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ABSTRACT

It is estimated that Indonesia produces  146.7 million tons of biomass per year, equivalent to about 470 GJ/y. The source of biomass energy is scattered all over the country, but the big potential in concentrated scale can be found in the Island of Kalimantan, Sumatera, Irian Jaya and Sulawesi. Recently, the Indonesian government had issued several policies which put higher priority on the utilization of renewable energy. For example, renewable energy is being prioritized as the sole source of energy for the newly launched program called the  distributed Small Power System, in which small power producers can generate electricity up to one MW and interconnected to the medium and low voltage national grid, and to be purchased by the national utility company (the PLN) at some percentages of the locally determined  basic sales price.
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1. INTRODUCTION

The rapid depletion of our oil reserve, with R/P (Reserve/ Production) of 18 years will force Indonesia to find alternative energy supply to sustain economic development (Dasuki, 2000). In the future Indonesia’s energy consumption is expected to increase along with economic recovery sometimes in 2003. The Directorate General of Electricity and Energy Utilization (DGEEU) (Maryam Ayuni, 2000), has estimated that the total energy consumption, excluding biomass energy, will increase from 376.22 MBOE (million Barrel of Oil Equivalent) to 474.36 MBOE in 2003 or an increment of 26%.  The highest energy demand is expected to come from the transportation sector while the household sector  will remain at the third place. 

Rural development in the developing country such as Indonesia should be directed to provide access to basic energy services to produce the basic human needs for food, shelter and clothing.  In addition, economic recovery for Indonesia should begin from rural development, where renewable energy sources are already existing to help SMEs, in processing the potential natural resources in the area. In this respect renewable energy, such as solar, wind, micro-hydro and biomass, is usually available in the rural area and hence, by transforming and converting these sources of energy to power various processing machines, added value of agricultural and marine products can be made. This in turn will provide more job opportunity to the people in the rural area and ultimately lead to gradual improvement in the quality of their life. 

Biomass resources can be transformed into different kind of foods and energy. Solid biomass is commonly used as fuel for cooking and other thermal processes in small and medium industries, as fuel for boilers, but can also be transformed into gaseous and liquid fuel such as in the form of ethanol and bio-diesel. The rapid depletion of fossil fuel in Indonesia, has increase R/D efforts and activities related to biomass conversion technology.  The Energy Minister had created a special task force, in 2001 in order to study any tangible results and breakthroughs of these efforts and recommend any required regulatory policy and incentives to promote renewable energy in the country.

This paper will describe some of the results of these efforts and potential markets for biomass energy application in Indonesia 

2. RENEWABLE ENERGY DEVELOPMENT IN INDONESIA

Shown in Fig.1 is the projection of energy supply and demand as predicted using the Hubbert curve (1983) and consumption data from the DGEEU (2001). According to this figure, Indonesia will become net oil importing country within the next 10-20 years if the energy demand will follow past trends even when conservation program is implemented and drastic improvement in energy efficiency could be achieved. Despite of the high renewable energy potential in Indonesia as shown in Table 1, only a small amount had been utilized effectively to help in reducing pressure on the depleting oil resources. In relation to the coming era of energy crisis, Indonesia has to accelerate the use renewable energy sources, particularly biomass and geothermal energy .which have a significant impact due to bigger power generation capacity per unit while  gas and coal have been  exported to earn important sources of foreign exchange beside oil. In addition, the promotion of renewable energy utilization can  trigger rural industrialization in the form of SMEs and cooperatives to help in increasing added value of natural resources in various regions of the country, create more employment opportunity, and ultimately improve the overall quality of life of the people living in the rural areas.

Recently, to accelerate the utilization of renewable energy in Indonesia, the DGEEU, had issued a draft of new energy policy in order to promote further the development of renewable energy sources, improve energy efficiency and GHG abatement last June 2002 and is called the green energy insight. In addition, Ministerial Decree No.1122 K/30/MEM/2002 on Distributed Small Power Generation (PSK Tersebar), has come into effect starting June 12 2002. This decree will provide opportunity for small power producers such as the cooperative to generate electricity up to 1 MW from renewable energy and interconnected to the medium and low tension grid and will be purchased by PLN at 80% and 60%, respectively at the medium and low tension interconnection.  The formulation of government regulation for the medium and higher power generation capacity from renewable energy is now underway. 
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Figure 1: Indonesian oil  reserve and consumption trend. 

The curve also shows the effect of  5% improvement in efficiency, conservation and diversification program on oil reserve.
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Table 1: RE Potential and installed capacity in Indonesia.



Source: RIPEBAT, DGEEU 1997.ACE,2002.
Note:

1. Operating time is 24 hrs/d for biomass, biogas, geothermal and  micro-hydro,  8 hrs/d for solar PV &wind

2.Total land area for wind power generation per unit is 250 x 250 m2.

3.Total potential area for solar power generation = total area of Indonesia : 2 million km2.

