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Short Description

Electricity plays an essential role in supporting economic and social development in Indonesia. Resources, technology an...
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Abstract— Electricity plays an essential role in supporting economic and social development in Indonesia. Resources, technology and economic issues concerning utilization of various energy resources for power generation in the country are described. The paper is concluded by presenting prospective energy sources that can substantially contribute to electrical energy supply based on a number of sustainability criteria. It was found that geothermal is considered to be the best option based on the overall criteria. From a longer-term and broader economy perspective, geothermal, large hydropower, coal and gas are almost equally competitive. Index Terms— renewable energy, sustainable, power generation, Indonesia



I. I NTRODUCTION As a developing country, Indonesia is experiencing a high growth of electricity consumption at more than 6 percent annually on average. Industrialization and lifestyle changes, as consequences of economic growth, in combination with population growth are the main drivers for the demand expansion. To meet this demand, it is predicted that the total generation capacity needed would be more than 100 GW by 2030. At present, Indonesia is situated at energy crossroads. One fourth of the country’s generated electric power remains dependent on oil. At the same time, the country is struggling to increase oil production, which has been declining since 2001, amid soaring international oil prices and rising domestic demand. This situation has led to increased consumption of gas and coal in order to reduce share of oil in electric power sector. However, lack of energy infrastructures and competition between domestic and international demand on the energy commodities hinder the transition. Nuclear power, which has been proposed by the government to play a role in the national energy mix, will most likely remain a subject of public controversy for years to come. On the other hand, huge potential of renewable energy sources, such as geothermal, hydropower, biomass, solar and ocean energy have not been harnessed optimally. Outlooks of energy mix scenarios for electricity generation in Indonesia have been presented in several studies, such as in [1]. However, the accuracy of predictions is highly dependent on various factors, such as models used in the studies as well as assumptions fed into the model. Often, these assumptions are difficult to verify due to lack of information and uncertain nature of related aspects such as policy



changes and international energy prices. Apart from this, many studies that are merely based on least-cost analysis cannot fully incorporate externalities including environmental and social aspects. As consequences, long-term energy security, environmental impacts and utilization of renewable energy are often undermined in the studies. Hence, rather than providing predictions for future situation of power sector energy mix in Indonesia, this paper is aimed at presenting a number of prospective energy sources for power sector based on perspective of sustainability. Technical and economic obstacles in utilizing energy alternatives are presented. Influences of emerging technologies in power sector on the future of electric generation are also discussed. II. F OSSIL E NERGY Table I presents fossil energy potential in Indonesia including resource amount, reserves, share of world potential, yearly production and reserve to production ratio for each source. Although Indonesia is known as one of the largest energy exporters, the country’s energy reserves are not very abundant. Furthermore, energy reserve per-capita in Indonesia is low considering that Indonesia is a populous country with a high population growth. As shown in the table, the Indonesia’s fossil energy resources account less than 2 percent of the world’s fossil energy resources, while the population in Indonesia accounts for 3.5 percent of the world population. These figures indicate that relying power generation on fossil fuel is not a wise option from the resource availability point of view. Many studies concerning energy resource availability are based on reserve to production ratio. This indicator may overlook actual situations. This is because the production tends to increase over the period of study in response to demand increase. On the other hand, there is a risk that the probable reserves, which are part of the reserves that are less certain, are overestimated. Beside the resource potential constraint, fossil fuel utilization is also facing more stiff international political pressures. Burning fossil fuel is believed to be one of the main drivers of climate change. Clearly, in the context of international climate policy, relying very much on fossil fuels is a disadvantage.
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TABLE I F OSSIL ENERGY POTENTIAL IN I NDONESIA Energy



Resourceb



source Coal Gas Oil



57 billion tons 385 Tscf 87 billion barrels



Reserve



Share of world



Yearly



Provena



Proven+Probableb



potential



production



5 billion tons 93 Tscf 4.3 billion barrels



19 billion tons 182 Tscf 9 billion barrels



0.5% 1.5% 0.4%



200 million tons 3 Tscf 365 million barrels



R/P Ratioc



25-95 year 31-61 year 12-24 year



a Data



from BP Statistical review, 2007 [2] from Ministry of Energy and Mineral Resources, 2005 [3] c The lower figures are calculated based on the proven reserves, the upper figures are calculated based on the total reserves b Data



