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The present level of energy demand in Indonesia is still very low and it is expected
to continue to increase. To fulfill the demand, some energy resources such as coal,
gas, oil and renewable energy are available. These energy resources are characterized
by limited oil reserves, sufficient gas reserves and abundant coal reserves. Therefore,
it is important to make optimal strategies for the national energy demand-supply
system for the long future. Energy-economy model is one of the tools for the energy
decision maker to performiit.

The objective of this study is to develop an energy- economy model for Indonesia
to evaluate the future energy demand-supply systems. Because there is increasing
concern about environmental problem recently and for the energy decision maker, the
relation among energy, economy and environment become a new consideration, this
model also consider environmental aspect.

The model contains five types of primary energy sources. coal, natural gas, crude
oil, biomass and other renewable energy which involves hydropower and geothermal
energy. The primary energy sources are transformed into secondary energy sector
which consists of electricity and non-electricity. Demand sector is disaggregate into
three sectors: industry, transportation and other sectors. The whole country is divided
into four regions. Java, Sumatera, Kalimantan and other islands with transportation of
fossil energy: coal, natural gas and crude oil. The model is benchmarked against 1990
base year statistics. The evaluations cover four tenryear time intervals extending from
2000 through 2030. The model is designed as an non-linear optimization model with
various components of quantitative framework to make the model useful device for
anaysis. A software that called General Algebraic Modeling System (GAMYS) is used
to solve the problem of the model on 486 compatible personal computer.



According reference case result, abundant coal reserves make coal attractive as the
major domestic energy supply in Indonesia. These huge amounts using coal seem to
create high emission of air pollutants. The second maor energy supply is natural gas
and followed by crude oil. Crude oil supply is expected not growing significantly due
to limited of resource.

On the regional perspective, coa is attractive for the energy supply in Java and
Sumatera due to the high growth of energy demand in these regions. In Kaimantan
natural gas has a significant share for energy supply in a long term. In the other
islands, area is extensive and the energy demands are fewer but much more spread
out. Therefore, renewable energy such as hydropower and geothermal energy are
attractive in these regions.

Sensitivity analysis is performed by varying the discount rate from 5% to10 % and
varying the domestic transportation cost of fossil energy from 50% to 150% of
domestic transportation cost of fossil energy in the reference case. At a higher
discount rate, the total income decreases and also the energy demand declines in a
long term. A cheaper domestic transportation cost makes increase of the total energy
demand. The increasing demand will be supplied by an expansion of cod and natura
gas production. Supply of crude oil will grow if the domestic transportation cost goes

up.
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1. Introduction

The present level of energy demand in Indonesia is still very low and it is expected to
continue to increase. To fulfill the demand, some energy resources such as coal, gas, oil
and renewable energy are available. These energy resources ae characterized by limited
oil reserves, sufficient gas reserves and abundant coal reserves. Therefore, it is important
to make optimal strategies or planning for the national energy demand-supply system for
thelong future.

The term of energy planning is in wide use now since the fear of energy shortage has
emerged after the energy crisis in 1973-1974. Mathematical model has usually been used
in energy planning to capture the engineering details of specific energy technology. The
energy models can be categorized according to their scope. Its range from supply-oriented
models of single fuel to models encompassing the overall energy system coupled to the
economy. Four major groups of models can be distinguished: sectoral model, industry
market model, energy system model and energy-economy model.

The sectoral models defined as relating to some specific energy process or activity
forming a part of a specific energy industry market. Typically, the models focus on either
the supply or the demand side of the market. Process models are used most often for
characterizing energy supply and capacity expansion, whereas econometric models are
used to characterize demand. The industry market model include process and econometric
model, which characterize both the supply and the demand for a specific of energy
products. Such models are very useful and are applicable to all energy-use categories. The
modeling in the field of energy system models is very difficult with regard to
methodologies and design of models. Generadly, simulation and optimization
methodologies are applied due to the set of questions addressed by the models. Most of
the sectoral and energy system models require that the energy demands must be specified
exogenoudly as input parameters. Most of them create energy demand-supply balances
and can be categorized in economic terms as partial equilibrium models. The energy-
economy models consist in the coupling of energy system models with models of the
overall economy such as macroeconomic and input-output models.

This study is modeling in the field of energy-economy models with the object to
develop an energy-economy model for Indonesia and to evaluate the future energy
demand-supply systems. The whole country is divided into four regions. The model is
benchmarked against 1990 base year dtatistics. Evaluations cover four tenyear time
intervals extending from 2000 through 2030. Because there is increasing concern about
environmental problem recently and for the energy decision maker, the relation among
energy, economy and environment become a new consideration, this model also consider
the environmental aspect. The model is designed as an non-linear optimization model with
various components of quantitative framework to make the model useful device for
anaysis.
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2. Background on Indonesia

2.1 Geography

Indonesia, the world's largest archipelago, stretching from 94°45' to 141°5' east
longitude and 6°8' north latitude to 11°15' south latitude, is bordered in the west and the
south by Indian Ocean. In the east ly the Pacific Ocean and in the north by the South
China Sea. Indonesia is located in the Southeast Asia, between the Asian Continent in the
north, and the Australian Continent in the south. Indonesia extends about 5,150 km from
east to west and about 1,770 km from north to south.

The Indonesian archipelago consists of no less than 13,700 islands. Around 6,000
islands are inhabited, but only about 3,000 islands have substantial settlements. The total
area is about 9.8 million sguares kilometers with the sea areais four times larger than its
land area (including exclusive economic zone). The land area is generally covered with
thick tropical rain forest and predominantly mountainous.

The largest idands are Kalimantan (previously known as Borneo) which area of about
539,460 square km, Sumatera with 473,605 square km, Man Jaya (previously called West
New Guinea, hording on Papua New Guinea) with 421, 981 square km, Sulawes
(previoudly called Celebes) with 189,216 square km and Java including Madura, with a
land area of about 132,187 square km.

MALAYSIA

Fig. 2-1. Indonesia and regional divisions of the model

2.2 Population and economic indicators

According to the 1990 census the population has reached 179.3 million, which is the
third largest group in Asia after People's Republic of China and India. The population
growth rate has declined from 2.2% per annum in the early eighties to 1.8% at present due
to the success with the family planning program. Compared to other countries, and in
particular to industrialized countries, this growth rate is considered very high.
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The most serious situation is found on Java. The island covers only 7% of the land area
but 60% of the Indonesian population lives there. The population density is 842
inhabitants per square km.

In the 1970, the country experienced relatively high economic growth of around 7.8%
per annum mainly due to the high ail pricesin the international market. Average economic
growth rate for the last 10 years is about 6% per annum. In early 1983, a series of
economic reforms were undertaken to develop and promote exports of agricultural,
forestry, and manufacturing that aggregatedly designated as non oil and gas commodities.
Strong international competition and the economic momentum of previous achievements
prompt Indonesia to broaden industrial base. Indonesia is actively preparing for economic
take-off around 1995 with the best chance of success against increasingly global
competition.
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2.3 Energy

The energy sector is one of the most importance sub-sectors in Indonesia because it has
been a major source of technological development, to drive economic activity and also as
an export commodity. It accounted for dlightly over 20% of GDP in 1990 and
approximately 40% of the export earnings.

Table 2-1 summarizes the energy resource compared to utilization in 1990. The
situation of the fossil energy reserves is characterized by limited oil reserves, sufficient
gas reserves and abundant coa reserves. The Indonesias oil reserves were estimated by
Minister of Mine and Energy to be 10.731 billion barrels. Petroleum geologists believed
that the not yet explored basins within the Indonesian archipelago contain resources of 30
to 40 billion barrels. The possible oil reserves may be located in remote areas or in the
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deep sea. High risk exploration and intensive capital investment may be necessary to
prove at least part of these resources.

The proven and potentid gas reserves are estimate at about 101.8" 10" scf.
Unfortunately, the most of the reserves have a 70% CO, content that need large
investments to develop the field, to process the gas, and to dispose CO, into the reservoir.

Table 2-1. Energy reserves compared to utilization in 1990°

Oil Natural Gas Coadl Hydropower | Geothermal
10° Barrel | 10%% scf 10° ton GW GW

Java 1.325 12.4 0.061 4.2 7.80
Sumatera 8.324 64.1 24.776 15.6 4.90
Kalimantan 1.002 24.4 9.361 21.6 -
Other idands 0.080 0.9 0.107 33.6 3.40
Total reserves 10.731 101.8 34.305 75.0 16.10
Production in 1990 0.470 2.1 0.011 - -
Installed in 1990 - - - 2.2 0.17

Coa is found predominantly in east and south Kalimantan and centra and south
Sumatera. The total resources are estimated in 1992 at 34.305 billion tonnes. More than
65% of Indonesian coal is lignite, most is found in south Sumatera. The rest is primarily
classified as sub-bituminous and bituminous, although a small amount of anthracite is
found in Sumatera. Most of coa reserves have characteristic a low ash, low sulphur and
high volatile matter content. Lignites have lower calorific value, higher moisture content
and hence higher transportation costs than sub-bituminous, bituminous and anthracite
coals.

Indonesia has a large hydropower potential of 75 GW. Until 1990, only 2.2 GW was
used for dectricity generation. Most of the reserves are located in thinly populated areas
where the demand is too low to justify large scale investment. The total geothermal has
been estimated to be 16 GW. Intensive exploration must be carried out in order to develop
geothermal reserves. A constraint is aso geothermal steam pricing. Therefore, up to now
only 140 MW has been used in Kamojang and 220 MW are under development.

The domestic primary energy supply in 1991 was accounted around 52 MTOE and was
dominated by crude oil with 41% and by biomass, as a traditional form of energy, which
contributed 31%. Natural gas supplied 18% of the domestic energy consumption. The
remainder was shared by coal (6%) and hydropower together with geothermal energy
(4%) as shown in Fig. 23. The main consumption of biomass is in the rural and urban
peripheral residential sector.

Considering the current energy reserves and utilization situation, the general feeling



that within 20 years time Indonesia will have to be a net oil importer to satisfy its demand
if no new discoveries were made. Natural gas and coa may be then become the dominant
energy supply. For the past five years, the production and use of coa has been
accelerating. Coal is mainly used in power generation and the cement industry. With
increasing environmental actions, the use of natural gas also be expected to grow at a
steadily increasing pace.
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Fig. 2-3. Primary energy supply™

As shown in Table 2-1 that most of the energy resource are located out of Java, but the
demand of energy is concentrated in Java. Therefore the regional transportation of energy
will be an important factor for the future of energy demand-supply projection.
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The present level of energy consumption in Indonesia is still very low and it is expected
to continue to increase, as in the most developing countries. An overview of the sectoral
commercial energy consumption is given in Fig. 2-4. The industry sector has the highest
share of commercial energy consumption. For the last 10 years, the commercial energy
consumption in industry sector increased by 3.6%. In transportation sector increased by
5% and the other sectors that includes household, government and commerce sub-sectors,

increased by 4.9%.



3. Background on Energy-Economy Model

3.1 Existing energy modeling

Recently many integrated approaches of energy models, involving interaction among
energy, economy, and environmental, has been developed to analysis the future of energy
policy and technology options. Some of the models were described in this section and
some of that emphasize on planning of future for mitigating global warming.

311 MARKAL

MARKAL(MARKet AlLlocation) was developed in a co-operative effort between
Brookhaven National Laboratory (BNL), USA and Nuclear Research Center (KFA),
Germany. About 15 countries belonging to the International Energy Agency (IEA)
contributed to the joint effort within the framework of the Energy Technology Systems
Analysis Project.

Fig. 31 shows the energy flows modeled by MARKAL and the basic categories of
technologies are:

resource technol ogies such as mining, import and export;

processes which transform energy carrier into one another;

conversion technol ogies which produce electricity or district heat or both; and

end-use technologies which change some forms of energy into useful services such as

motive power, space heat and transportation.

Primary Final Useful
Energy Energy Energy

I_’ Resource N End Use
—»|  Technologies Technologies

Processes

Conversion

Technologies Secondary

Energy

Fig. 3-1. Basic energy flows and technology categories'”

MARKAL focuses on the energy sector and linkages to the rest of a nation's economy
through the exogenous specification of useful energy demands. Its describes the energy
system by means of a data base and provides software tools which select the variables,
constraints, right-hand sides and calculate the numeric values needed. MARKAL is multi-
period and linear programming model. Its takes exogenously supplied useful energy
projections and determines the optimal energy supply and end-use network that can meet



the demand. An optimal solution is obtained from a collective optimization over the whole
set of time periods. The mathematical formulation is shown in equation 3-1, 3-2 and 3-3.

minimize é ¢X 1=1,..n (3-1)
subjectto g a;% £b, j=1,...m (3-2)
and X 30 (3-3)

The coefficients for the objective function (), the coefficients (a;) and the value of right-
hand side (b,) are known parameters. The variables (x;) are the unknown quantities to be
found. The number of variablesisn and the number of constraintsism.