4.Total geothermal  potentials was based on the sum of proven reserves, expected and speculative possible and hypothetical  reserves 

5.The Wind energy potential as well as installed capacity was based of generation capacity > 20 kVA (15 kW)

3. BIOMASS ENERGY POTENTIAL IN INDONESIA

It is estimated that Indonesia produces 146.7 million tons of biomass per year, equivalent to about 470 GJ/y. As shown in Table 2, the main source of biomass energy in Indonesia can be obtained from rice residues which give the largest technical energy potential of 150 GJ/year, rubber wood with 120 GJ/year, sugar residues with 78 GJ/year, palm oil residues, 67 GJ/year, and the rest with smaller than 20 GJ/year are from plywood and veneer residues, logging residues, sawn timber residues, coconut residues, and agricultural wastes (ZREU,2000). These sources of biomass can help in supplying both heat and electricity for rural house hold and industries. 

4. BIOMASS ENERGY CONVERSION AND UTILIZATION

Fire wood, for example, is still the main source of energy for cooking in most of the developing countries. Table 2 gives example on the demand of fuel wood in some developing countries as compared to the use of fossil fuel in some developed countries. In Indonesia, for example, beside kerosene and gas most rural household and to some extend some of the urban households are still using fire wood or agricultural wastes for cooking. In Indonesia the energy consumption for cooking in the rural household is estimated at 0.88 m3 of fuel wood /head/year or equivalent to about 17.7 MJ/person/day. (Kamaruddin, 1988). Stove efficiency used for cooking is still low from the traditional three stone with 5% efficiency to a refined wood stove such as the two pot un-insulated metal wood stove with efficiency of 27.9% (Baldwin, 1987).

	Biomass
	Main region
	Production

[million t/year]
	Technical energy potential
[million GJ/year]
	Remarks

	Rubber wood
	Sumatera, Kalimantan, Java

	41
(replanting)
	120
	small logs ( <10 cm

big and medium logs are used as fire wood in brick and roof tile industry: price 20,000 – 30,000 IDR/m³

	Logging residues
	Sumatera, Kalimantan
	4.5
	19
	

	Sawn timber residues
	Sumatera, Kalimantan
	1.3
	13
	Residues of the factories are often used as fire wood by local communities, residues available for free

	Plywood and veneer production residues
	Kalimantan, Sumatera, Java, Irian Jaya, Maluku
	1.5
	16
	Residues are generally used, yet

	Sugar residues
	Java, Sumatera, South Kalimantan
	Bagasse: 10

cane tops: 4

cane leaves: 9.6
	78
	Bagasse is generally used in sugar factories (90 %)

The use of cane tops and leaves needs to be investigated

	Rice residues
	Java, Sumatera, Sulawesi, Kalimantan, Bali/Nusa Tenggara
	Husk: 12

bran 2.5

stalk: 2

straw: 49


	150
	Stalk and straw are generated at the field and generally burnt, in some areas used for feeding or raw material for paper industry

Husks often burnt uncontrolled

	Coconut residues
	Sumatera, Java, Sulawesi
	Shell: 0.4

husk: 0.7
	7
	Residues are generated decentralised and usually left on the plantation field

Largely used as fire wood and for the production of charcoal

	Palm oil residues
	Sumatera

new areas: Kalimantan, Sulawesi, Maluku, Nusa Tenggara, Irian Jaya
	Empty fruit bunches: 3.4

Fibres: 3.6

palm shells: 1.2
	67


	Palm shells and fibres are common fuel sources, EFB are generally incinerated


Table 2: Major Biomass Residues Potential as Energy Sources.

Source: ZREU, CGI 2000.

A simple stoves can be made using used oil barrel with saw dust as fuel. Such stove has about 16% thermal efficiency, can be as cooking stove as main or auxiliary heating component for process heat in small processing unit (Kamaruddin, 2000) and in various agro-based industries. Such technology is also being used to dry sawn coconut wood in wooden house industry in Manado, North Sulawesi

Table 3: Power consumption for cooking.

	Country
	Fuel
	W/cap

	Brazil
	LPG
	55

	Brazil
	Wood
	435

	Canada
	Gas
	70

	Cameroon
	Wood
	435

	France
	Gas
	55

	West Germany
	Gas
	30

	Guatemala
	Propane
	50

	Guatemala
	Wood
	425

	India
	Kerosene
	50

	India
	Wood
	260

	Italy
	Gas
	55

	Japan
	Gas
	25

	Sweden
	Gas/kerosene
	40

	Tanzania
	Wood
	590

	USA
	Gas
	90


Source: Prasad 1982,Williams,1985

Table 4: Fuel wood consumption in Kenya by large industry. 

	Industry
	W/cap

	Tea (average)
	8.9

	Tobacco
	2.5

	Sugar
	1.6

	Wood Processing
	9.5

	Wattle
	1.3

	Clay, Brick
	1.0

	Baking
	9.5

	Total
	34.3


Source: O’Keefe,et al, 1984

Biomass energy can be also converted to produce electricity and ,mechanical energy, which are necessary to support our daily activities at home, office or industries. For example, as shown in Table 5, a saw mill with 1000 – 3000 m3/y capacity can produce 40- 100kWe using CHP (combined heat and power) technology, while a sugar mill with 1000- 4000 TCD (total cane/day) can produce 3-10 MWe. Boilers working with a pressure up to 15 bar are mostly used to generate process steam e.g. for cane cooking in the sugar industry and to produce mechanical energy utilising steam engines. These types of boilers represent around 66 % of the total boilers installed at sugar mills. Boilers operating above 15 bar are mostly combined with large steam turbines for electricity generation. Despite of the huge potential of biomass energy in Indonesia its utilization in Indonesia is limited to large sugar and palm oil plantation. 