A. Coal Indonesia’s coal resource is estimated at 57 billion tons, of which 19 billion tons are classified as reserves. At current production level of 200 million metric tons per year, the reserve to production ratio is equivalent to 95 years. However, the production rate is likely to increase every year due to expansion of domestic and international demand. Based on data provided by BP Statistical Review (2007) [2], from 1999 to 2006 the coal production rate has increased by more than 20 percent annually. Even by using a conservative assumption of 10 percent annual production growth, the production can be maintained only for 25 years until the reserves are depleted. Even though in reality the reserve estimation may increase and the production will certainly decreases as the reserves are diminished, this figure indicates that the coal reserves are not abundant. Interestingly, most of the production is oriented for export, while only less than 25 percent is used for domestic consumption. If the reserves would be dedicated only for domestic use and by assuming 10 percent in domestic demand growth, the reserve to production ratio would be equivalent to 42 years instead. Coal is recognized as the cheapest fuel alternative for power generation. Nevertheless, the situation may slightly change because international coal price is expected to increase due to high global demand growth that does not go along with supply capacity increase. The growth is largely driven by economic expansion in China and India, where coal is the major primary energy source. Impacts of competition between international and domestic coal demand have been observed in Indonesia recently. A number of coal power plants have been disrupted due to fuel shortage. Several options are possible to guarantee supply for domestic demand such as by imposing export quota, export tax and domestic market obligations. From an environmental point of view, coal utilization brings harmful impacts to the environment. Coal burning releases large amount of emissions including nitrogen oxide, sulphur oxide and particulate. Negative impacts of these pollutants can be quickly observed in a regional scale. Coal power plant is also the largest source of carbon emission. This emission contributes to environmental damages in a global scale, which can be observed in a longer time delay. Non carbon pollutants can be significantly reduced by



employing clean coal technology, which is already mature and commercially available. In order to have a free-carbon coal power plant, carbon capture and storage (CCS) technology must be used. However, CCS technology has not been in a mature stage yet. As can be seen in Table II and Table III, implementation of CCS in power plant is expected to double investment cost, which eventually increases generating cost by more than 60 percent. TABLE II I NVESTMENT COST BY TECHNOLOGY AND FUEL TYPES [4], [5] Year of installation Technology



2005



2030



Coal Coal with CCS Gas



1000-1200 1850-2100 450-600



1000-1250 1400-2100 400-500



Nuclear



2000-2500 4000-6500a



1500-3000



Geothermal Large hydro Small hydro Biomassb Wind Solar PV Solar thermal



1700-5700 1500-5500 1800-6800 1000-2500 900-2500c 2000-8000 2000-2300



1000-2000 1500-5500 1000-3000 400-1200 800-1900 1200-1800 1700-1900



a Figures



compiled from [6],[7] and [8] waste and landfill gas are not included c The figure includes cost for offshore wind farms b Municipal



Currently, power sector in Indonesia accounts for roughly 24 percent of the country’s total carbon emissions, excluding emission from forestry and land use change [9]. Coal power plants are the largest emission contributors in power sector. However, as a Non-Annex I country in Kyoto Protocol, Indonesia does not have greenhouse gas emission reduction obligations. Despite adverse environmental impacts, coal is still one of the most viable alternatives in the near future to satisfy power demand, particularly in Java-Bali islands. Coal power generation remains the least cost alternative that is capable of providing large-scale power generation with a typical generating cost of US$ 33 per MWh [10]. Indonesia’s long experience of utilizing coal power plant is another influencing factor as
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TABLE III L EVELIZED COST OF ELECTRIC POWER GENERATION BY TECHNOLOGY AND FUEL TYPES IN US$/MW H [4], [5] Year of installation



Another gas pipeline project connecting Kalimantan and Java is in its early stage. C. Oil



