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FOREWORD 

 

As a country that is not included in Annex I of the United Nations Framework Convention on Climate 
Change (UNFCCC), Indonesia is committed to the full implementation of the Convention based on the 
common but differentiated responsibilities principle. In order to demonstrate this responsibility Indonesia, as 
a developing country, commits to undertake qualitative policies and measures that lead to the ultimate 
objective of the Convention, which is to stabilize concentration of GHGs at the safe level. 

The National Communication reported to the UNFCCC in 1998 was one of the commitments followed by the 
currently reported activity dealing with exploring the possibility of implementation less GHGs emission 
technologies in various development sectors.  It is expected that developing countries such as Indonesia 
could eventually adopt new technologies available internationally that fit to Indonesia’s condition while 
promoting efficient indigenous technologies. This study reports that there are a number of less GHGs 
emission technologies already available internationally, however little is known regarding the potential 
adopting such technologies domestically. This study also attempts to examine appropriate technologies to 
mitigate GHGs emission from environment, economic and social perspectives.  

On behalf of the Government of Indonesia I would like to welcome and endorse this report to wider 
audience.  Feedback and comments will definitely be appreciated in order to prepare necessary rules and 
regulations to facilitate technology transfer and modalities to acquire and adopt new technologies that emit 
less GHGs, cost-effective, and yet perform a similar if not better productivity.  Such regulatory measure is 
expected to further develop social capital in the form of healthy public participation.  To this end, 
institutionalising the transfer mechanisms would be another challenge. 

Let me take this opportunity to extend my sincere gratitude and thanks to authors, reviewers, contributors 
and editors of this report, who have made the publication possible.  Their effort alone has indicated the initial 
participation among stakeholders.  

 

Jakarta, December 2001 

 

Daniel Murdiyarso 
Deputy Minister for Environmental Management Policy/ 
National Focal Point to the UNFCCC 
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SUMMARY FOR POLICY MAKERS 
 
The project entitled “Indonesia: Climate Change Enabling Activity Phase II” carried out by the Ministry of 
Environment of the Republic of Indonesia, was supported by the Global Environment Facility and the United 
Nations Development Program. The immediate objective of the project is to enable Indonesia to identify 
national technology needs; capacity building to asses international technology availability; and modalities to 
acquire and absorb the appropriate technology. 

As a country that is not included in Annex I of the United Nations Framework Convention on Climate 
Change (UNFCCC), Indonesia is committed to the full implementation according to the common but 
differentiated responsibilities principle.  Indonesia also observes that under Article 4.5 of the UNFCCC, 
Annex I Parties shall support the development and enhancement of endogenous capacities and 
technologies of developing countries as well as assist in facilitating the transfer of technologies. 

This particularly important because Indonesia is among the countries that will be significantly affected from 
accelerated global climatic change. Food security will be the most vulnerable to climate change. Public 
health problems sea level rise, and other impacts will bring similarly devastating effects to Indonesia. 
Droughts and floods that will accompany climate change will bring devastating impacts on agriculture sector, 
with food production being the most susceptible one.  Public health, and other impacts related to sea level 
rise would extensively affect archipelagic state like Indonesia. 

The Kyoto Protocol, if fully ratified and enter into force, will commit all Annex I Countries to reduce their total 
greenhouse gases emission by roughly 5 per cent of their 1990 levels during 2008 – 2012. The protocol will 
also commit the developing countries, including Indonesia to undertake policies and measures that lead to 
the ultimate objective of the Convention, which is to stabilize the concentration of greenhouse gases at save 
level. 

In the meantime, there are a number of mitigation options that Indonesia can potentially undertake 
voluntarily. It is obvious that Indonesia alone can do very little to halt climate change. While Indonesia is 
considered a big emitter, it only accounts for less than 2 per cent of global total emission of CO2. In contrast, 
the United States of America accounts for roughly one-quarter of global total emission. To put this in 
perspective, it would require 7 average Indonesian to emit the same amount of one average Americans. If 
only emission from energy was taken into account, it would require 32 average Indonesians to emit the 
same amount of an average Americans. The difference of emission level, economic capacity to adapt and 
mitigate and in cause of emission and victims of global warming render the division of responsibility to be 
negotiated among countries. 

Climate change is caused by inducing GHGs anthropogenically emitted by energy and non-energy activities. 
According to the Indonesian National Communication in 1994, energy sector contributed 25 per cent  carbon 
dioxide (CO2) emission, 40 per cent methane (CH4), and 9 per cent of nitrous oxide (N2O). The rest of the 
emission were generated by the non-energy sector. These gases are considered as the main GHGs. In 
principle GHGs emission are determine by the emission intensity of the economy as formulated in the 
equation below: 
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  E = PAT,  
where E = emission;    
 P = number of population; 

A = affluence or GDP/capita; 
T = technology, emission intensity of the economic activities (emission/GDP 

Technology transfer is intended to reduce the emission intensity of the economc activities, which is 
determined by the emission generated per  unit of economy output. Table 1 shows the relation between 
population, Gross Domestic Product (GDP) and carbon dioxide emission equivalent.  

During 1990 – 1994, the population, GDP and GDP per capita increased annually by 1.58 per cent, 10.5 per 
cent, and 8.69 per cent, respectively. Following this pattern, the emission intensity also increased in the first 
year but decreased significantly in the subsequent two years. 

Table 1. Relationship between population growth and emission in Indonesia during 1990-1994 

Year Population 
(million) 

GDP 
(bill. Rp) 

GDP per 
capita 

(million Rp) 

Emission intensity 
(ton CO2 eq./bill. Rp) 

Emission 
(ton CO2 eq.) 

1990 179.4 115,447 0.64 5.77 665,929 
1991 182.9 123,225 0.67 6.22 765,956 
1992 186.0 231,185 0.70 5.58 732,326 
1993 189.1 139,707 0.74 4.40 614,316 
1994 191.0 170,208 0.89 4.40 748,607 

Using data obtained from the Carbon Dioxide Information Analysis Center in Oakride, Tennessee, USA,  
Figure I  shows the comparison of emission intensity between Indonesia, Japan, the USA, and Germany 
from 1990 and 1996.    

 

 

 

 

 

 

 
 
 Source: CDIAC (http://cdiac.esd.ornl.gov) 

Figure 1.  Comparison between carbon emission intensity of Indonesia , USA, Germany, and Japan. 

It is demonstrated that carbon emission intensity in Indonesia is much higher compared to the three Annex I 
Parties. This means that for each US$ of its GDP, Indonesia emits around four times as much carbon 
compared to Japan, and about twice to Germany and USA. Technology transfer would allow the economy to 
grow without increasing emission intensity. 
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Many less greenhouse gases emission technologies especially on energy, transportation, and industry 
sectors are already available internationally. In general, mitigation of GHGs emission in the energy sector 
can be undertaken by reducing carbon-based fuel combustion through fuel switching, increasing the 
combustion efficiency, reducing methane leakage, and decarbonization. Discussion on GHGs emission 
mitigation can be undertaken based on energy supply, energy transformation and energy demand. 

Advantages and disadvantages of promising technologies, budget for finding new technologies, and human 
resources capacity for technology transfer needs to be considered.  However, in order to get the maximum 
benefit there are a number of non-technical barriers also that have to be removed. 

Figure 2, shows a prediction of carbon dioxide emission in four scenarios up to 2020 for a business as usual 
(BAU) scenario as well as total penetration of 1990 technologies from USA, Germany, and Japan in 2020. 
The same annual population growth rate of 1 per cent and annual GDP growth of 3.5 per cent were 
assumed for all four scenarios. It is shown that while maintaining continued growth rate of income per 
capita, full penetration of Japanese technology in 1990, Indonesia would decrease its emission in 2020 by 
as much as 50 per cent or more than 80 per cent from BAU scenario. While more modest reduction can be 
achieved by full penetration of USA and German technologies.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: CDIAC (http://cdiac.esd.ornl.gov) 

Figure 2. Scenarios of carbon emission and transfer of technology related to the use of existing 
technology (Bussines as Usual) 

Transportation sector is one of energy end-user, which shows the most rapid increase of GHGs emission in 
Indonesia. Between 1990 –1994, GHGs emission from the transportation sector increased by 8 per cent 
annually as the annual vehicle population increased by 7 per cent. Of those emission, transportation sector 
contribute 80 per cent of GHGs emission from combustion processes, while the rest (20 per cent) came 
from chlorofluorocarbons (CFCs) in fabrication and air conditioning. Several options are available to mitigate 
GHGs emission from transportation sector, range from those that can be carried out individually to those 
that need to be carried out publicly.  Those option are among others: reducing vehicle emission, cleaner or 
alternative fuels, lower emission transport model, transport demand management (TDM), Transport 
infrastructure development and land use planning. 
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Another important end-use sector where emission reduction opportunity is large is the industry sector. 
GHGs emission from industry sector come from production process,  mainly mineral product industries 
(cement, lime, limestone use, soda ash use, etc.), chemical industries (ammonia, nitric acid, carbides, urea, 
petrochemical, etc.), and metal production (iron, steel, ferroalloy, aluminum, etc.). To reduce GHGs 
emission in mineral industry is modification of process employed such as dry process in cement industry to 
reduce energy consumption; fluid catalytic cracker in petroleum industry that will increase energy efficiency 
and reduce carbon dioxide emission; heat recovery technologies, improvement of coke making, continuous 
casting (reducing reheating requirements), and continuous annealing. More over the most dramatic 
improvements are the adoption of electric arc furnaces and the efficient development of the technology. 

In non-energy sectors, most technologies including those with less GHGs emission are indigenous, local 
and specific. The agricultural sector contributed 75 per cent of the total methane emission in Indonesia in 
the year 1996. To reduce GHGs emission, four major cultural techniques can be introduced, namely water 
management, organic matter management, cultivars selection, and cultural practices. In forestry sector, 
there are three major categories of GHGs mitigation options, those are protecting existing carbon reservoirs, 
enhancing carbon sequestration, and expanding carbon storage and utilizing biomass to replace fossil fuel.  

In order to choose appropriate technologies to lessen GHGs emission, a cost/benefit analysis needs to be 
conducted.  This cost/benefit analysis is based on marginal cost, which is the incremental cost of each ton 
of carbon dioxide reduction. Incremental cost of any technology is the difference between the economic cost 
to the society for implementing the option and the economic cost of the baseline case.  For example, to 
reduce GHGs emission in power generation, a geothermal plant can replace a coal-fired steam power plant.  
Additional cost, which is the incremental cost, of a geothermal energy plant, is US$ 0.028 per kilowatt-hour 
(kWh) with 0.816 kilograms (kg) of carbon dioxide emission reductions for the same amount of electricity 
generated by coal steam power plant, therefore the marginal cost is US$ 30.58 per ton of carbon dioxide. 

Furthermore, risk/benefit analysis is also important to prioritize the technology options.  The cheapest option 
is always the most attractive option.  Using the energy sector as an example, to reduce GHGs emission, 
implementing cogeneration to produce both power and heat is the cheapest option followed by electric 
motor. The risk/benefit analysis has been carried out in a system-wide modeling means comparing all 
technological options that comprise energy supply side, energy transformation and energy utilization in all 
sectors.  Having all those options in one figure can show us the difference of both additional cost of 
implementation and GHGs reduction of each option. The most appropriate technology is the one that 
optimizes the cost and potential the reduction of GHGs.   

Figure 3 shows the system-wide analysis in the energy sector but excludes the transportation sector.The 
figure shows that implementing cogeneration will decrease GHGs emission, and at the same time is the 
most cost effective.  Implementing cogeneration will reduce the cost of emission reductions by almost US$ 
100 for each ton CO2 reduced.  Unfortunately the potential reduction is relatively small as for the period of 
1995-2025 less than 100 MT CO2.  
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source: Boedoyo, et.al. (2001) 
Note: 
1 : Cogeneration 
2: Motor Electric 
3: Solar Thermal 
4: CF Lamp 
5: Advanced Refrigerator 
6: Hitech Refrigerator 
7. New Mini Hydro 

8: New Hydro 
9: Gas Combined Cycle 
10: ACFL Lamp 
11: Compact Refrigerator 
12: Compact Panel Refrigerator 
13: New Biomass 
 

14: New Gas Gas Turbine 
15: Geothermal 
16: New HSD Gas Turbine 
17: New Coal PP600 MW 
18: New Coal PP 400 MW 
19: SFL Lamp 
 

Figure 3.  Priority of Technological Options to Reduce GHGs Emission Marginal Abatement Cost 
Versus Total of CO2 Reduction 

In the transportation sector Figures 4 illustrates priorities in implementing bi-fuel vehicle technology for 
buses.  In this case, switching fuels to CNG and LPG is beneficial for both cost and GHGs emission.   

For buses, switching from diesel oil to LPG will reduce GHGs emission by around 650 gram per km, while 
switching to CNG will increase the emission by almost 200 gram for the same distance. Switching to LPG 
will increase the abatement cost by around 1.5 cents, while replacement with CNG will reduce it with less 
than 1 cent. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Anwar, et.al. (2001 

Figure 4. Abatement cost for buses 
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In principle, the methodology behind analyzing both cost/benefit and risk/benefit of the non-energy sector is 
the same as the one for the energy sector. Unfortunately, the technical papers on the non-energy sector do 
not include such information. This is also due to a number of barriers in the implementation process.  Table 
2 describe those barriers in forestry as an example.  

Table 2  Barriers to Technology Transfer in the Forestry Sector. 

Institutions and 
Mechanisms 

Examples Features Barriers 

Multilateral World Bank, ADB, GEF, 
FAO, IPF, IFF, IUFRO, 
CIFOR, UNDP, Technical 
cooperation 

Commercial and non-
commercial lending 
agencies 

Role is currently limited  
Absence of local institutions to adopt 
technology  
Limited funding 
Narrowly defined economic criteria 

Bilateral Development assistance 
programs of OECD 
countries 

Aid agencies 
Inter-governmental 
transfers 

Project or site specific 
Limited experience 
Limited to reforestation and protection 
area formation 
Influenced by donor’s foreign policy 
objectives 
Diversion by recipients to non-target 
programs 

Forestry Department Wildlife divisions, social 
forestry division, 
extension service, 
national Forest Service 

Part of government 
bureaucracy 
Multi-objective outlook 

Inadequate research and extension 
cap 
Inadequate funding 
Focused more on forest protection, 
afforestation, enforcing regulations, 
Often exclude local communities 
Subject to political strings 

Research Institutions International, FAO,  
CIFOR, IUFRO, 
National institutes, 
Universities, 
Industry or timber 
companies 

Generate and assimilate 
technologies 
Monitor forest area, 
status 

Limited role due to inadequate funding, 
national policies or regulations 
Industry research focused only on 
certain commercial aspects of forestry 

Industry/private sector Timber plantation 
companies, paper 
industries 
 

Commercial transfer 
Profit motive 

Focused limited on commercial 
aspects of forestry only 
Inadequate foreign investment policies 
Protection measures and economic 
embargoes 
Large uncertainties 

Joint Ventures AIJ/JI No Carbon crediting 
Private utility in OECD 
and developing country 
agency 

Many uncertainties on the mechanisms 
and Carbon abatement achieved 
Absence of Carbon credits 

NGOs International, WWF, 
Nature conservancy, 
WEI, CARE, National and 
local NGOs, Community 
based organizations 

Activist in origin 
Main base in tech-source 
countries 
Mostly not-for profit 

Focus on technology inadequate, 
narrow focus on issues 
Inadequate arrangements to protect 
the interests of forest dwellers and 
promotion of participatory management 

Limited technical capacity  
Little or no weight on economic 
efficiency 

Community organizations LCOs, Joint forest 
management committees 

Grassroot affiliations 
Organized on special 
interests, e.g.: women, 
artisans, etc. 

Mostly loose structure 
Funding and accountability usually 
weak 
No legal status, inadequate powers. 

Source: Pawitan, H. (2001) 
 

In general, almost all of the related institutes express some capacity-building needs.  The kinds of additional 
capacity needs that they identify include CDM advocacy and awareness rising, determination of CDM 
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project baseline, CDM project verification, monitoring, and evaluation.  Some activities that can be prioritized 
are as follows: workshops and stakeholder dialogs, capacity building under the CDM, and support to 
improve decision making (institutional). 

Indeed, while Indonesia’s involvement in the international climate change politics is crucial, its capacity to do 
so is rather limited.  Unfortunately, a number of government-led capacity-building projects have been 
marginally successful.  These hurdles, however, should not be a reason to stop the capacity-building efforts.  
Capacity building requires an increasing absorbing capacity of the assisted party, as well as an increasing 
assistance from the donors.  If at all, the apparent failures even show the need to increase the capacity-
building efforts, including the efforts to increase the absorbing capacity of the key institutions in Indonesia. 

There are at least four major channels through which technologies are transferred into Indonesia, namely 
through Foreign Direct Investment (FDI), Official Development Assistance (ODA), the Global Environment 
Facility (GEF), and, under the Kyoto Protocol, the Clean Development Mechanism (CDM).  Most recently, 
with the success of the Resumed Session of COP6, other avenues for technology transfer are the 
Adaptation Fund and the Climate Change Special Fund. 
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I.  IDENTIFICATION OF LESS GREENHOUSE GASES EMISSION TECHNOLOGIES 
IN ENERGY SECTOR 

 
M.S. Boedoyo, Laode M. Abdul Wahid, Irawan Rahardjo, Erwin Siregar, 
Agus Cahyono Adi, Indyah Nurdyastuti, Cecilya Malik, Endang Suarna 

 

1. INTRODUCTION 

The energy sector, which covers areas of energy production, energy transport, energy conversion, and energy 
use, is the main contributor to the man-made air pollution. Some of the air pollutants produced is carbon 
dioxide (CO2), methane (CH4), nitrous oxide (N2O), carbon monoxide (CO), and nitrogen oxide (NOx ), which 
are altogether known as greenhouse gases (GHGs). 

For Indonesia, the two important GHGs are CO2 and CH4. In energy sector, CO2 mainly comes from fossil 
energy combustion process while CH4 comes from energy production process particularly in coal mining (both 
of underground and open-pit operations), oil mining and gas mining. The CO2 emission inventory from the 
energy activity is estimated simply based on the quantity of fuel used and carbon content of the fuels 
consumed. The CH4 emission from energy sector can be obtained by calculating the emission from fuel 
combustion and from fugitive source. The fossil energy is combusted in power plant (fossil fuel-fired power 
plant), industry (boiler, kiln, reformer), transportation (vehicle engine) and household (kerosene lamp, stove). 
In 1994, the emission level of GHGs in energy sector in Indonesia for CO2, CH4, N2O, CO, and NOx was 
about 170,016; 2,395; 5.72; 8,421; and 818 Gg, respectively. 

According to a study report titled “Indonesia: The First National Communication under the United Nations 
Framework Convention on Climate Change” (SME, 2000), Indonesia was a net emitter country in 1994 with a 
total of CO2 emission amounted to 748,607 Gg. The energy sector was one of the main sources of the CO2 
emission, and this sector contributed to about 23 per cent of the total CO2 emission. In the same year, total 
CH4 emission in Indonesia amounted to 6,409 Gg, whereas 37 per cent were contributed by energy sector. 
Furthermore, the total emission of N2O, CO and NOx were about 61.11; 11,966 and 928 Gg, respectively. 
Contribution of the energy sector to the emission of these gases were about 9.4 per cent of the total N2O 
emission, 70.4 per cent of the total CO emission and 88.1 per cent of the total NOx emission. 

In Indonesia, oil products, biomass, and natural gas have been the primary energy supplies of the country, 
while coal’s contribution has relatively been small. However, in the last 10 year, the share of oil has been 
declining, while the role of natural gas and coal in the energy supply has significantly increased. Therefore, in 
the long term the Indonesia’s energy supply will be dominated by fossil energy. As fossil energy combustion is 
one of the sources of GHGs in the energy sector, transformation of technologies are required by Indonesia to 
reduce its GHGs emission from fossil fuel combustion. Technologies required are: technology for improving 
the use efficiency of fossil fuels; technology to suppress GHGs emission; technology to utilize low-carbon 
fossil fuels; technology to decarbonize fuels and flue gases; technology to utilize renewable sources of 
energy, etc. Options of technology in the energy sector, which can reduce GHGs emission, are available in 
the following areas: 
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• More efficient conversion of fossil fuels 
New technology offers considerable improvement in conversion efficiency. For example, the use of 
combined heat and power production instead of separate production process of power and heat. 

• Switching to low-carbon fossil fuels to suppress emission 
Switching from coal to oil or natural gas, and from oil to natural gas can reduce emission. Natural gas 
has the lowest CO2 emission per energy unit of all fossil fuels. In general, the lower carbon-containing 
fuels (oil and natural gas) can be converted into heat or energy with higher efficiency than the higher 
carbon-containing fuels such as coal. 

• Decarbonization of flue gases and fuels and CO2 storage 
Removal and storage of CO2 from fossil fuel power-station gas stacks is feasible, but it will reduce the 
conversion efficiency and significantly increase the electricity cost. Another approach to decarbonization 
is to use fossil fuel feedstock to produce hydrogen-rich fuels. Both approaches generate a by-product 
stream of CO2 that could be stored, for example, in depleted natural gas fields. 

• Increasing the use of nuclear energy 
Nuclear energy could replace base load fossil fuel electric generation in many parts of the world, if 
acceptable responses can be found to concerns such as reactor safety, radioactive-waste transport and 
disposal, and proliferation. 

• Promoting the use of renewable sources of energy 
Solar technology, as well as biomass, wind, hydro, and geothermal technologies are widely used. In the 
longer term, renewable sources of energy like these are expected to meet most of the world’s demand 
for energy.  

In addition to the transformation technology, an improvement on the ability to analyze the advantages and 
disadvantages of low GHGs emission technologies is also required. The analysis should consider not only the 
techno-economical point of view of the technologies but also their social implications. Reliable analysis would 
be able to indicate that the technologies can be implemented without hampering the national development 
objectives. 

There are many technologies available at domestic or international levels that have impacts on GHGs 
emission reduction in the energy sector. At domestic level, technologies available are technologies, which 
utilize local renewable sources of energy, such as biomass, hydro, solar, wind and geothermal energies. At 
international level, the available technologies are high-efficiency fossil fuel combustion technologies such as 
Combined Heat and Power (CHP), Integrated Gasification Combined Cycles (IGCC), Fluidized Bed 
Combustion (FBC) for coal, oil, and biomass power generation, and low carbon fossil fuels utilization (e.g. gas 
turbine). Although there are many low GHGs emission technologies available at domestic or international 
levels, their implementation should be in line with Indonesia’s energy policy that focuses on the diversification 
and conservation of the energy resources. 
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2. INTERNATIONALLY EXISTING LESS GREENHOUSE GASES EMISSION 
TECHNOLOGIES IN ENERGY SECTOR THAT FIT TO INDONESIA’S CONDITION 

Many of the energy-related technologies that can mitigate the GHGs are already available in the market. In 
general, they are based on the reduction of carbon-based fuel combustion through switching fuels to non 
carbon-containing or less carbon-containing fuels, increasing combustion efficiency, minimizing methane 
leakage’s, and de-carbonization. However, prospective technologies that are appropriate for developing 
countries are still limited. Specific information on the technologies, such as their economical aspects needs to 
be further detailed. Advantages and disadvantages of the technologies have to be considered thoroughly to 
get a maximum benefit. Some non-technical barriers to the implementation of the technology should also be 
identified for removal. 

This chapter discusses in detail the GHGs mitigation technologies on energy sector for the possibilities of 
being implemented in Indonesia.  

2.1. Supply Side 

Technologies available in the energy supply system which can reduce the GHGs emission fall into the 
following categories: improvement in the efficiency of the production and utilization of the fossil fuels; 
suppression of GHGs emission; switching to low carbon-containing or non carbon-containing energy sources; 
de-carbonization of fuels and flue gases; and CO2 storage and sequestration. Mitigation measures available 
are: entrapment of CO2 released from the fuels, methane utilization and leakage minimization during 
exploration, extraction and transportation. The measures can be implemented through emission fees, tax 
incentives, price reform and technology demonstration. In addition, better management of operational 
procedures can also improve the effectiveness of most of the mitigation measures in the energy sector. 

As an energy producing country, Indonesia has a lot of energy minefields such as oilfields, gasfields, and 
coalfields. Table 1.1 shows some GHGs mitigation technologies that are available for energy minefields and 
the potentiality of the measures to be implemented in Indonesia. As a matter of fact, some of the technologies 
have been implemented in this country. Options on the implementation at the upstream parts of the energy 
business are: suppression of methane emission, alternative utilization of flared natural gas, and suppression 
of CO2 produced from natural gas wells. Followings are description of selected technologies that mitigate 
greenhouse gases. 

2.1.1. Suppression of Methane Emission 

Total CH4 emissions in Indonesia are estimated at 5 Tg/year, of which 70 per cent comes from anthropogenic 
sources and 30 per cent comes from natural sources. About 90 per cent of the anthropogenic sources may be 
associated with the use of fossil fuels. 

CH4 emission from coal mining and natural gas venting, as well as leakage from pipeline and distribution 
systems, are considered significant. There are many options for emission suppression in the oil and natural 
gas industries, such as capturing and using or recompressing residuals and purged gas; improving gas 
leakage-detection methods; applying pneumatic device to control or eliminate venting; repairing or replacing 
pipelines, and using automatic shut-off valves. Some of these measures are capital-intensive and could be 
difficult to carry out in some regions, due to specific geographical as well as economic condition.  
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2.1.2. Flaring of Natural Gas and Alternatives to Flaring 

An estimated average of 50 per cent or more of natural-gas production is emitted in to the atmosphere from 
upstream oil and gas operations. In some areas, emissions are assumed to be as high as 15 per cent, of 
which 6 per cent is emitted from natural-gas usage. Such high levels of emission could probably be decreased 
by 20 to 50 per cent. Gas flaring also occurred in many oil production facilities that produce just a small 
amount of gas or are located in remote areas (far from gas collecting system). 

Besides of loses through flaring, gas from the oil production facilities can also be utilized as fuel for power 
generation, cogeneration, and transport. These options could reduce CH4 emission by 50 – 99 per cent, and 
their implementation would be more successful if they are economically attractive. 

Table 1.1.  Reduction potential of GHGs mitigation technologies in energy minefields 

Types of Mine and Technology Possibility of Implementation in Indonesia 

Natural Gas  
Replacement of high-bleed devices with pneumatics 
Mitigation of pipeline leakage 
Improvement of maintenance 

 
Most possible 
Requires high investment  

Coal 
Methane entrapment 
Coal Bed Methane 

 
There is no appropriate demand in place 
 

Oil 
Flaring reduction 
Improvement in operation and maintenance 

 
Possible by integrating development with infrastructure 

Mitigation Measures in Energy Mines  
Emission fee 
Tax incentive 
Pilot plant 
Development of gas distribution network 

Privatization 
Price Reform 
Feasibility study 

 
There are also options to reduce the volumes of flared continuous gas flows, such as the use of nitrogen as a 
purge gas and recovery of low-pressure gas. In addition, improving the piping maintenance system can 
reduce gas leakage. Improving system reliability and storage capacity may also reduce emission of flared 
excess gas when the market demand on the oil is low. Appropriate options will vary with locations and 
characteristics of the oil industry. 

2.1.3. Suppression of CO2 from Natural Gas and Oil Wells 

The CO2 contents of the natural gasfields or oil wells vary, which significantly affects the life cycle of CO2 
emissions. Extraction and use of natural gas lead to CO2 emission of less than 14 kg C/GJ of natural gas 
(HHV) if the CO2 content of the natural gasfields is less than 1 per cent. Most of the exploited fields are 
around this figure, for example, the Groningen Fields in The Netherlands that contains 0.89 per cent of CO2. 
However, there are also natural gasfields with higher CO2 contents, for example, the Krahnberg Fields in 
Germany that contains 53.4 per cent of CO2 and the Catania Fields in Italy at 48.8 per cent CO2. In Indonesia, 
there are also natural gasfields with higher CO2 content such as the Natuna Gasfields that contains CO2 of 
more than 7 per cent. 
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Those fields with higher CO2 contents require additional treatments in order to meet the transport and sale 
specification requirements, which typically at less than 2 – 3 per cent CO2. In general, the CO2 is released to 
the atmosphere, however in case of Sleipner Vest Field in Norway with 9.5 per cent CO2, the CO2 removed is 
then injected into an aquifer at 1,000 m below the main Sleipner’s platform. Approximately, 1 Mt/yr CO2 
(∼0.25 Mt/yr of carbon) is removed from a 100-bar natural gas stream using the well-known but costly 
technology. The decision to store the CO2 emission from gas field was stimulated by the introduction of the 
carbon tax at US$ 180/t C in Norway. 

2.2. Power Generation 

The mitigation option principle in power generation is the use of more efficient power generation technology of 
fossil fuels and the use of non-fossil fuels with lesser or no carbon content (renewable and nuclear). Detail 
descriptions of these technologies are as follows. 

2.2.1. Use of More Efficient Technology 

This section discusses technologies of conversion of fossil fuels into heat and electricity, which include 
advanced power-generation technologies such as fluidized bed, gasification, fuel cells, cogeneration, and the 
direct use of coal. 

Large-scale fossil fuel-fired power plants generate power in steam turbines, gas turbines, or the combination 
of the two as a combined cycle. The global average efficiency of fossil-fueled power generation in the world is 
about 30 per cent, while, the average efficiency of the generation in the OECD countries is much higher, viz. 
35 per cent (based on the higher heating values, HHV). At the current efficiency of 30 per cent, an increase of 
1 per cent in the efficiency of power generation will result in a 2.5 per cent reduction in CO2 emission. 

Environment and economic concerns have led to major development programs in many countries, wherein 
state-of-the-art, higher-efficiency combined-cycle, gas-fired stations and coal-fired units operating with 
supercritical steam cycles have been installed. Those concerns have also led to other major development 
programs – such as Fluidized Bed Combustion (PFBC) and Integrated Gasification Combined Cycles (IGCC) 
for coal, and residual oil power generation, which should be commercially available before the year 2010. 
Characteristics of some of these technologies are indicated in Table 1.2. The information was compiled for the 
year 1992 on a consistent basis. However, recent market transactions suggest capital costs that are 
significantly lower (by 30 per cent or more), especially for natural gas-fired or combined-cycle power plants, 
which lead to lower electricity generation costs (IPCC, 1996).  

Considering the situation, it is possible to reduce CO2 emission from fossil fuel-fired power plant by 25 per 
cent or more as compared to existing generating technology. This reduction could be achieved with state-of-
the-art or near commercialized technology at small technical risk. Major developments in these areas are 
being actively pursued in a number of countries. 

Further opportunities are provided by advanced gas turbine. Turbine inlet with higher temperatures has 
become possible through the development of new materials, the improvement in cooling system, which offers 
improved efficiency in power generation. Research efforts are mainly concentrated on: improvement of air-
cooling of the hot gas path in the turbine, the use of new materials (ceramics, composites, and super alloys), 
and the use of more efficient air-cooling system. 
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Table 1.2.  Characteristics of some systems for fossil fuel-based power generation under European 
conditions 

 Coal Coal Coal Coal Natural Gas Natural Gas 

 
Plant Type 

Typical with 
de-SOx and 
de-NOx 

Supercritical 
with de-SOx 
and de-NOx 

 
IGCC 

IGCC with 
CO2 Capture 

Combined 
cycle 

Combined 
Cycle with 
CO2 Capture 

Status Conventional Established 
Technology 

Demonstration Available 
Technology 

Established 
Technology 

Available 
Technology 

Efficiency (% LHV) / 
(% HHV) 2,3 

40/38 
 

45(47)/ 
43(45) 

42(46)/ 
40(44) 

36/34 
 

52(55)/ 
47(50) 

45/41 
 

Special Investment 
Cost ($/kW) 4 

1300 1740 1800 2995 750 1420 

Cost of Electricity (⊄ 
/kWh) 
Discount Factor (%) 
Fuel Price Level A5 
Fuel Price Level B6 
Fuel Price Level C7 

 
 
6         10 
3.9        4.6 
4.6        5.3 
5.0        5.7 

 
 
6         10 
4.1        5.1 
4.7        5.7 
5.1        6.1 

 
 
6         10 
4.2        5.2 
4.8        5.8 
5.2        6.2 

 
 
6         10 
4.9        6.5 
5.6        7.2 
6.1        7.7 

 
 
6         10 
2.4        2.8 
3.8        4.2 
4.4        4.8 

 
 
6         10 
4.1        4.9 
5.8        6.6 
6.5        7.3 

Cost of CO2 Emission 
Reduction  
($/t C Avoided) 8 

 
 
- 

 
 
- 

 
 
- 

 
 
70 

 
 
- 

 
 
260 

CO2 Emission 
(g C/kWh) 
 

 
230 
 

 
200 
 

 
220 

 
20 

 
110 

 
20 

1 All components of the technology are available, but have not been demonstrated at scale in this application.  
2 These are typical values for the power production plant and, where relevant, for CO2 captured and disposed. Figures in brackets are LHV efficiencies 
on a full fuel-cycle basis. 
3 Higher figures in parentheses are for a well-documented, state-of-the-art advanced plant.. 
4 For 500-MW net units in mainland northern Europe (overnight built). 
5 Fuel price level A based on gas at 2.2 US$/GJ and coal at 1.2 US$/GJ. 
6.Fuel price level B based on gas at 4.5 US$/GJ and coal at 2.0 US$/GJ. 
7.Fuel price level C based on gas at 5.5 US$/GJ and coal at 2.5 US$/GJ. 
8.On gas-to-gas and coal-to-coal basis (excluding fuel switching gain of coal to gas), using price level B and 10% discount rate.  
 
In general, an advanced cycle that combines a higher-temperature thermodynamic cycle with a lower-
temperature cycle will also increase efficiency. The most important application is the use of the hot exhaust 
gases from the gas turbine to raise steam for the steam turbine. Main characteristics of the combined cycle 
are summarized as follows: 

High efficiency: The most efficient units available now on the market are able to achieve 52 per cent 
efficiency (net, generator terminals), and they are expected to reach the level of 54 – 55 per cent in the next 
few years. 

Low investment cost: It is approximately 30 per cent lower than the cost for a conventional steam power 
plant. 

Good operating flexibility: Power generation may be adjusted relatively easily to demand changes. 

Short installation time: It is operational approximately one year after being ordered, which increase the 
possibility to expand the capacity in a short term. 

Low environmental impact: In particular, it is very low on the emission levels of NOx. 
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High power-to-heat ratio in a combined heat and power production: This means that a larger fraction of 
the energy is produced as valuable electricity. 

Based on those prospects, fossil fuel-based thermal power stations could have an average efficiency of 
around 55 per cent (HHV) before the middle of the 21st century. These advanced cycles require clean 
gaseous fuels that could be extracted from gas, as well as from coal, oil, and biomass fuels. 

• Gasification of Fossil Fuels for Power Generation 

Gasification of coal and other heavy fossil fuels may be used as a mitigation option, for example, to substitute 
for natural gas, to produce medium calorific gas, or to produce synthetic gas for chemical production. 

Fuel flexibility often is cited as a major advantage of gasified. The gasified can be either air- or oxygen-blown. 
In the context of power generation, the relative merits of air- or oxygen-blown system are far from clear. The 
penalty for producing the required oxygen from air in an oxygen plant is severe, because this consumes about 
10 per cent of the power production. On the other hand, the use of oxygen also offers the possibility of CO2 
sequestering and suppresses nitrogen oxides (NOX). 

To provide a sufficiently clean gas, a wide range of gas treatment processes is available from conventional 
chemical and gas-processing industries. Many of these clean-up processes are capable of delivering the fuel 
gas with very low levels of undesirable constituents such as sulphur. Therefore, the IGCC system, offer great 
potential to meet strict air pollutant emission limits. 

Maintaining the exhaust gases from the gasifier at their exhaust temperatures – which is commonly in the 
range of 800 to 1,000o C – during subsequent cleaning of the gas can contribute significantly to the increased 
efficiency of the IGCC system. This does not hold for system in which CO2 is captured, because it is based on 
shift conversion of the CO to CO2 and it cannot be done in those high temperatures. Many technical efforts 
have been applied in this area. Examples include the development of high-temperature dust-removal systems, 
dry desulphurization systems and alkali metal-removal systems. All of these systems have not been 
demonstrated yet at significant scales. The possibility of these technologies to be implemented in Indonesia is 
still open, provided their prices are comparable to those of existing technologies. However, as prices of the oil 
products in Indonesia are still subsidized, these alternative technologies are hardly able to compete. 

• Fuel Cell 

In the fuel cells technology, chemical energy is converted into electricity without burning the fuel to produce 
heat, although heat will eventually be produced as by product. High thermodynamic efficiency and low levels 
of pollutant emissions characterize the fuel cell power systems. Almost all current fuel cells technologies are 
developed for commercialization by using pure hydrogen as the fuel. Generally this implies that a primary fuel 
– for example, coal, natural gas, or biomass – has to be first converted into a hydrogen-rich gas. The fuel-cell 
system offers the possibility of small-scale as well as large-scale electricity production to reach hydrogen 
conversion efficiency of 40 – 70 per cent (LHV) or of more than 80 per cent as cogeneration system. 
Currently, some different types of fuel cells are being investigated: the alkaline fuel cell (AFC), phosphoric 
acid fuel cell (PAFC), molten carbonate fuel cell (MCFC), solid oxide fuel cell (SOFC), and solid polymer 
electrolyte fuel cell (SPEFC). 
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The development of fuel cell plants, such as integrating fuel cells with steam turbines or gas turbines for large-
scale power production (of more than 200 MWe) has also been getting the attention However, some 
constraints such as the limitation on the fuel-cell lifetime and the relatively high cost of the high-temperature 
fuel-cell systems have to be considered. In addition, the environmental performance of this system probably is 
not much better than the performance of the conventional power generation system with additional cleaning 
technologies. Therefore its development will face severe competitions from other technologies such as 
advanced IGCC and natural gas and combined-cycle power plants.  

• Combined Heat and Power Production 

Combined heat and power production technology (CHP) offers a significant increase in fuel efficiency, which 
can reduce the GHGs emission. Therefore, it is of an interest in relation to GHGs mitigation. The CHP has 
been applied in the industrial, residential, and commercial sectors. In Indonesia this technology has been 
installed in the pulp & paper and food industries. This technology is highly potential for implementation. 

Combined production of heat and electricity is possible with all heat exchangers and fuels (including biomass 
and solar thermal) from a few kW rating to large steam-condensing power plants. Heat-plus-power (first-law) 
efficiencies are typically 80-90 per cent. CHP plants may have an added heat storage that allows the 
production plant to operate at optimum economy while fulfilling the heat needs.  

Table 1.3 shows four typical examples of CHP installations in various sizes, differentiated by their power and 
heat production reduction in fuel use, and CO2 emission relative to appropriate alternatives for separate 
supply of heat and power. Combined-cycle power and heat production provides better thermodynamic 
performance than that of single cycles, even if first-law efficiencies are lower, as more electricity is produced. 
In principle, this electricity may be used with heat pumps to generate more heat at higher temperatures. 

Table 1.3.  Energy balance and carbon (C) emission of CHP plants and separate power and heat 
production 

Energy Balance (GJ) CO2 Emission 

Power and Heat Plant Technology 
Fuel 

Input 1 
Power/Heat 

Output 

Fuel 
Reduction 

due to CHP 
Introduction 

tC 
Reduction 

due to CHP2 
Introduction 

Large Coal-Fired CHP Plant 
Large Coal-Fired Power Plant plus Residential 
Gas Burner 
Large Coal-Fired Power Plant plus Residential 
Coal Burner 

100 
80/59 

 
80/112 

36/56 
36/56 

 
36/56 

28% 
48% 

2.4 
2.7 

 
3.5 

11% 
31% 

Small Biomass-Fueled CHP Plant  
Large Coal-Fired Power Plant plus Residential 
Gas Burner 

100 
49/59 

22/56 
22/56 

 
7% 

0 
2.0 

 
100% 

Small Gas Turbine CHP Plant 
Large Coal-Fired Power Plant plus Residential 
Gas Burner 

100 
60/58 

30/55 
30/55 

 
15% 

1.4 
2.2 

 
37% 

Medium-Sized Gas Engine CHP Plant 
Large Coal-Fired Power Plant plus Residential 
Gas Burner 

100 
78/48 

39/46 
39/46 

 
21% 

1.4 
2.5 

 
45% 

1 Arbitrarily fixed reference level 
2 Some of the percent reduction shows the combined effect of CHP and fuel switching 
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The implementation of CHP is closely linked with the availability or development of district heating (DH) and/or 
cooling networks and building heat and/or cooling distribution system, as well as industrial heat loads. DH 
networks are energy transmission system suited for the distribution of heat and/or cooling within areas with 
sufficiently high heat/cooling load densities. Modern water-based heating and/or cooling transmission and 
distribution system for cities have low losses, typically at 10-15 per cent. 

2.2.2. Non Fossil Fuels Generation  

• Switching to Renewable Source of Energy 

Indonesia has a very large potential in renewable energy sources that have less or zero GHGs emission such 
as hydropower, geothermal, solar, wind, and wave. Most of them produced small or no GHGs emission. 
Therefore, the utilization of the renewable energy such as hydro, geothermal and solar can be chosen as a 
mitigation option for reducing the GHGs emission. However, the switching of fossil fuels to those renewable 
energy sources are not yet economically competitive, because most of the renewable energy sources are far 
from the demand places. In addition, oil products in Indonesia are still being subsidized. 

 Currently commercial utilization of renewable energy sources in Indonesia is very limited. The development of 
utilization of renewable energy is affected by some factors such as the availability and price of other energy 
resources, the availability of PLN (the State-Owned Electricity Company) electricity grid, and the number of 
energy users. In addition, oil (fuel) subsidy is also considered as a barrier for the development of renewable 
energy sources. 

Table 1.4.  The Mitigation technology options in renewable power generation 

Energy Type Technology Mitigation Measures 

Biomass - Electric generation - Regulation controlling emission, prices, siting 
 - Gasification (gas turbine/diesel)    (site locating) 
 - Liquefaction fuels - Tax incentives 
Wind - Wind turbine generators - Research and development 
 - Water pumps - Technology demonstration 
Solar - Flat plate photovoltaics - Information dissemination 
 - Solar thermal central receiver  
 - Parabolic dish-striling  
 - Desalinization  
Geothermal - Direct use  
 - Heat pump  
 - Dry steam  
 - Flash steam  
 - Binary cycle  
Hydroelectric - Conventional  
 - Pump storage  
 - Micro-hydro  

 

The establishment of infrastructure for large-scale use of renewable source of energy will generate indirect 
emission of GHGs if the infrastructure is put in place by using fossil fuels. By and large, the increased use of 
renewable sources of energy offers substantial reduction of GHGs emission as compared to the use of fossil 
fuels. Table 1.4 presents mitigation technologies available for renewable power generation. 
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• Switching to Nuclear Energy 

In term of GHGs and air pollution emission, nuclear technology offers no-emission power generation. 
Although the technology requires high generation cost, but as the fuel cost is much cheaper, it offers a 
competitive cost as compared to the conventional power plants. However, this technology has received major 
environmental-related concerns, particularly on the issues of radioactive waste management, de-
commissioning, etc. Therefore, the development of this technology relies on the society’s acceptance. 
According to the general policy of Indonesia on energy (Bakoren, 1998), nuclear energy is considered as the 
last option for the future of the energy mix in Indonesia.  

2.3. End Use Technology 

The end-use technology is the main driving factor of the energy supply requirement to satisfy the demand on 
useful energy. Selection of an appropriate end-use technology will reduce the energy supply. This attitude is a 
prospective GHGs mitigation option. 

Types of the end-use technology, which can reduce GHGs emission, vary, depending upon the economic 
activities of the users. In Indonesia, the options are: lighting, motors, refrigeration, industrial processes, 
cooking, water heating, and room conditioning. 

2.3.1. Lighting 

The amount of energy required to produce light depends on the device type and the behavior of the energy 
users. As lighting is considered as an energy-consuming sector, it has the potential to be a mitigation option. 
Substituting incandescent lamp to compact fluorescent lamp (CFL) will increase the illumination efficiency of 
the lamp by up to 75 – 80 per cent, which lead to the reduction of the electricity consumption. However, 
investment on CFL is much higher than that of the incandescent lamp. Another mitigation option is the 
substitution of fluorescent to electronic ballast and the installation of intelligent switches. The mitigation 
measures to this technology option can be done through offering usage incentive and socializing its benefit to 
cost ratio (BCR). 

The potential of implementation for this option is widely open in Indonesia. As the unit size of this option is 
very small, pooled mechanism is needed to transfer incentives through technology installment subsidy. 

2.3.2. Motors 

Electric motor is one of the major electrical appliances that support industrial processes. Primarily, motors are 
used to drive pumps, compressors, conveyors and fans. This equipment consumes about two thirds of the 
total electricity consumption in industrial sector. Improving the efficiency of electric motors is a potential option 
to reduce electricity consumption. Reduction of electricity consumption will contribute significantly to GHGs 
emission reduction. The technology options available on electric motor are efficient motors and 
variable/adjustable-speed electronic drives. Efficient motor has an efficiency range of 83- 95 per cent as 
compared to the conventional motor of 70 per cent (small capacity) and 92 per cent (big capacity) (Baldwin, 
1989). Variable/adjustable-speed electronic drives will also substantially reduce electricity use. Optimizing the 
design of the usage system of the motors also offer significant reduction of electricity consumption. 
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The implementation measures to reduce the GHGs emission can be achieved through better operational 
performance, energy auditing, and putting additional investment (financial program).  The prospect for 
implementation in Indonesia is widely open, provided the barriers in those measures can be adapted.  

2.3.3. Refrigeration 

The best refrigeration technology currently available in the market is high in price. In developing countries with 
low purchasing power like Indonesia, a cost-effective technology is not preferred since there are cheaper 
technologies available with lower quality. A study showed that the use of the best available cost-effective 
technology would result in an average of 20-30 per cent reduction in electrical consumption (Schipper and 
Meyers, 1991). 

2.3.4. Industry Processes 

Discussion of the technology options for industry in this chapter is only on fuel-related ones, while options 
related to the industrial processes are discussed in other chapter. The options available for the industry is 
more or less are the same as the options for electric generation, except for the cogeneration. The GHGs 
mitigation options for industry are on more efficient technology of fossil fuel base steam/heat generation, low 
carbon fuels, non-fossil fuel base steam/heat generation (renewable), and waste heat recovery 
(cogeneration). An energy efficient plant layout of the industry will allow for the nested heat utilization, which is 
aiming at reduction of losses during heat transfer. 

New design of energy efficient industry is offering new packed installation or re-engineering/ retrofitting of 
existing industrial plants. In the developed countries for the last 20 years, these options have shown 
substantial improvement of the energy efficiency. Due to the lack of economic resources and new technology 
access, developing countries such as Indonesia have difficulties in implementing these options. The possible 
measures to mitigate GHGs emission through the improvement of energy efficiency in Indonesia need to be 
done carefully as to avoid the dumped technologies from developed countries. 

2.3.5. Cooking 

As energy consumption for cooking is considered to be high, the mitigation option for reducing GHGs 
emission from this sector has a great potential. Most of the energy demand for cooking in Indonesia is fulfilled 
by biomass fuel and kerosene. The high-energy consumption for cooking is mostly caused by low efficiency of 
the cooking stoves, especially biomass stoves. The efficiency of biomass stove is in the average of 12.5 per 
cent, while the efficiency of kerosene stove is 30 per cent (BPPT -MARKAL 1988). Therefore, improvement of 
the efficiency of biomass stove offers a great opportunity for the reduction of GHGs emission from cooking. 
This option offers 30 to 40 per cent GHGs emission reduction (IPCC, 1996). Other GHGs mitigation option is 
fuel switching, i.e. utilization of kerosene to replace biomass fuel, and of gas to replace kerosene. 

As most of the Indonesian population uses biomass for cooking, improvement of biomass cooking stove 
efficiency is the best option in the GHGs mitigation option. 
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2.3.6. Water Heating 

In tropical developing countries, demand for water heating is still limited to users such as rich people and the 
commercial sector. However, in line with increasing quality of human life, the energy demand for water 
heating is estimated to increase. 

Technology options for the water heater are insulation improvement, electronic ignition of gas water heater, 
higher heat efficiency and the use of solar water heater. 

2.3.7. Room Conditioning 

Room conditioning in tropical country is merely for cooling purposes. The energy consumption level for room 
conditioning in Indonesia is relatively low. The reduction of energy consumption for room conditioning can be 
done through increased efficiency of the room conditioning equipment, and through the improvement of 
control system. The other factor that has impact on energy consumption for this utilization is the human 
behavior, such as timing and level of the temperature setting. A study in Thailand found that installing 7.5 cm 
of insulation in the attic of a typical single-family house would reduce 30 per cent of air conditioning 
requirement (Parker, 1991). 

List of potential technology options and mitigation measures of the energy end-use technology is shown in 
Table 1.5. 

Table 1.5.  Potential priority areas, mitigation measures in the end use technology 

End-use sub-sectors Technologies Mitigation Measures 

Lighting Compact fluorescent lamps 
Fluorescent with electronic ballast 

Building standard 
Offering incentive 
Socializing the technologies 
Manufacturer rebates 

Motors Efficient Motors 
Process redesign 
Variable speed drives 

Better operational performance 
Financing program 
Energy audit 

Refrigeration Efficient compressors/ motors 
Envelope insulation 

Socializing the cost benefit analysis 
Manufacturer rebates 

Industry Processes Cogeneration 
Efficient fossil technology  
Low carbon fuel 
Non carbon fuel 

Pilot plant 
Energy audit 
Incentive 
 

Cooking Efficient cooking stove 
Switching to lower carbon fuel 
Solar oven 

Socialization 
Manufacturer rebates 

Water Heating Increase Insulation 
Electronic ignition 
Gas fuelled water heater 
Solar water heater 

Building Standard 
Socializing cost and benefit 
analysis 
Manufacturer rebates 

Room Conditioning Better insulation system 
Efficient compressor 
Improved temperature control 

Energy audit 
Building standard 
Increasing people awareness 

 



E n e r g y  

 1 - 13 

3. INVENTORY OF TECHNOLOGIES FOR THE ENERGY SECTOR IN INDONESIA 

Inventory of technologies in the energy sector includes technologies used in the production, conversion, 
processing, transport and end-use sub sectors (industry, transport, commerce, government and household). 
Prior to 1980s, technologies used by the sectors did not consider the efficiency and environment factors. But 
afterwards, efficient and environmentally friendly technologies have been used In the energy sectors. 
Explanation on the types of technologies being used in Indonesia is provided bellow.  

3.1. Current Indonesian Energy Technologies 

3.1.1. Energy Industry Sector 

The energy industry sectors cover coal, oil and gas industries and power plants, wherein electric drives, 
heating devices, and evaporators are used. Those devices offer opportunities for energy saving and GHGs 
emission reduction. 

• Oil & Gas Industries Technologies 

Oil and gas industries fall into two categories, namely exploration and refinery. At present, some of these 
industries are still using non-efficient technologies. 

Indonesia is still in the early stage of petroleum exploration and the number of exploration wells per square 
mile is about 35 times lower than that of the United States. Almost all of Indonesia's oil wells are located in the 
western region of the archipelago, either offshore or onshore. Eastern Indonesia is mostly unexplored, but 
may have significant hydrocarbon reserves. In the case of natural gas, more than 60 per cent of Indonesia's 
natural gas resources are located offshore. 

The enhanced oil recovery (EOR) technology is used for capacity expansion of the oil resources. In Duri 
Oilfield, Riau Province, EOR uses steam injection to increase the oil production. Since the steam production 
uses crude oil as fuel, increase in steam generation efficiency will directly reduce the GHGs emission.  

At present, oil and gas exploration still produce flared gas that causes GHGs emission. In the future, the flared 
gas must be handled properly in order to reduce the GHGs emission in this sector.  

Part of the crude oil produced is exported and the remaining part is further processed in the oil refineries. At 
the same time, some of the associated and non-associated natural gas produced is directly used for energy 
sources and the remaining is processed in the gas refineries (processing plants).  

In the oil and gas refineries there are three activities that is considered to be the source of GHGs emission, 
namely steam production, heat production and electric drive. Opportunities are open for newer and more 
efficient technologies, which will reduce GHGs emission.  

− Oil Refinery Technologies 

Indonesia has at present nine refineries, i.e. Pangkalan Brandan, Dumai, Sungai Pakning, Musi, Wonokromo, 
Balikpapan, Cepu, Cilacap, and Balongan, which are all operated by Pertamina (a state-owned oil and gas 
company). Its refining capacity is nearly one million barrels of oil per day. Balongan is the newest refinery in 
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Indonesia and unleaded gasoline is being produced in Balongan through the Residue Catalytic Cracking 
(RCC) processes. In the oil refinery, besides being used as raw material, crude oil is also used as an energy 
source. Most of the energy used in the refinery is for steam production or directly use for fired heaters. The 
amount of energy consumed in the refinery is about 80 per cent of the total and the remaining 20 per cent is 
used for other purposes. The energy activity for steam production always relates to GHGs emission in which 
its magnitude is related with refinery growth, fuel mix used and the energy intensity of steam production. 
Energy is also consumed for crude oil distillation (atmospheric and vacuum), desulphurisation processes, 
catalytic cracking, naphtha reformation, alkylation, high thermal unit (hydrogen HTU) and aromatics extraction.  

− Gas Refinery Technologies  

In the gas refinery, natural gas is being used as raw material to produce Liquefied Natural Gas (LNG), 
Liquefied Petroleum Gas (LPG), and Compressed Natural Gas (CNG). More than 50 per cent of the natural 
gas produced is converted to LNG and LPG and the remaining is converted to CNG and directly use as 
energy sources. Processes involved in LNG and LPG plants are very complicated, while in the CNG plant and 
natural gas pipelines they are  more simple. 

In the year 2000, Pertamina has been running 14 natural gas liquefaction trains at its plants in Arun (North 
Sumatera) and Bontang (East Kalimantan). The Arun LNG Field was discovered in 1971. The expansion of 
this plant covers the six trains of 9.3 million tons of total design capacities in the year 2000. The Badak Field, 
discovered in 1972, started its construction of the LNG plant in 1973. The expansion of this plant covers eight 
trains of 17.2 million tons of total design capacities in the year 2000.  

Similar to oil refinery, the gas refinery also need energy for its processing activities, such as condensate 
separator, CO2 removal (Mono-Ethanol-Amine System), feed gas drying (molecular sieve), heavy 
hydrocarbon removal, liquefaction cryogenic exchanger, cooling, stabilizer, compressor, fractionation, de-
ethanizer, depropanizer, debutanizer. The energy required in gas refinery can also be for steam production or 
directly for heating purposes, which produce GHGs emission. 

• Coal Mining and Processing Technologies 

− Coal Mining Technologies 

Methane (CH4) is one of the GHGs being released from coal mining. The coal mining consists of two 
methods: underground mining and strip mining. In the underground mining, methane is released while the 
coal layer is being cut. This methane has been diluted by ventilated air before it is released to the 
atmosphere. The strip mining is also known as open cut mining or open cast mining. The methane released 
from the open cast mining is smaller than that of the underground mining.  This is due to the fact that 
underground mining is deeper (more soil opened) than the open cast mining. Underground coal mining has 
been recognized for its entire history of gas explosion hazards. Explosions of what the miners called 
`firedamp' have been the cause of most of the worst disasters in the coal mining history. Firedamp's main 
constituent is methane (CH4), the simplest of the alkane series of hydrocarbons. However, in recent years the 
methane in coal seams, rather than being seen as a hazard or, at best, a by-product of mining has been 
considered as a resource in its own right. In Indonesia, the existing coal mining is concentrated on anthracite, 
sub-bituminous and bituminous coals. More than 95 per cent of coal mining in Indonesia is from open cut 
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mining, but only three underground mines, one at the PTBA Ombilin in West Sumatra and two small owned 
domestic private mines in Kalimantan. Two types of open cut mining are known in Indonesia. These are the 
continuous open cut mining (using Bucket Wheel Excavator, BWE and spreader) and conventional open cut 
mining (mobile equipment system: shovel, dump truck and bulldozer). Conventional technology (drill and 
blasting) is used for underground mining.  

− Coal Processing Technologies 

The coal industry today is a competitive industry as it is cheaper than other energy resources. In power 
industry, coal is usually used as fuel, but in the cement and steel industries coal is used as raw material and 
conductor. Coal processing technology for power plant will be explained in the power plant sector.  

− Power Plant Technologies 

Currently, to fulfill the increasing demand on electricity, the government and private sectors are continuing to 
build new power plants and to improve the plant efficiency. The total installed capacity of the State Electricity 
Company (PT PLN) in 1999 was about 20,591.74 MW, of which 15,188.78 MW (73.76 per cent) is in Java and 
5,402.96 MW (26.24 per cent) is  in outside Java. Some of the technologies used for electricity generation are 
hydro power, coal steam power, oil and gas steam power, gas combined cycle, geothermal, diesel and 
photovoltaic. Geothermal and photovoltaic power plants could be categorized as clean technologies in term of 
GHGs emission. Both technologies, however, are only used in the remote areas wherein no electricity grid 
connection available.   

The conventional coal steam power plant technology, on the other hand, is dominant in the PLN power 
system, accounting for 32.88 per cent of the total electricity generation. Gas combined cycle and hydro power 
plants technology had a share of 30.54 per cent and 14.64 per cent, respectively. The conventional coal 
power plants are not considered to be environmentally friendly since coal burning will emit GHGs into the 
atmosphere. For this reason, mitigation options are needed for coal power generation in order to reduce the 
GHGs emission, especially CO2.   

3.1.2.  Industry Sector 

In industry sector, electric motor drives, heating devices, and evaporators have been used by some industries 
in Indonesia. Those technologies can be considered as the mitigation options for reducing GHGs emission. 
Technologies in this sector can be categorized into two types, viz. Indirect Heat and Direct Heat. Both 
technologies have high efficiency (80 to 94 per cent). Technologies of indirect heat that are already in use in 
Indonesia are as follows: indirect heat coal, indirect heat biomass, indirect heat diesel, indirect heat FO, 
indirect heat natural gas, indirect heat LPG and indirect heat kerosene. While technologies of direct heat that 
are also already in use are: direct heat coal, direct heat biomass, direct heat diesel, direct heat kerosene, 
direct heat FO, direct heat gas, direct heat coke, and direct heat LPG. 

3.1.3. Household and Commercial Sector 

In the household sector the energy is being used for cooking, lighting and other house appliances (air 
conditioning and refrigeration). In the commercial sector, most of the energy is being used for lighting and air 
conditioning. Technologies in these two sectors are more available in the efforts of reducing GHGs emission. 
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Presently, for cooking, lighting and other appliances, various technologies have been used, such as biomass 
stove, kerosene stove, gas stove, electricity stove, and briquette stove, kerosene lamp, conventional ballast 
(25W), incandescent lamp (25W), standard refrigerator and improved refrigerator. While for water heating, 
solar collector is commonly used in Indonesia. 

3.2. Analysis of the Advantages and Disadvantages of the Technology Used 

Appraisal of the advantages and disadvantages of the technology being used in all sector requires many 
parameters and will be based on many aspects such as social, economical, technical, usefulness, risk and 
GHGs emission production capability.  

Table 1.6 shows the advantages and disadvantages of the technologies used in all sectors. This table shows 
that the development of all sectors has been followed by cultural changes and GHGs emission production 
capability. From the economic point of view, the impact on the growth of industry including energy industry 
could be more beneficial since the increase in the regional economy; income per capita and employment will 
follow the growth of the industry. 

Table 1.6.  Advantages and disadvantages of technologies used in all sectors 

Sector Social impact 
Impact on 
economy 

Advantages*/ 
Disadvantages** 

GHGs emission 
production 

1. Energy Industry: 
   a. Oil &Gas  
   b. Coal  
   c. Power Plant 

Increasing income per 
capita, employment and 
cultural change 

Increasing 
regional 
economy  

Regional development* / 
Increasing pollutant and 
decreasing land potential** 

 
Capable 
Capable 
More capable 

 
2. Industry 

Increasing population 
income, employment and 
cultural change 

Increasing 
regional 
economy  

Regional development*/ 
Increasing pollutant and 
decreasing land potential** 

More capable 

3. Household an 
commercial  

Cultural change High cost of 
living 

To motivate increment in 
people’s income*/ 
Corruption increasing**  

 

4. Transportation  Cultural change, 
Increasing traffic jam 

High cost of 
living 

Increasing economic 
activity*/ decreasing land 
potential** 

Capable 

 

3.3. Mitigation Option  

Technology options for mitigation in all sectors will be technologies that could decrease total CO2 released. 
Decreasing the total CO2 released, however, can increase the total system cost. Mitigation options in different 
sectors are discussed below. 

3.3.1.  Mitigation Option in the Energy Industry  

• Mitigation Option in the Oil and Gas Industry 

Improving energy management of the oil and gas industry could be done through the efficient use of energy. 
In general, efficient energy utilization and better management of the crude distillation unit process can save 
the energy consumption by 3 to 15 per cent. Flared gas can be used as substitute for other commercial 
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energy types such as fuels for oil production and as raw material for mini LNG or LPG plants. This will reduce 
the CO2 emission at low or negative additional cost. 

• Mitigation Option in the Coal Industry 

The GHGs emission from the coal industry are not only released from coal power plants, but also released 
from the coal storage, transportation, and direct combustion. Increasing coal preparation capacity and 
improving coal quality have positive impacts on the cost and the environment. They will result in cost savings 
and reliable improvements at plant level as well as reducing the energy use in coal handling. Better coal 
preparation could also reduce the negative impact to the environment and making coal transportation to be 
more efficient (saving 5 per cent of the rail system volume). In the coal mining, the methane has been diluted 
by ventilated air before it is released to the atmosphere. To decrease the methane emission, mitigation option 
such as utilization of de-gasified methane in the boiler-house and the enhanced coal-bed methane recovery 
(CO2 sequestration) will be required. 

• Mitigation Option in Power Plant 

New technology that improves the combustion efficiency and the use of combined heat and power production 
will reduce the energy input. In general, increasing one per cent of the power generation efficiency would 
result in a 2.5 per cent reduction of CO2 emission. CO2 emission reduction can also be achieved by using new 
technologies such as fuel cell, nuclear power plant, and gasifier (IGCC, PFBC, AFBC and CFBC). The CO2 
emission factor of the fuel would be smaller than 15 kg CO2/GJ, as compared to the 88 kg CO2/GJ for coal. At 
demonstration scale, IGCC has an efficiency of 42 per cent  (LHV) with total CO2 emission of 800 g CO2/kWh.  
However, in reality the IGCC technology has lower efficiency but still have the ability to capture more of the 
CO2 emission.  

Utilization of renewable energy sources such as geothermal, hydropower, solar, wind, and nuclear power 
plants have to be considered as mitigation options for reducing greenhouse gases emission (especially CO2). 
The CO2 emissions from these energy sources are much smaller than from fossil fuels fired plants. In general, 
the renewable energy potential is very site specific. The potential of these renewable energy sources in 
Indonesia is shown in Table 1.7. 

Table 1.7.   Potential and capacity of renewable energy in Indonesia* 

Energy type Potential 
Equivalent/ 

Specific Power 
Utilization 

(GWh) 
Capacity  

(MW) 

Hydro 
Geothermal 
Mini/Microhydro 
Solar Energy (PV) 
Wind Energy** 
• Small Scale 
• Medium Scale 
• Large Scale 

845 million BOE 
219 million BOE 
 
 
 
2.5-4.0 m/sec 
4.0-5.0 m/sec 
5.0 m/sec 

75.67 GW 
19.66 GW 

458.75 MW 
4.8 kWh/m2/day 

 
75 W/m2 

75-150 W/m2 
150 W/m2 

  6851 
  2593.5 

3854 
  589.5 
    54 
      5 
      0.3765*** 
 
 

Sources: * Directorate General of Electricity and Energy Utilization  (2001) 
             ** LAPAN (2001) 
            *** BPPT (1998) 
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Table 1.7 indicates that the potential of renewable energy in Indonesia is very high.  Some of these renewable 
energy sources, such as hydropower and geothermal have been utilized commercially. However, most of 
them, like mini hydro, solar, and wind energy are still in small scales. The renewable energy that has been 
commercially developed in Indonesia are hydropower and geothermal. 

Potential of hydropower of the Indonesian archipelago is around 75.67 GW. However, only 5 per cent of it has 
been developed. As a matter of fact, hydropower plant is not fully free from GHGs emission as CH4 and CO2 
are produced from bacterial decomposition of biomass in the flooded reservoir. 

The other renewable energy that has been developed commercially is geothermal.  The geothermal potential 
in Indonesia is about 20 GW and only about 3 per cent that has been developed commercially. Most of the 
installed capacity or more than 99 per cent is in Jawa Island, while the rests are in Sulawesi and Sumatra 
Islands. 

Other renewable energy sources that have been installed and developed are micro hydro, solar energy, and 
wind energy. However, their development is still in small scales. In general, the development of these energy 
sources is also site specific. In other words, every site has different potential of renewable energy, different 
number of energy demand, and different level of electrification that will lead to different barriers of the 
development of the renewable energy potential. In addition, availability and price of other energy sources will 
affect the development of wind energy. 

In addition, there is a mitigation option for reducing GHGs emission by utilizing microhydro technology. The 
development of this technology is still in small scale and not commercially developed. This technology is very 
potential to be developed in Indonesia, because almost all of Indonesian provinces have the source of 
microhydro. Recently, Indonesia has 99 units of micro hydro with installed capacity of 50,746 kW that have 
been installed almost in all provinces (BPPT, 1998).  

Solar energy or photovoltaic (PV) is an energy source that has the least GHGs emission (zero emission). This 
energy source has been developed and disseminated in Indonesia by BPPT (Agency for the Assessment and 
Application of Technology of Indonesia) and DGEEU (Directorate General of Electricity and Energy 
Utilization).  BPPT has initiated a program of dissemination of solar home system with PV for one million 
households. Under this program, about 55,000 units of solar home system (PV) with the capacity of 2.5 
millions Wp (Watt peak) have been installed, and disseminated in almost all provinces in Indonesia. 

Another renewable energy that has the least or zero GHGs emission is wind energy. Development of wind 
energy in Indonesia has been initiated by LAPAN (National Institute of Aeronautics and Space). The technical 
requirement of the wind energy is the minimum wind speed of 4 meter per second. Some areas in Indonesia 
have met that technical requirement, however, the development of wind energy is also affected by economical 
factors and the availability of other energy sources.  Therefore, installed capacity of wind energy in Indonesia 
is only about 377 kW from 639 units  (BPPT, 1998), mostly in Jawa (northern and southern coasts), West 
Nusa Tenggara, East Nusa Tenggara, and Sulawesi. According to LAPAN (2001), the wind energy with 
design capacity of 10 -100 kW with estimated lifetime of 15 years needs an investment cost of US$ 3,000/kW; 
fix operation and maintenance (O & M) costs of US $ 8/kW/year, and zero variable O & M costs. 
Nevertheless, this utilization of wind energy can be considered as a mitigation option for reducing GHGs 
emission.  
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In power generation, switching fuels from coal to oil or natural gas, and from oil to natural gas, can reduce the 
GHGs emission. Switching from coal fuel to natural gas would reduce carbon emission by 20 per cent if 
efficiency were kept constant. Natural gas has the lowest CO2 emission per unit energy produced (50 kg 
CO2/GJ) as compared to other fossil fuels. The CO2 emission from oil combustion is about 75 kg CO2/GJ, and 
the emission from coal is about 90 kg CO2/GJ. In general, the use of low-carbon fuels has also more potential 
for efficiency increment. The equivalent CO2 emission released from nuclear power plant is only 1/10 to 1/100 
of fossil fuel plants. 

3.3.2. Mitigation Option in the Industry Sector 

The effective implementation of mitigation options to decrease GHGs emission from the industry sector will be 
necessary such as in steam production, where some industry is still producing steam but the steam not yet 
being utilized fully. The steam can be process further to produce electricity by using cogeneration technology. 
Installing cogeneration system can replace the traditional recovery boilers and the introduction of 
cogeneration system will increase the overall (heat) efficiency of the boiler from 50-60 per cent to 80-85 per 
cent. This technology will provide steam and electricity at the same time. High-pressure steam from steam 
generator is flowed to the backpressure turbine to generate electricity. After that, the medium pressure steam 
coming out of the turbine can be utilized as a source of heat for processing purposes. In addition to the above 
technologies, improving the design of boiler and furnace is also suggested since it will produce low GHGs 
emission and make use of low cost fuels. 