From the 15 applicants for demonstration project for renewable energy six proposals had been preliminary selected by the task force team for further study on their feasibility either for commercial use or for community development program.  The selected proposals for commercialization purposes comprise of three power generations using rice hull and oil palm wastes, one micro-hydro power generations and one proposal in the form of PV modules for solar home system. One selected proposal was aimed for community development by integrating solar, biomass and wind energy to power small scale processing unit of various agricultural and marine products in the rural areas. The power generation using rice hull gasifier to Riau province was proposed by BPPT and local industry and is capable to produce 18 kW electricity from a 25 KAV unit and sold at Rp. Rp406.45/kWh (or about US$ 0.051/kWh),. The quoted tariff is a little higher that the targeted purchasing price of PLN under the newly enacted Small Distributed Power Generation program (improvement of the old PSKSKSM)  by the Ministry of Energy and Mineral Resources. Since the production cost of the proposed unit is still higher than the basic selling price (HPP) of electricity from the national grid, the government are requested to make further improvement in import duty and taxation scheme of some important components of the unit Technically, however, a gasifier with capacity up to 100 kVA while co-generation systems as shown in Table 5 is capable to produce much higher capacity in order to reduce the production cost. 

The proposed projects were meant to help in supplying electricity to the remote community, however, many commercial biomass power generations are already being used in sugar and palm oil plantations.

Table 5: Potential for biomass technologies in rural industry.

	
	Mill size
	Capacity of CHP technology
	Biomass potential for power generation

	1. Saw mills
	1000-3000 m3/y
	40-100 kWe
	0.6 m3 wood waste/m3 sawn timber

~ 130 kWh/m3 sawn timber

	2. Ply wood mills
	40 000-120 000 m3/y
	1.5 – 3 MWe
	0.8 m3 wood waste/m3 plywood

~ 200kWh/m3 plywood

	3. Sugar mills
	1000- 4000 TCD
	3-10 MWe
	0.3 t bagasse/t sugarcane

~ 100 kWh/t sugar cane

	4. Rice mills 
	< 0.7 t/h

>0.7 t/h
	30-70 kWe

100-300 kWe
	280 kg husk/t paddy

~ 120 kWh/t paddy

	5. Palm oil mills
	20- 60 t FFB/h
	2-6 MWe
	0.2 t EFB/t FFB

0.2 t fibre/t FFB

70 kg shells/t FFB

~160 kWh/t FFB



Note: TCD= tones of Cane per day; FFB= Full Fruit Bunches; EFB= Empty Fruit Bunches.


Source:ZREU (2000)

Fig. 2 below shows market potential for power generation and process heat using biomass energy (ZREU, 2000)
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Figure 2: Potential market for biomass power generation (ZREU, 2000)

The proposal for community development was proposed by CREATA-LP-IPB, and was aimed to supply energy for Small Agro-processing Unit to process various high value crops such as coffee, cocoa, cloves, timber, food crops such rough rice, maize, fruits and vegetable as well as marine products. In this proposal simple biomass stove is used as auxiliary heating unit to enable the unit to operate continuously day and night and during bad weather conditions. Although the project was found very potential to generate income for the rural people, however, this project has faced difficulties in accessing micro-credits for working capital beside of the fact, the government has already creating source of funds to create micro-credits collected from the state owned company, oil subsidy, etc.

In addition to what had been discussed above, serious R/D efforts on biomass energy utilization in fact had been going on in Indonesia since long time ago. Ethanol production from cassava starch was started in 1987 in Lampung with production capacity of 8,000 liters/day and 12,000 liters/day. Other attempts using other source of biomass such as sago starch which also found in abundance in Indonesia, however, including the ethanol factory, have been terminated due to inability to compete with the subsidized fuel price.

Recently, R/D activities for ethanol production is beginning to take place. The Research Center on Materials and Energy of ITB, Bandung, estimated that the gasoline demand in 2005 would reach 9 million kilo liters. The Center study had estimated that in order to meet the demand, 136 units bio-ethanol plant with 5,000 kilo liters/year will become necessary, which consequently will reduce the yearly greenhouse gas emission by 3.35 million tons of CO2.

Indonesia is one of the world producer of palm oil together with Malaysia. In order to make use of this potential resource as another fuel alternative, a group for bio-diesel experts has also been formed within the task force team of the Ministry of Energy and Mineral Resources as mentioned previously. At present the cost of production is still high and one alternative is to blend it with automotive diesel oil (ADO) or industrial diesel oil (IDO). The merit of using bio-diesel is that \when burned the exhaust gas emiited  78% less carbon dioxide (CO2) than conventional diesel fuel.  Bio-diesel also reduces small lung-burning particulates endemic to diesel exhaust by 68%. It reduces sulfur dioxide (SO2) by 100%, polycyclic aromatic hydrocarbons (potential cancer causing compounds) by 75%, carbon monoxide (CO) by 50%, and hydrocarbons (HC) by 37% over various engine families 