Indonesia used to be one of large oil producers. However, peak production had been reached in 1991. In 2005, domestic Coal 20-60 35-40 oil consumption surpassed production for the first time. Since Coal with CCS 40-90 45-60 then, Indonesia turned into a net importer of oil, although Gas 40-60 35-45 oil trade balance remains surplus. Estimated oil resource is 87 Nuclear 25-75 47-62a billion barrels. However, the number is probably overestimated 38-174b since the total reserves including the probable reserves are only 9 billion barrels. Current production of approximately Geothermal 30-90 30-80 Large hydro 30-150 30-115 365 million barrels per year results in reserve to production Small hydro 60-150 50 ratio of 12 years. Biomass 30-100 30-100 One can easily recognize that in many aspects, oil is not Wind 30-220 30-180 Solar PV 180-540 70-325 promising for power generation. Instead, oil is more suitably Solar thermal 105-230 90-190 used in transportation sectors for which demand is rapidly growing. The generation cost for oil-fueled power generation a These cost relate to Generation III and generation III+ nuclear reactor types. in Indonesia in 2005 was US$ 96 per MWh. Since then, the Generation IV are not expected to be available until around 2030 b Figures compiled from [6], [7] and [8] international oil price has been rising more than 100%, which brings the current estimated generation cost of US$ 160 per MWh. Unfortunately, many installed power plants still rely on oil. well. If coal is not used optimally for domestic power generation, Most rural electrification is also dependent very much on the excess of production capacity will be exported. This diesel generators. Up to now, one fourth of primary energy eventually would not contribute to the net global carbon for the country’s power generation comes from oil. Regrettably, at present oil-fired power generation are still emission reduction anyway. receiving fuel subsidy despite has been reduced over the B. Gas last few years. Many critics say that oil subsidies discourage Natural gas reserves in Indonesia are estimated at 182 Tcf, use of renewable energy utilization and encourage economic of which 93 Tcf are classified as proven reserves. Current inefficiencies [11]. production of 3 Tcf per year gives production to reserve ratio The state-owned electricity company (PLN) has realized between 31 to 61 years. this disadvantage, hence it is targeted that oil share in power Similar to coal, domestic demands are now facing competi- generation shall be less than 5 percent in 2010 [12]. tion with international demand. Approximately half of the gas III. N UCLEAR E NERGY production is targeted to fulfill export contracts. Other than According to [3], Indonesia’s uranium resources are estiused in power generation, domestic gas is needed for other mated at 24,000 tons. The proven reserves are estimated at energy-related purposes and raw materials for industry. Gas can be used in power generation either to support peak 4,600 tons, with most of these reserves are categorized as load or base load. For peak load power generation, simple low grade ores [13]. Assuming that a typical 1 GW nuclear cycle gas power plants are used owing to their fast starting power plant consumes about 217 tons of uranium per year, the operation at expense of high generation cost. On the other reserves can last for 21 years. It can be concluded, therefore, hand, combined-cycle gas power plants are used for base load that uranium reserves are relatively limited even if all the operation due to their high efficiency. Levelized generation identified resources can be recovered economically. cost of gas-fueled power plants in Indonesia is as high as Some studies reported that generating cost of nuclear power US$ 99 per MWh for simple cycle and US$ 58 per MWh for plant is the lowest among other alternatives [14]. However, combined-cycle. even if this finding may be true for the existing nuclear power Currently, utilization of gas in power generation is con- plants in many countries, it cannot be generalized for some fronting with lack of infrastructures such as gas pipelines. other countries neither can be applied for new nuclear power Most large gas fields are situated in Kalimantan, Natuna, plant projects. Unfortunately, actual data for new power plants are rarely Sumatera and Irian Jaya islands, while load centers are mostly located in Java-Bali islands. Most industries in the area rely available. Some studies suggested the levelized cost of electricon nearby gas field which are not adequate to anticipate ity from new nuclear power plants is in the range of US$ 25 further demand growth. To solve this problem, several gas to 75 per MWh (see Table III). This figure was based on pipeline projects are being performed. A gas pipeline project assumptions that capital cost is the range of US$ 2,000 to connecting Sumatera and West Java has just been completed. 2,500 per kW. Technology