3.3.3. Mitigation Option in the Household/Commercial Sector 

In general, mitigation options such as high efficient appliances and equipment; better insulation, and more 
efficient lighting devices and design can be implemented in this sector. Most of the energy consumed by 
residential sector would be for cooking, which mostly come from biomass (agricultural waste and firewood) 
especially in rural areas. The effect of different levels of wood use on CO2 emission depends on how quickly 
wood is being grown.  If wood is grown at least as fast as it is burnt, then wood use would effectively has zero 
CO2 emission.  However, since wood is often burned inefficiently, the emissions from wood burning may 
exceed even coal emissions (per unit of useful energy). Considering this, more efficient cooking practices are 
in pressing need for the residential sector. Some mitigation options on cooking in the residential sector are 
switching fuel from biomass to kerosene, from kerosene to LPG or city gas, and from LPG to electricity in 
addition to the increased stove efficiency.  

For lighting, reducing GHGs emission could be done by using more efficient lamps, such as substitution of 
incandescent light bulbs to compact fluorescent lamps (CFL); replacing a 60 W incandescent light bulb with a 
15 W compact fluorescent bulb and replacing the conventional ballast of standard fluorescent lamps by 
electronic ballast. Replacing a 60 W incandescent light bulb with a 15 W compact fluorescent bulb can result 
in a decrease of CO2 emissions by about 36 kg per year. For street lighting, illumination is provided from 
about 18.00 h to 6.00 h, i.e. during 12 h/d. Replacing mercury vapor lamps by high-pressure sodium lamps, 
electricity savings of 35 per cent can be expected. While replacing electric bulbs by compact fluorescent 
lamps (CFL) will save 70 per cent. In the other hand substitution of photovoltaic solar home system from 
kerosene lamps for non-electrified households is needed and substitution of solar collectors for warm water 
generation in housing and hotels is also needed. Beside that efficiency improvement of other appliances such 
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as refrigerators, using high efficient air conditioning and advanced cooling systems is also reducing GHGs 
emission.  

3.4. Criteria for Additional Technologies 

The additional technology is always related with the additional fuel usage, system cost, GHGs emission and 
pollutants. The use of energy-efficient technologies and practices can decrease fuel use and directly lowering 
down the rate of GHGs emission, especially CO2 emissions, without compromising economic development. 
Reducing CO2 emissions could be conducted through fuel changing from fossil fuels to clean fuels. The 
impact of efficient technologies and fuel changing application would be the increase in system cost. 

Mitigation options in all sectors can be implemented by using highly efficient and environmentally friendly 
technologies, better energy management and substituting fossil fuel with cleaner fuels. The criteria for 
choosing additional technology to fulfill the CO2 emission reduction are: 

ü Give precedence to the sectors with low efficiency or using traditional technology;  
ü National development of an environmentally friendly technology should be related to the local and 

area needs; 
ü Easy to operate and manage; 
ü Have high CO2 emissions reduction potential but with low additional system cost; 
ü Lowest CO2 released technology and have no negative impact socially, economically and culturally;  
ü Abides Indonesia’s regulation and laws, nationally and regionally; 
ü The installation of the technology system should be low in budget and easily provided; and 
ü Able to absorb employment. 

4. ANALYSIS OF COST/BENEFIT AND RISK/BENEFIT OF THE OLD AND NEW 
TECHNOLOGIES IN ENERGY SECTOR 

The production, conversion, and end use of fossil fuels will produce significant greenhouse gases emission to 
the atmosphere, in particular the CO2 and CH4. The volume and types of greenhouse gases emitted depend 
on the source of energy. Therefore, energy related greenhouse gases emission reduction would also depend 
on the type of energy being used. Information on incremental costs is needed for comparing costs of the 
GHGs mitigation options. The incremental costs are the difference between the economical cost to society at 
national level over the time for implementing a set of mitigation actions and the baseline scenario 
(technology).  

The energy production cost has to incur expenses for the development, operation and maintenance of energy 
technology system. Repayment of the cost, profit and taxes should be charged to the users as reflected in the 
energy price. The economical analysis has the objective to calculate the investment, operating and 
maintenance costs involved. These cost data in combination with the data on inflation, life time, load factor, 
expenditure schedules for construction, production, taxes and duties, etc., are then used to calculate the 
energy production cost in the various technologies. On the other hand, stress has to be given on the 
technological options that have the highest reduction capability of GHGs released from the energy system.  

To further analyze the risk/benefit ratio of the technologies in energy sector, data on the costs and the total 
GHGs released of the old and new technologies used should be available. The cost difference of the GHGs 



E n e r g y  

 1 - 21 

reduction activity is usually referred to as marginal cost.  In this sense, the marginal abatement cost can be 
obtained by dividing the difference of the total cost by the difference of the total GHGs released of the new 
technological option and the baseline technology.  

4.1. Cost/Benefit and Risk/Benefit Analysis Method 

4.1.1. Cost/Benefit Analysis Method 

In general, the average cost of the energy carried over the time period is determined by the following formula: 

D

DD
A P

OMl
C

+
=  

Legends: 
CA       = average energy production cost; 
ID         = discounted investment; 
OMD     = discounted O & M cost; 
PD          = discounted production.  

Cost and yearly energy production have to be discounted on the same reference year. The reference year can 
be any year, because it does not influence the average energy cost. For the above derivation, the reference 
year zero has been chosen. The investment cost is distributed over several years depending on construction 
and operation times. Interests during construction time have to be included. Operating and maintenance costs 
are taking place during production time and net constant over time.  

Since some of the data on the capacity, lifetime and others of the various technology options used for 
economical and cost-benefit analysis in this paper are not fully available, the total system cost and total GHGs 
released from the MARKAL Model output will be used. All discounting system cost In the MARKAL Model are 
carried on from the beginning of the period, while the investment cost are determined at the beginning of the 
respective period when the full capacity is already available. The operating and maintenance costs during a 
period are first discounted to the beginning of the respective period and then to the beginning of the period. 
The Internal Rate of Return (IRR) method will be used in the MARKAL Model. The interest rate provided by 
this method if the present value of the net cash flow becomes zero will be defined as the discount rate. Some 
technologies for mitigation options must be considered to analyze the benefit of GHGs reduction in the energy 
system. The equations to calculate the total GHGs (CO2, CH4 and N2O) emitted from energy system is 
showed in the following formulas: 

1) Total CO2 emission (TE CO2) 
TE CO2 = 44/12 (total of fuel consumption per sector x EFcarbon  - Carbon stored x fraction carbon oxides) 
2) Total CH4 emission (TE CH4 ) 

T.E CH4= Σ (E.F CH4 a,b x Activities a,b ) 
3) Total N2O emission (TE N2O) 

T.E N2O = Σ (E.F N2O a,b x Activities a,b) 
Legends: 
EF = emission factor 
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a   = fuel type 
b   = sector of activity 

The emission factor for GHGs from different types of energy sources are shown in Table 1.8; 1.9, and 1.10. 

4.1.2. Risk/Benefit Analysis Method 

Similar to the cost/benefit analysis method, the result of the MARKAL Model would be used in the risk/benefit 
analysis method. For the risk/benefit analysis, the required data of the total cost and the total of GHGs 
released from energy combustion at different technologies will be estimated from the result of the MARKAL 
Model. In every sector, some technologies are chosen to direct the future of Indonesia energy system, 
depending on the case selected. Since the MARKAL Model use least cost analysis, the marginal cost of the 
application of GHGs reduction technologies can be calculated by comparing the capacity of the individual 
efficient technology chosen by the model to the baseline capacity mix. According to the study on “GHG 
Inventory Mitigation Options and National Strategy on Energy Sector”, the total of CO2 emission for energy 
combustion in the country is higher than the total of N2O and CH4 emission. On this basis, the analysis on the 
risk and benefit to the energy system will only consider the total CO2 released by different technologies. 
These CO2 released will be influenced by total energy consumption for every technology per every sector and 
emission factor of carbon. The cost difference of the CO2 reduction action is referred to as the marginal cost. 
The marginal abatement cost will then be obtained by dividing the difference of total cost through the 
difference of total CO2 released by the two technological options. The marginal abatement cost curve will 
become the basis for the analysis of the risk/benefit to the energy system.  

Table 1.8.  EF carbon from different types of energy sources 

Type of energy sources EF carbon 
(kg C/GJ) Type of energy sources EF carbon 

(kg C/GJ) 
Crude Oil  20.0 Other Oil  20.0 
Natural Gas Liquids  17.2 Anthracite  26.8 
Gasoline   18.9 Cooking Coal  25.8 
Jet Kerosene  19.5 Bituminous Coal  25.8 
Other Kerosene  19.6 Sub-bituminous Coal  26.2 
Gas/Diesel Fuel  20.2 Lignite  27.6 
Residual Fuel Oil  21.1 Peat  28.9 
LPG  17.2 BKB & Patent Fuel  25.8 
Ethane  15.8 Coke  29.5 
Naphtha  20.0 Natural Gas (dry)  15.3 
Bitumen  22.0 Solid Biomass  29.9 
Lubricants  20.0 Liquid Biomass  20.0 
Petroleum Coke  27.5 Gas Biomass  30.6 
Refinery Feedstock  20.0   

Source: IPCC, 1996 
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Table 1.9.    EF CH4 from different type of energy sources and demand sector (kg/TJ)  

Transportation 
Type of energy 

source  
Energy Industry

a
/ manufacturing 

industry and construction b 

Household/ Commercialc / 
Agriculture/ 

Forestry/ Fisheries 
Air Land/Sea 

Coal  1 a; 10 b  10 c; 300 - 10 
Natural gas  1 a; 5 b  5  50 
Oil/Kerosene  3 a; 2 b  10  - 
Avgas/Avtur   0.5  
Gasoline  -  - 20 
Diesel  -  - 5 
Biomass/Waste  30  300 - - 
Charcoal  200  200   

a energy industry; b manufacturing industry and construction; c commercial 
Source: Asia Least Cost Greenhouse Gas Abatement Strategy  
 
Table 1.10.   EF N2O from different type of energy sources and demand sector (Kg/TJ) 

Transportation 
Type of energy source 

Energy Industry/ 
manufacturing industry 

and construction 

Household/ Commercial/ 
Agriculture/Forestry/ Fisheries Air Land/Sea 

Coal   1.4   1.4 0.6 - 
Natural Gas   0.1   0.1 - 0.1 
Crude Oil   0.6   0.6 - - 
Avgas/Avtur   -   - 2.0 - 
Gasoline   -   - - 0.6 
Diesel   -   - - 0.6 
Biomasa/Waste   4.0   4.0 - - 
Charcoal   4.0   1.0  - 

Source: Asia Least Cost greenhouse Gas Abatement Strategy  
 
 
• Cost/Benefit Analysis 

The energy activity for the production processes of the energy industry (refinery, power plant, coal, oil and gas 
mining) is always related with GHGs emission unless the energy required is provided by renewable energy. 
The growth of CO2 emission of the energy industries in the future will depend on the industrial outputs, 
structures of the industrial growth, the average energy intensity of specific products, and fuel mix used by the 
industries. Most of the energy used for refineries is for steam production or directly use for fired heaters. The 
total energy consumption in refinery is about 80 per cent and the remaining is for other purposes. The main 
energy conservation in refinery processing is done through heat recovery from flue gas, controlling 
combustion processes, and other types of heat recovery from process streams. Through the conservation of 
these processes the use of fossil fuel will be reduced significantly. Consequently, this will become one of the 
opportunities to reduce the GHGs emission of the energy industry. In the oil & gas mining, the utilization of the 
flared gas to substitute the utilization of other commercial energy types (fuels for oil production, raw material 
for mini LNG or LPG plants, etc.) is another option to reduce CO2 emission at low or negative cost.  

Coal, on the other hand is one of the fossil fuels that is also a source of GHGs emission. Methane (CH4) is 
one of the GHGs released from coal mining. The coal mining consists of two methods, such as underground 
mining and open cast mining. In underground mining, methane is released while coal layer is cutting in 
working face. This methane has been diluted by ventilated air before it is released to the open air 
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(atmosphere).  The methane released from the open cast mining is smaller than that of the underground 
mining. In Indonesia, the coal mining is mainly open cast mining and the coal produced will be used mostly for 
power generation.  

The cost/benefit analysis would only be considered on the four main sectors, i.e. power generation, industry, 
household, commercial and transport. In the base case, the estimation of the CO2 emission level of the 
technology mix in power generation, industry, household, commercial and transportation sectors will be based 
on the least-cost analysis or the business as usual perspective.  In the projection of the base case capacity 
mix during the1995-2025 period, common technologies will be mostly used by all sectors. 

The total CO2 released by the energy system during the six periods from 1995 to 2025 is estimated to be 
12,457 million tons with the present value total system cost (excluding external cost) of about US $ 454,260 
million. 

− Power Plant 

In 1995, the capacities of coal steam power plants, biomass power plants, combined cycle power plants, and 
hydro power plants were 4.13 GW; 0.05 GW; 2.44 MW; and 3.63 GW, respectively.  In 2025, 39.71 GW of 
coal steam power plants, 0.68 GW of biomass power plants, 5.14 GW of combined cycle power plants, and 
13.96 GW of hydro power plants are estimated to be installed in the country. The capacities of diesel plants, 
gas turbines, and geothermal in the end of the period will decrease. The capacity of diesel plants will 
decrease from 10.46 GW in 1995 to 8.13 GW in 2025, while the capacity of gas turbines and geothermal will 
decrease, respectively from 2.01 GW and 0.41 GW in 1995 to 0.87 GW and 0.36 GW in 2025. The above 
power generation capacities will be used as a basis for analyzing the impacts of implementing efficient 
technologies. The design capacity, investment cost, operation and maintenance cost, lifetime, and efficiency 
for the electricity sector are used for calculating the total system cost and CO2 released for energy system as 
shown in Table 1.11.  

Table 1.11. Base case power plant (PP) investment cost, operational and maintenance cost, lifetime, 
efficiency and specific emission 

Type of Technology 
Design 

Capacity 
(MW) 

Lifetime 
(year) 

Investment Cost 

(106US$/GW) 

Fix O&M Cost 

(106US$/GW/a) 

Variable O&M 
Cost 

(106US$/GW/a) 

Efficiency 
(%) 

Coal Steam PP  400 
 600 

 25  1658.8 
 1468.7 

 15.03 
 12.70 

 0.72 
 0.72 

 34 
 37 

Gas Steam PP  200  25  1223.6      5.265   1.242      21.67 
Oil Steam PP  200  25  1265.2  10.16  0.70      32.30 
Diesel  6-8  20  4064.8      5.577   1.407      31.57 
Gas Turbine  100  20  1606.9      5.502   2.169  27 
Geothermal   55  25  1900.1  39.62        48.38      34.97 
Gas Combined Cycle  300 

 600 
 25   868.0 

  700.0 
    8.998 
  7.49 

      38.80 

Mini Hydro  5-15  50  4688.8  19.178   0.625      33.07 
Hydro  100  50    2997.95  5.95   0.625     38.27 
Biomass   25  25  4336.5  32.882   0.860     24.35 
Source: MARKAL Data Input, November 24, 2000 
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− Industries 

Technologies of electric motor drives, heating, and evaporation have been used in many industries. These 
energy demand device technologies have opportunities for energy saving and GHGs emission reduction. For 
the base case, the total capacity of industry (steam and heat production) will increase by about  5 per cent per 
year during the 1995-2025 period. In the first period, the total capacity of industry is about 440.06 PJ/Year, 
while almost fifty percent of it uses indirect heat. Although direct heat and electric drive increase until the end 
of the period, indirect heat is still preferred by most large and medium industries and thus has the biggest 
share.  

Coal boilers will fulfill most of the indirect heat capacities in 2025 while the remainder will be that of natural 
gas boilers and biomass boilers. Refined products and LPG are also used for indirect heat, but their share is 
very small in the end of the period. 

The design capacity, investment cost, operation and maintenance cost, lifetime, and efficiency for industry 
sector are used for calculating the total system cost and CO2 released for the energy system as shown in 
Table 1.12.  

Table 1.12.   Base case industry investment cost, operational and maintenance cost, lifetime, and 
efficiency  

Type of Technology 
Design Capacity 

(t/hr)  
Lifetime 

(yr) 

Efficiency of 
Boiler1/Firing2 

System (%) 

Investment 
Cost 

(106US$/PJ) 

Fix O&M Cost 
(106US$/PJ) 

Indirect Heat Coal  17  25  801/902        39.5  4.118 
Indirect Heat Biomass  8  25  801/902  45.023  4.682 
Indirect Heat Diesel  17  25  911/942  23.412  2.533 
Indirect Heat FO  60  25  911/942  23.892  2.581 
Indirect Heat Natural Gas  18  25  911/942  23.412  2.533 
Indirect Heat LPG  18  25  911/942  23.412  2.533 
Indirect Heat Kerosene  17  25  911/942  23.412  2.533 
Electric Drive   25     3.5792  
Direct Heat Coal   25  902  7.42  0.457 
Direct Heat Biomass   25  802  7.42  0.457 
Direct Heat Diesel   25  912  1.513  0.161 
Direct Heat Kerosene   25  912  1.513  0.058 
Direct Heat FO   25  912  2.089  0.083 
Direct Heat Gas   25  912  1.549         0.04 
Direct Heat Coke   25  902         7.42  0.457 
Direct Heat LPG   25  912  1.549         0.04 
Source: MARKAL Data Input (24 November 2000) 
Note: 1 PJ (Peta Joule) = 2.777 x 108 kWh 
 

− Household and Commercial Sector 

The type of technology and fuel use in the household and commercial sectors is more available to be 
considered for reducing the GHGs emission.  In the base case, the conventional technology of stove, lighting, 
and other appliances such as water heater and refrigerator have been used. The capacity of improved 
refrigerator will increase from 1.43 PJ in 1995 to 50.94 PJ in 2025, while the capacity of standard refrigerator 
in 1995 is 17.56 PJ and decreasing every year and becoming zero at the end of the planning period. In the 
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long term, the total capacity of lighting (electric and non-electric) will decrease from 171.14 PJ in 1995 to 
130.83 PJ in 2025. Decrease in lighting usage is caused by non-electric lighting capacity. The capacity of non-
electric lighting for every period will be decreasing dramatically from 101.14 PJ in 1995 to 40.81 PJ in 2025. 
The investment cost, operation and maintenance cost, lifetime, and efficiency for household technologies are 
used for calculating the total system cost and CO2 released for energy system as shown in Table 1.13. 

Table 1.13.   Base case household investment cost, operational and maintenance cost, lifetime, and    
efficiency  

Type of Technology 
Lifetime 

(yr) 
Efficiency 

(PJ/PJ) 
Investment Cost 

(106US$/PJ) 
Fix O&M Cost 
(106US$/PJ) 

Biomass Stove  10     0.125   
Gas Stove  15  0.4     20.771  0.528 
Electric Stove  10   0.65  121.26  
Briquette Stove    5   0.32         2.3957    0.1562 
Kerosene Stove    5  0.3       9.113  0.096 
Standard Refrigerator  15              1              58  
Improve Refrigerator  15     1.2857     75.369  
Incandescent Lamp (25W)   438 hours              1              12.6  
Conventional Ballast (25W)   8000 hours      1.2778      23.493  
Kerosene Lamp  na              1  n.a  n.a 
Solar Collector  25              1     38.172  
Commercial indirect heat  25  0.96      1.801  0.18 
Source: MARKAL Data Input, November 24, 2000 
Note: 1 PJ (Peta Joule) = 2.777 x 108 kWh 
 
• Risk/Benefit Analysis 

The risk and benefit analysis is required in the mitigation options for power generation, industry, household 
and commercial and transportation sectors. Several technologies on the individual mitigation option 
penetration show that every mitigation option will reduce CO2 released, but some of the total system costs 
would also increase. Therefore, the choice of technology from the mitigation options to be used in the risk and 
benefit analysis will be derived on the basis of prioritized technologies with the smallest additional costs and 
biggest reduction of CO2 released if compared to the base case. In addition, the additional capacity of CO2 
reduction technologies have also considered the distance between the supply and demand locations, number 
of demands, and the industrial economic growth rates.  

Throughout the planning period, utilization of cogeneration system in the industry sector is expected to be 
more beneficial. Therefore, the additional capacity of cogeneration in industry is estimated to start during 
period three (2005) at 37 PJ per annum (10 per cent of total steam from indirect heat) and it is expected to be 
increasing every year. The capacity of cogeneration will reach 251 PJ per annum (25 per cent of total steam 
from indirect heat) at the end of the period. Beside the additional cogeneration capacity for the industry sector, 
the addition of new motor electric technology for new industry is also estimated to be very important. In this 
case 118 PJ per annum of new motor electric capacity will be installed in the first period and the capacity will 
increase to about 480 PJ per annum at the end of the period. The introduction of the above technologies does 
not result in higher total system costs; in fact, it will produce the opposite (lower costs) although those 
technologies can reduce CO2 released significantly. 
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In the household and commercial sector, some technologies such as solar thermal, compact fluorescent lamp 
(CFL), improved refrigerator and hi-tech refrigerator would also not cause any increment to the total system 
cost as in the case of cogeneration and new motor electric technology capacity. The implementation of those 
technologies, however, can reduce CO2 released to the atmosphere. For the commercial sector, additional 
solar thermal technology capacity will still make the price competitive, but the capacity used is still low. The 
capacity of solar thermal in the first period is only about 0.06 PJ per annum and subsequently increasing to 
about 1.8 PJ per annum in the end of the period. For lighting, the future utilization of CFL in the household 
and commercial will be more interesting as compared to advanced compact fluorescent lamp (ACFL) and 
standard fluorescent lamp (SFL) since its price is more competitive. The estimated installed capacity of CFL in 
the second period is about 5 PJ per annum and will increase to 90 PJ per annum in the end of the period. For 
refrigerators, starting in the third period, the improved refrigerator technology and the addition of hi-tech 
refrigerator for the household sector will also be more interesting as compared to compact refrigerator and 
compact panel refrigerator. Both capacities in this period are proposed to be only about 5 PJ per annum. At 
the end of the period, however, those capacities are estimated to be more than doubled. 

In the power sector, the additional capacity of new gas turbine power plant technology is expected to be more 
beneficial than the addition of new HSD gas turbine power plant.  The capacity of new gas turbine power plant 
technology throughout the period will be increasing, but at the end of the period only 0.2 GW maximum 
capacities is permitted. Besides, the capacity of mini hydro power plant is estimated to be constant during 
their life times in the baseline. For the mitigation option of the power sector, increasing mini hydro power plant 
capacity has been proposed, although some of the potential mini hydro is located outside Java. If this efficient 
technology is used, the capacities of mini hydro power plant will increase every period from 0.03 GW in the 
first period to 0.09 GW in the end of the planning period. Similar to mini hydro, hydro power plant is also 
suggested to be one of the options for reducing GHGs emission. It is estimated that in the third period, 0.14 
GW hydro power plants will be installed and in the end of period it will reach 0.42 GW.  

Although the above technologies will reduce GHGs emission, combined cycle plants with improved 
combustion efficiency will still have a significant impact in reducing the total CO2 released that will 
consequently increase the total system cost. The total capacity of new gas combined cycle will only be 
doubled over the 30-years period. It is expected that the total capacity of gas-combined cycle at the end of the 
period is 5 GW. In general, addition of clean technology and substitution of non-fossil fuel to fossil fuel in 
power plant, such as geothermal, will influence significantly the total CO2 release. Actually, the geothermal 
potential is in the remote areas, and the addition of the geothermal technology cannot exceed 20 GW.  

Additional new coal power plants will increase the total capacity of coal steam power plant by almost ten times 
during the 30 years period. However, the additional capacity of new coal power plant (high efficiency and 
equipped by clean coal technologies) will have an increasing effect on the total system costs.  For example, 
the capital cost for 400 MW of conventional coal power plant is 1,658 US$/KW, while, the capital cost for 400 
MW of new coal power plant will be 2,017 US$/KW. This new coal power plant cost is cheaper than that of 
geothermal, new hydro and new biomass which, respectively, are 4,954 US$/KW, .4,741 US$/KW, and 4,394 
US$/KW. It is suggested, that starting on period three until the end of the period only 2.4 GW of the 600 MW 
New Coal Power Plant to be installed. In the third period only 1.6 GW of 400 MW New Coal Power Plant is 
proposed to be installed and the capacity is estimated to increase to 2.4 GW in the end of the period. Biomass 
is one of fuels that are considered as clean fuels. If the technology of biomass power plant is more efficient, 
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1 : Cogeneration 2: Motor Electric 3: Solar Thermal 
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13: New Biomass 14: New GasTurbine 15: Geothermal 
16: New HSD G Turbine 17: New Coal PP600 MW18: New Coal PP 400 MW 19: SFL Lamp 
 
Figure 1.1.  Marginal abatement cost versus total of CO2 reduced for all sectors appropriate with 

priority of smallest additional cost per ton co2 reduced 

then that technology will be chosen as an option, but the capacity of the power plant is very small, which are 
only 0.08 GW in the third period and 0.1 GW in the end of the period. 

The total production of the power sector depends on the demand of industries, household, commercial and 
transport sector. If the demand of electricity in all sectors increases, the capacity of that technology will also 
increase but has to be balanced with the total CO2 released. Consequently, the total system cost will also tend 
to increase.  

− The Result of Old and New Technology Analysis Comparison 

Some of the old technologies in all sectors was wasteful energy and could not save energy. In addition, those 
technologies did not use environmentally friendly fuels. Consequently, those technologies will result in 
significant GHGs emission to the atmosphere, such as CO2 and CH4. Considering this, new technology or 
environmental-friendly technology is needed to reduce GHGs emission. Both technologies must have high 
efficiency, but some of them use non fossil fuels. Application of more efficient technology and substitution of 
fossil fuels to non-fossil fuel in all sectors will result in lower CO2 emission rather than that of conventional 
technology and fossil fuels. Unfortunately, those technologies have higher investment cost as compared to the 
conventional technology. Some of those technologies, however, such as cogeneration and motor electric in 
the industrial sector do not incurred additional total system cost. In fact, both technologies result in a 
decreased total system cost as compared to the conventional technology and those technologies can reduce 
CO2 release significantly. Table 1.14, shows the barrier of the technology options with lower additional total 
system cost per ton CO2 reduced. The curve of marginal cost versus total of CO2 reduced can be seen in 
Figure 1.1. 
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Table 1.14.   Mitigation options, total system cost and total CO2 released in Indonesia 

Base: Conventional Technology (Technology available in Indonesia) 

Duration Time: 1995-2025 

Total System 
Cost 

Additional System 
Cost 

Total of CO2 
Released 

Total of CO2 
Reduced 

Abatement Cost 

(Output 
MARKAL) 

(New Tech-Base) (Output 
MARKAL) 

(New Tech-
Base) 

(Add/CO2 Red) 
Mitigation Option per Sector 

106 US$ 106 US$ 106 Ton 106 Ton US$/Ton 
 Base  454,260.01   0  12,457  0  0 

New Coal PP 400 
MW 

 455,772.00  1,511.99  12,446  11  137.5 

New Coal PP600 
MW 

 455,045.77   785.76  12,448  9  87.3 

PLTP  458,689.00  4,428.99  12,087  370  12.0 
New Mini Hydro  454,266.00       5.99  12,428  29  0.2 
New Hydro  454,332.18  72.17  12,423  34  2.1 
New HSD Gas 
Turbine 

 454,472.38  212.37  12,453  4  53.1 

New Gas Turbine  454,289.44  29.43  12,453  4  7.4 
New Biomass  454,322.30  62.29  12,448  9  6.9 

Power 
Plant 

Gas Comb. Cycle  454,279.00  18.99  12,450  7  2.7 
Cogeneration  450,319.41  -3,940.6  12,412  61  -64.6 
New Boiler Biomass  454,250.96  -9.05  12,457  0  
New Furnace Gas  454,266.09  6.08  12,456  1  6.1 
New Furn. Biomass  454,259.90  -0.11  12,457  0  0.0 

Industry 

Motor Electric  453,861.24  -398.77  12,422  35  -11.4 
Improve Refigerator  454,252.02  -7.99  12,444  13  -0.6 
Hitech Refrigerator  454,253.45  -6.56  12,441  16  -0.4 
Compact Refrig.  454,307.16  47.15  12,447  10  4.7 
Compact Pannel 
Refrigerator 

 454,308.90  48.89  12,449  8  6.1 

SFL Lamp  455,348.02  1,088.01  12,450  7  155.4 
CF Lamp  453,688.59  -571.42  12,259  198  -2.9 
ACF Lamp  454,484.48  224.47  12,376  81  2.8 
Solar Home System  454,260.21  0.20  12,457  0  

House 
Hold 

Solar Thermal  454,226.01  -34.00  12,454  3  -11.3 
Truck/Bus CNG  455,545.36  1,285.35  12,463  -6 
Car LPG  467,265.44  13,005.43  12,511  -54 
Car CNG  490,319.33  36,059.32  12,587  -130 

Transport 
 
 

MRT  454,289.44  29.43  12,461  -4 

Note: 
Because of increasing 
CO2 released, these 
data were not used for 
risk/benefit analysis in 
the transportation sector 

5. SUPPORTING INSTITUTIONAL AND REGULATION FRAMEWORK ON SYSTEM AND 
PROCEDURES FOR THE APPLICATION OF NEW TECHNOLOGIES 

5.1. Energy Policy in Indonesia 

Energy development is part of the national sustainable development that supports the attainment of national 
development goals, namely the achievement of a just and prosperous society that is balanced and equitable 
based on “Pancasila” (Nation’s principle philosophy of life). The role of energy is crucial, primarily is support in 
the industrial process, if functions as a raw materials as well as a fuel commodity, which basically is aimed to 
increase people’s welfare and the nation’s standard of living. 
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Cognizant of the important role of energy in the sustainable development, the implementation of energy 
development is then approached in an integral manner trough all sectors of development and with respect to 
the conservation and life-support capacity of the environment. This call for integration of all development 
sectors in the interest of full utilization of the potential nature and human resources and for the optimization in 
the net benefits of the whole potential at the nation’s disposal through the application of the principles of the 
natural resources conservation as well as efficiency in their exploitation. 

Non-renewable energy resources should be used as sparing/wisely as possible, while renewable energy 
resources need to maintain its capacity to be renewable. Thus energy resources management should be 
carried out to obtain its maximum added value through optimization of the use of energy resources in support 
of sustainable development. 

The Utilization of hydrocarbon resources such as oil, gas and coal, is faced with the enemy dilemma, i.e. the 
competition between earning foreign exchange through export of energy commodities, and the competition 
between earning foreign exchange through the use of oil, gas and coal in the industrialization process and 
than exporting product that yield large value added and promote employee. Beside, there will be demands 
from energy-importing country for Indonesia to remain as an energy exporter so their energy supply is 
assured. These will be the constraints for the optimization of energy utilization. 

5.1.1. Energy Policy Vision 

The realization of the sustainable and environmentally sound development through the utilization of energy 
resources that yield the largest value added for maximum benefit of the people’s welfare. 

5.1.2. Energy Policy Mission 

The Energy Policy Mission is to ensure the continuity of energy availability, and to utilize the energy resources 
in order to obtain the maximum value added to increase people’s welfare and the nation’s standard of living. 

5.1.3. Energy Policy Strategy 

• Principal Policies  

ü Energy Diversification: to diversify energy resources used by every using sectors; 

ü Intensification of Exploration for Energy Sources: to create a climate that supports efforts to find 
additional and new energy reserves; 

ü Energy Conservation: to conduct conservation activities in the upstream and downstream sides for 
the benefit of the generations; 

ü The Average Energy Prices: to apply market economy concept in the energy utilization; 

ü Environment: to include consideration on environmental impact on every aspect of energy utilization. 
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• Supporting Policies  

− Investment Policy 

Energy investment will be directed mainly to support the local energy development strategy, to reduce the 
disparity among regions and develop energy industry. 

− Incentive and Disincentive Policy 

Incentive and disincentive in energy development and utilization need to be increased in a consistent manner 
mainly with the aim of supporting the implementation of optimal strategy in energy utilization, use of new and 
renewable energy and locally available energy; also in support of energy development in the transport sector 
and in the energy industry. 

− Standardization and Certification Policy 

Standardization and certification through benchmarking with leading institutions or industrial needs to 
continue, to be developed and upgraded in support of implementation of technology choice strategy and the 
establishment of a strong national energy industry, so that the competitiveness of Indonesian products  
increased. The policy of applying standards through labeling on energy technology products needs to be 
implemented and disseminated. 

− Infrastructure Development Policy 

To sustain a high growth rate for the long-term without economic instability, the development of energy 
infrastructure needs to be pursued by involving the private sector, cooperatives and state-owned enterprises. 
The management of infrastructure development should take into consideration energy development that is 
efficient, diversified and environmentally sound. 

− The Policy on Information System 

The availability and the function of continuing management of energy information need to be increased and 
applied, mainly for more effective coordination in energy development and for increasing competitiveness. 

− The Policy on Research and Development 

Research and development in the field of energy is aimed at increasing national capability in science and 
technology within the framework of industrial development related to energy technology and services through 
cooperation with leading research and development institutions or industries. 

− Institution Building Policy 

The function of the institute that manages energy has to be upgraded particularly in the coordination of the 
implementation of the programs by related agencies, be it state-owned, cooperatives or the private sector 
without any interference to the energy business. 

− Policy Regulation 

In the framework of increasing national economic productivity and efficiency, the licensing system should be 
improved and stabilized. It need to be stabilized to support implementation of technology and services export, 
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energy industry development, new and renewable energy development, and locally available energy 
development without extending the appropriate line of bureaucracy. 

5.2. Application of the New Technologies 

Application of new technologies (efficient technologies) requires adequate supporting institution and regulation 
system and procedures to attract the capital from investors. The institutional and regulation support has to be 
designed and formulated to encourage the investors to obtain added value in their product as a result of using 
these new technologies. This is considering that investment cost of these new technologies is higher than the 
conventional technologies.  

The cost/benefit analysis of old and new technologies (see chapter 4) resulted in the selection of some new 
technologies that is promising to be utilized by the investors. The selection criteria were based on the 
abatement cost (US$/ton CO2 released) of these technologies. The selected technologies are cogeneration, 
motor electric, solar thermal, compact fluorescent lamp, improved refrigerator, and hi-tech refrigerator. The 
application of these technologies, however, will require a higher investment cost as compared to the 
application of conventional technologies. Thus, investors have to carefully consider all the advantages and 
disadvantages in using these technologies. The remaining technologies are considered to be not too 
competitive to be applied since it is much more expensive than the selected technologies. 

In general, the selected technologies will be more efficient, and its usage will have an impact in decreasing 
the GHGs emission. However, considering the high investment cost involved, the application of these 
technologies by industries will affect their product price and consequently loss their competitiveness in the 
global market. Thus, provision of incentives has to be economically attractive for the industry to invest in these 
selected technologies. 

Regulation that enforces the use of these technologies has to be consequently implemented considering its 
impact in reducing the emission of global and local pollutants.  

The application of these technologies can be encouraged by forming some sort of a “world agreement or 
consensus” that enforce all industrial product to be environmental friendly locally or globally. This 
unfortunately is not yet available at present. 

"World consensus" that is in existence presently involves only on global warming, that is the agreement to 
reduce the GHGs emission from the various sectors. As a developing country, Indonesia, which is not a 
signatory of this agreement, has no obligation to reduce its GHGs emission. Indonesia is even allowed to 
apply “new technology” through the mechanism that will reduce the GHGs emission globally. This is because 
the largest share of the historical and current global emission of greenhouse gases has originated from 
developed countries. The per capita emission in developing countries are still relatively low and that the share 
of global emission originating from developing countries will grow to meet their social and development needs. 
These are crucial because the developing countries are very dependent on fossil fuel in their economic 
activities. In fact, the global nature of climate change calls for the widest possible cooperation by all countries 
and their participation in an effective and appropriate international response, in accordance with their common 
but differentiated responsibilities and respective capabilities and their social and economic conditions. 



E n e r g y  

 1 - 33 

In accordance with United Nations Framework Convention on Climate Change, the developed country parties 
shall provide new and additional financial resources to meet the agreed full costs incurred by developing 
country parties. They shall also provide such financial resources, including for the transfer of technology and 
access to environmentally sound technologies, needed by developing country Parties to meet the agreed full 
incremental costs of implementing measures that are covered by paragraph 1 of this Article. The ultimate 
objective of this Convention is to achieve a stabilization of greenhouse gases concentration in the 
atmospheric at a level that would prevent dangerous anthropogenic interference with the climate change. 
Such a level should be achieved within a time frame sufficient to allow ecosystems to adapt naturally to 
climate change, to ensure that food production is not threatened and to enable economic development to 
proceed in a sustainable manner. 

The provision of a new and additional financial support between developed countries and from developed 
countries to developing countries, the Kyoto Protocol introduce four “flexibility” mechanisms, such as Bubbles 
(article 4), Joint Implementation (Article 6), Emission Trading (Article 17), and Clean Development Mechanism 
(Article 12). Beside that, there is ‘Activities Implemented Jointly (AIJ)’ mechanism, but separated with the four 
mechanisms above. 

The supporting institutional and regulatory systems and procedures to apply new technologies in Indonesia 
have to give the assurances of achieving success in the implementation of the above mechanisms so that 
developed countries will be interested to cooperate with Indonesia. This is considering that the implementation 
of the mechanism for emission reduction is opened for all developing countries that have ratified the United 
Nations Framework Convention on Climate Change (Non Annex I). 

5.3. Mechanisms for Emission Reduction 

So far, there are four mechanisms for emission reduction such as Bubble, Joint Implementation, Emission 
Trade, and Clean Development Mechanism. Beside that, there is one mechanism that is not arranged in the 
UNFCC but has been applied in several countries, i.e. Activities Implemented Jointly. These four methods can 
be called geographically flexible because they provide emission reduction activities beyond the limits of a 
single country, involving one form or another of "trading". 

Bubble System  is one of the mechanisms to reduce GHGs emission that has been adopted in the UNFCC. 
This system is implemented between developed country (Annex 1) and developing country (Non Annex 1) 
which are residing in one economic region, such as European Community. The developed country with 
excess of GHGs emission production can conduct technical exchanges with the developing country residing in 
the same economic region (see Figure 1.2). Implementation of this system has not been optimal because of 
the limitation of developing country ability to fulfill its obligation in reducing GHGs emission. 

 

 

 

 

Figure 1.2.   Bubble System 
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Emission Trading System  is another cooperation system to reduce GHGs emission that has been adopted 
in the UNFCC. This mechanism for emission reduction is applied between developed countries where one is 
the buyer and the other is the seller (see Figure 1.3). The result of this cooperation is reported to the 
International Organization to be taken into account as part of their obligation to reduce GHGs emission level. 
The developed countries did not favorably respond this mechanism because the developed countries have 
been applying efficient technologies optimally in their activities. On the other hand, the GHGs emission of the 
developing countries increases continuously since these countries are using fossil energy as the main energy 
to meet their energy demand. 

 

 

 

 

 

Figure 1.3.   Emission trading system 

Similar to the case of Emission Trading system, the Joint Implementation System  is being conducted 
between developed countries (see Figure 1.4) under joint implementation projects. The GHGs emission 
reduction achieved by the implementation of the project will be accounted as the both countries obligation to 
decrease their level of GHGs emission production as stated in the UNFCC. 

Activities Implementation Jointly System  originates from the concept of “Joint Implementation”, but has 
been created to encourage the participation of developing countries on the GHGs reduction activities. In the 
AIJ system, the developed (donor) countries have no possibility to get emission reduction, and introduce the 
emission reduction as their credits. So far, the AIJ concept has not being adopted by the UNFCC. However, 
the AIJ System is simpler than the CDM System. In addition, the procedure and mechanism in implementing 
the AIJ is standardized.  

 

 

 

 

 

 

 

Figure 1.4.   Joint implementation system 
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As in the CDM System, AIJ System is also being implemented between developed country (Annex I) and 
developing country (Non Annex I)(see Figure 1.6). Indonesia has adopted this system through the 
implementation of a Model project for utilization of paper sludge and solid waste. The project is coordinated by 
the State Ministry for Environment and has been implemented since 1998 by PT Fajar Surya Wisesa, Jakarta. 

 

 

 

 

 

 

 

Figure 1.5.   Activities implemented jointly system 

Clean Development Mechanism  System  is one of the four ‘flexibility’ mechanisms for GHGs emission 
reduction that were adopted in the Kyoto Protocol. The system is being implemented between developed 
countries (Annex I) and developing countries (non-Annex I) through joint development project in the 
developing countries. In general, projects development in developing countries (e.g power generation) will 
utilize fossil fuel. To reduce the GHGs emission, more efficient technologies could be implemented. As an 
example, instead of constructing conventional coal fired power plant, pulverized fluidized bed combustion can 
be constructed. The increment cost associated with developing the more efficient technology will be borne by 
the developed country under this CDM mechanism. Joint Project can also be conducted by developing 
renewable power plant (geothermal, hydro, etc.) as a substitute of coal fired power because these plants will 
reduced significantly CO2 emission even though the cost incurred will be higher.  

 

 

 

 

 

 

 

Figure 1.6.   Clean development mechanism system 
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Beside the utilization of efficient technology, and renewable energy, CO2 emission sequestration and Methane 
capture, such as coal bed methane probably can be proposed as CDM program. 

The realization of this type of projects will require a Certificate Emission Reduction (CERs). The reduced 
emission should be audited, verified and certified after the project finish by the authorized organization. The 
amount of reduced emission in CERs should be negotiated and agreed by all participated countries. 

Several issues arise on the development and implementation of the CDM system and so far, no concrete 
procedures or mechanism for the project implementation. 

5.4. Activities Implementation Jointly (AIJ Japan Program) 

5.4.1. Background and Objectives 

Activities Implemented Jointly  originates from the concept of “Joint Implementation” (JI). Joint Implementation  
was initially proposed during international negotiations on the United Nations Framework Convention on 
Climate Change , as a means of addressing global warming by combining the available technologies, know-
how, and financial capacity of different countries in such a way that GHGs emission can be reduced in a cost-
effective manner. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.7.   Basic framework of the Japanese AIJ Program 
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Recognizing the importance of attaining, in a concerted effort by the public and private sectors, the GHGs 
emission reduction goal as set out in the 1990 “Action Program to Arrest Global Warming”, and noting the 
cost-effectiveness of Joint Implementation in controlling and lowering global GHGs emission, the Japanese 
Government believes that is important to study and promote AIJ, which could be regarded as a trial phase of 
AIJ. 

Based on this recognition, Japan will contribute to the establishment of international criteria on JI to be agreed 
on in the future sessions of the Conference of the Parties, and ultimately to global reduction in GHGs 
emission by carrying out AIJ under the pilot phase. Thus, the AIJ concept is yet to be adopted by the UNFCC. 

However, the Japanese Government will examine AIJ and seek a wide participation of the private sector and 
local governments on a voluntary basis, with a view to providing other Parties with extensive experience in 
AIJ. 

5.4.2. Implementation Mechanism 

The decision made at COP 1 calls for participants in the AIJ under pilot phase to obtain authorization from 
their respective governments, and also provides that the Parties involved are encouraged to communicate on 
the status of AIJ projects under the pilot phase to the Conference of the Parties through its Secretariat. The 
Inter-Ministerial/Agency Co-Ordination Committee for AIJ (IMACC) and its secretariat are established to 
facilitate the process of accomplishing the above requirements (see Figure 1.9). 

The IMACC chaired by Environment Agency and Ministry of International Trade and Industry. The members of 
the IMACC included Ministry of Foreign Affairs and others ministries and agencies involved. The IMACC have 
function to: 

ü approve the guidelines for project assessment and modification thereto; 
ü conduct hearings on overall progress of projects to be reported by the secretariat and prepare annual 

reports on the projects encourage private entities to participate in AIJ through exchange of 
information and views; and 

ü examine possible rearrangement of this AIJ implementation mechanism. 
 
The Co-Executive Secretariats are Environment Agency and Ministry of International Trade and Industry. The 
member of the Secretariat is Ministry of Foreign Affairs. The Secretariat has function to:  

ü draft and revise guidelines for assessment of AIJ projects; 
ü manage each AIJ project report and compile data; 
ü advise the ministries and agencies concerned on operational matters; 
ü draft annual reports; 
ü communicate and co-ordinate with FCCC Secretariat; 
ü exchange information on AIJ projects with the governments of partner Parties and their embassies; 
ü undertake co-ordination work related to the administration of the Japan Program; and 
ü review this AIJ implementation mechanism. 
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It could be said that AIJ system, especially adopted by the Japanese Government is simpler compare to the 
CDM system. It is often said that one of the reasons that the AIJ concept never produced satisfactory results 
was that there were no credits given in its pilot phase 

The rules of the Japan AIJ system exist and is more or less standardized. Some of these are:  

ü outlines of the manual for AIJ Pilot Project;  
ü Proposal and the Evaluation Guidelines for Approving AIJ; 
ü Projects in the AIJ Japan Program; 
ü monitoring and evaluation of AIJ Projects; 
ü estimation method for GHG emission reduction and increased sequestration;  
ü verification of the additionality of AIJ projects; 
ü evaluation of non-GHG impacts of AIJ projects;  
ü basic framework for monitoring and evaluation of AIJ projects; 
ü relevance for AIJ of international trends in policy measures to arrest global warming; and 
ü incentive to promote AIJ. 

 
5.4.3. Clean Development Mechanism 

• Objectives 

The objectives of the CDM system are to:  

ü Assist Parties not included in Annex I in achieving sustainable development and in contributing to the 
ultimate objective of the Convention; and 

ü Assist Annex I countries in achieving compliance with their quantified emission limitation and 
reduction commitments. 

 
• Characteristic 

The main characteristics of the CDM are: 

ü Non-Annex I Parties will benefit from "project activities resulting in certified emission reductions 
(CERs)"; 

ü An Executive Board will be created; 
ü "Operational entities" will provide certification involving voluntary participation of the Parties, where 

real, measurable, long-term benefits are coming from the mitigation, and that reductions are 
additional to any that would occur in the absence of the certified project activity; 

ü A share of the proceeds from project activities shall be used to cover "administrative expenses" & 
costs of adaptation to climate change in the most vulnerable countries; 

ü Private entities may be involved; and 
ü CER's obtained from the year 2000 up to 2008 can be used in achieving compliance in the first 

commitment period (2008-2012). 
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• The Executive Board 

One of the main responsibilities of the Executive Board under the authority and guidance of the Conference of 
Parties (COP) will be to define the nature of projects to be accepted and/or review lists of project activities for 
which CERs can be issued. Although these are still in the early stage of negotiation, suggestions have been 
made for the Executive Board to be located in the Climate Change Secretariat. 

• The CDM Modus Operandi 

An alternative view stresses the need for an independent Cop-based body in which developing countries 
could play a more significant role than they are perceived to play in existing instructions. Still another idea is 
for the Executive Board to manage an international emission registry within the Climate Change Secretariat to 
certify and register emission reduction activities and transactions under the CDM and work with each 
country's national emission registry. All other services could then be left to private sector entities, duly 
regulated or supervised. Emission offset and validation and auditing could be performed by accredited 
independent professional auditing or accounting individuals or firms for fee. Independent private brokers and 
traders would perform the inter-mediation between suppliers/sellers and demanders/buyers of emission 
offsets. 

There are two approaches for the operation of the CDM and exchanges of CERs: 

− A bilateral approach  

Under this option, countries or private entities would negotiate agreements among themselves. Together, they 
would set criteria and rules for crediting, akin to the arrangements contemplated under Article 6 of the Kyoto 
Protocol for Joint Implementation. 

− A multilateral approach  

Under this option, also called "portfolio" option, non-Annex I would offer projects for emission reductions to the 
CDM to be picked up by the highest bidder in Annex I countries. Interested developing countries could each 
present a portfolio of projects and seek financial and technical support for their implementation. Developing 
countries could issue certificates and present them to the Executive Board for placement in the "market". They 
might even be offered through CDM postings on an Internet World Wide Web site. The market would solely 
determine the corresponding value for each CER unit. The Executive Board would have a fiduciary role, as it 
would be trying to obtain the best price for developing countries" CERs. This portfolio approach would lose its 
attractiveness for developing countries. 

Large private investors will prefer the “bilateral” option since they view an international clearinghouse "portfolio 
approach" as an obstacle that will increase transaction costs. Small investors have no resources to develop 
bilateral projects and will prefer the portfolio approach. In practice, the "bilateral" and the "portfolio approach" 
could coexist and national governments would establish rules to be followed in their countries. The 
institutional framework for GHGs should cover:  



L e s s  G H G s  E m i s s i o n  T e c h n o l o g i e s  

 1 - 40 

• The Certification Process 

Only "certified emission reduction" can count toward compliance by Annex I parties. For this reason, there is a 
clear incentive on the part of all concerned parties to achieve emission reductions. However, that incentive 
could lead investors (countries or companies) in the CDM projects to seek maximum emissions reductions to 
be used as credit towards meeting their commitments; it could also lead recipients to overstate the emission 
reductions to make them attractive. This reinforces the importance of having agreed ways of objectively 
managing the certification process and achieving credible results. Therefore, "auditing, verification, and 
certification" of the projects is essential.  

 

 

 

 

 

 

Figure 1.8.   Institutional framework for GHGs offset market within the CDM 
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ü Periodic monitoring of realized emission reductions after the projects is implemented. This will be an 
ongoing follow-up activity, particularly for projects with a long time frame. 

The establishment of a certification process may lead to the establishment of an insurance system to protect 
investors. Since CERs, such as carbon emission offsets, will have values determined by the market and could 
change over time, it might be convenient to issue such certificates in carbon units. 

• The Question of Baseline 

Emission reduction can be certified if, and only if, the reductions are "additional to any that would occur in the 
absence of the certified project activity. In addition to that, emission reduction types of projects should achieve 
"real, measurable and yield long-term benefits related to the mitigation of climate change. 

The definition of baselines would most likely become a crucial ingredient of the CDM since, as pointed out 
above, there will be a strong perverse incentive to overstate reductions or start from inflated baselines. An 
inflated baseline would create CER units for a project that would have taken place also in absence of the 
CDM. 

The baselines were agreed bilaterally. Baselines based on macroeconomic forecasts of economic 
development, population growth, and other factors are possible but difficult to establish in a reliable way. 
Project-based baselines seem to be the most realistic since they could incorporate the technological 
development and state-of-the-art activities that would be done in the absence of the CDM. 

However, project-specific baseline scenarios do not take indirect effects into account. These can arise, for 
example, when a project uses goods whose production caused greenhouse gases emission. 

Emission can also be influenced by price effects, which would provide an incentive for greater use of carbon-
rich fuels and lead to an increase in greenhouse gases emission. Another problem is subsidy effects: if the 
host country distorts fuel and electricity markets by granting production or consumption subsidies, these would 
change a country-related baseline, and a project-related baseline cannot take it into account. 

Despite these problems, baselines on a project-by-project basis will probably be adopted initially, as was the 
case in the AIJ pilot phase, until more experience is gained. In that case, a "dynamic baseline approach" 
should be adopted since any new project that leads to subsequent projects or subsequent years. Dynamic 
baselines could, however, lead to uncertainty on the investor's part, as the credited emission reduction would 
depend on the adjustments of the baseline. 

• Equity 

Because rapidly industrializing countries have better infrastructure, lower risk, and the largest greenhouse 
gases saving potential, the CDM might generate financial flows directed toward those countries, which are 
already receiving the bulk of private capital flows from industrialized countries. 

The point has therefore been made that, in the interest of equity of access to the mechanisms under the 
Climate Change Convention, programs and projects must fairly distributed among regions. This could be 
avoided by introducing a quota-based system-for example. 
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• Share of Proceeds 

Share of proceeds from CERs is to be used to cover administrative expenses, as well as to meet costs of 
adaptation of developing countries that are particularly vulnerable to climate change. That’s mean there are 
two charges will be imposed on the proceeds of CDM projects: 

ü The share for administrative expenses will cover necessary services in support of the Executive 
Board. Based on similar activities, it will be reasonable to set a ceiling on this share, such as 3 per 
cent of the market value of CERs. 

ü The share to cover costs of adaptation as mandated by Article 12.8 will probably be much more 
difficult to establish. “Adaptation” to climate change is particularly important for small island states, 
but many larger developing countries such as China and India recently drew attention to their own 
vulnerabilities. Although a figure of 10 per cent of the market value of CERs has been often 
mentioned, it is not clear what is the basis for such a choice.  

Cost of certification and monitoring could be included in the projects themselves. The lower the charges, the 
more transactions are likely to go through the CDM; a higher fee will reduce the number of transactions. 

5.5. Regulation that is Connected with Climate Change in Indonesia 

Indonesia has related laws and regulations that support the ratification of the Convention (UN-FCCC) and its 
implementation. These laws and regulations are in line with other conventions such as the World 
Meteorological Organizations (WMO) convention whereby Indonesia as a member has access to this 
convention in November 16, 1950.  

The related laws and regulation supporting the UN-FCCC that are currently existing in the country are [1]: 

ü Law No 5 of 1967, re: Basic Forestry Law (State Gazette of 1967 Number 8, State Gazette 
Addendum Number 2823); 

ü Law No 1 of 1973, re: Indonesian Continental Shelf (State Gazette of 1973 Number 1, State Gazette 
Addendum Number 2994), Jo.(juncto):Indonesian Government announcement on Indonesian 
Continental Shelf of February 17, 1969; 

ü Law No 11 of 1974, re: Irrigation (State Gazette of 1974 Number 65, State Gazette Addendum 
Number 3046); 

ü Law No 4 of 1982, re: Basic Principles for the Management of the Living Environment (State Gazette 
of 1982 Number 12, State Gazette Addendum Number 3215); 

ü Law No 5 of 1983, re: Indonesian Exclusive Economic Zone (State Gazette of 1983 Number 44, 
State Gazette Addendum Number 3260); 

ü Law No 9 of 1985, re: Fishery (State Gazette of 1985 Number 46, State Gazette Addendum Number 
3299); 
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ü Law No 5 of 1990, re: Conservation of Natural Resources and Ecosystem (State Gazette of 1990 
Number 49, State Gazette Addendum Number 3419); 

ü Law No 12 of 1992, re: Plant Cultivation System (State Gazette of 1992 Number 46, State Gazette 
Addendum Number 3478); 

ü Law No 23 of 1992, re: Health (State Gazette of 1992 Number 100, State Gazette Addendum 
Number 3495); 

ü Law No 24 of 1992, re: Landscaping (State Gazette of 1992 Number 115, State Gazette Addendum 
Number 3501); 

ü Law No 6 of 1994, re: Endorsement of the United Nations Framework Convention on Climate 
Change; 

ü Law No 23 of 1997, re: Environmental Management (State Gazette of 1997, State Gazette 
Addendum Number 3699); and 

ü Presidential Decree No 23 of 1992, re Endorsement of the Vienna Convention for the Protection of 
the Ozone Layer, and Montreal Protocol on Substances that Deplete the Ozone Layer as Adjusted 
and Amended by the Second Meeting on the Parties (State Gazette of 1992 Number 50). 

Although the above laws and regulations are in accordance with the United Nations Framework Convention 
on Climate Change, but none is directly connected to the Clean Development Mechanisms and Activities 
Implementation Jointly. Considering this, a regulation should be made in the form of Law or Government 
Regulation that will manage the procedures or mechanism of cooperation in reducing GHGs emission. This 
regulation should be available immediately since the reduction of GHGs emission is implemented over the 
2000-2008 period. 

5.6. Institutional and Regulatory Concept/Framework in Anticipating the Implementation of 
CDM and AIJ Mechanism 

5.6.1. Institutional Support  

As indicated above, the implementation of the CDM mechanism is more complicated than the AIJ mechanism. 
In addition, Indonesia has no experience in implementing CDM projects while AIJ mechanism is being 
implemented through the Model Project for the Utilization of paper Sludge and Solid Waste (Pulp and Paper) 
by PT Fajar Surya Wisesa, an industrial papermaking company near Jakarta. This AIJ project demonstrates 
incineration of sludge and solid wastes discharged from the papermaking process by a fluidized bed 
incinerator and the recovery of the waste heat as steam that is subsequently utilized in the papermaking 
process. As a result of incinerating the sludge and solid wastes, greenhouse gases, including landfill methane 
emission, can be reduced. The institution being developed to support the CDM project should be directed 
more towards the efforts to encourage the success of the CDM project. This institution should be manage 
efficiently and thus reduced the long period of the negotiation process and the cost incurred.  
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Figure 1.9.   Cost and Expenses required for the CDM project-based 

The CDM project can only be implemented if the Annex I countries recognize the CDM potential of Indonesia. 
The institution developed to support the CDM project should promote the country’s potential in CDM 
presented in the form of national emission registration. If the Annex I country is interested to implement a 
CDM project bilaterally or multilaterally, then there should be auditing, verification, and certification of 
emission reduction in the country. This can be managed by mediators that will have the function to coordinate 
between the emission producers (sellers) and emission buyers. The financial system for the CDM project 
should be estimated thoroughly since this type of project is long term. 

To accommodate the mechanism, Indonesia needs to develop a Indonesian Committee for Climate Change 
(ICCC) consisting of four sub-committees and a secretariat. The members of the committees and sub-
committees will come from government offices, research centers, universities, experts, and non-governmental 
organizations. This national committee should be specific with the task to implement GHGs emission 
reduction mechanisms, and not connected with any existing structure or institution such as BAPPEDAL  

The ICCC should function properly and should also be centralized so that all proposal for a CDM project be 
endorsed by this committee. This is necessary to avoid any dualism in the policy of the centralized and 
regionalized or decentralized government. The ICCC structure should be very simple but flexible, while to 
accommodate the implementation of a CDM project nationally or regionally, an Operating Team can be 
formed that will consist mainly of local resources that passed the selection process. ICCC should determine 
the criteria’s to select the personal that capable to involve and participate on implementation of the CDM 
projects. Figure 1.10 shows the structure of the ICCC.  
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Figure 1.10.   Structure of the Indonesian Committee for Climate Change 

The Tasks and Functions of the ICCC are: 

ü Prepare a Guideline for the CDM project implementation; 
ü Prepare regulatory framework to support the CDM project; 
ü Prepare and report National GHG Emission Registration to the International GHG Emissions 

Registry (TIGER); 
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ü Assist the producers/sellers in encouraging the implementation of the CDM project; 
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CDM project; 
ü Conduct the financial analysis of the CDM project with the owner and implementers of the project; 
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ü  Identify mediator between the buyer and the seller; 
ü Assist in formulating cooperation framework between buyers and sellers; 
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that are interested in conducting CDM projects in Indonesia and a list of the promising donor countries which 
have assignment to reduce the GHGs emission. For this reason, the ICCC has to first report the national 
emission registry while at the same time promote the CDM potential of the country to the developed 
countries/buyers. 

As an example, from the information of the ICCC, buyers observe that coal steam power plants mainly supply 
the electricity generation of the country. For this, they would like to conduct a project through the CDM 
mechanism that will substitute some of the coal power plants with geothermal power plant. The buyer choose 
this option because the incremental cost per ton of CO2 reduced is higher than that of the more efficient coal 
steam power plant and will be borne by the buyer. The procedures for implementing this project under the 
CDM mechanism are explained below. It should be pointed out that the scheme or procedures should not be 
complicated without neglecting national objectives/needs since buyer had compared the project criteria with 
those of other countries to see whether this project criteria were straightforward and easy to understand. 
Either wise, the same project can be diverted to other developing countries. In the initial stage, the ICCC 
should promote the appropriate CDM project to the industry or seller. 

If the industry or sellers willing to implement the project, he will approach the intended buyer. The industry has 
to assure buyer that the CDM project implemented in Indonesia will be beneficial for both parties. If both 
parties agree to implement the CDM project, then several steps below should be applied (as illustrated in 
Figure 1.11): 

ü Seller should contact ICCC for approval and assistance in the implementation of the CDM project;  
ü Seller by assistance ICCC prepare the CDM project; 
ü ICCC offers the mediator that will facilitate between the seller and buyer; 
ü Mediator will promote the project to buyer under coordination with ICCC; 
ü Buyer can select consultants that will conduct preliminary analysis of the potential greenhouse gas 

reduction that would result compared to the business as usual baseline situation; 
ü ICCC will form an Auditing Team that will decide on the baseline of the project. This Auditing Team 

will involve experts in the specialized fields and also local personnel; 
ü With the agreement of both parties, the Auditing Team can involve international Auditor; 
ü ICCC will form a Financial Team to estimate the cost involved for the project including the cost 

requirement for the sustainability of the project; 
ü As in the case of the Auditing Team, the Financial Team can also involve international financing 

consultant; 
ü The output of the Auditing Team will be a Quantified Emission Limitation and Reduction Commitment 

(QELRCs); 
ü The Auditing Team will provide the baseline project that will be registered by the ICCC; 
ü The Financial Team will analyze the financial aspect of the project. Financing needs must be a 

balancing of the project capital and operating cost against cash flow, debt service and return on 
investment (ROI). Clearly, project with higher expected ROIs – assuming that risks are manageable 
– are more attractive for financing than those with lower ROIs. Similarly, lower cash flow will also be 
a  more attractive project; 

ü The Financial Team will report their analysis to the ICCC; 
ü ICCC will provide this auditing and financial analysis result to buyer through the mediator; 
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ü If the buyer agree to imply the CDM project, buyer will then entered into negotiations with seller via 
the mediator in order to co-finance the project; 

ü Buyer and seller will coordinate with the financial institution (nationally and/or internationally) for the 
implementation of the CDM project and reported to ICCC; 

ü The financial institutions will provide the funds for the construction of the CDM project; 
ü After the project is being implemented, for example two years, ICCC will form a Verification and 

Certification Team that will provide the Certificate Emission Reduction (CERs) based on the 
QELRCs. This verification and certification process will be conducted regularly as agreed by both 
parties until the time given to the developed country in fulfilling their duty in activating the CDM 
mechanism (2008 to 2012); 

ü The verification Team can also involve an international consultant; 
ü The verification Team will report the CERs to the ICCC; 
ü Through the mediator, ICCC will provide the CERs to the buyer; 
ü Buyer will submit the CERs to the CDM administrative secretariat to get administrative cost and to 

assist the vulnerable developed country parties. CDM administrative secretariat will record the CERs 
that are being transferred from Indonesia to the buyer. Buyer and seller also forward the CERs to 
their respective government, so that they can credit and debit the CERs accordingly and report on 
these in their national communications; and 

ü Executive Board and CDM secretariat will audit on a random basis, both CER and Operational 
Entities (OE) is audited for its performance in certifying reduction from another project.  

 
5.6.3. Regulatory Support  

Identification of the type of regulatory support required for implementing the CDM project will depend on the 
potential target areas for investment that could be credited to a company based in an Annex I country. 

In early 1998, many company in Annex I countries began to examine the potential implications of the Kyoto 
Protocol on their businesses. These companies estimated their 1990 emission, and projected their corporate 
emission to the first commitment period (2008 – 2012). The resulting projection of the amount of the emission 
the company may be required to reduce over the next 10 to 15 year – the company’s “compliance gap”. Once 
their compliance gap has been estimated, a firm will begin to identify measures and investments to reduce or 
eliminate its anticipated “gap”. A typical “gap analysis” yields three potential target areas for investment that 
could be credited to a company based in an Annex I Country as follows: 

ü Reductions from adjustments to existing operations (e.g., improve energy efficiency, increase 
renewable); 

ü Reductions from changing strategic investment choices and re-orienting core businesses (e.g., new 
business in less GHGs-intensive sectors; oil and gas company enters renewable business); 

ü Non business related reductions (pure offsets that are unrelated to core business or planned 
business). 

 
These three potential target areas for CDM project will be credited in line with the existing regulations in the 
country. Based on the Indonesian regulations for capital investment, investors have to approach the BKPM 
(Badan Koordinasi Penanaman Modal - Investment Coordinating Board) to obtain the operational licenses 
being issued by the Board. BKPM is an Investment Service Agency of the Government of the Republic of 
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Indonesia. It was established in 1973 through the Presidential Decree No. 20/1973 on the Establishment of 
the Investment Coordinating Board. It was established in response to the Law No. 1/1967 on Foreign Capital 
Investment as amended by Law No. 11/1971, and Law No. 6/1968 on Domestic Capital Investment as 
amended by Law No. 12/1971. BKPM performs its roles and functions to assist the President in formulating 
national investment policies, and have the responsibility in planning, promoting, licensing, controlling and 
evaluating of investments, including supervision of the implementation of investment projects. The investment 
approvals, and consecutively the operational licenses issued by BKPM, are based on the delegation of 
authority to BKPM by sectoral ministers who are responsible for the national management of the respective 
sectors. The investment approval also includes the granting of incentives and facilities. Investment in this 
regard it refers to any direct capital investment, which is made under the frameworks of Law No. 1/1967 on 
Foreign Capital Investment and Law No. 6/1968 on Domestic Capital Investment as well as their operational 
regulations. Thus, investment incentives and facilities are incorporated in any BKPM approval and license. 

Beside BKPM, investors have also to acquire capital flow approval from Bank Indonesia as the Central Bank, 
land utilization approval from the National Land Affairs Office (Badan Pertanahan Nasional), custom clearance 
from the Ministry of Finance, and industrial license from the Department of Manpower. Investor also requires 
approval from any other institution associated with the project. For example, a power generation project will 
require approval from the Ministry of Energy and Mineral Resources and the State Electricity Company (PT 
PLN). All the necessary requirements for implementing the project have also to be fulfilled in line with existing 
regulations, such as the Environmental Impact Analysis (AMDAL). 

All the procedures and regulations mentioned above to implement the CDM project will be beneficial for 
investors and the Host country.  Giving additional incentives to investors such as tax holiday will not be 
favorable for the Host Country, especially when regional autonomy takes place. At that time, the Government 
will require fresh capital to optimize the development of the regions and Tax holiday will not help to achieve 
that requirement. 

The best approach to attract investors/Annex 1 to implement CDM project in Indonesia will be the formulation 
of new regulation for Credit sharing, ICCC operational cost, and developing guidelines for  auditing, 
monitoring, verification, and certification the CDM. Project. Steps for improving the human resources in 
quantity or quality in applying the less GHGs emission technology. Before discussing further these activities, it 
will be best to identify the issues that could arise from the three potential targets mentioned previously.  

5.6.4. Credit Sharing 

• Reductions from Adjustments to Existing Operations 

The CDM project is implemented through the use of efficient technology for similar activities.  One example is 
the implementation of a CDM project under an existing plan to develop a pulverized coal steam power plant. 
After negotiation with the potential CDM investors, the coal boiler will be substituted to a pulverized fluidized 
bed combustion (PFBC) coal boiler.  This PFBC coal boiler is more efficient and therefore will require smaller 
quantity of coal as input..  Consequently, the CO2 emission during coal combustion will be reduced. For this 
condition, the Annex I countries will cover the difference in the investment cost of a pulverized fluidized bed 
combustion to that of a pulverized coal. This cost difference is considered as the incremental cost. 

Capital Cost Boiler FC + Incremental Cost  = Capital Cost Boiler PFBC 
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In the above CDM project, there are some issues arising that need to be regulated in order to avoid any loss 
to the host country. These are:  

ü Compensation of the cost that PLN / consortium have incurred in connection with the plan to develop 
the conventional coal steam power plant; 

ü Regulation to solve the issue of early termination of the existing contract for the development of the 
conventional pulverized coal steam power plant including penalties. The cost that arises from this 
early termination has to be taken into account in the incremental cost and thus will be borne by the 
CDM project investor (Annex 1); 

ü Regulation to re-tender the coal plant development and the cost rising from this process will also be 
accounted in the incremental cost; 

ü Regulation that will coordinate the system and financing between the investor for the ‘pulverized coal’ 
and ‘pulverized fluidized bed combustion’; 

ü Regulation to solve the issue of a higher O&M cost of the CDM project as compared to the 
conventional boiler. This incremental cost for the O&M of the project have to be accounted over the 
project lifetime; 

ü Regulating the electricity price so that the society does not have to pay for the consequences of 
implementing the CDM project; and 

ü Regulating on the possibility of reformulating the basic tariff of electricity in connection with the 
generation cost of the CDM project. 