In response to the increasing need for oil substitute, particularly for the transportation sector which consumes the biggest amount of energy in the country, recently the government of Indonesia had the Agency for Assessment and Application of Technology (BPPT) to build a mini bio-diesel plant with bio-diesel production capacity of 1000 tons/year. The detailed engineering design is underway and will be ready by May 2002. Total investment for the proposed plant is estimated to cost about 200,000 USD. (Budiono, 2002).
Other potential source of biomass energy can also come from organic municipal wastes. The quantity of city or municipal wastes in Indonesia as shown in Table 6 is comparable with other big cities of the world. A study by the Ministry of Public works (1999) indicated that the quantity of daily wastes produced by each inhabitants of Indonesian metropolitan cities varied between 0.458 in Semarang with total population of 1..262 million people to 3.5 kg wastes /(inhabitant.day)  for Jakarta with total population of about  8.9 million. As shown in Fig.3 and 4  and Table 6 most of these wastes are originated from household in the form of organic wastes from the kitchen. Similar trend is also happened in small, medium size and big cities of Indonesia (Fig.3). As shown in Fig.5, the amount of daily wastes production is increasing each year, while the capacity of handling is almost unchanged resulting in increasing accumulation of wastes remaining in the household sector. If the problem can be solved immediately, the living environment in the cities may become unbearable.

At present the wastes are either burned at each household or collected by the municipalities and later to be dumped into a designated dumping ground or landfill. Although the government is providing facilities to collect and clean all these wastes, however, due to the increasing number of populations coupled with inadequate number of waste treatment facilities in addition to inadequate amount of allocated budget for waste management, most of big cities in Indonesia had been suffering from the increasing problem of waste disposals.

Some efforts had been tried to transform organic wastes into composts, which later can be used as fertilizer. Putting the wastes into the incinerators may cause pollution since some of the composition may emit toxins during the combustion processes. With better design, preparation and management of the final dumping ground, landfill gas can be produced and used effectively as alternative energy sources.

Table 6: Comparison of waste generation per inhabitant for some cities of the world.

	PRIVATE
Cities
	Kg waste

/inhab.day

	Sao Paulo*
	0.96

	Washington*
	3.414

	Bangkok*
	0.88

	Quito*
	0.77

	Abidjan*
	0.5478

	Indonesian cities**:
	

	1.Medan
	0.5

	2.Palembang
	0.69

	3.Jakarta (avg.)
	1 to 3.5

	4. Bandung
	0.967

	5. Semarang
	0.458

	6. Surabaya
	0.82

	7. Ujung Pandang
	0.898


                    

 *).WRI, 1996

**). Ministry of Public Works of Indonesia, 1999.
	
	Table 7: Composition of garbage in Metropolitan cities (in percentage)



	Composition
	Medan
	Palembang
	Bandung
	Semarang
	Surabaya
	Jakarta
	U.Pandang

	Papers
	17.5
	18.8
	10.4
	12.28
	12.45
	10.11
	14.15

	Wood/bamboo
	0
	-
	0
	25.74
	-
	3.12
	1.15

	Kitchen wastes
	48.2
	75.2
	63.6
	34.12
	71.85
	65.05
	65.84

	textile
	0
	0.3
	1.8
	1.56
	1.94
	2.45
	1.22

	Rubber/leather
	2.3
	0.5
	4.1
	1.08
	0.54
	0.55
	0.36

	Plastics
	13.5
	3.3
	5.6
	13.5
	7.6
	11.08
	6.19

	Metal
	3.5
	0.8
	0.9
	1.82
	0.9
	1.9
	1.89

	Sand, ceramic, dusts
	-
	-
	-
	0.49
	-
	-
	1.28

	Glass
	2.3
	0.4
	1.5
	1.74
	0.9
	1.63
	2.33

	Others
	12.7
	0.6
	12.1
	7.64
	3.82
	4.11
	5.6


Source:Ministry of Public Works of Indonesia, 1999.
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Figure 3: Origin of wastes in Surabaya city
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Figure 4:Composition of wastes in small, medium, big and metropolitan cities of Indonesia
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Figure 4: Total daily waste production from the city of Jakarta (Wakabayashi, 2001)

5. SUPPLY-DEMAND ANALYSIS

Fig.5 shows a result of how different primary energy sources are being utilized to meet the demand from different  end uses (DGEEU, 1981). It shows also possible cross substitution among energy sources as well as the respective efficiencies through different pathways and conversion devices. Such picture of energy utilization will change according to the change in economic growth of a country. Therefore, by issuing such picture on regular basis, one can determine the optimum strategy to determine the best energy mix for the country, particularly in increasing the role of renewable energy such as the biomass energy. 
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6. CONCLUSIONS

1. Indonesia’s potential biomass is estimated to reach 46.7 million tons of biomass per year, equivalent to about 470 GJ/y.

2. Biomass use covers a wide area from household cooking, rural electrification, fertilizer (municipal wastes, composting, etc.), process heat in small industries in the rural area and fuel for cogen facilities in oil palm and sugar plantation.

3. New government policy and regulation on “green energy insight” and being implemented in the form of distributed power generation program may provide a greater opportunity for biomass energy to play role in helping the utility to provide power for the country.