2005



2030
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However, this assumption seems to be inconsistent with estimated capital costs of current nuclear power projects. For example, the 1600-MW Olkiluoto nuclear power plant project in Finland has initial capital cost of e 3.2 billion and overrun cost of e 1.5 billion [6] giving total capital cost of e 2,937 per kW, which is equivalent to US$ 4,000 per kW. Similarly, a recent evaluation of a project plan for two new nuclear power plants in South Texas US, shows that the estimated capital costs of the two unit nuclear power plants varies between US$ 4,500 - 6,500 per kW (in 2007 constant dollar) [7]. These figures of new nuclear power plant capital costs were also confirmed in [8]. The findings show that actual capital cost of new nuclear power plants is 2-3 times the figures presented in the earlier studies. Share of capital cost in levelized generation cost depends on the discount rate used in the calculation. By adopting the capital cost from [6], [7], [8], levelized cost of electricity from nuclear power plant is estimated between US$ 38-174 per MWh provided that capital cost represents 50-70% of the levelized cost [14]. The broad range of the figures indicates high uncertainty of the estimated costs. Environmental impacts of nuclear power generation remain a subject of controversy. On one side, nuclear energy is considered to be one of low-carbon energy alternatives. Leeuwen and Smith [15], however, oppose this notion by arguing that although nuclear power plants emit zero carbon, uranium mining still emits significant amount of carbon. On the other side, by products of nuclear power generation are very harmful for the environment, and up to now, there is no firm solution on how to handle the wastes. Furthermore, for Indonesia, which is situated in an earthquake-prone zone, finding a site for a permanent nuclear waste repository would not be an easy task. Public resistance toward nuclear power plant projects is also high. Public are still worrying about the risk of accidents associated with nuclear power plant operation. Although new technology has been technically able to significantly reduce the probability of the accidents. Nevertheless, the risk is not only a matter of probability but it is also related to magnitude of the consequences which may happen. More importantly, public willingness to accept the risks cannot be neglected. Clearly, all these factors have been diluting the feasibility of nuclear power projects in Indonesia. IV. R ENEWABLE E NERGY Renewable energy potential in Indonesia is shown in Table IV. As can bee seen in the table, utilization of renewable energy in the country is very low. Most renewable energy is utilized less than 6 percent of their potential. Renewable energy varies in technology maturity and characters. Some renewable energy technologies are well established and are already competitive with other alternatives, at least in places with suitable potential. Among renewable energy that fall into this category are hydropower, wind and geothermal energy.



TABLE IV R ENEWABLE ENERGY POTENTIAL IN I NDONESIA [16], [17], [3] Energy source large hydropower Mini-hydro Geothermal Solar Wind Biomass



Potential 75,670 MW 459 MW 27,000 MW 156,487 MWa 9.286 MWb 49,810 MW



Utilization 4,200 84 802 8 0.5 312



MW MW MW MW MW MW



a Average potential solar radiation is 4.8 kWh/m2 /day. Total potential area for solar power generation is assumed to be equivalent to total terrestrial area of Indonesia i.e. 2 million km2 b The average wind speed in most area are 3-6 m/s



In perspective of intermittency, some renewable energy sources are considered as highly intermittent, such as wind and solar energy. This means that these energy can be utilized only when the resources are available. In contrary, other renewable energy sources are pretty stable, which means that the resources can be used when needed. Renewable energy resources that can be classified into this category are geothermal and hydropower. Such stable resource availability is suitable for base load power generation. Additionally, hydropower can also be used for load-following generation. A study has demonstrated that geothermal can also even be used for load following generation [18]. A. Geothermal Total geothermal resources in Indonesia are estimated at 27 GW or equivalent to 40 percent of the world geothermal potential. These resources are known as conventional resources, which refer to reservoirs that have high enthalpy and are located at shallow depth. By utilizing advanced technology called Enhanced Geothermal System (EGS), recoverable geothermal resources would more than double the conventional resources. The EGS is described as harnessing geothermal energy by engineering geothermal reservoirs that are otherwise not economical due to lack of water and/or permeability. As an illustration, conventional geothermal resources in the United States are estimated at 20 GW [19]. However, by introducing EGS, the total recoverable geothermal potentials in the country would be up to 100 GW [20]. Since the conventional geothermal potential in Indonesia is higher than in US, the non-conventional geothermal potential would likely be higher as well. Even by accounting only conventional resources, geothermal resources in Indonesia have already a potential to contribute more than one third of electricity demand in Indonesia in 2030. Geothermal energy is not intermittent and can provide a reliable electricity production. Typical geothermal power plants in Indonesia have capacity factor of more than 90 percent, which outperform other conventional power plants. A geothermal power plant requires only small footprint with typical specific area use is between 1,200 to 2,700 m2 /MW.



