological condition’s coal fields areBangkoSelatan
and Muara Tiga Besar (South Sumatera Basin), Senakin Barat (Barito Basin), and
Cerenti (Central Sumatera Basin). Meanwhile, the examples of moderate geological
conditions coal fields are Senakin (Barito Basin), Loa Janan-Loa Kulu and Petangis
(Kutai Basin), Suband and Air Laya (South Sumatera Basin). The last category, coal
fields with complex geological condition are found in Warukin Formation (Bario
Basin), Sawahluhung (Ombilin Basin), and Bunian Utara (South Sumatera Basin)
[11].

Theoretically, the geological condition of the coal field is one of the determinants
to decide the mining method [12]. As an example, the underground mine is applicable
only for the coal field with simple geological condition. However, Indonesian coal
mines are, in practice, mostly open pit mines. In 2013, the production from the open
pit mines was accounted of more than 95% of total Indonesian coal production. The
open pit method is thought to be the most appropriate method in Indonesia due to low
capital investment and high flexibility in mine expansion and coal production [13].

2.2.2 Factor of location and transportation mode

Location and transportation mode are also crucial in coal supply chain. Haul-
ing/barging distance as well as transportation equipment will determine the total
production cost of coal mining. Free on Board (FOB) Vessel Cash Cost in 2010
provided comparison of the average coal transportation cost in some countries and
Indonesia is listed with the lowest transportation cost compared to other coal producer
countries like Australia, USA, South Africa, and Columbia [14]. This becomes one of
the comparative advantages of Indonesian coal mine. Lucarelli [8] in his study stated
three main reasons why Indonesian coal, especially the Kalimantan coal, is attractive.
The three reasons are as follows; easy access to navigable rivers or coastal areas,
shorter sailing distance to the export destinations, and higher calorific value coal [8].

2.2.3 Coal mining production scheme

Coal mining in Indonesia has evolved since the enactment of Law No. 1/1967 on
foreign direct investment and Law No. 11/1967 on principles of mining in Indonesia.
According to Law No. 11/1967, Government of Indonesia (GoI) offered a production
scheme calledMining Permit (Kuasa Pertambangan/KP). Such a production scheme is
offered only for companies owned by Indonesian citizens. Besides the Mining Permit,
as the stipulation of Law No. 1/1966 on foreign direct investment, GoI also offered a
production scheme for foreign investor called Contract of Work (Kontrak Karya/KK).
The contract of work for coal commodities was then named as Coal Contract of Work
(CCoW).
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CCoW scheme was made to attract foreign investor to the coal mining industry
in Indonesia. In some aspects, CCoW was found to be more attractive than Coal
Mining Permit (CMP). Several advantages of CCoW in comparison with CMP are lex
specialist and mining concession area. The lex specialist provides legal certainty and
exempting CCoW holder from any future changes in Indonesian general law such as
taxation law, which may conflict with the law at the time of CCoW implementation
[7]. Furthermore CCoW has larger concession area than CMP which provides bigger
opportunity for CCoW holder to expand their production scale [7].

2.3 Coal consumption

Indonesian coal is sold in both domestic and export markets. Of the total production,
only around 20% is sold in the domestic market. The rest is sold to other countries
in Asia, Europe, and America. The domestic coal consumption is generally for power
plants, cement plants, industrial processing, etc. Of all the sectors, power plants con-
sume around 65% of coal in the domestic market. The cement industry is generally
located in a place close to limestone, the raw material for making cement. Sumatra,
Java, South Kalimantan, South Sulawesi, and Nusa Tenggara are the locations of the
cement plants in Indonesia. In 2013 there were a total of 63 million tons of cement
production which requires 7.2 million tons of coal. Other industries that consume coal
are pulp industry in northern Sumatra and the eastern part of Java, metal processing
industry in southern Sulawesi, and the textile industry in western Java.

Data of coal consumption per area as plotted in Fig. 5 [10,15] shows that around
81%of coal is consumedon Java Island (Eastern andWestern Java). The island has very
high coal demand as it has the highest population density in which the administrative
capital and development centers are located.