REFERENCES

Agus Salim, D., 2000. Cadangan energi, kebutuhan energi, dan teknologi masa depan. (Energy reserve, energy demand and future technology). One day Workshop on Environmentally Friendly Technology for the Future., Jakarta. March.

Agustinah, S.E., 1998. Biomass demand form small scale and home industry in West Java. Proc. National Workshop on Recent Development of Biomass Development in Indonesia, Directorate General of Electric Power and New Energy and UNESCO, Jakarta, February.

Baldwin, F.S., 1987. Biomass stoves: Engineering Design, Development, and Dissemination, Center for Energy and Environmental Studies, Princeton University, Princeton, New Jersey 08544, USA.

Budiono, C. 2002. PREGA meeting materials. The Directorate General of Electricity and Energy Utilization, Ministry of Energy and Mineral Resources of the Republic of Indonesia.

Dana Mitra Lingkungan, 2001. A Report on Market Research as a Phase –1 Study on the Potentials of Small-scale Compost Production in the Area of Greater Jakarta (Jabotabek). Purchased order No. 1147-005-44. The International Resources Group, Ltd./The United States-Asia Environmental Partnership (IRG/US-AEP).

Directorate General of Electricity and Energy Utilization, (DGEEU),2001. Indonesia Energy Statistics. 

Directorate General for Power and Energy/ Development International,1981. Energy Planning for Development in Indonesia. USAID Project No. AID/ASIA-C-1460.

Foell, MWK., 1981. “The Wisconsin-IIASA Set of Energy/Environment Model (WISE) for regional Planning and Management: An Overview”. IIASA, Laxenburg, Austria.

Maryam Ayuni, 2000. Bahasan Tentang Keadaan Ke-energian Indonesia Dalam Satu Dasawarsa Mendatang. (Review on Indonesian Energy Outlook in the Coming Decade). Paper presented in a One day Seminar organized  by the Indonesian National Committee-World Energy Council (WEC).

Kamaruddin A., 2000. Establishment of small-scale Product Processing Unit utilizing environmentally friendly renewable energy and local resources. Japanese ODA grassroots Project Final Report. CREATA-LP-IPB, Bogor, Indonesia.

Kamaruddin A. 1998. Greenhouse Effect Solar Dryer for Coffee and Cocoa beans. Final Report. University Research for Graduate Education. Contract No.032/HTPP- II/URGE/1996. Directorate General of Higher Education, Indonesia

Kamaruddin A., 2000.  Energy Demand for Rural Development. Proceedings, International Congress and Symposium on South East Asian Agricultural Sciences. ISSAAS, pp. 353-361.

Kamaruddin A., 1997. Prospects of the Utilization of Renewable Energy Sources for Cool Storage of Tropical Fruits. Journal of. the International Society of Southeast Asian Agricultural Sciences , Vol. 3, No.1-2.

Kamaruddin A.,1998. Availability of biomass as energy resources. Proc.National Workshop on Recent Development of Biomas Development in Indonesia, Directorate General of Electric Power and New Energy and Unesco, Jakarta, February.
Kamaruddin A., 1991. Estimation of forest area change. World Resources Review, Vol.2, No.4.

Manurung, R.1994. Design and modelling of a novel continuous open core downdraft rice husk gasifier. Doctoral Dissertation, Rijkuniversiteit Groningen, the Netherlands.

Ministry of Public Works, 1999. Laporan Data Persampahan di Beberapa Kota di Indonesia, ( Report on Data of wastes from several cities in Indonesia), a Project conducted in Cooperation with JICA.

Notodisuryo, E.U. and Kosasih, A., 1998. Fuel wood supply and demand in the province of West Java. Proc.National Workshop on Recent Development of Biomass Development in Indonesia, Directorate General of Electric Power and New Energy and Unesco, Jakarta, February.
O’Keefe,et al, 1984. in Stout,B.A. ed. Handbook of Energy for World Agriculture, FAO, Elsevier Applied Sciences, London and NewYork 1990.
Prasad, K.K 1982. Cooking Energy, Workshop on End-use Global Energy Strategy, Princeton University, Princeton, New Jersey, April 21-29.
RENSTRA EBT, 2000. Strategic Plan for New and Renewable Energy. Draft report. Directorate of Electricity and Energy Utilization, Ministry of Energy and Mineral Resources of Indonesia.

RIPEBAT, 1997. Master plan of new and renewable energy Report. Directorate of Electricity and Energy Utilization, Ministry of Energy and Mineral Resources of Indonesia.

Survey Report, 1989.Potentiality of biomass wastes in Indonesia as energy resources, 1980-1986. (In Indonesian Langage). Energy Publication Series No.1. Energy Research Center, ITB. Bandung, Indonesia.
Suprapto, S, Basyuni,Y. And Suratno, 1997. Low pressure biocoal making using South Kalimantan Coal.( In Indonesian language). Proc. 5th Energy Seminar, Jakarta.

Sumaryono, Basyuni, Y. Sutrisno,W.and Koswara,T.,1997. Brick making teknology using coal or biocoal. Proc. 5th Energy Seminar, Jakarta.

Sumarsono,M. And M.Silaban, 1997. Economic and environmental impact analysis of the development of solar timber drying factory in Indonesia. Int. Conf. On Fluid and Thermal Energy Conversion’97. Yogyakarta, July.