 
• Reductions from Changing Strategic Investment Choices and Re-orienting Core Businesses 

In this situation, it is assume that PT PLN have a plan to build a coal steam power plant in 2003 with a 
capacity of 400 MW and investment cost of 400 million US$. For this purpose, PT PLN has conduct several 
procedures that is regularly being taken in developing a coal steam power plant. This plan to develop the coal 
steam power plant can be changed by the Annex 1 investor to a hydro power plant that has an investment 
cost of one billion US$. This imply that Annex 1 investor will provide the incremental cost of the CDM project 
of 600 million US$. 

Some of the issues that need to be regulated in connection to this changes or reorientation are as follow: 

ü Compensation of costs that have been spent by PLN / consortium in connection with the 
development of the coal steam power plant; 

ü Early termination of the contract to coal supplier and to other equipment and material supplier that 
will not be used for a hydro power plant including any penalties. The cost incurred will be accounted 
in the incremental cost that will be borne by the CDM project investor; 

ü Re-tendering for the hydro project and all cost incurred as a result for this re-tendering will also be 
accounted in the incremental cost; 

ü Coordination between the ‘previous investor’ with the ‘new investor’ in terms of financial system and 
compensation; 

ü Regulating the generation cost of a hydro plant that will be higher than coal steam power plant. The 
incremental cost for this generation of the electricity has to be accounted over the project lifetime; 

ü Regulating the generation cost differences that PLN received from the CDM project investor. This 
fund should be used to subsidize the higher cost that the society has to pay as a result of developing 



L e s s  G H G s  E m i s s i o n  T e c h n o l o g i e s  

 1 - 50 

a hydro power plant. If this is the case, than the electricity price should be similar to that of a coal 
steam power plant. This will avoid any burden to the society as a result of the CDM project; and 

ü Regulating the possible change in the basic tariff of electricity in connection with the generation cost 
of the CDM project. 

 
5.6.5. ICCC Operational Cost 

To optimize the implementation of a CDM project, Indonesia has to form an institution that will handle CDM 
projects (ICCC) as explained in the previous section. Operational cost for the ICCC will be borne by the Annex 
1 country and not the Indonesian Government. There are four main reason underlying this, which are: 

ü Indonesia does not have any obligation to reduce GHG since the production of GHG in the country is 
relatively small; 

ü Implementation of a CDM project in developing country will be more beneficial to Annex 1 country 
because this country will obtain the ‘benefit cost’ that will not be given to the developing country that 
is implementing the CDM project; 

ü The government is expected to rationalize the government structure to be more efficient. Thus 
forming new institution will be difficult in the future; and 

ü The national economic situation is forcing the Government to reduce it regular expenditure. 
 
Considering the above reasons, Indonesia with the CDM project investor should make regulation on the 
operational cost for the ICCC. This operational cost for the ICCC might available several stages in line with 
the project needs. This will require the development of a provisional mechanism that will cover the what, how, 
and when the ICCC operational cost be available.  

Some conditions that need to be considered in the provision of the ICCC operational cost are as follow: 

ü The operation cost of the ICCC includes all costs needed since the conception phase of the CDM 
project in Indonesia and to the termination of the CDM project; 

ü The operational cost of the ICCC will provide limitation on the operational cost for auditing the 
baseline, monitoring and verification, and certification. 

 
5.6.6. Implementation Guideline (Juklak) 

The auditing, monitoring and evaluation, and certification process requires the formulation of an 
implementation guideline (juklak) that will provide procedures for the activities and for identifying the 
institutions or agencies that will be responsible in the implementation of the project. This implementation 
Guideline has to meet the International Standardization Organization (ISO). The activities conducted have to 
be opened to public and be by direct appointment or if necessary should be conducted through a tender 
process based on the existing mechanism. 

The procedures of the activities should be stated in a simple and clear manner using uniform document format 
and by considering other prerequisites such as company standards, government regulation, supplier 
specification, environmental standards, and other national/international standards. 
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Since this implementation Guideline for auditing, monitoring and evaluation, and certification in the energy 
sector is rather new, the formulation of this guideline should involve other institutions in energy and 
environment or even companies that has long-experience in auditing, monitoring and verification, and 
certification. Some of the factors that need to be considered in the formulation of the Guidelines are: 

ü The guideline has to be optimal in terms of fulfilling every regulation in auditing, monitoring and 
verification, and certification in the energy sector; 

ü The procedures in auditing, monitoring and verification, and certification of the energy sector has to 
be simple to avoid high operational cost.  

 
5.6.7. Technology Transfer and Human Resources Development 

The Kyoto protocol mentioned the cooperation project between developed and developing countries should 
take all practicable steps to promote, facilitate, and finance, as appropriate, the transfer of or access to, 
environmentally sound technologies, know how, practices and process pertinent to climate change (Article 
10g). This articles indicates that the cooperation should perform the development of all resources in 
developing countries, such as, natural resources, industries, as well as human resources developments. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.11.  Proposed CDM Project mechanism in Indonesia 

Implementation of the CDM project has to be supported by adequate human resources in terms of quantity 
and quality. Human resource support in quantity is based on the consideration that the CDM project will be 
directed towards a renewable utilization such as geothermal or hydropower and at present the human 
resources for those plant types are relatively small. This is due to the fact that tshese plant types are limited in 
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the country. Human support in quality expressed the fact that the CDM project on energy will be towards a 
utilization of a more efficient technology that has not been utilized in the country. 

Considering the above condition, efforts should be placed in managing the increased human resource 
requirement for implementing the CDM project. Increasing human resources will be a major portion of the 
CDM project whereby the cost to increase the quantity and quality of the human resources will be borne by 
the Annex 1 country/investor.  

6. CONCLUSIONS AND RECOMMENDATIONS 

6.1.  Conclusions 

The GHGs emission reduction in energy sector covered two areas, the first area is, GHGs reduction in the 
supply side and, the second area is GHGs reduction in the demand side. The GHGs reduction in the supply 
side includes, utilization of flaring gas in oil and gas mines, increasing the efficiency on transformation 
technology, captured methane from coal mine by coal bed methane technology, and utilization of renewable 
energy. The GHGs reduction in the demand side consists of increasing of the efficiency in the conversion 
technology, energy management in industry, and transport, as well as, utilization of mass transportation 
system to substitute the conventional system. 

The study also analyzes the mitigation technologies for reducing the GHGs emission available in the world 
that can be proposed as the mitigation options in Indonesia. Several mitigation technologies are indicated very 
promising options and it should be implemented in Indonesia in the future, such as coal drying, coal bed 
methane, and utilization of gas flaring, cogeneration technology etc.. In the fact, the above mitigation 
technologies will not possible to be implemented as expected, cause by several constraints such as 
availability of the data, promotion of the most promising mitigation technologies, oil refined product subsidy, 
and financial problems on initial investment. 

The CDM mentioned in Kyoto Protocol can be concluded as the most possible mechanism for developing 
countries to participate and involve in international activities on GHGs emission reduction. 

Since until now this mechanism is still under negotiation in the COP meeting. Indonesia voluntarily has 
conducted preparation actions, concerning to the implementation CDM in the country, such as ALGAS project, 
and, the First National Communication under UNFCCC. 

The participation of government and non-government institutions should be accommodated and performed 
through establishment of several technical committees under coordination and responsibility of the Indonesia 
National Climate Committee.  

6.2.  Recommendations 

The necessary action plan to accelerate the implementation of GHGs reduction program that should be taken 
into consideration are: 

ü Analysis and carry out the inventory of GHGs emission potential and mitigation options; 
ü Enhance the technology transfer of less GHGs emission technology, through several steps; 
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ü Introduction and promotion of the most promising mitigation technologies to the developed countries; 
ü Building capacity, such as training, networking; 
ü Strengthening the institutional framework; 
ü Development of the human resources, etc.; 
ü Establishment of the structure, mechanism and procedures for implementation of the GHGs 

reduction concept, that fit and appropriate for Indonesia condition; 
ü Encouragement the public and policy maker awareness about the GHG reduction concept and its 

implementations; and 
ü Conducting the study on GHGs reduction policies as input for sectoral stakeholders, in order to reach 

the maximum benefit for the sectors. 
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II. IDENTIFICATION OF LESS GREEN HOUSE GASES EMISSION TECHNOLOGIES 
IN INDUSTRY SECTOR 

 
Sudirman Habibie, Martini Rahayu, Murni Asti, Djoko Wiwoho, Achmad Mulyana, Indyah Nurdyastuti. 

 
1. INTRODUCTION 

The key strategies chosen to protect the atmosphere are to control the choice of natural resources to be used. The 
factors together should reduce the rate of generation of spent resources, particularly those resources that have the 
potential to release emission into the atmosphere. The technology used in the process should produce less 
Greenhouse Gases (GHGs) emission. 

Increasing numbers of large and medium industries to meet demand of industrial products contributes to the 
increase of GHGs emission from industrial processes. Several kinds of gases have been identified to be released 
during production process, namely CO2, CH4, N2O, per fluorocarbons (PFC), sulphur hexa fluoride (SF6) and hydro 
fluorocarbons (HFCs). Emission from industrial processes are separated from fuel combustion (energy-released 
emission). There are three types of industries which produce GHGs emission during its processing phase. Those are 
mineral product industries (cement, lime, limestone use, soda ash use etc.), chemical industries (ammonia, nitric 
acid, carbides, urea, petrochemical, etc.) and metal production (iron, steel, ferroalloy, aluminum, etc). 

As a developing country, Indonesia has been opened for foreign and local investment.   Most of foreign investments 
are in industry sector.   During the period of 1990-1995, there was a tendency of production growth of about 8 per 
cent per annum.   As a matter of fact, the investment policy announced in May 1998 stated that the Minister of 
Investment/Chairman of the Investment Coordinating Board (BKPM) has issued foreign investment approvals to the 
value of US$ 100 million.   it was expected that the policy will boost up the investment rate particularly of foreign 
investment in the future. 

In order to meet the international environmental standard, Indonesia should apply the GHGs emission standard 
following the IPCC guidelines.  In applying the standard into processing industry, Indonesia has two options.   The 
first option is to replace the old technology with new technology which produce less GHGs emission and the second 
one is to modify or to add the equipment which can help reduce the GHGs emission.    

The GHGs emission reduction in the industry sector require the assessment of industrial processes. This is a difficult 
task and no extensive study is yet available on this matter. Therefore, the calculation of GHGs emission in this 
assessment was carried out by referring the study report titled “Final Report of Greenhouse Gases Inventory, 
Mitigation Options and National Strategy on Energy Sector”, published by the State Ministry for Environment (1999). 
According to this study, GHGs emission from processing industries can be calculated from the production and 
consumption data of goods. For this assessment, 1995  data on goods production and consumption is used as a 
basis for the calculation of GHGs emission in  processing industry.  

To propose the implementation of the reduction technologies of GHGs emission in industry sector, Indonesia should 
prepare required regulations in order to give a good image to the rest of the world that Indonesia has a commitment 
on the implementation of GHGs emission standard.   In the implementation of the regulations, Indonesia however 
should have a choice of models that are standing between CDM and AIJ models or a modified model of joint 
activities with developed countries.  The application of the model should be supported by independent institutions 
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which function to identify the existing laws, prepare the new laws, control GHGs emission activities, assist industries 
to conduct CDM or AIJ program. The Indonesian Government should prepare the financial scheme and offer 
particular incentives to the industry who participate in the program.   The financial scheme and incentive program 
should fulfill the need of industry. 

2. INTERNATIONALLY EXISTING LESS GREENHOUSE GASES EMISSION TECHNOLOGIES IN 
INDUSTRY SECTOR THAT FIT INDONESIA CONDITION 

There are several groups of industries that are identified to give big contribution to the GHGs emission. Those are 
mineral, chemical and metal industries.  In this section, the discussion will be focused on the existing technology in 
the world that can reduce GHGs emission.  

As shown in Table 2.1., the potential GHGs emission released, particularly of  CO2  came from the three groups of 
industries:  mineral industries , such as cement production, lime production, limestone use and soda ash production 
and use; chemical industries , such as ammonia and carbides; and metal industries , such as iron and steel, 
aluminum, magnesium and other metals.    

Table 2.1. Potential emissions from industrial processes 
 

Greenhouse Gases Ozone and Aerosol Precursor Process 
CO2 CH4 N2O PFC SF6 HFC NOx NMVOC CO SO2 

 
Mineral Products 

          

Cement production X         X 
Lime production X         X 
Limestone use X          
Soda ash prod & use X          
Asphalt roofing        X X  
Road paving       X X X X 
Other X X     X X X X 
 
Chemical Industry 

          

Ammonia X      X X X X 
Nitric acid   X    X    
Adipic acid   X    X X X  
Urea   X        
Carbides X X      X X X 
Caprolactam   X        
Petrochemicals  X X   X  X  X 
 
Metal Production 

          

Iron, steel and ferroalloys X X     X X X X 
Aluminum X X  X X  X X X X 
Magnesium X    X  X X X X 
Other metals X X   X  X X X X 
 
Other 

          

Pulp and Paper       X X X X 
Food and drink production    X X X  X   
Production of halocarbons    X X X     
Use of halocarbons and 
SF6 

   X X X     

Other sources X X X X X X X X X X 
Source : IPCC Guidelines for National Greenhouse Gas Inventories, Revised 1996 

 



I n d u s t r y  

 2 - 3 

For CH4, its release came from chemical industries group, such as carbide and petrochemicals and also metal 
production industries, such as iron, steel and aluminum.  On the other hand, mineral industries group releases less 
CH4 emission. 

N2O  gas emission is mainly coming from chemical industries group.  PFC gas emission is possibly coming from 
aluminum production, halocarbons production and SF6 use.   HFC gas emission is produced from petrochemicals 
processing industry and halocarbons production as well as SF6 use.   Those six kinds of gas are categorized as 
greenhouse gases, which directly affect the global environment. 

On the other hand, there are also four kinds of gases, such as NOx , NMVOC, CO and SO2 that also affect the local 
emission.   Those gases are mainly coming from chemical and metal industries.   Almost all metal production 
produces those kinds of gasses.  Therefore, attention should be given to the investment of chemical and metal 
production and few industries of mineral processing like asphalt roofing and road paving. 

Data given in Table 2.1 can be used as comparison to analyze the potential GHGs release in Indonesia.   

2.1. Internationally Existing Technologies in Industry Sector That Reduce Greenhouse Gases 
Emission 

Greenhouse gases refer to gases that trap heat in the atmosphere. In particular, they are transparent to solar 
radiation that enters the Earth’s atmosphere, but strongly absorb the infrared thermal radiation emitted by the Earth. 
The most common man-made sources of GHGs are shown in Table 2.2. 

Table 2.2. Industrial process-related greenhouse gases 
 

Greenhouse Gas Anthropogenic Sources Global Emission of Anthropogenic 
(MMTCE) 

Carbon Dioxide (CO2) Combustion of fossil fuels 
Calcination of limestone 
Soda ash manufacture and use 
Aluminum production 

 7.100 

Nitrous oxide (NOx , NO2) Combustion of fossil fuels 
Nitrogen fertilizers 
Manufacture of adiphic and nitric acid 

 4 - 8 

Methane (CH4) Coal mining 
Oil refining 
Gas drilling and transmission 
Chemical, iron and steel production 

 300 - 450 

Chlorofluorocarbons (CFC-
11, CFC-12, CFC-113) 

Release of engineered chemical refrigerants 
and solvents 

 0.2 (US only) 

 

There are several industries identified to give big contribution to the GHGs emission. Those are mineral, chemical 
and metal industries.  In this section, the discussion will be focused on the existing technology available in the world 
that can reduce GHGs emission.  
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2.1.1. Mineral Products 

• Cement Industry 

For more than 100 years, cement has been used in all areas of human activity to build many things including: 
housing, flat, bridge, road etc.    Cement is manufactured by one of four different processes, such as dry, semi-dry, 
wet and semi-wet process. 

Cement production is one of the most energy intensive of all industrial processes. Cement and concrete are key 
components for commercial and residential construction.  Worldwide, in 1991 cement production reached 1.25 x 109 
tons, requiring 6.1 GJ per ton cement. CO2 is emitted during cement production in two ways. Approximately 0.75 t of 
CO2 is produced per ton of cement from combustion of fossil fuels to operate rotary kiln. The second source is 
calcinations, in which calcium carbonate (CaCO3) from limestone, chalk, or other calcium rich materials are heated in 
kilns to form lime (CaO) by driving CO2. This process produces about 0.5 t of CO2 per ton cement. Thus, the 
combination of these two sources, for every ton of cement produced the amount of 1.25 t of CO2 released into 
atmosphere of which 60 per cent comes from energy inputs and 40 per cent from calcinations. Worldwide, in 1991 
cement production accounted for approximately 162 MT of C emission, or about 2.6 per cent of the total global 
carbon from oxidation of fossil fuels. 

In the last fifteen years, cement production has used coal as its primary fuel.  As a result, cement production is 
associated with particularly high levels of CO2, NOx  and SO2. The newer technology for cement industry is dry 
process kiln that is more energy efficient than the older technology (wet process kiln).  In dry process kiln, the kiln’s 
exhaust gases are used to preheat the ingredient and to drive off moisture, this process is about 50 per cent less 
energy consumption than the wet process kiln.  Switching to fuels with lower CO2 content such as natural gas and 
agricultural waste also can reduce CO2 emissions.   In addition, savings from other techniques (e.g. fly ash 
substitution and use of waste fuels) are possible. Using waste lime from other industries could reduce CO2 emission 
from the calcinations process. 

The CO2 is emitted during the cement production of clinker and intermediate product from which cement is made. 
High temperature in cement kilns chemically change raw materials into cement clinker specifically, calcium 
carbonate from limestone, chalk or other calcium rich material is heated, forming lime (calcium oxide) and carbon 
dioxide in a process called calcinations or calcining.  Calcined limestone (quicklime) is formed by heating limestone 
to decompose the carbonate. This is usually conducted at high temperatures in a rotary kiln and the process 
releases carbon dioxide. 

The Program by Ecofys of the Nederland in conjunction with Lawrence Berkeley National Laboratory of the USA 
identified a number of potential options for reducing CO2 emissions from cement industry.  The options and their 
global CO2 reduction potentials are shown in table 2.3. 

In grinding operations in the cement process, Cement Particle High-Efficiency Air Classifiers can be used to reduce 
CO2 emission.  To reduce the emission wide target, each operating in the cement industry will prepare annual 
Improvement-Programmed to contribute to the longer Indonesian targets.  

To measure the progress, Key Performance Indicators will be used on the above mentioned and following issues:  

ü Combustion gases - sulphur dioxide, oxides of nitrogen and carbon monoxide 
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ü Waste arising including details of packaging  

ü Water and energy usage 

ü Transport  

ü Mineral extraction 

Table 2.3.  Summary process options and potential for CO2 reduction 
 

Process Modification Global CO2 Reduction Potential  

Energy Efficiency Improvements 20 % 
Switch to Dry Process 10 – 15 % 
Use low carbon fuels 15% 
Use waste fuels 30% 
Use more additives in cement 30-35% 
Alternative cements Up to 80% 

 Source: Energy Intensive Industry Studies-The Cement Industry, “Greenhouse Issues”, No. 46, January 2000 
 
• Lime Industry 

The production of lime involves a series of steps comparable to those used in the production of Portland cement 
clinker. These include quarrying the raw materials, crushing and sizing, calcining (i.e., high temperature heat 
processing ~ 1,100 oC) the raw materials to produce lime, hydrating the lime to calcium hydroxide followed by 
miscellaneous transfer, storage and handling operations. 

Calcined limestone (or quicklime) is formed by heating limestone to decompose the carbonate. This is usually done 
at high temperature in a process called calcinations or calcining and the process releases carbon dioxide. Calcining 
can be done in a pot kiln, an Azbe kiln, a rotary kiln or a fluo-solid kiln. The pot kiln type is the oldest technology. T he 
flue-solid kiln has been preferred over the Azbe kiln and the rotary kiln because it is more productive and efficient 
with respect to fuel energy consumption and emits fewer emissions. 

Depending on the product requirements (e.g., metallurgy, pulp and paper, construction material, effluent treatment, 
water softening, pH control and soil stabilization), primarily high calcium limestone (calcite) is processed in this 
manner from the quarried limestone to produced quicklime. Hydrated (slaked) lime is also produced with additional 
hydration operations at some facilities. Dolomitic limestone or magnesite may also be processed at high temperature 
to obtain dolomitic lime and releases CO2.  

2.1.2. Chemical Products 

The chemical industry is extremely energy intensive industry, because the source of its raw materials are petroleum 
and natural gas and this is required to carry out chemical transformations to final products.  For example, the 
petrochemical industry in Japan report that a decrease of 47 per cent in energy per ton product from 1976 to 1988 
though little change during succeeding 4 years (MITI 1994).  The U.S. chemical industry reduced its energy per unit 
output by 21.8 per cent between 1974 and 1992 (Chemical Manufacturers Association, 1994).  
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• Fertilizer Industry 

In most instances, anhydrous ammonia is produced by catalytic steam reforming of natural gas mostly CH4 or other 
fossil fuels.  The primary release of CO2 at plants using the natural gas catalytic steam reforming process during 
regeneration of the CO2 scrubbing solution with lesser emission resulted from condensate stripping. After absorption 
of CO2 from the gas process, the saturated scrubbing solutions e.g. potassium carbonate, MEA, etc. are generated 
with steam stripping and/or boiling to release CO2 from the bicarbonate.   

Hydrogen and ammonia are extremely energy-intensive production, and they use CH4 from natural gas as feedstock.  
Hydrogen is stripped from CH4, and the carbon is oxidized and released as CO and CO2.  In the U.S, nearly 340 x 
109 m3 of hydrogen are used in ammonia production, 900 x 109 by refineries, and 25 x 109 by methanol production, 
approximately 5,7 x 109 m3 are produced as merchant hydrogen and by captive users (SRI, 1994). Hydrogen is also 
produced as a by product during oil refining and an electrochemical production of chlorine sodium hydroxide, and 
sodium chlorate. Currently, some of this by-product hydrogen is flared. Using electrolysis of water as the hydrogen 
source could eliminate the current process CO2 from hydrogen production.  

Ammonia is one of the tops five toxic chemicals released every year, primarily from point air and fugitive emission 
sources. Ammonia is released during its manufacture as well as during its use in other chemical processes. Pollutant 
from ammonia manufacture is emitted from regeneration of desulfurization bed, heating of catalytic steam, 
regeneration of carbon dioxide scrubbing solution, and steam stripping of process condensate. Emission factors for 
each of this emission point give in Table 2.4. 

Table 2.4. Emission from ammonia manufacture 
 

Emission Point CO (kg/ton) SO2 (kg/ton) NH3 (kg/ton) CO2 (kg/ton) 

Desulfurization unit 
regeneration 

6.26 0.026 - ND 

Carbon Dioxide 
regeneration 

0.91  0.910 1106.78 

Condensate steam stripper   0.997 3.08 
  Source: EPA 1997 – USA,  ND: No Data 

Carbon dioxide is by product of the reaction and is removed from synthesis gas by scrubbing with hot potassium 
carbonate or similar compounds. Regeneration of this scrubbing solution liberates water, ammonia, carbon 
monoxide, and scrubbing solution compounds. Stripping of process condensate yields steam, which is vented to the 
atmosphere and contains ammonia, carbon dioxide, and methanol. 

The emission from urea manufacture is ammonia and particulate. Ammonia may be emitted during solution 
synthesis and production of solid products. Particulate are emitted throughout the process. The emission from urea 
manufacture give in Table 2.5. 

The recycling carbamate gases or liquids allow some emission control. Emission from synthesis process are usually 
combined with those concentrating the solution and vented through stacks. In urea manufacture, almost all the 
screening operations are enclosed or covered to reduce emissions. 

The production of nitric acid generates nitrous oxide (N2O) as a by-product of the high temperature catalytic 
oxidation of ammonia. Nitrogen oxidation steps under overall reducing conditions are considered to be potential 
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sources of N2O. Nitric oxide, an intermediate in the production of nitric acid, is also documented to readily 
decompose to N2O and nitrogen dioxide at high pressures for a temperature range of 30-50oC  

Table 2.5. Emission from urea manufacture 
 

Particulates (kg/ton) Ammonia (kg/ton) 
Type of Operation 

Uncontrolled Controlled Uncontrolled Controlled 

Solution formation and 
concentration 

 0.0095   8.37  

Non fluidized bed prilling  1.68  0.0285  0.395  
Fluidized bed prilling  2.222  0.0285  1.601  0.903 
Drum granulation  109.31  0.106  0.442  
Rotary drum cooler  3.53  0.0907  0.231  
Bagging  0.086    

Source : EPA 1993d - USA 

• Petroleum Industries 

In the Petroleum Industry, refiner is under pressure to adjust their product slate and/or specifications in response to 
market forces, changing crude supplies and environmental regulations, e.g., the 1990 Clean Air Act Amendment. 
The latter eventually required the refiners to reformulate their gasoline, and currently pressures are mounting to 
reformulate diesel fuels as well. The Fluid Catalytic Cracker (FCC) is a key process in a refinery that can be used to 
alter product slates and/or increase yields. The FCC also increases energy efficiency and reduces carbon dioxide 
(CO2), sulfur oxides (SO2) and nitrogen oxides (NO2) emission.  FCC units will be improved via revamp. However, 
the FCC goal is to develop and to validate a three dimensional (3-D) integrated hydrodynamic-kinetic model that can 
be used as a design tool for modifying FCC hardware and processes to optimize operating conditions for specific 
feedstock’s in order to obtain desired products, yields and slates.  Future objectives are to develop a 3-D model of 
the regenerator that can be used to predict pollutant (NO x  , SO x ) formation, coke combustion, etc. 

Table 2.6. Emission from nitric acid plants 
Source Control Efficiency Nitrogen Oxides (kgs/tona) 

Weak Acid Plant Tail Gas 
Uncontrolledb 

Catalytic Reduction: 
   Natural Gas 
   Hydrogen 
   Natural Gas Hydrogen 
Extended Absorption: 
   Single Stage 
   Dual Stage 
Chilled Absorption & Caustic Scrubber 

 
0 
 

44.95 
43.999 – 44.679 
44.453 – 44.679 

 
43.455 

 
ND 

 
25.86 

 
0.181 
0.363 
0.408 

 
0.862 
0.953 
0.998 

High Strength Acid Plant ND 4.536 
 

In the refinery industry, the exceed of waste gas is produced from the refinery furnaces and boilers, the excess is 
flared.  A small fraction of the waste gas is propane (C3) or heavier about 4 per cent by volume. It can be recovered; 
the refinery can sell the C3+ as either liquefied petroleum gas (LPG) or gasoline. But, at a low partial pressure present 
in the fuel header, the C3+ will not condense at ambient temperature and thus not be recovered. By the calculations 
show that about half of the C3+ can be condensed by chilling the waste gas to – 20oF (- 29oC).  However, this 
technology could reduce the emission as shown in table 2.7. 
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Table 2.7. Pollutant reduction in petroleum industry 

Pollutant Reduction (tons/year)  

CO 9.91 
CO2 7.741 
NOx  1.82 

Source: Office of Industrial Technologies 

2.1.3. Metal Products 

• Iron and Steel Industries 

The release of CO2 from the iron and steel industries in 15 leading industrial nations was estimated to be 151 Mt C in 
1990.  Carbon inputs are equally divided between energy and chemical feedstock such as coke. Integrated primary 
steel works use approximately 550 kg C per ton of crude steel, whereas electric arc furnaces using scrap average 
only 128 kg C per ton of crude steel. The European and Asian steel industries each release approximately 51 Mt C, 
North America 47 Mt C, and South Africa 2 Mt C. Nationally, the United States leads with 42 Mt C followed by Japan 
with 37 Mt C (IISI, 1993). 

Iron and steel – related carbon emission from 15 leading producers amount to 2.7 per cent of total global carbon, but 
their iron and steel production represents only a fraction of the world’s total.  Several of the largest producers are 
heavy coal users; they use much-less-energy efficient technology than that cited above.  For example; Japan 
requires only 19 GJ per ton of Steel and the United States 24, but the average of the former Soviet Union is 31, 
China 38 and India 41 Chandler, 1985).  In addition, CO2 is released in the use of blast - furnace limestone – about 1 
Mt C in the United States (Forrest and Szekely, 1993) – and in the removal of CH4 and other gaseous components 
from coke.  Overall, contributions of the iron and steel industries to carbon emission could be in the range of 7 to 8 
per cent of the world. 

Significant improvements in the efficiency of steel making have been made during the past two decades. The 
Japanese industry has demonstrated a 20 per cent improvement between 1973 and 1990 (IISI, 1993, MITI, 1994).  
Most of the gains have come as the result of heat-recovery technologies, although an estimated 40 per cent of 
process heat is still lost. 

Improvement has occurred in coke making, continuous casting (reducing reheating requirements), and continuous 
annealing. Top-pressure recovery turbines also generate electricity from furnace top gas during iron production. The 
European coal and steel communities are carrying out a research program suggestion that further gains can come 
from scrap preheating, improved coal and oxygen use; and recycling of coke-oven, blast furnace, and converter gas 
(IISI, 1993). 

Process emission of CO2 in an iron and steel plant take place primarily as a result of coke oxidation. During steel 
production, CO2 emission also take place as a result of graphite electrode consumption in the electric arc furnace 
(EAF). Pig iron (impure iron) contains about 4 - 4.5 per cent carbon by weight. In the conversion of pig iron to steel 
the carbon content is reduced to below 2 per cent of weight. The process takes place in a steel furnace which has 
been charged with pig iron, usually recycled iron or steel and alloying elements to improve material properties. As 
the carbon is removed from the pig iron, CO2 and CO is evolved. The last CO-carbon is eventually converted to CO2 
by combustion. This should not be considered as an energy emission, as it inherently part of the iron reduction 
process. 
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In addition, GHGs reduction can result from changing iron and steel production process. Process related CO2 for the 
15 leading producer countries amounts to 1.3 per cent of global carbon emission. The most dramatic improvements 
have come from the adoption of electric-arc furnaces and the efficient evolution of that technology. Using scrap 
eliminates carbon releases associated with metal reduction, and total carbon use per ton is only about one fourth 
that on an integrated facility. 

Problems from contamination by impurities may limit this method and suggest that the original metallurgical design 
of steels should consider the recycling potential. Hydrogen rather than carbon reduction of iron ores would produce a 
dramatic lowering of carbon emission if inexpensive carbon-free sources such as hydro or solar electrolysis of water 
could be developed (IISI, 1993). In the future, carbon for steel making may come from used tires or organic chemical 
wastes rather than from coal (Corcoran, 1994; MMT, 1993). 

• Aluminum Industry 

Primary aluminum is produced in two steps. First bauxite ore is ground, purified and calcined to produce alumina. 
Following this, the alumina is electrically reduced to aluminum by smelting in large pots. During the reduction 
process, the aluminum smelting pot acts as electrolysis cell. The pot itself, a shallow steel container, forms the 
cathode, while the anode consists of one or more carbon blocks suspended in it. Molten aluminum is evolved while 
the anode is consumed in the reaction. Most CO2 is evolved from the reaction of the carbon anode with alumina, but 
some is formed as the anode reacts with other sources of oxygen (particularly air).  This occurs during cell 
operations and, during anode production at the aluminum plant in the case of pre baked electrodes, during anode 
production at the aluminum plant. 

Three types of reduction cell are in use: prebaked anode, horizontal stud Soderberg anode and vertical stud 
Soderberg anode. Prebaked anodes have been preferred over Soderberg cells during the last 20 years because 
they are more productive and efficient with respect to electrical energy consumption and emit fewer organic 
compounds (US EPA, 1995). 

Two PFCs, CF4 and C2F6 are known to be emitted from the process of primary aluminum smelting. PFCs are formed 
during the phenomenon known as the anode effect (AE), when alumina levels are low. 

2.2. Analysis of the advantages and disadvantages of the technologies applied in Indonesia 
considering the social, economic, benefit and risk as well as its ability to reduce GHGs 
emission 

Industrialization is an important factor in the development process in Indonesia. Production activity which involving 
machines, people, working procedure, production process and product distribution is mostly knowledge based 
activity, and technology of GHGs reduce emission is even more complicated. This is contradiction with condition of 
mart of Indonesian people who working in the agriculture sector and living in traditional for Indonesia to cope with 
technology based condition. 

The technology transfer of GHGs emission reduction on the industrial sector from developed country such as 
European countries, USA, Japan etc. to developing countries could be applied in Indonesia with several advantages 
and disadvantages from social impacts such as cultural change, declined unemployment and improve technical 
capabilities, increase industrial ability, strengthen national development and strengthen national image on 
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environmental issue. From the economic impacts that strengthen national economy and increase regional economy 
and the other hand technical, usefulness, benefit, risk and GHGs emission production capability. 

Advantages, by using new technology on processing industries, are : 

ü Speeding up regional development, because by development on industry sector would be increasing 
income per capita, decreasing unemployment and culture change; 

ü The product could competitive with other products in local and global market because the products 
processed by clean technology that can be reduce pollutant; 

ü The new technology can motivate Indonesian people in creating design and engineering construction of 
GHGs emission reduction technology, so the people is more capable; 

ü To promote processing industry sector to apply cleaner production concept within the industry through 
the economic approach, if applied, it will reduce production cost and reduce energy consumption and 
increase profit; and 

ü To trigger Government to act more active by forming the regulations about sustainable industrial 
development based on environment; 

Disadvantages, by using new technology on processing industries, are:  

ü More expensive product because by using new technology would increased production cost; 

ü Cleaner production technology is normally high technology intensive, so number of human resources 
need much lower than that of conventional technology; 

ü The program of GHGs emission reduction needs the change of attitude and responsibility from all 
people so it needs a lot of money; and 

ü Many equipment producing high emission will be out of date.  If those are modified to meet the 
requirement of emissions, it will need a lot of money. 

2.3. The requirement of applying technology considering the social, economic, technical and 
support of worker capability 

Indonesia has a lot of experiences in operating plants, and this will help in adjusting new environmentally friendly 
technology. Technology transfer does not refer simply to the transfer of technologies from North to South.   It also 
refers to the dissemination of technological innovations and practices that exist among countries in world i.e. South-
South and North-South transfer.  

Apart from the appropriation of technological hardware, technology transfer also refers to acquisition of the 
appropriate social organizations and management know-how, and the assimilation of technological culture into 
financial and regulatory institutions. The process of technology transfer is as important as its goal.  This is a long-
term process that requires the proper training and commitment of all involved partners.  The complex processes 
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associated with the successful acquisition of new technologies are characterized by active local involvement in 
dissemination, assimilation, modification, and diffusion of innovation.  

The conditions necessary for successful technology transfer, taking account of the project. The projects have taken 
place to date and emphasis’s the less GHGs process technology required in Indonesia to ensure that environmental 
and developmental projects can be developed. The creation of an Indonesia project development, increased public 
awareness, and the reinforcement of existing capacity in the areas of pre-feasibility analysis, project design, 
proposal development and GHGs monitoring systems.  

The support of worker capability potential to stimulate local markets and create new jobs : 

ü The introduction of improved technologies ( e.g., the use low energy consumption process technology, 
the use reduce GHGs emission) brings with it the potential to create new jobs and new business 
opportunities for the private sector in Indonesia 

ü The link between R&D institutions and the private sector in Indonesia needs to be strengthened. In 
order to forge these links, suitable institutional arrangements must be established or incorporated into 
the programs of the existing Centers of Excellence in the region.  

ü In order to stimulate the entry of the private sector and financial institutions into the Indonesian market, 
positive financial, political, and administrative incentives must be put in place. Some of these incentives 
include a stable political system, a friendly, but serious business climate, loan guarantees, the ability of 
the country to pay on a regular or consistent basis, favorable taxing structures and reliable repayment 
arrangements for the use of country-owned or leased resources.  

ü Non-Governmental Organizations (NGOs) have a role to play in the mechanisms for market entry as 
well as the identification and development of technological innovations. The private sector is best 
positioned to benefit from these innovations.  

Information Technology and Networking for concerning climate change is a relatively new area of scientific 
exploration. State-of-the-art information technology, and reliable and accurate information networks will ensure that 
participants in this arena are up-to-date on all matters regarding the changing nature of the sciences (political, 
natural, social) and relevant technologies pertaining to the climate change issues. The information concerning 
climate change issues and the potential to stimulate investment opportunities needs to be collected, organized, and 
documented on a consistent and timely basis and disseminated widely. Networking activities must promote and 
support the information technology objectives. These are excellent tools for educating all sectors of society 
(including the private sector) on the issues needing attention in this area. These educational efforts could, in turn, 
stimulate basic and applied research studies, job creation and financial gain.  This R & D, and D-driven process 
could make the Indonesian region the purveyor of new and appropriate technology for solving its climate change 
concerns rather than having to adapt technologies demonstrated in other countries.  

Initiatives which adapt and repackage existing and emerging energy-related and GHGs reducing technologies to suit 
local conditions are presently underway in many Indonesian research institutions, Centers of Excellence, and NGOs.  
These initiatives need to be strengthened and their funding increased appropriately.   Potential funding organizations 
need to be educated to the needs of and delivery skills available in Indonesia to plan and carry out these initiatives. 
This could be an ideal way to link and foster cooperative arrangements between North-South and South-South 
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partners. These initiatives can proliferate with the help of dynamic and accessible information technology and 
networks of information transmission.  

Governments have a role to play in supporting the development, implementation, and expansion of business 
initiatives in the climate change area by establishing policies and procedures that encourage and enhance 
involvement by the private sector. The private sector, research institutions, and NGOs perform complimentary roles 
in assisting government with its work. These complimentary roles and working relationships could be fostered and 
strengthened through efficient networking.   Information brokers can play an important role in this process.  

Another goal is to develop technical, managerial, and administrative leadership while simultaneously reducing the 
emission of Greenhouse gases. 

The requirement of applying that technology considering the social, economic, technical and the support of worker 
capability on the basis of the recommendations delineated below: 

ü Existing Indonesian scientific institutions and centers of excellence involved in climate change work, 
both technical and political, need to be recognized outside of the Indonesia archipelago, strengthened 
institutionally and supported financially so as to facilitate and promote their work.  

ü Collaborative relationships between institutions dealing with climate change issues, both North-South 
and South-South, must be encouraged and enhanced. This will help to provide appropriate information 
and the exchange of ideas, to increase the GHGs of knowledge on climate change.  

ü Proactive support, both in terms of both financial and human resources, is needed to facilitate access to 
state-of-the-art information technology and appropriate networking activities in Indonesia. This support 
will help to promote positive and equitable South-South, and North-South partnership and information 
exchange.  

ü Indonesia felt that initiatives to promote economic growth and sustainability while simultaneously 
reducing GHGs emission must be undertaken by governments and complied with by the private sector.  

3. INVENTORY OF TECHNOLOGY ON INDUSTRY SECTOR IN INDONESIA 

3.1. The existing Processing Industries in Indonesia 

As shown in table 2.8 and 2.9, there are 12 types of industry/product identified in the GHGs emission of industrial 
process. The production and use of products for these 12 industries in Indonesia from 1990 to 1995 are shown in 
Table 2.8 and 2.9. The figures in these table shows that some industry experience an increasing production while 
others shows a declining trend in the production or use of the products. 

In table 2.8, the huge average growth occurred in nitric acid about 891 per cent per annum, but it did not appear in 
other chemical industries.    On the other hand, mineral products have grown between 1.5 and 20 per cent.  
However systematic growth occurred in metal product.   Iron and steel grew about 28 per cent per annum and 
aluminum grew about 3,6 per cent per annum. 
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Table 2.8. Production and use of product in Indonesia (1995-2025) 
 

  Production and Use of Product 

Industries Unit:  1995 2000  2005 2010 2015 2020 2025 
Mineral Product         
Cement ton 23,129,137 22,364,624 27,100,587 28,302,854 29,716,612 31,025,072 33,858,609
Lime m3 889,686 588,610 995,355 1,176,070 1,184,436 1,225,255 1,261,300
Limestone use ton 281,354 223,964 326,959 364,938 370,691 378,294 388,020
Dolomite use ton 10,019 7,163 11,385 13,263 13,382 13,785 14,138
Soda Ash use ton 141,406 135,771 171,052 187,721 191,295 193,738 195,381
Chemical Industry         
Gas for Ammonia 1000 m3 2543,000 2268,339 2,688,634 2,806,301 3,027,589 3,099,903 3,610,234
Nitric Acid ton 24,716 16,352 27,652 32,672 32,904 34,038 35,040
Calcium Carbides ton 9,991 6,610 11,178 13,207 13,301 13,759 14,164
Carbon Black ton 142,722 94,424 159,673 188,663 190,005 196,553 202,336
Methanol ton 59,303 39,234 66,346 78,392 78,950 81,671 84,073
Metal Product         
Iron & Steel Ton 1,500,000 1487,293 1,925,387 2,009,233 2,023,487 2,009,233 2,133,486
Aluminum Ton 232,254 220,871 2,513,145 260,475 273,587 285,026 298,119
Source:  Calculation from data of Final Report of Greenhouse Gases Inventory, Mitigation Options and National Strategy on Energy Sector 
from the state ministry for environment, 1999 

Table 2.9. Product of industry growth rate 1995 – 2025 
 

Industrial Type Product of Industry Growth Rate 1995-2025 (%) 

  1995 2000 2005 2010 2015 2020 2025 

Agriculture 1.17  -4.36 2.90 3. 3 3.71 3.94 3.95 
Food 3.39 -5.58 2.67 3.80 4.14 4.21 4.20 
Textile -17.10 -22.02 3.35 3.68 5.43 6.34 6.37 
Wood 1.94 2.17 3.20 3.43 4.59 5.46 6.00 
Paper -5.13 -1.91 3.22 4.11 4.90 5.11 5.95 
Chemical 8.85 -7.93 2.27 6.74 5.89 6.61 7.23 
Non Metal 15.71 2.73 4.63 5.95 6.45 6.49 6.46 
Machine -3.20 -0.65 3.88 4.33 4.71 5.44 5.91 
Cement -0.24 -0.67 3.22 4.12 5.14 6.05 7.92 
Fertilizer -0.52 -2.26 1.12 1.99 3.55 4.04 7.26 
Iron & Steel -18.91 -0.17 5.12 6.02 6.17 6.02 7.30 
Aluminum 2.95 -1.00 5.59 5.32 3.33 3.18 0.12 

Source: Final Report of GHGs Inventory, Mitigation Options and National Strategy on Energy Sector from the State Ministry for Environment, 
1999 

The production of the cement industries (10 industries located in Java, Sumatera, Sulawesi and Kupang) increased 
at an average rate of around 5 per cent over the period of 1995-2025. The total production capacity in 2025 reached 
about 33 million tones.  Therefore, the production figures of the cement industry accounted for almost 85.82 per cent 
of its total production capacity. The largest cement producer is PT Indocement in Java with a total production 
capacity around 35.62 per cent of the country's overall capacity. The other cement industries in Java (Nusantara, 
Cibinong, and Gresik) have a total production capacity of 11.7 million tones, this reached for about 68.09 per cent 
from the country's total capacity. The other cement industries, e.g. three in Sumatra and two in the other islands, 
have a total capacity of 6.7 million tones and 4.8 million tones respectively. 
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In percentage term, these industries accounted for about 18.55 per cent (Sumatra) and 13.36 per cent (Other 
Islands) of the country's total capacity. The high production capacity of cement domestically has avoided 
Government to import clinker. Consequently, Indonesia produced all the GHGs emission connected to the 
production process of cement industries. Lime production increased from 889.686 m3 in 1995 to 1.2 million m3 in 
2025 at an average rate of 5 per cent per year [BPS, Large and Heavy Industry Statistic]. The producers are 
generally medium industries located in Java, Sumatra, Kalimantan, Sulawesi and other islands. The products are 
being used for construction, paint, chalks, fertilizers, etc. 

For fertilizer, Indonesia is one of the main producers in the world.  With 6 fertilizer plants in the country; Iskandar 
Muda, ASEAN Aceh, and Sriwijaya in Sumatra; Kujang and Gresik in Java and East Kalimantan Fertilizer in 
Kalimantan. In 1995, the total production capacity of those plants reached 9.235 million tons.  The plants in Java 
reached about 3.14 million tons (about 34 per cent of the overall capacity).  The ones in Sumatra reached around 
3.645 million tons (about 39 per cent) while in Kalimantan the capacity is 2.45 million tons (about 27 per cent). These 
industries uses gas as feedstock. Gas consumption was 2.5 million m3 in 1995 and increasing to 3.6 million m3 in 
2025. 

Nitric acid produced from chemical industries increased drastically over the period of 1995-2025.  Nitric acid 
production in 1995 was 24,716 tons and reached 35,039 tons in 2025.  

BPS Statistic shows that iron and steel products increased during the period of 1995-2025 from 1.5 million tons in 
1995 to 2.1 million tons in 2025. These industries (located in Java and Sulawesi) have a total production capacity of 
2.4 million tons (iron) and 5.655 million tons (steel) in 1995. Aluminum industry in Indonesia is only located in North 
Sumatra in the Asahan River region. Production of Aluminum reached 232 thousand tons in 1995 and increased to 
298 thousand tons in 2025 at an average rate of 3.4 per cent per year. 

Data in table 2.8 showed that there was a significant growth of production in industrial sector.  Consequently, it will 
be followed by significant increase of GHGs emission release. 

3.1.1. Mineral Products 

• Cement Industry  

The production of the cement industries (10 industries located in Java, Sumatera, Sulawesi and Kupang) increased 
at an average rate of around 7.95 per cent over the period of 1990-1995. The total production capacity in 1995 
reached about 23 million tons.  Therefore, the production figures of the cement industry accounted for almost 85.82 
per cent of its total production capacity. The largest cement producer is PT Indocement in Java with a total 
production capacity around 35.62 per cent of the country's overall capacity. The other cement industries in Java 
(Nusantara, Cibinong, and Gresik) have a total production capacity of 8.75 million tons, this reached for about 68.09 
per cent from the country's total capacity. The other cement industries, e.g. three in Sumatra and two in the other 
islands, have a total capacity of 5.00 million tons and 3.60 million tons respectively. 

In percentage term, these industries accounted for about 18.55 per cent (Sumatra) and 13.36 per cent (other 
Islands) of the country's total capacity. The high production capacity of cement domestically has avoided 
Government to import clinker. Consequently, Indonesia produced all the GHGs emission connected to the 
production process of cement industries. 
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In 2000, in Indonesia there were 13 cement factories in Indonesia that are generally using dry kiln process and the 
product is Portland cement with the total production capacities of 48,450,000 tons. Cement industries uses coal as 
primary fuel and the second choice is natural gas. Compared with natural gas, coal is cheaper but it is not 
environmental friendly. Indonesian cement production capacity and technology used are shown in table 2.10. 

Table 2.10. Indonesia's projection of cement production capacities and their producers, 2000 
 

Producer Capacity 
(‘000 t/a) 

Output      
(‘000 tons) 

Technology 

Indo Cement Tunggal Prakasa (Central Java)  10,800  10,800 Dry process kiln 
Cement Cibinong (West Java)  5,600  5,600 Dry process kiln 
Cement Gresik (East Java)  8,700  8,700 Dry process kiln 
Cement Nusantara (Central Java)  3,700  3,700 Dry process kiln 
Cement Bintang Mandiri (Central Java)  600  600 Dry process kiln 
Cement Dwima Agung (West Java)  1,500  1,500 Dry process kiln 
Cement Andalas Indonesia (Aceh)  3,000  3,000 Dry process kiln 
Cement Baturaja (South Sumatra)  1,000  1,000 Dry process kiln 
Cement Padang (West Sumatra)  5,700  5,700 Dry process kiln 
Cement Tonasa (South Sulawesi)  3,480  3,480 Dry process kiln 
Cement Bosoa Maros South Sulawesi)  1,800  1,800 Dry process kiln 
Cement Indo Kodeco (South Kalimantan)  2,300  2,300 Dry process kiln 
Cement Kupang (West Timor)  270  270 Dry process kiln 

T o t a l  48,450  48,450  
   Source : Deperindag/CIC, 1996 

In the Cement Industry, key environmental performance indicators are technology processing, energy consumption, 
atmospheric particulates, sulphur dioxide, emission of oxides, nitrogen, carbon dioxide and waste generation.    

By dry kiln process, CO2 is produced in cement production from combustion of coal to operate rotary kiln.  The other 
source is calcinations in which calcium carbonate (CaCO3) from limestone, chalk, or other calcium rich materials are 
heated in kilns to form lime (CaO) by driving CO2.   Normally, dirty particle is sucked by precipitator electric 
equipment. 

• Lime Industry 

The lime producers in Indonesia are generally medium industries that used the Azbe kiln with average capacities of 
5-15 tons/day. 

Lime production increased from 600,000 m3 in 1990 to 889,686 m3 in 1995 at an average rate of 8.2 per cent per 
year [BPS, Large and Heavy Industry Statistic]. The producers are generally medium industries located in Java, 
Sumatra, Kalimantan, Sulawesi and other islands. The products are being used for construction, paint, chalks, 
fertilizers, etc. 

In the BPS Statistic of industries, limestone's are used in production of palm oil, sugar, soda, pulp and paper 
industries, tissue, basic organic compound, fertilizer industry, synthetic rubber, paint industry, soap and cleaners, 
cosmetic, glue, detonator, crumb rubber, rubber products, plastic pipe, household plastic goods, plastic wrappers, 
porcelain utensil, contraction material, household glassware, steel rollers, kitchen utensils, vehicle equipment's, and 
gems. The limestone used increased at an average rate of 19.58 per cent per year from 115,082 tonnes in 1990 to 
281,354 tons in 1995.  Dolomite used, on the other hand, for producing natural and industrial fertilizer, household 
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goods, iron and steel and light bulb decreased at an average rate of 31.57 per cent over the period of 1990-1995. 
This reduction is mainly because dolomite is less competitive to limestone. 

3.1.2. Chemical Products 

• Fertilizer Industries 

In the period of 1993 to 1997, the average growth of urea production is about  3.1 per cent equal to 6.9 million tons 
in 1993 becoming 7.8 million in 1997, see table 2.11.  If compared with the other Chemical Industries, the growth of 
Fertilizer Industry is relatively low. In the last three years, there is no new project. However, since 1990 the Fertilizer 
Industries have been applying low energy consumption technology processes, such as PT.Pupuk Sriwidjaja 
(PT.PUSRI).  This company has applied the optimalization programmed at its new factories, such as PUSRI II, III 
and IV. The Project was built to increase the production capacity for example: PUSRI II increased its production from 
1.150 MTPD (metric tones per day) to 1.725 MTPD and the energy consumption decreased about 25 per cent.  

Table 2.11. Indonesia's fertilizer producers and their production capacities, 1997 
 

Producer Capacity 
(‘000 t/a) 

Output       
(‘000 tons) 

Capacity 
Utilization 

Technology 

Pupuk Kaltim  1,841  1,823.8  99.1 Urea Plant, uniquely designed to 
combine Fluidized Bed Granulation 
technology (provided by Hydro agric). 
Utilizing technology from Haldor Topsoe. 
Ammonia plant is designed and 
constructed to be more reliable and 
energy efficient. 

Pupuk  Sriwidjaja  2,280  2,180.8  95.6 Revamp Urea Plant adopt the Concept 
of ACES Process and Toyo Engineering 
Company (TEC) 
Reduce energy consumption by 25 %, 

ASEAN Aceh Fertilizer  684  605.7  88.6 Ammonia plant is designed and 
constructed to be more reliable and 
energy efficient. 

Pupuk Iskandar Muda  656  639.9  97.5 Technology by Kellogg 
Pupuk Kujang  570  648.3  113.7 Technology by Kellogg 
Petrokimia Gresik 
Urea 
SP-36 
ZA 

 
 462 
 1,000 
 600 

 
 393.3 
 929.5 
 585.2 

 
 85.1 
 93.0 
 97.5 

 
Technology by TEC 

Source : Deperindag, 1997 

Indonesia has a lot of experiences in operating ammonia plants.  Currently, there are 11 ammonia plants in six 
fertilizer industries that include Pupuk Sriwijaya (Pusri), Pupuk Iskandar Muda, Asean Aceh Fertilizer, Kujang, 
Petrokimia Gresik and Pupuk Kaltim.  Since the first plant built in Pusri, the ammonia process technology applied in 
Indonesia has developed in several changes to adjust with the world conditions, such as the world requirement to 
increase food production in order to avoid the food scarcity, energy crisis and the growing concern in environmental 
pollution. 

Parallel with the requirement on increasing of world food production has pushed the condition to build a bigger 
fertilizer plants.   Many ammonia plants have been operated with a production capacity up to a high as 1,500 tons 
per day, which was almost ten times higher than that of the first plant.  Most of the fertilizer plants have been built in 
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that period including Pusri-1, 2, 3 and 4, Pupuk Kujang, Pupuk Iskandar Muda, Asean Aceh Fertilizer and Pupuk 
Kaltim-2. 

After the world energy crisis in 1970’s, ammonia technology had been developed to build ammonia plant with less 
energy consumption.   During this period ammonia energy consumption had been reduced from 50 MMBTU per ton 
to 28 MMBTU per ton ammonia.   Indonesia ammonia plant built in this time was Pupuk Kaltim-3. 

The world growing concern on pollution has challenged ammonia technology to be designed environmentally 
friendly.   European community has developed a concept of technology which called “Best Available Techniques” 
which basically in developing ammonia plant that its possible pollutant produced during plant operation will be still 
within tolerable values so that the plant will not pollute the working plant and its surrounding. 

Other fertilizer industries that used low energy consumption technology are PT.Petrokimia Gresik, PT.Pupuk 
Iskandar Muda in Aceh and PT.Pupuk Kaltim in East Kalimantan.  

For example: Urea Optimization Project was executed by PUSRI to increase the production capacity of PUSRI II unit 
by 50 per cent from 1,150 MTPD (metric tonnes per day) to 1,725 MTPD and to reduce energy consumption by 25 
per cent. PUSRI performed detail engineering, procurement and construction. Toyo Engineering Corp. (TEC) of 
Japan was selected as the process licensor.    

The Revamp of Urea Plant adopts the concept of ACES Process initiated by TEC.  Subsequently due to PUSRI 
important contribution to continuously improve ACES Process, PUSRI is now becoming legally entitled as co-
licensor of ACES Process together with TEC.   

Indonesia were making these effort to produce according to key features of this fertilizer plant were profitability and 
commitment from management to becoming more competitive and profitable while being better able to meet the 
pollution standards that were being imposed. 

• Petroleum Industry  

In Indonesia there are six processing units of Pertamina and the location are in Kalimantan, Sumatera, Java and 
Irian.  Total crude oils of the 864.3 MBPSD are processed in seven processing unit of Pertamina Company about 43 
per cent passes through Catalytic processing. 

BAPEDAL has estimated 62 per cent of sulfur dioxide resulted from industries in Indonesia, if compared with the 
USA for the last two decades from process industries 79.7 per cent.  In Indonesia the maximum allowable 
concentration for 24 hour is 260 ug/m3 (0.10 ppm). As shown in table 2.12, the refinery process has at least seven 
step of process before polymerization process.   In the refinery, catalytic process is very important to form good 
quality product of polymerization products. 

Petroleum refineries could result emission from the processing units such as distilling unit, cracking unit etc, also 
combustion of fossil fuel from generators, flaring and petroleum product storage tanks. The pollutant includes sulfur 
dioxide, carbon monoxide, hydrogen sulfide, nitrogen sulfide, nitrogen oxides, hydrocarbon and particulate. 
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Table 2.12. Crude troughs & catalytic processes and gasoline production on Indonesia Refineries 

Number of Units Capacity, MBPSD Clear RON Technology Process 

2 103.5 92.1 Catalytic Cracking 
6 82.589 87 – 104 Catalytic Reforming 
4 105.0 - Catalytic Hydro cracking 
6 89.0 - Hydro treating / Naphta 
7 160.5 - Hydro treating / Distillate 
1 0.8 93 Alkylation’s 
2 14.0 97.8 Polymerization 

Source: Pertamina, 1995 

3.1.3. Metal Products 

• Iron and Steel Industries 

Data from the Ministry of Industry and Trade shows that Indonesia steel production particularly basic material was 
increased about 10 per cent in 1995, as shown in table 2.13.   Then it was relatively stable in 1996 and 1997, but it 
increased again 10 per cent in 1998.    Rolling products particularly billet and slab increased significantly.   Billet 
increased about 10 per cent in 1995, then stable afterward.   Slab was increased almost 200 per cent in 1995, then 
relatively stable afterward.   On the other hand, finish product was relatively stable from 1994 to 1998. 

In the Metal Industry, key environmental performance indicators are technology processing, energy consumption, 
atmospheric particulate, sulfur dioxide, emission of oxides of nitrogen, carbon dioxide emissions and waste 
generation 

Table 2.13. Indonesia’s projected steel production capacity, 1994 – 1998 (Thousand tons) 
 

Description 1994 1995 1996 1997 1998 

Basic Materials 
§ Sponge Iron 
§ Ferro Alloy  

 
 2,230 
 61 

 
 2,510 
 61 

 
 3,090 
 61 

 
 3,090 
 61 

 
 3,490 
 61 

Primary Rolling Product 
§ Billet 
§ Ingot 
§ Slab 

 
 2,998 
 90 
 1,030 

 
 3,298 
 90 
 2,880 

 
 3,272 
 90 
 2,955 

 
 3,292 
 90 
 2,880 

 
 3,292 
 90 
 2,995 

Intermediate Steel Products 
§ HR Coil/Sheet 
§ CR Coil/Sheet 
§ Wire Rod 

 
 2,186 
 680 
 1,799 

 
 3,114 
 765 
 1,799 

 
 3,486 
 765 
 1,799 

 
 3,818 
 765 
 1,799 

 
 3,908 
 765 
 1,799 

Finish Steel Product 
§ Concrete Bar /Steel Profile 
§ Steel Wire 
§ Steel Wire Rope 
§ Pipe and Tube 
§ GI sheet 
§ Tin Plate 
§ C-Channel 
§ Heavy Profile 
§ Steel strip 

 
 3,128 
 116 
 13 
 893 
 674 
 137 
 288 
 670 
 21 

 
 3,168 
 122 
 15 
 993 
 674 
 137 
 309 
 670 
 22 

 
 3,168 
 128 
 16 
 993 
 674 
 137 
 335 
 670 
 24 

 
 3,168 
 134 
 18 
  1,093 
 674 
 137 
 335 
 670 
 25 

 
 3,168 
 141 
 19 
 1,093 
 674 
 137 
 335 
 670 
 27 

    Source : Deperindag, 1999. 
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• Aluminum Industry 

PT. Inalum is the only factory producing aluminum ingot in Indonesia.   It is only located in North Sumatra in the 
Asahan River region.   Production of Aluminum reached 194.26 thousand tons in 1990 and increased to 232.254 
thousand tons in 1995 at an average rate of 3.64 per cent per year. (see table 2.14.).  

PT Inalum used modern prebaked cell technology which more efficient and less GHGs emission. 

Table 2.14. Developments in aluminum Production, 1990 – 1995 
 

Year Volume Growth (%) 
1990  194,260  - 
1991  174,761  -10.04 
1992  188,771  8.02 
1993  203,970  8.05 
1994  224,225  9.93 
1995  232,254  3.58 

 Average Growth  3.64 
Source : Final Report of GHGs Inventory, Mitigation Options and National Strategy on Energy Sector from the State Ministry for 
Environment, 1999 

3.2. Advantages and disadvantages of technology application  

The analysis on advantage and disadvantage of the application of the existing technology will be conducted by 
considering social, economy, risk and i ts capability in producing GHGs emission.   

The advantage and disadvantage of conventional and improved technology in the following : 

3.2.1. Conventional 

ü Social impacts: Increase technical capability, Improve industrial ability, and Strengthen 
national development; 

ü Economic impacts:  Increase regional economy and strengthen national economy; 

ü Advantage and disadvantage: 

* Regional development; 

* Increase pollutant. 

ü Capability on GHGs production emit GHGs 

3.2.2. Improved Technology 

ü Social impacts, more technical capability strengthen national development and international 
acceptability; 

ü Economy impacts increase income per capita, more economic development, improve 
employment welfare, increase industrial competitiveness and increase industrial development; 
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ü Advantage and disadvantage: 

* National development; 

* Decrease pollutants. 

ü Capability on GHGs production emit GHGs  

In the discussion above, it can be assumed that improved technology like low energy process is better than 
conventional technology.   But the application of improved technology needs to be selective particularly for industries 
that contribute much to the GHGs release for example: steel industry and chemical industries. 

3.3. Opportunities of the Application of New Technology  

The application of new technology will face several constraints particularly in industries.  Even though, the new 
technology can increase efficiency, productivity and reduction of GHGs emission, industry sector will face some 
problems, such as capital (finance) and human resources development. 

The new investment will need to replace the old technology with the new one that is more efficient, high productivity 
and environment friendly.  On the other hand, many industries in Indonesia have a problem of finance, especially 
during the economic crisis.   Because currency value of “rupiah” is decline, this has an impacts to many industries.   
The industries which use imported raw material and equipment have a difficulty to pay their debt.   They sell their 
products/goods in “rupiah” currency that is not stable, but they should pay their debt with dollar US. 

Other problem is human resources (worker) development.  The application of new technology normally needs to 
train people as operator and maintenance of the technology.  This also needs additional cost. 

Therefore, there are two alternatives that should be taken by government/industries to apply the new technology in 
order to get a good international image about industrial development in Indonesia.   Alternative one is to replace old 
technology with new technology.   But this needs quiet a lot of capital.  The capital is needed to buy new technology, 
to train worker, to replace the old technology, even the old technology can be sold as capital.  Alternative two is to 
modify or to add the equipment to the existing technology.  This alternative may be the best one, because it is low 
cost, no time delay of the production, less training of worker, etc.   Later alternative may be applied selectively.   As 
mentioned  above, there are several industries that have high contribution to the release of GHGs emission.  

Therefore, for Indonesia as developing country where is still under economic crisis, the second alternative is the 
best.   Indonesia through the particular institutions formed shall map all industries and technologies used and then 
characterized those industries according to their contribution to the GHGs emission release.   After that, this 
institution identifies the process and what kind of equipment the industries need. 

4. ANALYSIS OF COST/BENEFIT AND RISK/BENEFIT OF OLD AND NEW TECHNOLOGIES ON 
INDUSTRY SECTOR 

The utilization of raw material for production process and the type of processing technology will produce significant 
greenhouse gases emission to the atmosphere in particular the carbon dioxide (CO2), methane (CH4), nitrous oxide 
(N2O) and per-fluorocarbon (PFC) release. The volume and the type of greenhouse gases emitted depend on the 
production capacity. Therefore production capacity related greenhouse gases emission reduction would also depend 
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on the type of technology processing being used. Information on incremental costs is needed for comparing the 
GHGs mitigation option costs.  The incremental costs are the difference between the economic cost to society at 
national level over the time for implementing a set of mitigation actions and the baseline scenario.  

The processing industrial production cost has to incur expenses for the development, operation and maintenance of 
processing industrial technologies system. The economic analysis has the objective to calculate the investment and 
operating and maintenance cost. These costs data combined with the data on inflation, lifetime, expenditure 
schedule for construction, production, taxes and duties, and financial, are then used to calculate the processing 
industrial production cost in the various processing technologies. In the other hand to analyze the benefit on the 
processing industrial sector, the stress is on the processing industrial technological options that have the highest 
reduction capability of the GHGs release from the processing industrial system.  

To further analyze the risk/benefit of the processing technologies, the cost and the total GHGs released of old and 
new processing technologies used by industry sectors should be available. The cost difference of the GHGs 
reduction activity is usually referred to as marginal cost.  In this sense, the marginal abatement costs can be 
obtained by dividing the difference of the total cost by the difference of the total GHGs release of the new processing 
industrial technological option and baseline technology.  

4.1. Cost/Benefit and Risk/Benefit Analysis Method 

4.1.1. Cost/Benefit Analysis Method 

Estimating the average production cost for several processing industries in Indonesia is influenced by investment 
cost (I), construction time (year), discount rate (d), economic lifetime (N), operating & maintenance cost (OM), and 
production capacity (Q). The formula used for calculating this cost is as follows:  

Where Cp = average processing industrial production cost, Qi = yearly production capacity,  

=  investment  cost during construction time inclusive interest, d = discount rate, Ii = investment in 
the year i, N = economic life time. 

Since some of the investment cost, construction time, discount rate, economic lifetime, operating & maintenance 
cost, and production capacity data of the various processing industrial technologies is taken by reference. While 
product of industry sector growth projection and projection of GHGs emission of type industry sector for cost/benefit 
analysis in this paper is taken from Final report of Greenhouse Gases Inventory, Mitigation Options and national 
Strategy on Energy Sector 1999.  Some processing industrial technologies for mitigation option must be considered 
for analyze the benefit of GHGs reduction in the processing industrial  system. 
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4.1.2. Risk/Benefit Analysis Method 

Similar to the cost/benefit analysis method, the result of the cost calculation and estimated of industry sector growth 
and total of GHGs emission of type industry sector would be used in the risk/benefit analysis method. For the 
risk/benefit analysis, the required data of total cost and the total of GHGs release from production process at 
different technologies will be estimated from the result of the calculation. In every industry sector, some technologies 
are chosen to direct the future Indonesia processing industry system depending on the case selected.  Since the 
calculation use least cost analysis, the marginal cost of the application of GHGs reduction at processing industrial 
technologies can be calculated by comparing the capacity of the individual processing industrial technology chosen 
by the calculated to the baseline capacity mix. On this basis, the analysis on the risk/benefit to the industrial 
processing system will consider the total GHGs release of the different processing industrial technologies. These 
GHGs released will be influenced by total production process for every processing industrial technology per every 
industry sector and emission factor for GHGs. The cost difference of the GHGs reduction action is referred to as the 
marginal cost.  The marginal abatement costs will then be obtained by dividing the difference of total cost through 
the difference of total GHGs release of two processing industrial technological options. The marginal abatement cost 
curve will become the basis for the analysis of the risk/benefit to the processing industrial system.  

4.2. Cost/Benefit Analysis 

The processing industry sector (mineral product, chemical industry, and metal product) is always related with GHGs 
emission (CO2, CH4, N2O and PFC emission). More than 95 per cent of total GHGs emission from process industry 
is produced by CO2 emission.  The large sources of CO2 emission is mineral product especially cement industry and 
then is followed by chemical industry especially ammonia industry and metal product. Chemical industries not only 
release CO2 emission but also release CH4 and N2O emission. While PFC emission would be released from metal 
product too.  

Consequently, this will become one of the opportunities to reduce the GHGs emission of the processing industry 
sector is stress not only in the mineral product but also thinking for reducing GHGs emission from chemical industry 
and metal product.  

The cost/benefit analysis would consider only on the three processing industry sectors mainly, i.e. cement industry, 
ammonia industry and iron and steel industry. In the base case, the estimation of the GHGs emission level of the 
processing industrial technology mix in mineral product, chemical industry, and metal product sector will be based on 
the least-cost analysis or the business as usual perspective.  In the projection of the base case capacity mix during 
the period of 1995-2025, common technologies will be mostly used by all sectors. 

The total GHGs release of the processing industrial system during the six periods from 1995 to 2025 is estimated to 
be 629.6086 million tons. While the total system cost in the various technology will be discussed on each topic.  

4.2.1. Mineral Products 

Cement, lime, limestone use, dolomite use, and soda ash use industries are grouped by Mineral product sector. The 
industrial process in this sectors only produce CO2 emission, thus the total GHGs emission just only considered with 
CO2 emission. 61.79 per cent from the total of CO2 in industry sector emission released from mineral product sector. 
While CO2 is mainly produced during cement production process (92.64 per cent) by dry process.   Total production 
cost reached US$ 133 per ton cement. 
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Reducing in CO2 emission through changes both in the kiln process, such as kiln conversion process from dry to 
pre-calciner. The pre-heater can also be coupled with pre-calciner integrated between the kiln and the pre-heater. 
Table 2.15 shows the production cost and CO2 released from various processing cement technologies. From table 
2.15, precalciner process is benefit compared with the other processes.  