With respect to time, domestic coal consumption increases. Such an increase is
affected by the government policy to substitute an oil based power plant to a coal
based power plant. The decision was incorporated into the Blue Print of Indonesian
Energy in the President of Indonesia Decree No. 5/2006. Accordingly, the coal portion
will be increased gradually in national energy mix. It is targeted to reach 34% in
2025. Starting from 2006 PLN, the Indonesian state electric company, announced
a 10,000 MW fast track program to build 33 coal-fired power plant projects. PLN

(a) Geographical distribution of coal consumer (b) Historical data of coal consumption
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initially targeted completion of its 10,000 MW fast track program by 2010. However,
it was delayed due to engineering, procurement, and construction problems as well
as financing difficulties. When the new power plants start its commercial operation,
Indonesia will need more coal for domestic demand.

2.4 Policy on coal utilization as energy resources

Significant increase in coal production to meet the growing needs of the domestic
and export markets urges the Indonesian government to issue and implement policies
related to the coal supply, i.e. National Energy Policy and National Coal Policy.

National Energy Policy was established by Indonesian government as stated in
Presidential Decree No. 5/2005. It acts as a guide to direct the efforts in achieving
energy security of the domestic supply. The target of the National Energy Policy is
to achieve energy elasticity of less than 1 in 2025 and to optimize the energy mix by
2025. In the energymix, the contribution of petroleum in the fulfillment of the national
energy will be reduced to below 20%. Meanwhile, the contribution of coal role will
be increased to more than 33%. Such a replacement will bring consequences to the
national coal supply. National coal production should focus more on the domestic
market. Or else, when the coal export is maintained high, coal production shall be
increased to anticipate the increasing needs of both the domestic and international
markets along with the economic growth. Thus, National Coal Policy is implemented.

National Coal Policy is stated in the Ministerial Decree of the Ministry of Energy
andMineralResources (MEMR)No. 1128K/2004 dated June 23, 2004 to guarantee the
supply and provision of coal for domestic and export markets as well as the domestic
growing use of coal. In line with the national coal policy, the Indonesian government
has set the rules concerning the security of domestic coal supply, such as Domestic
Market Obligation (DMO) and coal price reference.

DMO is the Indonesian government’s policy which aims to ensure the continuity
of coal supply in the domestic market. The policy is implemented by the Ministerial
Decree of the MEMR No. 34/2009 on the priority of mineral and coal supply for
domestic needs by setting up a minimum percentage of coal sales in the domestic
market based on the estimated domestic consumption and future production. The
quantity of domestic sales for each coal mining company will be determined based
on the minimum percentage stated. DMO for period of 2010–2014 is given in Table 3
[10].

The regulation of minimum percentage of coal sales for domestic needs is applied
for all the coal mining companies listed in the ministerial decree. The regulation also
mentioned that every coal mining company listed is able to export their coal product
after fulfilling their DMO quantity. If they cannot fulfill the DMO quantity, there will
be warning and/or punishment from the government, i.e. administrative warning, or
a production cut to 50% from the future production planning if the written notice by
the government is neglected.

Procedures on the mineral and coal price reference is stated in the Ministerial
Decree of the MEMR No. 17/2010. The benchmarking of coal price aims to provide
a reference value for the coal producer in setting the coal selling price, taking into
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Table 3 Determining the minimum percentage of coal sales for domestic needs

Year List of company Demand
estimation
(in million
tonnes)

Production
estimation
(in million
tonnes)

% DMO Volume of DMO
(in million tonnes)

2010 36 CCoW, 1 GoC, 6 CMP 69.9 262.5 24.8

2011 42 CCoW, 1 GoC, 10 CMP 78.9 326.7 24.2

2012 40 CCoW, 1 GoC, 22 CMP 82.0 332.0 24.7 82.1

2013 45 CCoW, 1 GoC, 28 CMP 74.3 366.0 20.3 74.3

2014 50 CCoW, 1 GoC, 34 CMP 95.5 368.9 25.9 95.6
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Fig. 6 Indonesian coal price reference and Asia marker price

account the coal quality and international coal price indexes (i.e. New Castle Export
Index, New Castle Global Coal Index). Such a reference equates the coal price for the
domestic and export markets of the same price (Fig. 6) [1,10]. Before the application
of the coal price reference, domestic coal price was lower than the export price. As a
result, the domestic consumers were difficult to get coal supply. This benchmarking
system eliminates the tendency of the coal producers to sell coal only to the export
market.

