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Abstract
Sustainable development calls for balanced interrelated policies aimed at economic growth, poverty reduction, social
equity and protection of the natural resources and other life-support systems. In Indonesia, to meet the basic needs and
improve the quality of people, however, based on the current level of energy consumption, more energy supplies and ser-
vices are required (Bali Declaration, 2000). Against the background of the dichotomies of availability, relative technolo-
gical progress and market mechanism, Indonesia is facing the dilemma of economic growth and pattern of production,
which tends to become unsustainable. Following the first oil shock: dramatic increase in oil prices, 1973-74; the second
oil shock: second sharp price increase, 1979-80 and the third oil shock: stable and drop in oil prices, 1982; in-depth ana-
lysis of factors affecting the energy consumption assists the formulation of the policy measures needed within the fra-
mework of the macro objectives. At the sectoral level: industrial, agricultural, and transport sectors, the significance of
the technological, economic and organizational factors become obvious. On the other hand, micro-level studies on con-
sumer behavior of households and potential substitutions between energy and non-energy inputs are necessary.

Background
There was a time when shortage in energy did not cause a serious problem in the community. It was a matter of resour-
ce allocation and adjustment. Of course, that time is hardly known to the present generation; it was a time now known
as the time of energy abundance, both in terms of commercial energy and the so-called non-commercial energy. It seems
that it is a recent phenomenon of national development, and now of globalization, that brought to the surface the fact
that sustainability in human endeavors can only be supported by the rational supply and demand of energy at every
levels.

It was indeed industrialization, modern transportation system and electrification that put an end to all this 'abundance
aura' of our natural resources, mainly energy resources; hence the very important and crucial role of socio-political deci-
sion-making process in any country. In Indonesia, we look upon the transformation that has taken place in response to
the challenge to be structural in nature - urbanization and social differentiation - which are at the root of the 'real'
inequality in the provision of cheap energy. With the weak and unstable economy of the people, a subsidy scheme by the
Government is a must. To subsidize or not subsidize became a dilemma, with the on-going crisis in Indonesia, now in its
fifth year. It is hardly difficult to understand that a destabilizing force to the Government was put as protest against the
withdrawing of the subsidy scheme (mainly in the energy sector). It has been enjoyed for decades. No satisfying cross-
subsidy scheme can be developed, as Indonesia goes deeper into the (economic) crisis.

The energy crisis
For the man in the street or ordinary citizen "energy" equals transportation and electricity. It is essential for him that
"energy" is made available at affordable price. It will be almost impossible for the government to gain general support
for the withdrawal of the subsidy that has so far kept the unit costs of the various fuels and electricity at very low pri-
ces. In the proposed state budget of year 2002, there will be price increases of the current prices for petrol, kerosene,
diesel oil, and fuel oil of 20% on the average. There are no better options. The net gain from this increase, Rp 45.70 tril-
lion, will be equivalent to the amount of more than half of the revenue from gas and oil as projected by the state-owned
Pertamina (Rp 81 trillion). And yet these prices are only around half of the current international prices. Government is
developing a scenario to gradually bring prices to the level of the international prices, hence with no subsidy provided.
On the other hand the state-owned electricity company PLN is also subsidized. The policy was based on difficult and
complicated calculation to bring the company out of its foreign debt. Currently only half of the population enjoys elec-
tricity from the national grid. Since 1998 to cover the company operational losses, government subsidy scheme was put
in place. Last year of the needed seven trillion rupiahs, equivalent to around US$ 700 million, the government provided
only US $ 390 million. It is only logical that to survive, the basic electricity tariffs should be raised. A series of black-outs
is anticipated in the near future, unless operational and further investment is made, both to increase the installed power
and expand the distribution network, including the extra-high voltage transmission lines (of 500 thousand volts). The
issues are brought down to the problem of clearly separating the selling price of electricity and electricity tariffs.
Electricity is now at US$ 0.03 for one thousand Watt-hours (kWh), compared to the 'ideal' US$ 0.07/kWh. The structure
of the tariff will enable the government to apply targeted subsidies that will not be a burden to the public at large (Anang
A. Yaqin, Dody Hidayat, and Novianto, 2000).

The energy resources
Energy development is complex. It is important to look at the issue in a wide perspective, from the resource side up to the
utilization side. The basic natural resources for energy are oil, gas and coal. Indonesia comprises islands to the southeast
of the continent of Asia, forming an arc-shaped row of islands, which has a complex tectonic history. Brouwer (1925) was
one of the first geologists to have drawn attention to the unique location of these islands "at the intersection of two of
the greatest zones of crustal weakness of the earth". Later Van Bemmelen (1949) made a more comprehensive approach
in his famous important work that was to become the major reference for further study on the geology of Indonesia.
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Oil. Oil was drilled for successfully in North Sumatera as early as in 1885, which started the oil industry in Indonesia,
and by 1940 the total annual production reached almost eight million tons. The oil fields are located in the eastern part
of Sumatera, northern part of Java, and the eastern part of Kalimantan, in the tertiary geosynclines. In general one can
state that although there is good knowledge on coal occurrences and hydrocarbon potentials in the sedimentary basins,
important consideration should be given to the management of these in view of the national development.

Studies of the Indonesian economy show that during the seventies the Indonesian economy was in constant adjustments
to the fluctuating and ever-changing international oil prices. The 1980s was the decade in which Indonesia was forced
to seek alternatives, in line with the declining oil price (Warr, 1992). The time period of 1967-1988 is known to be the
time of shocks in oil prices: (1) the 1973-1974 oil price increase; (2) the 1979-1980 further oil price increases; and (3)
the 1984-1986 decline in oil price.