3.1.2 Edmonds-Reilly

Edmonds-Reilly model published in 1983 is a globa framework for energy assessment
that involves nine global regions. The model can be thought of as consisting of four parts:
supply, demand, energy balance and CO, emissions. The first two modules determine the
supply and demand for six maor primary energy categories (oil, gas, solids, resource
constrained renewable, nuclear, and solar) in each of regions. The energy balance module
assures global equilibrium in each global fuel market and the computations needed to
develop projected CO, emissions. The current terminal analysis date of the model
framework is 2050 with the base year 1975.
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Fig. 3-2. Framework of Edmonds-Reilly model*?
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In this model, supply is determined by a simple extrapolation model. Production of the
constrained resource is handled conventionally via a logistics function. The key inputs to
determination of the demand are the level of population, level of economic activity (GNP)
and prices of primary energy types. World energy price and demand are determined to
meet the world energy supply functions.

Since the program source code of this model is opened for any researcher, it has been
modified. Until now it has often provided base case scenarios in many discussions. The
base case scenario result of global final energy use by fuel is shown in Fig. 3-3. Among
the four primary fuel categories, electricity production expands most rapidly over the
period, averaging nearly 6% per year. Primary solids use grows moderately (3.1% per
year), while the use of oil and gas grows more slowly. This is due partly to rising prices of
oil and gas
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Fig. 3-3. Projected final energy use™

3.1.3New Earth 21

New Earth 21 model was developed by Yasumasa Fujii to evaluate economic and
technological feasibility of energy technology combinations with several physical
constraints such as supply-demand balances. The whole world is divided into 10 regions
with time horizon from 1990 to 2050 at intervals of 10 years. The principal characteristics
of the modelsisasfollows:

Final energy demandswill be given exogenously.

Supply-cost functions of various energy supplies will be given with probabilities of

occurrence.

The model determines the optimum energy-demand pattern, given final demands and

supply cost functions of energy supplies.

The model consists of 10 regional sub-models which optimize the energy flows within
the respective regions, and one main-model which manages the interregional energy



balances among the sub-models (see Fig. 3-4). The sub-models are linked each other by
interregional trade items : natura gas, coal, oil, hydrogen, methanol, ethanol, electricity
and recovered CO..

FOB pfices by region and fuel type ( Main-model ]

k Trade balance model
"'1"'1,/|

r
[
r L o
Im -

Regional iz

Information on
Sub-mOdel _F'I_L Supply-demand balance
Optimization model -

Fig. 3-4. The structure of New Earth 21 model*®

The sub-model is formulated as non-linear optimization problem with inequality and/or
equality linear constrains. The constraints represent supply-demand balances and mass-
energy balancesin varioustype of energy plants.

Objective function:
Cost for n-th region = Energy system cost in n-th region

+ carbontax ~ regiona carbon emissions (3-4)
Subject to:
A =b", u"z20 (3-5)
Where:
u™ the control variables that represented energy supply
A" system matrix of n-th region
b": constant (energy demands and existing capacities).

The main model which seeks an equilibrium of the world energy trades is formulated on
the basis of the maximum principle of discrete type.

3.1.4 Global 2100

A.S Manne and R.G. Richels developed Globa 2100 in 1990. The modd is an
extended version of ETA-MACRO model developed in 1970's that linkages between the
energy sector and the balance of the economy. This is a merger between ETA (a process
model for energy technology assessment) and MACRO (a macroeconomic production
function) that provides for substitution between capital, labor, and energy inputs. ETA-
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MACRO is a tool for integrating long-term supply and demand projection. Figure 35
provides an overview of the principle static linkages of ETA-MACRO. Electric and non
electric energy are supplied by the energy sector to the rest of the economy. Gross output
depends on the inputs of energy, labor and capital. In, turn, output is allocated among
current consumption, investment in building up the stock of capital, and current payments

for energy cost.

Exhaustible Resources
(petroleum, natural gas)
l Electric,

Nonelectric
Energy Consuraption

Labor

Electric and Nonelectric

Energy Conversion | ETA MACRO

Technologies
(coal, nuclear, renewables)

Energy Costs Investment
Capital

Fig. 3-5. An overview of ETA-MACRO?

ETA-MACRO simulates a market or a planned economy over time. There is a single
representative producer-consumer. Supplies, demands, and prices are matched through a
dynamic non-linear programming model. A partial equilibrium reasoning applied to a
single energy form in a single time period. Consumers willingness to pay is shown as a
smoothly decreasing function of the amount of energy available of them, and producers
incremental cost are shown as a rising step functions of the amount to be supplied (Fig.
3-6). These functions represent energy demands through a stepwise linear physical process
model. Supplies and demands matched through an equilibrium price. It is as though the
economy were attempting to maximize the size of the shaded area (net economic benefits).

Demand Function Supply Function
{willingncss to pay) (cost for incremental supplies)

Price |

Fig. 3-6. Market mechanisms and maximization®
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The first version of Global 2100 deals with five major geopolitical regions : the United
States, other OECD nations, the Soviet Union, China, and the rest of the world (ROW).
The model is intertemporal with a base year of 1990 and projections cover ten-year time
intervals from 2000 through 2100. The national economic activities aggregate into one
production function involves various energy technologies.

Table 3-1 identifies the alternative sources of electricity supply. The first five
technologies represent existing sources: hydroelectric and other renewables, gas-fired, oil-
fired and coal -fired units, and nuclear power plants. The second group of technologies
includes the new electricity generation options that are likely to become available. They
differ in terms of their projected costs, carbon emission rates, and dates of introduction.

Table 3-1. Electricity generation technologies”

Technology _Earhest possi ble | dentification
name introduction date
Existing:
HYDRO Hydrodectric, geothermal, and other
renewables
GASR Remaining initia gas fired
OIL-R Remaining initid ail fired
COAL-R Remaining initid cod fired
NUC-R Remaining initid nuclear
New:
GAS-N 1995 Advanced combined cycle, gasfired
COAL-N 1990 New coal fired
ADV-HC 2010 High-cost carbon free
ADV-LC 2020 Low-cost carbon free

It is expected that new gas-fired capacity for base load electricity will take the form of
combustion turbine combined cycle plants that have a high thermal efficiency, low carbon
emissions, and low capital cost. If natural gas prices remain at their 1990 levels, this
technology would represent an attractive source of electricity; however, as natural gas
resources gradually become exhausted, fuel prices are likely to rise. With an increase of
this magnitude, gas-fired electricity would lose its competitive advantage over coal.

Table 3-2 identifies the nine alternative sources of nonelectric energy. Crude oil priceis
crucial to any near or medium-term projections of energy supplies and demands. All other
carbon-based fuels are ranked in ascending order of their cost per GJ of crude oil
equivalent. The least expensive domestic source is CLDU that uses in industries such as
steel and cement. Next in the merit order are domestic oil and gas.

12



Table 3-2. Nonelectric energy supplies”

Technology o Unit cost per GJ of
name Description crude oil equivalent
(1990 Dollars)
o . 4.00in 1990 rising to
OIL-MX Oil imports minus exports 8.40 from 2040 ongward

CLDU Coal - direct uses 2.00
OIL-LC Oil - low cost 2.50
GAS-LC Natural gas- low cost 2.75
OIL-HC Oil - high cost 6.00
GAS-HC Natural gas- high cost 6.25
RNEW Renewables 8.20
SYNF Synthetic fuels 8.33
NE-BAK Nonel ectric backstop 16.67

The rate of GDP is a key determinant of energy demands. This rate depends on both
population and per capita productivity trends. In parallel with the slowing of population
growth during the twenty-first century, there will be a diminishing rate of growth of GDP
and, hence, a sowdown in the demand for energy. Energy consumption need not grow at
the same rate as the GDP. Over the long run, they may be decoupled. In Global 2100,
these possibilities are summarized through two macroeconomic parameters. ESUB (the
elasticity of price-induced substitution) and AEElI (autonomous energy efficiency
improvements).

The energy supply projection under business-as-usual conditions is described in Fig.
3-7 (for electric energy) and Fig. 3-8 (for nonelectric energy). With increasing gas price,
gas-fired electricity would lose its competitive advantage over coal. The other low cost
aternative to coal is the carbon-free technologies, ADV-LC. If it were introduced in 2020,
it would take on an increasing share of electric load thereafter.
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Fig. 3-7. Electric energy”
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On the nonelectric side, new energy sources become attractive due to increasing crude oil
prices. These sources are grouped into two broad categories : SYNF (coa and shale based
synthetic fuels) and RNEW (low-cost carbon-free renewables such as ethanol from
biomass)
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Fig. 3-8. Nonelectric energy™

3.1.5MARIA

Multi-regional Approach for Resource and Industry Allocation (MARIA) model,
developed by Shunsuke Mori in 1994, is a version of DICE model. W. Nordhaus
developed the DICE model to see the long term interactions between human activities and
global warming damages on the world economic growth. Due to the lack of energy flow in
DICE model, MARIA model impose energy flows upon the DICE model. This model can
estimate the energy technology options for the long future as well as the international
trade prices of fossil fuels and the tradable carbon emission permit under the certain
constraints. The model disaggregated primary energy resources into : coal, oil, natural gas,
nuclear, biomass, and other renewable sources which involves hydropower, geothermal
and solar energy. Secondary energy sector consists of electric and nonelectric energy.
Final consumption sectors are classified into three sectors : industry, transportation and
others. Theworld isdivided into three region : Japan, other OECD countries and others.

Figure 3-9 described the structure of MARIA model. The model is a nonlinear
programming model like Global 2100 model. When a CES type production function is
used in Global 2100 model, this model employs a Cobb-Douglas type production function
with capital, labor, electric and nonelectric energy. The model used Negishi-weight in the
objective function to guarantee the compatibility between local (national) optimization
behavior and international trade price mechanism. Mathematically, Negishi-weight is
given by the inverse of Lagrange multiplier of budget constraint which is proportiona to
the consumption per capita of each region.
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3.2 Energy technology and resour ces*”

The primary energy resources are basically divided into nonrenewable and renewable
energy resources. The first group of depletable character includes the fossil energy
resource: coal, crude oil and natural gas. The group of renewable resources is base on
geothermal energy, solar energy, hydro power, wind power and biomass. This section only
discuss the main characteristic of crude oil, natural gas, coal, geothermal, hydropower and
biomass energy that were used in this model.

3.2.1 Crudeail

With the rare exception of being burned directly, the major part of crude ail is
processed into petroleum derivatives. The efficiency of modern petroleum refineries is, in
general, around 90% with peak performances. Petroleum refineries consist of crude
tankage, a system of separation and conversion process, individual product tanks,
interconnecting lines among the process and tankage, and a system of utilities that provide
and distribute the required supply of steam, power, and cooling. Overlying this equipment
are process control systems that assure proper flows, temperatures, and pressures; safety
systems that assure the equipment equipment design pressure cannot be exceeded and that
discharges are flared in a controlled manner; and environmental system that assure clean
refinery effluents.

Crude ail is the feed to refineries. Crudes come in many types, ranging from light
crude, which contains higher fractions of gasoline and jet fuel, to heavy crudes containing
more heavy oil and asphalt. Sour crudes contain more nitrogen and sulfur compounds than
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sweet crudes.

The objective of a refinery is to manufacture products ranging from the lightest
propane, through gasoline, jet fuels, heating oils, and lumbricating oils to heaviest
products, asphalt and coke. The variability in crudes, product characteristic, and demands
requires that the equipment be flexible enough to operate over awide range conditions.

Petroleum products are by far the most versatile and useful energy resources available
at present. It is characterized by low costs and ease of transportation. Almost all the needs
of the transportation sector and mobile equipment are currently met by petroleum product.
Kerosene and LPG are the favored cooking fuels and the former is the maor lighting fuel
in areawhereisno electricity.

3.2.2 Natural gas

Natural gas is a kind of hydrocarbon usualy predominantly by methane. They may
occur alone (non-associated gas) or in conjunction with crude oil (associated gas).
Production of associated gas dissolved in oil depends on oil production, and is therefore
interrupted whenever the latter is shut down for economic or other reasons. Non
associated gas production depend on the structure and characteristics of the reservoir.

Natural gas may contain substantial proportions of non-hydrocarbon gases as
impurities. Most of these contain small proportions of heavier hydrocarbons, beside
methane, which can readily be reduced to liquid form at the surface by refrigeration or
compression. These so-called wet gases can be processed to produce natural gas liquids
(NGL), otherwise know as natural gasoline and liquefied petroleum gases (LPG)
consisting of propane and butane.

Historically, crude oil had fundamental advantages over gas as fuel. It could be
transported easily and could be processed into petroleum derivatives which could serve
different markets. The physical characteristics of natural gas, particularly, difficult to be
transported that make limited its share in the growth of international trade until techniques
for ocean transport of liquefied natural gas (LNG) were developed in the 1960s. Hence
make natural gas competitive with oil products.

The utilization of gas may also extended to non-traditional uses, such as transport fuels.
Compressed natural gas is aready lkeing used as a fuel for vehicle in some countries.
Methanol, a chemical derivative of natural gas, is eminently suitable for spark plug
engines either as a straight fuel or as an mixture to gasoline. Natural gas can also be
converted into gasoline although the cost of conversion is high. Another utilization of
natural gasisin fertilizer industry. It is excellent feedstock for nitrogenous fertilizer and a
wide range of basic chemicals. A dgignificant percentage of gas consumption, is
represented by these non-energy uses. However, chemical and fertilizer plants themselves
are large consumers of energy. Up to 40% of the gas consumed by these installations may
be use as an energy input, rather than as feedstock.
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If the deposits of natural gas are large and in remote locations, gas production are used
exclusively for export in the form of LNG. In this form, however, these resources do not
make any contribution to the energy balances of the producer country.