3 Allocation of Indonesian coal resources

3.1 Problem on coal resources allocation

In allocating the Indonesian coal resources, one main problem is on how to meet the
coal demand in all over regions in Indonesia using the domestic coal production from
the coal basins or coalfields. To simplify the allocation problem, a coal transaction
model is herein carried out which describes the coal flow from the producers to the
consumers. The outline of the coal transaction model is shown in Fig. 7. The coal
producers in the model are seven economical coal basins which consist of four basins
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Fig. 7 Coal resource allocation model for domestic market

in Sumatra (Ombilin, Bengkulu, Central Sumatra and South Sumatra) and three basins
in Kalimantan (Tarakan, Kutai, and Barito). There are tenmain consumers of coal with
respect to its location, i.e. Northern Sumatra, Southern Sumatra, Western Java, East-
ern Java, Northern Kalimantan, Southern Kalimantan, Northern Sulawesi, Southern
Sulawesi, Nusa Tenggara, and Maluku and Papua.

Coal producers produce certain amount of coal with the quality in accordance with
the environment of the coal formation. Coal is then distributed in the domestic and
the export markets following the market demand. The difference between production
and total sales becomes a stock for the manufacturers. This will increase the amount
of supply for the basin in the coming period. The supply quantity of coal in a basin is
given in Eq. (1).

at = Pt − Xt − St + St−1 (1)

Note:

• a = coal supply in the domestic market
• P = coal production
• X = exports of coal for the international market
• S = coal inventory in mine stockpile
• t = time

On the demand side, the consumer will buy coal in accordance with their needs.
Domestic consumers are assumed to utilize of both the high and the low CV coal.
Overseas consumers, however, generally have requirements with respect to the coal
properties. For example, India requires CV of 6300 kcal/kg and low ash coal andKorea
requires CV of 5700 kcal/kg [16].
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Domestic coal demand is currently around 20% of total production. As a result, the
domestic consumers prefer to choose coal with the lowest price. The coal price referred
to in the supply chain is defined as the logistic cost. It consists of two components,
i.e. coal purchasing cost and transportation cost. Herein, the logistics cost will be
the main determinant as an objective function in optimizing the resource allocation
pattern from coal producers to consumers in the domestic market, along with other
determinant variables such as production, consumption, and stock.

3.2 Model optimization of resource allocation

Problems in optimizing the Indonesian coal resource allocation in the domestic market
is represented by coal transaction model. In this study the model will be solved using
linear regression method. This method has been widely used for coal allocation cases
in the previous studies [17–20]. Coal from the producers are used to meet the needs of
power plants all over Indonesia. This study will optimize the allocation of Indonesian
coal supply in the period 2014–2030. Themain objective of the optimization process is
to minimize the logistic cost. Formulation of the objective function is given in Eq. (2).

Min f = Min
2030∑

t=2014

m∑

i=1

n∑

j=1

ct,i, j xt,i, j (2)

Note:

• c = logistic cost in USD
• x = coal supply quantity in tonnes
• m = coal basin/coal field
• n = coal consumer
• i = 1, 2, 3, . . . , m
• j = 1, 2, 3, . . . , n.