Tasyrief, M. 1998. Strategi Jangka Panjang Peningkatan Ketahanan Fundamental Perekonomian Indonesia. (Long Range Strategy to Enhance Fundamental Economic Resilience for Indonesia). Journal of Development Studies, the Graduate Program ITB. Indonesia, Vol..1., No.2, pp. 7-13.

Williams, R.H.,1985. A Low Energy Future For the Unites States. Center for Energy and Environmental Studies, Report No. 186, Princeton University, New Jersey, USA.

ZREU (Zentrum fur rationell Energieanwendung und Umwelt GmbH), 2000. Biomass in Indonesia-Business Guide. 

Wakabayashi, S., 2001. Landfill information control system, JICA. Expert Report to the Ministry of Public Work, Republic of Indonesia.

� EMBED Excel.Sheet.8  ���






















































































PAGE  
10

[image: image7.wmf]RE Source

Installed

Potential (MWe)

% 

Capacity*) MWe

Utilization

Geothermal

589

19650

3.00

Micro-hydro

21

458.75

4.58

Solar/PV

5

156487

3.20E-03

Wind

0.5

9286

5.38E-03

Biomass

178

49807

0.36

Biogas

10

684.83

1.46

Total

803.5

236373.58

0.34

_1085492566.xls
Chart1

		Household (m3/d)		Household (m3/d)

		Market (m3/d)		Market (m3/d)

		Hotel, shops (m3/d)		Hotel, shops (m3/d)

		Industry (m3/d)		Industry (m3/d)

		Office (m3/d)		Office (m3/d)

		Road  (m3/d)		Road  (m3/d)

		Drainage Canal (m3/d)		Drainage Canal (m3/d)

		Public facility (m3/d)		Public facility (m3/d)



Surabaya city (1998)

6627

79.19

713

8.52

221

2.64

574

6.86

116

1.39

52

0.61

14

0.17

51

0.61



bigcity

		

						Table 2.Composition of garbage in Metropolitan cities (in percentage)

				Composition		Medan		Palembang		Bandung		Semarang		Surabaya		Jakarta		U.Pandang

				Papers		17.5		18.8		10.4		12.28		12.45		10.11		14.15

				Wood/bamboo		0		-		0		25.74		-		3.12		1.15

				Kitchen wastes		48.2		75.2		63.6		34.12		71.85		65.05		65.84

				textile		0		0.3		1.8		1.56		1.94		2.45		1.22

				Rubber/leather		2.3		0.5		4.1		1.08		0.54		0.55		0.36

				Plastics		13.5		3.3		5.6		13.5		7.6		11.08		6.19

				Metal		3.5		0.8		0.9		1.82		0.9		1.9		1.89

				Sand, ceramic, dusts		-		-		-		0.49		-		-		1.28

				Glass		2.3		0.4		1.5		1.74		0.9		1.63		2.33

				Others		12.7		0.6		12.1		7.64		3.82		4.11		5.6

		Composition of combustibles

		Composition		Metropolitan		Big City		Medium size city				Small city		Small		Medium		Big		Metropolitan

		Paper		13.67		7.93		9.99				13.43		14.2902745265		10.763926301		8.6261285761		14.3682993483

		Woods, bamboo		11.86		2.11		1.75				3.1		3.2985741647		1.8855726754		2.2952246274		12.465839815

		Kitchen wastes		58.06		70.15		66.74				64		68.0995956587		71.9103544877		76.3080604808		61.0258566323

		textile		1.55		1.23		1.64				1.4		1.489678655		1.7670509643		1.3379745459		1.6291780534

		Rubber/leather		1.32		1.51		2.04				1		1.0640561822		2.1980390044		1.6425541173		1.3874290519

		Plastics		8.68		9		10.65				11.05		11.7578208129		11.4750565672		9.7900576526		9.123397099

				95.14		91.93		92.81				93.98		100
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				Table 3. Composition of household wastes in some cities in Indonesia

				Total/City		U.Pandang		Palembang		Semarang		Malang		Average

				Total daily (m3)		1898		1519		2811		2240		2117

				Composition		(%)		(%)		(%)		(%)		(%)

				Papers		7.74		3.33		12.62		16.67		10.09

				Wood/bamboo		1.25		6.67		27.62		1.67		9.3025

				Kitchen wastes		73.02		33.33		33.74		1.67		35.44

				textile		1.41		1.33		1.88		1.67		1.5725

				Rubber/leather		0.4		0.67		1.02		3.33		1.355

				Plastics		6.72		6.67		15.6		66.67		23.915

				Metal		2.35		33.33		2.1		1.67		9.8625

				Sand, ceramic, dusts		1.65		6		0.53		1.67		2.4625

				Glass		2.68		8		2.1		1.67		3.6125

				Others		2.77		0		2.88		3.33		2.245

				Source: Ministry of Public Works, Indonesia, 1999.