3.2.3 Coal

The technology for mining, moving and using of coal is well established and steadily
improving. Technological advances in combustion, gasification, and liquefaction will
greatly widen the scope for the environmentally acceptable use of coa in 1990s and
beyond. The utilization of coa is mainly in industry sector and for the generation of
electricity.

The most common classification of coal is calorific content. Hard coal is distinguished
from brown coal and peat, which have less heating values. Within the class of hard codl
one can distinguish between steam coal for electric power generation and coking coals,
used primary as reductants in steel making. Other important parameters for the
classification of coals are contents of water, volatile matter and ash. This parameters have
alarge range of variation according to their geological deposit.

Table 3-3. Approximate calorific values of various grades of coal

Grade of coal MJkg
Hard coal :
Steam codl :
- Anthracite 33.3
- Bituminous 29.1
- Sub-bituminous 24.7
Coking coal 27.8
Brown coal and lignite 14.7
Peat 8.0

3.2.4 Geothermal

Temperatures in excess of 1000°C exist deep in the earth. The resulting thermal
gradient creates a heat flow to the surface which is the source of geothermal energy.
Geothermal energy is continuously generated by the flow of heat from the earth's core. It
is, therefore, arenewable form of energy.

Geothermal energy can be classified into high level energy and low level energy. The
temperature of geothermal system is normally in the range of 175-315°C, which is
considered low-quality heat by fossil fuel standards. For this reason, the most efficient
utilization of geothermal energy would be for the purpose of process heat in industrial
applications. But the distance over which the energy can be transported economically is
very limited. By far the largest industrial application of geothermal energy today isthe
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generation of electric power. A pound of steam coming from a man-made boiler fired by
conventional fuel is indistinguishable from a pound of ¢eam coming from the earth's
boiler, and the steam turbine does not know the difference. Accepting, then, that electric
power can be generated and transported over a transmission system. The electricity
generating cost of geothermal energy compare with the other technologies is shown in Fig.
3-10.

160

140 F- BO&M | __ . .
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Fig. 3-10. Electricity generation cost”

Exploration for geothermal energy requires a relatively heavy investment in drilling. If
the deep drilling does not result in a commercial discovery, the investment will have to be
written off as aloss. Thisisarisk which not al decision makers can take, unless they have
a specific guarantees or insurance, even though the success ratio of geothermal exploration
is higher than that of oil exploration.

3.2.5 Hydr opower

Hydropower technology utilizes the difference of potential energy between different
parts of a water body at a rate which is roughly proportional to the product of water level
difference, commonly refered to as head, and the discharge. Hence, hydropower design
and development is directed towards increasing these two quantities both by proper site
selection and construction measures.

With regard to the development of head and control of discharge, different plant types
can be distinguished:

River power plant, where the head is created by weirs or low dams,

18



Diversion power plant, which basically utilize naturally available heads,

Run-of-river power plant, which little or no control of discharge, and

Storage power plant, which high dam and large reservoir for flow regulation.

The theoretical annual hydropower potential of a river depends on the precipitation it
received annualy in its catchment area and the quantity of water remaining on the earth
surface and running down from its altitude to sea level. Since certain portions of the river
cannot technically be harnessed, the technical or usable potential, usually, is lower about
50% than the theoretical potential.

3.2.6 Biomass

Biomass is a product of photosynthesis due to the capability of the chlorophyll of plants
to absorb the light energy from the sun and to use CO, of the air for producing sugar and
carbohydrates under release of O, The most important biomass source are: agricultural
crop residues, forest residue, animal manures, standing vegetation, aguatic biomass and
solid wasted. Fuel wood, by far the most important biomass from is an important energy
especialy those living in the rural and urban areas of developing countries. The fuel
wood, as atraditional energy isused inresidential sector, such as cooking and heating.

There are many technique for advanced utilizing of biomass that convert biomass to
useful energy. Generally the processis classified into three category:

Mechanical and thermomechanical process:

0 Feedstock preparation

o Extraction

Thermochemical process:

o Direct combustion

o Pyrolysis

0 Gasification

o Liquefaction

Biological process:

0 Biomethanation

0 Fermentation.

3.3 Production function*”
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Table 3-4. Historical data***

Year | Energy Consumption Income Population
(1000 TOE) (million USdollar) (million)
1971 6736 30.75 122.53
1972 7440 32.72 125.64
1973 8068 35.58 128.80
1974 9322 38.02 132.00
1975 10697 39.95 132.67
1976 11354 42.97 133.53
1977 13266 46.63 136.63
1978 15579 50.13 139.80
1979 17689 52.92 143.04
1980 19996 57.47 147.49
1981 21993 62.25 151.31
1982 22427 62.86 154.66
1983 22666 68.42 158.08
1984 23099 72.69 161.58
1985 24389 74.69 164.63
1986 25084 79.29 168.35
1987 25922 82.91 172.01
1988 28281 88.72 175.59
1989 30337 95.30 179.14
1990 33013 100.40 179.30
ln(ﬁ] = xln(z) +3 xln(f—] + A
L { L ¢ L i (3-14)

The calculation result show in Equation 3-15 and Table 3-5.

IH[EJ 20.169417X1n(—¥~] +0.829419X1n[£) +1.025627
L/ LJ, LJia (3-15)

Table 3-5. The result of regression analysis

] AT O R
Y tik 1.025627
Y ZRAIGH O BEHE 2 0.042305
R 2 5 0.987026
YEARLER 19
B A 16
X FH 0.169417  0.829419
X PREoORIHERR 0.169603  0.104051
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Using the parameter a, b and A from regression analysis result, the regional data of
income and population in 1990 and using Equation (3-16), the energy-demand regional in
1990 can be calculated as below (i: Java, Sumatra, Kalimantan, and other island).

PY o  (YY
In| — = ——]n| — +
Lhge 1-B \LJiggo

Table 3-6. Data and calcul ation results

4
1-B (3-16)

Region (i) | Y(million $) L (million) P (1000 TOE)
Java 60.307 110.359 24738.547
Sumatera 26.719 36.507 10938.564
Kadimantan 5.935 9.100 2431.590
Others 7.448 23.413 3066.685
Totd 100.409 179.379 41175.386

From the aggregate data, the total energy demand in 1990 is 33.013 MTOE and from the
regression result the total energy demand in 1990 is 41.175 MTOE that will be acceptable.
As shown in Table 3-6 the energy demand in Java is 24.738 MTOE, Sumatera is 10.938
MTOE, Kaimantan is 2.432 MTOE and other island is 3.067 MTOE.

The share of electricity and non-electricity energy in each regions were calculated
using the same technique.
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4. Modd Overview

Some of the exiding enagy-economy modds were destribed in Chapter 3. Thee
techniques are commonly dassfied into three categories:

Linear programming modd

Smulation of the economy under the assumption of various dternative palicies

Computable generd equilibrium, such thet consumers maximize thair utility function.
Theladt techniqueisused in thismodd.

4.1 Energy-Economy flow

The many idands of Indonesa show a ggnificatly nontuniform  didribution of  energy
resource and of energy consumption and a different datus of devdopment. Taking this
into account, the whole country is divided into four regions Java Sumaera Kdimantan
and other idands (see Hg. 4-1) with trangportation of fossl energy: cod, cude ol ad
naurd gas (e Hg. 4-2)

Energy Import
Java Kalimantan
Y=1kLEN) B ¥ =15, L EN)
TOT =EPRODHTRE FHTRE D TOT =2PROD+TRE FATRE D
»
¥
Sumatera Other Islands
¥ o=, LEMN) ™ Y=k, L EM)
TOT =RPROMMTRE F+TRE O *| TOT =ZPRODHTRE F+TRE D
¥ Production Function ToT - Total energy supply
K Capital FRO Energy production in the region
L:Labour TRE D Domestic energy transportation
M Mor-electricity Energy TRE F :Energy Impart
E Electricity Erergy — = Flow Of energy transportation

FHg. 4-1. Block diagram of the regiondized modd

The red enagy flow is regoresated by a complex nework of dl rdevat enegy
technologies interconnected by enegy carier from supply sSde to demend dde In this
sudy an aggregae of energy flow has been used to avoid the complexity of the modd.
Each of the region has an enargy flow as shown in FHg. 4-2. Thee individud regions ae
linked in the modd by inter-regiond flows such as cod, crude oil and naturd ges
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shipping but is assumed no migration of labor or population.

The modd contans five types of primay enagy sources cod, naurd gas, caude all,
biomass and other renewable energy which involves hydropower and geothemd  energy.
The primay energy sources ae trandormed into secondary energy sector which condds
of dedridty and nondectricdty. Demand sector is dissggregate into  three sectors
indudtry, trangportation and other sectors.

Coal-Ind.
-G
TRE_F <> Coal Coal Coal-Oth.

TRE_D
7™\ _Power Plant INDUSTRY SECTOR

»( Preparation _>| Gas-Tra. |
¥SE—E<—> Natural Gas Gas <>:::i

-

A

[
_Power Plant Gas-Oth. J L
Oil-Ind.
| »| TRANSPORT SECTOR
»(  Preparation )—/| Oil-Tra >
$§E—E P Crude Oil Oil P
i , Oi-Oth.
Renew. ;i q
Renewable Powar plant » Electricity ": L ol otHERSECTOR

Hg. 4-2. Structure of regiond energy flow modd

4.2 Mathematical formulation

The modd is fomulatled & an intetempord  optimizaion modd with  two-way
linkeges between the enagy sectors and the bdance of the economy. The besc
fomulaion to cdculade the enagy demand is the Cobb-Douglas type production
function. Y isthe production function in each region r with time period t.

_ KPVS| (1- KPVS) |(&- ESUB)[ ELVSp|(1- ELVS) |[ESUB
Yt,r - A,r[Kt,r Lg,r )] Et Nt(,r ) (4'1)

T

Whee E and N denote the production of dectricty and nondedricty energy for the
indusry sector. Unit messurement for the energy production is MTOE. L is a populaion
asumed as an exogenous vaidde K denote capitd dock and A is a technicd progress
factor. The meacroeconomics paametes on the above equaion are adopted from Globd
2100 modd? where ESUB is production vaue share of energy, KPVS and ELVS ae
cgpitd vaue share parameter and dectridity vaue share parameter.
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Table 4-1. The production function parameters

Java Sumatera Kdimantan Other
EUB 0.30 0.12 0.12 0.30
KPVS 0.30 0.30 0.30 0.30
ELVS 0.40 0.40 0.40 0.40

The enagy demand in the trangportation sector is cdculated udng eguation (4-2). The
supplies of nondectric and dectric energy must be adequate to cover the demands.

Et r
, aj) (l-a)
Nt,r + 3 Bt,rYt,r I—t,r

EF (42)

t,r

where a is a vdue shae of income in the trangportation sector, EF is the dedtridty use
efidency ad B is a condatt. In the other sectors of demand a gmilar st of enegy
demand condrant is employed. The other condrants ae the enagy resources limit as
aummaized in Tade 2-1. For the fossl enegy (cod, nawrd ges and crude ail) these
condraints dso cdculae the enagy trangportaion to eech regions as shown is equation
4-3).

4 (E, +N,, -TRE_D,, - TRE_F,, )£ RES 43
t
whee TRE D and TRE F ae domedic trangoortaion of energy and import of energy.
RES denote the limt of fossl enagy resource of region r. The totd domedic
trangportation of foss| energy must be baanced and is expressed with:
o
aTRE_D,, =0 (4-4)
;
In this modd, fosdl energy resources assume as a ddic resources with no  new
discoveries wae made dong the time horizon. For the biomess energy and cother

renewable energy, the resources are renewdble in eech time period and the production of
these energy type are limited by the resources as shown in equetion (4-5) and (4-6).

E,, £ RESREN 9
N,, £ RESBIO, (4-6)
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whee RESREN and RESBIO is a other renewable energy resource and biomass energy
resourcein eechregion r.

The gross vaue of production is to be didributed among consumption, investment for
build up the capitad sock and interindustry payments for energy cost (EC),

Yt,r :Ct,r + It,r +ECt,r 4-7)
where C isconsumption and | isinvesment.
Table 4-2. Energy production cot™*®
US Dadllar per TOE
Crude Oil | Natura Gas Coa Renewable | Biomass
Eledtricity 500 4380 550 600 -
Nondectricity 105 73 84 - 50

The enagy cod condds of enagy production cod and energy trangportetion cod. The
enagy production cod was shown in Table 4-2 and the energy trangportaion cost weas
shown in Table 4-3. Digance from one region to each othersis assumed 1000 km.

EC, =(E,  ECST+N,,~ NCST+TRE_D,,~ CTRD+TRE_F,,  CTRF) n (4-9)

Whae ECST axd NCSI denote dectridty and nondectricty energy production cod,
CTRD and CTRF denote domedic trangportation cost of fossl energy and energy import
cogt, n denotetime horizon intervd.

Teble 4-3. Energy trangportation cost”™

Thetotd capitd sock surviving from one period to the next was expressed with:

Kt+Lr :(1' d)Kt,r +n’ It

Trangportation Cost $TOE/1000 km
LNG 4.79
Naturd Gas Pipdine 19.00

al 0.67

Cod 0.98
Bledridty line 170.11

,r
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where d is depredaion rae and n denote time horizon intevds At the end of the
planning horizon, a termind condrant is goplied to ensure that the rae of invesment is
adequate.