In addition to the objective function, there are other constraints that need to be accom-
modated in the model, such as;

• Supply constraint
Supply constraint is given to prevent the total coal supply from certain coal
basin/coalfield to the consumer not to exceed the supply capacity of such a coal
basin/coalfield. Supply capacity is defined in Eq. (3).

n∑

j=1

xt,i, j ≤ at,i (3)

Substitution of Eq. (1) into Eq. (2) results in the following supply constraint.

n∑

j=1

xt,i, j ≤ Pt,i − Xt,i − St,i + St−1,i (4)
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• Demand constraint
Demand constraint is given to limit the total coal consumed by the consumer from
all producers not to be less than the total coal demand.

m∑

i=1

xt,i, j ≥ bt, j (5)

• Non-negative constraint
Non-negative constraint makes sure all the variables of xi, j to have positive values.

m∑

i=1

xt,i, j ≥ 0 (6)

Note:

– a = coal production in a coal basin/coalfield in tonnes
– b = coal demand in a region in tonnes.

• Coal quality constraint
The consumers in the coal transaction model of the domestic market is defined by
the region of the coal users, not by type of the industrial coal users. It is assumed
that the domestic market will accept all kinds of coal, both the high CV and low
CV.

4 Optimization of the Indonesian coal resources allocation

Optimization of the Indonesian coal resource allocation is carried out for the period of
2014–2030. The main components in the coal transaction model, i.e. the determinant
variables of production, consumption and logistic cost, will be forecast for the period
of time. Necessary assumptions for stock and export sales components of the export
market are needed.

4.1 Forecasting the component of coal transaction models

4.1.1 Coal production

There aremanymethods to forecast the coal production, such as growth curvesmethod
(Logistic, Gompertz, and Richard curves) [21–23], coal production models by taking
into account the interaction between supply and demand [24], and system dynamic
model [25]. In this study, Gompertz curve model is carried out to forecast the Indone-
sian coal production.

Production forecasting by Gompertz curve assumes that the coal resources are
subjected to physical limitation. Thus, the production level will start from zero and end
at zero. This method also assumes that the influencing factors of coal production, i.e.
the availability of reserves, the demand/market, and the development of technology
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on exploration, mining, and processing, have no significant change throughout the
duration of the forecasting period and remain constant with respect to time [23].

The Gompertz curve forecasts the future production based on time series data of
the cumulative production of the previous years. The time series data of cumulative
production will show a particular growth trend. Such data will then be smoothed into a
growth curve as shown in Eq. (7) and iteration procedure is needed to get the constants
(k) of the curve equation. From the growth curve, a level of saturation can be obtained.

y(t) = URR × e−k1e−k2(t−t0) (7)

Note:

• y(t) : cumulative production in time function t
• URR : ultimate recoverable reserves
• k1, k2 : constant
• t − t0 : duration of forecast.

Production forecasting is carried out by extrapolating the graph assuming a constant
URRand single-peak curve. The curvewill reach itsmaximumpoint (peak production)
when the coal reserve is depleted of around 37% of the total URR [23]. The curve will
be asymmetric and skewed to the right.

Equation (7) of Gompertz curve indicates that the cumulative production value of
y(t) will only depend on URR value. Thus, the accuracy of URR will determine the
accuracy of the coal production forecasting. The URR can be determined through
two approaches, i.e. quoted reserves and production history based in reserves [26].
Quoted reserves are estimated based on official data issued by an official institution.
Meanwhile URR based on production history is analyzed and determined based on
historical data of production such as Hubbert linearization.

This study incorporates URR from the quoted reserve data which is usually greater
than the URR derived from the Hubbert Linearization process. The aim to observe
the long-term effects of the availability of reserves and the coal production toward
the coal resource allocation. URR data fromMEMR-GoI in 2013 and production data
year 1990–2013 of each coal basin are carried out to forecast the coal production for
the period of 2014–2030. The production forecasting results are given in Table 4 and
Fig. 8 [27].