This paper was presented at Indonesian Students Scientific Meeting 2008 (ISSM 2008), Delft, The Netherlands, 13-15 May 2008



This figure is very small, even if compared to other conventional power plants such as coal steam (40,000 m2 /MW) or nuclear power plants (10,000 m2 /MW) [21]. CO2 emission from a typical geothermal system is approximately 115 gCO2 /kWh. This figure is considerably low compared to a coal power plant with CO2 emission up to 1000 gCO2 /kWh . CO2 emission of the typical geothermal power plant in Indonesia is even lower than 70 gCO2 /kWh [22]. Generation cost of geothermal power plant in Indonesia is US$ 54 per MWh. Although the cost is higher than generation cost of coal power plant, it is lower than generation cost of combined-cycle power plant. Furthermore, as a low carbon energy source, geothermal has an economic opportunity to attract funding by selling greenhouse gases (GHG) emission reduction under the scheme of Clean Development Mechanism (CDM). According to Sugiyono [23], the geothermal power has potential to reduce 100.9 million tons of carbon (tC) along period 1995 to 2025 with cost of US$ 43.9 per tC. Despite huge potential of geothermal energy resources, the recent development of geothermal power generation in Indonesia is not good enough. Only 900 MW, or less than 4 percent of its potential, have so far been utilized. Some analysts said that high investment cost and low price of electricity are the main factors behind the slow growth of geothermal development in Indonesia. However, other experts pointed out that the non-supportive government regulations is the main reason. B. Hydropower Estimated hydropower potentials in Indonesia are no less than 75 GW, while only 4.2 MW, or less than 6 percent, have so far been utilized. It must be noted however that most hydropower potentials in Java-Bali islands have now been exploited. Regrettably, rivers in the area have been experiencing reduced water debit due to deforestations. This, in turn, halts further expansion of hydropower utilization in the region. However, most untapped hydropower potentials are situated in outside Java-Bali islands. With its proven technology, hydropower posses many advantages such as high reliability and availability, high efficiency, low maintenance cost and capability to easily adjust generation output. Hydropower, however, has several disadvantages associated with environmental impacts and people displacements. Although levelized generation cost of hydropower may vary largely, in Indonesia, hydropower is still the cheapest option with average generation cost of US$ 12 per MWh. It is, however, uncertain whether the same figure can be assumed for new installed hydropower plants. As a renewable energy alternative, hydropower has a potential in reducing greenhouse gases. It has been reported in [23], the GHG emission reduction potential through hydropower projects in Indonesia is estimated at 17.1 million tC with cost of US$ 0.8-7-8 per tC.