To avod excessvdy rgpid expanson of new technologies there ae expandon rae
condrants of the fdlowing fom. The dedridty energy production expandon rde
condrant is expresad in equation (4-10) and for the nondectridty enargy in equdion
(4-12).

Et+1,r 3 (1' d)nEt,r (4'10)

Nt+1,r 3 (1_ d)nNt,r (4'11)

The modd maximizes a sodd wdfae fundtion thet is the discounted sum of the utility
of per cgpitaconsumption. In the mathematica formulation can be expressed as
o & éC,, U 0
Max § €S L, " loge—ty [1- d] 7 (4-12)
o & el g p

where d is the discount rae and C denote consumption. S is share of regiond income per
cgpita. In thismode depreciation rate and discount rate is set to be 10% and 5% per year.

The enargy sector, which indudes energy production, trangport, converson and end-
ue in the ssctor of indudry, trangportation and other sectors is the man contributor to
manrmede ar palution. The man polutants ae CO,, CO, paticulate maiter, NOy, SO,,
volaile hydrocarbons and some heavy metds

Table 4-4. CO, releasein the production and combustion of fuels™?

Fuds Ton Carbon/TOE
Cod 0.996
Crude Qil 0.804
Naurd Gas 0574
Renewvable 0

In this sudy only CO, emisson will be andyse CO, emisson is assodaed with the
consumption of cod, cude ol, and naurd gas The vdue for CO, emisson codfidents
for awy type of fuds dhown in Tade 4-4. The CO, emissons directly edimaed if the
quantity of each fud consumed is known. If ECH and NCH are CO, emisson codfidents
for fud usein dectricity and nondectriaty then thetotd CO, emissoniscdculaed as

CO2,, =(E,” ECH +N,,” NCH) (4-13)



4.3 Population and income data
The mgor fadtors influendng energy demand ae populaion growth and the economic
growth. This section destribes the regiond growth of population and income.

Table 4-5. Regiond population and income

Population Income
(Million) (BillionUS$)
1980 1990 1980 1990

Jva 91.22 | 107.57 3751 56.53
Sumatera 28.00 36.46 20.15 27.21
Kdimantan 6.72 911 6.25 0.88
Other Idands 21.90 26.18 557 7.15
Totd 14784 | 17932 6948 | 100.77

Each region has a diffeet growth rae of populdtion. For the las 10 yeas
Kdimantan has the highest populaion growth rae which adout 31% per anum followed
by Kdimantan (2.7%), other idands (1.8%) and Java (1.7%).

Indonesa has income pa cgota in 1990 about 560 US ddlla. Kdimantan and
Sumaea have higher income per cgoita then the other regions due to al production. In
decreadng order of the growth rae of income in US ddlar base ae Kdimantan (4.7%),
Java (4.2%), Sumatera (3.0%) and other idands (2.5%).

4.4 Sensitivity analysis"”

Sangtivity andyds is conducted to detemine how the optimum pah would change if
the problems wee formulated differently. Doing a sendtivity andyss is a key pat of the
design process, equd in importance to the optimization processitsdlf.

The dgnificance of sendtivity andyds dems from the fadt tha <oution of the
mahematicd probdlem in ay optimization is only an goproximdion of the red problem.
The exat olution that was obtaned and used to represent redity is thus not an exact
solution to the red problem of desgn. At the bedt, the optimization process provides a
good gpproximetion to the best design of ared sysem.

None of the mahematicd modds will ever reggret sysem exadly. All  these
representaions e goproximations in some way. They each differ from redity in ay or
dl thefdlowing threeways

Sructurdly, because the ovedl naure of the eguations does not correspond precisdy
tothe actud Stuation.
Parametricdly, asthet dl coeffidents not able determined precisdy.
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Probabilidicdly, in typicdly assume that the gtudtion is deerminidic when it is
generdly vaiadle

Sructurd  differences aise as a mdter of ocourse in the modding process. The
mahemdicd modd of a sydem is typicdly condructed to imegine some form that
believesis gopropriate or useful, and then to match the red Studtion to this Sructure.

The discount rate and the trangportaion cod of fossl energy ae the man paamdes
of sangtivity andydsinthemodd in this sudy.

4.5 The GAM S software

The modd is an nonliner programming modd. A Software that cdled Gened
Algerac Modding Sysdem (GAMS) is used to solve the problem on 486 compatible
pasond computer. It is gengdly more difficult to find the solution of nortlinear problem
then that of liner one With nonliner modd, it is important to kegp the formulation as
gdmple as possble and the modd as smdl as possble Devdopment of the modd <should
be incrementd. Mog nonliner problems can be sved more emly if some initid
information is provided for the vdue of important varidbles This can be implemented in
the GAMS ugng initid vaues, bounds and scaling of variadles

The GAMS? can solve both lineer and nonlinear programming problems  The GAMS
lves liner programming udng rdiddle implementation of the dandad dmplex method
thet fird devdoped by G. Dawzg in the 1940s The problem with nonliner condrants
ae oved udng proected Lagrangeen dgorithm, bese on a mehod due to SM.
Robinson. When objective function is nonliner, GAMS solves such problem usng a
reduced gradiet deveoped by P. Wolfe in 1962 combined with quas-Neaton dgorithm
developed by W.C. Davidon in 1959.
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5. Result

Selected highlights of the model results are presented in this section. This model is run
with reference case and sensitivity analysisis performed.

5.1 Aggregate of supply

Energy demand-supply grows in line with economic activities and population
expansion, In the model population is assumed as an exogenous variable. A continued
decline of the population growth rate is expected because Indonesia family planning
policy is attempting to further reduce the growth rate. The total population growth rate
until the year 2000 is about 1.8% per annum and 1% per annum for the long term. The
population growths during the whole time horizon until 2030 are presented in Fig. 5-1
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Fig. 5-1. Population growths
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Fig. 5-2. Electricity conversion efficiency
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The other major factors influencing energy demand, addition to population growth and
economic growth, are the efficiency with which energy is used. This parameter is also
assumed as an exogenous \ariable. Fig. 52 shows the electricity conversion efficiency
projection. The efficiency in Javais higher than the others due to availability of electricity
networksin this region.
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Fig. 5-3. Income growths

With reference case, the income growths are projected and summarized in Fig. 53. In
2000 the average annual income growth rate is 5.7 % and 4.6 % until the end of the time
horizon. Taking into account the population, in 2000 the income per capita growth rate is
3.9 % per annum. Because the population is still increasing, the income per capita grows
at lower rate of 3.5 % per annum for along term.
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The future of total primary energy supplies of the reference case was shown in Fig. 5-4.
In 2000 the share of coal supply comes to about 34 % of the total primary energy supply
that is almost same to the share of crude oil and natural gas supply. In 2010 and 2020 the
share of primary energy supply in decreasing order is coal, natural gas, crude oil, biomass
and renewable energy. The renewable energy is not growing significantly because the
production cost is expensive than the other technologies.

5.2 Regional perspective

On the regiona perspective, coa is attractive for the energy supply in Java and
Sumatera due to the high growth of energy demand in these regions. In Kaimantan
natural gas has a significant share for energy supply in a long term. In the other isands,
area is extensive and the energy demands are fewer but much more spread out.
Renewable energy such as hydropower and geotherma energy are attractive in these
regions. All of the regional energy supply were shown in Fig. 5-5 for Java, Fig. 5-6 for
Sumatera, Fig. 5-7 for Kalimantan and Fig. 5-8 for other islands.
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Fig. 5-5. Primary energy supply : Java
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5.3 Emission

Air pollution resulting from coa combustion is probably the most significant
environmental impact associated with the coal fuel cycle and is the topic that generates
the greatest amount of international concern. Three main type of emission are involved :
sulphur dioxide (SO,), nitrogen oxide (NOy) and panicul ate matter.

Increasing used of coal and other fossil energy for the long future in Indonesia seem to
create high emission of air pollutions. Therefore, it need to reduce emission in end-use
sector (industry, transportation, household) and in power plant using new technology with
low emission rate. For example : in industry sector use the dust control system in the new
plants, using electrostatic precipitator and using coa clean technology in power plant. In
transportation sector can be use catalytic convertersfor new car.
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Fig. 5-9. CO, emission

The other emission from energy-used is CO,. Although the CO, emission in Indonesia
is still low comparing with total CO, emission in the world, Indonesia is aware of this
issue. As one of the 150 signatory states of the Rio Convention, Indonesia agreed to
report on the status and endency of CO, emission in its territory. The CO, emission
expected by 2030 has been estimated asis shown in Fig. 5-9.

5.4 Sectoral energy demand

The energy demand in industry sector, transportation sector and other sectors are
shown in Fig. 5-10. The industry sector has by far the highest energy demand. The growth
rate until the year 2030 in industry sector is about 6.7% per annum, in transportation
sector is4.1% per annum and in other sector is 2.0% per annum.
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Fig. 5-10. Sectoral energy demand

5.5 Transportation of fossil energy

Domestic transportation and import of fossil energy was shown in Fig. 511 to Fig. 5-
17. The domestic import means that this region received fossil energy from other regions.
The domestic export means that this region transported fossil energy to other regions. The
term of fossil energy import from other countriesisindicated by foreign import.

Java and other islands received fossil energy from other regions. This energy is
supplied from Sumatera and Kalimantan for coal and natural gas, and from Sumatera only
for crude oil. Indonesia will begin import crude oil from other countries in the year 2010
due to the limit of domestic crude oil resources.
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o
<

Kalimantan
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Fig. 5-11. Domestic import of coal
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12. Domestic export of coal
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13. Domestic import of natural gas

Fig.5

14. Domestic export of natural gas

Fig.5
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15. Domestic import of crude oil

Fig.5

16. Domestic export of crude ail

Fig.5

-17. Foreign import of crude oil
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5.6 Electric energy

Fig. 5-18 summarized the electric energy growths compare to nonelectric energy
growths for the long future. The total energy supply was dominated by nonelectric
energy. The growth rate of electric energy is about 5.2% per annum and 4.8% per annum
for nonelectric energy.
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Fig. 5-18. Electric and nonelectric energy

5.7 Sensitivity analysis

Sengitivity analysis is performed by varying the discount rate from 5% to 10% and
varying the domestic transportation cost of fossil energy from 50% to 150% of domestic
transportation of fossil energy in the reference case. The result is shown in Fig. 5-19, Fig.
5-20 and Fig. 521 for varying discount rate and Fig. 522, Fig. 523 and Fig 524 for
varying domestic transportation cost of fossil energy.

 Discount rate

At a higher discount rate, the total income decreases and also the energy demand declines
in along term. The import of crude oil from other countries will be delayed from the year
2010 to 2020 at a higher discount rate.
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Fig. 5-19. Tota primary energy supply
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Fig. 5-21. Regional income

» Domestic transportation cost

A cheaper domestic transportation cost makes increase of the total energy demand. The
increasing demand will be supplied by an expansion of coa and natural gas production.
Supply of crude oil will grow if the domestic transportation cost of fossil energy goes up.
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Fig. 5-22. Total primary energy supply
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Fig. 5-23. Import of crude oil
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6. Concluding remarks

Abundat cod resaves meke cod dtractive as the mgor domedic energy upply in
Indonesa These huge amounts usng cod ssem to cede high emisson of ar polutants
The ssoond mgor enargy supply is naurd gas and followed by crude oil. Crude ail
supply isexpected not growing Sgnificantly dueto limited of resource.

On the regiond pergpective and a long tam, in Jawva and Sumaea the energy supply is
dominaed by cod. In Kdimantan, however is dominaed by nawd gas Reewadle
eneargy such as hydropower and gecthermd energy are dtractivein other idands.

Doing sengtivity andyds shows the totd income and energy demend will dedine a a
higher discount rae A chegper domedtic trangportation cos meke increesng the enagy
demand and it supplied by an expandon of cod and naurd ges production. Supply of
crude ail will grow if the domedtic trangportation cost goes up.