4.1.2 Coal consumption

Coal consumption of each consumer regions assigned as b j value in the demand
constraint of Eq. (5) is herein forecast. There are several methods that can be used to
forecast the coal consumption. An example of coal consumption forecasting methods
is by foreseeing every sectors of the coal users (electricity, cement, iron and steel,
and chemical industry) by taking into account some influencing factors such as the
developing trend of themain consumer, per unit of energy consumption, energy saving
and technological change [28]. Another method to forecast coal consumption is Auto
Regressive Integrated Moving Average (ARIMA) [29]. ARIMA foresees the coal
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Table 4 Forecasting of Indonesian coal production (in million tonnes)

Basin Total URR Gompertz curve equation 2015 2020 2025 2030

Ombilin 182 y(t) = 182e−4.07e−0.024(t−t0) 1.1 1.2 1.3 1.4

Bengkulu 45 y(t) = 45e−4.6e−0.072(t−t0) 1.2 1.0 0.8 0.6

Central Sumatra 706 y(t) = 706e−11.9e−0.049(t−t0) 3.9 6.4 8.9 11

South Sumatra 12,714 y(t) = 12,714e−6.75e−0.024(t−t0) 28 38 49 60

Tarakan 1495 y(t) = 1495e−10.1e−0.07(t−t0) 32 38 38 34

Kutai 13,299 y(t) = 13,299e−7.75e−0.05(t−t0) 160 203 230 241

Barito 6353 y(t) = 6353e−8.5e−0.074(t−t0) 168 172 156 130

0

100

200

300

400

500

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Co
al

 P
ro

du
ct

io
n 

(m
ill

io
n 

to
nn

es
)

Year

South Sumatra Central Sumatra
Bengkulu Ombilin
Tarakan Barito
Kutai

Fig. 8 Indonesian coal production forecast to 2100

consumption by using independent variable of consumption from the previous year.
ARIMA is favorable as it does not involve economic and demographic parameters
(population) as independent variables which generally yield fairly large error. Other
alternative method is to predict the energy needs using the econometric methods and
incorporating energy mix factor to accommodate the proportion of the coal usage by
stochastic analysis [30].

In this study, the coal consumption forecasting for each region will be carried out
by a multi-variable linear regression method. The dependent variable, in this case the
coal consumption, is defined as a linear function of some influencing factors which act
as independent variables, i.e. Gross Domestic Regional Product (GDRP), population,
and time. The general equation for forecasting of the coal consumption is given in
Eq. (8).

Con = a + b GDRP + c Pop + d Time (8)
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Note:

• Con: Coal consumption
• GDRP: Gross Domestic Regional Product
• Pop: Population
• Time: Time
• b, c, d: Coefficient.

There are fourmain steps in forecasting the coal consumption. First step is to determine
the coefficient value (constant) for each independent variables of Eq. (8) according
to the historical data. Second step is a statistical analysis to check the significance
of each independent variable with respect to its effect to the dependent variable. If
the independent variable does not significantly affect the dependent variable, it will be
withdrawn from Eq. (8). Third step is to estimate the future value for each independent
variable. Last but not least, the fourth step is to forecast the coal consumption based on
a linear regression function obtained from the first and second steps by incorporating
the estimated future value of the independent variables obtained from the third step.

The coal consumption forecasting for each regionwill be carried out using historical
data of independent variables between 2003 and 2013. The results of the multivariable
linear regression model for each region of consumers and the estimated amount of
consumption are given in Fig. 9 and Table 5.

4.1.3 Logistic cost

Logistic cost is derived from the coal purchasing cost and the transportation cost. Each
components of the logistic cost will be forecast using different forecasting method.
Purchasing cost is estimated using a trend analysis of the historical data. The trans-
portation cost, on the other hand, will be estimated based on Environmental Protection
Agency (EPA) study.

The purchasing cost equals to the mining cost, processing cost and transportation
cost of coal to the point of sale in transshipment. These costs are estimated using trend
analysis of the historical data of the coal operating cost. The operating cost tends to
increase as the reserves decrease. This phenomenon, according to Hotelling (1931),
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occurs as people or community tend to mine or extract a resource of low operating
cost before switching to other resources with higher operating cost [31,32]. Mineral
ores of higher grade will be extracted first as it possess lower processing cost due to
lower energy consumption. It will bypass or delay the extraction of the lower grade
ores. Similarly in the case of coal, reserves located on or near to the surface will be
mined first than those located deeper underground due to lower operating costs. The
long-term operating cost may later be descending or increase as function of the grades
of the later mined coal reserves as well as the technological development in mining
and processing.