C. Small-hydro Small- and micro-hydro are among the mature technologies within renewable energy. Small hydropower potentials in Indonesia could provide electric power capacity equal to 459 MW. Currently, 84 MW has been utilized for power generation. Even though the potential is limited, many small hydropower have been proven to be economically feasible and capable of providing added values for rural communities. For successful hydropower projects, Khennas [24] has addressed several conditions, such as high load factor, financially sustainable end-use and effective management of installation. D. Biomass Biomass energy potential is approximated at 50 GW. Sources of biomass energy in Indonesia are mainly obtained from rice residues (32%), rubber wood (26%), sugar residues (17%) and palm oil residues (14%) [17]. Biomass technology has been economically competitive with other alternatives with levelized generation cost of US$ 30-100 per MWh. Large-scale utilization of biomass for power generation in Java-Bali may face competitions with other industry sectors. Most biomass wastes in the area are already used for livestockfeed and fertilizer. Wood-type of biomass is also utilized as industrial raw materials to produce particle board and medium density of fibreboard (MDF) products [25]. Rice residues in the form of rice husk are not so economical to be transported for power generation due to its low density [11]. Utilization of biomass energy is, therefore, more prospective in outside Java-Bali islands, especially from rubber wood and palm oil residues which are produced in large-scale. Other potential source of biomass energy is solid municipal waste. At presents, most municipal wastes are dumped in landfills creating serious environmental problems. Hence utilizing municipal waste for power generation is also beneficial for the local authorities to solve waste problems. The conversion of municipal waste to electric energy can be realized by using incinerator and by utilizing landfill gas. The main obstacle for waste power plant is its high investment cost. According to [14], an incinerator power plant requires investment cost of US$ 3,600 - 7,000 per kW. The operational cost is also rather high. However since the fuel has negative cost, the final levelized generation cost is commercially competitive at US$ 21 - 52 per MWh. For landfill gas power plant, the levelized generation cost is estimated at US$ 34 per MWh, which is also competitive compared to other alternatives. Although not yet popular, dedicated crops for energy use can be used as another alternative for biomass power generation. Owing to its tropical climate, Indonesia has a vast potential to develop crop-based power generation. In order to be suitable for biomass power plant use, chosen energy crops must have a high growth rate and resilience to varied conditions. E. Solar As a tropical country with 300 sunshine days per year, Indonesia has enormous solar energy potential. The highest
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solar potential locations are situated mainly in Sulawesi, Maluku, Irian Jaya and Nusa Tenggara. Solar technology, however, is still considered as an expensive alternative. Capital cost for solar technology is in the range of US$ 5,000-8,000 per kW for solar PV and US$ 2,0002,300 per kW for solar thermal. The levelized generation cost is US$ 180-540 per MWh for solar PV and US$ 105-230 per MWh for solar thermal. Although projection cost for 2030 will be much lower, i.e. US$ 70-325 per MWh for solar PV and US$ 90-190 per MWh for solar thermal, solar energy will remain an expensive energy alternative. However, modular installation of solar PV and absent of mechanical parts make this alternative promising for supplying electricity in rural and remote area. Particularly when considering fragmented geography and population distribution of Indonesia. One of the main obstacles in solar PV development in Indonesia is lack of local manufacturing industry for the PV components and battery [26]. This leads to dependency on imported components, especially solar PV modules and batteries. F. Wind Wind energy technology is one of new renewable technologies that are already economically competitive. In many parts of the world, wind energy can even compete with fossil fuel power plant. Levelized generation cost of wind power is estimated at US$ 30-80 per MWh for on-shore wind turbines and US$ 70-220 for off-shore wind turbines. It has been recognized that wind potential in tropical countries, like Indonesia, are generally modest. The official estimation of wind power in Indonesia is 9 GW, of which only 0.5 MW has been utilized. As an archipelago, however, Indonesia is the second to Canada in the length of coastline. In areas near shoreline, higher wind speeds and more steady wind conditions are typically available. Hence this factor must also be taken into account when assessing wind energy potential. V. E NERGY RESOURCE ASSESSMENT BASED ON SUSTAINABILITY CRITERIA



In a simple notion, sustainability in power generation can be understood as minimizing/avoiding natural resource depletion and residue accumulation [27]. In order to assess sustainability of energy resource alternatives, a number of sustainability criteria were used. Sustainability criteria must consider resource, social, environmental and economic aspects [28]. In this study, the economic aspect is separated into three components namely cost efficiency, fuel price stability and output reliability. Thus, the entire sustainability criteria include resource availability, cost efficiency, fuel price stability, output reliability, social acceptance and environmental soundness. Each of the sustainability criteria for each energy alternative is given a grade. The grade is either high (+), medium (0) or low (-). Resource availability is evaluated based on energy resources, typical conversion efficiencies and accumulative electric generation potentials for 25 years. As a comparison,