Table 2.15. Cement production cost, and CO2 released 
 

Type of Technology 
CO2 Released 

Kg CO2/T Cement 

Production Cost 

US$/T Cement 

Dry process   330  133 
Multi Stage Pre-Heater (MSPH)  256.7  168 
Precalciner  183.3  158 
Source: Larry L. Witte, Industrial Energy Management and Utilization 

This causes that the technology can reduce CO2 release for about 146.7 kg per ton cement product from dry 
process, while production cost only added US$ 25 per ton cement product. 

4.2.2. Chemical Products 

The chemical industry sector is divided by ammonia industry, calcium carbide, carbon black, methanol, and nitric 
acid. According to GHGs emission, those sector not only produce CO2 but also CH4 and N2O emission. During 1995 
until 2025, the main produce GHGs emission in this sector is CO2 and almost 99 per cent from GHGs produce in this 
sector and those emissions come from ammonia industry and calcium carbide. But calcium carbide is smallest than 
ammonia industry only. Therefore carbon black and methanol industry produces CH4 emission and during those 
periods only produce 0.8 per cent from total GHGs emission. Beside that, during those periods nitric acid industry 
produce 0.2 per cent N2O emission from total GHGs emission. Generally ammonia industry in Indonesia using ACES 
process with production cost is US$ 91.5/ton ammonia. If this technology is changed with other process, such as 
Stamicarbon and Snamprogetti, the CO2 emission would be reduced as much as 39 and 78 kg CO2 emission from 
ACES technology, while the production cost will increase as much as 13.17 and 33.25 US$/T ammonia. The 
production cost and CO2 released for ammonia production system as shown in table 2.16.  

Table 2.16.  Ammonia production cost and CO2 released 
 

Type of Technology 
CO2 Released 

T CO2/T ammonia 
Production Cost 
US$/T ammonia 

ACES  1.40 91.50 
Stamicarbon 1.01 104.67 
Snamprogetti 0.62 125.25 
Source: FERTECON, 1989 

4.2.3. Metal products 

Iron Steel and aluminum industries are included in metal product sector. During 1995-2025, the total of CO2 and 
PFC emission are produced in this sector about 63.55 and 0.0123 Tg, and almost 81.2 per cent from total CO2 
released in this sector is coming from iron & steel industries. The aluminum industry are producing small amount of 
CO2 and PFC gases.  That’s why this industry is more interesting for reducing total GHGs emission in the processing 
industry sector. Today, electric arc furnace process commonly use in iron and steel industries in Indonesia.  This 
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process uses the efficient and environmental friendly technology. However, aluminum industry uses modern 
prebaked anode technology. Similar with electric arc furnace process, this process technology is more efficient and 
environmental friendly. CO2 released and investment cost from its process can be seen in table 2.17.    According to 
the equation 3.15, the iron, steel and aluminum production cost can be estimated. 

Table 2.17.  Iron & steel and aluminum production cost, and CO2 released 
 

Type of Technology 
CO2 Released 
Kg CO2/T steel 

PFC Released 
Kg CF4/T aluminium 

Investment Cost 
106 xUS$ 

Production Cost 
US $/T products 

Electric arc furnace  1.6 - 350 57 
Modern prebaked anode 1.5 0.05 1,160 742 
Source: IPCC Guideline 

4.3. Risk/Benefit Analysis 

The risk/benefit analysis will require the mitigation options for mineral product, chemical industry and metal product 
sub sectors. The several technologies on the individual mitigation option penetration show that every mitigation 
option will reduce GHGs release, but some of the total system cost will increase. Therefore, the choice of the 
technology from the mitigation option to be used in the risk and benefit analysis will be derived on the basis of 
prioritizing technologies with the smallest additional cost and biggest reduction of CHGs release if compared to the 
base case. According to this statement above, the priority of reduction of GHGs release in processing industry sector 
is stressed on cement industry for mineral product and ammonia industry for chemical industry. While metal product 
did not consider for reduction of GHGs release, because metal product already commonly use efficient and 
environmental friendly technology. Although consider for reduction of total GHGs release in processing industry 
sector, but to make the risk/benefit analysis is needed additional cost of abatement technology for cement industry 
and ammonia industry that could reduce of the total of GHGs released.   

Table 2.18. Base case total CO2 emitted from the type of processing industry 
 

During 1995-2025 period Type of processing 
industry Capacity 

 (Ton) 
Total CO2 

 ( Tg) 
Total CH4 

(Tg) 
Total N2O 

(Tg) 
Total PFC 

(Tg) 

Prod. cost 
US$/Ton 
product 

1 2 3 4 5 6 7 
Mineral Product   389.035    133 

Cement production 977,487,473.3 360.4     
Lime producton  21.59     
Limestone use  3.92     
Dolomite use  0.455     
Soda ash use  2.67     

Chemical Industry  176.995 0.015018 0.001345   
Ammonia 123,423,645.1 176.195    91.5 
Calcium Carbide  0.8     
Carbon Black   0.00317    
Methanol   0.011848    
Nitric Acid    0.001345   

Metal Product  63.55   0.012265  
Iron & Steel  51.6    57 
Aluminum  11.95   0.012265 742 

T O T A L  629.58 0.015018 0.001345 0.012265  
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To further analyze the risk/benefit of the processing industry sector, the marginal abatement cost and the total GHGs 
reduced of old and new processing technologies used by several cases should be available. The marginal 
abatement cost difference of the GHGs reduction activity and additional system cost. In this sense, the marginal 
abatement costs can be obtained by dividing the difference of the total cost by the difference of the total GHGs 
release of the new processing technological option and baseline processing technology.  For base case in the 
mineral product sector, technologies for cement industry in Indonesia used dry process with production cost is US$ 
133/ton cement.    While in the chemical industry, technology for ammonia industry used ACES process with 
production cost is US$ 91.5/ton ammonia.  Table 2.18 shows base case for processing Industrial. 

4.4. The Result of Old and New Technologies Analysis Comparison 

Some of the old technology in processing industry sector will cause to release significant greenhouse gases  
emission to the atmosphere, such as CO2, CH4. N2O, and PFC. Considering this, new processing technology or 
environmental-friendly technology is needed to reduce the GHGs emission. Application of the more efficient 
technology and environmental-friendly technology in processing industry will cause lower GHGs emission rather 
than that of conventional technology.  Unfortunately, those technologies have higher investment cost as compared to 
the conventional technology. Since CO2 is the dominant emission among GHGs so only CO2 emission which will be 
analyze through out this chapter.  

Table 2.19. Mitigation option, total system cost and total of CO2 reduced in Indonesia 
 

Additional 
System Cost 

Total of CO2 
Released 

Total of CO2 
Reduced 

Marginal Abatement Cost  
Mitigation Option 

10^6 US$ 10^6 Ton 10^6 Ton US$/Ton CO2 Reduced 
B a s e 0 629.58 0 0 

Cement Processing Change:  14,173.57 284.1362 76.3 183.8 
50% Dry Process  180.2   
20% MSPH  50.1842   
30% Precalciner  53.7520   
Cement Processing Change:  17,106.03 305.6605 54.7 312.5 
50% Dry Process  180.2   
50% MSPH  125.4605   
Cement Processing Change:  12,218.59 269.7867 90.6 134.8 
50% Dry Process  180.2   
50% Precalciner  89.5867   
Ammonia processing 
change: 

 1,320.76 140.7994 35.4 37.3 

50% ACES Stripping  88.0975   
20% Snamprogetti Stripping  15.3045   
30% Stamicarbon Stripping  37.3974   
Ammonia processing 
change: 

 2,082.77 126.3588 49.8 41.8 

50% ACES Stripping  88.0975   
50% Snamprogetti Stripping  38.2613   
Ammonia processing 
change: 

 812.74 150.4264 25.8 31.5 

50% ACES Stripping  88.0975   
50% Snamprogetti Stripping  62.3289   

 

In the mineral product sub sector, some technologies for cement industry, such as multi stage pre-heater and pre-
calciner will be introduced to reduce CO2 emission. Multi stage pre-heater and pre-calciner technologies are better 
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than dry process in term of their CO2 emission release. For analyze risk/benefit some cases will be taken. In the 
case 1, as long as 30 years periods, 50 per cent total capacities dry process cement industry would be substituted 
by 20 per cent multi stage preheated and 30 per cent precalciner. The estimate total reduction CO2 from case 1 is 
about 76.2 Tg with total additional cost of the system about US$ 14,173.57 Million from base case.  Then in the case 
2, 50 per cent total capacity dry process cement industry would be replaced by 50 per cent multi stage preheater. 
The estimate total reduction CO2 from case 2 is about 54.7 Tg with total additional cost of the system about US$ 
17,106.03 Million from base case.   And the last cases for cement industry, case 3, 50 per cent total capacity of dry 
process cement industry replaced with 50 per cent precalciner. The estimate total reduction CO2 from case 3 is 
about  90.6 Tg with total additional cost of the system   about  US$ 12,218.59  Million from base  case.   According  
to  this  additional cost estimation and total reduction CO2, case 3, by replacement 50 per cent dry process 
technology with 50 per cent precalciner is better that other cases. 

Table 2.19 show the processing technology options with lower additional total system cost per ton CO2 reduced.   
The curve of marginal cost versus total of CO2 reduced can be seen in figure 2.1. 

 

 

 

 

 

 

 

 

Note figures: 
 
Case 1 : 50% Dry Process   Case 4: 50% ACES Stripping 

     20% MSPH                                  20% Snamprogetti Stripping 
              30% Precalciner                 30% Stamicarbon Stripping 
Case 2 : 50% Dry Process   Case 5: 50% ACES Stripping 

     50% MSPH                                  50% Snamprogetti Stripping 
Case 3: 50% Dry Process   Case 6: 50% ACES Stripping 
             50% Precalciner                50% Snamprogetti Stripping 
 
Figure 2.1  Marginal Abatement Cost Versus Total of CO2 Reduced In Processing Industry Sector 

In the chemical industry, considering reducing CO2 emission similar with mineral product many cases will be used. 
For chemical industry the cases for reducing CO2 emission is stressed on ammonia industry. During 30 years period, 
step by step the total capacity of the ACES technology for ammonia industry would be substituted by Stamicarbon 
and Snamprogetti technology. Although both technologies will reduce CO2 emission, but they still have a significant 
impact to reduce the total CO2 release that will consequently increase the total system cost. Case 4, during 30 years 
the 50 per cent total capacity ACES Stripping Ammonia technology would be substituted by 20 per cent 
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Snamprogetti Stripping Ammonia technology and 30 per cent Stamicarbon stripping ammonia technology.  This case 
is estimated to reduce total CO2 emissions for about 35.4 Tg with total additional cost of the system about US$ 
1,320.76 Million from base case.  Case 5, replacing 50 per cent total capacity ACES stripping ammonia technology 
with 50 per cent Snamprogetti stripping ammonia technology. This case is estimated reduce total CO2 about 49.8 Tg 
with total additional cost of the system about US$ 2,082.77 Million from base case.  Case 6, substituting 50 per cent 
total capacity ACES Stripping Ammonia technology with 50 per cent Stamicarbon Stripping Ammonia technology is 
estimated to reduce total CO2 about 25.8 Tg with total additional cost of the system about US$ 812.74 Million from 
base case.   Although, case 5 needs total additional cost of the system is bigger than others, but reducing CO2 by 
case 5 is also bigger than that by other cases. 

Table 2.19 shows the processing technology options with lower additional total system cost per ton CO2 reduced.   
The curve of marginal cost versus total of CO2 reduced can be seen in figure 2.1.  

5. PROPOSAL OF MODALITIES TO ACQUIRE AND ADOPT PROMISING TECHNOLOGIES IN 
INDUSTRY SECTOR 

5.1.  General Information 

5.1.1. Background 

Human activities have been substantially increasing the atmospheric concentrations of GHGs, that these increases 
enhance the natural greenhouse effect, and that this will result on average in additional warming of the Earth’s 
surface and atmosphere and may adversely affect natural ecosystems and humankind. 

The largest share of historical and current global emissions of GHGs has originated from developed countries. The 
other side, per capita emission in developing countries are still relatively low and that the share of global emission 
originating in developing countries will grow to meet their social and development needs. These are crucial because 
developing countries whose economies are particularly dependent on fossil fuel production, use neither for use in 
the process as raw materials and as an energy nor exported. 

In fact, the global nature of climate change calls for the widest possible cooperation by all countries and their 
participation in an effective and appropriate international response, in accordance with their common but 
differentiated responsibilities and respective capabilities and their social and economic conditions. 

In accordance with United Nations Framework Convention on Climate Change (UNFCCC), the developed country 
Parties shall provide new and additional financial resources to meet the agreed full costs incurred by developing 
country. They shall also provide such financial resources, including for the transfer of technology and access to 
environmentally sound technologies, needed by developing country Parties to meet the agreed full incremental costs 
of implementing measures. 

The ultimate objective of this Convention is to achieve a stabilization of greenhouse gases concentration in the 
atmospheric at a level that would prevent dangerous anthropogenic interference with the climate change. Such a 
level should be achieved within a time frame sufficient to allow ecosystems to adapt naturally to climate change to 
ensure that food production is not threatened and to enable economic development to proceed in a sustainable 
manner. 
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The providing a new and additional financial from developed countries to developing countries could be done via 
mechanism ‘Bubbles’, ‘Joint Implementation (JI)’, ‘Emission Trading (ET)’, and ‘Clean Development Mechanism 
(CDM)’. Beside that, there is ‘Activities Implemented Jointly (AIJ)’ mechanism, but separated with the four 
mechanisms. 

Therefore supporting analysis from institutions and regulations in the topic evaluated is focused on the work that can 
support the success of application of mechanism above, so the developed countries will be interested in doing 
cooperation with Indonesia.   T his is because the implementation of mechanism for emission reduction is open for all 
countries that have already ratified United Nations Framework Convention on Climate Change (Non Annex 1). 

5.1.2. Mechanisms For Emission Reduction 

So far, there are four mechanisms for emission reductions such as Bubble, Joint Implementation, Emission Trade 
and Clean Development Mechanism.   Beside that, there is a mechanism that is excluding from UNFCCC but it has 
been implemented in several countries, such as ‘Activities Implemented Jointly’.   These four methods can be called 
geographically flexible because they provide for emission reduction activities beyond the limit of a single country 
involving one form or another of “trading”. 

Bubble system is a cooperation system of GHGs emission reduction adopted in UNFCCC.   This system is applied 
between developed country (Annex 1) and developing country (Non Annex 1) that are available in one region.   
Developing country that produces much more GHGs emission can apply a technical cooperation with developed 
country in the same region.  This is not optimally working because the limitation capability of developing country to 
meet the standard GHGs emission required by developed country. 

Emission trading system is also one of cooperation system to reduce GHGs emission adopted from UNFCCC.  This 
mechanism for emission reduction is implemented between developed countries neither as a buyer nor a seller. The 
result of this cooperation is reported to International Organization in order to be calculated as their obligatory to 
reduce emission of GHGs to appropriate level of each developed country.  This mechanism is also less respond 
from developed countries because every developed country has already applied their own technology that has more 
efficient and high productivity.  Beside that, emission of GHGs produced by developing countries will increase 
constantly because developing countries use fossil energy in fulfilling their energy needs. 

The same as emission trade system (ETS), Joint Implementation System (JIS) is applied between developed 
countries.    Two developed countries bring about the agreement followed up in the form of cooperation project.  The 
reduction GHGs emission obtained by cooperation projects is the result of both countries and it will be calculated as 
their achievement to reduce the production of GHGs emission suitable to available standard. 

Clean Development Mechanism System is one of four flexibility mechanisms for emission that were adopted in the 
Kyoto Protocol.    This system is carried out between developed country (Annex 1) and developing country (non-
Annex 1) through project cooperation built in developing country.   Incremental cost, as consequence of the use of 
new technology will be paid by developed country.   Building plant with environment friendly technology can also 
develop cooperation project by replacing old technology.   In spite of this, technology cost is much higher but it can 
reduce GHGs emission higher than by the old technology. 
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To realize this project, Certificate Emission Reduction (CER) is needed.   CER is issued after auditing and 
verification carried out.  Various issues coming out from CDM system and so far there is no procedure or mechanism 
implemented under this project.  

Activities implementation jointly (AIJ) system originates from the concept of “Joint Implementation”.   So far, the AIJ 
concept is not adopted by UNFCCC yet.   However, the AIJ system is simpler compared with CDM system.   Beside 
that, the procedure and mechanism of AIJ projects execution are generally standardized.   Like CDM system, the AIJ 
system also includes developed country (Annex 1) and developing country (non Annex 1).   Indonesia has adopted 
this system through the application of the project model for utilization of paper sludge and solid waste, coordinated 
by the State Minister for Environment.   This project was set up in 1998 at PT. Fajar Surya Wisesa, Jakarta. 

5.1.3. Mechanisms Suitable for Indonesia 

From four formal mechanisms and one modified mechanism explained above, there are two possibility mechanisms 
that can be applied in Indonesia.   Those are CDM mechanism and AIJ program. 

• Clean Development Mechanism 

Regarding to the four mechanisms for emission reduction explained in point  5.1.2, Clean Development Mechanism 
(CDM) is the only formal mechanism adopted by UNFCCC that can be applied in Indonesia.  Other informal 
mechanism that can be used is Activities Implementation Jointly (AIJ) System.  

This CDM system is carried out between developed country (Annex 1) and developing country (non-Annex 1), as 
shown in figure 2.2. 

 

 

 

 

 

 

 

 

Figure 2.2 Clean development mechanism system 
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− Objectives 

The objectives of the CDM system are to: 

ü Assist Parties not included in Annex I in achieving sustainable development and in contributing to 
the ultimate objective of the Convention. 

ü Assist Annex I countries in achieving compliance with their quantified emission limitation and 
reduction commitments. 

− Characteristic 

The main characteristic of the CDM is: 

ü Non-Annex I Parties will benefit from "project activities resulting in certified emission reductions 
(CERs)." 

ü An Executive Board will be created. 

ü "Operational entities" will provide certification that the projects involved voluntary participation by 
the Parties, that real, measurable, long-term benefits are coming from the mitigation, and that 
reductions are additional to any that would occur in the absence of the certified project activity. 

ü A share of the proceeds from project activities shall be used to cover "administrative expenses" & 
costs of adaptation to climate change in the most vulnerable countries. 

ü Private entities may be involved. 

ü CER's obtained from the year 2000 up to 2008 can be used in achieving compliance in the first 
commitment period (2008-2012). 

− The Executive Board 

One of the main responsibilities of the Executive Board under the authority and guidance of the COP will be to define 
the nature of projects to be accepted and/or review lists of project activities for which CERs can be issued. Although 
we are still in an early stage of negotiation, suggestions have been made for the Executive Board to be located in 
the Climate Change Secretariat. 

− The CDM Modus Operandi 

An alternative view stresses the need for an independent Cop-based body in which developing countries could play 
a more significant role than they are perceived to play in existing instructions. Still another idea is for the Executive 
Board to manage an international emission registry within the Climate Change Secretariat to certify and register 
emission reduction activities and transactions under the CDM and work with each country's national emission 
registry. All other services could then be left to private sector entities, duly regulated or supervised. Emission offset 
and validation auditing could be performed by accredited independent professional auditing or accounting individuals 
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or firms for fee. Independent private brokers and traders would perform intermediation between suppliers/sellers and 
demanders/buyers of emission offsets. 

There are two approaches for the operation of the CDM and exchanges of CERs: 

ü A bilateral approach: Under this option, countries or private entities would negotiate agreements 
among themselves. Together, they would set criteria and rules for crediting, akin to the arrangements 
contemplated under Article 6 of the Kyoto Protocol for Joint Implementation. 

ü A multilateral approach: Under this option, also called "portfolio" option, non-Annex I would offer 
projects for emission reductions to the CDM to be picked up by the highest bidder in Annex I countries. 
Interested developing countries could each present a portfolio of projects and seek financial and 
technical support for their implementation. Developing countries could issue certificates and present 
them to the Executive Board for placement in the "market". They might even be offered through CDM 
postings on an Internet World Wide Web site. Solely the market would determine the corresponding 
value for each CER unit. The Executive Board would have a fiduciary role, as it would be trying to 
obtain the best price for developing countries" CERs. This portfolio approach would lose of its 
attractiveness for developing countries. 

Large private investors who could view an international clearinghouse “portfolio approach” as an obstacle that will 
increase transaction costs will prefer the bilateral option. Small investors have no resources to develop bilateral 
projects and will prefer the portfolio approach. In practice, the "bilateral" and the "portfolio approach" could coexist 
and national governments would establish rules to be followed their countries. The institutional framework for GHGs 
offset market within the CDM is shown in figure 2.3. 

− The Certification Process 

Only "certified emission reduction" can count toward compliance by Annex I parties. For this reason, there is a clear 
incentive on the part of all concerned parties to achieve emission reductions. However, that incentive could lead 
investors (countries or companies) in the CDM projects to seek maximum emission reductions to be used as credit 
towards meeting their commitments; it could also lead recipients to overstate the emission reductions to make them 
attractive. This reinforces the importance of having agreed ways of objectively managing the certification process 
and achieving credible results. Therefore, "auditing, verification, and certification" of the projects is essential.   

 

 

 

 

 

 

Figure 2.3. Institutional framework for GHGs offset market within the CDM 
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Auditing is the examination of accounts by an authorized person or persons to check that calculations are accurate 
and undertaken in accordance with specified standards. Private sector firms offering consultancy services in this 
area could undertake auditing. It could include accounting firms or similar organizations Non-profit organizations with 
relevant expertise are another possibility. Examples of national institutions include public auditing officers. The 
various standardization organizations accredited by the International Standards Organization (ISO) represent a 
hybrid example of private/public national bodies. Verification means checking that the emissions reduction claimed in 
the national and international registers or "book" have actually occurred. It could involve physical, on-site inspection, 
or, where useful, deployment of techniques such as remote sensing, or interviewing relevant personnel - in person or 
otherwise. Verification could occur on each and every project or on a fraction of projects chosen randomly or 
selected according to some agreed criteria. These activities would be prohibitively expensive and time consuming. 
Verification can only be done effectively by experts with technical knowledge of the CDM projects. 

Certification is an official declaration - a certificate - confirming the achievement of a specific result based on 
satisfactory auditing and verification. It would specify the amount of CERs achieved and provide details of the 
project. These could also national or international bodies or the private sector (or a mixture of these). 

This suggests two types of certification activities: 

ü Certification of the prospective reductions resulting, for example, from an industrial processing project.   
In reality, this will be a "pre-certification" before project activity starts. 

ü Periodic monitoring of realized emission reductions after the projects is implemented. This will be an 
ongoing follow-up activity, particularly for projects with a long time frame. 

The establishment of a certification process may lead to the establishment of an insurance system to protect 
investors. Since CERs, such as carbon emission offsets, will have values determined by the market and could 
change over time; it might be convenient to issue such certificates in carbon units. 

− The Question of Baseline 

Emission reduction can be certified if, and only if, the reductions are "additional” to any that would occur in the 
absence of the certified project activity. In addition to that, emission reduction types of projects should achieve "real, 
measurable and yield long-term benefits related to the mitigation of climate change. 

The definition of baselines would most likely become a crucial ingredient of the CDM since, as pointed out above, 
there will be a strong perverse incentive to overstate reductions or start from inflated baselines. An inflated baseline 
would create CER units for a project that would have taken place also in absence of the CDM. 

The baselines were agreed bilaterally. Baselines based on macroeconomic forecasts of economic development, 
population growth, and other factors are possible but difficult to establish in a reliable way. Project-based baselines 
seem to be the most realistic since they could incorporate the technological development and state-of-the-art 
activities that would be done in the absence of the CDM. 

However, project-specific baseline scenarios do not take indirect effects into account. These can arise, for example, 
when a project uses goods whose production caused greenhouse gases emission. 
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Emission can also be influenced by price effects, which would provide an incentive for greater utilization of raw 
material for production process to an increase in greenhouse gases emission. Another problem is subsidy effects: if 
the host country distorts raw material (natural gas) markets by granting production or consumption subsidies, these 
would change a country-related baseline, and a project-related baseline cannot take it into account. 

Despite these problems, baselines on a project-by-project basis will probably be adopted initially, as was the case in 
the AIJ pilot phase, until more experience is gained. In that case, a "dynamic baseline approach" should be adopted 
since any new project that leads to subsequent projects or subsequent years. Dynamic baselines could, however, 
lead to uncertainty on the investor's part, as the credited emission reduction would depend on the adjustments of the 
baseline. 

− Equity 

Because industrializing countries have better infrastructure, lower risk, and  largest greenhouse gases saving 
potential, the CDM might generate financial flows directed toward those countries, which are already receiving the 
bulk of private capital flows from industrialized countries. 

The point has therefore been made that, in the interest of equity of access to the mechanisms under the Climate 
Change Convention, programs and projects must fairly distributed among regions. This could be avoided by 
introducing a quota-based system-for example. 

− Share of Proceeds 

Share of proceeds from CERs is to be used to cover administrative expenses, as well as to meet costs of adaptation 
of developing countries that are particularly vulnerable to climate change. That’s mean there are two charges will be 
imposed on the proceeds of CDM projects: 

ü The share for administrative expenses will cover necessary services in support of the Executive Board. 
Based on similar activities, it will be reasonable to set a ceiling on this share, such as 3 per cent of the 
market value of CERs. 

ü The share to cover costs of adaptation as mandated by Article 12.8 will probably be much more difficult 
to establish. “Adaptation” to climate change is particularly important for small island states, but many 
larger developing countries such as China and India recently drew attention to their own vulnerabilities. 
Although a figure of 10 per cent of the market value of CERs has been often mentioned, it is not clear 
what is the basis for such a choice.  

Cost of certification and monitoring could be included in the projects themselves. The lower the charges, the more 
transactions are likely to go through the CDM; a higher fee will reduce the number of transactions. 

• Activities Implementation Jointly (AIJ Japan Program) 

Other mechanism is an Activities Implementation Jointly (AIJ) system.   This system originates from the concept of 
“Joint Implementation”.   Like CDM system, the AIJ system also includes developed country (Annex 1) and 
developing country (Non Annex 1).    Although, AIJ concept is not adopted by UNFCCC yet, it is simpler compared 
with CDM system.   In fact, the procedure and mechanism of AIJ projects execution are generally standardized. 
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− Background and Objectives 

Activities Implemented Jointly (AIJ) originates from the concept of “Joint Implementation” (JI). Joint Implementation 
(JI) was initially proposed during international negotiations on the United Nations Framework Convention on Climate 
Change, as a means of addressing global warming by combining the available technologies, know-how, and 
financial capacity of different countries in such a way that GHGs emission can be reduced in a cost-effective 
manner. 

Recognizing the importance of attaining, in a concerted effort by the public and private sectors, the GHGs emission 
reduction goal as set out in the 1990 “Action Program to Arrest Global Warming”, and noting the cost-effectiveness 
of Joint Implementation in controlling and lowering global GHGs emission, the Japanese Government believes that 
is important to study and promote AIJ, which could be regarded as a trial phase of AIJ. 

Based on this recognition, Japan will contribute to the establishment of international criteria on JI to be agreed on in 
future sessions of the Conference of the Parties and ultimately to global reduction in GHGs emission by carrying out 
AIJ under the pilot phase.  However, this AIJ concept has not been adopted yet by UNFCCC.  

However, the Japanese Government will examine AIJ and seek a wide participation of the private sector and local 
governments on a voluntary basis, with a view to providing other Parties with extensive experience in AIJ. 

− Implementation Mechanism 

The decision made at COP 1 calls for participants in the AIJ under pilot phase to obtain authorization from their 
respective governments, and also provides that the Parties involved are encouraged to communicate on the status 
of AIJ projects under the pilot phase to the Conference of the Parties through its Secretariat. The Inter-
Ministerial/Agency Co-Ordination Committee for AIJ (IMACC) and its secretariat are established to facilitate the 
process of accomplishing the above requirements. 

The IMACC chaired by Environment Agency and Ministry of International Trade and Industry. The members of the 
IMACC included Ministry of Foreign Affairs and others ministries and agencies involved. The IMACC have function 
to: 

ü Approve the guidelines for project assessment and modification thereto; 

ü Conduct hearings on overall progress of projects to be reported by the secretariat and prepare annual 
reports on the projects; 

ü Encourage private entities to participate in AIJ through exchange of information and views; and 

ü Examine possible rearrangement of this AIJ implementation mechanism. 

The Co-Executive Secretariats are Environment Agency and Ministry of International Trade and Industry. The 
member of the Secretariat is Ministry of Foreign Affairs. The Secretariat has function to:  

ü Draft and revise guidelines for assessment of AIJ projects; 

ü Manage each AIJ project report and compile data; 
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Figure 2.4.  Basic framework of the Japan AIJ program (5) 

It could be said that AIJ system, especially adopt by Japanese Government is more simply compare to CDM system. 
It is often said that one of the reasons the concept of AIJ never produced satisfactory results was that there were no 
credits in its pilot phase. The rules of Japan AIJ system are available and several of them can be shown as follows: 

ü Outlines of the manual for AIJ Pilot Project Proposal and the Evaluation Guidelines for Approving AIJ 
Projects in the AIJ Japan Program; 

ü Monitoring and evaluation of AIJ Projects; 

ü Estimation method for GHGs emission reduction and increased sequestration;  

ü Verification of the additionally of AIJ projects; 
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ü Evaluation of non-GHGs impacts of AIJ projects;  

ü Basic framework for monitoring and evaluation of AIJ projects; 

ü Relevance for AIJ of international trends in policy measures to arrest global warming; and 

ü Incentive to promote AIJ. 

5.1.4. Regulations Related to the Climate Change 

Indonesia has several regulations relating and supporting the ratification of Convention and its implementation.   
Beside that, Indonesia as a member of World Meteorological Organization (WMO) has done Convention of WMO 
since November 16th, 1950. 

The rule of the law existed and Convention formalized is performed with the contents of United Nations Framework 
Convention on Climate Change.  So the ratification of this Convention is not contradicting with formal law in 
Indonesia. 

Law regulations that has been available in Indonesia can be seen as follow: 

ü Law No. 5 of 1967, re : The main rule of  Forestry (Country paper No. 8, 1967, Additional country paper 
No. 2823); 

ü Law No. 11 of 1967, re : The main rule of Mining (Country paper No. 22, 1997, Additional country paper 
No. 2831); 

ü Law No. 8 of 1971, re : State Owned Company for Oil and Gas Mining (Country paper No. 76, 1971, 
Additional country paper No. 2971); 

ü Law No. 1 of 1973, re: Base Continent of Indonesia (Country paper No. 1, 1973, Additional country 
paper No. 2994), Jo. Announcement of the Government of the Republic of Indonesia about Base 
Continent of Indonesia, at February 17th, 1969; 

ü Law No. 11 of 1974, re : Irrigation (Country paper No. 65, 1997, Additional country paper No. 3046); 

ü Law No. 4 of 1982, re : Base Rule about the Management of Living Space (Country paper No. 12, 
1982, Additional country paper No. 3215); 

ü Law No. 5 of 1983, re : Indonesian Exclusive Economic Zone (Country paper No. 44, 1983, Additional 
country paper No. 3260); 

ü Law  No. 9 of 1985, re : Fishery (Country paper No. 46, 1985, Additional country paper No. 3299); 

ü Law No. 15 of 1985, re : Electricity (Country paper No. 74, 1985, Additional country paper No. 3317); 

ü Decision No. Kep. 02/MENKLH/I/1988, Ministerial decree of Ambient Air Quality Standard; 
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ü Law No. 5 of 1990, re : Conservation of  Life Natural Resources and its Ecosystem (Country paper No. 
49, 1990, Additional country paper No. 3419); 

ü Law No. 12 of 1992, re : Cultivation System of  Plants (Country paper No. 46, 1992, Additional country 
paper No. 3478); 

ü Law No. 23 of 1992, re : Health (Country paper No. 100, 1992, Additional country paper No. 3495); 

ü Law No. 24 of 1992, re : Room Structuring (Country paper No. 115, 1992, Additional country paper No. 
3501); 

ü Law No. 6 of 1994, re : Ratification of United nations Framework Convention on Climate Change; 

ü Decision No. Kep. 13/MENKLH/3/1995, Decree of the Standard Emission for Stationary Sources; 

ü Law No. 10 of 1997, re : Nuclear Power (Country paper No. 23, 1997, Additional country paper No. 
3676); 

ü Law No. 23 of 1997, re : Conservation of Living Space (Country paper  1997, Additional country paper 
No. 3699); and 

ü Presidential Decree No. 23 of 1992, re : Ratification of Vienna Convention for The Protection of The 
Ozone Layer and Montreal Protocol on Substances that Deplete the Ozone Layer as Adjusted and 
Amended by the Second Meeting on the Parties (Country paper No. 50, 1992). 

Although all regulations above are suitable with the contents of UNFCCC, but there is no clause in the regulations 
that relate to the Clean Development Mechanisms and Activities Implementation Jointly.   Therefore, Indonesia 
should prepare a regulation in the form of Law or Government Regulation that arrange manners, procedures and 
mechanisms of cooperation of the reduction of GHGs emission.  This regulation is expected to be set up soon 
because the reduction of GHGs emission will be implemented from the year 2000 to 2008. 

5.2. Concept of Institutions and Regulations in Anticipating the Implementation of CDM and AIJ 
Systems 

5.2.1. The Support of Institution 

From discussion above, the application of the CDM system is more complicated than the AIJ system.   Beside that, 
Indonesia has no experience in implementing CDM system.  However, the AIJ system has been applied in Indonesia 
through the project model for utilization of paper sludge and solid waste (pulp & paper) as mentioned before.   The 
project demonstrates incineration of sludge and solid wastes discharged from the papermaking process by fluidized 
bed incinerator and the recovery of the waste heat as steam that is subsequently utilized in the paper making 
process.   In addition, by means of incinerating sludge and solid wastes, greenhouse gases, including landfill 
methane emission, can be reduced.   Therefore the support of institution is focused on the work to success CDM or 
AIJ program.    

Agency for the Assessment and Application of Technology (this institution is responsible for applying the 
technology), known as Badan Pengkajian dan Penerapan Teknologi (BPPT) has an experience about the application 
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of technology.   One of its function is to recommend appropriate technology to the industries.   BPPT has evaluated 
the technology use proposed by industries particularly for new plant/project or for development of existing plant, 
based on several items, such as technology transfer program, use of local raw materials, energy saving, 
environmental impact, not full automatisation (concern of human resources), flexibility for development, local 
component support, etc. 

Through this function, BPPT has given many recommendation to industries, particularly “State Own Companies”, 
such as cement, fertilizer, LNG, textile, pulp & paper, plantation, steel industries.   This task has proved effectively to 
filter technology use for protection environment and to increase the utilization of local raw material and the use of 
local manpower and the use of less energy consumption technology.    Therefore, it may be necessary to set up the 
institution that refers to the task that has been carried out by BPPT.   The institutions formed are hopefully slim in 
order to reduce longer negotiation time and overhead cost.  

 

 

 

 

 

 

Figure 2.5.  Structure of the Indonesia Committee for Climate Change 

Based on the condition above, the organization of Indonesian Committee for Climate Change (ICCC) should be set 
up soon. As shown in figure 2.5., the ICCC consists of four sub committees and supported by secretariat office.   
Members of the Committee and Sub committees are coming from government office, research center, universities, 
experts, and non-governmental organization.   This National Committee forms special commission that has a 
function to apply the mechanism of GHGs emission reduction without intervention by the existing formal structure, 
such as BAPPEDAL. 

The formation of functional structure enables experts of their field to be a member of the ICCC.   This ICCC should 
be focused that this commission shall accept every opportunities of CDM project in order to avoid the double policies 
between the central office and the region.   The ICCC structure is not so fat because the ICCC can set up “Working 
Group” for doing CDM project neither in the central region nor in the district area. This working group can be 
accompanied by local human resources that are passing from selection. Therefore, the ICCC need to decide human 
resources criteria that can join with the team during the activity of CDM project. The duty and function of Indonesian 
Committee for Climate Change are: 

ü To prepare the framework of cooperation scheme of the CDM project; 

ü To prepare the rule of law to support the CDM and AIJ programs; 



I n d u s t r y  

 2 - 39 

ü To prepare and to report the National GHGs Emission Registry to the International GHGs Emission 
Registry; 

ü To socialize ICCC program to all related institutions; 

ü To help producers or sellers in accelerating the execution of the CDM project activity; 

ü To carry out auditing, verification and certification of the CDM project (neither done by owner it self nor 
through cooperation with international institutions); 

ü To do financial analysis of the CDM project together with the owner and executor of the project; 

ü To help preparing framework of cooperation between buyers and seller; 

ü To help finishing the dispute if it happen; and 

ü To select human resources who be a member of Working Group. 

5.2.2. Scheme of the Execution of GHGs Emission Reduction 

As explained before, the CDM system can be carried out through bilateral or multilateral approaches.  National 
scheme for both approaches is basically same; the difference is only for international scheme that is generally 
guaranteed by developed countries (buyers). 

 

 

 

 

 

 

 

 

 

Figure 2.6. Scheme of GHG project execution, monitoring and evaluation under CDM system 

To obtain CDM project, domestic industries need to do approach with developed country.  It will be beneficial if the 
ICCC has already had a list of the countries that want to do CDM project in Indonesia.   For that, the ICCC will report 
the national emission register and also it should also promote the opportunities of the CDM execution in Indonesia to 
developed countries. 
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For example : through information obtained from the ICCC, the buyer will look at the need of fertilizer industry in 
Indonesia; generally using ACES technology.   Therefore, they want to do cooperation of CDM project by changing a 
part of the need of ACES stripping with Snamprogetti Stripping.   Buyer takes this choice because the additional cost 
per ton CO2 will reduce much.    

To implement the activity above to the CDM project, procedure below will be applied (see figure 2.6.): 

ü First, the sellers (industries) approach the buyer (1a).   The seller shall convince buyers that they can 
get the benefit of CDM project.   If both sides agree to continue the CDM project (1b); so 

ü The seller needs to contact the ICCC to obtain the agreement and to help the execution of CDM project 
activity (2); 

ü Then, the ICCC backed up by draft agreed by cabinet meeting  (3a) will prepare coordination and 
communication with FCC secretariat (institution linked to the ICCC and administered under UNFCCC) 
(3b) and doing information exchange with host country (3c); 

ü The ICCC instructs the Working Group (Tim administered under the ICCC) set up in the possible 
location of the project to assess and monitor the possible participants (4); 

ü The WG will report to the ICCC about alternative participants (5a) based on data available from several 
sources, such as the Ministry of Industry and Trade, Investment Coordination Board, Statistic Centre 
Bureau; 

ü Parallel with that, the ICCC will prepare Guideline for project assessment by considering references 
given by Ministers and Agencies concerned (5b) and send it to participants (5c); 

ü The WG will socialize the program to candidate participants (6); 

ü Participants will send proposal/application to the ICCC  (7a) with copy of proposal to Ministers & 
Agencies concerned (7b) to introduce their existing process, capability and their willing to participate in 
the project; 

ü Minister and Agencies concerned will give recommendation and advice to the ICCC about participants’ 
status and condition (8); 

ü The ICCC will evaluate and select the serious participant by considering their applications, Minister & 
Agencies recommendation and the WG evaluation fairly (internal evaluation) (9); 

ü The ICCC will authorize the selected participant to do the project (10a), and inform this authorization to 
the UNFCCC through FCC secretariat (10b); 

ü Participants will do project  under CDM system (11); and 

ü The ICCC will monitor and evaluate the execution of the project through the WG formally (12a), and it 
will make a report to the ICCC continuously (12b). 
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The scheme should be simple without ignoring the national needs, because the buyer had compared the project 
criteria with those of other countries whether project criteria were straightforward and easy to understand.    If not, 
the same project by buyer will be focused on other developing countries. 

The CDM is new and it will require further elaboration before coming into execution.   Careful definition is particularly 
important since the CDM will involve “offshore” implementation by Annex 1 Parties, voluntary participation by host 
country and the offsetting emission amount.   This definition should include the following as attributes of the CDM: 

ü It facilitates projects that are environmentally effective; 

ü The mechanism and project implementation must be efficient; 

ü Monitoring, reporting and verification must be done in away that enhance the credibility and 
transparence of the CDM; 

ü Rules, monitoring and modalities for implementation must be simple and effective; 

ü Project baselines must be clearly defined; 

ü Rules and participation of all stakeholder must be clarified; and 

ü The development benefits of a CDM based project should be clear. 

This raises three difficult questions, those are: 

ü How is sustainable development to be defined? 

ü How are development benefits to be measured? and 

ü Should carbon offset certification await the generation and documentation of sustainable development 
benefits? 

5.2.3. Supporting Law 

Indonesia has already had several Law and regulations related to the environment protection as explained in point 
5.1.4.   Several of those Law have been applied since 1970, but few of them were established in decade of 90s.  
However, Indonesia has ratified the Convention of the World Meteorological Organization at November 16, 1950.   
Since then, Indonesia has had at least 18 Laws that relates to the emission reduction. 

In the future, Indonesia may need some Laws that are not available yet but necessary, for example law about 
industry, etc.  Modifying or amendment the existing Law can also be done in order to get the Law that protects the 
environment not only from liquid and solid wastes but also from emission.  However, since Indonesia has decided to 
ratify the Convention, Indonesia should apply all of its obligation.   Government shall also set up Law about 
institution that controls the GHGs emission release.  

The role of Working Group is needed to do mapping of the existing Law and the existing industries that cause 
emission.  After that, the WG through the ICCC invites seller (developed countries) to offer the CDM or AIJ project.   
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Beside that, the ICCC uses seller to get information of Law regarding to their experience in which the ICCC needs as 
a references for establishing new Laws. 

The Law should be established soon when the ICCC finds the information of industries that cause GHGs emission. 

5.3. Financial Concept for Technology Transfer 

There are two possibilities of application of technology transfer that can be applied in Indonesia, technology change 
and technology modification.  These two methods have its advantages and disadvantages.    

For technology change or the replacement of technology, the industry should change its old technology with new 
technology that is environment friendly. This will produce goods with less impact to environment. But it has several 
constraints; such as need huge amount of cost, the existing productions totally stop and need place for old 
technology.     

On the other hand, technology modification or adding equipments are applied into existing technology by modifying 
the old technology or by adding new equipments.   The equipment has a function to reduce the possibility of GHGs 
emission release from the process. 

As mentioned above, the replacement of technology will need huge amount of budget.  So the modification of 
technology and additional equipment will be the best alternative for reducing GHGs emission in Indonesia.  
However, this alternative is applied selectively to the existing technology.  Government should take action in 
advance to anticipate the condition, by preparing financing; infrastructures, regulations and it should have a 
commitment with the application of low GHGs emission technology.   Government should set-up the new regulation 
that all new industries or expansion of old process should use the latest technology and technology modification is 
only applied into the existing operational industry. 

The most important thing is how to finance this program.  In fact, this program is introduced to reduce the GHGs 
emission.  So many developed countries are having an interest with this program.  Therefore, financing of this 
program should come from developed countries.   This may be as grant or aid skim.   The reason, why financing 
should come fully from developed countries, is because developed countries have developed their countries earlier 
than developing countries.   They have already taken advantages for the condition while developing countries have 
left behind with many problems.   Because developed countries have developed firstly, so they also have released 
GHGs emission much more than developing countries did.   Currently, developing countries concentrate their 
sources mainly for increasing their human need.    Therefore, the risk of GHGs emission shall be solved fairly by 
developed countries.   The developed countries should share all the effort to reduce GHGs emission by financing the 
entire program through the CDM or AIJ programs. 

In long term, Government should however prepare and allocate some amount of budget for industries who do project 
of technology modification or additional equipment.   For example: there is credit skim for small-scale industries 
(KUT).   This credit skim should include clausal for environment protection as well as the incentive given.   After that, 
this regulation of credit skim should be socialized to the Bank in order Bank can be easy to evaluate the proposal 
from creditor/industries.  This credit skim may be used to finance the program of modification of technology or 
program of additional equipment.   On the other hand, new plant with environment friendly technology should get soft 
loan skim from donor countries (developed countries or countries of technology use).   This must also be supported 
by incentives given by Government as explained in point 5.4 bellow  
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5.4. Concept of Incentive for Industries 

To promote the program of technology change or modification, government needs to give an incentive to the 
industries that do the program.  The incentive could form as tax-free, tax holiday, low interest, etc.   This tax free and 
low interest credit may be given to industries that do replacement of all technology.  Also the return of debt should be 
longer, it may be after 10 years with low interest.  Tax-free program should be allocated for 10 years free tax.  Then 
industries start to pay tax in the year eleven.    

On the other hand, industries, which do modification of technology or add equipments to reduce GHGs emission will 
get only free tax for certain time, etc.   The incentive skim should be socialized to all regions in accordance to the 
application of autonomy.   Decentralization system doesn’t mean that government officer of regency has full authority 
to decide something.  But local government should follow what is the decision of central government. However, 
central government should socialize all regulations including incentive policy.   This will make easy for the local 
government to apply the regulation to the industries in that region. 

5.5. The Possibility of Using Technical Aid and International Financing 

In doing the replacement of technology, industries need the technical aid from developed countries as owner of its 
technology.   Therefore this skim of technical aid should be put on the contract when CDM program between seller 
and buyer is signed.   This technical aid could consist of list of equipments and also engineers needed in the project.   
All of this cost should be paid by developed country (seller). 

Because Indonesia has limited budget, the international finance will be very interesting.   Therefore, in the 
application of the program, international financing support should be included in the contract, particularly for the 
replacement of technology.  For modifying and addition of equipments, the technical aid could be needed for the first 
program as pilot project, but it may not be needed when the program is successful.  International financing is also 
needed for the modifying and adding equipment program, it is anticipated if the limitation of the credit is limited or the 
credit skim from bank does not be accepted in the right time. 

5.6. The Use of CDM in Technology Transfer 

The CDM program is the only way to do the program of GHGs emission reduction by involving developed country.   
Indonesia as developing country needs help from developed country to apply clean technology.   On the other hand, 
developed countries need Indonesia as pilot project for their technology application.   In order to have a sustainable 
development of technology, Indonesia needs transfer of technology program that will keep the program working 
continuously by her own.  Therefore, the scheme of technology application through this CDM program shall be 
attached by technology transfer program where the sellers are requested to transfer their technology to the buyer. 

Through the CDM program, between developed country as supply and developing country as demand can meet and 
work together to do the project that can give benefit to both sides or called “Win-win Cooperation”.  

6. CONCLUSIONS AND RECOMMENDATIONS 

6.1. Conclusions 

Industry sector will release greenhouse gases emission from two sources, such as from energy use and from 
production process.   GHGs emission identified in this paper are coming from production process such as CO2, CH4, 
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N2O, perfluorocarbons (PFCs), sulphur hexafluoride (SF6), and hydrofluorocarbons (HFCs). The emission of the 
processing industries are separated from the GHGs emission coming from fuel combustion (energy released 
emission).  Increasing numbers of large and medium industries to meet demand of industrial products contribute to 
the increase of GHGs emission from processing industry. 

Three types of industry produce GHGs emission in Indonesia during its processing phase are mineral product 
industries (cement, lime, etc.), chemical industries (ammonia, nitric acid, urea, petroleum refinery), and metal 
production (iron, steel and aluminum). 

Indonesia as developing country has emphasized its development in the growth of income from industry sector.   
Hopefully, the investment in industry sector can be higher than the investment in oil and gas sector and other 
sectors.  This is to anticipate the lack of oil and gas resources in the future.  Therefore, the Government of the 
Republic of Indonesia has triggered all investor from local or foreign countries to invest in industry sector in 
Indonesia by giving several incentives, etc.  

Calculating data indicated that there is a tendency of increasing production from three groups of industries with 
twelve different industries.   Although there are some industries that decline its production.  However, the increase of 
industrial production will also increase the GHGs emission release. Therefore, the use of environment sound 
technology becomes very important. 

From data analysis, the modification or additional equipment will have significant effect to the GHGs emission 
reduction as shown in the paper for cement and ammonia production.  Although, this technology modification has 
some spending or cost, but it has more benefit in term of its GHGs emission reduction.  As shown in the paper, 
calculation has been done only for cement and ammonia industries but it may be used for calculating other 
industries. 

From four mechanisms available, Clean Development Mechanism (CDM) becoming the only choice that can be 
applied in Indonesia.   Although, CDM system is not accepted yet by all countries under Kyoto Protocol, it may be 
applied in developing countries with few modification.  This program can reduce the finance problem of Indonesia to 
apply clean technology through replacement technology program or modification technology program. 

The supporting institution for the application of CDM mechanism should be set up independently.   This institution is 
named as Indonesian Committee for Climate Change (ICCC).   This institution has several functions generally 
helping industries to do CDM program and control the GHGs emission in Indonesia.  The ICCC should form Working 
Group that has function to execute its program of GHGs emission reduction. 

Several interesting programs are offered to accelerate the industries to apply clean technology through CDM 
program, such as: tax incentives, low interest credit, etc. 

6.2. Recommendations 

This study still covered data from a part of the existing processing industries in Indonesia, particularly in Java and 
Sumatera Islands.  To find complete data of processing industries that release GHGs emission in whole Islands in 
Indonesia, the future study is necessary to be carried out. 
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In order the GHGs emission reduction program running well, the study of the application of cleaner production 
program in all processing industries is necessary to be studied.   The cleaner production center may be set up to 
anticipate the growth of processing industry in the future. 

As explained in the point 5, the modalities of CDM system are concluded to be the best alternative for applying 
GHGs emission reduction program.   Because of that, it is necessary to set up the institution called “Indonesian 
Committee for Climate Change” soon with having responsibilities to evaluate, monitor and apply the CDM program in 
Indonesia.   This institution should be independent but consists of several staffs who are coming from government 
institutions, universities, industries, associations, non- governmental organization, etc. 

Socialization of environmental sound technology to the related Department should be carried out soon in order to 
reduce the lack of information in the Department particularly when Department shall execute the project.   
Environment decision should be support by Law and suitable regulations and if necessary the political decision 
should come from President him self.    The role of the State Minister of Environment must be increased by special 
authorization from President. 

To reduce negative impacts about the application of environment sound technology, attendance from related 
Departments are necessary to attend the coordination meeting, particularly when the discussion of paper is held.    
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III.  IDENTIFICATION OF LESS GREENHOUSE GASES EMISSION 
TECHNOLOGIES IN TRANSPORTATION SECTOR  

 
Ajiph R. Anwar, Aminuddin Muhammadong, Hardjana 

 
1. INTRODUCTION 

The world’s climate has always varied naturally. The vast majority of scientists now believe that rising 
concentrations of greenhouse gases in the earth’s atmosphere, resulting from economic and demographic 
growth over the last two centuries, override this natural variability, which lead to irreversible climate change. 

The development of transportation has a close relation to economic growth as it gives great mobility to people 
and allows distribution of freight widely. However, all modes of transport have adverse effects to the 
environment. One of the effects is their contribution to increased GHGs emission. Transportation specifically 
contributes to GHGs effect through the burning of fossil fuels. 

1.1. GHGs Emission in Transportation Sector 

Increased GHGs emission influence global, regional and local climates. It heightens global temperatures that 
could raise sea level, change precipitation pattern and climate conditions. Changing climate could alter forest 
cover, agricultural production and water supply. It could also threaten human health, harm fauna and destroy 
many types of ecosystems.  

The climate change has been identified as mostly be affected by human activities. IPCC concluded in 1995 
that “the balance of evidence suggests a discernible human influence on global climate”. This human 
influence on climate comes from emission of three GHGs in particular CO2, CH4, and N2O. These gases act 
like a blanket around the Earth, trapping heat emitted from the Earth’s surface. Overall, about 80 per cent of 
GHGs emission from human activities are related to the production and use of energy - and particularly from 
the burning of fossil fuels [WB, 1998 #80] . The bulk of remaining 20 per cent is associated with agriculture 
and changes in land use, such as deforestation. 

The World Bank, 1993 reported that GHGs emission in the Asia Region (excluding Japan) are growing very 
rapidly, and could exceed those of Europe and the United State (US) within the next two decades. Although 
Indonesia’s share is relatively small - about 5 per cent, however, Indonesia has joined the Climate Change 
Convention and is committed to limiting its growth of GHGs emission. 

Referring to the World Bank report, carbon dioxide emission from energy use may increase as much as 14-
fold over the next twenty five years as a result of growing demand for electricity in manufacturing and 
residential use, along with growing energy consumption for transportation. 

The total GHGs produced in Indonesia in 1994 amounted to 902,142 Gg in CO2 equivalent. Table 3.1 shows 
the summary of Indonesia GHGs Inventory for 1994. Table 3.1 shows that energy sector including  
transportation contributed 23.65 per cent of the total GHGs emission, whereas forestry and land use change 
sector contributed 73.32  per cent. The growing energy consumption for transportation is in line with the 
growing number of motorized transport vehicles operated on the road, particularly in big or metro cities in 
Indonesia. The growth of vehicles number from 1995 to 1999 is depicted in figure 3.1. 
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Table 3.1 Summary of the base year (1994) Indonesia’s GHGs inventory (SME, 1999) 

 
Uptake 

(Gg) 
Emission (Gg)  

Sources and Sinks 
CO2 CO2 CH4 CO N2O COx 

1. All energy (Fuel combustion 
+ Fugitive) 

 170,016.31 2,395.73 8,421.50 5.72 818.30 

   A. Fuel combustion  170,016.31 357.56 8,421.50 5.72 818.30 
1. Energy and transformation 

industries 
 50,702.24 0.77 8.50 0.28 95.60 

2. Industry  50,014.38 2.29 21.20 0.23 120.70 
3. Transport  47,047.16 7.49 2,654.00 0.44 456.00 
4. Small combustion in 

residential and commercial 
 22,252.53 347.01 5,737.80 4.77 145.90 

B.Fugitives fuel emissions   2,038.17 0.00 0.00  
1. Solid fuels   20.40    
2. Oil and natural gas   2,017.77    

2. Industrial processes   19,120.00 0.51  0.01 
3. Agriculture   3,243.84 330.73 52.86 18.77 

A. Livestock   947.21  0.00  
B. Ricefield   2,280.90    
C. Agriculture soil     52.34  
D. Prescribed burning savanna       
E. Burning of agric. residues   15.73 330.73 0.52 18.77 

4. Land use change and forestry 403,846 559,471.00 367.00 3,214.00 2.52 91.26 
A. Change in forest & other 

woody b iomass stock 
334,239 198,994.00     

B. Forest and grassland 
conversion 

 303,237.00 367.00 3,214.00 2.52 91.26 

C. Abandonment of managed 
lands 

 69,607.00     

D. Forest fires   57,240.00    
5. Waste/Landfill    402.00   
6. Indonesia 403,846 748,607.31 6,409.08 11,966.23 61.11 928.33 
7. Biomass   124,417.15    
8. International bunker   1,684.35    

Note: Biomass and International Bunker are not included in the calculation of national emission 
 
The growth rate of passenger cars was average 8.35 per cent per annum during recent five years, whereas 
growth rate of buses decreased to be average (0.63 per cent) per annum during the period. It shows that the 
use of high capacity vehicles tends to step-down, this could generate traffic problem due to large number of 
vehicles operating on the road, even if it is not chased by road networks development. It occurs in major cities 
in Indonesia. 

The growing vehicles demand more energy supplies to consume in the transportation sector. Energy 
consumption in the transportation sector from 1994 to 1999 increased 6.7 per cent per annum. This trend may 
exceed the energy use in the industry sector. The growing energy consumption – more fuel combustion 
increases GHGs emission into the air. 
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Source: Transportation Statistics, 1999+ 
 
Figure 3.1. The Growth of vehicles number per annum during 1995-1999  

In 1994, fuel combustion contributed 170,016.31 Gg CO2, 357.56 Gg CH4,   and 5.72 Gg N2O.  Transportation 
sector took shares of total fuel combustion 47,047.16 Gg CO2 or 27.67 per cent, 7.49 Gg CH4 or 2.09 per 
cent, and 0.44 Gg N2O or 7 per cent. 

In 1995, transportation sector contributed 51.47 million tons or 23.85 per cent of the total 215.73 million tons 
CO2 emission, whereas for CH4 and N2O emission, transportation sector contributed 7.19 Gg and 0.48 Gg 
respectively or 0.29 per cent and 8.42 per cent of the total 2,399.92 Gg CH4 and 5.70 Gg N2O emission. In the 
year 2025, it is estimated to be 167.58 million tons or 24.92 per cent of the total estimated 672.31 million tons 
CO2 emission, its growth rate is 3.4 per cent per annum.  22.39 Gg CH4 or 0.81 per cent of the total estimated 
2,753.70 Gg CH4 and 3.98 Gg N2O or 30.97 per cent of the total estimated 12.85 Gg N2O emission. The 
growth rate is 0.80 per cent and 7.31 per cent per annum respectively [SME, 1999 #75]. 

1.2. Technologies in Transportation Sector 

Technologies used in the transportation sector continuously develop in line with the development of 
technology in automotive and energy sectors, as well as traffic systems in the road transport, the development 
of train in rail transport, and vessel in water transport. 

Means of transport that commonly used are gasoline-fueled and diesel-fueled vehicles for road transport, 
diesel-fueled and electric-powered trains in rail transport, diesel-fueled vessels in maritime transport, and gas-
fueled aircrafts in air transport. Road transport potentially emits more gaseous emissions into the atmosphere 
especially in the metro cities, the use of low emission vehicles and the implementation of effective and 
efficient traffic management and systems could be envisaged and assessed.  

GHGs emission emitted from motorized transport means are caused by three factors namely engine 
technology, type of fuel used and engine running condition. Engine technology is related to how the 
mechanism of energy change from fuel energy to motor energy on crankshaft, through fuel burning process 
and oxygen occurring inside combustion room, thermal energy is produced by producing combustion gases 
that moving piston. Types of fuels define type of combustion gases. Engine running condition defines how 
good combustion quality going on, and it could, in turn, define types of combustion gases that release 
greenhouse gases emission. 
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Land and maritime transport which small and medium power engine generally use gasoline-fueled and diesel-
fueled motor engine, whereas in air transport which medium and huge power generally use jet propulsion 
engine. 

Transport fleets that small power engine are used in Indonesia like motorcycles, city transport cars and private 
cars generally use gasoline engine and diesel engine. Transport fleets with medium power engine like buses, 
minibuses, trucks, vessels, and locomotive generally use diesel engine. 

The alternative fuels In Indonesia like compressed natural gas (CNG) and Liquid  Petroleum Gas (LPG) for 
road transport fleets have been introduced and used.  The Vehicles that fueled by CNG or LPG are equipped 
with CNG or LPG converter kits without changing the engine. The use of CNG and LPG for transport is still 
limited to public transport and some private cars. Constraints of existing use of CNG are high investment cost 
for the converter kits and the availability of filling stations that require huge investment; heavy CNG fuel tank 
whilst of limited capacity adds the overall weight ratio of the car change engine performance when the car is 
fully loaded. Constraints of LPG user are the cost of LPG converter kits and fuel consumption is 10 –20 per 
cent higher than that of gasoline while the price of LPG is only about 20 per cent lower than that of regular 
gasoline. In order to extend the use of CNG and LPG for road transport vehicles, it should build many filling 
stations and provide incentives for the users, besides CNG and LPG energy supply sufficiency. 

Many other alternatives fuels like solar energy, electric and hybrid electric, alcohol (ethanol, methanol), and 
hydrogen have been demonstrated in developed countries to power vehicles. Those alternative fuels could be 
envisaged and further assessed to be implemented in Indonesia. While developing and introducing the use of 
alternative fuel technologies, other technology in the traffic management system like ITS and the improvement 
of public transport could be also be assessed and envisaged to implement particularly in urban areas. 

1.3. Importance of Technologies Transformation in Transportation Sector. 

In anticipating the increase of GHGs emission caused by transportation sector, it is the right time to undertake 
the transformation of technologies that potentially reduce GHGs emission. 

Transformation of technologies must consider superiority and shortcoming of new technologies to apply in 
Indonesia. New technologies may offer significant advantages over old ones, but their introduction and use 
require careful planning. Further assessments are required in order to define the best strategy implementing 
the alternative technologies. 

The application of less greenhouse gases emission technologies in transportation sector does not always 
mean the adoption of advanced technologies, because there are several means of transport that emit low 
emission, and there also are many other measures to conduct in the transportation sector in supporting the 
abatement of GHGs emission. The measures are among the implementation of efficient traffic management 
system and the encouragement of people to save energy through the implementation of fuel economy 
principle. 

However, the application of advanced technologies has enormous potential to improve fuel economy. Only 
about 15 per cent of the energy in the fuel put in gas tank gets used to move car down to road or run useful 
accessories like air conditioning or power steering. The rest of the energy is lost.  
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Even modern internal combustion engines convert only one third of the energy in fuel into useful work, the rest 
is lost. The development of vehicle technologies not only aims at increasing the speed and the capacity but 
also proceeds to direct at efficient and environmentally friendly vehicles.  It has been developed zero and low 
emission vehicles that using alternative fuels like solar energy, electric power, fuel cell, hybrid electric, 
ethanol, methanol, CNG and propane. 

While considering the application of alternative new technologies that have potential to reduce GHGs 
emission, there are some alternatives measures that potentially reduce the GHGs emission among others are: 

ü Strengthen regulations on vehicle emission and fuel economy standard; 

ü Introduce traffic systems with minimal impact to the environment; 

ü Redesign communities to encourage walking, biking and mass transit (public transport); 

ü Encourage telecommunicating and similar trip reduction programs; 

ü Provide incentives to promote eco-driving; 

ü Introduce and spread the use of law emission and fuel-efficient vehicles; and 

ü Develop the transportation infrastructure that function as sink by creating small forests around 
the transportation infrastructure (like airport, seaport, road side terminal and station) 

2. INTERNATIONALLY EXISTING LESS GHG’S EMISSION TECHNOLOGIES IN 
TRANSPORTATION SECTOR THAT FIT TO INDONESIAN CONDITION 

The transport sector is a major and rapidly growing source of greenhouse gases emission. Fossil-fuel 
combustion in vehicles and transport equipment accounted for about one-fifth of global carbon dioxide 
emission in 1990. Transportation global fuel consumption rose by 8.28 per cent annually in the last 10 years, 
largely because of higher incomes and steady or very low fuel price.  

Without new measures to slow the growth in emission, the use of fossil fuel for transportation is expected to 
double in next years. Transportation also contributes to local and regional pollution problems through its 
emissions of carbon monoxide lead, sulfur oxides (SOx) and nitrogen oxides (NOx). 

New technologies can increase the efficiency of automobiles and reduce emission per kilometer traveled. New 
material and designs can reduce a vehicle mass and increase the efficiency at which convert energy, thus 
lowering the amount of energy required to move it. With improved transmission design, engine can operate 
closer to their optimal speed and load conditions. Technological improvements in combustion-engine 
technology and in petroleum formulation have already started to reduce per-vehicle emission of both 
greenhouse gases and conventional pollutants. The energy intensity of these engines can probably sti ll be 
improved by 15 to 30 per cent using cu rrent technology. More dramatic improvement can be achieved by, for 
example, adopting hybrid cars that use a combination of fuel-fired engines and electric motors. 

Switching to less carbon-intensive fuels can also reduce carbon dioxide emission. The feasibility of operating 
vehicles on fuels other than gasoline has been demonstrated in many countries. Alternative transport fuels 
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include CNG, LPG, ethanol, methanol, and electricity derived from non-fossil sources. CNG has been used 
successfully in fleet vehicles for a number of years in Jakarta. Such programs can offer long-term global 
climate benefits in tandem with immediate improvements in local air quality. 

Renewable energy technologies are becoming more and more competitive. Renewable energy could one day 
offer cost-effective alternatives to petroleum-based fuels. Electricity derived from hydroelectric, solar 
photovoltaic, wind system, and hydrogen fuel cells can power the movement of people and goods with almost 
zero greenhouse gases emission. The combustion of liquid fuels derived from sustainable grown biomass 
does emit carbon, but the vegetation grown to make new biomass recaptures an equal amount of carbon. The 
use of renewable fuels in transport sector can help to reduce new CO2 emission while delivering the degree 
of personal mobility that people desire. 

Emission can be further cut through changes in maintenance and operating practices. Many vehicles are not 
adequately maintained due to high costs or to the limited local availability of spare parts. In some areas, 
maintenance many simply be a low priority for drivers and vehicle owners. Recent studies suggest that 
average fuel consumption can be reduced by as much as 2 to 10 per cent just through regular engine tune-
ups. 

Policies to reduce road traffic congestion can save both emission and cost. The energy intensity of transport 
and the amount of congestion on the roads are strongly influenced by the average occupancy rate for 
passenger vehicles. Computerized routing systems for trucks can save money fuel by optimizing payloads 
and minimizing time spent in traffic; some studies indicate that it is already technically possible to reduce 
energy use per ton-kilometer by 25 to 30 per cent. Similarly, measures to improve general traffic control and 
restrict the use of motor vehicles have reduced energy use in some areas by as much as 20 to 40 per cent. 

Urban planners can encourage low-emission transport. Convincing people to switch form automobile to buses 
or train can reduce primary energy use per passenger-seat-kilometer by 30 to 70 per cent. A vital part of 
encouraging this transition is providing safe and efficient public transport systems. Cities can also promote 
walking, bicycling, and car pooling by limiting automobile access to certain roads, bus-access roads, or High 
Occupancy Vehicle (HOV) only entering a certain area during peak hours. The introduction of computerized 
traffic light control systems, more informative signs, and improve network design, especially in urban areas 
with a high density of vehicles during peak travel hours, can also boost efficiency. In the short term, the 
greatest potential that urban planning has for effecting transport is in rapidly developing cities where car are 
still in limited used. 

Policies to reduce air traffic congestion can cut emission while improving safety. Present flight pattern seek to 
reduce fuel consumption and other in-flight costs. Nevertheless, crowding at airport leads to long holding 
times at many destinations and contributes to higher-than-necessary fuel emission. Advances in booking 
system, policies to increase seat occupancy rates, and effort to discourage simultaneous, partly-filled flights 
on the some route could further reduce congestion, minimizing landing delays, and decrease emission. 
Additional aviation fuel taxes cloud also play a role in promoting energy efficiency. 

Policies to accelerate the rate of capital stock turnover in automobile and aircraft fleets may be the quickest 
way to reduce the short-term rate of emission growth. This is especially true for developed countries, where 
large fleets with many older vehicles are already in place. Reward can be offered for retiring older vehicles 
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and airplanes that do not meet current national emission standard, or small environmental “user fees” can be 
imposed, with the fees proportional to the vehicle energy consumption. Fuel-efficiency standards for autos 
and aircraft are vital to reducing the energy intensity of transport over the longer term, but they affect only the 
newest vehicles. 

The appropriate mix of policies will vary from city to city and country. In addition, measures to reduce emission 
in the transport sector can take years or even decade to show their full results. But if carried out with care, 
climate-friendly transport policies can play a major role in promoting economic development while minimizing 
the local costs of traffic congestion, road accidents, and air pollution. 

Many sorts of transportation technologies have been developed and used in the developed countries that 
potentially reduce greenhouse gases emission, but not all technologies are suitable to implement in 
Indonesia. It needs wise assessment and valuation to define which such technologies are adapted to adopt in 
Indonesia. 

While considering adopting new technologies, many strategic measures and actions could be undertaken to 
reduce greenhouse gases emission. In this section, we try to identify the existing less greenhouse gases 
emission technologies used worldwide, and identify also their measures and actions to control greenhouse 
gases emission in the transportation sector that are feasible to implement in Indonesia. 

2.1. Less GHGs Emission Vehicles Technologies feasible to be used in Indonesia 

2.1.1. Electric Powered Vehicles Technology 

The electric powered vehicles use on board rechargeable batteries power electric motor. The fueling system 
is through a cord and plug connects to electrical source. The mechanical power in the electric vehicle is 
derived directly from electric fuel. The system is virtually non-polluting and energy efficient. 