Model of the coal mine operating cost is developed by taking into account the
assumption that the cost will increase as cumulative production increases. The increase
in the operating cost with respect to the cumulative production forms a particularly
similar trend to the cumulative availability curve introduced by Tilton and Skinner
[33], as long as there is no significant change in the condition of mineable reserves.

The operating cost model is herein developed for every Indonesian economic coal
basins. The steps to formulate operating cost model are as follows; (a) determine the
operating cost based on the gross profit margin, (b) plotting the historical data of the
average operating cost and the cumulative production, (c) trend analysis to smoothing
the cumulative availability curve.

Gross profit margin approach is chosen to estimate the operating cost as it enables
operating cost data collection of all the Indonesian coal mines. By knowing the profit
portion from the gross profit margin, the operating cost is determined as the difference
between the revenue and the profit. The revenue earned from the coal sale is a function
of the coal quality and benchmark price. The benchmark price used in this study as
the basis of estimation is the Asian spot price index applicable for coal with calorific
value of 6600 kcal/kg (adb) [1].

After plotting thedata of the cumulative production and the estimatedoperating cost,
trend analysis is performed to determine the correlation between the two variables.
Figure 10 [34–44] shows the data plotting and the trend analysis of the cumulative
production and operating costs in every coal basins. Logarithmic trend is selected
as it has identical behavior with the cumulative availability curve of non-renewable
resource which has relatively homogeneous mined reserves.

The operating cost model is obtained as a function of the cumulative production.
The model may be used to predict the operating cost of the foreseeable future. Results
obtained from the coal production forecasting as described in Sect. 4.1.1 will be
incorporated as the input of the operating cost model to obtain the estimated operating
cost. The results of the estimated operating cost from 2014 to 2040 are plotted in
Fig. 11 [45].

The second component of logistic cost is transportation cost. It is calculated as
transportation distance between the transshipment ports to the consumer port and
multiplied by unit transportation cost. In determining the transportation distance from
the transshipment port to consumer port, benchmarking the port locations to represent
each coal producer and coal consumer is required. The benchmark ports of producers
and consumers as well as the distance of the voyage are listed in Table 6. The voyage
distance is thenmultiplied by the cost of transportation per unit (Eq. (9)) in accordance
with the provisions of MEMR-GoI for the barge less than 270 ft long to obtain the
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(a) Ombilin basin (b) Bengkulu basin

(c) Central Sumatra basin (d) South Sumatra basin 

(e) Tarakan basin (f) Kutai basin

(g) Barito basin

Fig. 10 Model of Indonesian coal operating cost

transportation cost which in this case is barging cost. Variations of the costs are listed
in Table 7.

Barging cost = 0.0221 × 1.852 × Distance in km (9)
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(a) Operating cost if coal basin in Sumatra (b) Operating cost of coal basin in Kalimantan
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Fig. 11 Forecasting the coal mining operating cost

The transportation cost in future is estimated based on a study conducted by Environ-
mental Protection Agency (EPA) as a reference. It points out that the transportation
cost in future may be estimated by applying an escalation factor to the transportation
cost of a reference year. The study also evaluates the influencing components of the
transportation cost, i.e. fuel, labor, equipment, and productivity. For the foreseeable
future, EPA estimates the average escalation factor of the influencing components to
be−0.2% per year [46]. But for Indonesia, an escalation factor of−0.2% per year may
not be applicable due to its high inflation rate. Therefore in this study a conservative
value of 0% escalation factor per year is used.

By summarizing the coal price and the transportation cost, the total logistic cost
from producer to consumer can therefore be obtained. Logistic cost is assigned as ci, j
value of the objective function as given in Eq. (2).