current electricity consumption is estimated at 128 TWh with an assumed constant annual growth of 5 percent, giving total electricity consumption for the next 25 years of 6,448 TWh. In this study, resource availability is considered low if it less than 2,000 TWh, high if it is higher than 10,000 TWh, otherwise it is considered medium. Calculated resource availability together with their assumptions for each energy resource is presented in Table V. The lower and upper limit estimations for depleted resources are obtained based on proven and total resources, respectively. For fossil fuels and biomass, fractions of resources that are utilized for power generation are assumed as well, considering that parts of the resources are used for other purposes. Cost efficiency is calculated based on levelized generation cost. In this study, cost efficiency is said to be positive if the levelized generation cost is less than US$ 60 per MWh, medium if it is US$ 60-100 per MWh and negative if it is higher than US$ 100 per MWh. Output reliability relates to energy resource ability to be regulated or controlled in respective to load demand and grid requirements. Fuel price stability links to international and domestic market volatility and share of fuel cost component in the levelized generation cost. Fuel price stability, social acceptance, output reliability and environmental soundness criteria are judged qualitatively based on the information described in the earlier sections. Based on these sustainability criteria, the energy resources potentials are mapped in Table VI. The table may be a subject of debate, however it is proposed for further discussions. From perspective of resource availability, it is clear that solar, hydropower, coal, gas and geothermal are superior compared to other alternatives. Coal and gas are still the most competitive alternative in term of cost efficiency, followed by hydropower, geothermal and biomass. On the other hand, cost effectiveness of nuclear power plant is still questionable due to uncertain generation cost. Fuel price stability of fossil fuel is medium to low due to a coupling between domestic and international market. Nuclear fuel price stability is medium to high. This grade is made by considering different aspects of nuclear fuel price. On one side, fuel cost component in nuclear power generation cost is marginal. On the other side, however, current international uranium production capacity and demands are imbalance [29]. Also, nuclear fuel requires a long production chain given that enrichment facilities exist only in few countries. All these factors cause a concern for long-term uranium price stability. It is not surprising that social acceptance indicator is low for nuclear and medium for large hydropower. Risks associated with nuclear accidents are the main factor of public resistance towards nuclear power, while people displacements are the main reason for opposing large hydropower projects. Low output reliability of solar and wind are associated with their intermittency. The environmental soundness of nuclear energy varies between low to medium due to disagreements among experts on weighting positive impacts of low-carbon technology, on one side, and harmful impacts of radioactive
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TABLE V R ESOURCE AVAILABILITY FOR ELECTRIC GENERATION ( IN TW H )



FOR



25 YEARS TIME FRAME



Resource



Equiv. electrical energy (TWh)



Assumptions



Coal



2,300 - 26,700



Gas



3,900 - 16,000



Oil



312 - 6,300



Uranium



190 - 1,000



Average caloric value: 5,500 kcal/kg Conversion efficiency: 38% Resource fraction used in power generation: 50% Heat rate: 7,000 Btu/kWh Resource fraction used in power generation: 30% Heat rate: 8,000 Btu/kWh Resource fraction used in power generation: 10% Plant efficiency: 35% Fuel burn up: 42 GWd/t U EGS is assumed for upper estimation



Geothermal Large hydropower Small hydropower Biomass Solar Wind



5,900 - 13,000 16,425 100 5,000-8,000 Very large 1,971



Category Medium-High Medium-High Low-Medium Low Medium-High High Low Medium High Low



Resource fraction used in power generation: 50-80%



TABLE VI E NERGY RESOURCE ASSESSMENT BASED ON SUSTAINABILITY CRITERIA Criteria Resource availability Cost efficiency Fuel price stability Output reliability Social acceptance Environmental soundness Overall criteria Optimistic Conservative Economy centered Optimistic Conservative a The
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figure is not valid for Java-Bali islands



waste produced by nuclear power plants on the other side. If all criteria are equally weighted, geothermal becomes the best alternative followed by biomass, hydropower and gas. However, when the decision is centered on economy considerations, geothermal and large hydropower are almost equally competitive followed by coal, gas and biomass. It is important to note, however, that large hydropower must be excluded from the list of the prospective resource alternatives when considering only Java-Bali islands due to lack of the resource in the area and a non-transportable characteristic of the resource. VI. C ONCLUSION Potentials, technology and other technical issues concerning utilization of various energy resources for power generation in Indonesia were discussed. A number of sustainability criteria were introduced as basis for selecting prospective energy sources that can substantially contribute to electrical energy supply in Indonesia. If the decision is solely based on the cost efficiency criteria, coal and gas are the least-cost alternatives. Alternatively, if



broader and longer-term economy perspectives are adopted, large hydropower and geothermal are the two best alternatives and followed by coal, gas and biomass. Based on the overall sustainability criteria, however, geothermal seems to be the best option for power generation in Indonesia. It was found that nuclear energy has not been proven to be a viable solution for power generation in Indonesia. In non Java-Bali islands, geothermal, hydropower and biomass power generation are expected to adequately serve most electricity supply in the area. As large-scale coal-based power generation is unavoidable solution to meet high electricity demand growth, particularly in Java-Bali islands, the government must ensure power industry to embrace clean coal technology. Otherwise serious environmental impacts will outweigh economic benefits of using coal. ACKNOWLEDGMENT The author would like to thank Associate Professor Dr. Ola Carlson, who gave the author helpful suggestions for presenting this paper at the ISSM 2008.
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