Based on the result of advanced computer simulation conducted by the Electric Vehicle Association of 
Canada, battery electric vehicles produce fewer greenhouse gases emission than those of conventional 
gasoline internal combustion engine vehicles. Furthermore, the study provides the first real proof that 
significant emission reductions will result even in regions that rely on coal-generated electricity. The key 
findings of the study are quoted below: 

ü Battery electric vehicles operating in provinces that rely primarily on electricity generated by 
hydro sources will produce between 98 - 99.9 per cent fewer greenhouse gases emission 
(CO2 equivalent) than comparable internal combustion engine vehicles, and less than 0.1 
per cent of the total other (non-CO2) emission of their gasoline-powered equivalents; 

ü Battery electric vehicles operating in provinces that rely primarily on electricity generated by 
natural gas systems will produce approximately 74 to 85 per cent fewer GHGs emission 
(CO2 equivalents) than comparable internal combustion engine vehicles, and approximately 
0.5 per cent of the total other (non-CO2) emission of their gasoline-powered equivalents; 

ü Depending on the specific type of coal used, battery electric vehicles operating in provinces 
that rely primarily on electricity generated by coal-burning plants will produce 55 to 59 per 



L e s s  G H G s  E m i s s i o n  T e c h n o l o g i e s  

 3 - 8 

cent fewer GHGs emission (CO2 equivalent) than comparable internal combustion engine 
vehicles, and between 80 per cent and 92 per cent fewer total other (non-CO2) emission 
than conventional gasoline vehicles; 

ü The operation of an electric vehicle will result in significant reductions of non-renewable 
energy from 100 to 55 per cent reductions, depending on the source of electricity. 

The electric vehicles are operating about 4,000 units in the United States (with the largest number in 
California and the western United States). Many of them are conversions of gasoline-powered vehicles. The 
electric vehicles are also available as bicycles, scooters, and buses. 

2.1.2. Flexible-Fueled Vehicles Technology 

A flexible fueled vehicle has a single fuel tank, fuel system, and engine. The vehicle is designed to run on 
unleaded gasoline and an alcohol fuel (ethanol or methanol) in any mixture – for example, E85 (85 per cent 
ethanol, 15 per cent gasoline), or M85 (85 per cent methanol, 15 per cent gasoline) or any combination of 
these fuels. 

Ethanol-fueled vehicles use liquid alcohol that produced from grain or agricultural waste. E85 is generally for 
light-duty applications, while E95 is for heavy-duty applications. Fueling system is the same as with 
conventional gasoline or diesel fuel.  

The ethanol-fueled vehicles expected to operate on the road in the year 2,000 are 250,000 units for light-duty 
applications.  

Methanol-fueled vehicle use methanol that produced from natural gas, coal, or biomass. M85 is for light-duty 
applications, and M100 is for heavy-duty applications. Fueling system is the same as with conventional 
gasoline or diesel fuel.  

The methanol-fueled vehicles are operating more than 250,000 units for light-duty applications.  

2.1.3. Bi-fuel Vehicles Technology 

A bi-fuel vehicle has two separate fuel systems, with capability to easily switch from one to another. The 
vehicle can be powered by either system. One fuel system is usually designed to run on gasoline or diesel, in 
order to assure a readily available fuel source. The other fuel system is usually designed to run on CNG or 
LPG. 

The natural gas fuel is extracted from underground reserves, composed primarily of methane. For CNG, gas 
is compressed to 2,400-3,600 pounds per square inch in specially designed and constructed cylinders. For 
Liquefied Natural Gas, gas is cooled to minus 259 °F and stored in insulated tanks. 

LPG or commonly called propane is a liquid mixture (propane, butane and higher hydrocarbons, ethane and 
propylene). It is a by-product of natural gas processing or petroleum refining.  Vehicles can be designed for 
dedicated use of CNG or LPG, or as bi-fuel vehicles. Gasoline fueled vehicles can be modified to use CNG or 
LPG.  Natural Gas Vehicles are operating nearly one million worldwide, and about 3.5 millions propane 
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vehicles are operating worldwide. The alternative fuels are also used in Indonesia for public transport like 
buses and taxies. 

• Alternative measures to reduce GHGs emission in the transportation sector 

Other countries, particularly in industrial countries, to protect their environment and reduce GHGs emission, 
while they are assessing the advanced technologies in the transportation sector, conduct many measures and 
actions. The measures or actions are also identified here because they are potentially to reduce GHGs 
emission into the atmosphere.   

− The Improvement of Public Transit 
 
The improvement of public transit, especially in major cities, may effectively reduce congestion 
and in turn  improve air quality. The improved public transit is expected to attract commuters 
moving from using own cars to public transit. Accordingly, it may reduce the cars moving on the 
road and contribute to fuel economy as to less fossil fuel combustion. It may reduce the GHGs 
emission release into the air. 
 
The following are the identification of main components of public transit improvement that 
implemented in the United States may be considered to implement in Indonesia.  

 
ü System/Service Expansion. The expansion projects attempt to increase ridership by 

providing new rail system services and expanding bus services. Express bus services can 
be a particularly effective alternative to single occupancy driving because they can provide 
fast route between suburban communities and downtown areas. In some cities, there are 
bus lanes on main highways that enable people to save both time and money in their 
commute to work. 

 
In the rail category, the four major types of transit services are heavy rail rapid transit, light 
rail transit, commuter rail, and fully automated rail systems. The heavy rail system is 
characterized by high speeds (75-85 miles per hour) and high capacity (between 20,000 
and 34,000 passenger per hour), and is most efficient when serving areas with greater than 
50 million square feet of non-residential development. Light rail transit systems are 
designed for medium capacity (ranging from 2,000 to 20,000 passengers) and less 
developed urban areas. Commuter rail service is characterized by high-speed, station-to 
station service, and is designed to transport people from suburbs to downtown areas. Full-
automated gateways are relatively new systems that circulate within urban areas and allow 
people easier access to congested facilities such as downtown areas or airports. 

 
ü System/Service Operational Improvements. The improvements focus on geographic 

coverage and scheduling changes that make mass transit a more attractive option. 
Research indicates that facilitating and/or eliminating transfers such as car/transit, 
pedestrian/transit and bicycle/transit encourages more people to use public transportation. 

 
ü Inducements to Travelers to Increase Ridership. Inducements to potential transit users 

include improvements in fare structures and policies, marketing programs, and passenger 
amenities. Although transit demand is relatively inelastic, some fare policies such as 
monthly or weekly passes and fare simplification (i.e. multiple operators accepting one fare 
medium) may encourage more ridership. Customer service and intense marketing of transit 
services may also increase the number of people using public transportation. As for 
passenger amenities, the provision of such things as transit shelters, benches, maps, and 
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visually pleasing aesthetics, or improving the comfort of buses and trains may be 
instrumental in increasing ridership. 

 
− Intelligent Transportation Systems (ITS). 

 
ITS’s provide a technological solution to the problem of growing congestion on U.S. 
roadways. ITS is one of strategic issues discussing in Asia Pacific Economic Committee 
(APEC) Transportation Working Group forum.  

 
ITS is a new development in transportation technologies. ITS use advanced computing, 
information systems, and communication technology and applies it to the control and 
management of traffic and infrastructure to achieve safer transportation system, better 
informed travelers, improved traffic control system and increased efficiency of transit 
systems and traffic infrastructure. 

 
The following are types of systems than can be employed as part of ITS: 
 
ü Traffic signal control systems; 
ü Freeway management systems; 
ü Transit management systems; 
ü Incident management systems; 
ü Electronic toll collection systems; 
ü Multimodal traveler information systems; 
ü Highway/railroad crossings and interface systems; and 
ü Emergency management systems. 

 
• Valuation of Superiority and Shortcoming of Those Technologies and Measures to Implement in 

Indonesia. 

 
− Electric Vehicles Technology 

 
ü Benefits. Superiority of electric vehicle technology is pollution free. It does not release 

gases that are dangerous to the human, it does not need special area to build fuel filling 
stations, and it is easy to charge the battery, because many places have adequate electrical 
capacity for charging like homes, offices, and business. 

 
Electronic vehicles relatively reduce fuel energy consumption means that minimize fuel 
subsidy, but electricity supply demand rises. Electricity costs less per mile than gasoline, 
but range is limited. The initial capital cost for electric vehicle is high, but fuel and 
maintenance costs are lower. 

 
The development of electric vehicle technology is a business opportunity for transport 
industry and automotive manufacturers to invest. 

 
The first benefit of electric vehicles is no tailpipe emissions. Electronic vehicles do not 
pollute the environment and use very efficiently energy, it is about 75 per cent of the energy 
from a battery reaches its wheels, whereas the chemical energy in gasoline only 20 per cent 
gets converted into useful work of the wheels. 

  
ü Risks. Shortcoming of electric vehicle technology is people require special training for 

electronic vehicle mechanics. Service requirements for electric vehicles are expected to be 
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somewhat less, no tune-ups, oil changes, radiators so that the opportunity for people to 
have work at those services will be less. 

 
Almost there are no significant risks in applying the electronic vehicles technology in 
Indonesia. Implementing the electric vehicles technology will increase energy consumption 
in electricity, and this will give impact to the environment depends on what fuel is used by 
the power generation. The initial capital cost for electric vehicle is high than for conventional 
vehicle. 
 

ü Ability to Reduce GHGs Emission. The electric vehicles do not release greenhouse gases 
emission or zero-emission, the power generation, as energy source for electric vehicles 
release greenhouse gases emission depend on what type of the power generation. 

 
− Flexible-Fueled Vehicles Technology 

 
ü Benefits. Unleaded gasoline and alcohol in any mixture fuel flexible-fueled vehicles 

technology. The alcohol, especially ethanol, can be produced from agricultural waste, it is 
probably produced domestically by using local sources, but it needs advanced technology 
to produce ethanol.  

 
Ethanol has approximately 80 per cent or more of the energy density of gasoline. It is a 
renewable fuel. The power, acceleration, payload and cruise speeds provided are 
comparable with those for equivalent conventional fuels.  

 
Fuel ethanol blends are successfully used in all types of vehicles and engines that require 
gasoline. It is a renewable fuel and reduces air pollution and dependence on gasoline. 
 

ü Risks. Adequate training to operate and maintain flex-fueled vehicles is required. It needs 
advanced technology to produce ethanol. 

 
For heavy vehicle application, E95 has a difficulty time competing with low diesel prices. It 
needs investment on ethanol production Alcohol fuels are corrosive so the engine and fuel 
system must be adapted slightly to run on alcohol. There must be a special sensor in the 
fuel line to analyze the fuel mixture and control the fuel injection and timing to adjust for 
different fuel compositions. 

 
ü Ability to reduce GHGs emission. Flex-fuel technology has a potential to reduce GHGs 

emission, but to define how big its ability to reduce GHGs emission need measuring. 
 

− Bi-Fuel Vehicles Technology 
 

ü Benefits. The bi-fueled vehicles technology allows the use alternative fuel when available. It 
can offer a cleaner and more economical alternative to gasoline or diesel, but need more 
space for fuel tank. The bi-fueled  vehicles technology is widely used for public 
transportation. 

 
The bi-fueled vehicles technology is more economical alternative to gasoline or diesel, but 
the need for two separate fuel systems and storage tank for gaseous fuel increases the 
cost. 
 
Some fleets used propane report 2 to 3 years longer service life and extended time intervals 
between required maintenance. Propane costs in fleets typically range from 5 to 30 per cent 
less than those of gasoline. 
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Propane-powered vehicles reportedly have less carbon build-up compared to gasoline- and 
diesel-powered vehicles.  

 
ü Risks. Bi-fuel vehicles need careful handling, because the gaseous fuels are easy burning. 

Tanks are filled to no more than 80 per cent capacity. 
 

The bi-fueled system needs two storage tanks, consequently require more space for fuel 
tank. It could reduce load capacity of vehicles. 
 

ü Ability to reduce GHGs emission. CNG is one of the cleanest of the fossil fuels. Compared 
to gasoline, its use could bring about a significant reduction in tailpipe emissions carbon 
monoxide (about 70 per cent), nitrogen oxides (about 50 per cent).  
  
Propane-powered vehicle produced about 45 per cent  less carbon monoxide than did 
gasoline vehicles and about 20 per cent less nitrogen oxides. 

 
 
− Intelligent Transportation Systems 
 
ü Benefits. The benefits of ITS is derived from a smoother traffic flow with less delay from 

signals, incidents, and traffic queues. Most aspects of the ITS infrastructure contribute to 
timesavings. Other benefits include emissions reduction, accident reduction, improved 
transit customer service, increased roadway capacity and speed, and decreased fuel 
consumption. 

 
ü Costs. The total costs are dependent on the size of the system and the types of technology 

used. 
 
 

− Improvement of Public Transit 
 
ü Benefits. The improvement public transit reduces total vehicle miles traveled annually, and 

reduces emission. 
 

ü Costs. The improvement of public transit requires capital intensive (e.g. building rail line), 
and relies on infrastructure changes, improvement of bus shelters, instituting fare 
structures, and better signage.    

 
• The Degree of Difficulties and Cost Required 

In general, the degree of difficulties to implement the alternative, less GHGs emission technologies in 
Indonesia depends on awareness of individual to keep their environment, and readiness to implement the new 
ones. The Government should encourage society to maintain the environment through several regulations 
and measures. The involvement of all sectors and society could be a key to successfully implement new 
technologies. The government and commercial fleets could be pilot for the implementation of the new 
technologies. 

The costs required to the implementation of alternative new technologies and systems consist of investment 
costs for the construction of infrastructures and facilities, improvement costs of the existing facilities, incentive 
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cost for transportation industries that adopt and develop the new technologies, and cost for procurement of 
new vehicles and implementation new systems. 

• Requirements for the Implementation of New Technologies and Systems 

It is necessary to perform further assessment of transfer of new transportation technologies so that the 
implementation of those technologies meet our real needs and the direction of national development to 
maintain sustainable transport development. 

However, there are several requirements could be envisaged to undertake coinciding with the implementation 
of new technologies and systems among: 

ü Require extensive planning and coordination; 

ü Secure adequate funding; 

ü Consider land use pattern; 

ü Enact aggressive marketing strategies and raise the awareness of all society how important 
to protect our environment; 

ü Involve private sector; 

ü Improve the regulations on environment and develop integrated and mutual-support 
programs among sectors; 

ü Encourage regional governments to take initiative implement sustainable transport in their 
regions; 

ü Induce government agencies to take a leading role to adopt alternative new technologies in 
their fleets then followed by businesses; 

ü Train more personnel and people on that technologies; 

ü Encourage transportation industries to develop the environmentally friendly vehicles through 
incentive for investment. 

ü Develop an information network on greenhouse gases emission and regulated emissions 
among sectors especially in transportation and energy and industry. 

3. INVENTORY OF TECHNOLOGIES IN TRANSPORTATION SECTOR IN INDONESIA 

3.1. Existing Technologies in Transportation Sector in Indonesia 

Technologies in transportation sector currently used in Indonesia are vary from traditional to advanced 
technologies. From bicycles, tricycles (becak), motorcycles, cars, minibuses, buses and trains, ships to 
aircrafts. Those technologies have different characteristics, capabilities, and performances. Most of the 
transportation technologies, particularly in road transport, have been designed and assembled in Indonesia, 
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and several sorts are adopted and transferred from abroad. Maintenance and repairs are conducted in 
Indonesia. 

Road transportation generally uses gasoline and diesel powered vehicles that potentially emit pollution into 
the air, including GHGs emission. Therefore, the abatement of air pollution in the transportation sector mostly 
focuses on road transportation. It has also been introduced CNG and LPG for public transport as the 
alternative fuels in Indonesia. 

The use of alternative fuels like CNG and LPG in the transportation sector has successfully been 
implemented, particularly for public transport (buses and taxis) in metro cities. The extensive use should be 
expanded.  

Rail transportation uses diesel powered locomotives, and electric-powered trains in urban areas. The rail 
transportation has large capacity and wider range, but needs typical infrastructures such as railways and 
signaling systems. This technology releases relatively low greenhouse gases emission compared with their 
large capacity. The development of rail technology has a wide opportunity to be developed either for long 
range with heavy rail transport or short range with light rail transit. 

The other technology in transportation sector concerning traffic management that currently introduced in 
Indonesia is ITS. Due to the soaring population and rapid urbanization in major cities, traffic conditions have 
sharply worsened such that the average traffic speed in Jakarta is 10 km per hour and buses are packed with 
the passengers. At the moment, some ITS system have been introduce in some areas: Area Traffic Control 
(ATC) between Jakarta and Surabaya; ATC using the Australian SCAT system in Bandung; and Variable Sign 
(VMS) installed on highways in Jakarta.  Main bodies for the ITS program are the Directorate General of 
Highway of Ministry of Public Works (Bina Marga) and state-run Indonesia Highway Corporation (PT. Jasa 
Marga)    

Several transportation methods could be used to reduce GHGs emission, such as: 

ü New technologies can increase the efficiency of automobiles and reduce emission per 
kilometer traveled, depends a lot to the development of new technologies in the country 
where the vehicles are imported. The Indonesia Government sets stringent standard, which 
revised regularly; 

ü Alternatives transport fuels include CNG, LNG, is already in use especially by public 
transport. There is a need to increase the use of LPG and CNG by setting policies to 
influence the share of gas in transportation; 

ü Introducing of vehicle inspection and maintenance of all vehicles that will be implemented in 
Jakarta as the pilot project by year 2001; 

ü Policies to reduce road traffic congestion are the schemes that are continuously done in 
every city, including by implementing of modern urban traffic control systems such as 
implemented in Jakarta, Surabaya and Bandung; 
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ü Public transport improvement and spreading public transport wherever it is possible to 
reduce the need of the society to own private transport. Including the development of mass 
transit system in metropolitans. 

3.2. Valuation of Superiority and Shortcoming of Existing Technologies 

3.2.1. Benefits 

The benefits of existing transportation technologies used in Indonesia are to accelerate the flow of people and 
goods. Provide the wide business opportunity in the transportation sector. Maintenance and repair could be 
done in Indonesia.   

3.2.2. Risks  

Existing vehicle technologies generally use fossil fuels that emit gases that are dangerous to human and 
environment. The increase of fossil fuels burned the more gaseous emission into the air. It will decrease fuel 
reserves and increase more imports.  

3.2.3. Ability to Reduce GHGs Emission  

Gasoline and diesel fueled vehicles emit more greenhouse gases emission into the atmosphere. Based on the 
GREET model analysis that conventional gasoline of vehicle operation for passenger cars emits greenhouse 
gases emission 401 g/mile , conventional diesel  of vehicle operation for passenger cars emits greenhouse 
gases emission  312 g/mile. 

3.3. Opportunity to Adopt Efficient and Environmentally Friend Technologies in Transportation 
Sector 

The opportunity of transformation of the existing technologies with the efficient and environmentally friend 
technologies is feasible due to several considerations among others: 

ü Indonesian intention and obsession to develop science and technology; 

ü Planning to develop transportation industries; 

ü Traffic jams in the urban areas may not be solved by existing technology only; 

The application of less greenhouse gases emission technology in transportation sector must be envisaged, 
particularly in urban areas.  

3.4. Requirements for Technologies Transformation 

The requirements needed  for technology transfer in transportation sector are: 

ü Formulation of strategic measures in transportation sector in order to create sustainable 
transport systems in Indonesia; 

ü Enhancement  efforts on environmental control related to motorized vehicles emissions; 
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ü Development of efficient and effective traffic management particularly in urban areas; 

ü Improvement of public transport services and implement mass transit; 

ü Introducing new fuel types by providing incentives through price and taxation systems; 

ü Widen environmental information networks, so that increase the awareness of society; 

ü Introducing the new technologies in government fleets, public and school fleets than private 
fleets; 

ü Establish an agencies in the transportation sector that responsible to monitor and control 
the environmental impact in transportation sector, to develop information networks and 
friendly environmentally transportation database, to coordinate the development of 
transportation technology, to formulate environmental monitor guidance. 

ü Encourage business sector in the transportation to develop and produce low emission 
vehicle through provision of incentive; 

ü Encourage regional government take actions to implement new technologies. 

4. ANALYSIS Of COST/BENEFIT AND RISK/BENEFIT OF OLD AND NEW TECHNOLOGIES 
IN TRANSPORTATION SECTOR 

The analysis of Cost/Benefit and Risk/Benefit of each technology in the transportation sector for gasoline-, 
diesel-, CNG- and LPG-fueled vehicles technologies use the cases in public transportation namely Bus and 
Passenger Car.  

4.1. Cost/Benefit Analysis   

The analysis method in estimating the production costs of each vehicle kilometre traveled  is by accounting all 
cost components per vehicle kilometer traveled involve investment cost, operating cost, and maintenance cost 
per vehicle kilometer traveled. Formula used as follows : 

Pc = Ic + Oc+Mc 
 
 Where :  

Pc  =  Production cost (US$ per kilometer); 
Ic   = Investment cost (US$ per kilometer); 
Oc = Operating Cost (US$ per kilometer) 
Mc  = Maintenance cost (US$ per kilometer 

 
Accounting the greenhouse gases emission per vehicle kilometer traveled uses the following formula as 
follows: 

 
Emission = ∑(EFabc  X Activityabc) 
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Where :  EF = Emission Factor 
 Activity = Amount of energy consumed or ditance travelled per  

   a given mobile source activity. 
 a = Fuel type (diesel,gasoline, LPG, CNG,etc.) 
  b = Vehicle type (e.g. passenger, light-duty or heavy-duty  

    for road vehicle) 
  c = Emission control 
 

The emission factor of each transport technology is quoted from IPCC Greenhouse Gases Emission Inventory 
Reference Manual. The emission factor is described in the attachment 1. 

CH4 and N20 are converted into CO2 equivalent in order to obtain  CO2 release per technology per vehicle 
kilometer traveled. 

In the analysis of cost/benefit of alternative technologies used for passenger cars, the baseline is gasoline-
fueled vehicle technology. Whereas for Buses, the baseline is diesel-fueled vehicle technology. The 
calculation of cost and benefit analysis uses only for Bi-Fuel Vehicle Technology, whereas the other 
technologies describe qualitatively.  

4.1.1. Bi-Fuel Vehicle Technology 

This technology had been introduced and used in many countries including Indonesia. The Analysis of 
cost/benefit of this technology focuses on application in the public transport both for buses and for passenger 
cars. 

Table 3.2. Calculation of production costs for passenger car 

Depreciation Operating cost Maintenance 
Type of 

Technology Car price 
(US $/ unit) 

Life time 
(year) 

Oil consumed 
(US $ /year)  

Fuel cost *)  
(103 US$/ 10 

km) 

Tire cost 
(US $ /year)  

Cost 
(US $ /year)  

Gasoline 7200 5 87.024 92 128 800 
Diesel 7760 5 87.024 40.8 128 960 
LPG 9400 7 87.024 86.56 128 720 
CNG 9400 7 87.024 45.2 128 720 
*) converted from one liter fuel consumed  
    
Production costs are accounted per vehicle kilometer traveled. The production costs per vehicle kilometer 
traveled consist of costs of investment per vehicle kilometer traveled, operation cost per vehicle kilometer 
traveled, and maintenance cost per vehicle kilometer traveled. Table 3.2. describes detailed production costs. 

CO2 equivalent release are estimated per vehicle kilometer traveled. CO2 equivalent per vehicle kilometer 
traveled is CO2 release plus global warming potentials (GWP) of CH4 and N2O releases. 

The results of calculation are depicted in Figure 3.2 and Table 3.3. In the table shows that production cost of 
gasoline fueled vehicle technology is higher than LPG and CNG fueled vehicle technologies. It even occurs on 
diesel fueled vehicle technology. The lower production cost is on CNG fueled vehicle.  
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CO2  release per vehicle kilometer traveled from CNG fueled passenger car is lower than gasoline and diesel 
fueled passenger cars, and even LPG fueled vehicles. 

 
     

 
     
   
 
 

 
 
 

 
 

Figure 3.2 Comparison of production cost and CO2 released of each technology for passenger car  

Table 3.3. Production costs and CO2 released of passenger car 

Type of Technology Production Cost 
10-3 US$/km 

CO2 Release 
g/km 

Gasoline 38.9808 338.33 
Diesel 29.9720 239.38 
LPG 30.3520 170.63 
CNG 26.2112 147.70 

 
Table 3.4 Calculation of production costs for bus 

Depreciation 
Type of 

Technology 
Car price 

(US $/unit) 
Life time 

(year) 

Operation 
Cost 

(US $/year)  

Maintenance 
Cost 

(US $/year)  

Diesel 9,573.750 5 3,980.551 798.000 
LPG 9,800.000 5 3,381.000 602.000 
CNG 9,800.000 5 5,513.620 602.000 

 
Whereas the results of calculation of production costs and CO2 release of Bus per vehicle kilometer traveled 
are depicted in Figure 3.3. and Table 3.5.  

The table shows that production costs of LPG-fueled vehicle technology is higher than CNG and diesel-fueled 
vehicle technologies. The lower production cost is on CNG fueled vehicle. CO2  release per vehicle kilometer 
traveled from CNG fueled Bus is higher than diesel and LPG-fueled Bus. 
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Figure 3.3 Comparison of production costs and CO2 release of each technology for bus 

Table 3.5. Production cost and CO2 released of bus 

Type of Technology Production Cost 
10-3 US$/km 

CO2 Released 
g/km 

Diesel 76.56 1,019.80 
LPG 92.24 181.26 
CNG 67.92 1,200.00 

 
4.1.2. Electric Powered Vehicle Technology 

The cost and benefit of electric powered vehicle technology are difficult to quantify due to less available data. 
Therefore, we attempt to identify qualitatively the components of costs and benefits of the technology.  

The electric powered vehicle technology virtually is zero greenhouse gases emission because there is no 
tailpipe emission. It uses the rechargeable batteries to power electric motor.  The emission of this technology 
depends on energy resource of electricity generation. Based on the result of advanced computer simulation 
conducted by the Electric Vehicle Association of Canada, battery electric vehicles produce fewer greenhouse 
gases emission than those of conventional gasoline fueled vehicles. For hydro powered electricity generation, 
the electric  vehicle will produce between 98 to 99,9 per cent fewer greenhouse gases emission than 
comparable internal combustion vehicles. For natural gas powered electricity generation will produce about 74 
to 85 per cent fewer GHGs emission than comparable internal combustion vehicles. Even for coal-burning 
powered electricity generation will produce 55 to 59 per cent fewer GHGs emission than comparable internal 
combustion vehicles. 

Table 3.6. General costs and benefits of electric-powered vehicle technology 

Technologies Costs Benefits Costs or Benefits 

Electric Vehicles Battery pack replacement 
Initial production vehicles 
US $ 15,000 – US$ 40,000 
Electricity Cost (less per mile 
than gasoline) 
Installation of equipment at 
charging locations 

No tailpipe emissions 
Fewer moving parts to 
service and replace 
Easy to fill fuel (home or 
any places that have 
adequate electrical 
capacity for charging) 

Time for charging 
depends on   of the 
electrical source, 
temperature, size 
and       type of the 
batteries 

 

CO2 
Release g 
CO2 /Km) 

Production 
Cost  

(10 –3 US$ 
/Km) 
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The electric powered vehicle technology is also available as buses and trains. This technology is feasible to 
adopt particularly the possible application in the public transport in urban areas, therefore it requires intense 
assessment. The general costs and benefits of electric powered vehicle technology are described in table 3.6. 

4.1.3. Flexible-Fueled Vehicle Technology 

Similar to the analysis of electric powered vehicle technology, we attempt to identify qualitatively the 
components of costs and benefits of the technology. Flexible-fueled vehicle technology is a vehicle technology 
that use single fuel tank, fuel system and engine. It is designed to run on unleaded gasoline and alcohol fuel 
(ethanol or methanol) in any mixture. 

The superiority of this technology is energy resources, especially for ethanol. It is a renewable  energy 
resource. The application of this technology has already extended particularly for light-duty vehicles. This 
technology is feasible to develop in Indonesia because there are a lot of resources that can be used. It 
requires technical skill and investment cost to produce ethanol and methanol.  

The general costs and benefits of flexible-fueled technology are described in the following table: 

Table 3.7. General costs and benefits of flexible-fueled vehicle technology 

Technologies Costs Benefits Costs or Benefits 

Flexible – Fueled Vehicles 
§ Ethanol 

§ Initial investment to 
produce ethanol 

§ Ethanol prices 
§ Use of special 

lubricants may be 
required 

§ Installation of fuel filling 
stations  

§ Reduces air 
pollution 

§ It is a 
renewable 
fuel 

§ Ethanol can be 
produced from 
agricultural  (domestic 
resources) 

 
4.1.4. Intelligent Transportation Systems (ITS)  

ITS provide a technological solution to the problem of growing congestion in metro cities. This system is 
applied to control and manage traffic and infrastructure in order to achieve safer transportation system, 
improved traffic control system and increased efficiency of transit system and traffic infrastructure. 

The development of this system requires  a lot of investment and more technical skilled officials. The benefit 
of this system is to reduce traffic congestion and increase efficiency of energy use in the transportation sector, 
and in turn reduce greenhouse gases emission. The implementation of this system needs intense assessment 
and careful planning to adapt local transportation systems.  

The general costs and benefits of ITS are described in the following table: 
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Table 3.8. General costs and benefits of  ITS 

Technologies Costs Benefits Costs or 
Benefits 

• Intelligent Transportation 
System 

§ Total costs depend 
on the size of the 
system and type of 
technology used 

§ Reduce congestion, energy 
consumption, incident, and 
emission 
§ Increase road capacity and 

speed 
§ Improve transit customer service 
§ Most aspects of ITS 

infrastructure contribute to time 
savings 

 

 
4.1.5. Improvement of Public Transit System 

The improvement of public transit system is one of  measures that potential to reduce greenhouse gases 
emission. This improvement is expected to reduce CO2 emission until 30 per cent. The improvement of public 
transport is expected to attract more people to prefer use it than drive themselves. 

The general costs and benefits of ITS are described in the following table: 

Table 3.9. General costs and benefits of improvement of public transit 

Technologies Costs Benefits Costs or Benefits 

Improvement of 
public transit 

§ Investment on building rail 
lines, train and other 
infrastructure change 

§ Transit scheduling and 
public awareness 

§ Improvement shelters 

§ Reduce total vehicle 
miles 

§ Reduce emission 
§ Mitigate congestion 

 

 
4.2. Risk/Benefit Analysis 

Risks and Benefits Analysis is describing the increase of production costs to reduce CO2 emissions in 
implementing new technologies. The additional costs of every gram CO2 emmited is considered  as 
abatement cost.  

In the case of passenger car, the abatement cost of diesel-fueled vehicle  technology is US$-9.11x10-2/gCO2, 
LPG-fueled vehicle technology is US$-5.15x10-2/gCO2, and CNG-fueled vehicle is US$-6.70x10-2/gCO2. See 
Table 3.10. 

Table 3.10. Abatement cost of passenger car 

Baseline : Gasoline-Fueled Vehicle    
Type of 

Technology 
Production Cost 

10-3 US$/km 
Additional Cost 

10-3 US$/km 
CO2 Release 

g CO2/ km 
CO2 Reduction 

g CO2/km 
Abatement Cost 

US$10-2 /gCO2 

Gasoline 38.9808 0 338.33 0 0 
Diesel 29.972 -9.0088 239.38 98.95 -9.104 
LPG 30.352 -8.6288 170.63 167.7 -5.145 
CNG 26.2112 -12.7696 147.70 190.63 -6.698 
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Figure 3.4. explains that diesel-, LPG-, and CNG-fueled vehicles technologies can reduce CO2 compared to 
gasoline-fueled vehicle but no additional cost. However, the LPG- and CNG-fueled vehicle technologies 
require more investment cost but less operating and maintenance cost, so they seem no additional cost.   
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Figure 3.4   Abatement cost 

Other barriers in implementing these technologies among others are: 

• Technical Aspect 

ü Power of vehicle become lower, so the driver must push accelerator strongly; 
ü Difficulties in starting machine (warming vehicle in the morning); 
ü Muffler become porous (thin) quickly; and 
ü If gas filled not full tank, then gas pressure to converter become lower, so that machine 

doesn’t work well consequently temperature of vehicle is higher. 
 
• Service Aspect  
 
ü Lack of filling station of gas in Jakarta and surrounding; and 
ü Lack of skilled mechanic and maintenance workshop/gas repair to solve problem of 

converter perfectly. 
 

• Physiological Aspect  
 
ü The drivers feel that the baggage becomes narrow because of gas tube. The drivers feel 

that the vehicle is weigher so that the use of fuel increase; and 
ü Most passengers feel worried if they know that vehicle use gas fuel (LPG). 

 
In the case of bus, the abatement cost of LPG-fueled vehicle technology is US$8.65x10-2/gCO2, and 
CNG-fueled vehicle is US$-0.72x10-2/gCO2. See Table 3.11. 
 
 
 
 
 

CNG 

DIESEL 

LPG 
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Table 3.11. Abatement cost of bus 

Baseline : Diesel-fueled  Vehicle     

Type of 
   Technology 

Production Cost 
10-3 US$/Km 

Additional Cost 
10-3 US$/Km 

CO2 Release 
G CO2/ Km 

CO2 Reduction 
G CO2/ Km 

Abatement 
Cost 

10-2 US$/gCO2 

Diesel 76.56 0 1019.80 0 0.00 
LPG 92.24 15.68 181.26 838.54 8.65 
CNG 67.92 -8.64 1200.00 -180.2 -0.72 

 
Figure 3.4. explains that LPG-fueled vehicle technology can reduce CO2 compared to diesel-fueled vehicle but 
CNG-fueled vehicle cannot reduce CO2. LPG-fueled vehicle technology requires higher investment cost and 
more operating cost but less maintenance cost. CNG vehicle has less operating and maintenance costs than 
diesel. 
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Figure 3.4  Abatement cost 

Other barriers in implementing the technology among others are: 
 
ü Full dedicated gas bus is a new matter to technician, in which several technical terms are still 

new for them, therefore bus maintenance/repair handling still faces  barriers/obstacles; 
 

ü Simulator equipments as technique aiding working equipment in finding out disturbance/damage  
is still giving trouble to working fluency; 
 

ü Development of full dedicated gas is still difficult due to synchronization with supply gas fuel 
filling station, especially for the privates or the general public; 
 

ü Due to the fact that the existence of limited number of gas fuel filling stations full dedicated gas 
buses can only operate in a limited radius of kilometer; 
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ü Investment for the provision of full dedicated gas buses are relatively higher compared with the 

provision of buses which use diesel fuel; 
 

Risks and barriers of other technologies are identified as follows: 
 
The risks and barriers to adopt  Flexible-Fuels Vehicle Technology are related to : 
 
ü The provision of ethanol or methanol fuel; 
ü Equipment of fuel mixture analysis and of control of fuel injection; 
ü Additional skill for operation and maintenance of flex-fueled vehicle. 
 
The risks and barriers to adopt  Electric-Powered Vehicle Technology are related to : 
 
ü The provision of electricity; 
ü Production batteries; 
ü Additional skill for operation and maintenance of Electric-Powered Vehicle. 
 
The risks and barriers to adopt  Intelligent transportation systems are related to: 
 
ü The cultural aspect of road users, because the systems are fully automatically. 
ü High Investment of ITS Infrastructure Building. 
 
The barriers to  improve the Public Transit System is related to : 
 
ü The investment cost on infrastructure building and fleets procurement; 
ü The behaviour of transport crews; 
ü The public awareness to use public transport; 
ü Law enforcement on traffic rules ignorance. 

    
5. PROPOSAL OF MODALITIES TO ACQUIRE AND ADOPT PROMISING TECHNOLOGIES 

IN TRANSPORTATION SECTOR 

Introducing new technologies requires through assessment and careful planning, and the use of new 
technologies requires supports of institutional network, regulatory framework, skilled officials, and capitals as 
well. 

5.1. Concepts of Institutional Network and Regulatory Framework, Systems and Procedures to 
Adopt New Technologies 

Concept of institutional network is to involve all sectors and related agencies in implementing less greenhouse 
gases emission technologies and systems in transportation sector. Intensive coordination among related 
agencies should be undertaken. The central and regional governments should take a leading role. 
Dissemination of information on greenhouse gases emission and other regulated emissions, measures 
performed and planned to protect our environment, and less greenhouse gases emission technologies are 
frequently conducted. Each related sectors has organizational unit to monitor and coordinate and organize the 
activities of climate change control. 

The organizational unit (climate change unit) in the transportation sector is in change of : 
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ü monitoring and controlling the impact of transportation activities/projects to climate change 
or global warming; 

ü formulating climate change or global warming programs that related transportation; 

ü coordinating the climate change control programs including technologies to related sectors; 

ü collecting and dessimating the information on global warming; and 

ü publishing the climate change or global warming programs and related information. 

To effectively implement less greenhouse gases emission technologies in transportation sector must be 
enforced by consistent regulations. The regulations are issued to control environmental impacts and also to 
encourage people keep air and environment clean. Concept of regulatory framework must meet the local 
conditions and followed by comprehensive programs of implementation which consist of information, 
controlling, subsidizing, and energy pricing.  

The implementation programs include area of activities, their objectives, the activities to be done, period or 
time frame, and the related responsible agencies. Following are the proposed programs on air pollution: 

• Information 
 
AREA OBJECTIVE ACTIVITIES PERIOD AGENCY 

Public 
Awarness 

To enhance public 
participation, to 
educate people 
and to perform 
public opinion. 

Information the public about 
the importance of clean air in 
urban areas. 

Short med long-term DGLC/MOC 
MOI,MOPE 
Police, 
MOEC 
Private 

  Publising the use of vehicles 
in efficient manner. 

Short med long-term DGLC/MOC 
Police, 
Local Government 

  To honor a public transport 
operator who actively do 
some energy conservation 
and air pollution reduction. 

Short med long-term DGLC/MOC 
MOI,MOPE 
Police, 
MOEC 
Private 

  To disseminate a blue sky 
and energy conservation 
program, either from 
Indonesia or abroad 
production, through 
brodcasting, TV, etc. 

Short med long-term DGLC/MOC 
Embassy, 
TV 
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• Controlling 
 
AREA OBJECTIVE ACTIVITIES PERIOD AGENCY 

Vehicle fleet and 
technology 

To encourage road 
users and operator in 
choosing vehicle with 
low emission and 
efficient energy 

Introduce “2 in 1” scheme, replacing 
lower capacity public transport vehicle 
fleet into the higher one which has 
electric energy or gaseous fuel 

med long-term DGLC/MOC 
Local Gover 
 

  To encourage the use of smaller 
vehicle or modern lighter vehicle 

med long-term DGLC/MOC 
MOIT 
 

  To obligate automotive producers to 
equip their cars with catalytic 
converter and electronic fuel injection 
system before selling 

med long-term DGLC/MOC 
MOME 
MOIT 
 

  To perform cooperation with other 
countries in implementing technology 
innovation of passenger car and 
freigh car. 

med long-term DGLC/MOC 
MOFA,MOIT 

Traffic 
Management 

To increase road 
capacity and improve 
traffic flow which in turn 
reduction fuel usage 

To implement traffic restraint on 
certain area (e.g. HOV lane, road 
pricing, parking restraint, carpool, etc) 

Short med-term DGLC/MOC 
Local  
Gover 
Police 

  To introduce exclusive bus ways. Med –term DGLC/MOC 
Local 
Gover 
 

  To conduct ATCS in needed cities. Short med long-term DGLC/MOC 
Local 
Gover 

Mass Transit To materialize mass 
transit with high capacity 
and low emission 

To conduct mass transit studies in 
other large cities 

Short med-long term DGLC/MOC 
Local 
Gover 

  To encourage construction and 
operation of mass transit 

Med – long term DGLC/MOC 
Local, Gover, Perumka, 
PT Jasa Marga 

  To propose low cost mass transit 
implementation such as articulated 
bus, convoy bus, etc. 

Short –term DGLC/MOC 
 

Land Use To improve integration 
between land use-
planning and transport 
supply. 

To improve public transport 
accessibility. 

Med-long term DGLC/MOC 
MOIT, Local, Gover, 
MOIT, MOPW, Private 
 

  To provide alternative public transport 
in community areas. 

Med – long term  

  To develop mixed-use area equiped 
by pedestrain and bike network. 

Med – long term  

Enforcement To materialized  
inspected vehicles be 
low emission and save 
energy’s vehicle 

To expand vehicle inspection station 
network doe to obligatory inspection 
for private vehivle 

med long-term DGLC/MOC 
Local Gover 
 

  To modernize technology of vehicle 
inspection device. 
 

med long-term DGLC/MOC 
MOIT 
Private 

  To improve vehicle inspection system med long-term DGLC/MOC 
  To straigtent up the enforcement med long-term DGLC/MOC 

Bapedal 
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5.2. Concept of Financial and Technical Supports for the Transformation of New Technologies. 

The implementation of GHGs emission in the transportation sector requires technical and financial assistance. 
The assistance could be through credit of investment, tax incentives, or through international assistance 
including through the mechanism of Clean Development Mechanism (CDM) application. 

6. CONCLUSIONS AND RECOMMENDATIONS 

6.1. Conclusions 

The climate change friendly transport technologies and policies play a major role in promoting economic 
development while minimizing the local costs of traffic congestion, road accidents and air pollution. 

The alternative fuels like solar energy, electricity, propane (LPG),  CNG, ethanol, methanol can reduce GHGs 
emission. Such program can offer long-term global climate benefits in tandem with immediate improvements 
in local air quality. 

Electric-powered vehicles technology and Flexible-fuel vehicles technology emit low greenhouse gases 
emission. It needs investment and intense assessment and careful planning to introduce. These Technologies 
have been introduced and used in other countries like in United States of America and Canada.   Bi-fuel 
vehicles technology is low emission and has been introduce and used in Indonesia. ITS is also a potential 
technology to implement, but needs further assessment in which systems are suitable to implement in 
Indonesia. 

The improvement of public transport system is one of alternative measures that urgently and potentially to 
reduce greenhouse gases emission into the air. The application of alternative fuels could also be used in the 
public transport as pilot for wise application. 

6.2. Recommendations 

In order to minimize the increase of GHGs emission into the air as results of transportation activities in 
Indonesia, the application of less greenhouse gases emission technologies should be envisaged  like electric 
powered and flexible fueled vehicles, and the extensive of use of  alternative fuels (CNG and LPG) should be 
extended.The Central Government along with the Local Government have leading role to take action. 

The application of less GHGs emission technologies should be encouraged by the government through 
strategic measures and actions and involving all sectors (including private, public and society). Measure that 
needed by the government to undertake is “Zero Growth Vehicles” Policy in major cities in Indonesia.  

The improvement of public transit especially in the metro cities in Indonesia should be prioritized by national 
and regional government, because it is potentially to reduce greenhouse gases emission. 
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IV.  DEVELOPMENT OF MODALITIES TO ACQUIRE AND IMPLEMENT LESS 
GHGS EMISSION TECHNOLOGIES IN ENERGY SECTOR 

Mezak A.. Ratag 

 
1 ENVIRONMENTALLY SOUND TECHNOLOGIES AND CLIMATE CHANGE POLICIES 

1.1 Introduction and Background 

Recent efforts to forge some consensus on the role that developing countries should play in reducing global 
greenhouse gases emission have been focused on less GHGs emission environmentally sound technologies 
(ESTs). Developing countries are expected to supersede industrialized countries as the leading source of 
greenhouse gases emission in the next thirty years. Yet their ability and willingness to contribute to 
abatement efforts is constrained by limited financial resources, weak regulatory institutions, and the 
perception that they should not have to bear the costs of mitigating a problem primarily created by 
industrialized countries. ESTs are seen by many as means of surmounting these obstacles. 

Many types of ESTs — notably, energy efficiency innovations — not only reduce emission of greenhouse 
gases but also cut production costs. As a result, such technologies could conceivably diffuse spontaneously 
in developing countries, obviating the need for government financing and regulation. Climate strategies that 
focus on promoting the diffusion of ESTs are likely to garner widespread support since they represent 
opportunities to enhance productivity and abate local pollution in the eyes of developing countries, and 
opportunities to boost exports of equipment and expertise in the eyes of industrialized countries. 

But how likely is it that technology-based strategies will have a significant impact on greenhouse gases 
emission in the near to medium term? In part, the answer depends on whether, once introduced, ESTs would 
diffuse at a reasonably rapid pace, and whether policy makers will be able to speed the rate of diffusion. This 
brief summarizes some of the key findings of the extensive economics literature on the diffusion of new 
technologies, and assesses the implications of these findings for the ongoing debate about technology-based 
climate change strategies. In short, the literature suggests that a wide variety of policies are likely to speed 
the diffusion of ESTs, including rationalizing energy prices, improving information, and investing in energy 
infrastructure. 

1.2 Energy-Efficient Technologies and Climate Change Policies: Issues and Evidence 

Enhanced energy efficiency occupies a central role in evaluating the efficacy and cost of climate change 
policies. Ultimately, total greenhouse gases emission are the product of population, economic activity per 
capita, energy use per unit of economic activity, and the carbon intensity of energy used. Although 
greenhouse gases emission can be limited by reducing economic activity, this option obviously has little 
appeal even to rich countries, let alone poor ones. Much attention has therefore been placed on the role that 
technological improvements can play in reducing carbon emission and in lowering the cost of those 
reductions. In addition, the influence of technological changes on the emission, concentration, and cost of 
reducing GHGs will tend to overwhelm other factors, especially in the longer term. Understanding the process 
of technological change is therefore of utmost importance. Nonetheless, the task of measuring, modeling, 
and ultimately influencing the path of technological development is fraught with complexity and uncertainty—
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as are the technologies themselves. The carbon intensity of energy can be reduced by substituting renewable 
or nuclear sources for fossil fuels (and by substituting lower-carbon natural gas for coal), and through 
increases in energy efficiency. Recognizing this, recent policy proposals have included tax credits for 
residential and commercial purchasers of new energy-efficient homes, energy-efficient equipment such as 
electric and natural gas heat pumps, natural gas water heaters, advanced central air conditioners, and fuel 
cells, as well as an investment tax credit for industrial combined heat and power systems. Extensions have 
also been proposed for existing tax credits for fuel-efficient vehicles powered by electricity, fuel cells, and 
hybrid power. In addition to tax incentives, other proposals include direct spending on research, development, 
and deployment of energy-efficient products. 

Public-private partnerships should also be created with the aim of developing and deploying energy-efficient 
technologies. For example, this kind of partnerships have been created or proposed in the USA for houses 
(e.g. Partnership for Advancing Technology in Housing); appliances (e.g. Energy Star Products, Golden 
Carrot Super Efficient Refrigerator Program); schools (e.g. Energy Smart Schools); commercial buildings 
(e.g. Energy Star Buildings, Green Lights); vehicles (e.g. Partnership for a New Generation of Vehicles); and 
industrial processes (e.g. Motor Challenge, Climate-Wise). Energy-efficiency standards for many products 
should be established and in some cases revised. The target technologies of these policies must embody a 
mix of both energy-efficiency improvements as well as decreased carbon intensity. 

Although there is little debate over the importance of energy efficiency in limiting GHGs emission, there is 
intense debate about its cost-effectiveness and about the government policies that should be pursued to 
enhance energy efficiency. At the risk of excessive simplification, we can characterize “technologists” as 
believing that there are plentiful opportunities for low-cost, or even “negative-cost” improvements in energy 
efficiency, and that realizing these opportunities will require active intervention in markets for energy-using 
equipment to help overcome barriers to the use of more efficient technologies. These interventions would 
guide choices that purchasers would presumably welcome after the fact, although they have difficulty 
identifying these choices on their own. This view implies that with the appropriate technology and market 
creation policies, significant GHGs emission reduction can be achieved at very low cost. 

Most economists, on the other hand, acknowledge that there are “market barriers” to the penetration of 
various technologies that enhance energy efficiency, but that only some of these barriers represent real 
“market failures” that reduce economic efficiency. This view emphasizes that there are tradeoffs between 
economic efficiency and energy efficiency—it is possible to get more of the latter, but typically only at the cost 
of less of the former. The economic perspective suggests that GHGs emission reduction is more costly than 
the technologists argue, and it puts relatively more emphasis on market-based GHGs emission control 
policies like carbon taxes or tradable carbon permit systems to encourage the least costly means of carbon 
efficiency (not necessarily energy efficiency) enhancement available to individual energy users. 

In this essay, we first examine what lies behind this dichotomy in perspectives. Ultimately, however, the 
veracity of different perspectives is an empirical question and reliable empirical evidence on the issues 
identified above is surprisingly limited. We review the evidence that is available, finding that although energy 
and technology markets certainly are not perfect (no markets are), the balance of evidence supports the view 
that there is not as much “free lunch” in energy efficiency as some would suggest. On the other hand, a case 
can be made for the existence of certain inefficiencies in energy technology markets, thus raising the 
possibility of some inexpensive GHGs emission control through energy-efficiency enhancement. We 
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conclude with some reflections on the role of appropriate energy efficiency policy in climate change 
mitigation. 

1.2.1  Understanding the “Energy Efficiency Gap” 

Analysts have pointed out for years that there is an “energy efficiency gap” between the most energy-efficient 
technologies available at some point in time and those that are actually in use. On this basis, debate has 
raged about the extent to which there are low-cost or no-cost options for reducing fossil energy use through 
improved energy efficiency. It turns out that technologists and economists have very different views of this 
energy efficiency gap and of whether and to what degree it is the result of “market failures” that might be 
amenable to policy intervention or simply “market barriers” that would be surmountable only at relatively high 
cost. This debate is illustrated in the 1995 Second Assessment Report of the Intergovernmental Panel on 
Climate Change. One part of this report states that energy efficiency improvements on the order of 10 to 30 
per cent might be possible at little cost or even with net benefits (ignoring climate benefits), while another part 
highlights the fact that most economic models indicate a significant cost for stabilizing or cutting OECD 
emission below 1990 levels. 

The basic dimensions of this debate are the subject of many studies. To understand the basic elements of 
the debate, it is helpful to distinguish first between energy efficiency and economic efficiency, as in Figure 
4.1. The vertical axis measures increased energy efficiency (decreased energy use per unit of economic 
activity). The horizontal axis measures increased economic efficiency (decreased overall economic cost per 
unit of economic activity, taking into account energy and other “opportunity costs” of economic goods and 
services). Different points in the diagram represent the possible energy-using technologies available to the 
economy as indicated by their energy and economic efficiency.   

As a concrete illustration of this distinction, consider two air conditioners that are identical except that one has 
higher energy efficiency and, as a result, is more costly to manufacture since high-efficiency units require 
more cooling coils, a larger evaporator, a larger condenser, as well as a research and development effort. 
Whether it makes sense for an individual consumer to invest in more energy efficiency depends on balancing 
the value of energy that will be saved against the increased purchase price, which depends on the value of 
the additional materials and labor that were spent to manufacture the high-efficiency unit. As we discuss 
below, the value to society of saving energy should also include the value of reducing any associated 
environmental externalities; but again this must be weighed against the costs 

Adoption of more energy-efficient technology is represented in the figure as an upward movement. But not all 
such movements will also enhance economic efficiency. In some cases it is possible to simultaneously 
increase energy efficiency and economic efficiency. This will be the case if there are market failures that 
impede the most efficient allocation of society’s energy, capital, and knowledge resources in ways that also 
reduce energy efficiency. These are examples of what economists and others refer to as “win-win” or “no 
regrets” measures. 

In terms of the figure, the economist’s notion of a “narrow” optimum is where market failures in the market for 
energy efficient technologies have been corrected, the result being greater economic efficiency and energy 
efficiency. This optimum is “narrow” in the sense that it focuses solely on energy technology markets and 
does not consider possible failures in energy supply markets (such as under-priced energy due to subsidies 
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or regulated markets) or, more important, environmental externalities associated with energy use (such as 
global climate change). When analysts speak of no-cost climate policies based on energy efficiency 
enhancement, they are often implicitly or explicitly assuming the presence of market failures in energy 
efficiency. Market failures in the choice of energy efficient technologies could arise from a variety of sources. 
Some of these are relatively uncontroversial, at least in principle, such as inadequate private sector 
incentives for research and development and information shortages for purchasers regarding the benefits and 
costs of adopting technologies. Other potential market failures are more controversial. For example, to what 
extent is small-scale investment in energy efficiency limited because of financing constraints (a failure of 
capital markets to efficiently allocate financial resources)? To what extent are there market failures because 
landlords rather than tenants pay utility bills, and landlords are not adequately rewarded in rental markets for 
providing energy-efficient dwellings (so-called “principal-agent” problems)? To what extent are businesses 
not pursuing potentially rewarding energy efficiency investments because managers are not adequately 
rewarded (and capital markets do not adequately punish such inefficiency)? We discuss some evidence on 
these questions below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1. Alternative notions of the energy-efficiency gap 
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Eliminating broader market failures takes us to what we call the “theoretical social optimum” in the figure. This 
represents both increased economic and energy efficiency compared with the economists’ narrow optimum. 
But not all market failures can be eliminated at acceptable costs. In cases where implementation costs 
outweigh the gains from corrective government intervention, it will be more efficient not to attempt to 
overcome particular market failures. This takes us from a theoretical social optimum to what we refer to as 
the “true social optimum” in the figure. Market failures have been eliminated, but only whose elimination can 
pass a reasonable benefit-cost test. The result is the highest possible level of economic efficiency, but a level 
of energy efficiency that is intermediate compared with what would be technologically possible.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2.  The gradual S-shaped path of technology diffusion 

In contrast to the economist’s perspective, technologists have focused their interest on another notion of an 
optimum, which typically is based on a very simple “engineering-economic” model. The technologists’ optimal 
energy efficiency is found by minimizing the total purchase and operating costs of an investment, where 
energy operating costs are discounted at a rate the analyst (not necessarily the purchaser) feels is 
appropriate. The problem with this approach is that it does not accurately describe all the factors affecting 
energy-efficiency investment decisions. First, it typically does not account for changes over time in the 
savings that purchasers might enjoy from an extra investment in energy efficiency, which depends on trends 
and uncertainties in the prices of energy and conservation technologies. When making irreversible 
investments that can be delayed, the presence of this uncertainty can lead to an investment hurdle rate that 
is larger than the discount rate used by an analyst who ignores this uncertainty. The magnitude of this 
“option-to-wait” effect depends on project-specific factors, such as the degree of energy price volatility, the 
degree of uncertainty in the cost of the investment, and how fast the prices of energy and conservation 
technologies are changing over time. Under conditions characterizing most energy conservation investments, 
this effect could raise the hurdle rate by up to 10 percentage points. The effect is magnified when energy and 
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technology price uncertainty is increased and when energy prices are rising and technology costs are falling 
more quickly. On the other hand, if there is no opportunity to wait, this effect can be ignored. For more detail 
on the relevance of so-called “option values” to energy conservation investments, see Further Readings by 
Hassett and Metcalf; Metcalf and Rosenthal; and Sanstad, Blumstein, and Stoft. Second, the magnitude of 
important variables used in such engineering-economic analysis can vary considerably among purchasers—
variables such as the purchaser’s discount rate, the investment lifetime, the price of energy, the purchase 
price, and other costs. Heterogeneity in these and other factors leads to differences in the expected value 
that individual purchasers will attach to more energy-efficient or carbon-efficient products. As a result, only 
purchasers for whom it is especially valuable may purchase a product. For example, it may not make sense 
for someone who will only rarely use an air conditioner to spend significantly more purchasing an energy-
efficient model—they simply may not have adequate opportunity to recoup their investment through energy 
savings. Analysis based on single estimates for the important factors listed above—unless they are all very 
conservative—will inevitably lead to an “optimal” level of energy efficiency that is too high for some portion of 
purchasers. The size of this group, and the magnitude of the resulting inefficiency should they be constrained 
to choose products that are not right for them, will of course depend on the extent of heterogeneity in the 
population and the assumptions made by the analyst.  

Finally, there is evidence that analysts have substantially overestimated the energy savings that higher 
efficiency levels will bring, partly because projections often are based on highly controlled studies that do not 
necessarily apply to actual realized savings in a particular situation. For example, studies by Sebold and Fox, 
Hirst, and others have found that actual savings from utility sponsored programs typically achieve 50 to 80 
per cent of predicted savings.  Metcalf and Hassett draw a similar conclusion based on an analysis of 
residential energy consumption data in which they found that the actual internal rate of return to energy 
conservation investments in insulation was about 10 per cent, which is substantially below typical engineering 
estimates that the returns for such investments were 50 per cent or more. This is not to say that profitable 
energy-efficiency investments do not exist, but rather that attempts to determine optimal or minimum energy-
efficiency levels for particular investments—as is done, for example, during the process of setting minimum 
energy-efficiency standards—need to account for all costs, not overstate realizable benefits, and use 
appropriate discount rates. 

An important implication of this perspective is that comparisons of an engineering ideal for a particular energy 
use with average practice for existing technology are inherently misleading, since the former does not 
incorporate all the real-world factors influencing energy technology decision-making. The overall economic 
costs of switching to more energy-efficient technology constitute what can be thought of as a market barrier 
to their use, in that individual consumers and producers will not have incentives to use more costly 
technologies unless policy measures (such as technology standards or carbon taxes) are employed to 
compel or induce behavioral changes. Unlike market failures, however, market barriers cannot be lowered in 
a win-win fashion. 

Constraining consumers to purchase appliances with a higher level of efficiency based on simplistic analysis 
will in effect impose extra costs on consumers. The result, as indicated in the figure, is a higher level of 
energy efficiency, but decreased economic efficiency since consumers are forced to bear costs that they had 
otherwise avoided. Although it is possible that this may be justified by some larger societal goal to address 
certain environmental externalities associated with energy consumption, the problem should be approached 
from that broader perspective, rather than from the narrow perspective of constraining energy-efficiency 
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decisions. Taking this broader perspective leads one to focus more directly on the real problem—climate 
change associated with CO2 emission—rather than constraining available technology options. 

1.2.2  Technology Invention, Innovation, Diffusion, and Use 

To understand the potential for public policy to affect energy efficiency, we also need to understand the 
process through which technology evolves: invention, innovation, diffusion, and product use. Policies can 
affect each stage in specific and different ways. Invention involves the development of a new idea, process, 
or piece of equipment. This activity takes place inside the laboratory.  

The second step is the process of technology innovation, in which new processes or products are brought to 
market. Another way of describing this stage is commercialization. The third step is diffusion, the gradual 
adoption of new processes or products by firms and individuals, who then also decide how intensively to use 
new products or processes. From this perspective, we can now think of the energy-efficiency gap discussed 
earlier as a debate mainly about the gradual diffusion of energy-saving technologies that seem to be cost-
effective. 

Tying this all together, we could, for example, think of a fundamentally new kind of automobile engine being 
invented. This might be an alternative to the internal combustion engine, such as a system dependent upon 
fuel cells. The innovation step would be the work carried out by automobile manufacturers or others to 
commercialize this new engine, that is bring it to market, offer it for sale. The diffusion process, then, would 
reflect the purchase by firms and individuals of automobiles with this new engine. Finally, the degree of use of 
these new automobiles will be of great significance to demand for particular types of energy. The reason it is 
so important to distinguish carefully among these different conceptual steps— invention, innovation, diffusion, 
and use—is that public policies can be designed to affect various stages and will have very specific and 
differential effects. Both economic incentives and conventional regulations can be targeted to any of these 
stages, but with greatly varying likelihood of success. 

• Diffusion 
 
The s-shaped diffusion path shown in Figure 4.2 has typically been used to describe the progress of new 
technologies making their way into the marketplace. The figure portrays how a new technology is adopted at 
first gradually and then with increasing rapidity, until at some point its saturation in the economy is reached. 
Some natural questions are: “What generates this typically observed gradual path of diffusion? How can 
public policy affect it? How might public policy accelerate it?” The explanation for this typical path of diffusion 
that has most relevance for energy-conservation investments is related to differences in the characteristics of 
adopters and potential adopters. This includes differences in the type and vintage of their existing equipment, 
other elements of the cost structure (such as access to and cost of labor, material, and energy) and their 
access to technical information. Such heterogeneity leads to differences in the expected returns to adoption 
and, as a result, only potential adopters for whom it is especially profitable will adopt at first. Over time, 
however, more and more will find it profitable as the cost of the technology falls, its quality improves, 
information about the technology becomes more widely available, and existing equipment stocks depreciate. 

Jaffe and Stavins investigated technology diffusion in the context of energy efficiency by carrying out 
econometric analyses of the factors affecting the adoption of thermal insulation technologies in new 
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residential construction in the United States between 1979 to 1988. They examined the dynamic effects of 
energy prices and technology adoption costs on average residential energy-efficiency technologies, that is 
average “R-values,” in new home construction. The effects of energy prices can be interpreted as suggesting 
what the likely effects of taxes on energy use would be and the effects of changes in adoption costs can be 
interpreted as indicating what the effects of technology adoption subsidies would be. They found that the 
response of mean energy efficiency to energy price changes is positive and significant, both statistically and 
economically. Interestingly, they also found that equivalent percentage cost subsidies would have been about 
three times as effective as taxes in encouraging adoption, although standard financial analysis would suggest 
they ought to be about equal in percentage terms. This finding does, however, offer confirmation for the 
conventional wisdom that technology adoption decisions are much more sensitive to up-front cost 
considerations than to longer-term operating expenses. In a study of residential conservation investment tax 
credits, Hassett and Metcalf also found that tax credit or deductions are many times more effective than 
“equivalent” changes in energy prices— about eight times as effective in their study. They speculate that one 
reason for this difference is that energy price movements may be perceived as temporary. One downside to 
efficiency subsidies, however, is that they do not provide incentives to reduce utilization, as do energy price 
increases. In addition, technology subsidies and tax credits can require large public expenditures per unit of 
effect since consumers who would have purchased the product even in the absence of the subsidy will still 
receive it. In a time of fiscal constraints on public spending, this raises questions about the feasibility of 
subsidies that would be sizable enough to have the desired effect. 

 

 

 

 

 

 

 

 

 

 

Figure 4.3. Innovation in product characteristics 

Jaffe and Stavins also examined the effects of more conventional command-and-control regulations on 
technology diffusion, in the form of state building codes. However, they found no discernable effect. It is 
possible, of course, that stricter codes (that were more often binding relative to typical practice) might have 
an effect, but this itself ought to remind proponents of conventional regulatory approaches that although 
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energy taxes, for example, will always have some effect, typical command-and-control approaches can 
actually have little effect if they are set below existing standards of practice. 

• Innovation and Invention 
 
Now we can move back in the process of technological change from diffusion to innovation. In the energy 
efficiency area, it is helpful to think of the innovation process as affecting improvements in the characteristics 
of products (see Further Readings by Newell, Jaffe, and Stavins). In Figure 4.3, we represent this process as 
the shifting inward over time of a curve representing the tradeoffs between different product characteristics 
for the range of products available on the market. On one axis is the cost of the product, and on the other 
axis is the energy flow associated with a product, that is, its energy intensity. The downward slope of the 
curves indicates the tradeoff between equipment cost of energy efficiency. Innovation means an inward shift 
of the curve—greater energy efficiency at the same cost, or lower cost for a given energy efficiency. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4.  Historical simulations of energy efficiency: Room air conditioners 

Using data from 1960–1990, Newell, Jaffe, and Stavins statistically estimated these characteristic 
transformation curves for a number of energy-consuming durables. By constructing a series of simulations, 
we can examine the effects of energy price changes and efficiency standards on average efficiency of the 
menu of products over time. As can be seen in Figure 4.4—which illustrates the findings for room air 
conditioners—a substantial amount of the improvement is what we would describe as autonomous (that is, 
associated with the passage of time), but significant amounts are because of changes in energy prices and 
changes in energy-efficiency standards. Energy price changes induced both commercialization of new 
models and elimination of old models. Regulation, however, works largely through energy-inefficient models 
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being dropped, since that is the intended effect of the energy-efficiency standards (models below a certain 
energy efficiency may simply not be offered for sale). 

Moving back even further in the process of technological change to examine invention, Popp analyzed U.S. 
patent application data from 19 energy-related technology groups from 1970–1994, finding that the rate of 
energy-related patent applications was significantly and positively associated with the price of energy. All of 
these studies suggest that the response of innovation to energy price changes can be surprisingly swift, 
typically less than five years for much of the response in terms of patenting activity and introduction of new 
model offerings. 

Substantial diffusion can take significantly longer depending on the rate of retirement of previously installed 
equipment. The longevity of much energy-using equipment reinforces the importance of taking a longer-term 
view toward energy-efficiency improvements—on the order of decades (see box on capital stock turnover). 

• The economics of technology diffusion 
 
Though not all the evidence on technology diffusion is conclusive, there is broad agreement on two points. 
First, new technologies are never adopted by. all potential users, at the same time. The widespread diffusion 
of new technologies can take anywhere from five to fifty years. Second, countless studies have confirmed 
that the diffusion of new technologies follows a predictable inter-temporal pattern — technologies are adopted 
rather slowly at first, then more rapidly, and then slowly again as a technology specific “adoption ceiling” is 
reached. These stylized facts have prompted researchers to focus on two related questions: Why do some 
firms adopt a given innovation before others? Why do some innovations diffuse more quickly than others 
Researchers have addressed these questions using a variety of theoretical constructs, that emphasize 
different aspects of the diffusion process. “Epidemic” models focus on the dissemination of information about 
new technologies via day-to-day contact among firms, likening this process to the spread of a disease. These 
models imply that some firms adopt before others because they happen to become “infected” first, and that 
some innovations diffuse faster than others, because they are more “contagious” than others by virtue of their 
profitability and limited risking. 

So-called “rank” models are premised on the observation that, given differences in capital vintage, size, 
access to technical information, labor productivity, and environmental regulatory costs, some firms will get a 
higher return from a new technology than others. Hence, one may rank all potential adopters on the basis of 
their expected returns. Only firms with a sufficiently high ranking will adopt when an innovation first becomes 
available. However, over time — as sector-wide production and information costs fall, the new technology is 
refined, and the existing capital depreciates — lower ranked firms will adopt as well.  “Order” models are 
applicable when there is a fixed critical input into production such as a pool of specially trained labor or a 
scarce natural resource. In such situations, the order of adoption clearly matters — initially only first movers 
who secure access to the critical input will find it profitable to adopt. 

Finally, so-called “stock” models are also premised on the idea that early movers obtain higher returns on the 
new technology. However, they attribute this phenomenon to the fact that as the stock of firms that have 
adopted a cost-saving innovation grows, average production costs fall, and eventually output prices fall as 
well. Thus, initially it will only be profitable for a limited number of firms to adopt. 
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It is important to note that these four types of theoretical models are not mutually exclusive. Indeed, the 
diffusion of any specific technology is likely to be influenced by some combination of the factors emphasized 
by the models: information and learning, the characteristics of potential adopters, the characteristics of 
technology, the scarcity of critical inputs, and the sensitivity of output prices to technological change. 

 

 

 

 

 

 

 

 

 

 

 

Most empirical (versus theoretical) investigations of technology diffusion have sought to understand exactly 
how characteristics of new innovations and of potential adopters influence diffusion (thus, they essentially 
constitute tests of the rank model). They have found that, not surprisingly, relatively profitable, small-scale, 
and simple innovations are adopted fastest. In addition, they have found that new technologies are adopted 
fastest by firms that are large, have well-trained staff, incur high regulatory costs when using an existing 
technology, have infrastructure complementary to the new technology, are in fast-growing industries, invest 
more in R&D, pay relatively low prices for inputs used intensively by the new technology, and have relatively 
old existing capital. Despite considerable research, the evidence regarding the impact of market structure 
(the degree to which the market is competitive or controlled by a small number of firms) on the timing 
diffusion is inconclusive. 