4.2 Optimizing coal transaction model

The linear programming problems on coal transaction model as listed in Eqs. (2)–
(6) are solved using General Algebraic Modeling System (GAMS). Output of the
transaction model is the selling quantities of a specific coal basin to a consumer in the
specific location (xi, j ) which produces the least total logistic cost (Table 8).

Under optimum condition, short term supply of Indonesian coal for the domestic
market before 2024will be fulfilled by fourmain coal basins of Central Sumatra, South
Sumatra, Barito and Tarakan basins. Meanwhile in long term supply, the entire basins
except the Ombilin basin will become coal suppliers for the domestic market. High
purchasing cost of Ombilin coal is the main reason for its lack of competitiveness.

Conforming to the geographical location of suppliers and the supply areas, con-
sumers on the western part of Indonesia will be supplied by coal basins in Sumatra.
Sumatra will be supplied by the Central Sumatra and South Sumatra basins andWest-
ern Java will only be supplied by the South Sumatra basin. Other consumer in Eastern
parts of Indonesia such asEastern Java,Kalimantan, Sulawesi,NusaTenggara,Maluku
and Papua will primarily be supplied by the Barito and Tarakan basins. In the short
term supply, Tarakan basin will only contribute a small amount to supply the coal
for Northern Sulawesi. Also, there is a possibility of Barito basin to supply coal for
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Western Java in future due to the high demand which cannot be fulfilled by South
Sumatra basin.

In the long term supply, as the coal demand on Sumatra increases, coal will be
supplied by Bengkulu basin as well as Central Sumatra and South Sumatra basins
whose production are likely to increase. The long term coal supply in eastern part of
Indonesia will also change. The main cause is due to the increasing demand in the area
which cannot be offset by the coal production of Barito basin as the main supplier.
The production of Barito basin production will reach its peak in 2018 and gradually
decrease thereafter. The supply will be taken over by the Kutai and Tarakan basins.
Due to smaller coal production, Tarakan basin does not contribute as much as Kutai
basin and will only supply coal to some part of Eastern Java. The coal supply shortage
on the Eastern Indonesia will be filled by the Kutai basin.

5 Sensitivity analysis and policy of domestic market obligation

5.1 Sensitivity analysis

Three influencing components which affect the coal resource allocation are the coal
purchasing cost, the transportation cost, and the stock. Sensitivity analysis is herein
carried out to such components in the resource transaction model by varying one
component while keeping the other two components unchanged.

Effect of coal purchasing cost with respect to the resource allocation is analyzed by
increasing the coal purchasing cost of each basinswith respect to the initial forecasting.
The increase in the purchasing cost will basically reduce the comparative advantage
of coal producers which will in turn affect the pattern of resource allocation. When the
purchasing cost of Kalimantan coal increases by 10%, there is no significant change
in the resource allocation pattern. However, when it increases to 20%, Ombilin and
Bengkulu basins begin to contribute in fulfilling the coal demand in Sumatra for both
short and long term supply. Similar condition is observed in Sumatra basins that when
the purchasing cost increases by 10%, there is no significant change in the resource
allocation pattern. But when it increases to 20%, South Sumatra basin will no longer
supply coal for the Western Java. The supply for the area will be fulfilled by Barito
basin.

The sensitivity analysis of transportation cost in the resource allocation is carried
out by changing the escalation factor of the coal transaction model. In Sect. 4.1, the
escalation factor is assigned as 0% per year assuming that the transportation cost
remains constant until the end of the forecasting period. In this sensitivity analysis,
transportation costs will be escalated by 2 and 5% per year. Optimization in coal
resource allocation shows almost no significant change in the pattern of resource
allocation as the transportation cost increases. This may be due to small contribution
of transportation cost which in average is only 12% of the total logistic cost. Thus,
coal resource allocation will be affected by the purchasing cost than the transportation
cost.