There are at least 30 potential oil-drilling locations, each with more than 100 million barrels of oil. The newly discover-
ed production basin in Indonesia, namely in Cepu, Java, reportedly estimated to hold up to 2 billion barrels or further 5
years of supply. Total primary energy production rose slowly during the period 1950-1966 and more rapidly after that.
The domestic refinery capacity also increased, although inadequately, so that petroleum products are being imported,
while Indonesia exports its crude oil. In 1996 Indonesia produced more than 1.6 million barrel per day (bpd) of oil, but
its output, including condensates, is expected to fall to 1.375 million bpd for 2001.

Biomass. Current progress in energy research put biomass as part of the energy system in a modern sense. Trees are being
looked at from its non-seed carbohydrates in energy plantation, directed as non-food plant. In Indonesia and elsewhere
in Southeast Asia the tradition has a relatively long history. In rural Indonesia alcohol as fuel from palm juice was alrea-
dy known. From one kilogram of sago, 15 MJ of energy can be obtained, or theoretically, one can get 0.65 liter of etha-
nol. This process is of course not for immediate implementation at the rural level; it is not simple, as one has to consi-
der energy balance, and other basic variables, making the whole conversion process a subject of further (still) basic rese-
arch.

Solar energy. An interesting result of research on solar energy was on solar insolation data. Chang (1970) in his study
showed, and later verified in various measurements, modeling and data analysis, that the potential net photosynthesis
in g/m2.day in the tropics is 25% lower than that from the temperate zones. This climatic dependence of output on lati-
tude was determined by analysis of temperature and solar radiation records from 386 stations throughout the world.
Furthermore in the tropics, using rain-fed rice cultivation, Indonesia will have rice cultivation with only four months of
potential photosynthesis in one year compared to an eight-month potential in the temperate zones for wheat and other
crops. It will also be interesting to note that Java, lying just south of the equator has in fact some nine percent higher
mean value (27 g/m2.day) than the corresponding region just north of the equator, which has the lowest potential pho-
tosynthesis on earth (24 g/m2.day).

Rural energy. An important issue that is of considerable interest in the scientific community dealing with energy rese-
arch in developing countries is energy policy. Energy transition is the process whereby the volume and proportion of com-
mercial energy increases so as to replace traditional fuels as the main energy source. The important research findings
applicable to the Indonesian scene can be summarized as follows:

• the proportion of traditional energy consumed for cooking falls when income rises;
• major energy transitions are taking place in urban areas and the transition is beginning in rural areas; and
• the choice between several kinds of energy also depends on supply conditions and their availability.

Rural electrification. In the field of electrification, in Indonesia the rural electrification project has changed the rural
picture. In 1993 16.786 Javanese villages (72.3% of villages in Java) and 15.861 outside Java (43.5% of villages outside
Java) are supplied electricity from the national grid. However the impact of this on firewood consumption is not known;
at least there are only a few studies conducted, with no known national implication examined. The question raised at
the rural level is however still: "Is rural electrification a catalyst for development or does it accentuate rural inequality,
since it first goes to wealthy households".

With respect to agriculture, small-scale industries, social change and poverty alleviation we know now that:
• rural electrification offers substantial opportunities for agricultural development by way of electrical pumps for irrigation;
• it may contribute to the establishment and survival of rural businesses;
• although higher income households are the first to be connected, rural households in general benefit, women and

children more directly than men; and
• its positive impacts may be determined more by government policies and unique regional characteristics than by the

technology itself

Environmental considerations. Environmental considerations form part of the overall plan in the sustainable develop-
ment of energy. It addresses the pollution and to some extent the conservation aspects of the natural resources. A study
or model of energy use in Indonesia using a market allocation approach was conducted and subsequent air pollution issu-
es analyzed (Kleeman, 1994). An air quality management plan was proposed which has a time schedule for implemen-
tation in three stages according to urgency: (1) very high priority, (2) high priority, and (3) moderate priority. The intro-
duction of energy technologies (fossil and renewable), which inherently produce fewer pollutants, is recommended as
these technologies offer environmental advantages with regard to these emissions.
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Fuel cell, the next-generation energy technology
Materials science and technology plays an important role in the development of fuel cell fabrication. SEtT development
has assisted the development of electro-chemical devices in combining the right materials, cheaper, and available, so as
to reduce the cost of constructing the device. Production cost reduction is the single most important objective in the
production of fuel cells or system, so that the energy output (electricity) can compete with other energies generated con-
ventionally. It is now regarded that a competitive fuel cell-generated electricity is feasible now. The lifetime of the cell
is also lengthened, with a working life of 50 up to 100 thousand hours of cell generating 100 kW and a rate of voltage
degradation of one percent per one thousand hours.

A "package" of technologies is under development and to be generated from essential scientific core competencies built
over the years. This will need coordination of research management that will enable the Indonesian researchers to make
their contributions to the development of the upcoming energy technology. They are individual top scientists in the coun-
try with little experience in group research, but individually having sufficient exposure to the frontier of international
science. A scheme of national strategic highly ranked research is a proposed organization to achieve excellence and at
the same time attract the private sector and the industries to join in energy development in Indonesia. A team, at the
core of the research, comprises 29 scientists and engineers, forming seven coordination groupings of research teams,
each concentrating on aspects of the technology.

Concluding remarks
Technology development and effective technology transfer is desirable so as to acquire efficient technologies, know-how
and the capacity to adapt technology to the needs of the national economy. It also falls within the framework of achie-
ving the welfare of the people. The dilemma is in the very ideal of modernization, translated into industrialization,
modern transportation system, and electrification. Urbanization, inequality and social differentiation are the direct chal-
lenges to the effort in securing sustainable development process, industrialization inclusive.
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