When one conddes the increasing of dectridty consumption, it would be desrable to
extent this nodd with dectricity energy trangportation to the other regions such as usng
submaine cable from Sumaea that aundat of fossl fud, to Java tha dhows rapidly
increese of energy demand in the future Sudly.
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GAMS SOURCE PROGRAM



* An Energy- Econony Moddel to Evaluate the Future Energy Denmand- Supply System
* i n I ndonesi a

* Aut hor : Agus Sugi yono

* January 1995

$OFFSYMXREF OFFSYMLI ST OFFUELLI ST OFFUELXREF
FI LE FSAVE / EEBAS. QUT/ ;

PUT FSAVE;

PUT "* BASE CASE *" /;

SETS
T Time period /1990, 2000, 2010, 2020, 2030/
TFIRST(T) First period
TLAST(T) Last period
RG Regi on [ JAV, SMI, KAL, OTH
I TR Iteration [ 1*3/

AT Al Technol ogy
/COA-1 Coal to Industry Sector
COA-O Coal to Gther Sector
GAS-1 Gas to Industry Sector
GAS-T Gas to Transportation Sector
GAS-O Gas to Oher Sector

L-1 O to Industry Sector

Ol to Transportation Sector

Ol to Oher Sector

Bi omass Fuel to O her Sector

El ectric from Coal

El ectric from Gas

Electric from Crude O |

El ectric from Hydropower

El ectric from Geot her nal

g@
TerOoTT
TovUvoOod

~Rzag
33

ET(AT) Electricity Technol ogy
/| COA-P, GAS-P, OL-P, HYDRO GEOTKR/

NT(AT) Nonel ectric Technol ogy
/COA-1, COA-O GAS- I, GAS-T, GAS-O, A L-I, AL-T, AL-O BIOQ

TCOA( AT) Coal Base Technol ogy
/ COA-1, COA-O COA-P/

TGAS( AT) Gas Base Technol ogy
IGAS-I, GAS-T, GAS-O O L-P/

TAO L(AT) G| Base Technol ogy
/OL-1, OL-T, OL-O GAS-P/

FOSS Fossil fuel for regional transportation
[/ COAL, NGAS, Cd L/

EDM El ectricity Sectoral Demand
[/ ELE-1, ELE-T, ELE-QO

NI ND( AT) Nonel ectricity in Industry Sector
/COA-1, GAS-I, AL-I/

NTRA(AT) Nonelectricity in Transportation Sector
[ GAS-T, OL-T/

NOTH( AT) Nonel ectricity in Other Sector
/COA-O GAS-O AL-O BIOCO

SCALARS
NYPER Number of years per period /10./
BET Di scount factor /0. 95/
DK Depreciation rate on capital per year /0.10/

A-1



A0 Initial level of total factor productivity

GAO Initial growh rate for technol ogy per decade

DELA Decline rate of technol ogy change per decade

PFPF Proportional factor of production function
PFEC Proportional factor of energy cost

PFFC  Proportional factor of foreign transp. cost
PFDC  Proportional factor of donestic transp. cost

PARAMETERS
R(RG Rate of social time preference per year
[JAV .025
SMr . 020
KAL . 020
OTH . 025/

KO(RG Initial capital (Billion 1990 US dollar)
[ JAV 107.86
SMr 86. 74
KAL 29.52
OTH  25.75/

I0O(RG Initial investment (Billion 1990 US doll ar)
[JAV 23.477
SMI 10. 402
KAL 2. 306
OTH  2.900/

CO(RG Initial consunption (Billion 1990 US dollar)
[ JAV 5,729
SMI  2.539
KAL 0.563
OrH 0. 708/

NO(RG Initial nonelectric energy
EO(RG Initial electric energy
LO(RG Initial population

YO(RG Initial productivity (Billion 1990 US doll ar)

/JAV 56.53
SMr 27.21
KAL  9.88
OrH  7.15/

ESUB(RG Production val ue share of energy
/JAV 0.30
SMr 0.12
KAL 0. 12
OTH 0. 30/

KPVS(RG) Capital val ue share
/JAV 0.30
SMr 0.30
KAL 0.30
OTH 0. 30/

ELVS(RG El asticity of electricity in industry
[ JAV 0. 40
SMI 0. 40
KAL 0.40
OTH 0. 40/
A(RG Qutput scaling factor

RESBI O( RG) Limt of biomass use per annum ( MTOE)

A-2

/1.0/
/0. 25/
/0. 08/

/0. 10/
/ 6500/
1900/
190/



/JAV 10.0
SMr 14.0
KAL 15.0
OTH 8.0/

RESGEQ(RG) Limt of geothernmal use per annum ( MTOE)
[JAV 4.113
SMI 2.585
KAL 0.001
OrH 1.792/

RESHYD(RG) Linmit of hydropower use per annum ( MTOE)
[JAV  2.215
SMI  8.226
KAL 11.390
OTH 17.718/

EATRN(RG) Incone elasticity in transportation sector
/' JAV 0.403
SMI 0. 403
KAL 0.403
OTH 0. 403/

EAPUB(RG) Incone elasticity in others sector
/JAV 0.312
SMr 0. 312
KAL 0.312
OTH 0. 312/

EFFO(RG Final electric conversion efficiency
[ JAV 3.0
SMT 2.8
KAL 2.7
OTH 2.3/
EFFA(RG Constant termof electric conversion eff.
[ JAV 7.3333
SMr 7.3333
KAL 7.3333
OrH 7.3333/

EFFB(RG Ti ne dependence termof electric conversion eff.
/JAV -0.003
SMr -0.003
KAL -0.003
OTH -0.003/

GLO(RG Popul ation after 2100
[ JAV 161
SMI 103
KAL 27
OTH 75/

GLA(RG Constant term of popul ation
/[ JAV 0. 490
SMr 1.788
KAL 1.788
OrH 1.788/

GLB(RG Tinme dependence term of popul ation
/JAV -0.056
SMr  -0.037
KAL -0.049
OTH -0.025/



CH( AT) Carbon Emi ssion Coefficient (Ton Carbon per TOE)

/ COA-1 1.000

COA-O 1.000

GAS-1 0.578

GAS-T 0.578

GAS-O 0.578

aL-I 0.825

OL-T 0.825

A L-O0 0.825

BIO-O 0.000

COA-P  1.000

GAS-P 0.578

aL-P 0.825

HYDRO 0. 000

GEOCTR 0. 000/
BETA(T) Annual di scount factor
AL(T) Techni cal progress
L(T, RO Level of population (MIIlion)
EFF(T, RG El ectric power conversion efficiency
DKT Depreci ation rate per decade
SHARE I ncone per capita in 1990

NEG SHI (RG) Share of income percapita

TABLE RESF(FGCSS, RG Resource of fossil fuel (MICE)
JAV SMr KAL OTH

COAL 39 15762 5955 68
NGAS 306 1580 601 22

Ca L 185 1161 140 11

TABLE ECST(ET,RG Electricity cost coefficient (Dollar per TCE)
JAV SMr KAL OTH
COA-P 550.000 550.000 550.000 550.000
GAS-P 480. 000 480.000 480.000 480.000
O L-P 500.000 500.000 500.000 500.000
HYDRO 600.000 600.000 600.000 600.000
GEOTR 580. 000 580.000 580.000 580.000

TABLE NCST(NT, RG Nonel ectric cost coefficient (Dollar per TCE)

JAV SMT KAL OrH
COA- | 83.720 83. 720 83.720 83.720
COA-O  83.720 83.720 83.720 83.720
GAS-| 62. 790 62. 790 62. 790 62. 790

GAS-T  62.790 62. 790 62. 790 62. 790
GAS-O 62.790 62. 790 62. 790 62. 790
-1 104.650 104.650 104.650 104.650
T 104.650 104.650 104.650 104.650
L-O 104.650 104.650 104.650 104.650
O 60.000 60. 000 60. 000 60. 000

TABLE CTRD( FCSS, RG Donestic transport. cost of fossil (Dollar per TOE)
JAV SMr KAL OTH
COAL 0.980 0.980 0.980 0.980
NGAS 4.790 4.790 4.790 4.790
COL 0.670 0.670 0.670 0.670

TABLE CTRF(FGCSS, RG Foregin transport. cost of fossil (dollar per TOE)
JAV SMr KAL OTH
COAL 1.960 1.960 1.960 1.960
NGAS 9.580 9.580 9.580 9.580

A-4



COL 1.340 1.340 1.340 1.340

TABLE PRQOO( AT, RG Energy production in 1990 (MICE)

JAV SMT KAL

COA- | 2.442 0.422 0. 015
COA-O 0.132 0.011 0. 002
GAS- | 3.852 0.942 0. 542
GAS-T  0.404 0. 017 0. 002
GAS-O 2.604 1.102 0. 002
aL-l 8. 455 3. 342 1.142
aOL-T 8.708 2.570 1.073
aOL-O 6.876 2.642 0. 452
BIOO 7.130 6. 342 1.642
COA-P  0.612 0. 322 0. 107
GAS-P  0.173 0.031 0.023
aL-P 2.708 0.712 0. 409
HYDRO 0.678 0. 335 0.137
GEOTR 0. 868 0.012 0. 001
TABLE DVDO( EDM RG Lower bound of
JAV SMr KAL

ELE- 1 0.792 0.154 0. 015
ELE-T  0.005 0. 000 0. 000
0.672 0.125 0. 015

ELE- O

TABLE | MDO( FOSS, RG) Lower

JAV SMr KAL
COAL 0.000 0.000 0.000 O.
NGAS 0. 000 0. 000 0. 000 0.
Ca L 0. 000 0. 000 0. 000 0.
TABLE EXDO( FOSS, RG) Lower bound of
JAV SMr KAL
COAL 0.000 0.000 0.000 O
NGAS 0. 000 0. 000 0. 000 0.
0.000 0.000 O

COL 0.000

TABLE | MFO( FOSS, RG) Lower

JAV SMr KAL
COAL 0. 000 0. 000 0. 000 0
NGAS 0.000 0. 000 0. 000 0.
0. 000 0. 000 0

Ca L 0. 000

bound of domestic inport of fossil

bound of foreign inmport of fossil

TFIRST(T) = YES$(ORX(T) EQ 1);

OTH
. 022
. 002
. 582
. 005
. 003
. 152
. 782
. 402
. 924
. 112
.031
. 442
. 142
. 022

OO0OO0OO0OO0ORrROFRPRFRPROOOOO

electricity energy (MICE)

OrH
0.103
0. 000
0.103

OTH
000
000
000

donestic export of fossil

OTH
. 000
000
. 000

. 000
000
. 000

EFFO( RG) / ( 1+EFFA( RG) * EXP( EFFB( RG) * NYPER* (ORD(T) - 1)) ) ;
GLO(RG) / ( 1+GLA( RG) * EXP( GLB( RG) * NYPER* (ORD(T) - 1)) ) ;

TLAST(T) = YES$(ORD(T) EQ CARD(T)):
DI SPLAY TFI RST, TLAST;

EFF(T, RO =

L(T,RO =

LO( RO = L(' 1990, RO);

BETA(T) = BET**(NYPER* ORD(T)) ;
BETA( TLAST) = BETA(TLAST)/ ( 1- BET):
EO(RG = SUMET, PROO(ET, RQ));
NO(RG = SUMNT, PROO(NT, RG));
A(RG = YO(RG/ ((KO(RG) **KPVS(RG

* LO(RO) **(1- KPVS(RG)) ) **( 1- ESUB(RG))
(EO(RG) **ELVS(RG * NO(RG) **(1-ELVS(RG)))**ESUB(RQ) ) :

A-5
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DKT = (1-DK)**NYPER
AL(T) = A0 * EXP((GAO/DELA) * (1.-EXP(-DELA*(ORDX(T)-1))));
SHARE = SUMRG, YO(RG)/LO(RY);

NEGI SHI (RG = (YO(RG)/LO(RG))/ SHARE;
DI SPLAY EO, N0, BETA, A AL, L, LO, EFF, DKT;
VARI ABLES

PRO( AT, T, RG Ener gy production (MICE)
DVD( EDM T, RG  Energy dermand ( MIOE)

EC(T, RG Ener gy cost

TDC( T, RG Domestic transport cost

TFC( T, RG Forei gn transport cost

EE(T, RGQ C®2 emission (Billion Ton of Carbon)

| MD(FCSS, T, RG Donestic inport of energy
EXD( FCSS, T, RG Donestic export of energy
| MF(FCSS, T,RG Foreign inport of energy

K(T, RG Capi tal stock

C(T,RG Consunpti on

I (T, RG | nvest nent

Y(T, RG Qutput (MIlion 1990 US doll ar)
UTILITY bj ecti ve

PGSI Tl VE VARI ABLE
K, C I, Y PRO DMD, EC, EE, IM, EXD, |M

EQUATI ONS
ECOST(T, RG Energy cost equation
TDCOST(T, RG Donestic transportati on cost equation
TFCOST(T, RG Foreign transportation cost equation
EEM T, RG Carbon em ssion equation

LMCOA( RG) Limt of coal reserve
LMGAS( RG Limt of gas reserve

LM L(RGQ Limt of oil reserve
LMBIQ(T,RG Linit of bionmass reserve
LMEQ(T,RG Linmt of geothermal reserve
LMHYD( T, RG Linmit of hydropower reserve

| EDBAL( FOSS, T) Bal ance of regional transport. of fossil

EBAL( T, RG El ectricity bal ance

PRDUP( AT, T, RG Upper bound of energy production
DVDUP( EDM T, RG Upper bound of electricity energy
EXDUP(FCSS, T, RG  Upper bound of domestic export

| MDUP(FCSS, T, RG  Upper bound of donestic inport

| MFUP(FCSS, T, RG  Upper bound of foreign inmport

| XCOA(T, RG Maxi mum donestic inport of coal
I XOL(T,RG Maxi mum donestic inmport of oil
| XGAS(T, RG Maxi mum donestic inport of gas

MXCOA(T, RG Maxi mum foreign inmport of coal
MXO L(T,RG Maximum foreign inport of oil
MXGAS(T, RG Maxi mum foreign inmport of gas

CC(T,RG Capacity constraint
KK(T, RG Capital bal ance
TM T, RG Terminal condition
YY(T,RG Qutput equation

A-6



TRNDMX( T, RG) Demand on transportation sector
PUBDVX T, RG Demand on ot her sectors

UTIL Objective function equation

ECOST(T,RG.. EC(T,RG =E= (SUMET, ECST(ET, RG*PRO(ET,T,RQ) +
SUM NT, NCST(NT, RG) *PRO(NT, T, RG)) + PFFC*TFC(T, RG) +
PFDC* TDC( T, RG) ) * NYPER/ PFEC;