		Table 4. Origin of city wastes in Surabaya

		Source		Quantity (m3)		%-tage

		Houshold		6627		79.19

		Market		713		8.52

		Shops,Hotels		221		2.64

		Offices		116		1.39

		Industry		574		6.86

		Public facilities		51		0.61

		Road		52		0.62

		Drainage canal		14		0.17

		Total		8368		100
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		Table 3. Total daily waste production of Jakarta city (1993-1999)

				in 1000 m3

		Year		Daily production		Transported daily		Untransported Waste

		1993		24.023		19.9		4.08

		1994		25.7		21.8		3.9

		1995		25.8		21.9		3.95

		1996		27.6		22		5.61

		1997		29.6		22.5		7.06

		1998		28.2		21.9		6.28

		Distribution of origin of wastes (1998)

		City		Household (m3/d)		Market (m3/d)		Hotel, shops (m3/d)		Industry (m3/d)		Office (m3/d)		Road  (m3/d)		Drainage Canal (m3/d)		Public facility (m3/d)

		Surabaya		6627		713		221		574		116		52		14		51

				79.19		8.52		2.64		6.86		1.39		0.61		0.17		0.61

		Ujung Pandang
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		Indonesian Oil Production (Hubbert curve),Foell,1983

		t		Q1=30 billion		Q2=40 billion		Data

		0		0.0103791286		0.0107762327

		1960		0.1506460369		0.1476072066		0.15

		1965		0.2242047949		0.2205782452		0.178

		1970		0.3221985368		0.3214631556		0.314

		1975		0.44038165		0.451730175		0.479

		1980		0.5622252146		0.6032210772		0.577

		1985		0.6581816824		0.7526963463		0.4899

		1990		0.6964187373		0.8633010335		0.533

		1995		0.6622168889		0.89919361		0.551

		2000		0.5687962996		0.8472187493		0.54

		2005		0.4475454608		0.7261860403

		2010		0.328563525		0.5738027437

		Data:

		Q(t)= Q30/(1+aexp (-b(t-t30))

		dz/dt=-ab exp(-b(t-1930); dQ/dz=q30*(-z^-2)

		z=1+a*exp(-b (t-t30))

		Ln a=		5.58502844				5.34146005

		a=		266.4078592712				208.817371628						0.0132

		dQ/ dt= Q30 (-z^-2)*(-abexp(-b*(t-t30))												0.178

		b=		0.09286				0.099602

						30 billion		20 billion

		Year		z		dQ/dt(30-bbbl)		dQ/dt(20 bbbl)		Q(cons.)-DJLPE2001		Q(cons.5% eff/cons)

		1980		3.5651794572		0.562218195		0.3374140779		0.12

		1982		3.1303971974		0.6056359185		0.3586029843		0.138

		1984		2.7693078767		0.6427037932		0.3754543252		0.134

		1986		2.4694209917		0.671283392		0.386897679		0.134

		1988		2.2203631032		0.6895900698		0.3921255979		0.149

		1990		2.0135190064		0.6964186045		0.3907046075		0.178				0.178

		1992		1.8417337215		0.6913070412		0.3826424264		0.205				0.2044

		1994		1.6990649938		0.6746018143		0.3683949087		0.233				0.2308

		1996		1.5805777445		0.6474087919		0.348809802		0.269				0.2572

		1998		1.4821733607		0.611441821		0.3250193377		0.28				0.2836

		2000		1.4004479194		0.5688032251		0.298304692		0.31		0.2635		0.31

		2002		1.3325744414		0.5217420566		0.2699590264		0.3364		0.28594

		2004		1.2762051037		0.4724334928		0.2411718749		0.3628		0.30838

		2006		1.2293900246		0.422809846		0.212948726		0.3892		0.33082

		2008		1.1905098157		0.3744564622		0.1860695284		0.4156		0.35326

		2010		1.1582195648		0.3285703164		0.1610817081		0.442		0.3757

		2012		1.1314023144		0.2859689119		0.1383186356

		2014		1.1091304242		0.2471328857		0.1179332826

		2016		1.0906334834		0.2122662525		0.0999380273

		2018		1.0752716612		0.1813614731		0.0842439706

		2020		1.0625135741		0.1542606971		0.0706957093

		2022		1.0519179049		0.1307083697		0.0590996811

		2024		1.0431181369		0.1103933539		0.0492457369

		2026		1.0358098759		0.0929806666		0.0409225173

		2028		1.0297403205		0.0781340151		0.0339276517

		2030		1.0246995177		0.065530781		0.0280739147

		2032		1.0205131003		0.0548711508		0.023192399

		2034		1.017036255		0.0458829356		0.0191336037

		2036		1.0141487138		0.0383233624		0.0157671485

		2038		1.0117505931		0.031978846		0.0129806462

		2. Pertumbuhan konsumsi energi non-ET (%/th):  (1995-1998)										3.967
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		RE Source		Installed		Potential (MWe)		%

				Capacity*) MWe				Utilization

		Geothermal		589		19650		3.00

		Micro-hydro		21		458.75		4.58

		Solar/PV		5		156487		3.20E-03

		Wind		0.5		9286		5.38E-03

		Biomass		178		49807		0.36

		Biogas		10		684.83		1.46

		Total		803.5		236373.58		0.34
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bigcity