1.2.3  Energy, Technology, and “Market Reform” Policies 

Aside from market influences, public policies also can affect the diffusion of more energy-efficient 
technologies. Policies that raise the cost of energy will induce the diffusion of extant energy-efficient 
technology as well as the development of new technology. This opens the question of whether additional 
non-price policies are needed to promote energy-efficient, “climate-friendly” technology advance and 
investment. Here the debate mirrors that over the energy-efficiency gap discussed above. Proponents of 
such policies argue that economic incentives are not adequate to change behavior. They advocate public 
education and demonstration programs; subsidies for the development and introduction of new technologies; 

Technology Diffusion and the Rate of Capital Stock Turnover 

Technology diffusion is closely related to the concept of “capital stock turnover”, which describes the rate at 
which old equipment is replaced and augmented by new.  New equipment can be purchased either to 
replace worn out and obsolete units or as a first time purchase.  A primary driver of replacement purchases 
for durable energy-using goods is the goods useful lifetime.  The rate of economic growth is also important, 
especially for first-time durable goods purchases; the rate of home construction is particularly relevant for 
residential equipment.  The typical lifetimes for a range of energy-using assets are given below, illustrating 
that the appropriate timeframe for thinking about the diffusion of many energy-intensive goods is on the 
order of decades 

Type of asset Typical service life (years) 

Household appliances 8-12 
Automobiles 10-20 

Industrial equipment/machinery 10-70 
Aircraft 30-40 

Electric generators 50-7- 
Commercial/industrial buildings 40-80 

Residential buildings 60-100 
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institutional reforms, such as changes in building codes and utility regulations; and technology mandates, 
such as fuel economy standards for automobiles or use of renewable energy sources for power generation. 

No one doubts that such approaches might eventually increase energy efficiency and reduce greenhouse 
gases emission. At issue is the cost-effectiveness of such programs. Advocates of technology mandates 
often argue that the subsequent costs are negligible because the realized energy cost-savings more than 
offset the initial investment costs. But as we noted earlier, this view ignores a variety of factors that impinge 
on technology choices. Most economic analysis recognizes that energy use suffers from inefficiencies, but 
remains skeptical that large no-regret gains exist. Economic analyses also acknowledge a role for 
government when consumers have inadequate access to information or if existing regulatory institutions are 
poorly designed. This can include subsidies to basic research and development to compensate for an 
imperfect patent system; reform of energy sector regulation and reduction of subsidies that encourage 
uneconomic energy use; and provision of information about new technological opportunities. 

1.2.4  Implications for Climate Policy 

In the discussion presented above we have provided an overview of how to address the question of the 
appropriate role for government in energy conservation. In doing so, it is essential to decide first on the 
objective of government policy in this area—economic efficiency or energy efficiency per se. 

It should be noticed that market signals are effective for advancing the diffusion process, whereas minimum 
standards may not be unless they are “technology forcing.” It is also found that market signals can have 
effects on the direction of innovation and invention, promoting increased energy efficiency when energy 
prices are rising. The bottom line is that technological studies that demonstrate the existence on the 
laboratory shelf of particular energy-efficiency technologies are a useful first step. But such studies are not 
sufficient to address important policy questions. It is necessary to examine whether and how specific policies 
will affect the processes of invention, innovation, diffusion, and intensity of use of products, and how much 
they will cost. 

Although continued research is needed to pin down the precise magnitudes, it seems clear that economic 
motivations—operating directly through higher energy prices and indirectly through falling costs of 
technological alternatives due to innovation—are effective in promoting the expanded market penetration and 
use of more energy-efficient, GHGs emission-reducing technologies. 

Some policies that support and enhance the effects of market signals, like information provision and support 
for basic research and development, can be useful. In contrast, there are many more questions about the 
efficacy of conventional regulatory approaches, at least in developed market economies, where such policies 
are more likely to produce limited behavior changes or to incur excessive costs. There are good reasons to 
doubt the existence of a vast pool of cheap energy-reducing opportunities that offer a “free lunch” in reducing 
GHGs. 

Regarding efficiency subsidies and tax credits, we found that although they may provide relatively strong 
incentives for the marginal purchaser, they can also require large overall public expenditures per unit of effect 
since consumers who would have purchased the product even in the absence of the subsidy will still receive 
it. In a time of fiscal constraints on public spending, this raises questions about the feasibility of subsidies that 
would be sizable enough to have the desired effect. Energy-efficiency improvements can certainly be relevant 
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for climate policy; however, it is also important to remember that primary fuels differ substantially in terms of 
their GHGs emission per unit of energy consumed. Policies focused on energy use rather than GHGs 
emission run the risk of orienting incentives and efforts in a direction that is not cost-effective. In particular, 
policies focused on energy efficiency ignore the other important way in which greenhouse gases emission 
can be reduced, namely by reducing the carbon content of energy. Economists generally prefer to focus 
policy instruments directly at the source of a market failure. Policies focused on carbon emissions—such as 
tradable carbon permits or carbon fees—will provide incentives for conserving particular fuels in proportion to 
the fuels’ greenhouse gas content. These policies would, for instance, raise the price of oil by a higher 
percentage than the price of natural gas, thereby targeting incentives for energy-efficiency improvements to 
oil-fired furnaces relatively more than to gas furnaces. In addition, policies focused on greenhouse gases 
rather than energy per se, would also provide incentives for the purchase of gas rather than oil-fired furnaces. 

There may be market failures other than the environmental externality of global climate change associated 
with energy-efficiency investments. If the magnitude of these non-environmental market failures is large 
enough and the cost of correcting them small enough to warrant policy intervention, an argument can be 
made for attacking these other market failures directly. Any attendant reduction in greenhouse gases, can 
then be viewed as an extra bonus—a “no regrets” policy. This is, in fact, a line of argument often used by 
proponents of energy efficiency policy in the context of climate change policy discussions. It becomes crucial 
therefore, to investigate the magnitude of these other market failures—in particular cases—and to assess 
which policies (if any) would be most cost-effective in addressing them. There is a need to emphasize 
policies that create clear incentives for changes in energy use and technology by raising the price of GHGs 
emission, as well as targeting those institutional and other market failures that do represent opportunities for 
cost-effective improvements in market performance. 

1.3 Policy Prescriptions 

What does the current state of knowledge suggest for technology-based climate change policy? Two 
implications are immediately obvious. First, even if ESTs that significantly lower production costs can be 
transferred to developing countries, diffusion will not be immediate. Second, developing country firms will not 
necessarily rapidly adopt ESTs simply because they reduce production costs in industrialized countries. A 
broad range of firm-level, sector-level, and country-level characteristics determine whether or not and how 
quickly new technologies are adopted, and there are likely to be systematic differences between developing 
countries and industrialized countries in nearly all of these characteristics. To give one example, labor is 
generally much less costly relative to capital in developing countries. Therefore, labor-saving technology that 
is profitable in industrialized countries will not necessarily be profitable in developing countries. 

In addition, it is important to note that faster diffusion of a technology is not necessarily beneficial. As 
Stoneman and Dierderen (1994) point out , diffusion may be “too fast” if firms adopt a technology before it is 
profitable to do so, or if firms adopt a new technology today that effectively preempts the adoption of a 
superior technology in the future. 

Given the theory and evidence presented above, there would seem to be seven types of policy levers 
available to influence the speed of diffusion of ESTs in developing countries. These concern: information, 
input prices, regulation, credit, subsidies, human capital, infra-structure, research and development, and 
intellectual property restrictions. 
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Information. Economic theory suggests that the dissemination of information about the new technology is 
likely to be a critical determinant of diffusion. (Limited empirical support for the importance of information 
probably stems only from the difficulty of measuring information flows.) As Stoneman and Dierderen make 
clear, government intervention to enhance the dissemination of technical information is likely to be justified 
since virtually every means by which firms acquire information about new technologies is imperfect. 

When firms acquire technical information through day-to-day contact with other firms, early adopters supply 
information about the new technology to later adopters, but the former do not capture any of the benefits from 
this information transfer themselves. As a result, they do not have proper incentives to make this information 
available to their rivals. When firms acquire technical information through active search, firms operating 
independently will engage in inefficient duplication of search efforts. And finally, when firms acquire technical 
information from advertising, technology suppliers who are concerned about market share, not the diffusion of 
the technology, have incentives to oversupply technical information, which may lead to too-rapid diffusion of 
intermediate technology. 

Policy options for enhancing the flow of information about new technologies include demonstration projects, 
advertising campaigns, the testing and certification of new technologies, and subsidies to technological 
consulting services. Have such mechanisms had a verifiable impact on diffusion? Demonstration projects 
have received wide application in the context of developing country agriculture, and many industrialized 
countries have set up regional information clearinghouses to provide consulting services to small- and 
medium-sized businesses that presumably can least afford search costs associated with adoption. As yet, 
however, evaluations of these programs have been limited, and we know little about their effectiveness. 

Finally, it is worth noting that information-based polices may actually retard diffusion by fostering the 
expectation that improved technologies are forthcoming, and therefore creating incentives to defer adoption. 
A similar problem arises when public provision of information about new technologies crowds out private 
information. 

Input Prices. Both theory and evidence attest to the important role that input prices play in the diffusion of 
new technologies. In particular, energy prices clearly have a critical impact on the adoption of energy saving 
technologies. In a number of developing and reforming economies, energy is still subsidized. Removing or 
significantly scaling back energy subsidies in these countries would create strong incentives to adopt energy-
saving technologies. In countries where energy prices are not subsidized, taxing energy to raise its effective 
price above the market price would have the same effect as removing subsidies. 

Regulation.  As noted above, empirical research supports the hypothesis that firms subjected to stricter 
environmental regulation are more likely to adopt clean technologies, including ESTs. The opportunities for 
and barriers to effective regulation in developing countries have received considerable attention, especially in 
the last ten years. Two points deserve mention. First, the use of market-based incentives such as pollution 
taxes and marketable permit systems — including a credible international GHGs emission trading system — 
is analogous to raising the price of a critical factor of production, namely environmental services. Therefore, 
the same arguments about the link between factor prices and technology adoption are applicable. Second, 
even when institutional and financial constraints make formal public-sector-led regulation problematic, 
private-sector-led “informal” initiatives (such as grassroots efforts to deter polluters by stigmatizing them) can 
be an effective substitute. 
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Credit. Lack of access to credit may be a critical barrier to adoption. Subsidizing credit for specific types of 
investments has been a common policy response. However, thus far these programs — both public and 
private — have had very mixed results. Chronic problems include the diversion of loans by borrowers to non-
targeted activities, low repayment rates, the creation of financially unsustainable lending institutions, 
politicization of lending decisions, and the undermining of existing credit markets. Since there is growing 
support for the view that the costs of “targeted” credit outweigh the benefits, a wiser approach to overcoming 
financial barriers to technological innovation is to focus on improving banking which, in developing countries, 
is often hamstrung by unstable monetary policy, interest rate restrictions, and weak property rights. 

Subsidies. An obvious mechanism for speeding the diffusion of a new technology is for governments to 
subsidize it. But subsidies, in addition to being quite expensive, are likely to be subject to many of the same 
problems as targeted credit, namely the politicization and distortion of input markets. 

Human Capital, Infrastructure, and Research and Development. Empirical research on the links between 
early adoption of innovations on the one hand and human capital, infrastructure, and research and 
development (R&D) on the other suggests there is an argument for subsidizing education, technical training, 
infrastructure and R&D. This needn’t be a broad-brush strategy if these subsidies are focused on greenhouse 
gases emission intensive sectors such as energy. 

Intellectual Property Restrictions. Intellectual property restrictions such as patents and licenses have 
countervailing effects on technology diffusion. On the one hand, they stimulate R&D, which in turn stimulates 
technology diffusion. Perhaps more important for developing countries, they are likely to encourage foreign 
investment, which can be a significant source of new technologies. But on the other hand, intellectual 
property restrictions attach significant costs to adoption of new technologies which can retard diffusion. In 
many developing countries, adaptation of existing technologies, rather than the creation of substantially new 
ones, accounts for the bulk of productivity growth. Therefore, there is reason to suspect that the negative 
impact of intellectual property restrictions on diffusion in developing countries could be substantial. 

1.4 Practical First Steps 

Of the broad range of policy options presented here, which are likely to be politically practical? As mentioned 
in the introduction, technology-based strategies will generate political support to the extent they represent 
obvious “win-win” opportunities for the parties involved. Many of the policies described above fit this 
description to some degree. Information, human capital and infrastructure policies will enhance productivity; 
rationalizing energy prices will boost allocative efficiency; improving banking should stimulate saving and 
investment; and strengthening regulation should produce environmental benefits.  However, some of these 
policies involve up-front economic costs that are more immediate and payoffs that are more delayed than 
others, making them unattractive to decision-makers with short time horizons. For example, though 
investments in banking, human capital (broadly defined), and environmental regulation may have tremendous 
benefits in the long run, they involve substantial up-front costs. Thus, the most practical policy options 
discussed here would seem to be rationalizing energy prices, improving information, and investing in energy 
infra-structure. 
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2 IMPEDIMENTS TO THE DEPLOYMENT OF LESS GHGS EMISSION TECHNOLOGIES 

2.1 Introduction 

The term “impediment” is often used to refer to factors that impede the adoption of a new technology. 
Different types of impediments are encountered as a technology progresses towards the marketplace. In the 
initial stages of development, technical impediments usually predominate. Later, in order for a technology to 
become cost-effective, market impediments such as inconsistent pricing structures may need to be 
overcome. Next there are institutional, political and legislative impediments which hinder the market 
penetration of technologies that are economically competitive. Finally, there are social and environmental 
impediments linked to lack of experience with planning regulations and gaining public acceptance of a 
technology, which hinder cost-effective technologies from achieving their full market potential. 

One sub-set of impediments may be referred to as “market failures” which result in the inefficient allocation of 
resources. Governments, particularly those primarily, rely on market forces to ensure efficient allocation of 
resources within their economies, may seek to take action to correct these. However, it should be 
acknowledged that some so called, impediments may reflect the fair operation of the market or institutional 
system (e.g. safeguards against pollution, visual intrusion) and should be accepted as such. 

In economies where market forces do not operate, or do not operate fully in all sectors (such as in most of the 
developing countries and the transitional economies of Central and Eastern Europe and the Commonwealth 
of Independent States), other impediments may also be of importance, particularly those related to the 
political and institutional structure of the economy. In addition, the changes that have accompanied economic 
reform have often had a profound impact on energy demand and supply in these countries. 

2.2 Impediments to the Implementation of Less GHGs Emission Technologies 

External factors and impediments affecting the deployment of less GHGs emission technologies may be of a 
technical, market, social/environmental, political or institutional nature, and all the factors tend to be 
interrelated as depicted in Figure 4.5. The relationship and relative importance of these different impediments 
will vary depending on the particular less GHGs emission technology and the circumstances under which it 
may be implemented. For example, within a niche market, such as the supply of  

solar electricity to remote, sunny regions not connected to the grid, renewable sources can be commercially 
viable (i.e. the market impediments are overcome), however, this may result in technical, informational and 
environmental factors becoming the main impediments to implementation. Thus the balance of importance of 
the impediments may shift - as one impediment is surmounted, others become apparent. The emphasis 
should therefore be placed on broader solutions, potentially incorporating several measures, which tackle a 
range of impediments. 

2.2.1  Technical and Market Impediments 

These two sets of impediments are discussed together because of their strong inter-relationship. They relate 
to the technical and market performance of less GHGs emission energy generation technologies. Albeit that 
not all less GHGs emission technologies are close to being commercially competitive, there are two main 
factors affecting the cost- effectiveness of those technologies that have a fighting chance in the current 
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market: firstly, the failure to fully internalize the social and environmental costs of the conventional 
technologies which compete with less GHGs emission technology, and secondly, a combination of technical 
factors which result in capital-intensive investment profiles which can deter investors. Direct comparisons 
between conventional and less GHGs emission technologies, in terms of the financial return on investment, 
do not yet favor less GHGs emission technologies. 

 

 

 

 

 

 

 

 

 

 

Figure 4.5  External factors and impediments 

Most less GHGs emission technologies have investment profiles in which capital costs are very high 
compared to operating costs. In addition, the intermittent nature of some renewable sources of energy means 
that utilization of capital equipment may be low. The assessment of the rate of return on investment in such 
capital-intensive technologies is highly dependent on the investment criteria used. Investments in less GHGs 
emission technologies appear less attractive when high discount rates are used (i.e. when short payback 
periods are required). Short-term contracts between energy suppliers and distributors also tend to discourage 
investment in less GHGs emission technologies, because investors need to ensure that their high initial 
investment will be recovered via realization of the benefits of the future low operating costs. These problems 
are exacerbated by the impediments which less GHGs emission technologies face in obtaining competitive 
forms of finance, which arise from factors such as lack of familiarity with, and awareness of, the technology in 
the financial community, high levels of perceived risk, uncertainties over resource assessment methods, and 
the small size of the less GHGs emission technologies industry and of many individual projects. 

However, it is important to note that the current high levels of capital costs are based on relatively new 
technologies, low-volume production runs, and current manufacturing practices. Costs have halved over the 
last ten years, and are expected to halve again over the next decade due to technical advances and 
economies of scale resulting from greater market penetration of less GHGs emission technologies. “Learning 
by doing” is, and will continue to be, a significant contributor to lowering costs. 
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Technical and economic factors which hinder the deployment of less GHGs emission technologies are 
summarized below: 

• Capital Cost 
 
Relatively high capital costs per unit of output, often either because further technological development is 
needed or because the system is too small to benefit from economies of scale. This makes it difficult for less 
GHGs emission technologies to realize a satisfactory rate of return on investment, even though they may be 
cost-competitive on a life cycle basis. Grid connection costs may also be high. Because of the small size of 
many less GHGs emission technology projects, project planning and development costs are also often 
disproportionately high. 

• Value of Output 
 
The low value given to the electricity/heat output is a constraint, as the value does not reflect external costs of 
other fuel sources or the long-term marginal cost of energy supply. In transitional economies, the price of 
electricity may be maintained at an artificially low level, reducing the value of the product. 

• Location Versus Demand 
 
Unlike other fuels like oil and coal, which can be transported to central generating facilities, renewable energy 
related to less GHGs emission technologies are best converted into electricity where the resource is located. 
Because many renewable resources are relatively dispersed and are often located in remote areas, 
transmission and connection costs are disproportionately high. 

• Finance 
 
The difficulty in obtaining long-term, low-cost finance packages and support for less GHGs emission energy 
project construction (partly because investors are deterred by the high investment costs per unit of output, see 
above) is often a significant constraint. 

• Overall Cost-Effectiveness 
 
Using conventional finance and accountancy methods, all of the above factors contribute to the low cost-
effectiveness of less GHGs emission technologies, which is perhaps the single most important constraint on 
their uptake. 

• Risk and Security of Supply 
 
A high level of both real and perceived risk is associated with the construction and operation of many less 
GHGs emission energy projects, due to lack of experience of these sources, particularly with regard to the 
reliability of resource assessment, and therefore of the project value. 

Fluctuating power outputs from less GHGs emission electricity generation may reduce the security of 
electricity supplied through the grid, often resulting in the need for back-up systems which may increase the 
overall costs of the system. 



  E n e r g y  M o d a l i t i e s  

  4 - 19 

2.2.2  Social and Environmental Impediments 

All forms of energy generation have some degree of environmental impact. Although less GHGs emission 
technologies generally have few of the adverse impacts associated with fossil fuel combustion in terms of 
greenhouse gases emission, acid rain and local air pollution, they do have local impacts such as visual 
impact and noise. Less GHGs emission electricity generation is often very location specific (e.g. wind, wave 
or solar), and in addition, the resource is often located in an area valued for its remoteness or scenic beauty. 
It is therefore important to take account of local environmental impacts, planning regulations and views of the 
local residents when designing a less GHGs emission energy development in such areas. Lack of experience 
and awareness on the part of the developer, the planning authorities and the local population can act as a 
impediment to less GHGs emission energy developments. This can be exacerbated by the fact that the 
environmental benefits of less GHGs emission energy do not necessarily benefit the local area directly (e.g., 
reduction of CO2 emission). 

The social and environmental impediments to less GHGs emission technologies are summarized below: 

• Environmental Costs/Benefits 

Each less GHGs emission energy technology has its own set of environmental burdens and benefits which 
represent added or avoided costs, but these are not always compared with those of conventional generation 
on a consistent basis. This can put less GHGs emission energy generation at a disadvantage. 

• Site and Planning Issues 

Optimizing performance for a less GHGs emission energy technology is often highly site dependent. Local 
objections to some less GHGs emission technologies, and lack of local planning experience of less GHGs 
emission technologies, may prevent or delay construction. Planning considerations to minimize effects and 
meet local laws are thus very important. 

2.2.3  Political, Legislative and Institutional Impediments 

Political and legislative factors can take a variety of forms and may significantly contribute to an unfavorable 
climate for growth in less GHGs emission technologies. The lack of suitable legislation or an inability to 
enforce the existing rules may account for the poor penetration of less GHGs emission energy technologies 
into the market. At the political level, when there is no clear, long-term, and stable framework for support and 
development, new technologies are commonly perceived as higher risk choices. Even when objectives have 
been set, they may not be sufficiently monitored, thus reducing their effectiveness. 

Legislation can either help or hinder the take-up of renewable energy sources. For example, tighter legislation 
on atmospheric emissions may be an impediment to technologies such as waste incineration, whilst favoring 
other renewable by increasing the costs associated with conventional energy sources such as coal-fired 
power. 

Institutional issues include the lack of common technical standards covering less GHGs emission energy 
technologies, which can be an impediment to trans-national commercialization. Lack of awareness, education 
and training amongst many key groups (such as political representatives, the financial community, industry, 
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and the general public) means that less GHGs emission technologies are often not even considered as a 
realistic alternative to conventional methods. 

Political, legislative and institutional impediments to less GHGs emission technologies are summarized 
below: 

• Political Impediments 

Explicit preference may be given to other forms of energy production at the expense of the less GHGs 
emission technologies, and these may be supported financially. This may occur for a variety of reasons, such 
as security of supply, employment, diversity, cost.  

Less GHGs emission technologies may also have political difficulties with public acceptability, as discussed in 
the section above. 

• Legislative Impediments 

Legislation may effectively prevent the use of less GHGs emission technologies, for example, if there is no 
provision to allow electricity to be produced by independent generators, or where grid access is inhibited.  

Legal requirements such as contracts and operation insurance, environmental compliance, health and safety 
may form impediments to the exploitation of a new technology. 

Rates and differentials in taxation between different energy sources may provide an impediment (or, 
conversely a boost) to renewable energy sources. 

• Institutional Impediments 

Typically, the industry base for less GHGs emission energy technologies is too small to either bargain 
effectively or to respond effectively to changes in demand.  

In many Annex I countries, the demand for electricity is relatively stable (i.e. not growing rapidly) and 
conventional generation may already have more than enough capacity to serve the demand, so the market 
for less GHGs emission technologies can only grow by displacing conventional generation. This may restrict 
the market share of less GHGs emission energy where modest rises in demand can be met from existing 
over capacity and/or by demand side management.  

Lack of innovative financing packages suited to the particular cost structure of less GHGs emission electricity 
generation may hinder the development of less GHGs emission energy generation projects.  

In most cases renewable energy related to less GHGs emission technologies cannot command a premium 
price to reflect the fact that it has fewer external costs (for example CO2 emission) than conventional 
generation.  

Lack of information on less GHGs emission energy technologies aimed at potential investors, lack of 
experience with new technologies, and lack of personnel skilled in evaluating and exploiting renewable 
resources will act as an impediment to take up. 
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2.2.4  Differences Between Impediments within Developing Countries and Developed Countries 

The process of transition, commencing in 1989/1990, led to a decline in energy-intensive industry, coupled 
with a fall in economic output. This in turn resulted in a drop in the demand for electricity in most economies 
in transition and reduced, at least in the short term, the emphasis on the need to exploit indigenous, often 
renewable, energy resources. 

Within developing countries and EITs, energy prices have often been held artificially low by government 
subsidies for fossil fuel- based energy. In particular, prices paid by domestic consumers have been 
maintained far below production costs, whereas commercial and industrial users may be paying a higher rate 
for electricity. The market is therefore distorted, and with prices below costs of production, renewable energy 
technologies are unable to compete. 

Developing countries have particular problems with financing projects due to the higher risks perceived by 
outside investors, and the lack of their own capital for investment. These risks stem from the macroeconomic 
instability of developing countries, the difficulty in assessing future fuel price and exchange rate fluctuations, 
and the present weakness of their banking sectors. 

Developing countries in general face serious environmental problems, such as acid emission from coal- and 
lignite- fired power stations. Priority is given to improving energy efficiency, for example encouraging a switch 
from coal to gas, or to reducing pollution from coal-fired power stations and from industry using abatement 
technologies. Renewable energy is viewed as a longer-term option, whereas the environmental problems that 
current policies target are immediate. 

2.3 Existing Measures to Support Less GHGs Emission Technologies 

This section summarizes types of measures employed in a large number of countries and then describes the 
pattern of use of these measures in different countries. 

2.3.1  Types of Measures 

In this study measures are classified according to whether they tend to improve the technical potential, 
economic potential and market potential of the less GHGs emission technologies. Measures which address 
technical impediments (principally research and development) tend to improve the technical potential of less 
GHGs emission technologies; measures which address market impediments tend to improve the economic 
(i.e. cost effectiveness) potential; and measures which address other impediments, or more general market 
stimulation measures which are not aimed at particular impediments, tend to improve the market potential 
(i.e. the final uptake of less GHGs emission technologies by the market). 

2.3.2  Measures to Address Technical Impediments and Maximize Technical Potential 

The main tool for addressing technical impediments is through technical research and development, typically 
aimed at improving conversion efficiency and reliability and reducing costs and environmental impacts. The 
typical pattern of research and development support for a new less GHGs emission technology is that 
government programs provide the initial focus, with increasing contributions from industry as the technologies 
approach commercial viability. In some countries, industry now leads research and development for the more 
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competitive less GHGs emission technologies. However, the majority of research and development on less 
GHGs emission energy technologies is still driven by government programs, usually with part funding from 
industry. 

2.3.3  Measures to Address Market Impediments and Maximize Economic Potential 

Market potential can be maximized both through technical development to improve performance and reduce 
costs (see above) and through measures which address the price available for less GHGs emission energy 
and its competing sources. Measures addressing pricing range from the abolition of subsidies on competing 
conventional fuels to the full internalization of external costs for all energy sources. 

• Subsidy Reform.  

Many countries have subsidized energy prices in the past, for various political reasons, such as support for 
national industries. These subsidies on competing conventional forms of energy are now being phased out as 
most countries move towards a free market economy. Phasing out of subsidies is almost complete in most 
OECD Member countries, but in economies in transition which have only recently abandoned their centrally 
planned economies, the subsidies must be phased out gradually, in order to minimize economic and social 
hardship. 

• Internalization of External Costs.  

A full internalization of external costs is generally held to be not feasible at present, due to the great 
uncertainty in assigning monetary values to environmental and social impacts. Although there is a consensus 
among most economists regarding the methodology for estimating monetary values to electricity-related 
environmental externalities, there is great uncertainty with the estimation of climate change values. In many 
countries, additional significant barriers to internalization of external costs exists because many stakeholder 
groups within the industry oppose externality “adders” regardless of how well they are estimated. However, 
many countries have considered the adoption of carbon or energy taxes as a partial measure. Six West 
European countries have implemented carbon or energy taxes (Norway, Sweden, Finland, Denmark, the 
Netherlands and Austria). Exemption or refund of the carbon or energy tax for less GHGs emission energy 
schemes can make a very significant difference to their financial viability (e.g. Denmark, the Netherlands). 
However, there is political opposition to carbon taxes in many countries and it is unlikely that a consensus on 
an EU-level tax will be achieved in the short term. Most countries therefore also apply environmental 
regulations such as emission limits or quotas and planning guidelines. The formation of a single European 
market for electricity may either promote or inhibit the application of carbon taxes. 

2.3.4  Measures to Address other Impediments and Maximize Market Potential 

A variety of measures have been aimed at addressing other impediments (political, legislative, institutional, 
social and environmental) or simply at general stimulation of the market, in order to maximise the market 
penetration of those technologies which are already cost-effective or near to being cost effective. These 
measures encourage investment in less GHGs emission energy, allow realization of economies of scale, and 
help to build up a track record for successful commercial operation. 
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• Guaranteed Purchase / Price Support for Less GHGs Emission Energy. 

This is the main support mechanism in many West European countries, and it can be highly effective at 
attracting investors to support less GHGs emission energy. It can be implemented either with or without a 
competitive element as part of the process of allocating funds. It can be funded by all tax payers via a general 
tax, by all electricity consumers via a levy on electricity (e.g. UK, Non Fossil-Fuel Obligation (NFFO), by 
utilities via all their customers (Germany, Electricity Feed Law), or by individual customers (green pricing, 
being pioneered in the USA, the Netherlands, Sweden, Australia and the UK)). Competitive price support has 
mainly been pioneered through the NFFO model, where a levy on all electricity consumption is distributed to 
less GHGs emission energy projects through a competitive bidding process. NFFO has proved very 
successful at promoting price convergence, for those technologies, which are already close to commercial 
competitiveness. Payment under the scheme depends on the amount of electricity produced, providing a 
strong incentive to maintain production levels. The need to issue calls for tenders at given intervals has led to 
some problems: the scheme is expensive to administer; the long gaps between bids lead to problems for 
developers and suppliers, and the scheme discriminates against smaller developers due to the cost of 
preparing bids. It is too early to say whether these technologies will remain competitive should NFFO support 
be withdrawn. Uncompetitive price support tends to encourage applications from smaller developers, and 
does not restrict support to technologies which are close to commercialization. It has been very successful in 
some cases (e.g. wind energy in Denmark and Germany), although in some countries there have been 
administrative problems or resistance from utility companies. Guaranteed purchase schemes without price 
support have been less successful.  

• Investment Support:  

Grants or subsidies, low interest loans, tax breaks. The earliest support measures implemented in Western 
Europe often focused on investment grants, and these were very successful in stimulating deployment of less 
GHGs emission energy in some cases (Denmark, Austria), although there were some problems in cases 
where the responsibility for administering the scheme was left to unwilling or under-resourced utility 
companies (Greece, the Netherlands). Several West European governments are now moving away from 
direct investment grants towards tax breaks (Denmark, Sweden, the Netherlands).  

• Promotional Measures 

Information and education campaigns; network of energy centers providing advice to developers (Austria, 
Denmark); demonstration schemes. These measures are fairly widespread and are valuable for increasing 
confidence amongst industry, developers and financiers, but they are generally less important than direct 
financial support.  

• Large Scale Demonstration / Market Stimulation Measures 

These may also be combined with direct investment support through grants or subsidies - e.g. 1000 Solar 
Rooftop PV Demonstration (Germany) to demonstrate solar panels on a large scale. These measures can be 
important to raise awareness and build confidence in new technologies. However, it is sometimes found that 
when the measure finishes, the market for the technology disappears. 
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• Objectives 

Government targets for increased deployment of less GHGs emission energy technologies exist in many 
Annex I countries, although in other countries (particularly developing countries) there is sometimes only an 
un-quantified aim to “increase deployment of less GHGs emission energy”. Objectives are generally 
insufficient on their own, as they need to be backed by specific measures, but they can give guidance to 
governmental priorities, and imply government commitment, thus raising the profile of less GHGs emission 
energy with the public, industry, planners and developers. They are also essential for monitoring progress 
towards an objective.  

• Legislation or Restructuring  

To improve the opportunities for small-scale less GHGs emission energy schemes to be connected to the 
grid and to sell their output in the energy markets. In several countries, particularly EITs, there are still no 
legal channels through which independent producers can sell their output to the utilities. In some cases (e.g. 
Belarus) all day-to-day operation of electricity generation is still centrally run by the government, with no 
opportunity for other producers to sell their electricity. The impact of electricity restructuring on less GHGs 
emission energy investment remains uncertain. On the one hand, restructuring of energy markets towards 
increased competition may create new opportunities for less GHGs emission energy, particularly where 
conventionally produced electricity benefits from hidden subsidies through, for example, subsidies or non-
market pricing of primary fossil fuels. On the other hand, it can also have a negative impact on previously 
protected markets, exposing fledgling less GHGs emission energy technologies to markets in which they are 
not ready to compete. Technical developments may be required in order to maximize the opportunities for 
less GHGs emission energy in competitive electricity markets (e.g. smart metering schemes for decentralized 
systems, storage devices, and grid connection technologies).  

• Voluntary Agreements  

Between governments and industry/ utilities. These are more common in the energy efficiency sector, but 
there are a few examples of voluntary agreements by utilities to promote less GHGs emission energy (e.g. in 
the Netherlands and the USA). These agreements are attractive to governments and industry alike as they 
are cheap to set up, and they offer flexibility in the choice of measures to employ. However, they are 
dependent on the degree of commitment by the industry or utility involved, and may require careful 
monitoring by government to ensure their effectiveness. 

2.4 Possible Policies and Measures for Common Action to Support Less GHGs Emission 
Technologies 

The previous sections have shown that electricity generating less GHGs emission technology face numerous 
artificial and natural impediments to large-scale market penetration. For the purposes of identifying groups of 
possible common actions these impediments have been grouped under the following headings drawn from 
Figure 4.5: 

ü Technical Impediments - the need for further improvement in technical performance in such areas as 
conversion efficiency, reliability, integration to the grid. 
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ü Market Impediments - the factors affecting the prices obtainable for less GHGs emission energy, and for 
competing sources of energy, including the treatment of external costs and the allocation of subsidies. 

ü Institutional, Political and Legislative Impediments - these are factors, which hinder the market 
penetration of technologies, which are economically competitive (e.g. lack of information or awareness, 
legislative obstacles, high transaction costs). 

ü Social/Environmental Impediments - lack of experience in complying with planning regulations and 
gaining public acceptance strongly influences market penetration. 

As described in section 3, these sets of impediments impede the maximization of technical potential, 
economic potential and market potential for less GHGs emission technologies. There are overlaps and 
linkages between these groups of impediments, and some of the measures discussed below address more 
than one category. 

However, the classification is important in showing that no one common action will be effective in enhancing 
less GHGs emission technologies penetration. A linked package of measures is more likely to be successful, 
by providing a “chain of support” which enables technologies to progress to the marketplace by maximizing 
their technical, economic and market potentials. Such a chain is illustrated in Figure 4.6. 

This chain does not represent a strict chronological succession, but provides a useful framework for 
discussing actions. For example, measures to stimulate a market for less GHGs emission technologies will 
also benefit technical and economic impediments by fostering a competitive industrial base, which will seek 
economies of scale and further technical improvement. At each stage in the chain, different support 
measures are applicable, which can be implemented either separately by individual countries or through 
coordinated action by a group of countries. These are described in more detail below.  

2.4.1  Actions Directed at Technical Impediments 

• Support Technical Development 

Research, development and demonstration plays an essential role in developing less GHGs emission energy 
technologies, from the initial long-term research which identifies new technologies and processes, to the 
subsequent applied research, development and demonstration, which brings down operating and capital 
costs and improves efficiency and reliability, either by improving the design of the technology itself, or by 
improving the manufacturing methods. Demonstration schemes are necessary in order to identify areas for 
improvement before the product can perform in a commercial environment, and are also very important to 
increase investor confidence. 

Recently, there have been concerns over declining government and industry research and development 
budgets for less GHGs emission energy, and calls for increased international commitment. Whilst it would be 
politically difficult to agree on a possible common action to increase research budgets, there is scope for 
increasing the effectiveness of the money spent via possible common actions.  
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Figure 4.6   The chain of support for less GHGs emission technologies 

The advantages of performing research, development and demonstration as a common action include 
elimination of duplicated effort, exchange of ideas, pooling of resources and facilities, and greater 
opportunities for transfer of research results to the user community. These benefits have already motivated 
extensive co-ordination of research, development and demonstration programs on less GHGs emission 
energy by both the IEA (e.g. Implementing Agreements) and the European Commission (e.g. JOULE, 
THERMIE, TACIS and PHARE, SYNERGY, MEDA, ALTENER). However, there may be opportunities to 
strengthen and extend these existing programs, particularly with respect to technology diffusion to EITs and 
developing countries, and co-operative agreements with industry. 

International collaboration on research, development and demonstration tends to reduce as industrial 
involvement builds up and the technologies reach the fully competitive market stage. Inevitably this leads to 
fragmentation and duplication of research effort in different countries, and actions to address this issue would 
be helpful to the industry. 
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The main disadvantages to coordinating and collaborating on research and development are the intellectual 
property rights conflicts and loss of commercial confidentiality. 

2.4.2  Actions Directed At Market Impediments 

In order for less GHGs emission technologies to be able to compete on equal terms in a free market without 
extra support measures, it would be necessary to remove the distortions and imperfections, to obtain a “level 
playing field”. 

• Full Cost Pricing of Competing Energy Technologies 

Often less GHGs emission technologies cannot begin to compete with conventional energy technologies due 
to distortions in the market. These distortions range from direct subsidies for conventional energy (particularly 
for household electricity in EITs) through to a more general failure to reflect the full social and environmental 
costs of energy in its market price. Measures to tackle these distortions range from simple removal of 
subsidies, to various attempts to incorporate external costs into energy prices, either by “proxy” measures 
such as environmental regulation, emissions quotas or tradable permits, or by partial incorporation of external 
costs via application of a carbon or energy tax. However, full internalization of external costs is hindered by 
the huge uncertainty over the economic valuation of environmental and social impacts. (Subsidy reform, 
carbon/energy taxes and full cost pricing are all the subjects of more detailed IEA/OECD studies.) Potential 
common actions include: 

− Removal of Subsidies 

On competing energy sources. Many of the developed countries have already ceased to subsidize, or are 
taking steps to cease subsidies to conventional energy, but support for nuclear, either direct or indirect, is 
often maintained. In the developing countries and the EITs of Central and Eastern Europe subsidies primary 
fossil energy prices are a major impediment to the penetration of less GHG emission energy. Most EITs aim 
to remove these subsidies eventually in order to move towards a free market economy, although such steps 
are extremely difficult due to the fragile economic situation in many of these countries. In principle, a common 
agreement to remove subsidies could facilitate the process in cases where the countries involved compete 
with each other in global markets. In order to assess whether this is the case in the developing countries and 
the EITs listed in Annex I, it would be necessary to carry out a detailed economic analysis of the trade 
systems of the countries involved. With respect to greenhouse gas emissions, such a possible common 
action would be logical if extra capacity is being installed where a cost-effective case could be made for less 
GHGs emission technologies versus new capacity.  Some advantage might also be gained from 
dissemination of the experience of subsidy reform measures in other countries, thus enabling sharing of 
information on the best methods of mitigating negative social and economic impacts (e.g. via income support 
or energy efficiency grants for low-income households to compensate for removal of domestic electricity 
subsidies, or stimulation of alternative employment opportunities in a coal mining area to compensate for 
removal of coal subsidies). 

− Financial Measures  

Incorporate external costs into energy prices would clearly favor less GHGs emission technologies. Much 
work has been directed at the social and economic impacts of local and regional pollutants such as SO2 
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,NOx, particulates, etc. It is not clear whether incorporation of these costs would give a major boost to less 
GHGs emission technologies. Thus it is possible that the main result would be fuel switching (e.g. coal to 
gas) and the adoption of cleaner conventional fuel technologies (e.g. flue gas desulphurisation (FGD)). 

A greater impact on the market would be achieved by introducing the potential external costs of global 
warming, although there remains much uncertainty over the magnitude of these costs. Mechanisms for 
including the cost could involve, for example, a carbon tax on fuel or a system of tradable permits. To date a 
carbon tax has not proved to be generally politically acceptable, although six European countries have 
unilaterally adopted carbon taxes. The main concern is that the adoption of a carbon tax would reduce 
national competitiveness through increasing the costs to industry. However, it has been suggested that 
revenue-neutral taxes which recycle the tax revenue by reducing the costs of labor can have a “double 
dividend” effect - both reducing environmental damage and boosting employment. 

Particular problems pertain to the adoption of such measures by developing countries and EITs, which argue 
that their stage of economic development should permit them a “catching up” period. Any such measures 
would probably have to be implemented via a staged transition, starting with developed countries and 
spreading to other countries as their economic positions converge. There could be advantages in 
implementing full cost pricing measures as possible common actions, in order to allay fears about reduced 
competitiveness, the migration of industry or the import of electricity from adjacent countries, but a level of 
participation sufficient to avoid free riders is essential. The main problem in applying a universal tax in Annex 
I countries is the threat of decreased international competitiveness relative to non-Annex I countries. 
However, there are also problems related to the existence of fossil fuel subsidies and uneven tax baselines, 
which would make it difficult to apply a universal externality adder such as a carbon tax. 

If the political and technical problems associated with the universal adoption of full cost pricing or similar 
measures prove to be insurmountable in the short term, some benefit might still be gained from the wider 
dissemination of studies which assess the success of existing measures in individual countries, particularly 
the carbon and energy taxes adopted in Europe and the sulphur trading system in the United States. This 
might further the more widespread adoption of successful measures by other countries, and facilitate the 
design of such measures and ultimately move toward harmonized approaches. 

• Ensure a Full Value Price for Less GHGs Emission Electricity 

Less GHGs emission electricity generating technologies often offer benefits which are not recognized in 
conventional pricing structures. These benefits include social and environmental effects, for example, the 
provision of energy services in remote rural areas, or increased employment in economically depressed 
areas. Many less GHGs emission technologies are more labor-intensive in both the construction and 
operation stages than conventional energy sources - some studies have estimated that less GHGs emission 
technologies create five times as many jobs as fossil fuel technologies, and these jobs are often in rural areas 
where unemployment is highest. They also potentially offer economic gains arising from their modularity, 
flexibility, and reduction in transmission and distribution costs and system losses. The development of new 
methods of valuation of less GHGs emission electricity would permit its full worth to be ascertained. For 
example, the purchase price offered by utilities for sales of surplus less GHGs emission electricity generated 
at the point of use often does not take full account of the avoidance of costs for transmission and distribution. 
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Some countries have recognized this argument, and this has led to the pioneering of “net metering” (i.e. 
balance of electricity flow) schemes. Some potential actions to promote full valuation of less GHGs emission 
electricity are listed below: 

ü Coordinated research on full valuation of less GHGs emission electricity, including development of 
methodologies (e.g. market structure) for placing a value on attributes such as modularity, flexibility 
and embedded generation. Some isolated research is already underway, but a coordinated approach 
perhaps via an IEA Implementing Agreement would offer benefits and stimulate further work; 

ü Pioneering approaches such as net metering schemes could be disseminated to a wider audience, 
particularly utilities, in order to highlight their successes (e.g. savings in distribution system 
investment) and build on lessons learnt; and 

ü Exploration of voluntary agreements between those responsible for regulation of electricity markets 
and the supply utilities for full value pricing of less GHGs emission electricity supplies. This might 
take the form of agreements on the part of the utilities to offer an increased price to generators of 
less GHGs emission electricity, in order to reflect more fairly its value to the utility. 

2.4.3  Actions Directed at Institutional, Political and Legislative Impediments 

Due to the political problems inherent in “full cost pricing” as described above, it is unlikely that less GHGs 
emission energy will be able to attain significant market penetration under existing market conditions in the 
short to medium term. Therefore, many countries are taking measures to stimulate the market for less GHGs 
emission energy by other means. 

Even when less GHGs emission energy technologies are competitive with other energy sources, their market 
deployment can often still be hindered by a number of impediments related to obtaining planning permission, 
negotiating access to the grid, and attracting developers and financial backing. Measures to overcome these 
obstacles are described below. 

• Market Stimulation 

One approach undertaken by several governments to tackle market impediments has been to introduce 
measures to facilitate or “kick-start” the market for less GHGs emission technologies. Such measures include 
investment subsidies, guaranteed purchase schemes such as government procurement, premium prices, tax 
breaks, low- interest loans, or large scale demonstration schemes. Such schemes have a range of potential 
benefits:  increased involvement of industry leading to reduced equipment costs through economies of scale, 
increased experience and innovation in production and operation; build up of a supporting infrastructure and 
pool of skilled personnel;  provision of a guaranteed market giving confidence to both manufacturers and 
users of the technologies;  facilitating broader experience with the operation of the technologies and their 
integration within the supply system. 

It should be noted that it is important to establish long-term confidence in the market, and thus the market 
stimulation measures should be designed to ensure a secure market for at least ten to fifteen years. Although 
these stimulation initiatives are necessarily nationally based, and tailored to different electricity market 
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structures and operations, there are some areas, which could be pursued more effectively through possible 
common actions: 

ü Wide dissemination of the results of market support measures or policies, with the aim of 
encouraging the replication of successful measures and avoiding the pitfalls of less successful 
schemes. The brief review in this paper has demonstrated that the most successful approach is 
generally to employ a comprehensive range of measures which support technologies in all stages of 
the path to commercial competitiveness, and thus the most successful countries have backed market 
stimulation and promotion measures with strong support for technical research and development. 
Dissemination of measures could build on the Climate Technology Initiative (an IEA Member country 
programme), but focus specifically on less GHGs emission energy, and extend its geographic 
coverage to include developing countries and EITs. The criteria for assessing the effectiveness of 
measures can be based on the increase in installed capacity, and also on the price convergence with 
other sources, to ensure that the technologies survive in the market when the measure is phased 
out. Each country may adopt the measures which are most suitable to their own situation, and learn 
from the experience elsewhere in order to adopt “best practices”. 

ü Financing assistance, e.g. common investment funds to support investment in less GHGs 
emission technologies through investment or operating subsidies or low interest loans, perhaps 
targeted specifically at developing countries and EITs. Funds are already available from development 
banks such as the World Bank or the European Bank for Reconstruction and Development (EBRD), 
but these funds are often directed more to large-scale centralized energy supply projects. The 
creation of a special fund dedicated to less GHGs emission energy, perhaps utilizing the existing 
support mechanisms of the World Bank and EBRD, could therefore be advantageous. Even when 
less GHGs emission technologies achieve commercial competitiveness, assistance with investment 
costs will still be beneficial because of the “up front” nature of the investment profile, and the lack of 
readily available investment capital in developing countries and some EITs. 

ü The agreement of common objectives can be a useful tool for demonstrating political commitment. 
Although often common objectives are not legally binding, internationally agreed and publicized 
objectives are still useful in focusing the attention of governments and industry on suitable actions, 
and in raising the public profile of the issues concerning less GHGs emission energy deployment and 
its benefits. Common objectives could be agreed by countries, either for achieving a given share of 
electricity as less GHGs emission technologies, for increasing deployment of less GHGs emission 
technologies by a certain percentage, or setting country-specific objectives as for CO2 reduction. The 
means of achieving the objectives could then be left to each country to determine. For example in the 
EC, one possibility proposed in the Declaration of Madrid 5 is to require energy utilities to purchase a 
set proportion of their electricity from renewable sources. However, voluntary agreements and other 
market stimulation measures could also be explored. 

Many countries already have individual objectives, and so does the EC (the ALTENER target aims to 
increase the contribution of less GHGs emission energy to 8 per cent of primary energy by 2005, and the 
recent green paper proposes a 12 per cent contribution by 2010). The willingness of countries to enter into 
such an agreement could be connected to their obligations under international environmental agreements, 
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such as the UNECE Sulphur protocol, as countries which have already signed up to these agreements will 
benefit from increasing deployment of less GHGs emission technologies. 

• Awareness of Opportunities 

Commercial opportunities for less GHGs emission energy generation may stem from market stimulation 
measures of the type discussed above. In addition, there are niche opportunities, often associated with 
remote communities separated from the transmission grid, in which certain less GHGs emission technologies 
are already commercially competitive. These latter opportunities occur in Annex I countries and to a greater 
extent in developing countries. They are important because they offer additional demand for less GHGs 
emission technologies, which would increase the volume of production and hence the potential for economies 
of manufacture. 

The problem is raising awareness of the opportunities, particularly those linked to niche markets, amongst the 
manufacturers, developers and utilities which need to exploit them. Much of the less GHGs emission 
technologies industry is composed of small to medium sized enterprises (SMEs) which do not have the 
resources to prospect for such opportunities. SMEs will also be concerned by the risks associated with such 
developments, particularly because they do not have the size to acquire and retain a “corporate knowledge” 
of the problems involved and approaches for their solution. These issues can potentially be tackled through 
various dissemination, promotion and marketing activities. Potential common actions include: 

ü Aggregation and publication of information on niche markets world-wide to enhance awareness of 
them and their attractiveness to investors.  

ü Dissemination of case histories of successful deployment of less GHGs emission electricity 
technologies in both Annex I countries and other markets. This is already done to some extent 
through the IEA CADDET -Renewables Implementing Agreement, but there may be scope to target 
the Implementing Agreement on utilities and developers. 

ü Development and dissemination of standard certified methodologies for assessment of less GHGs 
emission resources to assist with project planning and project financing plans. 

• Harnessing Commercial Finance 

Measures for stimulating the market, as described above, can include the provision of finance by 
governments in the form of low-interest loans or investment grants. However, in the long term it is desirable 
to ensure that commercial finance can be harnessed for investment in less GHGs emission energy schemes. 
In order to do this, it is necessary to improve the confidence of investors in new less GHGs emission 
technologies which are not yet established in the market. Measures to achieve this include the assurance of 
technical performance, and development of standard, certified techniques for assessing resources and for 
evaluating the robustness of project financing plans (see section on Awareness of Opportunities above). 
Potential measures include: 

ü Development of technical standards. The development of standards is thought to be important in 
order to increase the confidence of investors and developers in less GHGs emission energy 
technologies. There are also other advantages - standards may help to reduce installation and 
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maintenance costs, and achievement economies of scale in production. However, there are also 
potential problems - standards can force smaller companies out of the market and centralize 
production in a few large companies. They can also stifle innovation, and freeze development of 
technologies at the wrong point in time, effectively reducing standards to the lowest common 
denominator. Finally they can remove the flexibility necessary to adapt technologies to local 
conditions. Care is thus necessary in the design of standards. European standards for some 
technologies (solar thermal, photovoltaics, wind and biodiesel) are currently being developed under 
the ALTENER programme, through organisations such as CEN and CENELEC, and this work could 
be extended to other technologies and other countries if appropriate. 

ü Standard certified methodologies for assessing resources, as described in Section Awareness of 
Opportunities, would not only reduce the project planning costs of developers but would also improve 
the confidence of financiers backing a project. 

ü There could be scope for providing a “brokerage service” (which the Solar Century Project is 
attempting to do) which brings the less GHGs emission technologies industry together with the 
financial community to develop suitable finance packages. Such packages could be based on a life-
cycle analysis of the project costs, in order to avoid rejection of cost-effective projects because of 
their high initial investment costs. 

ü An important source of finance in the future could be “green consumerism”, whereby customers 
voluntarily pay extra for their electricity, with the assurance that the money will be spent on 
renewable sources. Trial schemes have been implemented in several developed countries, notably 
the United States and the Netherlands, and utilities in several other countries are showing an 
interest. The advantage from the utilities' point of view is that this is a cheap way of responding to 
governmental and consumer pressure to support less GHGs emission energy. However, it is 
important to design the schemes carefully in order to overcome consumer scepticism, by 
demonstrating a real commitment to less GHGs emission energy by the utility and ensuring a 
transparent and verifiable operation of the scheme. Possible common actions could include 
dissemination of the results from the current pilot schemes, with the eventual aim of replication in 
other countries and by other utilities. Other assistance which could be carried out at the international 
level might include the development of guidelines on marketing and “branding” green power; the 
provision of public education materials to explain the benefits of less GHGs emission energy; 
provision of better information on how to price green electricity (including technology costs), and 
development of a certification scheme to build credibility in the market for green power. 

In the future, it might be possible to implement a more ambitious green electricity scheme in a single 
European market for electricity. This might help to even out supply/demand imbalances and transmission loss 
problems (although the actual electron received by a “green” consumer might not be “green”, appropriate 
transfers of funds are made). It is questionable whether “green consumerism” should be supported as a 
permanent solution, that is, whether “green” consumers should be asked to subsidise others when there are 
common benefits from reduced pollution, etc. However, in the short term, green consumerism could be a 
valuable tool for developing the market for less GHGs emission energy. 
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• Minimize Transaction Costs 

The implementation of less GHGs emission energy schemes often requires a disproportionate effort to 
overcome administrative and institutional impediments, involving high “transaction costs”. Such impediments 
include assessing the less GHGs emission resources (Section Awareness of Opportunities), obtaining 
planning permission, negotiating access to the grid if necessary, and persuading investors to supply financial 
backing. As the greatest opportunities for deployment of less GHGs emission energy often lie in small, 
decentralized applications, the most appropriate developers will usually be SMEs or individuals, who cannot 
afford the high transaction costs involved. Any measure which can reduce these costs will therefore have a 
great effect on the market penetration of less GHGs emission technologies. Possible measures which could 
be undertaken as common action include: 

ü Encouraging the establishment of regional energy centers which can provide assistance for 
developers. This was carried out to great effect in Denmark. Energy centers have already been 
established by the EC in various European countries, but there may be scope to extend their 
geographic coverage or strengthen their use to promote less GHGs emission energy deployment. 
This is in line with an EU proposal in the Declaration of Madrid 14 to establish European Renewable 
Energy Sources Information Centers.  

ü International consensus on the desirability of removing impediments to new entrants to the energy 
market could lead to acceleration in the implementation of regulations or voluntary agreements, for 
example to simplify the procedures and reduce the costs of connection to grids for new small 
producers. This could lead to the development of guidelines for utilities and regulators, concerning 
issues such as suitable charging structures for new grid connections. However, such guidelines 
should take account of the significant differences in modes of grid operation between countries. 

• Ensure Availability of Skilled Personnel 

Most of the measures described above require the availability of personnel with the appropriate skills and 
qualifications for design, installation and maintenance of technologies, and development and assessment of 
less GHGs emission energy schemes. Some experienced personnel are produced through involvement in 
research, development and demonstration projects. However, there are currently few educational or 
vocational courses specifically targeted at less GHGs emission technologies and developments, and those 
which do exist tend to be heavily oversubscribed. Also, there is generally low coverage of less GHGs 
emission technologies in more broadly based courses on engineering, architecture, geography or planning. 
As a result, not only are suitably qualified personnel for implementing new schemes lacking in many countries 
(particularly EITs and developing countries), but awareness of the potential for less GHGs emission 
technologies is low amongst the engineering and planning community at large. Such problems could be 
addressed by the following measures: 

ü creation of internationally recognized academic and vocational qualifications in less GHG emission 
energy technology design, installation and maintenance; 

ü provision of specialized courses on less GHGs emission energy technologies design, installation, 
planning, maintenance at international centers; 
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ü consensus with academic organizations to include a stronger coverage of less GHGs emission 
energy technologies in traditional academic courses such as architecture, civil engineering, 
mechanical engineering, electrical engineering, agriculture, geography, land-use and planning. 

2.4.4  Actions Directed at Social and Environmental Impediments 

Less GHGs emission electricity technologies often face problems with social and environmental acceptability. 
These problems arise from factors such as their low energy density which often entails use of large areas of 
land; location of the best renewable resources in areas of scenic beauty; and lack of awareness of the 
benefits of renewable energy by planners and the public. These impediments could be tackled by the 
following possible common actions: 

• Minimize Environmental Impacts 

There could be value in carrying out co-ordinate research and development on methods of minimizing the 
environmental impact and increasing the social acceptability of less GHGs emission energy schemes, e.g. 
methods to reduce noise and visual impact of windfarms; technologies to reduce emissions from waste-to-
energy plants; research on the environmental impacts of energy crop cultivation; socio-economic impacts of 
co-operative ownership of less GHGs emission energy schemes. The results of this research and 
development should be disseminated widely to manufacturers and developers so that they can improve the 
design of their schemes and technologies. 

• Improve Awareness of Planners and End-use Consumers 

There is a need to improve the awareness by planners of the benefits which less GHGs emission 
technologies offer, in order to reduce problems associated with obtaining planning permission. For example, 
global environmental benefits might not be taken into account if planners concentrate only on local impacts. 
Improved awareness might be achieved in several ways: 

ü development and publication of planning guidelines which outline a framework for taking into account 
the benefits as well as the possible adverse impacts of less GHGs emission energy schemes. This 
should be widely disseminated to planning authorities. This would allow developers, manufacturers 
and planners to minimize the environmental impacts of less GHGs emission energy developments, 
and could reassure the public that the development could conform to internationally recognized 
planning standards.  

ü wide dissemination of profiles of successful less GHGs emission energy developments and their 
benefits, particularly where novel solutions to minimizing environmental impact have been employed.  

ü A solution proposed by the EC is to organize training courses for representatives from local 
authorities which would enable them to identify opportunities for less GHGs emission energy.  

ü Awareness could be raised via the establishment of advisory centers, perhaps building on the 
concept similar to the UK's Energy Design Advisory Service (EDAS) which aims to maximize the 
potential for passive solar and energy efficient building design in the United Kingdom by offering a 
technical advisory service to architects, planners and developers.  
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ü Public relation campaigns could raise the awareness of the end-use consumers. 

• Maximize Planning Opportunities 

Opportunities for less GHGs emission technologies could be enhanced by consideration of the potential for 
utilizing less GHGs emission energy technologies at an earlier stage in the planning process. Such 
technologies are often more cost-effective when incorporated into the original design of a development, such 
as in the use of photovoltaic panels to replace conventional building cladding materials. It would therefore be 
very useful to implement measures which encourage automatic consideration of the possibilities for deploying 
less GHGs emission energy schemes when new developments are planned. For example, there could be a 
common voluntary adoption of planning guidelines which recommend including an assessment of the 
potential for utilization of less GHGs emission energy technologies for every new development. This could 
ensure that cost-effective and appropriate opportunities for deployment are not missed through lack of 
awareness. 

Enhanced opportunities for less GHGs emission electricity generation could also arise through greater use of 
Strategic Environmental Assessment (SEA) by governments, funding agencies and planners. SEA is an 
extension of project-level environmental impact assessment which is being promoted by the European 
Commission and by organizations such as the World Bank. It encourages consideration of all the alternative 
strategies for meeting an objective (say, the provision of increased electric power to a community), and 
comparison of their environmental impacts. It could thus be a valuable tool both for highlighting the 
environmental benefits of less GHGs emission technologies compared to conventional power options, and for 
minimizing the local environmental impacts of new less GHGs emission schemes. A common agreement 
amongst countries to disseminate the methodology and the benefits of SEA and promote its use in the power 
sector could be very beneficial. 

2.4.5  Single Market for Electricity - the EU Experience 

Some potential common actions do not fit into the simplified “support chain” discussed above. These are the 
more complex measures arising from the potential for increased trade between countries. Different electricity 
markets and market conditions exist in different countries or regions. There are ongoing efforts to develop a 
single market across the different economies in Europe. 

It is difficult to predict the impact of the developing international markets for electricity on the market status of 
less GHGs emission energy. On the one hand, trading of electricity across borders will increase the size of 
the market for less GHGs emission energy and thus lower the resource-cost curve by ensuring that more of 
the cheapest, most efficient options are taken up. (It might also help to even out problems associated with 
over- dependence on intermittent sources, although transmission losses would negate this effect for trade 
over long distances). This could help to stimulate the industry. On the other hand, if there is completely free 
trade in electricity, then less GHGs emission electricity which is currently supported in protected markets by 
national governments could be squeezed out of the market by cheaper conventional technologies such as 
combined cycle gas turbine, unless there are accompanying safeguards for less GHGs emission 
technologies. 

Various methods of attempting to ensure that less GHGs emission energy continues to play a part in 
liberalised international electricity markets have been proposed: 
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• Placing an environmental responsibility on regulators   

Recent proposals in Germany have attempted to incorporate environmental considerations into their plans for 
market liberalization by placing a responsibility on regulators to maintain an environmentally sustainable 
energy supply, and relaxing the licensing procedures for less GHGs emission technologies and combined 
heat and power (CHP). Similar provisions are included in the forthcoming EC directive on the internal 
electricity market. 

• Integrated Resource Planning  

The proposed EC directive on integrated resource planning (IRP) could also play a crucial role in 
safeguarding less GHGs emission technologies in a single electricity market, and also in ensuring the active 
involvement of electricity utilities, which have a vital role to play in promoting the uptake of less GHGs 
emission technologies. 

• Less GHGs emission energy credits  

The EC has suggested consideration of a system comprising an obligation on member states to meet a 
certain percentage of electricity supply from renewable sources (which could be considered as common 
objectives, see section on Market stimulation (c)), enforced on each retail electricity supplier, coupled with 
issue of tradable less GHGs emission energy credits to allow trading of these obligations between suppliers. 
If appropriate, such a system could be coupled with a surcharge mechanism. The advantages of such a 
scheme would include its equal impact on all utilities, and the motivation for utilities to work on reducing the 
costs of the less GHGs emission technologies which they adopt. A major issue to be addressed would be the 
method of enforcing compliance with such a scheme. 

The development of a single market might also have implications for the application of carbon or energy 
taxes to internalize external costs. On the one hand, a single market may encourage the harmonization of 
taxes, which could represent an opportunity to implement a carbon tax. On the other hand, there are 
indications that the opening Nordic electricity market may result in a shift of taxes from production to 
consumption of final energy, because it is argued that the different production mixes coupled with different 
taxation rates would impede competition. In effect, this would entail the replacement of existing carbon taxes 
with a flat-rate electricity tax which would not favor less GHGs emission energy. 

2.4.6  Benefits of the Penetration of Less GHGs Emission Technologies 

Sections 3 and 4 examined the impediments to the commercial penetration of less GHGs emission 
technologies and the actions currently being undertaken to tackle these impediments. This has indicated that 
the main short-to medium-term (i.e. to year 2010) drivers for these technologies are the market stimulation 
measures being implemented by several OECD Member countries combined with niche market opportunities. 
With regard to the latter, development banks such as the World Bank, EBRD, etc, have a key role in 
supporting the exploitation of these opportunities. The potential common actions may be roughly divided into 
two groups: 
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ü additional or alternative measures to stimulate the market for less GHGs emission technologies (i.e. 
removal of subsidies to other generation sources, incorporation of external costs, full value pricing, 
less GHGs emission technologies investment fund, agreed deployment targets); 

ü measures to capture the full benefit of existing market stimulation activities (e.g. awareness of 
opportunities, overcoming planning impediments, research, development and demonstration 
collaboration, availability of personnel, etc.). 

The first group of possible common actions is probably the most difficult to implement because it requires 
high level political decision-making. However, in qualitative terms, these actions do offer the benefit of 
extending market stimulation to a broader range of countries, and therefore increasing the potential for 
increased deployment of less GHGs emission electricity generation in the short- to medium-term.  

The second group of possible common actions is more concerned with deriving maximum benefit from the 
existing market opportunities. These may require a lower level of decision-making, and therefore may be 
more easily implemented. In qualitative terms, the benefits will be threefold. First, the actions could assist 
less GHGs emission technologies to exploit their near-term market opportunities to the maximum. Second, by 
facilitating the development of both the manufacturing and utilization industries, establishment of a pool of 
skilled personnel, developing technology and assessment standards and establishing a planning culture an 
overall infrastructure could be established, which will be in a stronger position to pursue longer term 
commercialization opportunities. Finally, the accelerated market penetration of less GHGs emission 
technologies could lead to further cost reductions and performance improvements by a “learning by doing” 
process. There is great scope for further cost reductions for less GHGs emission technologies. For example, 
photovoltaic systems have decreased in cost by 40 per cent over the last decade, and are predicted to 
decrease by another 40-50 per cent over the next decade. Rationales for possible policies and measures for 
common action include: 

ü sharing the costs and benefits, and hence the risks, of various programs; 

ü allowing cross-fertilization of ideas and approaches to occur among countries, improving the chances 
of finding successful and cost-effective solutions; 

ü enlarging the potential market for new less GHGs emission energy technologies, allowing economies 
of scale to be achieved more easily; and 

ü giving clearer market signals to manufacturers and suppliers operating in an international market; 
and 

ü enabling countries to implement measures that could not be implemented on an individual basis. 

Overall, the potential common actions could have the effect of facilitating enhanced deployment of electricity 
generating less GHGs emission technologies in both the short to medium term (to year 2010) and the longer 
term (2010- 2030). There are economic, social and environmental benefits to be derived from this: 

ü contribute to diverse, secure and sustainable energy supplies; 
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ü reduce emissions of CO2 and hence reduce economic, social and environmental impacts of climate 
change; 

ü reduce other local and regional environmental impacts, (e.g. SO2 emissions) yielding social and 
economic benefits; 

ü generate increased employment in manufacturing, installation and maintenance, particularly in rural 
areas, and stimulate the growth of SMEs; 

ü enhance social and economic cohesion particularly for isolated rural communities through the 
provision of improved energy services, and by maximizing use of indigenous resources in countries 
which are dependent on imported fuel; and 

ü increase international co-operation and understanding (more favorable terms of trade, opening up of 
export markets for equipment suppliers and investors). 

So far this discussion has concentrated on a qualitative assessment of the potential common actions in terms 
of their contribution to the market penetration of less GHGs emission technologies, and the associated social, 
economic and environmental benefits. In this case, the key question should be “how much more less GHGs 
emission technologies will be deployed and over what time frame if the possible common actions are 
implemented?” A quantitative answer to this question is beyond the scope of this study, and indeed may not 
be amenable to analysis, since it involves assumptions on the scope of implementation and effectiveness of 
the possible common actions, as well other factors affecting the electricity market (e.g. fossil fuel prices, 
demand growth). 

A crude scooping can be made based on internationally acknowledged scenarios for energy supply and 
demand. The approach used is to compare the “Current Policies” and “Ecologically Driven” scenarios of the 
World Energy Council (WEC), in order to obtain a very rough estimate of the extra deployment of less GHGs 
emission technologies which could be obtained through additional support measures. The “Current Policies” 
scenario assumes the continuation of current trends, which depend in some part on existing market support 
measures, leading to a modest growth in less GHGs emission technologies. The “Ecologically Driven” 
scenario assumes a shift towards accelerated development of renewable energy resources propelled by 
government support, as part of a global ecological initiative which includes energy efficiency measures, and 
thus leads to an overall reduction in energy use, compared to the Current Policies scenario. This scenario is 
intended to represent the upper limit achievable for renewable energy, and requires a sustained international 
effort. Thus, it would be compatible with a full implementation of the entire range of possible common actions 
described previously, including those which are acknowledged to be difficult to implement, such as reaching 
an international consensus on adoption of carbon taxes, and common agreement to increase funding for less 
GHGs emission energy research and development. 

2.5 CONCLUSIONS 

The review of obstacles to the wider deployment of less GHGs energy technologies and the review of the 
scope of existing measures in a number of countries has led to the identification of a list of possible policies 
and measures for common action. By supporting renewable energy technologies at all stages of their 
progression into the marketplace, these actions are capable of reducing the costs of such technologies and 
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enhancing their deployment. This will in turn stimulate further cost and performance improvements. The 
increased deployment of renewable could lead to significant environmental, social and economic benefits, 
including significant reduction of CO 2 emission. 

The aim of the study described in this Chapter has been to identify as many options as possible for further 
consideration. Many of the options identified require further work to assess their viability and draw up more 
detailed designs. It is recommended that all measures merit further consideration at this stage. However, it 
may be prudent to focus first on the low to medium sensitivity measures which offer the opportunity for earlier 
progress. Thus, it is worth noting that, in theory, the most effective and efficient way of stimulating the uptake 
of renewable electricity technologies would be to achieve consensus on the full removal of subsidies and 
complete internalization of external costs for non-renewable energy technologies. However, in practice, 
experience has shown that this is unlikely to be feasible in the short term. Furthermore, because of the 
uncertainty of the effect of restructuring on the increased penetration of renewable energy technologies, the 
most feasible common actions to consider in the short term are those measures to capture the full benefit of 
existing market stimulation activities, such as awareness of opportunities, overcoming planning impediments, 
research, development and demonstration collaboration, and training of skilled personnel. Specific initiatives 
are addressed below. 

As discussed previously, the most effective possible common actions identified here would also be the most 
difficult to implement in political terms: common agreement to act on internalization of external costs; and 
common agreement to provide extra funding for renewable energy research and development, and 
investment support. Although it is recommended that further opportunities to pursue these measures are 
taken wherever possible, the discussion below focuses on the low to medium-sensitivity options, which could 
be achieved within a shorter time scale. 