TDCOST(T, RG .. TDO(T, RG =E= SUM FOSS, (CTRD(FGCSS, RG) *I M) FOSS, T, RG) +
CTRD( FOSS, RG) *EXD( FOSS, T, RG) ) ) ;
TFCOST(T, RG .. TFC(T,RG =E= SUM FOSS, CTRF(FGCSS, RG) *| MF(FCSS, T, RG)) ;

EEM T, RG) . . EE(T, RO =E= SUM AT, CH(AT)*PRO(AT, T,RQ));

LMOOA(RG) . . SUM T, (SUMTCOA, PRO(TCOA T,RO)) -
| MY ' COAL', T, RG) +EXD(' COAL', T, RG) - | MF(' COAL' , T, RG) )*
NYPER) =L= RESF(' COAL',RQ);

LMGAS(RG) . . SUMT, (SUMTGAS, PRO(TGAS, T,RG)) -
I MX' NGAS' , T, RG) +EXD(' NGAS' , T, RG) - | MF(' NGAS' , T, RG) ) *
NYPER) =L= RESF(' NGAS', RO);

LM L(RG) . . SUMT, (SUMTOL, PRATOL, T,RO) -
IMX'COL,T,RO+EXD('COL,T,RO-IM('CAL,T, RO )*
NYPER) =L= RESF('COL',RQ;

LMBIO(T,RG.. PRQ'BIOO,T,RG =L= RESBIQ(RQ;
LMGEQ(T,RG .. PRQ(' GEOTR , T, RG) =L= RESGEQ(RO);
LMHYD(T, RG .. PRQ' HYDRO , T, RG =L= RESHYD(RO);
| EDBAL(FOSS, T).. SUMRG | MX FCSS, T, RG) - EXD( FCSS, T, RG)) =E= 0;

EBAL(T,RG).. SUMEDM DMD(EDM T, RG)) =E= EFF(T, RG*SUMET, PRO(ET,T,RQ));
PRDUP( AT, T+1, RG) .. PRO(AT, T+1, RG) =G= PRO(AT, T, RG) * DKT;

DVDUP( EDM T+1, RG). . DMD(EDM T+1, R =G= DMD(EDM T, RG) * 1. 05;
EXDUP( FOSS, T+1, RG) .. EXD(FOSS, T+1, RG) =G= EXD( FCSS, T, RG) * DKT;

| MDUP( FOSS, T+1, RG).. | M) FOSS, T+1, RG =G= | M) FOSS, T, RG) * DKT;
| MFUP( FOSS, T+1, RG).. | MF(FOSS, T+1, RG =G= | MF( FOSS, T, RG) * DKT;

| XCOA(T,RG.. IMX'COAL',T,RG =L= SUM TCOA, PRO(TCOA T,RG));
IXOL(T,RG.. IMX'COL,T,RG =L= SUMTOL, PRO(TOL,T,RG):
| XGAS(T,RG).. IMX'NGAS ,T,RG =L= SUM TGAS, PRO(TGAS, T,RG));
MXCOA(T, RG.. I MF(' COAL', T, RG =L= SUM TCOA, PRO(TCOA T,RG));
MXO L(T,RG.. IMF('COL',T,RG =L= SUMTOL, PRO(TOL,T,RG):
MXGAS(T, RG.. | MF(' NGAS , T, RG =L= SUM TGAS, PRO(TGAS, T, RG)):

YY(T,RG.. Y(T,RG =E= A(RG*AL(T) * (K(T, RG**KPVS(RG *
L(T, RO **(1- KPVS(RG) ) ) ** ( 1- ESUB(RG)) *
(DMX(' ELE-1', T, RG **ELVS(RG) *
SUM NI ND, PRO(NIND, T, RG) ) ** ( 1- ELVS(RG) ) ) * * ESUB( RG) ;

TRNDMX( T, RG). . SUMNTRA, PRO(NTRA, T, RG) ) +DMX' ELE-T', T, R =G=
PFPF* A(RG) *AL(T) * Y( T, RG) ** EATRN( RG) *L( T, R **( 1- EATRN(RQ) ) ;

PUBDMDX( T, RG).. SUMNOTH, PRO(NOTH, T, RG))+DMX' ELE-O , T, RG =G=
PFPF* A(RG) *AL( T) * Y( T, RG) ** EAPUB( RG) * L( T, RG) ** ( 1- EAPUB(RQ) ) ;

(T, RO . . Y(T,RG =E= C(T,RG + I(T,RG + EQ(T,RO:

KK(T+1, RG) . . K(T+1, RG) =E= DKT*K(T,RG + NYPER*I (T, RO
TM TLAST,RG.. R(RG * K(TLAST,RG =L= |(TLAST,RQ;
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UTIL.. UTILITY =E= SUM(T, RO,
LOG( (T, RG/L(T, RG)))

** |nitialization of Variable **

K.LO(T, R = KO(RG;
C.LO(T,RG = CO(RQ;
I.LO(T,RG = I0(RG;
Y.LAT,RG = YO(RQ);

Y. FX(TFIRST,RG = Y.LOQ(TFIRST, R ;

PRO. LO(AT, T, RG) = PROO(AT, RO ;
PRO. FX( AT, TFI RST, RG) = PRO. LO{ AT, TFI RST, RQ) ;

DVD. LO(EDM T, R = DMDO(EDM RG) ;

| MD. LO(FOSS, T, RG) = | MDO( FOSS, RO) ;

| MD. FX( FOSS, TFI RST, RG = | MD. LQ( FCSS, TFI RST, RG) ;

EXD. LQ(FCSS, T, RG = EXDO( FCSS, RG) ;

EXD. FX( FCSS, TFI RST, RG = EXD. LO(FGSS, TFI RST, RG) ;

| MF. LO(FOSS, T, RG) = | MFO( FOSS, RO) ;

| MF. FEX(FCSS, TFI RST, RGO = | MF. LO( FCSS, TFI RST, RG) ;

OPTION | TERLIM = 100000;
CPTI ON RESLIM = 999999;
OPTI ON SCLPRI NT = OFF;

MODEL ENERGY /ALL/;
SOLVE ENERGY MAXI M ZI NG UTI LI TY USI NG NLP;

** Result Report **

NEG SH (RG) *L(T, RG) *BETA(T) *

PUT /;
pPUT " Aggregate "
PUT "----eeem - - "
PUT "Total primary energy production (MIOE)" /;
PUT " Year Coal Gas al Hydro. Geothm Bionass
LOOP( T,
PUT (ORD(T)*NYPER+1980): 5: 0;
PUT SUM (TCOA, RG, PRO L(TCOA T,RG): 10: 3;
PUT SUM (TGAS, RG, PRO L(TGAS, T,RG):9:3;
PUT SUM(TAOL,RG, PROL(TAOL,T,RG):9:3;
PUT SUM RG, PRO. L('HYDRO,T,RG):9:3;
PUT SUMRG PRO L('GEOTR ,T,RG):9:3;
PUT SUMRG, PRO.L('BIOCO,T,RG):9:3;
PUT SUM (AT, RG, PRO L(AT T,RG):10: 3;
PUT /;
)
PUT /;
PUT "Econom c indi cator and CO2 eni ssion" /;
PUT " Year I ncone Popul . Ele_eff. Y_per_cap C2_Em" /;

LOOP( T,
PUT ( ORD( T) * NYPER+1980) : 5: 0;
PUT SUMRG, Y.L(T,RG): 10: 3;
PUT SUMRG, L(T,RO): 10: 3;
PUT (SUMRG EFF(T,RG))/4):10: 3;

PUT (1000*SUMRG, Y.L(T,RG)/SUMRG L(T,RQ)): 10:3;

PUT SUMRG EE. L(T,RG):10:3;
PUT /;
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PUT /;
PUT "Energy demand each sector & El ec-nonelec. energy (MICE)" /;
PUT " Year I ndust. Transp. O her Tot al Elec. Non-ele" /;
LOOP( T,
PUT (ORD(T)* NYPER+1980): 5: 0;

PUT (SUMRG SUM NI ND, PRO. L(N ND, T, RG)+DMVD. L(' ELE-1', T, RG)/EFF(T, RG))): 10: 3,
PUT (SUMRG SUM NTRA, PRO.L(NTRA, T, RG))+DWD. L(' ELE-T', T, RG/EFF(T, R)): 9: 3;
PUT (SUM RG SUM NOTH, PRO.L(NOTH, T, RG))+DMD.L(' ELE-O , T, RG)/EFF(T, RG))): 9: 3;
PUT (SUMRG SUM NI ND, PRO. L(N ND, T,RG)+D\D.L(' ELE-1', T, RG)/EFF(T, R +
SUMNTRA, PRO. L(NTRA, T, RG)) +DWD. L(' ELE-T', T, RG)/ EFF(T, RG +
SUM NOTH, PRO. L(NOTH, T, RG)) +DVD. L(' ELE-O , T, RG)/ EFF(T, RG))): 9: 3;
PUT SUM (ET, RG), PRO L(ET,T,RG):11:3;

PUT SUM (NT, RG, PRO L(NT,T,RG):9:3;
PUT /;
)

PUT /;
PUT " Regional " /;
PUT "---------- R
PUT "Regi onal of primary energy production (MOE)" /;
LOCP( RG,
PUT "REG ON =";
PUT ORD(RG :2:0 /;
PUT " Year Coal Gas al Hydr o. Geo. Bionass Total "/;
LOOP( T,
PUT ( ORD( T) * NYPER+1980) : 5: O;
PUT SUM TCOA, PRO. L(TCOA T,RG)):
PUT SUM TGAS, PRO L(TGAS, T,RG):
PUT SUMTO L, PROL(TOL, T,RG):
PUT PRO. L('HYDRO ,T,RG: 9: 3;
PUT PRO L(' GEOTR , T, RG: 9: 3;
PUT PROL('BIOCO,T,RG:9:3;
PUT (SUM TCOA, PRO. L(TCOA T, RG ) +SUM TGAS, PRO.L(TGAS, T, RG)+
SUMTO L, PROL(TOL,T,RG)+PRO. L(' HYDRO , T, RO +
PRO. L(' GEOTR , T, RG +PROL('BIO O, T,RG): 9: 3;
PUT /;
)

cooco
wWww

)

PUT /;
PUT "Regi onal of econonic indicator & exogenous variable" /;
PUT "l ncome (Billion 1990 US dollar)" /
PUT " Year Java Sunmatera Kalimant O hlsland Total " /;
LOOP( T,

PUT ( ORD( T) * NYPER+1980) : 5: O;

PUT Y.L(T,'JAV ):10:3;

PUT Y.L(T,' SMI"):10: 3;

PUT Y.L(T,'KAL'):10:3;

PUT Y.L(T,' OTH ): 10: 3;

PUT SUMRG Y.L(T,RG):10: 3;

PUT /;
)
PUT "l ncone per capita (1990 US dollar)" /;
PUT " Year Java Summtera Kalinmant O hl sl and Total " /;
LOOP( T,

PUT ( ORD(T) * NYPER+1980) : 5: 0;
PUT (1000*Y.L(T,' JAV' )/L(T,' JAV')): 10: 3;
PUT (1000*Y.L(T,' SMI")/L(T,' SMI")): 10: 3;
PUT (1000*Y.L(T,' KAL')/L(T,"' KAL')):10: 3;
PUT (1000*Y.L(T," OTH )/L(T,' OTH )):10: 3;
PUT (1000*SUMRG, Y.L(T,RG)/SUMRG L(T,RG)):10: 3;
PUT /;
)
PUT "Population (MIlion)" /;
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PUT " Year Java Sumatera Kalimant O hlsland
LOOP( T,

PUT (ORD(T) * NYPER+1980) : 5: 0;

PUT L(T,"'JAV ):10: 3;

PUT L(T,' SMI"): 10: 3;

PUT L(T,"'KAL"):10: 3;

PUT L(T,"' OTH ): 10: 3;

PUT SUM RG, L(T,RG):10:3;

PUT /;
)
PUT "Electricity use efficiency (%" /;
PUT " Year Java Sumatera Kalimant O hlsland
LOOP( T,
PUT ( ORD(T)*NYPER+1980): 5: 0;
PUT EFF(T,' JAV ): 10: 3;
PUT EFF(T,"' SMI"): 10: 3;
PUT EFF(T,' KAL'): 10: 3;
PUT EFF(T,' OTH ): 10: 3;
PUT (SUMRG EFF(T,RG)/4):10:3;
PUT /;
)
PUT /;
PUT "CO2 Emission (Billion TON)" /
PUT " Year Java Sumatera Kalinmant O hlsland
LOOP( T,
PUT (ORD(T)*NYPER+1980): 5: 0;
PUT EE. L(T,'JAV'):10:3;
PUT EE. L(T,"' SMIr'):10: 3;
PUT EE. L(T,' KAL'):10: 3;
PUT EE. L(T,' OTH ): 10: 3;
PUT SUM RG, EE.L(T,RG): 10: 3;
PUT /;
)
PUT /;
PUT "Donestic inport of coal (MIOE)" /;
PUT " Year Java Sumatera Kalinmant O hlsland
LOOP( T,
PUT (ORD(T)*NYPER+1980): 5: 0;
PUT | MD. L(" COAL' T,'JA\/):lO:S;
PUT | MD. L("' COAL', T,' SMI'):10: 3;
PUT | MD. L(" COAL', T, "' KAL'):10: 3;
PUT | MD. L(' COAL' , T,' OTH ): 10: 3;
PUT SUM RG, INDL('COAL',T,RG)):lO:S;
PUT /;
K
PUT /;
PUT "Donestic inport of oil (MICE)" /;
PUT " Year Java Sumatera Kalimant O hlsland
LOOP( T,
PUT (CRD(T)*NYPER+1980) 5:0;
PUT IMD.L('"COL',T,"'JAV):10: 3;
PUT I MD. L(' CO L' ,T, SMI* ) : 10: 3;
PUT IMD.L("COL"',T,"'KAL'):10:3;
PUT IMD.L("COL",T,'OTH):10: 3;
PUT SUMRG, IMD.L("COL',T,RG):10:3;
PUT /;
K
PUT /;
PUT "Donestic inport of gas (MICE)" /;
PUT " Year Java Sumatera Kalimant O hlsland
LOOP( T,
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)