With respect to the stock, sensitivity analysis is performed by assuming each coal
basin is able to store stock to a maximum of 10% of the maximum output per year.
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The existence of stock will reduce the amount of coal sold to the domestic and export
market. As a result, the pattern of coal resource allocation does not change but the
quantity of sales changes. Quantity of sales of the South Sumatra basin to Western
Java reduces by an average of 0.3 million tonnes per year and Barito basin to Western
Java increases by an average of 0.32 million tons per year. The presence of stock on
the resource allocation slightly increases the total logistic cost. In the coal transaction
model without taking into account the stock, total logistics cost between years 2014
and 2030 is USD 297.01 billion, or an average of USD 17.471 billion per year. When
the stock of 10% a year is included in the optimization of resource allocation, total
logistics cost increases to USD 297.05 billion, or an average of USD 17.473 billion
per year.

5.2 Domestic market obligation policy and optimization of coal resource
allocation

Implementation of the DMO has faced many problems. One of the problems is the
consumer preference to choose producer who offers lowest price. Unfortunately, the
chosen producer may not be one of the mining companies listed inMinisterial Decree.
The mining companies listed in Ministerial Decree may then have difficulty to get
domestic consumers due to their mining technique and mining location which will
generate higher selling price.

Problems arising from the application of DMO may be addressed by taking into
account the location of coal basins in determining the coal supplier for domestic
purposes. Central Sumatra, South Sumatra, and Barito basins shall be prioritized as
coal supplier for the short term period. Meanwhile other basins such as Bengkulu,
Tarakan, and Kutai basins shall be prioritized for long-term supply. Regulation of the
minimum coal price reference in the Ministerial Decree supports the optimization of
resource allocation that is suggested to be implemented with the DMO policy. The
minimumcoal price reference for domestic and exportmarketswhich take into account
international coal price index may eliminate the reluctance of coal producers to supply
the domesticmarket as the prices of coal in both the domestic and internationalmarkets
are more or less the same.

6 Conclusion and policy implication

Indonesian coal production and consumption are expected to increase continuously.
Coal production forecast by Gompertz curve using coal basin approach results in the
peak production of 485 million tonnes which will be reached in 2026. After 2026
Indonesian coal production will be decreased due to the declining production in two
main basins; Barito and Kutai basins. The coal consumption estimated by the multi-
variable linear regression method on the other hand shows an increasing trend to reach
367 million tons in 2030. The production and consumption forecasting show that the
proportion of coal consumption for the domestic market will gradually increase, and
accordingly consumption for the export market will decrease.
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The total production that is far greater than the consumption allows the consumers
to have the privilege to select producer in supplying their demand. Optimization to
determine the pattern of the resource allocation is carried out by building a coal trans-
action model which reflects the coal flow from producers to consumers. Optimization
result of linear programmingmethod shows that there will be some changes in the coal
suppliers of the domestic market with respect to time to achieve the optimum condi-
tion by minimizing the logistic cost. For the short term supply for the domestic market
will be fulfilled by Central Sumatra, South Sumatra, Barito, and Tarakan basins. Other
basins except the Ombilin basin will be fulfilling the long-term supply. Taking into
account the geographical location, Sumatra will be supplied by the Central Sumatra
and South Sumatra basins and Western Java will only be supplied by the South Suma-
tra basin for the short period of time. And for the long term supply, Bengkulu basins
will take over the supply. The eastern part of Indonesia will primarily be supplied by
the Barito basin and some portion from Tarakan basin for the short term period. After
the production in Barito basin reaches its peak in 2018, Kutai and Tarakan basins will
take over the supply.

The sensitivity analysis of the coal transaction model shows that the pattern of
resource allocation is more affected by the purchasing cost than the transportation
cost. The proportion of the transportation cost is 12% of the total logistic cost. It
is significantly less than the purchasing cost. The existence of stock will reduce the
amount of coal sold to the domestic and export market. As a result, the pattern of
coal resource allocation does not change but the quantity of sales changes. The effect
of stock on the resource allocation increases the total logistic cost, even though the
difference is not significant.

Optimization of the coal supply allocation in the domesticmarket and the sensitivity
of the determinant variables shall be considered in arranging the DMO policies. It can
be addressed by taking into account the location of coal basins in determining the coal
supplier for domestic use.
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