		Medan						Palembang		Bandung		Semarang		Surabaya		Jakarta

		Composition of garbage				%-tage

		Papers				17.5		18.8		10.4		12.28		12.45		10.11

		Wood/bamboo				0		-		0		25.74		-		3.12

		Kitchen wastes				48.2		75.2		63.6		34.12		71.85		65.052.45

		textile				0		0.3		1.8		1.56		1.94		0.55

		Rubber/leather				2.3		0.5		4.1		1.08		0.54		11.08

		Plastics				13.5		3.3		5.6		13.5		7.6		1.9

		Metal				3.5		0.8		0.9		1.82		0.9		-

		Sand, ceramic, dusts				-		-		-		0.49		-		1.63

		Glass				2.3		0.4		1.5		1.74		0.9		-

		Others				12.7		0.6		12.1		7.64		3.82		4.11

						100

		Composition of combustibles

		Composition		Metropolitan		Big City		Medium size city				Small city		Small		Medium		Big		Metropolitan

		Paper		13.67		7.93		9.99				13.43		14.2902745265		10.763926301		8.6261285761		14.3682993483

		Woods, bamboo		11.86		2.11		1.75				3.1		3.2985741647		1.8855726754		2.2952246274		12.465839815

		Kitchen wastes		58.06		70.15		66.74				64		68.0995956587		71.9103544877		76.3080604808		61.0258566323

		textile		1.55		1.23		1.64				1.4		1.489678655		1.7670509643		1.3379745459		1.6291780534

		Rubber/leather		1.32		1.51		2.04				1		1.0640561822		2.1980390044		1.6425541173		1.3874290519

		Plastics		8.68		9		10.65				11.05		11.7578208129		11.4750565672		9.7900576526		9.123397099
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						Table 2.Composition of garbage in Metropolitan cities (in percentage)

				Composition		Medan		Palembang		Bandung		Semarang		Surabaya		Jakarta		U.Pandang

				Papers		17.5		18.8		10.4		12.28		12.45		10.11		14.15

				Wood/bamboo		0		-		0		25.74		-		3.12		1.15

				Kitchen wastes		48.2		75.2		63.6		34.12		71.85		65.05		65.84

				textile		0		0.3		1.8		1.56		1.94		2.45		1.22

				Rubber/leather		2.3		0.5		4.1		1.08		0.54		0.55		0.36

				Plastics		13.5		3.3		5.6		13.5		7.6		11.08		6.19

				Metal		3.5		0.8		0.9		1.82		0.9		1.9		1.89

				Sand, ceramic, dusts		-		-		-		0.49		-		-		1.28

				Glass		2.3		0.4		1.5		1.74		0.9		1.63		2.33

				Others		12.7		0.6		12.1		7.64		3.82		4.11		5.6

		Composition of combustibles

		Composition		Metropolitan		Big City		Medium size city				Small city		Small		Medium		Big		Metropolitan

		Paper		13.67		7.93		9.99				13.43		14.2902745265		10.763926301		8.6261285761		14.3682993483

		Woods, bamboo		11.86		2.11		1.75				3.1		3.2985741647		1.8855726754		2.2952246274		12.465839815

		Kitchen wastes		58.06		70.15		66.74				64		68.0995956587		71.9103544877		76.3080604808		61.0258566323

		textile		1.55		1.23		1.64				1.4		1.489678655		1.7670509643		1.3379745459		1.6291780534

		Rubber/leather		1.32		1.51		2.04				1		1.0640561822		2.1980390044		1.6425541173		1.3874290519

		Plastics		8.68		9		10.65				11.05		11.7578208129		11.4750565672		9.7900576526		9.123397099

				95.14		91.93		92.81				93.98		100
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				Table 3. Composition of household wastes in some cities in Indonesia

				Total/City		U.Pandang		Palembang		Semarang		Malang		Average

				Total daily (m3)		1898		1519		2811		2240		2117

				Composition		(%)		(%)		(%)		(%)		(%)

				Papers		7.74		3.33		12.62		16.67		10.09

				Wood/bamboo		1.25		6.67		27.62		1.67		9.3025

				Kitchen wastes		73.02		33.33		33.74		1.67		35.44

				textile		1.41		1.33		1.88		1.67		1.5725

				Rubber/leather		0.4		0.67		1.02		3.33		1.355

				Plastics		6.72		6.67		15.6		66.67		23.915

				Metal		2.35		33.33		2.1		1.67		9.8625

				Sand, ceramic, dusts		1.65		6		0.53		1.67		2.4625

				Glass		2.68		8		2.1		1.67		3.6125

				Others		2.77		0		2.88		3.33		2.245

				Source: Ministry of Public Works, Indonesia, 1999.

		Table 4. Origin of city wastes in Surabaya

		Source		Quantity (m3)		%-tage

		Houshold		6627		79.19

		Market		713		8.52

		Shops,Hotels		221		2.64

		Offices		116		1.39

		Industry		574		6.86

		Public facilities		51		0.61

		Road		52		0.62

		Drainage canal		14		0.17

		Total		8368		100
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		Table 3. Total daily waste production of Jakarta city (1993-1999)

				in 1000 m3

		Year		Daily production		Transported daily		Untransported Waste

		1993		24.023		19.9		4.08

		1994		25.7		21.8		3.9

		1995		25.8		21.9		3.95

		1996		27.6		22		5.61

		1997		29.6		22.5		7.06

		1998		28.2		21.9		6.28
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