PUT /;
PUT "Donestic export of coal

pUT *

CRD(T)*NYPER+1980) 5:
LT, JAV )

(

|

|

|

|
SUI\/(RG, I MD. L(* NGAS' |
I

Year Java Sunmat

LOOP( T,

PUT
PUT
PUT
PUT
PUT
PUT
PUT

)

PUT /;
PUT "Donestic export

PUT "

(ORD( T) * NYPER+1980) : 5:
, T,"JAV' ) :
EXD.L(' COAL' , T,"' SMI" ) :
, T, KAL"):
):10:3;

, T,RG):10: 3;

EXD. L(' COAL'

EXD. L(' COAL'
EXD. L(' COAL' , T, OTH
SUM RG, EXD. L(' COAL'
/',

of oil

Year Java Sumat

LOOP( T,

PUT
PUT
PUT
PUT
PUT
PUT
PUT

)

PUT /;
PUT "Donestic export

PUT "

(ORD( T) *NYPER+1980) : 5:
EXD.L("COL',T,'JAV ):
, T, SMI ) :
EXD.L("COL',T,"'KAL'):
, T,"OTH ) :
, T,RG):10:3;

EXD. L(' CO L'

EXD. L(' CO L'
SUMRG, EXD.L('CO L'
/',

of gas

Year Java Sumat

LOOP( T,

PUT
PUT
PUT
PUT
PUT
PUT
PUT

)

PUT /;

(ORD( T) *NYPER+1980) : 5:
EXD.L('NGAS' , T,"' JAV ):
, T, SMI" ) :
EXD.L('NGAS' , T,"' KAL'):
, T,"OTH ) :
, T,RG):10:3;

EXD. L(' NGAS'

EXD. L(' NGAS'
SUM RG, EXD. L(' NGAS
!

PUT "Foreign inport of coal

pUT *

Year Java Sunmat

LOOP( T,

PUT
PUT
PUT
PUT
PUT
PUT
PUT

)

PUT /;

ORD( T) * NYPER+1980) : 5:
, T,"JAV' ) :
M- L(' COAL' , T,' SMI" ) :
, T, "KAL"):
.L("CQAL', T, OTH ):
, T,RG):10:3;

(

| MF. L(' COAL'
|

| MF. L(' COAL'
| MF

SUM RG, | MF. L(' COAL'
/

1

PUT "Foreign inport of oil

pUT *

Year Java Sunmat

LOOP( T,

0;

10: 3;
1 10: 3;
. 10: 3;

):10: 3;

T,RO): 10: 3;

(MToe) " /;
era Kalimnt O hlsland
0;

10: 3;

10: 3;

10: 3;

(Mrog) " /;
era Kalimnt O hlsland

0;

10: 3;
10: 3;
10: 3;
10: 3;

(Mrog) " /;
era Kalimnt O hlsland

0;

10: 3;
10: 3;
10: 3;
10: 3;

(Mroe)" /;
era Kalimnt O hlsland
0;

10: 3;
10: 3;
10: 3;
10: 3;

(MICE) " /:

era Kalimnt O hlsland
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ORD( T) * NYPER+1980) : 5: 0;

(
PUT IM-. L("COL,T,"'JAV ): 10: 3;
PUTII\/F.L('CC]L',T,'SMT'):lO:S;
PUT IM-. L("COL",T,"KAL"): 10: 3;
PUT | M. L("COL", T, OTH):10: 3;
PUT SUMRG IM-. L('CAOL',T,RG):10:3;
PUT /;
K
PUT /;
PUT "Foreign inport of gas (MIOE)" /;
PUT " Year Java Sumatera Kalimant O hlsland Total "
LOOP( T,

PUT ( ORD( T) * NYPER+1980) : 5: 0;
PUT | M. L('NGAS' , T,' JAV'): 10: 3;
PUT | MF. L('NGAS' , T,' SMI" ): 10: 3;
PUT | M. L('NGAS', T,"' KAL'): 10: 3;
PUT | MR L('NGAS' , T,' OTH ): 10: 3;
PUT SUMRG | M. L('NGAS ,T,RG): 10: 3;
PUT /;
)

PUT /;
PUT "Denmand sector (MICE) " /;
LOOP( RG,
PUT "REG ON =";
PUT ORD(RG :2:0 /;
PUT " Year I ndustry Transport O herSector" /;
LOOP( T,
PUT ( ORD( T) * NYPER+1980) : 5:
PUT (SUM NI ND, PRO L( NI ND,

1

/,

+DVD. L(' ELE-1', T, RG)/ EFF(T, R9)): 12: 3;

0
T,RO)
PUT (SUM NTRA, PRO.L(NTRA, T, RG))+D\VD. L(' ELE-T', T, RG)/ EFF(T, RG) ) : 12: 3;
T,RO)

PUT (SUM NOTH, PRO. L( NOTH,
PUT /;
)

)

PUT /;
PUT "Electricity & nonelectricity energy (MIOE)" /
LOOP( RG,
PUT "REG ON =";
PUT ORD(RG :2:0 /;
PUT " Year I ndustry Transport O her

PUT " ELE NON ELE NON ELE NON

LOOP( T,
PUT ( ORD( T) * NYPER+1980) : 5: O;
PUT (DVD.L(' ELE-1',T,RQ/EFF(T,RG): 8: 3;
PUT SUMNIND, PRO.L(NIND, T,RG):8:3;
PUT (DVD.L(' ELE-T',T,RG/EFF(T,RG): 8: 3;
PUT SUM NTRA, PRO L(NTRA, T, RG)): 8: 3;
PUT (DVD.L('ELE-O ,T,RQ/EFF(T,RG): 8: 3;
PUT SUM NOTH, PRO L(NOTH, T, RG)): 8: 3;
PUT SUM ET, PRO. L(ET,T,RG):8:3
PUT SUM NT, PRO.L(NT, T, RG):8: 3;
PUT /;

)

)

PUT /;
PUT "El ectricity energy production by fuel (MICE)" /
LOOP( RG,

PUT "REG ON =";

PUT ORD(RG :2:0 /;

PUT " Year Coal Gas al Hydr. Geoth. Total "

LOOP( T,
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PUT (ORD(T)*NYPER+1980):5
,T,RG:8
, T,RG: 8:
, T,RG: 8:
8.
8:

PUT PRO. L(' COA-P'
PRO. L(' GAS- P'
PRO.L(' O L-P'
PRO. L(' HYDRO ,
PRO. L(' GEOTR ,

PUT /:
)
)

PUT /;
PUT "Production of all
LOOP( RG,
PUT /;
PUT "REG ON =";
PUT ORD(RG :2:0 /;
PUT " Year
LOOP( T,

PUT ( ORD( T) * NYPER+1980) :
, T,RG : 10:
, T,RG: 10:
, T,RG : 10:
, T,RG : 10:
, T,RG : 10:

PUT PRO. L(' COA-1'
PUT PRO L(' COA-O
PUT PRO L(' GAS-1'
PUT PRO L('GAS-T'
PUT PRO L(' GAS-O
PUT /;
K
PUT /;
PUT " Year
LOOP( T,

PUT (ORD(T) * NYPER+1980) :
, T,RG:
, T,RG:
, T,RG:
,T,RG:

PUT PRO L("OL-1"'
PUT PROL("OL-T
PUT PRO L('A L-0O
PUT PRO L('BIOO
PUT /;
)
PUT /;
PUT " Year
LOOP( T,

PUT ( ORD( T) * NYPER+1980) :
, T,RG : 10:
, T,RG : 10:
, T,RG : 10:
, T,RG : 10:
, T,RG : 10:

PUT PRO. L(' COA-P
PUT PRO L(' GAS- P
PUT PRO L('A L-P
PUT PRO. L(' HYDRO
PUT PRO. L(' GECTR
PUT /;

SUMET, PRO.L(ET, T, RQ

COAL- I ND CQOAL- OTH

O L-IND

COAL- P

T, RO :

0
3
3
3.
3

T,RG:8:3

)

energy technology (MIOE)" /;

GAS- | ND

5:0;

O L-TRA QA L-OrH
5. 0;

10: 3;

10: 3;

10: 3;

10: 3;

GAS- P aL-pP HYDRO
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* BASE CASE *

Aggr egat e
Total primary energy production (MICE)

Year Coal Gas al Hydro. Geothm Bionass Tot al
1990 4.201 14.328 38.854 1.292 0.903 17.038 76.616
2000 49.997 33.152 38.854 2.829 5.430 17.038 147. 301
2010 105.336 38.779 38.854 2.829 5.714 20.329 211.841
2020 202.000 58.025 38.854 3. 275 5.918 24.266  332.339
2030 330.592 106.616  40.897 5. 380 5.918 34.887 524.290
Econoni ¢ i ndi cator and CO2 eni ssion

Year I ncone Popul . Ele_eff. Y_per_cap CO2_Em

1990 100.770  181.583 0.324 554,953 45.528

2000 175.846  216.110 0.333 813.688 102.739

2010 259.477  246.529 0.342 1052.524  161.845

2020 412.429 272.131 0.351 1515.554  270.585

2030 677.386  293.032 0.360 2311.644  430.793

Energy denmand each sector & El ec-nonel ec. energy (MICE)

Year I ndust. Transp. O her Tot al Elec. Non-ele

1990 27.154 15.536 33.926 76.616 7.877 68.739

2000 91.817 21.497 33.986 147.301 18.507 128.794

2010 141.487 33.014 37.340 211.841 25.576 186. 265

2020 230.749 51.203 50.387 332.339 38.064 294.275

2030 372.424 78.268 73.598 524.290 59. 553 464. 737

Regi ona

Regi onal of prinmary energy production ( MIOE)

REGON = 1

Year Coal Gas al Hydro. CGeo. Bionmss Tot al
1990 3.186 9.568  24.212 0.678 0. 868 7.130 45.642
2000 27.089 13.224  24.212 2.215 4.113 7.130  77.983
2010 53.295 20.216 24.212 2.215 4.113 9.730 113.781
2020 106.342 30.602 24.212 2.215 4.113 10. 000 177.484
2030 176.327 45.306 24.212 2.215 4.113 10. 000 262.173
REG ON = 2

Year Coal Gas al Hydr o. CGeo. Bionass Tot al
1990 0. 755 2.773 8. 585 0. 335 0.012 6.342  18.802
2000  15. 467 13. 076 8. 585 0. 335 0.012 6.342  43.817
2010 33.626 12. 152 8. 585 0. 335 0.012 6.342 61.051
2020 61.779 17.711 8. 585 0. 335 0.012 7.168  95.591
2030 92.821  46.280 8. 585 0. 335 0.012 13.297 161.330
REG ON = 3

Year Coal Gas al Hydro. CGeo. Bionmss Tot al
1990 0.124 0. 955 2.690 0.137 0. 001 1.642 5. 549
2000 3.821 5.821 2.690 0.137 0. 001 1.642 14.112
2010 13.718 4.955 2.690 0.137 0.001 2.333 23.834
2020  26.223 7.135 2.690 0. 137 0. 001 4.096  40.282
2030 46.072 12. 396 2.690 0.137 0. 001 6.613 67.910
REG ON = 4

Year Coal Gas al Hydro. CGeo. Bionass Tot al
1990 0.136 1.032 3. 367 0. 142 0. 022 1.924 6. 623
2000 3.619 1.032 3. 367 0. 142 1. 304 1.924 11.389
2010 4. 697 1. 457 3. 367 0. 142 1.588 1.924 13.174
2020 7. 656 2.576 3. 367 0. 588 1.792 3.002 18.981
2030 15.371 2.635 5. 410 2.693 1.792 4.976  32.877
Regi onal of econonic indicator & exogenous variable
Incone (Billion 1990 US dol | ar)

Year Java Sumatera Kalimant O hlsland Tot a

1990 56. 530 27.210 9. 880 7.150 100.770

2000 99. 729 47.130 16. 742 12.245  175.846
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2010 143. 680 70. 760 29.413
2020 221.971 118. 619 50. 165
2030 349. 146 203. 431 85. 857
I ncone per capita (1990 US dollar)
Year Java Sumatera Kali mant
1990 523. 166 736.519 1020. 201
2000 792.808 1022.680 1299. 303
2010 1035.097 1273.049 1820.394
2020 1504.611 1830.244 2621.780
2030 2281.733 2778.939 3980.772
Popul ation (M1 1ion)

Year Java Sumatera Kali mant
1990 108. 054 36. 944 9. 684
2000 125.792 46. 084 12. 886
2010 138. 808 55. 583 16. 157
2020 147. 527 64. 810 19. 134
2030 153. 018 73. 205 21.568
El ectricity use efficiency (%