Many of the possible common actions can be grouped into specific initiatives which involve particular groups 
of participants and similar types of measure (e.g. dissemination, discussions, study groups etc). These 
initiatives sometimes span more than one of the five groups of possible common actions discussed in 
previous Section. They are listed below: 

• Dissemination of Experience with Measures to Promote Renewable Energy 

Several of the possible common actions identified include the wider dissemination of experience gained with 
the deployment of various measures. There is an opportunity to integrate these actions into a unified 
dissemination initiative, perhaps using the vehicle of the Climate Technology Initiative. The topics for 
dissemination would include: 

ü Experience with removal of subsidies, including the effects on trade, and methods of minimizing 
social and economic hardship; 

ü Experience with incorporation of external costs via carbon and energy taxes, including the possibility 
of the “double dividend” effect of revenue-neutral taxes, and the effect of such taxes in a single 
electricity market (experience from the Nordic countries);  

ü Experience with market support and stimulation measures, such as guaranteed pricing schemes and 
government procurement programs, investment subsidies, and green pricing initiatives. Should 



L e s s  G H G s  E m i s s i o n  T e c h n o l o g i e s  

4 - 40 

include the advantages and disadvantages of different types of support measure (e.g. competitive vs. 
non-competitive tendering for guaranteed purchase schemes), and optimum design of such schemes 
(e.g. development of guidelines on pricing and marketing green power);  

ü Experience with measures to increase the involvement of energy utilities, for example: IRP, 
regulation, pollution permits, renewable energy credits, voluntary agreements, and measures to 
improve the access of independent renewable energy generators to the grid;  

ü Experience with the use of Strategic Environmental Assessment (SEA) in planning for power sector 
needs by national governments, funding agencies and utilities. 

The dissemination initiative could be structured around a series of workshops, with associated high-quality 
publications targeted at policy makers. The aim would be to share the experiences of different countries, in 
order to encourage replication of successful measures and promote “best practice” in design and application 
of each of the measures listed above. It would be important to ensure a good attendance of national policy-
makers at the workshops. 

• Coordinated Research on Integration of Renewable Electricity into energy Systems 

Much of the international research on renewable has focused on technical aspects of development. As 
technologies begin to move towards the marketplace and encounter non-technical impediments, there is 
scope to extend this research to cover other aspects of the integration of renewable energy into national 
energy systems. This could be done via an IEA Implementing Agreement. The subjects for research could 
include: 

ü Valuation of renewable electricity, to include development of methods of assessing the market 
benefits arising from modularity, flexibility, and embedded generation, social benefits such as 
increased employment and energy independence in remote rural areas, and environmental benefits; 
22 

ü Reduction of environmental impacts - methods of reducing impacts through, for example, careful 
siting of wind turbines. 

The results of such research should be disseminated widely to the renewable energy industry and to utilities 
and developers. 

• Exploration of Possibilities for Financing Assistance for Renewable Energy 

Renewable energy could benefit from the existence of an international fund to provide investment capital. 
This has been recognized by the World Bank, which set up the Solar Initiative in 1994, with the aim of 
increasing financing for renewable energy projects, gearing support towards the special requirements of 
renewable energy investments (small project size, capital-intensive investment profile, etc.) and raising 
awareness of opportunities within the Bank and within developing countries. The number of renewable 
energy projects supported by the Solar Initiative had risen to around ten per year by 1996. A scoping study 
performed by the IEA could establish whether there is scope for similar schemes focused on Annex I 
countries, perhaps utilizing the existing support mechanisms of the EBRD. This initiative could be extended to 
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a general “brokerage” service to put renewable energy companies in touch with financiers who have 
experience of dealing with RE investments. 

• Study of niche Markets World-wide 

Awareness of opportunities for investment in renewable energy could be enhanced by a study to assess the 
scope for deployment of renewable energy technologies in niche markets world-wide. Such a study could be 
carried out by consultants in collaboration with national energy agencies, renewable energy trade 
associations and business organizations. 

• Dissemination of Case Histories of Successful Renewable Energy Deployment 

Awareness of opportunities for deployment of renewable energy technologies could be enhanced by wider 
dissemination of case histories of successful deployment world-wide. One approach would be to modify and 
extend current mechanisms, such as the IEA's CADDET Renewable Energy Implementing Agreement. In so 
doing, it could be necessary to target some material to planners, by demonstrating the local social and 
environmental benefits of renewable energy developments, and disseminating information on methods of 
reducing the local environmental impacts of renewable energy technologies. 

• Development of Technical Standards and Standard Methodologies for Assessing Renewable Resources 

The confidence of investors could be increased by the development of technical standards for certain 
technologies, although care must be taken to avoid stifling innovation. A contribution to the development of 
technical standards could be made via the existing initiatives being undertaken by CENELEC, the European 
Committee for electro-technical standardization, and in co-operation with renewable energy trade 
associations. 

In addition, the development of standard methodologies for assessing renewable resources could reduce 
transaction costs for renewable energy developers, and increase the confidence of investors. This could be 
initiated via a consultancy study, and the results disseminated to potential developers and investors. 

• Establishment of Regional Renewable Energy Centers 

Several of the potential common actions could be implemented via regional renewable energy centers - either 
by extension of the function of existing centers such as those set up by the European Commission throughout 
Europe (not exclusively for renewable energy), or by initiation of new centres devoted to renewable energy. 
The functions performed by such centers might include: 

ü provision of advice to potential developers, to minimize transaction costs. Such advice could include 
professional technical advice and general advice on relevant legislation and planning procedures;  

ü provision of specialized courses on the design, installation and maintenance of renewable energy 
technologies; and 

ü a center for training courses for representatives from local authorities, to assist them in identifying 
opportunities for renewable energy in their region, and in assessing the benefits and mitigating any 
adverse impacts of such schemes. 
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It is suggested that a scooping study be conducted to assess the need for such services in Annex I countries, 
and the extent to which they are already provided by existing energy centers, in order to ascertain whether 
the establishment of further centers would be useful. 

• Integration of Renewable Energy into Academic Courses 

Possible common action could be to: 

ü establish recognized academic and vocational qualifications for renewable energy technology design, 
installation, operation and maintenance; and 

ü integrate discussion of renewable energy technologies into conventional academic courses in 
engineering, architecture, agriculture etc. 

Both of these actions would require extensive liaison with academic organizations. It is suggested that an IEA 
study group is set up to investigate the potential for such action, and to establish a dialogue with key 
academic organizations. The discussion could begin with the main universities who currently provide 
renewable energy training, and expand through suitable academic fora to include other education 
establishments. 

• Possible Common Action to Raise Awareness of Planners 

There could be a significant benefit from raising the awareness of renewable energy by local planners. 
Suitable actions could include: 

ü Development of planning guidelines for assessment of the benefits of renewable energy technologies 
and mitigation of any adverse local environmental impacts (could be integrated with training courses, 
see G.c above). 

ü Negotiation of a consensus between local planning authorities to incorporate consideration of the 
potential for renewable energy into all new developments, perhaps via the use of Strategic 
Environmental Assessment. 

ü These actions could be implemented via the Local Agenda 21 initiative, by local government 
associations working in partnership with consultancy organizations with experience of assessing 
renewable energy schemes. 

3 REVIEW AND PROSPECTS: PROPOSED FRAMEWORK 

The Asia-Pacific region is both a significant contributor of GHGs and a major potential victim of its 
consequences, namely global warming and climate change. The Asian region accounted for about 5070 
million tonnes of CO2 emission in 1997, which was 22 per cent of the world's total CO2 emission. (IEA, 
1999). As the economies of the countries in this region grow, so will be the emission of GHGs from the 
region. Environmentally sound technologies (ESTs), which include both mitigation and adaptation 
technologies, can enable these countries to achieve sustainable economic growth in a climate-friendly 
manner. 
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There are large differences among the countries in the region in the level of socio-economic development 
achieved and in their experience in successful technology transfer and building indigenous technological 
capacity. This has wide implications for the transfer of ESTs in the context of climate change, as some 
countries will have a stronger path dependency to manage the transfer and diffusion of ESTs than others. 

Since climate change is not a priority for most developing countries, it is important that strategies for 
implementation and diffusion of ESTs are in tandem with their developmental priorities. Another challenge 
faced by most countries is to bring together and involve a diversity of central and state government ministries 
and departments, local administrative set-ups, regional organizations, NGOs (non-governmental 
organizations), and public- and private-sector organizations in each country to a common agenda. 

The environmental concerns of this region are not new and there have been some successful cases of 
transfer of ESTs to this region. Some countries have prioritized their actions in the context of climate change 
to some extent. However, there is a need to develop an integrated program endorsed by the national 
governments and the donor agencies to transfer ESTs and to promote for widespread adoption and diffusion 
of these technologies. 

The main issue related to technology transfer within the context of the UNFCCC (United Nation Framework 
Convention on Climate Change) is to provide a direction to the technological cooperation between the 
developing and the developed countries that will lead to a wider adoption of ESTs by the developing 
countries. In the above context, this paper discusses a participative approach towards the adoption and 
diffusion of ESTs in the countries of this region under the UNFCCC. The outcome of various steps defined in 
the framework is the development of an ITP (Integrated Technology Program) at the national level. The 
approach towards the formulation of an ITP is based on establishing a national dialogue on climate change 
issues, country responses, and technological needs among the major stakeholders like policy-makers, public 
and private enterprises, regional organizations, R&D institutions and NGOs. 

The programs for the implementation of ESTs and information dissemination will necessarily have to be very 
country-specific, and a broad-brush approach can only defeat the very purpose for which such programs 
need to be devised. However, national governments need to play a leading role in institutionalizing the 
climate change debate into the national agenda through necessary changes in the organization structures 
and policy framework. Thus the major steps proposed in the framework as follows: 

ü Identification of country priorities for mitigation and adaptation to target technology transfer and 
know-how to those ESTs that are most appropriate for the developmental objectives; 

ü Detailed study/investigation of the present technological status and needs of the identified priority 
sectors, the available technological options and various barriers to the adoption and diffusion of 
ESTs; 

ü Assessment of different technological options to filter out a few technologies from the list of possible 
options; and 

ü Formulation of an ITP for adoption and diffusion of ESTs incorporating technology sources and 
enabling policies to promote the same. 
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The first three steps can be referred to as ‘scooping activities’ towards the development of an ITP. Since the 
role of the private sector in the transfer of ESTs is likely to increase in the future, it is important for each 
country to ensure participation of this sector and of other national stakeholders in the entire planning process. 
Countries can consult international experts (from the UN bodies, World Bank, etc.) in the ‘scooping activities’. 
The steps involved in development of the proposed framework are shown in Figure 4.7. As shown in the 
figure, the first three steps relate to ‘scooping activities’ leading to the formulation of an "Integrated 
Technology Program (ITP)". 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7.  Various stages in the development of the framework (TERI, 2000) 

In order to maintain a focus on the issue of climate change at the national level, it is proposed that the 
governments create a ‘climate change unit’ or any other equivalent body under the concerned Ministry (e.g. 
Ministry of Environment/Energy) (Figure 4.8 ). It is this Unit that will coordinate all the activities leading to the 
formulation of an ITP. This Unit, along with the help of a steering committee (formed by drawing experts from 
different sectors), will identify the critical issues for discussion in a roundtable (Figure 4.8 ). For a meaningful 
discussion, the members of the steering committee must have the necessary background information about 
the present situation with regard to the GHGs emission, development agenda of the government and the 
international issues/agreements on climate change. Several tools can be used for acquiring the background 
information. For example, national databases of GHGs emission will be useful for this purpose. Wherever 
there is limited information on present status regarding GHGs emission, a fresh assessment of the prevailing 

Identification of country
priorities

Identification of present
technological status and

technology needs in prioritized
sectors

Assessment of various
technological options,

identification of market potential
and various barriers

Development of an integrated
technology program (ITP) for

adoption and diffusion ofESTs

Assessment of the
effectiveness programs and

feed back

Scoping for Integrated
Technology Program
(ITP)



  E n e r g y  M o d a l i t i e s  

  4 - 45 

situation with regard to mitigation and adaptation issues might be carried out (with or without the support from 
the multilateral agencies). 

To ensure that the country priorities are in line with the overall national policies for development, some sort of 
projections or scenarios must be made about the future economic growth. A thorough review of the available 
plans and strategies should be done to focus on the implications of the projected trends and desired 
developments for the level of emissions of greenhouse gases by sources and the level of containment of 
greenhouse gases by sinks. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8.  Participatory approach to identifying country priorities (TERI, 2000) 

The discussion in the roundtable should have representation from various national stakeholders (Figure 4.8). 
To ensure that there is adequate representation from the business sector and the industry, various 
industry/business associations or any other equivalent national body representing the businesses must be 
involved in the prioritization process. The countries can involve international experts in the discussion that 
have previous experience of working in this area (e.g. experts from World Bank, UNEP, or existing TCAPP 
program of the U.S.). 

The final outcome should be a well-informed and well-represented list of country priorities in different sectors 
for further action. The prioritization exercise must distinctly highlight the important issues in different sectors 
of the economy. 

There would be a number of ESTs available within each of the available priority areas. In order to establish 
the present technological status in the country vis-a-vis the technology needs, various sectoral committees 
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might be established under the Climate Change Unit to promote an intra-sectoral dialogue (Figure 4.9 ). The 
sectoral committees will include representatives from government and various stakeholder groups like 
relevant institutions, NGOs, business organizations and other representatives from the sector (Figure 4.10 ). 
In this discussion the representation from the foreign technology suppliers or international experts and donor 
agencies will be useful in identification of the possible technology options. A UN body (like the UNFCCC) 
should play the role of the mediator to bring together the donor agencies and international technical experts 
(a consortium) for this discussion. Wherever there is limited in-country capacity to identify the technology 
needs, a world nodal body (under the charter of the UN) might render the required help to do so and for 
further assessment of the technological options (next step). 

 

 

 

 

 

 

 

 

 

Figure 4.9.  Creating sectoral committees for promoting intra-sectoral dialogue (TERI, 2000) 

Adequate representation for the business/industrial sectors is important to take into account their specific 
needs. Since the private sector participation is expected to be important in the transfer of ESTs, their active 
participation in the whole process (leading to the development of Integrated Technology Program) is very 
crucial for achieving success in the adoption and diffusion of ESTs.  

The objective is to identify the present technological status in different prioritized sectors and determine all 
technically feasible options for mitigation and adaptation. For example, for the energy sector in China and 
India, where coal is the dominant source of energy, the broad technological options can be using new and 
efficient technology for power generation (CFBCs, CCGTs, coal gasification, etc.), advanced technology for 
power transmission (HVDC, EHV) etc. For countries in the Pacific Island region, several coastal adaptation 
technologies like creation of embankments, mangrove plantations, relocation, etc. might be useful. The 
technologies identified at this stage in a particular prioritized sector can be very diverse and in many cases a 
mix of the various technologies/measures that are available would get shortlist. It can be said that the output 
of the discussion at this stage should be in the form of a 'Technology Report' for identified priority areas. 
These reports will give the required background information for further assessment at the next stage. 
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Figure 4.10. Consultative process for identifying present technological status and technology needs 
(TERI, 2000) 

After the initial identification of technological needs in different priority areas, an assessment of all the 
technological options for their technical and market feasibility must be carried out. The objective is to filter out 
a few technologies from a long list of technological options identified in the previous step. Again the sectoral 
committees under the Climate Change Unit with additional representation from various financial institutions 
should be at the helm of the affairs. Special country missions can be created under the Secretariat to help in 
assessment of various technological options identified in the ‘Technology Reports’ made by different 
countries. The international representation (a consortium of technical experts) will help in determining 
whether the technological options are feasible for the host country environments and can also provide a 
preliminary assessment of barriers from the ‘supply side’ in the transfer of ESTs. The technology assessment 
should be carried out taking into consideration various factors like present level of technological capacity in 
the country, technology gap, skill requirements for the use/adoption of technology, initial cost of the 
technology, etc. The inputs from the 'Technology Reports', in the form of present technological status in the 
country with respect to the ESTs, will be useful in performing a technological assessment of the identified 
technology needs. Since development of technological capacity is a slow and gradual process, the 
technologies identified for adoption and diffusion should build upon the present level of technological 
activities in the countries. This does not mean that the countries cannot aim for adoption and diffusion of 
technologically advanced ESTs.  

The existence of strong institutional capacities (technical, human, financial etc.) in a country might enable it to 
undertake technological leap frogging for the adoption and diffusion of ESTs (as already demonstrated by 
some countries in the East Asia for industrial technologies). This however must be supported by strong policy 
initiatives from the government creating an enabling environment. For countries that have underdeveloped 
technological capacity and limited human and institutional resources, it will be inappropriate to transfer a 
complex technology for mitigation of GHGs and adaptation. 
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A socio-economic analysis will help in identifying the potential benefits of the technology to the society and 
the economy (Figure 4.11 ). For example, the social benefits of a solar photovoltaic project (through 
improving the quality of life in the rural population) may overshadow the economic benefits from any similar 
competing project(s) in the sector. It is possible that some of the projects might be economically unattractive 
but might have attractive social benefits. In such cases a careful examination must be carried out to 
determine the economic sustainability of the program in the longer term. For example, the adoption of solar 
photovoltaics might be uneconomical in the short-term but it might be economically viable in the long run 
when the volumes increase and the markets evolve. The technologies identified for their socio-economic 
relevance must be tested for their market potential to determine their sustainability over a period of time. 

The technologies must be segregated as per their anticipated market potential into the categories of high 
market potential, moderate market potential, and low market potential. In order to enable decision making at 
this stage, it might be required to carry out preliminary market survey or sector studies for the shortlist 
technology options. Technological options having high market potential are most promising for adoption and 
diffusion. Such options are economically viable as it is and can be adopted in different prioritized sectors for 
wide spread adoption. The ESTs having moderate market potential are those needing some external 
reinforcement (may be financial or institutional support) for enabling adoption and diffusion. With respect to 
the ESTs having high and moderate market potential it is important to identify the barriers to technology 
transfer and adoption.  The above market surveys and sector studies can be used to identify and collect 
information about the barriers (financial, training, information, lack of skills, etc.) and views of the user groups. 
For example, the main barriers for the adoption of the Coal Gasification Technology can be the unavailability 
of technology from local sources and lack of required skills for the operation and maintenance. The improved 
efficiency of the new technology may make it a financially viable project but still it cannot be adopted in the 
sector(s) due to the above barriers. At this stage the countries should give adequate focus on the options with 
high and moderate market potential. 

 

 

 

 

 

 

 

Figure 4.11.  Socio-economic analysis of various technological options (TERI, 2000) 

Technology transfer and its successful adoption and diffusion require careful planning and implementation. 
To enable the speedy implementation of projects and better coordination with various stakeholders, an 
autonomous body (e.g. an Environmentally Sound Technology-Adoption and Diffusion Center: EST -ADC) 
under the concerned Ministry could be set-up at the country level. The proposed body should draw some 
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members from the previous committees and the Climate Change Unit to maintain continuity and to ensure 
that the learning acquired in the process is not lost. The members in this autonomous body must consist of 
experts drawn from various prioritized sectors, policy makers, representatives from academia and various 
institutions. The main objectives of the EST -ADCs can be: 

ü identifying various sources of ESTs; 

ü recommending policy framework to the government to create an enabling environment for adoption 
and diffusion of the ESTs; 

ü formulating a blueprint for capacity building in different sectors; 

ü creating an information dissemination framework; 

ü develop projects for funding and coordinate with the FCCC Secretariat (project specific and 
crosscutting for all the objectives of the EST -ADCs); and 

ü assessment of various programs/ projects and financial mechanisms. 

One of the main outcomes of the ITP, besides facilitating technology transfer would be long-term market 
development for the ESTs. For the Pacific Island states it might be appropriate to join hands to form a 
collective forum for development of an integrated technology program. This is mainly because each individual 
island state might not have the required resources, expertise and capacity to formulate and undertake such 
programs individually. Various countries should be able to draw upon the expertise available from the world 
nodal bodies (UNEP, UNFCCC, etc.) for the creation and working of the proposed EST -ADCs. As a precursor 
to this, the states may need several rounds of negotiating meetings in which the consensus can be reached 
about the common issues and a uniform plan of action. Close coordination with the FCCC Secretariat in the 
development of ITPs is important to ensure coordination of efforts in the regional and international context. 
The coordination required with the Secretariat in carrying out different objectives of the EST -ADCs is 
discussed below where different functions are described in detail. 

Under the national ITP specific projects should be created (regarding technology transfer, information 
dissemination, building institutional capacity etc.) to meet the various objectives outlined above. The EST -
ADCs should propose the projects to the UNFCCC for support (financial, mediation, advisory etc.), report the 
activities and various barriers and provide feedback on the technology transfer projects (Thus in a sense the 
UNFCCC should adopt the national ITPs). The UNFCCC should provide financial support for the functioning 
of EST -ADCs and the projects proposed under the ITP, provide expert advice to the EST -ADCs, help in 
technology transfer negotiations, provide information about technology sources and technology transfer 
programs in other countries in this region. EST -ADC shall be responsible for implementing various projects 
(through sectoral agencies) under the ITP and recommending policy measures to the government to facilitate 
adoption and diffusion of ESTs. 

The multilateral/bilateral support under the charter of the UNFCCC should take into account the identified 
country priorities and the national ITP. On the part of the developed country governments, it is essential that 
the public and private sector participation is encouraged by providing tax incentives, promoting special 
technology missions, export promotions, etc. 
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It is proposed that financial support for the scooping activities should come from multilateral funds (e.g. the 
GEF), whereas the operation of EST -ADCs be funded jointly by the multilateral fund and the respective host 
country government. Commercial funding, AIJ, CDM, bilateral grants, multilateral grants, equity and UNEP-
SPVs (special purpose vehicles) can finance the projects developed under the ITP. UNEP-SPV is an 
innovative financing mechanism proposed in the framework in which a semi-commercial fund is created 
under the United Nations Environment Program to buy sector-specific technologies (having a high adoption 
potential in the developing countries) from the developed countries and making them available to enterprises 
in the developing countries. The semi-commercial fund should be formed with contributions from several 
multilateral and bilateral donor agencies. 

Under the ITP, the EST -ADCs will also assess the success or failure of various projects/initiatives and will 
report the same to the FCCC Secretariat. This will enable the countries to modify their programs/projects 
incrementally and will allow the UNFCCC to assess and suggest modification to various international 
initiatives. 

The institutional capacity building issues are varied for different countries and there can be no generic 
structure for an institutional set-up. Since the institutions evolve over a period time and are embedded in the 
social and economic set-up of a country, thus a synergy between the social and economic issues and the 
objectives of these institutions is very important to enable an equitable and sustainable economic growth.  
The operation of these institutions must be coherent with the charter of the priorities and the objectives 
defined by the government. 

The end users of ESTs technology do not operate in isolation. They operate, in many industries, in a dense 
network of formal and informal relationships with suppliers, customers, competitors, consultants, research 
and educational institutions (Lall, 1996). The efforts to develop technological capability must focus on 
interventions (by regulating these linkages and externalities) that will have cross cutting effect on the adoption 
of these technologies by various users. This will help various actors in the network to deal with each other, to 
gain access to expensive ('lumpy') information and facilities, and to create information, skills and standards 
that all firms need but no individual actor will generate (Lall, 1996). For the expensive and complicated ESTs 
it is important that the network model is adopted for building the capacity in the country. This will avoid any 
duplication of effort on the part of the firms and will allow better diffusion of the ESTs. Since a lot of inputs for 
capacity building must come from the donor countries, the issue of coordinated donor approach is very 
important. The donor countries and bilateral/multilateral agencies must focus on coherent agenda to help 
develop the requisite capacity in the host country for sustainable development.  

The institutional capacity must be developed or adapted to enable the assimilation of technology in the 
country resulting in capacity building. This will ensure that the technology transfer does not become a one-off 
event without having a replication and trickle-down effect on the economy. It is evident from the discussion 
about the barriers in this paper that a proper institutional set-up is lacking in many countries of the Asia and 
the Pacific Islands region. Figure 4.12 shows the kind of institutional set-up required for enabling efficient 
transfer of technology and capacity building. The host country governments must develop the capabilities of 
these institutions simultaneously and promote a mutual interaction between them thereby helping in 
development of efficient national systems of innovation in the country. The development of the institutional 
capacity must thrive to maintain a link with the technology suppliers, possible user groups and the donor 
agencies.  
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The amount of effort and investment that is required for developing requisite institutional capacity might vary 
for different countries in this region. The institutional set-up in some of the East Asian country is well 
developed and efficient. Many of these countries have efficiently used a proper institutional set-up to herald a 
path of high economic growth in the past few decades (FCCC, 1998a; Lall, 1996). Thus for these countries 
the main issue is to add a few more institutions/regulatory bodies and to adapt the existing institutions to 
meet the required ends. These countries can draw upon their previous experience of regulating the 
technology transfer and successful assimilation of the transferred technology (as in the case of Korea, 
Taiwan and Singapore). For example, in the future the Korean Government has plans to set up a technology 
promotion fund to help develop some core technologies as well as to expand the Korea Technology Financial 
Corporation (FCCC, 1998a; Lee and Kim, 1994).  The capabilities of the financial institutions (belonging to 
the public or private sector) must be developed to devise innovative financing mechanisms for funding the 
ESTs projects. Several financial instruments such as revolving funds, green funds relocation incentives and 
subsidized interest or soft loans might be used by the local financial institutions to fund various EST projects. 
There is a need to develop the capacity of the financial institutions to appraise projects not only from the point 
of view of financial returns, but also in terms of the environmental and social benefits.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.12  Network model for developing institutional capacity (TERI, 2000) 

Building local human capacity is essential to developing successful technological capacity in the country and 
is essential at every stage of the technology transfer process. It is only through investment in the human 
capacity can the tacit knowledge associated with the technologies and innovations can be transferred to the 
host firms/institutions in these countries. National universities, technical institutes, industrial training institutes, 
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etc. can play a vital role in training the workforce for new ESTs in different sectors. The capabilities of these 
institutions must be upgraded.  

The universities can introduce new curriculum to address the issues for the transfer ESTs and impart the 
required skills to the students and researchers. Similarly, upgrading training institutes will help in providing 
trained and skilled manpower for the implementation and operation and maintenance of the ESTs both in the 
formal and informal sectors. An example of inadequate development of the capacity of the universities and 
technical institutes can be given in India's ozone-friendly technology transfer program. The knowledge about 
the harmful effects of CFCs on stratospheric ozone layers became evident in 1980s. However the syllabus for 
the industrial training institutes in India on refrigeration and air-conditioning that was updated as recently as 
1997 did not cover key aspects related to new ecological refrigeration technologies (CIMI, 1998). Donor 
country governments and multilateral and bilateral agencies should ensure that training and capacity building 
programs sponsored by them take into consideration the local needs and conditions of the host countries.  

In order to achieve successful diffusion and implementation of ESTs it is important that a proper institutional 
set-up complements the technology transfer efforts. The EST -ADCs should clearly identify the needs for 
developing the institutional capacity and apprise the UNFCCC about the same. As a lot of inputs for capacity 
building must come from the Annex 1 countries, thus their commitment in this regard (in the form of making 
the finances available, providing expert training and necessary counsultancy) is very important. The 
UNFCCC should ensure that the commitments made by the Annex 1 parties are in line with the perceived 
needs of the developing countries. Such a synergy is important for any meaningful development of 
institutional capacity in the host countries. The financing options of such capacity building initiatives are 
discussed later in this paper. The EST -ADCs should be the main implementing agency for developing the 
institutional capacity while it can draw upon the expert advise made available by the developed countries 
under the Convention. 
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V.  GREENHOUSE GASES MITIGATION TECHNOLOGIES IN FORESTRY: 
STATUS, PROSPECTS AND BARRIERS OF THEIR IMPLEMENTATION IN 

INDONESIA 

Rizaldi Boer, Nur Masripatin, Tania June And Endes N. Dahlan 

1.  INTRODUCTION 

The current level of carbon dioxide in the atmosphere is 30 per cent higher than it was 350 years ago when 
the Industrial Revolution was started. The increase have caused an unprecedented warming trend with the 
current average global surface temperature of 15oC, which is nearly 0.5oC higher than it was 150 years ago.  
It is predicted that the average global temperature will be increasing by another 1oC to 4.5oC by the end of the 
21st century. 

In response to the adverse effect it may cause, the United Nations Framework Convention on Climate Change 
(UNFCCC) was adopted at the United Nations Conference on Environment and Development (UNCED) in Rio 
de Janeiro in 1992, which produced a convention to stabilize atmospheric greenhouse gases concentration at 
a level that would prevent dangerous anthropogenic interference with the climate system.  A subsequent 
action following the convention was the establishment of the Kyoto Protocol. The Protocol proposed that the 
Annex I Countries (developed countries) should reduce their level of emissions by 5.2 per cent from their 1990 
level within the 2008-2012 periods.  For the Non-Annex I Countries (developing countries), such as Indonesia, 
who are exempted from the obligation to reduce their emission levels, the contribution to the convention would 
be to join the Annex I countries in a mechanism called Clean Development Mechanism (CDM).  

During the period of 1980-1989, the global rate of GHGs emission from fossil fuel combustion and cement 
production was 5.5+ 0.5 Gt C yr-1, of which around 71 per cent was contributed by Annex I Countries (Marland 
et al., 1999; BP, 1999). The emission from land-use change (LUC) was around 1.7+ 0.8 Gt C yr-1 (which 
included the net emission from wood harvesting and agricultural soils; Houghton et al., 1999 and Houghton et 
al., 2000). Carbon emission from LUC that occurs in tropical countries is mostly due to deforestation 
(Houghton, 1996). The annual rate of carbon emission through deforestation in the tropics was estimated at 
1.4 to 1.6 Gt C. 

Many studies indicated that the annual rate of deforestation in Indonesia has increased consistently, although 
it varied considerably between studies (Boer et al., 1998).  In the early 1970s, the rate was estimated to be 
around 300,000 ha, and in the early 1980s to be around 600,000 ha (FAO&MOF, 1990). In the early 1990s, 
the rate of deforestation had reached a level of 1 Mha per year. A figure commonly quoted for the rate of 
deforestation in the early 1990s was 1.3 Mha (FAO&MOF, 1990). However, based on the 1997 satellite 
imagery, the Ministry of Forestry and Estate Crops of Indonesia produced maps of the new forest cover for the 
islands of Kalimantan, Sulawesi and Sumatra, which showed a shocking loss of more than 17 Mha of forests 
in 12 years (Walton and Holmes, 2000).  It was estimated that nation-wide the annual deforestation rate could 
be more than 1.5 Mha (equivalent to about 0.15 Gt C yr -1).  It was argued that the high rate of deforestation in 
Indonesia is mainly from illegal logging as indicated by (Boer et al., 1999). They estimated that in 1996 the 
capacity of the logging industry was 53.4 million m3 and the log consumption was 44.57 million m3.  On the 
other hand the official estimate of log supply in that year was only 26 million m3, while the sustainable level of 
log harvest was calculated to be 22 million m3. The discrepancy indicates a significant contribution of illegal 
loggers to wood supply. 



L e s s  G H G s  E m i s s i o n  T e c h n o l o g i e s  

 5 - 2 

In the First National Communication, the 1990’s carbon emission from forestry sector was around 0.14 Gt C 
(by excluding the non-CO2 emission, it was around 70 per cent of the total CO2 emission). By island, it was 
also found that the highest rate of carbon emission from forestry sector occurred in Kalimantan and Sumatra.  
Although forest acts as a “carbon emitter”, it also acts as an important “carbon sink” through its 
photosynthesis process and its ability to store carbon is much longer than the annual crops.  Therefore, 
reducing carbon release while increasing carbon removal is a mitigation option of climate change in forestry 
sector.  This paper reviews greenhouse gas mitigation technologies in forestry sector. It also discusses 
current status, prospects and barriers for their implementation in Indonesia. 

2.  GREENHOUSE GASES MITIGATION TECHNOLOGIES IN FORESTRY SECTOR 

Forestry and land use-based intervention which have the potential to contribute significantly to climate change 
mitigation options can be divided into three major categories (Trexler et al., 2000): 

ü Protecting existing carbon reservoirs from loses through deforestation, forest and land degradation, 
urbanization, and other land management practices; 

ü Enhancing carbon sequestration and expanding carbon stores in forests, other biomass, soils, and wood 
products, for example: through afforestation, reforestation, and forest management efforts; and 

ü Utilizing biomass to substitute for fossil-fuel use, either directly (through production of biomass energy) or 
indirectly (by substituting wood for steel, cement, or other fossil fuel intensive products).  

2.1. Forest Carbon Conservation 

The basic activity in the conservation category is to control the release of carbon stocked in the standing 
forest into the atmosphere.  Thus the activity here would be the combination between improved technologies, 
management and harvesting policies.  The combination of these activities can be accomplished to minimise 
the loss of forest area due to deforestation, maintain or improve tree growth, minimise soil disturbance and 
residual stand damage during timber harvesting and to ensure quick and satisfactory regeneration of new 
forests. The activity also includes adopting socially acceptable programs of forest protection; improving 
management of parks and protected areas; ensuring satisfactory natural regeneration of harvested forests 
and forests damaged by fire; improving forest fire suppression and management capabilities; adopting 
reduced-impact logging practices. 

Activities that fall into the category of improving forest management are improvement of harvesting techniques 
(silvicultures), such as selective cutting, reduced-impact logging, and enhanced natural regeneration 
(analogue forest). (Appanah, 1998) stated that silvicultures could be broadly divided into two systems, i.e. 
selection system (polycyclic) and shelter wood system (monocyclic).  The selection system aims at keeping 
all-aged stands through timber cuttings at shorter intervals.  Many light cuttings are made.  Seedlings will be 
established in small gaps.  Under this system, two or more intensive harvests are possible during one rotation, 
while in the shelter wood system all marketable stems are removed at one cutting. In the selection system, 
selective felling of exploitable trees is done over an area at periodic intervals.   

The shelter wood system is usually introduced when it became necessary to harvest more intensively and 
regeneration is not assured under the selection system. Basically, the shelter wood system attempts to 
produce a uniform crop of trees from young regeneration through both heavy harvesting and broad silviculture 
treatments.  New even-aged trees are established by applying preparatory and establishment cuttings to 
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natural regeneration (i.e. seedlings and saplings) of the desired trees.  At appropriate times the remaining 
over-storeys are removed. 

Reduced-impact logging (RIL) is logging technology that reduces the damage caused by falling trees.  The 
damage is reduced through directional felling and well-planned skid trails.   

Analogue forests attempt to reverse the loss of forest cover by planting trees and lesser plants on deforested 
lands, regenerating the structure and functions of original forests.  This is also commonly called as enhance 
regeneration or enrichment planting. 

2.2. Sink Enhancement  

All activities included in the enhancement category are activities that increase carbon stocks.  This can be 
achieved through increasing forest area and/or biomass and soil carbon density, and through increasing 
storage capacity in durable wood products.  Main activities carried out in most countries to increase carbon 
sink are tree plantation, agro forestry, enrichment (analogue forest) and urban forest. 

Tree plantation is commonly found in Asia, Africa and South America for centuries, to produce goods such as 
coffee, rubber, coconuts and palm oil; as well as teak, eucalyptus and casuarinas in some regions.  In terms 
of sink enhancement, large-scale plantings in degraded land using short-rotation species, intensive 
management and exotic species with potential for rapid growth are needed.  Total area of human induced 
degraded land within the period of 1945-1992 reached 1,745 Mha (Table 5.1).  Efforts to rehabilitate these 
lands are very important to increase CO2 sequestration and hence to combat global warming.  Evans (1992) 
reported that in tropical countries some of this degraded land has been planted with trees, although it is not 
significant as compared to the total area of degraded land.  In 1990, total area of plantation forest in tropical 
countries had reached 42.7 Mha (Table 5.2). 

Table 5.1.  Area of degraded land by continent 

Continent Degraded area (M ha) Degraded area as portion of vegetated land (%) 

Asia  746  20 
Africa  494  22 
South America  244  14 
N. & C. America  158  8 
Oceania  103  13 
Global  1745  16.6 
Source: Evans (1992)  
 
Since a large area of degraded land is still available for reforestation programs, many countries (including the 
US), which produce around a quarter of the world’s CO2 emissions, are relying to a large degree on the 
supposed benefits of tree plantings to meet their Kyoto targets.  Many forestry companies have also planned 
to join the anticipated global market in certified carbon sinks projects.  Typical is a new project, announced by 
the Norwegian forestry authority to plant fast-growing pine and eucalyptus trees on a 150 square kilometres of 
grassy plain in the southwest Tanzania.  It is believed that by the year 2010 the Kilombero Forest will be able 
to store more than a million ton of carbon (Hindu, 2000).  Reforestation in some other countries under FACE 
projects was also expected to absorb about 81 Mt CO2 (Table 5.3).  
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Productivity of plantation forests varies greatly between 1-2 m3 ha-1 yr-1 to 25-30 m3 ha-1 yr-1 (Nambiar et al., 
1998).  Productivity of commercial plantations in the tropics is improving steadily as the results of tree 
improvement research. 

Table 5.2.  Area of plantations including woodlots in the tropics ('000 ha)  

Region in the tropics 1965 1980 1990 Proportion  
to 1990 total (%)  

Africa  13,780  2,724  3, 773  9 
Asia including China  44,221  13,046  29,245  68 
Australia & Pacific  70  269  420  1 
Central America & Caribbean  219  486  786  2 
South America  597  4,448  8,470  20 
Total  68,887  20,793  42,694  100 
Note: Evans applies a definition of "tropics" as between 27oN- 27oS. Source: Evans (1992) 
 
Table 5.3. The capacity of CO2 sequestration from the FACE projects 

Country Area (ha) Start date Sequestration capacity (Mt CO2) 

The Netherlands 5,000 3/92 3 
Czech Rep. (AIJ) 14,000 10/92 10 
Sabah/Malaysia 14,000 7/92 13 
Equador (AIJ) 75,000 6/93 35 
Uganda (AIJ) 27,000 8/94 20 
Total 135,000  81 

Note: The Face projects include different types of partners (timber companies, small farmers, national parks) and ecosystems 
(temperate mountain forests, tropical semi-deciduous forests, tropical mountain forests). Source Verweij & Emmer (1998). 
 
 

Growth rates of more than 30 m3 ha-1 yr-1 are now common for intensive industrial pulp plantations in the 
tropics.  FAO estimates that there is 1.5 to 2.0 Mha of tree plantations established every year.  These 
expanding plantations are needed to meet the industrial round wood demands and also at the same time can 
be used for carbon sequestration objectives.  The Canadian International Development Agency (CIDA) 
estimated that the area available for planting varies from 300 to 400 Mha in developing countries.  Much of 
these areas are abandoned farming and grazing lands subject to investment and socio-cultural constraints. 

Agro forestry system held considerable potential for improving carbon sequestration and storage in both soil 
and biomass.  The most commonly forms of agro forestry practised are (Sathaye and Meyers, 1995): 

ü Intercropping for the purpose of producing both agriculture and forest products; and 

ü Boundary and contour planting for wind and soil protection, as well as for providing agriculture and wood 
products.  Long rotation system that uses trees for windbreaks, border planting and over-storey shade 
can sequester carbon for many decades. 

Urban tree planting offers advantages of reducing greenhouse gases by sequestering carbon, and reducing 
energy consumption for air conditioning.  At high latitude countries, urban tree planting provides shelter that 
reduces heating system emissions in winter.  Based on the study done by USDA Forest Service and Houston 
Green, the use of tree cover could reduce the use of energy by 16 per cent or elude the loss of US$ 55 
million. Tree planting activities include parks and gardens, green belts, residential shade trees, and roadside 
and demarcation trees in the rural areas. 
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2.3. Biomass for Fossil Fuel Substitution  

Use of biomass fuels (wood fuels) as substitutes for fossil fuels is the third important role that forest can play.  
According to CIDA (1995), global biomass fuel (firewood and charcoal) accounted for over 55 per cent of all 
wood harvested. In developing countries, it was reported that four times as much wood is harvested for 
energy needs than for industrial purpose.  FAO estimates that while fuel wood and charcoal’s overall 
contribution to the energy budget of the developing world is about 15 per cent, the supply is more than 70 per 
cent of the total energy requirements for over 30 countries.   Although biomass fuel also emits carbon, it is 
considered to be a carbon neutral because the emissions will be compensated for by the absorption of an 
equivalent amount of carbon in the re-growth of the biomass fuel.  Therefore, energy consumption shift from 
fossil fuels to fuel wood will result in the net gain in emission reductions.  However, there has not been 
sufficient attention given to the use of this mitigation technology (FAO, 1999).   

3.   STATUS AND PROSPECT OF THE IMPLEMENTATION OF FOREST GREENHOUSE GASES 
MITIGATION TECHNOLOGIES IN INDONESIA 

Forestry sector in the context of climate change has been known as both ‘sink’ and ‘source’ of GHGs 
particularly of carbon dioxide (CO2). In the context of sustainable forest management (SFM), carbon offset is 
one of the environmental services that forestry sector may provide.  Conversely, forestry activities associated 
with carbon service contribute significantly to SFM, as for example, afforestation, reforestation, and 
deforestation avoidance.  

Up until now, forest is the most affected resource by the economic crisis and social unrest, which started in 
1997.  Based on the interim result of the reassessment of forest resources (forest cover), there are 
approximately 30 Mha of degraded land and forest that need to be rehabilitated.  A substantial amount of fund 
is required to rehabilitate the degraded forests.  However, the domestic funding currently available for forest 
rehabilitation (‘Dana Reboisasi’ or Reforestation Fund) is only around Rp. 7500 billion (approximately US$ 
0.75 billion (MOF, 2000) which will only be able to reforest 1.5 Mha of degraded forests into industrial 
plantation forests (‘HutanTanaman Industri’).  Thus the remaining degraded forest and land (of around 28.5 
Mha) could only be reforested using funds from other sources (such as other domestic funding, bilateral 
funding, and other international funding mechanisms).  In Indonesia factors causing deforestation include 
forest fire, shifting cultivation, transmigration and agriculture development, and illegal logging.  Deforestation 
occurs not only in production forests but also in protected forests. Appendix 1 describes forest categories in 
Indonesia.  Recent findings indicate that illegal loggers are now invading protected forests (Sunderlin, 1999; 
Gautam et al., 2000). 

Efforts to reduce GHGs emission have been done through tree plantings, using either long rotation or short 
rotation, fire protection, and resettlement program (for reducing shifting cultivation practices) and also through 
the implementation of a set of regulation in forest exploitation.  In Java, for example, conversion of one-
hectare forestland into other uses (such as agriculture, residential area, industry etc.) must be compensated 
by planting two hectares of bare land or critical land in non-forest lands.  However, some of the regulations 
have not been well implemented. 



L e s s  G H G s  E m i s s i o n  T e c h n o l o g i e s  

 5 - 6 

3.1. Description of Greenhouse Gases Mitigation Technologies in Indonesia  

3.1.1. Conservation and Forest Management 

• Forest Protection 
 
Exploitation of primary forests (virgin forests) either for wood production or other uses results in carbon 
emission.  Protecting these forests from over-exploitation will suppress the emission and conserving carbon 
stock in the form of biomass.  This option may not give direct economic benefit.  However, there is some 
indirect benefit gained from this option, namely maintaining biological diversity and hydrology system.  

• Resettlement  
 
Aim of this program was to reduce the rate of deforestation due to shifting cultivation.  Selected shifting 
cultivators were trained to be able to practice intensive agriculture through training and demonstration plots.  
The number of shifting cultivators trained was about 32 thousand families per year (MOF, 1997). Since the 
capacity of one family to open the forest was between one and two hectares per year, it is expected that this 
program could reduce the rate of deforestation by 32 to 64 thousand ha per year.  The types of trees used by 
the resettled cultivators are mainly rubber, palm oil and fruit trees.  This program has not been very successful 
due to the low level of understanding of the resettled cultivators to the system of intensive agriculture.  On the 
other hand, the extension activities have also not been intensive and regular. 

• Enhancement of Natural Regeneration 
 

This activity is aimed at increasing the rate of tree growing after logging.  Enhancement of natural 
regeneration is commonly called as enrichment planting (‘pengayaan’), i.e. planting a number of tree species 
(commercial species) in logged-over area.  By regulation, enrichment planting should be carried out if the 
seedling number is less than 400 per hectare or the sapling number is less than 200 per ha or the pole 
number is less than 75 per ha, or if seedlings, saplings or poles are not evenly distributed.  If the seedling 
number is more or equal to 400 per ha but not evenly distributed, the enrichment activities will be directed at 
reallocating the seedlings. The mean annual biomass increment after the enrichment planting is expected to 
be 6-10 tB/ha/year (estimated from Sutisna, 1997).   In Philippines, the mean annual increment of logged-over 
forests without enrichment is estimated at around 4.4 tB/ha/year (Lasco, 1999; Lasco et al., 2000), while in 
Indonesia it is between 1-3 tB/ha/year (Boer, 2001).   

• Reduced-Impact Logging 
   
Uncontrolled logging of crop trees results in excessive damage to the value of the residual forest for future 
timber production.  (Putz and Pinnard, 1993) reported that logging activities would destroy about 41 per cent 
of unharvested trees with dbh<60 cm.  This leads to the decrease on future biomass increment and yields of 
marketable timber.  By improving the logging technique, the number of tree damaged could be reduced 
significantly.  It was found that the reduced-impact logging could lower the number of tree damaged (uprooted 
and crushed) from 41 to 15 percent.  Furthermore, it was stated that one year after the harvest, conventional 
and reduced-impact logging would contain biomass equivalent to about 44 and 67 per cent of pre lodging-
level, respectively.  Reduced-impact logging includes all efforts to minimise damage both to the soil and the 
residual stands during the selective logging, such as harvest planning; directional felling and other 
environmentally sound management techniques.  By implementing this technology, it is expected that in the 
second cutting cycle biomass density of this forest could recover into its original state. 
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In order to minimise the damage caused by logging and to ease the monitoring process, Indonesian 
government has issued a regulation regarding logging technique that should be used by concessionaires, 
namely selective cutting and planting (‘Tebang Pilih dan Tanam Indonesia’/TPTI) and selective cutting and 
line planting (‘Tebang Pilih dan Tanam Jalur Indonesia’/TPTJ).  From 1972-1980, the government regulated 
that logging should follow selective cutting system.  Since 1980, the regulation was changed from selective 
cutting system to selective cutting and replanting system (TPTI). From 1999 a new regulation regarding 
silviculture technique was introduced, namely selective cutting and line planting system (TPTJ).  

In TPTI system, logging activities should follow certain rules.  In permanent production forest, only trees with 
diameter of more than 50 cm can be cut, while in limited production forest only those with diameter of more 
than 60 cm with 35 years of rotation are allowed to.  In addition, every concessionaire also has to conserve as 
much as 300 ha as gene pool preserving area, and to provide buffer zone in forest area next to the 
conservation forest. 

3.1.2. Sink Enhancement 

• Reforestation 
This program is aimed at rehabilitating critical forestland including grassland.  Land is cultivated using tractor 
1-2 times before planting.  Seedling is planted in a hole at a spacing of 3m x 2m or 4m x 2m (‘sistem 
cemplongan’).  In some region, alley cropping system (with cover crops) is practiced with narrow spacing, i.e. 
3m x 1m.  This system was introduced to rehabilitate extensive areas of ‘alang-alang’ (Imperata cylindrica) 
grasslands in outer islands where labour is in short supply, particularly in Sumatera Selatan and Kalimantan.  
Species used in this program were mostly long rotation species (90 per cent; Dephut, 1996).   

The program was not very successful either.  Species used were often not suitable to the environmental 
conditions of the area and were susceptible to pests and diseases.  On the other hand, the technique of 
silviculture used did not fulfil technical requirements. In addition, the reforested area is susceptible to forest 
fire, particularly during dry season.  These lead to low growth rate (low survival rates).  The survival rates after 
nine years have been estimated to be between 34 and 43 per cent (FAO&MOF, 1990).   

The average growth rate of trees used in the program was normally between 7-25 tB/ha/year.  One rotation 
was between 7-40 years, while the biomass production was between 175-280 tB/ha/rotation.  Most trees 
planted in critical areas under these programs were not harvested but left for soil protection and conservation. 

• Forest plantation and Timber Estate (HTI) 
Planting activities in this program take place in unproductive forestlands and grasslands. However, 
establishment of these plantations in grassland areas is rare.  Planting system used is “sistem cemplongan”.  
There are three main techniques applied, namely (1) long rotation timber plantation, (2) short rotation timber 
plantation and (3) non-timber product plantation.  Long rotation plantation is established mainly in Java since 
1880 and it is commonly called as forest plantation.  The dominant species used are species with the rotation 
of between 25 and 80 years.  These include Tectona grandis (Teakwood), Switenia marcophylla (Mahagony), 
Dalbergia spp. (rosewood), Altingia spp., Agathis spp., Pterocarpus spp., Rhizosphora spp, etc.  Short rotation 
plantations are mostly practiced outside Java and the species used are mostly fast growing species, such as 
P. falcataria (‘Sengon”) and Acacia mangium (‘Akasia”).  This practice is commonly called as timber estate 
plantation.  Percentage of short rotation species used in this program is about 60 per cent and that of long 
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rotation species is 40 percent.  In non-timber plantation, the species used are rattan, pine resin, whitewoods 
(Melaleuca spp), tannin, honey and medicinal plants.  About dozen of them have attained commercial scales. 

Growth rate of trees varied depends on species, site conditions, and competition factors.  Rate of 
aboveground biomass production is between 8-25 t/ha/year.  With rotation of between 7 and 40 years, total 
biomass production per rotation is about 175-320 tons/ha/rotation or equivalent to 85-160 tC/ha/rotation. 

• Social Forestry (Agro forestry) 
These plantations are mostly in transmigration areas or in the buffer zones (between forest and community 
lands).  The trees are planted using “sistem cemplongan” and sometimes food crops are introduced between 
trees.  In general, this program involves the planting of fruit, fodder and fuel wood species to meet local 
needs.  In supporting the program, government provides credit loan at low interests to the farmer up to IDR 2 
million per family, which should be paid back within 5 years. 

This system is still not well adopted by farmers and therefore needs more socialisation.  In addition, the price 
of the products is not constant, which may affect the farmer’s ability to adopt the system.  The survival rate of 
the plantation is relatively high, i.e. between 60-70 per cent, whereas farmers do the maintenance. 

Growth rates of aboveground biomass of the trees vary between 3-8 t/ha/year, depending on species, site 
conditions, and competition factors. With the rotation of 20 to 40 years, total biomass production at the end of 
rotation is about 120-160 t/ha/rotation. 

• Afforestation (Regreening) 
This program takes place in non-forest land, particularly in critical lands and community’s lands. In executing 
the program, Government provides seeds, while farmers do the planting and maintenance of the trees.  Tree 
species used mostly short rotation species (65 per cent) for producing logs, and fuel woods.  Survival rate is 
normally about 60-75 per cent (MoF and FAO, 1990).  However, due to the use of poor quality planting stocks, 
repeated fires after planting and lack of post-planting tending in some areas, the survival rate could be down 
to 6 percent.  Species used in this program have growth rate of between 6-12 tB/ha/year with 5-20 years 
rotation cycle.  It is expected that wood produced through this program is around 20-50 m3/ha/rotation.  
Another activity that falls under this category is urban forest.  A related program launched in the early 1990s is 
the ‘one million trees’ program.  This program is directed to greening rural and urban areas by planting trees 
in bare lands and unused lands (mostly using fast growing species).  Other program is PPKAN (‘Program 
Penghijauan dan Konservasi Alam National’/National Greening and Nature Conservation Program).  This 
program is directed to make cities healthier and cooler by planting trees in the cities. 

• Private Forest.   
The program is carried out in community’s land (non-forest land) and mainly in Java. Alley cropping system is 
used in this program, particularly in Java.  Outside Java, trees are planted in cultivated lands.  Land available 
for this program is limited and therefore the target area for this program is only 350,000 ha.  In general, 
species used are fast growing species with mean annual biomass increment of between 5-10 t/ha/year. In 
1997, total area that has been converted into private forest was 245,548 ha.  Therefore at the rate of planting 
of 50,000 ha/year, the whole target area of 350,000 ha was expected to be completed by the year of 1999. 
However, the dynamic changes that have been occurring in Indonesia (in governance, politics, social, and 
economy) have made it difficult to find reliable information whether the target was achieved. 
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All technologies mentioned above have the capacity to sequester CO2 from the atmosphere.  A study 
conducted in Sumatera found that each land use has CO2 absorbing capacity as shown in Table 5.4. 

Table 5.4.  The capacity of several land use type in Sumatera Island (Indonesia) in absorbing CO2 

Land use type Scale of operation 

Carbon 
sequestration 
time average 

(Mg/ha) 
Natural forest 25 ha fragment /1 ha 254 
Community -based forest 35,000 ha common forest /1 ha 176 
Commercial logging 35,000 ha concession/1 ha 150 
Rubber tree agro forest 1-5 ha plots /1 ha 116 
Rubber tree agro forest1) 1–5 ha plots /1 ha 103 
Rubber monoculture 1–5 ha plots /1 ha  97 
Oil palm monoculture 35,000 ha estate /1 ha  91 
Upland rice/bush fallow rotation 1–2 ha plots /1 ha  74 
Cassava degrading to Imperata 1–2 ha plots within settlement project /1ha  39 

 1) with clonal planting materials: Source: Tomich et al. 2001 

3.1.3. Substitution of Fossil Fuel-Based Energy with Biomass Energy 

Fuel wood as a source of energy has played an important role for villagers in Indonesia.  The use of biomass 
particularly fuel wood and agricultural residues covered 40 per cent of the total national energy consumption 
(Utami, 1998).  This energy is used for cooking, home industry and small industry.  In addition to wood, other 
biomasses such as rice husks, wood husks and other agricultural residues are also used for bio energy, and 
most of these biomasses are directly burnt for energy generation. The use of biomass for electricity 
generation is still limited, as from 1970 the main sources of electricity in Indonesia are fossil fuel, followed by 
hydropower.   Other sources such as coal, natural gas and geothermal were started to be used for electricity 
generation in the early 80’s. The use of coal increased very quickly and in 1987/88, it became the second 
main source of electricity replacing hydropower. 

The development of biomass energy is conducted using two regional approaches (Nurhayati et al., 1998), 
namely: (l) for regions with high biomass production, gasification technology is used for energy generation, 
and (2) for regions with limited biomass production, save the energy technology (“tungku hemat 
energi”/energy-saving stove) is used and the biomass supply is increased through tree planting. 

3.2. Status of Implementation  

3.2.1. Forest Conservation and Sustainable Management 

• Forest Protection 
Up to 1996, total area of forests that have been reserved as conservation areas was 9.67 Mha, and some 
6.65 Mha were declared as national parks and forest botanical gardens (Table 5.5). Based on the results of 
the harmonisation program of TGHK (Forest Use Planning by Consensus) measurement and RTRWP 
(Provincial Spatial Planning) measurement, Indonesia’s protected area covers about 54.02 Mha, consisting of 
20.50 Mha of conservation forest area and 33.52 Mha of protection forest area (MOF, 2000).  The Ministry of 
Forestry in the year of 2000 had re-assessed about 29.8 Mha of the protected areas, wherein 17.3 Mha is 
conservation forest area and 12.5 Mha is protection forest area. Of the 29.8 Mha, about 19.8% of it has been 
degraded, of which 12.4 per cent is the conservation forest area, and 7.4 per ent is the protection forest area. 
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Table 5.5.  Number and area of protected forests in Indonesia 

Category of Protection Number Area (ha) 

Natural Reserve  173  5,881,914 
Game Reserve  45  3,291,351  
Recreational Park  73  73,521  
Hunting Park  12  226,042  
Sub-total (1)  303  9,672,828 
National Park  26  6,424,515 
Forest Botanical Garden  9  229,553 
Sub Total (2)  35  6,654,068 
TOTAL  338  16,326,896 

Source: MoF (1997) 
 
• Resettlement 
Introducing permanent agriculture system to shifting cultivators (forest squatters) by resettling the cultivators 
in transmigration areas and villages surrounding the forests developed by forest concession holders (“HPH 
Bina Desa”) has been done.  Total forest area that has been allocated for the squatters in 1994/95 and 
1995/96, was about 151,000 ha and 80,000 ha, respectively (MOF, 1997). 

• Enhancement of Natural Regeneration  
All forest concessionaires are regulated to practice replanting/enrichment-planting system.  By early 1995, 
total forest area that had been logged was 10.5 Mha, which was 7.7 per cent of the total area allocated for 
concessionaires.  During Pelita V (1989/90-1993/94) enrichment planting was done on an area totalling about 
1.2 Mha, and for Pelita VI (1994/95-1998/99) the area targeted for enrichment planting was about 3.6 Mha 
(Sariyanto, 1997).  However, during 1997/98, only one third (1.06 Mha) of the area targeted in Pelita VI had 
been replanted (Dephutbun, 1998). 

• Reduced Impact Logging  
There have been very limited forest concession holders who had implemented TPTI according to the 
guidelines set up by the MOF. The TPTJ, on the other hand, has just recently been introduced in forests with 
different stand conditions from the ones where TPTI is applied. In the effort of promoting environmentally 
sound forest harvesting, the government has formulated a regulation on reduced-impact logging (RIL). The 
use of RIL technology in the two above-mentioned systems, however, is still limited. 

3.2.2. Sink Enhancement 

Under this category, the rate of planting under reforestation, afforestation, timber estate plantation, private 
forest and social forestry varied from year to year. In most cases, the rate of planting was under target, as 
shown below. 

• Reforestation 
Area targeted for reforestation program during Pelita VI (1994/95-1998/99) was about 0.94 Mha (at 188,000 
ha per year). However, the realisation was only about 0.2 Mha. It was expected that the remaining critical land 
at the end of Pelita VI would be around 4.98 Mha (MoF, 1996).   
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• Forest plantation and Timber Estate (HTI) 
Forest plantation area in Java may not change significantly due to space limitation.  Most area in Java has 
been used for other purposes, while area of timber estate outside Java has increased quite significantly.  By 
1998, total area planted for timber plantation was about 2.1 Mha.  It was targeted that by the year 2006, total 
area planted would be about 3.6 Mha (at 200,000 ha per year) and by the year 2020 it would be about 6.2 
Mha. 

• Social Forestry (Agro forestry) 
Area targeted area for planting annually was about 50,000 ha per year, which was normally difficult to 
achieve. For example, In 1994/1995, area planted under this program was 51,740 ha, while, in 1996/1997 it 
was only 12,775 ha. 

• Afforestation (Regreening) 
Total critical area in non-forest areas that needed to be afforested at the end of Pelita V was 8.76 Mha and the 
remaining critical area at the end of Pelita VI (1999) was expected to be about 6.13 Mha (MoF, 1996).  
Therefore the annual rate of planting was expected to be about 500,000 ha.  However, the realisation was 
only around 300,000 ha per year.   

Regarding urban forest, hundreds of cities have already been targeted for implementing urban forest program.  
Parks, roadsides, gardens and yards, graveyards, green belts and others were expected to be planted with 
trees.  However, most of the cities still do not have good urban forests.  

• Private Forest.  
Area targeted under this program was about 350,000 ha.  In 1997, total area that has been converted into 
private forests was about 245,548 ha.  Thus at the rate of planting of 50,000 ha/year, the target of 350.000 ha 
was expected to be concluded by the year 1999. 

3.2.3. Bioelectricity 

As the increase in fossil fuel consumption leads to the increase in carbon emission, the use of new and 
renewable energy such as bio energy has been promoted.  The use of biomass for electricity (bioelectricity) in 
Indonesia is still very limited.  Some examples are the following: (a) Bioelectric Plant (Steam Powered Plant) 
with the capacity of 4-6 MW. These can be found in a few areas in Sampit, East Kalimantan, owned by PT. 
Ajiubaya, in a plywood manufacturing industry in Sumatra; (b) Small power plants called Bioner-11) with 
individual capacity of around 18 kW, has been installed in a few rural areas of Kalimantan, Sumatra (Poligatro, 
Riau Province), and North Sulawesi Province (Menado) (Martono, 1998; Ridlo et al., 1998).  

Some industrial companies, either owned by the government or private enterprises, have also used bio 
energy for electric generation (bioelectricity), mechanical energy and thermal energy.  At present, Indonesia 
has about 50 units of gasificators with individual capacity of 15-100 kW and with the total capacity of 2,200 kW 
(Utami, 1998).  In addition, biogas (a flammable gas produced by biomass particularly from animal/human 
manure, organic waste and agricultural residues through anaerobic fermentation process) has also been 
installed as many as 200 units in rural areas with the installed capacity of between 4-15 m3 per unit. 

                                                 
1) A gasifier is connected to diesel engine to be used for power generation, pumping and milling. It was developed by BPPT and PT. 
Boma Bisma Indra. 



L e s s  G H G s  E m i s s i o n  T e c h n o l o g i e s  

 5 - 12 

3.3. Prospect of Implementation 

3.3.1. Forest Conservation and Sustainable Forest Management 

Total area of production and conversion forests that had been logged by 1997 was about 38 Mha while non-
logged forest was about 40 Mha.  Some of the logged-over forests were degraded and these forests are 
suitable for enhanced natural regeneration program (Table 5.6).  Other non-logged production forests would 
be potential for the reduced impact logging system.   

Table 5.6. Area available for implementing conservation and sustainable forest management projects  

Mitigation Category Area in 1997 (‘000 ha) 

Forest Management 78,192 
Enhanced Natural Regeneration1) 38,130 

Reduced-Impact Logging2) 40,062 
Forest Protection3) 17,100 

1) Area of logged-over production and conversion forests; 2) Area of natural forests that can be used to implement RIL; 3) Estimated 
area of undisturbed protected forest; Source: Adapted from Boer et al. (2001) 

 

3.3.2. Sink Enhancement 

Land area suitable for implementing sink enhancement projects can be classified into three categories (Boer 
et al., 2001), i.e. critical land, Imperata grasslands and unproductive lands (Table 5.7).   Critical land is defined 
as forest and non-forest areas that have been degraded and located in steep slope (>15 per cent).  Imperata 
grassland is not purely covered by the species but is commonly associated with other vegetation types. 
However it is the dominant species in the system. Meanwhile, unproductive land is forest that has been 
exposed to excessive logging and became unproductive (in general the volume of wood from trees with dbh of 
more than 20 cm is less than 30 m3/ha).  

3.3.3. Bioelectricity 

At the end of Pelita V (1989/90-1993/94), the number of villages that had been electrified was about 31 
thousand.  If the target in Pelita VI (1994/95-1998/99) for rural electrification could be attained (Table 5.8), it 
was estimated that in the year 2000 about 11 thousand villages still need to be electrified and about 20 per 
cent of these villages are in Java (Ditjen LPE, 1994).  The use of bioelectricity for the remaining villages may 
have a significant impact on carbon emission reduction.  Wood waste is one potential source of bioelectricity.  
The potential energy produced from wood waste was about 7,836,725 kW (MME, 1997). 

Based on the analysis undertaken by (Trexler and Haugen, 1995), it was found that Indonesia (along with 
Brazil) was a tropical country with the largest potential for carbon sequestration through sound forest 
management.  Estimate for the period of 1990-2050 ranges between 5.4 and 14 GtC (Gan et al., 1998).  
Whereas (Boer and Gintings, 1998) estimated that the potential mitigation of three mitigation options, timber 
estate, reforestation and afforestation for the period 1990-2030 was about 3.9 GtC. 
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Table 5.7.  Land area used for mitigation options  

Land category 
Total available area in 1997  

(Mha) 

Unproductive land 8.006 

Grassland 10.761 

Critical Land 12.419 

Total 31.186 
 Source: Adopted from Boer et al. (2001) 

4.   MITIGATION POTENTIAL AND COST-EFFECTIVENESS OF THE OPTIONS 

Carbon mitigation potential and cost-effectiveness of GHGs mitigation technologies in forestry sector are 
varied by countries, by locations and by type of options (Table 5.9 and 5.10).  These variations are due to the 
technological, economical and financial differences.  For example, the performance of a technology may differ 
from one country to another.  An example of the economic variation is the somewhat arbitrary choices of 
discount rates and time horizons for project evaluation.   

Table 5.8. Number of villages and households that had been electrified during Pelita V (1989/90-
1993/94) and number of villages to be electrified in Pelita VI (1994/95-1998/99) 

Total number of 
villages/households 

Number of villages/households 
electrified by the end of Pelita V 

Target of rural 
electrification for 

Pelita VI Island 

Village Household Village Household Villages 

Java 22,658 16,585,544 15,076 5,830,677  5,065 

Outside Java 39,317 11,419,484 15,318 2,707,774 13,614 

Indonesia 61,975 28,005,028 30,394 8,538,451 18,619 

Source : Ditjen LPE (1994) 

 

Table 5.9.  Global potential and costs (1995-2050) 

Latitudinal Zone Measure C Sequestered (Gt C) Cost (US $/tC) Total cost (109 US$) 

High Forestation  2.4           8 (3-27)              17 
Mid 

 
Forestation 
Agro forestry 

 11.8 
 0.7 

           6(1-29) 
                   5 

             60 
               3 

Low Forestation 
Agro forestry 
Regeneration 
Slowing 
Deforestation 

 16.4 
 6.3 
 11.5-28.7 
 10.8-20.8 

           7(3-26) 
           5(2-12) 
             2(1-2) 
        2(0.5-15) 

             97 
            27 
 
        44-97 

Total  60-87   3.7-4.6(1-29)      250-300 
Source: Sathaye (1999) 
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Table 5.10.  Economic indicator of mitigation options of the four countries (China, Indonesia, India and 
Philippines)  

No Mitigation option Range 

1 Life Cycle Cost ($/tC) 
Short Rotation 
Long Rotation 
Forest Regeneration 
Forest Protection 

 
2.4 - 5.2 
0.7 - 1.9 
0.1 - 0.4 
1.3 – 30 

2 Net Present Value of Benefits ($/tC) 
Short Rotation 
Long Rotation 
Forest Regeneration 
Forest Protection 

 
0.1 - 22.0 

(-1.5) - 5.2 
0.1 - 21.5 

(-0.3) - (-26.0) 
3 Investment Costs (US$/ha) 

Short Rotation 
Long Rotation 
Forest Regeneration 
Forest Protection 

 
56 – 541 
39 – 695 
35 – 139 
5 – 118 

Source: Geomet(2000) 

 
Studies on the evaluation of GHGs mitigation options in Indonesia’s forestry have been started since the early 
of 1990s (DNM and SME, 1993; Boer et al., 1998; Adi et al., 1999; Boer et al., 1999; Fuad, 2000; Boer, 2001).  
Results of the studies varied considerably.  A significant change in cost-effectiveness of the options occurred 
between studies conducted before and after the economic crisis.  For example, the investment costs required 
after the crisis for implementing reforestation using fast growing species was US$ 0.27/tC or US$ 23 per ha 
(Boer, 2001), while before the crisis it was US$ 1.0 tC or US$ 100 per ha (Boer et al., 1998).  The increment 
was due to the four folds drop in the value of Indonesian currency to the US currency, while the increase in 
the rate of labour cost during the crisis was much lower.   

Experiences from AIJ projects showed that the cost of continual monitoring and verification was a big financial 
component in forest carbon (La Rovere, 1998). These expenses, added to other transaction costs, can 
substantially affect a project’s total cost. None of the past studies considered these transaction costs.  
Therefore, in the light of CDM projects, the impact of the inclusion of transaction costs into the GHGs 
abatement costs needs to be done.  Range of potential mitigation and cost effectiveness of some forest 
activities in Indonesia is presented in Table 5.11. 

It should be noted that mitigation potential and cost effectiveness of GHGs mitigation options as presented in 
Table 5.11 considered only timber tree species. Other species such as rattan, medicinal plants, and shrubs, 
which are abundant in natural forests, have not yet been considered, due to a lack of data and information 
required for the estimation of their mitigation potentials. This is an area for further research, which demand 
more resources to spend in order to improve the precision of the mitigation potential estimation and prediction.   
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Table 5.11.  Range of mitigation potential and cost effectiveness of greenhouse gases mitigation 
options in Indonesia 

Mitigation option Mitigation potential 
(tC/ha) 

Life cycle cost 
($/tC) 

NPV of benefit 
($/tC) 

Forest Conservation and Management    
Forest Protection 55 - 220 1.18 -0.52 
Reduced Impact Logging 49 0.07 -0.01 
Enrichment (‘Pengayaan’) 70 0.25 -0.19 
Sink Enhancement    
Reforestation without rotation 
Fast growing species 
Slow growing species 

 
49 - 101 
94 - 336 

 
0.85 – 13.13 
0.48 - 2.34 

 
(-6.89) - (-0.81) 
(-0.16) - (-0.04) 

Reforestation with rotation 
Short rotation 
Long rotation 

 
56 - 122 

134 - 334 

 
3.87 – 33.20 
1.04 - 5.70 

 
2.0 - 6.57 

(-0.14) - (2.99) 
Agro forestry 94 4.44 2.02 
Substitution of Fossil Fuel    
Bioelectricity  50 - 185 20.81 5.26 - 6.75 

Source: Adi et al. (1999), Boer et al. (1998), Boer et al. (1999), Boer (2001), Fuad (2000) 

5.  BARRIERS FOR THE IMPLEMENTATION OF MITIGATION OPTIONS 

Some research on the implementation of environmentally sound technology in forestry sector such as in 
harvesting practices suggested positive contribution towards sustainable forest management (SFM). The use 
of such technology, however, will be driven by a number of factors such as: financial viability, practicality, 
biophysical conditions, local socio-economic conditions, and the magnitude of environmental and other 
benefits. Furthermore, there is a trade-off among those driving factors.  