Year Java Sunmatera Kali mant
1990 0. 360 0. 336 0. 324
2000 0. 370 0. 345 0. 333
2010 0. 379 0. 354 0. 342
2020 0. 390 0. 364 0. 351
2030 0. 400 0. 373 0. 360
CO2 Emi ssion (Billion TON)

Year Java Sunmatera Kalinmant
1990 29. 317 9. 609 2.991
2000 55.334 30.718 9. 592
2010 85. 581 48. 677 19. 168
2020 144. 631 80. 707 33.222
2030 223.115 129. 561 56. 658
Donestic inmport of coal (MICE)

Year Java Sumatera Kali mant
1990 0. 000 0. 000 0. 000
2000 26. 375 0. 000 0. 000
2010 53. 295 0. 000 0. 000
2020 106. 342 0. 000 0. 000
2030 176. 327 0. 000 0. 000
Donestic inmport of oil (MIOE)

Year Java Sumatera Kali mant
1990 0. 000 0. 000 0. 000
2000 1. 347 0. 000 0. 000
2010 24,212 0. 000 0. 000
2020 24,212 0. 000 0. 000
2030 8. 442 0. 000 0. 000
Donestic inport of gas (MIOE)

Year Java Sumatera Kali mant
1990 0. 000 0. 000 0. 000
2000 11. 390 0. 000 0. 000
2010 20. 216 0. 000 0. 000
2020 30. 602 0. 000 0. 000
2030 26. 107 0. 000 0. 000
Donmestic export of coal (MIOE)

Year Java Sunmatera Kali mant
1990 0. 000 0. 000 0. 000
2000 0. 000 15. 075 14. 920
2010 0. 000 5. 256 52.736
2020 0. 000 70. 886 43.112
2030 0. 000 170. 002 15. 032
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259. 477
412. 429
677. 386

Tot al
554, 953
813. 688

1052. 524
1515. 554
2311. 644

Tot al
181. 583
216. 110
246.529
272.131
293. 032

Aver age
0. 324
0.333
0. 342
0.351
0. 360

Tot al
45,528
102. 739
161. 845
270. 585
430. 793

Tot al
0. 000
29.995
57.992
113. 998
185. 034

Tot al
0. 000
4.714
27.579
27.579
13. 853

Tot al
0. 000
12. 422
21.673
33.179
27.573

Tot al
0. 000
29. 995
57.992
113. 998
185. 034



Donestic export of oil (MIOE)
Surmatera Kali mant O hl sl and

Year Java
1990 0. 000
2000 0. 000
2010 0. 000
2020 0. 000
2030 0. 000

0. 000
4.714
27.579
27.579
13. 303

Donestic export of gas (MIOE)

Year Java
1990 0. 000
2000 0. 000
2010 0. 000
2020 0. 000
2030 0. 000
Forei gn inport of
Year Java
1990 0. 000
2000 0. 000
2010 0. 000
2020 0. 000
2030 0. 000
Forei gn inport of
Year Java
1990 0. 000
2000 0. 000

2010 11.692
2020 24.212

Sumat era Kal
0. 000
12. 422
21. 168
23.581

0. 000
0. 000
0. 000
0. 000
0. 550

i mant
0. 000
0. 000
0. 505
9. 598

8. 839 18. 735

coal (MrCE)
Sumat era Kal
0. 000
0. 000
0. 000
0. 000
0. 000

oi | (MTOE)
Sumat era Kal
000

000

000

000

000

coooo

gas (Mrog)
Sumat era Kal
0. 000
0. 000
0. 000
0. 000
0. 000

i mant
0. 000
0. 000
0. 000
0. 000
0. 000

i mant
0. 000
0. 000
0. 000
0. 000
0. 000

i mant
0. 000
0. 000
0. 000
0. 000
0. 000

000
. 000
. 000
. 000
. 000

cococoo

G hl sl and
. 000
. 000
. 000
. 000
. 000
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O hl sl and
. 000
. 000
000
000
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coooo

G hl sl and
. 000
000
542
538
187
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& hl sl and
000
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000
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Transport O her Sect or

10. 084
13.762
20. 777
31. 186
45. 914

Transport
2.587
4,293
7.060

11. 694
18. 881

Transport
1.075
1.652
2.963
4.988
8. 037

Transport

2030 8. 442
Forei gn inport of
Year Java
1990 0. 000
2000 0. 000
2010 0. 000
2020 0. 000
2030 0. 000

Demand sector (MICE)
REG ON = 1

Year I ndustry
1990 16. 949
2000 45. 570
2010 71.710
2020 115. 642
2030 173. 032
REG ON = 2

Year I ndustry
1990 5. 746
2000 29. 046
2010 43. 505
2020 72.575
2030 124.990
REGON = 3

Year I ndustry
1990 2.330
2000 10. 314
2010 18. 033
2020 30. 693
2030 52. 752
REG ON = 4

Year I ndustry
1990 2.129

1.790

O her

O her

O her

18. 609
18. 651
21. 295
30. 656
43. 227

Sect or
10. 469
10. 477
10. 486
11. 321
17. 459

Sect or
2.144
2.145
2.838
4.601
7.120

Sect or
2.704
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Tot al
0. 000
4.714
27.579
27.579
13. 853

Tot al
0. 000
12. 422
21.673
33.179
27.573

Tot al
0. 000
0. 000
0. 000
0. 000
0. 000

Tot al
0. 000
0. 000
13. 234
24. 750
8. 630

Tot al
0. 000
0. 000
0. 000
0. 000
0. 000



2000
2010
2020
2030

El ectr
REG ON
Year

1990
2000
2010
2020
2030
REG ON
Year

1990
2000
2010
2020
2030
REG ON
Year

1990
2000
2010
2020
2030
REG ON
Year

1990
2000
2010
2020
2030

El ectr
REG ON
Year
1990
2000
2010
2020
2030
REG ON
Year
1990
2000
2010
2020
2030
REG ON
Year
1990
2000
2010
2020
2030
REG ON
Year
1990
2000

6. 886 1.790 2.713
8. 239 2.214 2.721
11. 838 3.334 3.809
21. 649 5.436 5.792
city & nonelectricity energy (MICE)
=1
I ndustry Transport
ELE NON ELE NON ELE
2.200 14.749 0.972 9.112 1.867
9.320 36.250 0.994 12.768 1.909
13.958 57.752 1.017 19.760 1.953
21.874 93.769 1.040 30.146 1.997
33.717 139.316 1.064 44.850 2.043
=2
I ndustry Transport
ELE NON ELE NON ELE
1.040 4.706 0.000 2.587 0.372
2.822 26.224 0.000 4.293 0.380
4.169 39.336 0.000 7.060 0.389
6.845 65.730 0.000 11.694 0.398
12.096 112.894 0.000 18.881 0.407
=3
I ndustry Transport
ELE NON ELE NON ELE
0.631 1.699 0.000 1.075 0.046
1.002 9.312 0.000 1.652 0.047
1.728 16.305 0.000 2.963 0.048
2.895 27.798 0.000 4.988 0.050
5.105 47.647 0.000 8.037 0.051
=4
I ndustry Transport
ELE NON ELE NON ELE
0.373 1.756 0.003 1.787 0.373
1.647 5.239 0.003 1.787 0.382
1.921 6.317 0.003 2.212 0.390
2.563 9.276 0.003 3.331 0.399
4.659 16.991 0.003 5.433 0.408
city energy production by fuel (MICE)
Coal Gas al Hydr. GCeoth.
0.612 0.173 2.708 0.678 0.868
3.014 0.173 2.708 2.215 4.113
7.718 0.173 2.708 2.215 4.113
15.702 0.173 2.708 2.215 4.113
27.615 0.173 2.708 2.215 4.113
=2
Coal Gas a Hydr. Geoth
0.322 0.031 0.712 0.335 0.012
0.322 0.031 2.502 0.335 0.012
0.322 0.031 3.858 0.335 0.012
0.322 0.031 6.543 0.335 0.012
0.322 0.031 11.803 0.335 0.012
=3
Coal Gas al Hydr. GCeoth.
0.107 0.023 0.409 0.137 0.001
0.107 0.023 0.781 0.137 0.001
0.107 0.023 1.508 0.137 0.001
0.107 0.023 2.676 0.137 0.001
0.107 0.023 4.888 0.137 0.001
=4
Coal Gas al Hydr. Ceoth.
0.112 0.031 0.442 0.142 0.022
0.112 0.031 0.442 0.142 1.304
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Tot al
5.039
12. 223
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24.911
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Tot al
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4,558
7.243
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2010 0.112 0.031 0. 442 0. 142 1.588 2.315
2020 0.112 0.031 0. 442 0. 588 1.792 2. 965
2030 0.112 0.031 0. 442 2.693 1.792 5. 070

Production of all energy technol ogy (MICE)

REGON = 1
Year COAL-IND COAL-OTH GAS-IND GAS-TRA  GAS-OTH
1990 2.442 0. 132 3. 852 0. 404 2.604
2000 23.943 0. 132 3.852 4.060 2.604
2010 45. 445 0. 132 3. 852 11. 052 2.604
2020 81. 462 9.178 3. 852 21.438 2.604
2030 127. 009 21.704 3. 852 36. 142 2.604
Year OL-IND JdL-TRA QOL-O/H BIOOTH
1990 8. 455 8.708 6. 876 7.130
2000 8. 455 8.708 6. 876 7.130
2010 8. 455 8.708 6. 876 9.730
2020 8. 455 8.708 6. 876 10. 000
2030 8. 455 8.708 6. 876 10. 000
Year COAL- P GAS- P aL-pP HYDRO GEOTR
1990 0.612 0.173 2.708 0.678 0. 868
2000 3.014 0.173 2.708 2.215 4.113
2010 7.718 0.173 2.708 2.215 4.113
2020 15.702 0.173 2.708 2.215 4.113
2030 27.615 0.173 2.708 2.215 4.113
REG ON = 2
Year COAL-IND COAL-OTH GAS-IND GAS-TRA  GAS-OTH
1990 0. 422 0.011 0.942 0. 017 1.102
2000 15.134 0.011 7.748 1.723 1.102
2010 33. 293 0.011 2.702 4.490 1.102
2020 61. 446 0.011 0.942 9. 124 1.102
2030 92. 488 0.011 17. 064 16. 311 1.102
Year OL-IND OL-TRA OL-OIH BIOOTH
1990 3. 342 2.570 2.642 6. 342
2000 3. 342 2.570 2.642 6. 342
2010 3. 342 2.570 2.642 6. 342
2020 3. 342 2.570 2.642 7.168
2030 3. 342 2.570 2.642 13. 297
Year COAL- P GAS-P aL-P HYDRO GECTR
1990 0. 322 0.031 0.712 0.335 0.012
2000 0. 322 0.031 2.502 0. 335 0.012
2010 0. 322 0.031 3. 858 0.335 0.012
2020 0. 322 0.031 6. 543 0. 335 0.012
2030 0. 322 0.031 11. 803 0.335 0.012
REG ON = 3
Year COAL-IND COAL-OTH GAS-IND GAS-TRA  GAS-OTH
1990 0. 015 0. 002 0. 542 0. 002 0. 002
2000 3.712 0. 002 4.458 0.579 0. 002
2010 13. 609 0. 002 1.554 1. 890 0. 002
2020 26. 114 0. 002 0.542 3.915 0. 002
2030 45. 963 0. 002 0. 542 6. 964 0. 002
Year OL-IND AdL-TRA OL-O/H BIOOTH
1990 1.142 1. 073 0.452 1.642
2000 1.142 1.073 0. 452 1.642
2010 1.142 1. 073 0.452 2.333
2020 1.142 1.073 0. 452 4.096
2030 1.142 1. 073 0.452 6. 613
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Year COAL- P GAS-P aL-pP HYDRO GEOTR

1990 0. 107 0. 023 0. 409 0. 137 0.001
2000 0. 107 0.023 0.781 0. 137 0. 001
2010 0. 107 0. 023 1.508 0. 137 0. 001
2020 0. 107 0.023 2.676 0. 137 0. 001
2030 0. 107 0. 023 4.888 0. 137 0.001
REG ON = 4

Year COAL-IND COAL-OTH GAS-IND GAS-TRA  GAS-OTH
1990 0. 022 0. 002 0. 582 0. 005 0. 003
2000 3. 505 0. 002 0. 582 0. 005 0. 003
2010 4.583 0. 002 0. 582 0. 430 0. 003
2020 7.542 0. 002 0. 582 1. 549 0. 003
2030 15. 257 0. 002 0. 582 1. 608 0. 003
Year OL-IND OL-TRA OAL-OIH BIOOTH

1990 1.152 1.782 0. 402 1.924

2000 1.152 1.782 0. 402 1.924

2010 1.152 1.782 0. 402 1.924

2020 1.152 1.782 0.402 3. 002

2030 1.152 3. 825 0. 402 4.976

Year COAL- P GAS-P aL-P HYDRO GECTR
1990 0.112 0.031 0. 442 0. 142 0. 022
2000 0.112 0.031 0. 442 0. 142 1.304
2010 0.112 0.031 0. 442 0. 142 1.588
2020 0.112 0.031 0. 442 0. 588 1.792
2030 0.112 0.031 0. 442 2.693 1.792
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