Past studies indicated that there were many problems encountered during the implementation of forest 
rehabilitation programs.  HTI has so far not been very successful, neither in attracting private investors nor in 
securing the maintenance of planted areas (Gan et al., 1998).  Implementation of afforestation program has 
been hampered by factors such as technical difficulties, lack of local manpower and social resistance (Dalfelt 
et al., 1996).  Institutional conflicts have also created inadequate conditions for efforts to combat 
deforestation.  

In this study, barriers for the implementation of forest rehabilitation programs and forest management are 
grouped into three categories, namely (i) technological barriers, (ii) institutional and regulatory barriers and (iii) 
Socio-economic, financial, and cultural barriers. 

5.1.  Technological Barriers 

Up until now, most concessionaires consider only wood as the main forest product.  Sustainability aspect in 
many cases is neglected which accelerates forest degradation.  The use of environmentally sound technology 
in managing forest such as reduced-impact logging, sustainable plantation forest, sustainable agro forestry, 
sustainable management of protection and conservation forests, is very limited and the technology itself is not 
well recognised yet. In addition, availability of high quality seeds and seedling, in particular for agro forestry, 
urban forest, reforestation and afforestation program is scarce.  On the other hand, selection of tree species is 
mainly based on market demand at that time, while land suitability factor was not seriously taken into account.  
Furthermore, indigenous technology on local species was not recognised, and that species selection for 
rehabilitation programme was determined by the central government.  
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To overcome the problems, seed technology need to be improved, maps of land suitability index for forest 
trees species need to be developed, and the role of indigenous technology on local species need to be 
recognized and its development be encouraged. 

5.2.  Institutional and Regulatory Barriers2)  

Lack of coordination between related departments and other stakeholders in forest utilisation and the narrow 
views of the stakeholders had on forest functions also gave significant contribution to the degradation of 
Indonesia’s forests. These were the case on the loosely issuance of permits for utilising forest resources such 
as forest concessions, permit for exploration and exploitation of mine resources, forest conversion for other 
uses such as for estate crops plantation. Moreover, relatively frequent institutional changes that bring about 
frequent policy changes in the forestry sector are also a serious problem. 

Furthermore, lack of law enforcement on forest regulations presents another constraint. On the other hand, 
incentives for good performance in forest management by concessionaires does not exist or very low.  For the 
future forest development, a penalty and reward system should be properly designed. Awareness of 
concessionaires and other stakeholders on the benefit of implementing environmentally sound technologies 
such as GHGs mitigation technology should be promoted. 

5.3. Socio-economic, financial3), and cultural barriers  

Land tenure is considered to be an important factor for the implementation of rehabilitation programme.  
Under the National Constitution  (UUD 1945), property rights towards natural resources are controlled by the 
State for the welfare of the people. In the case of forest resources, the rights can be transferred to private 
enterprises, individuals or co-operatives   temporarily for 35 to 70 years as with timber concessions, or 
irrevocably to families through transmigration programme.  However, these formal ownership arrangements 
have raised conflicts with local/indigenous people who according to customary laws (unwritten, customary 
rules) are entitled to the land.  The conflict often arisen when the customary lands are allocated for plantation 
development, logging companies, or transmigration programmes.  Even for a vast area of grasslands, which 
officially described as “unused wastelands”, more than often has some sort of traditional rights connected to 
them.  

Under the Forestry Act  (UU No. 41/1999), the rights and responsibilities of indigenous people and their 
communities are recognised.  In order to find the most appropriate solution to the conflict on land tenure 
stated earlier, the Ministry of Forestry is in the process of identifying forestlands that have been claimed or 
have the potential to be claimed by the indigenous people and local communities. The regulation called 
“Peraturan Pemerintah (PP)” on forest management plan and “adat” (traditional) forest is now being prepared.  
A multi-stakeholder forum for resolving the conflict on forestland use has been established through the Letter 
of Decree of the Minister of Forestry (“SK Menhut”) No. 20/2001.  

Four criteria that need to be addressed in non-attenuated property right suggested by (Randall, 1987) are 
worth to consider in preparation of the ‘PP’ on forest management plan and “adat” forest, namely: 

ü Completely specified information about the right that accompanies ownership, the restriction on those 
rights and penalties for violation; 

                                                 
2) See also Sub-chapter 6.1. Institutional and Regulatory Requirement. 
3) See also Sub-chapter 6.2. Financing Sustainable Forest Management. 
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ü The owner shall have the exclusive right to use and to determine use by others; 

ü Rights must be transferable, so that rights may gravitate to their highest value; 

ü Rights must be enforceable and effectively enforced; and 

ü Lack of manpower may also emerge in the implementation of forest rehabilitation projects, since most 
local people may prefer to work in other sectors.  This is because the labor wages for forest activities are 
lower than labor wages for other sector activities.  In addition, community may also be resistant to the 
introduced technology (e.g. cultural or religious reasons). Investment and access to credit are also 
constraints for implementing forest rehabilitation.  In most cases, investment for forest activities is 
relatively high while the financial return may only be gained after a long period of time (long gestation 
period).  On the other hand, probability of being exposed to illegal logging and encroachment is now 
becoming more serious. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1.  Score of relative importance of sustainable development criteria (taken from a survey 
conducted by the National Team for the National Strategy Study in Energy Sector, 2000) 

In addition to the barrier of implementation, the selection of mitigation options also need to consider whether 
the options meet partly or wholly sustainable development criteria.  Based on survey on 52 respondents, 
carried out by the National Team for Strategy Study on CDM in energy sector, it was found that most 
important criterion that should be met by the project was that the project has no adverse environmental impact 
(Fig. 6.1).  Criteria that have score of less than 3.0 were read as ‘no net increase in external debt burden, 
community development program, use of applicable technology, and increase in foreign currency reserves’.  

In conjunction with Kyoto Protocol, forest carbon projects (sink-projects) may not be or may be included under 
Clean Development Mechanism.  Up to now there is no consensus about the role in the CDM of projects 
involving reduction of emissions, or in increased sequestration, from land use, land use change and forestry  
(LULUCF) activities. However, there is an open possibility that sink projects will be included in CDM.  The 
science-policy workshop on ‘Terrestrial Carbon Assessment for Possible Trading under CDM Projects’, held in 
Bogor, 28-29 February 2000, discussed possible forest carbon projects in the light of CDM criteria (Table 
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5.12).   The workshop recommended that projects with low additionally like man-made plantations of any 
species planted on converted areas following unsustainable land clearing technique should be ruled out. 

6.  INSTITUTIONAL ASPECTS FOR THE IMPLEMENTATION OF ENVIRONMENTALLY SOUND 
TECHNOLOGIES IN INDONESIAN FORESTRY SECTOR 

Environmentally sound technology is not merely individual technology, but it is a total system, which includes 
the know-how, procedures, goods and services, equipment as well as organisational and managerial 
procedures (Agenda 21-34.3).  This chapter analysed institutional and regulatory aspects of promoting and 
implementing environmentally forest practices/technologies with specific reference to low GHGs emission 
technology in forestry sector.      

Table 5.12.  Types of potential forest carbon projects in Indonesia  

Kyoto Criteria 
Project 

Additionality Sustainability Benefits GHGs Issues 

Mangrove forest (MF) Yes Hopefully Marine, fish, 
intrusion of salt 
water, erosion 

Yes Fisheries, tourism, 
tenure, 
resettlement 

Reduced-Impact 
Logging (RIL) 

Yes Yes Industry (more 
profit), 
ecological 

Yes Technology 
transfer, partner 
companies 

Sustainable forest 
management (SFM)1) 

Yes Yes, by 
definition 

Collateral, 
community  

Yes/No (?) Cut or no cut 

Community 
forestry/agro forestry  
(AF) 

Cuts down 
illegal logging 

? Socio-economic, 
ecological, 
community  

Yes/No, 
depends on 
type 

Investor? Depend 
on species 

Industrial plantation 
(Short Rotation and 
long rotation) and 
reforesting degraded 
lands 

Needed to 
meet demand 

If meet criteria of 
reforestation 

Industry, mining, 
community only 
with special 
arrangement, 
employment 

Yes, If meet 
criteria of 
reforestation 

Depends on 
species, Definition 
of Article 3 

Value-added Wood 
products  

? ? Socio-economic, 
industry 

Yes, but 
depend on 
cycle 

Usage of products 

Assisted 
regeneration/ 
enhanced natural 
regeneration/ 
Improve fallow  

Yes Yes Community  Yes Labour intensive, 
whether production 
forest can be 
converted into 
protection forest 

Protected areas Problematic Yes Ecological (bio-
diversity) 

Yes, if under 
treat 

Appropriate for the 
carbon regime?  

1) Related to the implementation of sustainable forest management technology such as reduced impact logging.  Source: IC-SEA 
(2000) 
 

6.1. Institutional and Regulatory Requirement 

6.1.1.  Institutional aspects 

In the past, the Indonesian policy in forestry sector could not be separated from the national development 
policy, which was driven by economic growth orientation. During the past decades, forest resources, 
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especially timber, have been one of the important sources of foreign exchange earnings. Nevertheless, as a 
result of unsustainable harvesting practices, establishment of wood-based industries which were not properly 
planned which caused imbalance supply and demand ratio for raw materials, illegal logging, conflict of 
interests between forest concession holders and local communities, social unrest’s since the beginning of the 
economic crisis in 1997, has left more than 30 Mha4) of critical lands and degraded forests.  

Now, as the consequence of the implementation of the Government Act No. 22/1999 and the Government 
Regulation No. 25/1999, devolution in forest resource management must be done which requires the need for 
institutional changes in the forestry sector. There is bewildering proposal on institutional form for managing 
forest resources which requires an initial to identify the key stakeholders, such as the governments (central 
and regional), private sectors, NGOs, forest fringed people including indigenous people, and other community 
groups.  

Some studies on decentralisation of forest resource management in Indonesia (e.g. Resosudarmo, 2001; 
Colfer, 2001), suggested that capacity building (including awareness raising), institutional strengthening, 
economic empowerment of the poor in the region and developing trust between local and central government, 
were the central need for the success of the decentralisation process. It is certainly also the case in promoting 
forestry-based interventions for climate change mitigation. Strengthening the role of major groups (such as 
woman, indigenous people and their communities, local NGOs, and youth) and providing easy access to 
information and environmentally sound technologies, are equally important. 

Under UU No. 41/1999 possible forest activities and services which can be provided by each forest function 
are as follows: (a) production forests: logging activities, non-timber forest products, plantation development, 
environmental services, (b) conservation forests: non-timber forest products, and environmental-services, (c) 
protection forests: environmental services e.g. watershed protection and non-timber forest products. Thus, 
environmental services including carbon service may be provided through various activities in those different 
forest functions.  

6.1.2. Regulatory aspects 

There have been a number of legally and non-legally binding measures to promote SFM in Indonesia. 
Forestry sector is specifically regulated under UU No. 41/1999 (the Forestry Act). Some forestry-related acts 
have also been put into effect such as UU No. 5/1990  (on the Conservation of Biological Resources and its 
Ecosystem), UU No. 5/1994 (on the ratification of the Convention on Biological Diversity). Other forestry 
related international agreements are also taken into account in formulating forest policy, for example: 
RAMSAR Convention, CITES (Convention on International Trade of Endangered Flora and Fauna Species), 
CCD (Convention to Combat Desertification), UNFF (United Nations Forum on Forest) processes, and ITTA 
(International Tropical Timber Agreement). Devolution of forestry resource management is in place as the 
consequence of UU No. 22/1999 (on regional government autonomy) and its PP No. 25/2000 (on the roles of 
central and provincial Government), and UU No. 25/1999 (on the monetary Affairs between central and 
regional governments).  

Several non-legally binding measures in the form of environmental agreements with local authority and local 
people in some conservation forests such as National Parks have also been produced and implemented (an 

                                                 
4) Based on the latest data at the Ministry of Forestry (MOF, 2000). 
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example can be seen in Box 1). Certification is also a non-legally binding measure to achieve SFM in various 
levels and focuses, which is driven by market mechanism.   

  

 

 

 

 

 

 

 

 

 

 

 

 

Indonesia, as mentioned earlier, has already had a number of legally and non-legally binding measures in the 
effort to achieve sustainable utilisation of forest resources and combating environmental degradation (some 
examples are given in Box 2). However, forest degradation and environmental deterioration has been 
continuing as a result of the lack of enforcement on the legally binding measures and the lack of incentives for 
good performance. 

At the current stage of decentralisation process, the implementation of both legally and non-legally binding 
measures will be very much depend on the policy of provincial and district governments. The tendency of 
district government to maximise the income from natural resources utilisation on one side, and the lack of 
human resource and institutional capacities to take over some responsibility in managing forest resources as 
a result of a long-term centralised policy on the other side, are amongst the challenges which require 
considerable efforts to address. 

6.2. Financing Environmentally Sound Technology in the Forestry Sector 

Environmentally sound technology in forestry sector is one of the components of sustainable forest 
management (SFM). However, SFM promotion in Indonesia is currently facing a huge challenge due to 
political instability with unclear national policy as the consequences, land tenure problems and illegal logging. 
Furthermore, decentralisation of natural resources management including forest resources has raised a 
question on how to balance the need for economic growth and poverty alleviation in the region and the need 
for managing the resources sustainably, both at the local and at the national level, as part of the global 
development sustainability. 

The fact that SFM is much more driven by the development of other sectors rather than determined by 
decisions within the sector, calls for the changes in perspective regarding sustainability concept in forest 
resource management. On one side, economic growth and poverty alleviation are the first development 

Box 1.  Kerinci Seblat Integrated Conservation and Development Project (KS-ICDP)  
 
Covering an area of about 1.3 Mha and located in four provinces, Kerinci Seblat National Park has been known to 
have rich biodiversity and high potential for eco-tourism. The need for development in the region and the reliance 
of local communities to the forest resources for their livelihood, have put the National Park under threat. An 
integrated approach is the only option in harmonizing the need for development with conservation, and ensuring 
fulfillment of local community needs. 
 
With support from Global Environment Facility (GEF) and the World Bank, the KS-ICDP was initiated in 1996. The 
KS-ICDP consists of four main components, namely:  (1) Park management. (2) Area/village development. (3) 
Integration of biodiversity in forest concession management. (4) Monitoring and evaluation. The KS-ICDP involves 
a number of parties:  Ministry of Forestry and its regional institutions, Ministry of Home Affairs, local governments, 
NGOs, village community groups in related regions, forest concession holders in related regions, national and 
international experts.   
 
Although the progress of the implementation for some reasons has been quite slow, the KS-ICDP offers benefits 
not only locally and nationally, but also globally.    
 
Source: MOFEC (2000) 
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Box 2.  Some examples of measures for sustainable utilization of forest resources and for combating 
environmental degradation in Indonesia.  
 
• UU No. 5/1990 (on the conservation of biological resource and its ecosystem) regulates the conservation, 

protection, and sustainable utilization of biological resource and its ecosystem as life support system, which 
includes: activities that are allowed or prohibited at various types of conservation areas, roles of government  
(central and local) and communities.  The Act also clearly states the measures for non-compliance.  

 
• UU No. 41/1999 (the Forestry Act) regulates forest resource management and conservation which includes: 

planning, implementation, controlling, research and development, education and training as well public 
awareness, indigenous people’s rights, public participation, and conflict resolution. Measures for non-
compliance are also clearly stated.      

 
• Guidelines for sustainable practices of selection cutting system (The Decree of the Director General of Forest 

Utilization No.  151/1993), which guides the activities/steps needed to be carried out by forest concession 
holders in order to achieve sustainable timber production of the forest areas under the concession.  

 
• Forest Product Certification. In response to international processes on sustainable forest management, 

Indonesia has worked on  ‘certification system’ for  ‘sustainable production forest management’ since 1993, 
and   ‘Indonesia’s Ecolabelling Institute’ was established in 1998.  

priority for many developing countries including Indonesia.  On the other side, there is a need to assure that 
the development meet the national and global sustainability criteria. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Financial resource is one amongst a number of hindrances in promoting SFM in Indonesia including the 
implementation of environmentally sound forest practices. At the current situation where law enforcement is 
lacking and in the absence of incentive mechanism for SFM practices, mobilisation of private sector funding is 
not an easy undertaking. Private sector is by nature profit oriented, however, it is the responsibility of all 
humankind to assure that their development activities do not cause environmental and social problems. 

From private sector points of view, the basic constraints on socially and environmentally desirable private 
investment in forest management are the following (see Gregersen and Contreras, 2001): 

ü Lack of markets or markets imperfection: some of the goods and services associated with SFM are not 
traded in markets and thus provide no revenue to private producers, unless payments are made by public 
sector.  

ü Higher costs and lower risk-adjusted profit associated with producing market-based outputs through SFM, 
including the transaction costs for certification, as compared to the same outputs produced from 
unsustainable forest management. Furthermore, compensation in the market place through consumer 
demand is not adequately attractive to most SFM-based producers when they do it on voluntary basis. 
Furthermore, because of longer time periods involved in SFM than in unsustainable extraction, risks can 
also be considerably higher. Both situation lead to lower risk-adjusted profits. 

Promoting environmentally sound forest practices/technology or in a broader scope SFM, requires synergy of 
efforts between public and private sectors both nationally and globally.  Mobilisation of funding of national and 
international sources for SFM requires enabling environment. In the case of Indonesia, institutional and 
regulatory aspects are amongst the challenges that must be addressed in order to create the environment. 
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6.2.1. National Sources 

In terms of geographical location, forest areas, and the richness of biological diversity, Indonesia has a huge 
potential to produce both timber and non-timber products, and to provide environmental services such as eco-
tourism, carbon offset, and biodiversity services. However, existing market for such environmental services is 
negligible. The question is who should bear the cost for producing such outputs if existing markets for such 
services are not attractive enough for private investments? In the case of carbon service, however, if domestic 
funding to be mobilised, the prime objectives must be to achieve SFM rather than only promoting low GHGs 
emission technology in forestry sector. It means putting social, economical, and environmental conditions 
equally important and allowing trade-off among them if it is deemed necessary. 

The existing source of domestic funding for forest and land rehabilitation5) (including reforestation, 
afforestation, deforestation avoidance) mainly: (a) reforestation fund (DR) for afforestation and reforestation of 
degraded land and forests, deforestation avoidance in conservation forests, (b) private funding for plantation 
forest development (HTI) by medium and large scale enterprises, and small scale afforestation activities by 
farmers.  There is also a credit scheme for private forest development using reforestation fund (DR). 

6.2.2. International Sources 

Other than timber products from various hardwood species (mainly for export) and non-timber forest products 
(mainly for local communities with limited markets), tropical forests of Indonesia has the potential to provide a 
number of environmental services including carbon offset which may contribute to climate change mitigation. 
There has been a growing interest on carbon-offset service since the adoption of the Kyoto Protocol in 1997. 
Nevertheless, the political processes on the UNFCCC and the Kyoto Protocol show little progress particularly 
concerning the inclusion of sink in CDM, and that hinders the promotion of such service.  

There are some possible international funding sources to be further explored to promote environmentally 
sound forest practices/technology or in a broader scope the SFM: 

ü Grants through bilateral channel such as the Overseas Development Assistance (ODA). Currently, ODA 
for Indonesia is focused on poverty alleviation, democracy promotion (e.g. to facilitate decentralization 
process, help institutional reform towards good governance), and environmental management including 
on forestry. These areas of ODA will help Indonesia creating favorable condition to attract foreign 
investment including investment in SFM. This is in line with expectation regarding the role of ODA in 
supporting SFM as highlighted in the workshop of experts on financing SFM in Oslo, January 2001 
([UNFF Secretariat, 2001). The workshop recognized the constraints of developing countries in attracting 
foreign investments (due to, for example, higher risks of loses, lack of information) and highlighted the 
need for ODA to play the role in helping developing countries especially those of high-risk countries in 
creating enabling environment for foreign investments.  

ü Grants through multilateral channel: ITTO (International Tropical Timber Organization), GEF (Global 
Environment Facility), GM (Global Mechanism), FAO (Food and Agricultural Organization), etc.  

ü DNS (Debt for Nature Swaps):Under the Tropical Forest Conservation Act of the USA, Indonesia may 
apply for debt reduction and use the money for forest conservation activities.    

                                                 
5) Under UU No. 41/1999 Article 41, forest and land rehabilitation activities cover: reforestation, afforestation, forest management 
efforts, enrichment planting/enhancement of natural regeneration and implementation of soil conservation techniques (vegetative and 
civil techniques) on heavily degraded lands.  
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ü CDM (Clean Development Mechanism) /Kyoto mechanism: a potential funding source for SFM in the 
future. 

ü Private investment: favorable condition is needed to attract private investment from overseas, and under 
current condition, it seems difficult for Indonesia to attract such investment.  

ü Adaptation Fund under the Kyoto mechanism: developing countries of G77+China, in the negotiation 
process of the UNFCCC/KP, have proposed adaptation fund for forest rehabilitation and forest 
conservation.  

ü GFF (Global Forest Fund): the mechanism has been proposed within UNFF (United Nations Forum on 
Forest), and many foresters expect that the mechanism will support the effort towards SFM in the future. 

6.2.3. What should be done 

Considering the limited availability of the reforestation fund (DR) (around IDR 7.5 trillion Rp) as compared to 
the degraded land and forest areas to rehabilitate (30 Mha)6), the Government needs to have a strategy to 
mobilize domestic funding from various possible sources and seek funding from international sources.  

6.3. Incentive for the Use of Environmentally Sound Technology  

The challenges that many developing countries are facing at present are poverty and environmental 
degradation.   In the case of Indonesia, these challenges are added by the concern that the decentralisation 
process, which is now underway, encourages further over-utilisation of forest resources.  

Incentive or enabling condition is needed to promote environmentally sound forest practices/technology, 
including implementation of low GHGs emission technology in the forestry. As GHGs-related benefit is more 
of the concern of developed countries rather than Indonesia itself, international communities through various 
channels should assist the Indonesia’s forestry sector in creating such condition. It is important to recognise 
that the diversity of the beneficiaries in terms of social-economic conditions, capacity, the level of self-
motivation, as well as the condition of biophysics, in most cases will need different approaches and types of 
incentives.   

6.4.   Proposed Institutional Arrangement for Implementing Environmentally Sound   
Technology 

Implementation of environmentally sound forest technology/practices to contribute to climate change 
mitigation is one amongst a number of SFM components. Hence, the promotion of environmentally sound 
forest practices is part of the promotion of SFM, and such a promotion requires supports from all related 
institutions.  

Under current political situation where institutional changes occur too often, flexibility in institutional 
arrangement for such an undertaking is necessary. To promote environmentally sound forest practices, 
various existing channels should be used (see Table 5.13). 

In relation with institutional arrangement, in order to answer the challenges appropriately, the concept of multi-
stakeholders’ participation, which has long been practised in rural communities, need to be enhanced and put 
in place to involve a wider scope of stakeholders. Environmental agreements among various stakeholders are 
                                                 
6) The unit cost for rehabilitation ranges from IDR 1.5 million/ha for enhancing natural regeneration (with 200 tress per hectare) to IDR 
5 million/ha for industrial plantation forest (HTI). 
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needed to answer the environmental challenges in order to achieve sustainable forest management  during 
decentralisation process and beyond (for example, between central and local governments, among local 
governments, between sectors of the central government, government and industries). 

Table 5.13. Institutional network for promoting environmentally sound forest practices in the context 
of climate change mitigation 

No. 
Types of forestry practice/ 

Mitigation technology Key institutions 
Related stakeholders 

 

Conservation and Forest 
Management: 

 
 

 
 

Forest Protection MOF (PHKA), SME, 
Forestry Institutions in the region, 
Provincial and district governments. 

Ministry of Energy & Mineral 
Resources (MEMR), Universities, 
NGOs and other community groups 
in the region. 

Resettlement MOF (Baplan), SME, MOA, Provincial 
and district governments, and Forestry 
institutions in the region, 

Regional institutions of MOA, 
Universities, NGOs (local) and other 
community groups in the region. 

1 

Natural Regeneration 
Enhancement 

MOF (BPK), SME, Forest enterprises, 
Provincial and district governments, 
and Forestry institutions in the region, 

NGOs (local), local community 
groups, Universities. 

Sink Enhancement:    
Reforestation MOF (RLPS), SME, Provincial and 

district governments, Forestry 
institutions in the region, 

NGOs (local), local community 
groups, Universities. 

Forest Plantation (HTI) MoF (BPK), SME, Forest enterprises, 
Provincial and district governments, 
Forestry institutions in the region, 

NGOs (local), local community 
groups, Universities. 

Agro forestry MOF (RLPS), MOA, MOE, Provincial 
and district governments, Local 
community groups,  
Forestry institutions in the region. 

NGOs (local), Universities. 

Afforestation MOF (RLPS), SME, Forestry 
institutions in the region, 
Provincial and district governments. 

NGOs (local), local community 
groups, Universities. 

2 

Private Forest (“Hutan Rakyat”) MOF (RLPS), SME,  
Provincial and district governments, 
Local community groups, Forestry 
institutions in the region. 

NGOs (local), 
MOA, Universities. 

3 Substitution of Fossil Fuel-Based 
Energy with Biomass Energy 

MOF (RLPS), SME, MEMR, Provincial 
and District Governments,  
Local community groups, Forestry 
institutions in the region. 

NGOs (local), MOA, Universities. 

   

At national level, the existing IDCF (Inter-Departmental Committee on Forestry) channel can be used (see 
Box 3). At regional level, the existing institutions should be used such as provincial and district level 
governments, forestry offices in the provinces and districts, BAPPEDA, BAPEDALDA, local universities, local 
NGOs (including local and/or indigenous institutions). A forum for the stakeholders’ consultation need to be 
established, mechanism for the participatory process needs to be set up, and role of each stakeholder must 
be clear.  
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7. CONCLUSIONS 

ü There are a number of potential GHGs mitigation technologies in forestry sector in the form of: protection 
of existing carbon reservoirs, enhancement of carbon sequestration and expanding carbon stores in 
forests, and use of biomass to substitute for fossil-fuel use.  

ü Some barriers either technical or non-technical may be encountered in implementing the GHGs mitigation 
technologies.  The common barriers identified in this study were land tenure, lack of funding, lack of labor 
and lack of infrastructure.  Considering barriers of implementation, the GHGs mitigation options that have 
the lowest barrier were RIL and ENR.  Carbon mitigation potential of the options range from 40-340 
tons/ha.  The life cycle costs range from 0.07 to 33 US$/tC and the present value of benefits range from –
6.89 to 6.75 US$/tC.  

ü Areas that can be potentially used for implementing the options are about 70 Mha for forest management 
options (RIL and ENR) and 31 Mha for sink enhancement options. 

ü Following the rule of sustainable development, management of forest should meet criteria of sustainable 
forest management where forests must be managed in ways, which meet the social, economical and 
ecological needs of present and future generations.  These needs are related to the following function of 
the forest: 

* Regulatory function: protection of soil and water, watershed, microclimate and macroclimate, as well 
as the atmosphere. 

* Production function: timber, non-timber forest products, trees as a capital buffer for emergencies, 
genetic material, tourism (including eco-tourism), and carbon offset. 

* Support functions: living environment for human, animals and plants,  
* Information and reservoir function: forests as the venue for ecological processes and the source of 

species and genetic material, source of socio-cultural and spiritual values, intrinsic natural value. 
 

ü Financial resource is one of hindrances in promoting SFM in Indonesia. Mobilization of funding of both 
the national and international sources for SFM requires enabling environment, including the regulatory 
and institutional aspects.  

ü From regulatory aspect, Indonesia has a number of legally and non-legally binding measures for 
implementing SFM. However, forest degradation continued as a result of lack of enforcement to the 
legally binding measures and lack of incentives for good performance.  At the current stage of 
decentralization process, the implementation of both measures will be very much depending on the policy 
of provincial and district governments.  

ü In relation to the institutional arrangement, and in order to respond to the challenges appropriately, the 
concept of multi-stakeholders’ participation need to be encouraged and put in place to get a wider scope 
of stakeholders. At national level, the existing IDCF (Inter-Departmental Committee on Forestry) channel 
can be used. At regional level, the existing institutions should be utilized. A forum for the stakeholders’ 
consultation need to be established, mechanism for the participatory process needs to be set up, and role 
of each stakeholder must be clear.   

ü Incentive/enabling condition is needed for promoting environmentally sound forest technology, including 
implementation of low GHGs emission technology in forestry. As GHGs-related benefit is more of the 
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concern of developed countries rather than Indonesia itself, international communities through various 
channels should assist the Indonesia’s forestry sector in creating such condition.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Box 3.  IDCF (Inter-Departmental Committee on Forestry) 
 
Based on the Presidential Decree (KEPPRES) No. 80/2000 (dated 7 June 2000) the IDCF was established:  
 
§ The main function is to formulate policy and strategy for integrated forest management and conservation through 

National Forest Programme (NFP) process, and to coordinate various actions in relation with forestry sector 
restructuring.  

§ The Economic Coordinating Minister chairs the Committee, with the Minister of Forestry as the Vice Chairman.     
§ The Committee members consist of thirteen Ministers and two deputy ministers from the Economic Coordinating 

Ministry and the Ministry of Forestry. The thirteen Ministers are the following: Minister of Home Affairs, Minister of 
Defence, Minister of Agriculture, Minister of Finance, Minister of Settlement and Spatial Planning, Minister of Industry 
and Trade, Minister of Mining and Energy, Minister of Law and Regulation, State Minister of Regional Autonomy, 
State Minister for Environment, State Minister for Human Rights, State Minister for Tourism and Art, State Minister for 
Research and Technology. 

§ The working group (under the IDCF) on NFP consisted of government and non-government elements have also been 
established.     

 
Note: As the IDCF was established before the Cabinet reshuffling, and considering some other factors, the IDCF therefore 
need to be restructured.   
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APPENDIX 1 

Forest Ecosystem in Indonesia  

Based on its function, Indonesia’s forests are divided into several categories, namely production forest (+64 
Mha), protected forest (+30 Mha), conversion forest (+30 Mha) and nature-reserved forest (+19 Mha).  While 
based on its ecosystem, Indonesia’s forest can be divided into several types, namely upland forest, lowland 
forest, swampy forest, mangrove forest, peat forest, savannah, steppe and others. 

a. Production forest 

Production forest is allowed to be managed for timber and non-timber production.  Forest ecosystems under 
this production forest are lowland rain forest, upland forest, peat and swampy forest and mangrove.  
Characteristic of each forest type is as follows: 

a.1. Lowland rain forest.   This forest is commonly found in western part of Indonesia, which is characterised 
by wet climate.  Soil types include podzolic, latosol and alluvial.  Tree species in this forest consists of 
Pericopsis mooniana, Eusioderoxylon zwagery, Pometia pinnata, Intsia bijuga, Paraserianthes falcataria, 
Agathis labillardieri, Dracontomelon puberulum, Pterocarpus indicus, Octomeles sumatrana and Eucalyptus 
deglupta. Shorea koordersii, Elmerillia ovalis, Agathis philippinensis, Diospyros celebica dan Eucalyptus 
deglupta, Shorea selanica, Agathis dammara, Pterocarpus indicus and Paraserianthes falcataria.  

a.2. Swampy forest. This forest is dominantly at near the mouth of river, which is often flooded with fresh 
river water high in nutrient content. The soil type is glei-humic and alluvial.  The important species are: 
Alstonia pneumatopora, Campnosperma macrohylla, Dyera lowii, Pentaspadon motleyi, Eleocapus littoralis, 
Palaquium leiocarpum, Shorea balangeran, Lophopetalum multinervium etc. 

a.3. Peat swampy forest. The soil type is peat soil with solum between 1 to 20 m deep. Soil flooded with 
brown-yellowish peat water. The soil is very acid and poor in nutrient. The soil is organosol. Predominant 
species in swampy peat forest is ramin (Gonystylus bancanus) and sungkai (Peronema cannescens).  Peat 
swampy forest considered as source of methane gas (CH4).  

a.4. Mangrove forest.  The forest is found in alluvial sandy soil, which is interfered with brackish or salty 
water.  The important species found here are: Avicenia spp., Sonneratia spp., Rhizophora spp., Bruguiera 
spp. Ceriops tagal and Xylocarpus granatum. 

a.5. Hill and upland rain forest.  The forest located between 500 – 1000 m above sea level in the hills and 
mountain. The soil is latosol, podzolic and litosol while the climate is wet. The important species are almost 
the same with species found in lowland rain forest such as Quercus spp., Agathis dammara etc. 

b. Protected Forest 

Based on the Letter of Decree of the Minister of Agriculture No. 837/Kpts/Um11/1980, forest with the total 
arbitrary scores of more than 175 is classified as protected forest.  The scores are estimated based on the 
types of the soil, slope and rainfall. Forest of this kind in Indonesia is 30 Mha. 

c. Conversion forest 

Conversion forest with the total area of 30 Mha is natural forest which can be converted to another economic 
development such as transmigration, plantation etc. 
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d. Nature Reserved Forest  

Area of nature reserve forest is about 19 Mha.  This forest can be classified into several categories i.e. 
national parks, wild animal reserve, parks and recreation forest and nature reserve. 

e. Public/private forest  

Area of public forest in Indonesia is 1,093,305 ha.  About 384,338 ha are located in West Java, Central Java 
and East Java. 
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VI. IDENTIFICATION OF LESS GREENHOUSE GASES EMISSION 
TECHNOLOGIES IN AGRICULTURAL SECTOR (RICE CULTIVATION) 

Prihasto Setyanto and Achmad Hidayat 

1. INTRODUCTION 

The atmospheric concentrations of major long-lived GHGs (CO2, CH4, CFCs, and N2O) continue to increase 
along with increased human activities. The activities, especially in agricultural sector, have been accused of 
contributing to the global warming due to their high methane emission. 

In 1990, the US Environmental Protection Agency (US-EPA) in its report estimated that global methane 
emission was about 550 Mt per annum, of which 110 Mt were released from paddy cultivation (IRRI, 1990).  
According to the US-EPA report, as much as 42 Mha of rice fields in India emitted 80 Mt of methane. This 
estimation turned out to be wrong after a collaborative research between IRRI and Indian scientists found that 
the methane emission of Indian rice production has been less than 5 Mt per annum. This extreme difference 
revealed that quantification and up scaling of GHGs is still ambiguous. Various approaches and methods 
presently adopted have resulted in distinct variations. Therefore, collaborative studies on the quantification 
and up scaling of GHGs should be continued internationally in order to obtain a more precise and reliable 
method and to validate the method under different agro-ecosystems and management practices.  

Amongst GHGs, only CH4 and N2O are considered important in agricultural sector. Net emission of CO2 is 
zero, since its emission is offset by crop photosynthesis in the following growing season. Therefore, 
discussion in this paper is limited on CH4 and N2O gases. 

The aim of this paper is to survey, analyze and report the less greenhouse gases emission technologies or 
practices in agriculture sector that are available in Indonesia and overseas. These have been accomplished 
by: surveying the research reports on related areas; calculating the cost of the available technologies and 
comparing them with technologies that have long been practiced by farmers; and by proposing several less 
GHGs emission technologies that can easily be adapted at farmers’ level. At the end of the paper, we listed 
the ‘less GHGs emission technologies' that may easily be adapted to Indonesia’s agro-ecology and farmers.  

1.1. Greenhouse Gases Emission in Agricultural Sector 

According to the report published by SME (1999) there are four main sources of GHGs emission in 
Indonesia’s agricultural sector, namely: (1) domestic livestock, (2) rice cultivation, (3) field burning of 
agricultural residues and (4) agricultural soils. The report excludes GHGs emission and technology from 
domestic livestock. 

Field burning of agricultural residues was significantly contributed by sugarcane industry. The amount of 
emission produced annually were 330 Gg of CO, 18.8 Gg of NOx , 15.7 Gg of CH4, and 0.5 Gg of N2O. It is 
noted that N2O emission from agricultural soils was 50.7 Gg. Crop residues contributed the greatest part, 
amounting at 20.8 Gg, followed by inorganic fertilizer of urea at 9.1 Gg and cultivated Histosols at 8.3 Gg. 

Annual emission of GHGs from agricultural sector was 108 Tg of CO2 equivalent.  Rice cultivation contributed 
the most at 62 Tg CO2 eq. or 2.5 Tg of methane. The second and third largest sources were livestock at 23 Tg 
CO2 eq. and agricultural soils at 16 Tg CO2 eq. Java island is the main contributor of all GHGs in agricultural 
sector. For rice cultivation, three provinces in Java (East Java, Central Java and West Java) contributed 51.2 
per cent. However, in this island agricultural areas tend to decline due to increasing industrial activities and 
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competition in land-use between agricultural and industry sectors. This reduction lead to the expansion of rice 
fields to islands outside Java. Therefore, GHGs emission from rice fields outside Java have to be monitored in 
the future.  

In rice cultivation, water management and nitrogen fertilizer application play important roles in controlling the 
GHGs emission as well as in determining crop yield. Annual methane emission from rice cultivation was 2.5 
Tg, contributed mostly by irrigated rice fields, particularly the technical irrigation at 1.3 Tg (SME, 1999). The 
second highest emission came from rainfed rice fields. Its harvested area covered up to 20 per cent of the 
total rice fields, which was equal to 25.9 Mha. The figures were estimated using the IPCC (1996) method. 

1.2. Methane Gas 

As the world population is increasing, the annual demand for rice would also be increasing from 460 Mt in 
2001 to 760 Mt in 2020 (IRRI, 1989). This increment will most likely increase CH4 flux from wetland rice fields 
if current technologies are continually used. Khalil and Rasmussen (1990) reported that CH4 emission from 
ricefields range from 18 to 280 Tg yr -1, which correspond to between 10 and 70 per cent of the total 
anthropogenic methane emission. 

There are three techniques available to estimate methane emission from rice fields (Khalil and Rasmussen, 
1990). The first technique is by calculating the number and duration of rice cropping cycles during the year for 
each country, using FAO’s country statistic and crop calendars. Using this technique, Indonesia’s rice fields 
are estimated to emit around 4.81 Tg methane annually. 

The second technique is based on the assumption that methane emission represents a constant fraction of 
net primary production (NPP), calculated using Leith and Miami’s model (Mathews et al., 1991). This method 
predicts that Indonesia’s rice fields produced 3.7 Tg of methane annually. 

The third technique relates methane emission to rice grain production. It involves the calculation of total 
organic matter added to rice soils and assumes that a constant fraction is emitted as methane. By using 
carbon isotope ratio method, Uzaki et al. (1991) measured a transformation of 17 to 22 per cent of organic 
carbon to methane. This leads to an estimation of methane emission from Indonesia’s rice fields of about 4.5 
Tg annually. 

Those three different estimation methods produced CH4 emission values of Indonesia’s rice fields that are 
very close to each other, viz. 3.7, 4.5, and 4.81. These put Indonesia amongst Asean countries as one of the 
greatest contributors of CH4 emission at 4.81 Tg yr -1, along with Thailand at around 4.81Tg yr -1, and Myanmar 
at 2.07 Tg yr -1. 

1.3. Nitrous Oxide 

N2O is an important greenhouse gas after CH4, as it has a long lifetime of 166+16 years (Prinn et al., 1990) 
and its concentration increases at the rate of 0.6-0.9 ppbv per year. The atmospheric concentration of N2O is 
currently at about 310 ppbv. Furthermore, the global warming potential (GWP) of one N2O molecule is about 
250 times higher than one CO2 molecule. Therefore, N2O currently accounts for 2-4 per cent GWP (Watson et 
al., 1992) and could contribute as much as 10 per cent of GWP in the future. 

The annual emission rate of N2O is 16.4 Tg CO2 eq., and about 94 per cent of the emission is derived from 
agricultural soils. Major sources of N2O in agricultural soils are the burning of crop residues (41 per cent), 
followed by nitrogenous inorganic fertilizers (18 per cent). 
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2. CULTURAL TECHNIQUES TO REDUCE METHANE GAS EMISSION: INDONESIAN 
EXPERIENCES 

Mitigation of GHGs emission is an expensive exercise; therefore effective and efficient technologies should be 
pursued. This paper reports several techniques currently practiced, based on various research activities 
conducted in Indonesia and other countries wherein rice is their main staple food. 

Most cultural practices in agriculture can be classified into four major fields, namely water management, 
organic matter management, cultivars selection, and cultural techniques. Better handling of these four cultural 
practices will effectively reduce methane gas emission. 

2.1. Water Management 

Water management of lowland rice fields affects the physio-chemical characteristics of the soil, such as its 
redox potential (Eh), soil acidity (pH), and nutrient availability. These will, directly or indirectly, affect the 
activities of the soil microorganism such as bacteria, which are responsible in GHGs formation and 
destruction. Water management is also a main factor influencing the gas exchange between soils and 
atmosphere. It has direct impact on the entire processes involved in methane emission: its production, 
oxidation and transport.  There is three water management systems practiced in the Indonesian agriculture, 
namely: (1) continuous flooding,  (2) intermittent irrigation, and (3) rainfed irrigation. 

The water management system commonly practiced in irrigated lowland rice fields of Indonesia is the 
‘continuous flooding’ technique. This practice leads to an enormous increase of methane emission. Although 
most farmers have been practicing ‘continuous flooding’ technique, they are also quite familiar with the 
‘intermittent irrigation’ technique. In this technique, rice field is flooded at seven days after rice transplanting, 
and at four days before and after fertilizer application, and at near harvest (Setyanto et al.,1997 and Husin, 
1994). This technique could greatly reduce the amount of methane gas emission by 35-90 per cent. However, 
it requires 2.7 times more water than the continuous flooding technique (Sass et al., 1992). 

The problem associated with the ‘rainfed irrigation’ technique is that farmers normally apply organic matter in 
the form of animal manure, which might enhance methane emission if rain follows. Some of the technologies 
on water management in Indonesia that can reduce methane emission are listed in Table 6.1 and 6.2. They 
show the amount of methane emitted from rice fields under various water irrigation techniques, including the 
profit that could be obtained from 1 Ha of rice field if the technology for mitigation was adopted. Each 
technique was compared with ‘irrigated’ technique farmers normally practice, wherein field is flooded 
continuously during the rice growth. Dewatering is started 10 days before harvest. Data were collected from 
various researches conducted at Jakenan Research Farm during 1993-1996. In the rainfed irrigation 
technique, rain is the main factor controlling rice production.  

Table 6.1 and 6.2 explain the scenario if flooded rice field was changed into rainfed condition in certain years. 
For instance, during the 1993/94 rainy season (RS), a decrease on methane emission by up to 86 per cent 
occurred when the irrigation system was switched to rainfed. But the yield was also decreased by 38 per cent, 
which was equal to about 4-million rupiah ha-1 of loss (by assuming 1 kg of dry grain worth Rp 1,500).  On the 
other hand, switching irrigated system to rainfed during the 1994 dry season (DS), had decreased methane 
emission by up to 60 per cent, and the yield was increased by about 30 per cent, which was equal to 1.3 
million rupiah per hectare. The high yield obtained in 1994 RS on rainfed system was due to sufficient water 
condition, while the decrease in yield under the irrigated system was due to pests and diseases.  
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Table 6.1. Effects of water regime (irrigated versus rainfed) on the rice yield, methane emission, and 
economic gain at Jakenan, Pati, Central Java (Makarim et al., 1996) 

Water regime/ 
Season1) 

CH4 Emission 
(kg/ha) 

Grain yield 
(kg/ha) 

Changes in CH4 
emission 

(%)2) 

Changes in 
Grain yield 

(%)2) 

Benefit obtained 
per kg CH4 

reduced 
(‘000 x Rp) 

Irrigated 

Rainfed 

(RS 93/94) 

197 

26 

7,074 

4,381 

 

86.8 

 

-38.1 

 

-23.6 

Irrigated 

Rainfed 

(DS 1994) 

155 

60 

2,908 

3,807 

 

61.3 

 

+30.9 

 

+14.2 

Irrigated 

Rainfed 

(RS 94/95) 

145 

 90 

4,666 

4,903 

 

37.9 

 

  +5.1 

 

  +6.4 

Irrigated 

Rainfed 

(DS 1995) 

256 

 89 

3,886 

3,570 

 

65.2 

 

  -8.1 

 

 -2.8 

1) RS = Rainy Season; DS = Dry Season 
2) As compared to irrigated (continuous flooding) system 

2.2. Organic Matter Management 

Organic matter functions as a carbon source for soil microorganism, a nutrient source for crops and as soil 
physical improper. However, organic carbon is also a source of CH4 production, while organic nitrogen is a 
source for N2O gas production. Therefore, organic matter management, as well as soil and water condition, 
determines the level of GHGs emission. 

Chemical composition and molecular structure of compounds in the soil influence the decomposition rates of 
organic matters, while water condition (aerobic or anaerobic) determines the direction of the reactions to 
reach the final products. Aerobic degradation of organic matter do not produce methane, but tends to produce 
N2O, whereas, anaerobic degradation produces methane and a very small amount of N2O. 

Chemical composition and molecular structure of compounds in the soil influence the decomposition rates of 
organic matters, while water condition (aerobic or anaerobic) determines the direction of the reactions to 
reach the final products. Aerobic degradation of organic matter do not produce methane, but tends to produce 
N2O; whereas, anaerobic degradation produces methane and a very small amount of N2O.  

Returning fresh rice straws into wet or flooded rice fields is a wrong habit that has been practiced by farmers 
for a long time. This practice not only increases methane emission, but also causes iron and/or organic acid 
toxicity in rice plants. 

Several experiments showed that an application of rice straws 1-2 months before rice field was flooded might 
reduce methane emission as much as 15-50 per cent as compared to direct application at the beginning of 
flooding. Application of composted-rice straw into dry rice fields is a better option, because it increases 
nutrient availability while decreases methane emission. 
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Table 6.2.   Effects of water regime on methane emission and rice yields, at Jakenan, Pati (Setyanto et 
al., 1997) 

Water Regime 
CH4 emission 

(kg/ha) 
Grain Yield 

(kg/ha) 

Changes in CH4 

emission               
(%)1) 

Changes in 
grain yield 

(%)1) 

Benefit obtained 
per kg CH4 reduced 

(‘000 x Rp) 

Continuously 
flooded 

      142.6         6,588    

Intermittently 
flooded 

        25        4,999 -82.5       -24.1              -20.3 

Saturated,  

unflooded 

        78.8        5,890 -44.7      -10.6             -16.4 

1) As compared to irrigated (continuous flooding) system 

Table 6.3. Effects of organic matter (OM) application on methane emission and the profit obtained 
(Makarim, 1996) 

Treatment 
CH4 

emission 
(kg/ha) 

Grain 
yield 

(kg/ha) 

Changes in CH4 
emission 

(%) 1) 

Changes in 
Grain yield 

(%)1) 

Benefit obtained 
per kg CH4 

reduced 
(‘000 x Rp) 

Rainy Season 1995 
Without OM;  
Irrigated 

 145  4,666  
 

  

Without OM; 
Rainfed 

 90  4,903  -37.9  +5.1  +6.5 

2.5 ton FYM /ha; 
Rainfed 

 78  4,127  -46.2  -11.6  -12.1 

5.0 ton FYM /ha; 
Rainfed 

 84  5,085  +9.0  +9.0  +10.3 

Dry Season 1996 
Without OM; 
Irrigated 

 256  3,890    

Without OM; 
Rainfed 

 89  3,570  -65.2  -8.2  -2.9 

2.5 ton FYM /ha, 
Rainfed 

 96  3,510  -62.5  -9.8  -3.6 

5.0 ton FYM /ha; 
Rainfed 

 101  3,170  -60.5  -18.5  -7.0 

 
 

Studies on the effect of different sources/types of organic matter on methane emission and rice yields at 
Jakenan are presented in Table 6.3. Experiments in other countries also indicated that the application of 12 t 
ha-1 of compost emitted less methane (40-60 per cent) as compared to the application of 6 t ha-1 fresh rice 
straws. Processing fresh organic matter into biogas reduced methane emission. In term of plant nutrition 
availability, the sewage sludge is more readily available as compared to the fresh organic matter. In China, 
incorporation of sewage sludge from bio-gas generation into rice fields depressed methane emission as much 
as 60 per cent as compared to the direct application of the fresh one (Wassmann et al., 1994). This method 
recycles plant debris from agricultural lands through fermentation during biogas generation and returns it to 
the agricultural lands. Using this method, methane emission decreases, and the biogas is obtained as an 
energy source for farmer’s households. Research on the effect of biogas residues on methane emission from 
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rice field was conducted in China (Lu et al., 2000). Methane emission was suppressed down by 10-16 per 
cent with no significant decrease in yield as compared to the fresh animal manure application.  

2.3. Cultivars Selection 

It was demonstrated by several authors that rice plants play an important role in mediating methane flux to the 
atmosphere. This path of methane to the atmosphere is related with the development of the aerenchymal 
system of rice plants. It has been discussed that methane produced in the soils by methanogens enters the 
roots of rice plants and moves up by diffusion in the aerenchym to the atmosphere. Therefore, one mitigation 
option could be seen as the cultivation of rice varieties with less developed aerenchymal systems. However, it 
has to be tested whether the varieties really reduce methane emission to the atmosphere under field 
conditions. Even at comparable yields such varieties may release less oxygen to the rhizosphere, thereby 
lower oxygen-dependent methane oxidation. The methane production in the soils may therefore be reduced, 
and resulted in less methane emission. 

Root exudates of rice plants may represent a significant source of methane in paddy fields. Varieties that 
reduced root exudation will result in reduced methane production in the soils and consequently reduced 
methane emission to the atmosphere. Such varieties also have the potential to produce high yields, since root 
exudation of carbon compounds may represent a significant loss of photosynthate of the rice plants. 

Other indicators of varietal characteristics, which relate to GHGs emission, are as follows: tiller numbers, total 
biomass, growth duration, and root oxidizing power. Field experiments conducted in Pati, Central Java, found 
that methane emissions from different rice varieties range from 151 kg ha-1 season-1 (IR 64) to 330 kg ha-1 

season-1 (IR 72). However no correlation between methane emission and rice grain yield were observed. 
Thus, it is possible to find varieties that emit less methane but produce higher yields on the same rice fields.  

Data on Table 6.4 shows the effect of rice variety on methane emission. Dodokan is a promising rice variety in 
term of low methane emission (12-34 per cent), and it also has shorter growth duration (less than 90 days) as 
compared to other varieties. However Dodokan is less favorable as it is not considered as tasty and neither a 
high yielding type, while the majority of Indonesian prefers rice with a bit of glutinous taste. 

Research conducted in China and India obtained similar results (Wassmann et al., 1994). Most of their 
modern hybrid rice exhibits high yield and higher methane emission. Therefore, research activities should 
attempt to screen varieties with the ability to emit low methane emission, and perhaps also with the ability to 
absorb nitrogen fertilizer efficiently while emit less N2O. 

Data on Table 6.4 shows the effect of rice variety on methane emission. Dodokan is a promising rice variety in 
term of low methane emission (12-34 per cent), and it also has shorter growth duration (less than 90 days) as 
compared to other varieties. However Dodokan is less favorable as it is not considered as tasty and neither a 
high yielding type, while the majority of Indonesian prefers rice with a bit of glutinous taste. 

Research conducted in China and India obtained similar results (Wassmann et al., 1994). Most of their 
modern hybrid rice exhibits high yield and higher methane emission. Therefore, research activities should 
attempt to screen varieties with the ability to emit low methane emission, and perhaps also with the ability to 
absorb nitrogen fertilizer efficiently while emit less N2O. 
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Table 6.4. Yield and CH4 emission of several rice varieties in irrigated lowland rice in Pati, Central 
Java (Wihardjaka, 1997) 

 Rice variety 
CH4 

emission 
(kg/ha) 

Grain yield 
(kg/ha) 

Change in 
CH4 

emission 
(%)1) 

Change in grain 
yield 
(%)1) 

Benefit obtain per 
kg CH4 reduced 

(‘000 x Rp) 

IR64  86  3,895    
Cisadane  206  4,011  +139.5  +3.0  -1.45 
Memberamo  115  5,146  +33.7  +2.1  -64.7 
Dodokan  74  3,251  -14.0  -6.5  +80.5 
IR36  112  4,952  +30.2   +27.1  -61.0 
Maros  117  4,328  +36.0  +11.1  -21.0 
IR72  330  4,629   +83.7    +18.8  -4.5 
Batang Anai  169  4,916  +6.5  +2.2  -18.5 

 

2.4. Cultural Techniques 

Very little information concerning the effects of cultural practices (e.g. soil tillage, puddling, seeding, 
transplanting, pest control) on methane emission is available up until now. Nevertheless, evaluation of cultural 
practices related to CH4 emission and their risk/benefit studies are absolutely necessary. Most research on 
the effect of cultural practices on methane emission from rice fields in Indonesia has been conducted in 
Jakenan, Central Java. Several researches on cultural practices have also been conducted in China, India 
and Philippines. 

Several cultural practices are likely to cause less CH4 emission. Planting time may affect crops maturity and to 
some extent will affect the GHGs emission rate. Other practices such as fertilizer application (kind, dose, and 
method of application), may affect microbial activity, soil condition, and plant growth, which in turn, either 
directly or indirectly affect GHGs production and oxidation. Research results from several countries on the 
effect of cultural practices on GHGs emission are tabulated in Table 6.5 and 6.6.  The economic analysis (at 
the exchange rate of US $ 1 = Rp 9000) are also shown. 

Direct seeding technique, which locally called “gogorancah”, is a common cultural practice by farmers in 
rainfed rice ecosystem. Farmers practice it since the early 1970’s with the objective of maximizing the 
productivity of the rainfed areas as it allows farmers to grow rice twice a year. It applies direct seeding method 
wherein seeds are inserted to soils either in wet or dry condition just before the rainy season starts. The first 
rains normally start in October/ November and end in February/March. Hand tractors or animals are used for 
soil cultivation. Low methane emission from this type of planting is due to more vigorous root system, which 
lead to more rapid oxygen transfer to the soils during the reduced condition. This exchange could activate 
methane-consuming bacteria (methanotroph) in a reduced condition. 

Methanotroph is a bacterium, which uses methane as its sole source of carbon in anaerobic condition. Other 
positive impacts of direct seeding, beside of its high yield, are that it uses less labor works as compared to the 
transplantation technique; uptakes more nitrogen; consumes less water for irrigation and resists more to 
diseases. 
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Economic analysis in Table 6.7 shows that direct seeding reduces methane emission by up to 83 per cent as 
compared to the baseline technique (transplanted, irrigated) with the same amount of inputs such as 
fertilizers, varieties used and with no organic amendment. Yields were improved by up to 43 per cent. 

Table 6.5.Effect of urea application on methane emission of the rainfed and irrigated rice fields in 
Jakenan, Central Java. (Setyanto et al., 1997) 

Year obtain/ 
Treatment 

CH4 
emission 
(kg/ha) 

Grain yield 
(kg/ha) 

Effect of 
technology to CH4 

emission 
(%) 

Grain yield 
difference 

(%) 

Benefit obtain per 
kg reduction of CH4 

(‘000 x Rp) 

Prilled urea; irrigated  171  7,400    
Tablet urea; irrigated  105  7,469  -38.6  0.9  1,5 
Prilled urea; rainfed  32  6,921  -81.3  -6.5  -5,2 
Tablet urea; rainfed  39  6,851  -77.2  -7.4  -6,2 
Prilled urea; irrigated  217  4,632    
Tablet urea; irrigated  197  5,011  -9.2  8.2  28,4 
Prilled urea; rainfed  106  4,229  -51.2  -8.7  -5,4 
Tablet urea; rainfed  123  4,892  -43.3  5.6  4,1 

 

Direct seeding technique in irrigated lowland rice could also be introduced as it reduces seasonal methane 
emission by 8-33 per cent and increases yield by 47-58 per cent. In term of financial profit, direct seeding in 
irrigated areas is one of the best options as it improves yield while efficiently suppresses the methane 
emission. 

Methane emission in the Philippines was measured in Central Luzon, a major rice producing area. The 
practice of direct seeding in the Philippines instead of transplanting resulted in a 16-57 per cent reduction in 
CH4 emission. However, the mechanism of reduction was not yet clear (Corton et al., 2000). 

Other attempts in reducing methane emission are the use of mineral fertilizers (tablet urea and prilled urea). 
Data on the effect of these fertilizers on methane emission under different water conditions (rainfed and 
irrigated) is given in Table 6.5. Meanwhile, the effect of mineral fertilizers in combination with organic fertilizers 
is presented in Table 6.6. 

Table 6.6. Effect of mineral fertilizer in combination with different organic fertilizer on the emission of 
methane of the rice field in Hangzhou, China (Lu et al., 2000) 

Treatment 
CH4 

emission 
(kg/ha) 

Grain yield 
(kg/ha) 

Effect of technology 
to CH4 emission 

(%) 

Grain yield 
difference 

(%) 

Benefit obtain per 
kg reduction of CH4  

(‘000 x  Rp) 

Rice straw/ mineral 
fertilizer 

 141  6,943    

Pig manure/ 
mineral fertilizer  191  7,744  35.5  11.5  -24,0 

Cattle manure/ 
mineral fertilizer  43  6,670  -69.5  -3.9  -4,10 

Mineral fertilizer  6  6,943  -95.7  0.0  0 
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Fertilization improves plant growth and generally increases CH4 emission. Effect of different N fertilizer on CH4 
production from soil incubation studies has been reported by (Wang et al., 1992). Addition of urea did not 
increase total production of CH4; instead it stimulated CH4 production in acid soil, possibly because of the 
short-term increase in pH after urea hydrolysis and the decrease in Eh. Addition of sulfate containing-N 
fertilizer reduces methane emission. (Schutz et al., 1989) reported a decrease of 6 per cent in CH4 emission 
when ammonium sulfate was applied to the surface and up to 62 per cent when it was incorporated into the 
soils. However, the effect of ammonium sulfate on yield was not reported. The effect of mineral fertilizers such 
as tablet urea, prilled urea and ammonium sulfate in different modes of application on methane emission from 
irrigated rice field was reported by (Setyanto et al., 1997). Results are presented in Table 6.8.  Incorporation 
of sulfate containing N-fertilizer into the soil reduced methane emission. The use of ammonium sulfate (ZA) as 
N fertilizer in place of urea resulted in a 5-25 per cent decrease in CH4. In the Philippines, the use of 
ammonium sulfate reduced emission by up to 25-36 per cent (Corton, 2000) No report on the yield was given.  
Mitigation options for CH4 emission through rice cultivation were also suggested in the previous study 
(ALGAS-Team, 1998).  

Table 6.7. Effect of different cultural practices (direct seeded versus transplanting) on CH4 emission of 
the rice fields (Makarim and Setyanto, 1995) 

Year obtained/ 
Treatment 

CH4 
emission 
(kg/ha) 

Grain yield 
(kg/ha) 

Effect of 
technology to CH4 

emission 
(%) 

Grain yield 
difference 

(%) 

Benefit obtained per 
kg reduction of CH4  

(‘000 x Rp) 

Transplanted 20x20; 
irrigated  166  4,561    

Direct-seeded; 
20x20; irrigated  152  7,123  -8.4  56.2  274,5 

Direct-seeded; 
15x20; rainfed  28  6,541  -83.1  43.4  21,5 

Direct-seeded; 
20x20; rainfed  19  4,423  88.6  3.0  1,4 

Transplanted 20x20; 
irrigated  134  2,622    

Direct-seeded; 
20x20; irrigated  90  3,891  -32.8  48.4  43,2 

Direct-seeded; 
15x20; rainfed  66  3,612  -50.7  37.8  21,8 

Direct-seeded; 
20x20; rainfed 

 163  2,915  -21.6  12.5  17,0 

 

The options include zero tillage, application of ZA fertilizer instead of traditional urea application, application of 
urea tablets, and irrigation efficiency measures. Zero tillage technique was shown to reduce CH4 emission by 
35.9 kg/ha. This may be due to the absence of soil disturbance, which could prevent immediate release of 
CH4. On the other hand, this technique may produce a penalty to the rice yield by 12.5 per cent of reduction 
due to less favorable soil environment to support crop growth. This technique is promising, as it does not 
require cultivation. However, considering the yield loss, it might not be an interesting option to farmers in 
general. 

Application of ZA fertilizers may reduce CH4 emission while slightly increase crop yield. Farmers, however, 
rarely apply this fertilizer, because it is not widely available in the market.  
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Table 6.8. Effect of different mineral fertilizer and modes of application on the emission of methane of 
irrigated rice field in Jakenan, Indonesia (Setyanto et al., 1999) 

Treatment 
CH4 

emission 
(kg/ha) 

Grain yield 
(kg/ha) 

Effect of 
technology to 
CH4 emission 

(%) 

Grain yield 
difference 

(%) 

Benefit obtain per  
kg reduction of CH4  

(‘000 x Rp) 

Prilled urea, 
broadcast 3x  180  5,293    

Prilled urea, 
broadcast 2x 

 182  5,142  1.1  -2.9  113,5 

Prilled urea, 
broadcast 1x 

 109  4,003  -39.4  -24.4  -27,2 

Prilled urea, 
deep placement  152  4,613  -15.6  -12.8  -36,4 

Ammonium 
phosphate, 
broadcast 3x 

 170  6,274  -5.6  18.5  147,0 

Ammonium 
phosphate, 
broadcast 2x 

 175  5,562  -2.8  5.1  80,7 

Ammonium 
phosphate, 
broadcast 1x 

 99  4,563  -45.0  -13.8  -13,5 

Ammonium 
phosphate, 
deep placement 

 136  4,546  -24.4  -14.1  -25,4 

Tablet urea, 
deep placement  157  5,980  -12.8  13.0  44,8 

 

The Government of Indonesia has promoted tablet urea since the early 1990s, as it is more efficient in use. 
This kind of urea fertilizer was shown to increase yield while reducing CH4 emission. However, its application 
requires a substantial higher amount of production cost, mostly for the labor. It was predicted that the increase 
in labor cost for applying the tablet urea can be as high as 12 per cent. 

Irrigation efficiency measures would be the most important option since the highest emission of CH4 comes 
from technical irrigation system. Introduction of multiple aeration for the technical irrigation system (i.e. 
continuous flooding technique) will reduce emission of CH4 by 80 per cent (IPCC, 1996). Therefore, other than 
the GHGs emission concern, efforts of saving water will be beneficial to all sectors as water resource is 
becoming a limiting factor despite a relatively high rainfall of Indonesia. Agriculture sector is the greatest user 
of irrigation water (up to 80 per cent) as compared to industries and households. 

2.5. Miscellaneous Research Reports 

Field experiment conducted in the research farm of IARI, New Delhi, India (DES, 1996) revealed that: 

ü Continuous flooding of rice field caused greater CH4 flux as compared to the intermittent irrigation. 
Intermittent irrigation is one of the best options for mitigating CH4 emission, as this practice is more 
economical and saving water without affecting grain yields; 

ü Application of FYM and wheat straw before puddling enhanced the rate of CH4 emission; 
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ü Marked differences in CH4 emission were noticed due to varietal differences and their bio-productivity 
and grain yields; and 

ü From the incubation studies there were marked variations of CH4 emission from soil to soil in various 
areas, but these were mainly due to the differences in organic carbon status and textures of the soils.  

Field experiment conducted in Hang Zhou, China (CNRRI, 1996), supported many previous research results. 
Several findings are given below:  

ü Paddy soil with Eh under 150 mV was found to release a large amount of CH4 (104 mg/m2/d to 185 
mg/m2/d); 

ü Paddy fields of hybrid rice emitted CH4 lower than of common rice variety; 
ü CH4 flux in bare submerged rice field was 78.7 mg/m2/d; 
ü Water management significantly affected CH4 emission; 
ü High CH4 flux significantly correlated with soil temperature (r=0.9611 **); and 
ü Paddy field low in total organic carbon and nitrogen emitted less CH4. 

IRRI, 1990 at Los Banos, Phillippines, has been successful on its CH4 project. They were able to estimate the 
emission rates at district or provincial levels using GIS database and MERES (Methane Emission from Rice 
Ecosystems) model, based on validated data of country specific emission rates.  The approach should be 
transferred to researchers in other rice producing countries as most of Asean countries, including Indonesia, 
have been equipped with GIS units. Activities under international collaboration should be strengthened, and 
monitoring activities using GIS and modeling should be operated on periodical basis. 

Beside applicable technologies, research activities concerning GHGs mitigation have to be continued. 
Priorities should be placed on the following topics: 

ü Method of quantification and upscaling, including modeling using GIS; 
ü Water management (percolation and intermittent); 
ü Method of nitrogen and other fertilizers application (optimization); 
ü Other cultural practices (plant density, soil preparation, transplanting, etc.); 
ü The use of new varieties (hybrid, genetic engineered or promising varieties); 
ü Time of straw incorporation, submerging, and transplanting; and 
ü Mitigation technique using methanogenic bacteria. 

3. TECHNOLOGIES TO REDUCE N2O EMISSION FROM AGRICULTURAL SOILS 

More than half of the inorganic/synthetic-N fertilizers are losses in gaseous forms (Freney and Simpson, 1983; 
Hauck, 1984; Peoples et al., 1994), and N2O emission is directly linked to the losses process. Therefore, the 
effective technology to reduce N2O emission is by increasing efficiency of inorganic/synthetic-N fertilizers 
application. 

Several management practices have been studied to reduce losses. Effect of different N fertilizers, such as 
prilled urea, tablet urea, polymer-coated urea (CRM) and nutralene (slow release N fertilizer) has been 
studied in Jakenan, Central Java. Among those fertilizers, polymer-coated urea is the best type of slow 
released fertilizer, not only due to its ability to increase yield, but also because of its efficiency in releasing N 
to the rice plants. This fertilizer could decrease by 4 – 16 per cent of emission as compared to urea (Table 
6.9) and it also increases the yield significantly (17-25 per cent). The advantage of these fertilizers is that they 
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are easy to apply in the field and are not laborious. Besides, farmers need only to apply it once during the 
early stage of the rice plant. 

Table 6.9.The effect of N-fertilizer application on N2O emission of the rice field in Central Java 
(Setyanto, 1997) 

 Treatment 
N2O 

emission 
(kg/ha) 

Grain yield 
(kg/ha) 

Effect of technology 
to N2O emission 

(%) 

Grain yield 
difference 

(%) 

Benefit obtain per 
kg reduction of CH4   

(‘000 x Rp) 

Dry Season 1997 
Prilled urea  225  3,953    
Tablet urea  194  5,172  -13.8  30.8  58,9 
Prilled urea + 
sulfur 

 182  3,908  -19.1  -1.1  1,5 

Nutralene  215  4,154  -4.4  5.1  30,0 
CRM   165  4,634  -26.7  17.2  17,0 

Wet Season 1997 
Prilled urea  73  4,008    
Tablet urea  73  4,698  0.0  17.2  0.0 
Prilled urea + 
sulfur 

 47  4,114  -35.6  2.6  6,0 

Nutralene  61  4,279  -16.4  6.8  33,8 
CRM   64  5,021  -12.3  25.3  168,8 

 

Researches regarding the effect of cultural practices on the emission of N2O in Indonesia’s rice fields are very 
limited as compared to studies in other countries. Some technologies that may be suitable for Indonesian 
condition are listed in Table 6.10. Nitrification inhibitors like dicyandiamide (DCD), nitrapyrin, encapsulated 
(wax-coated) calcium carbide (ECC) and N-2.5-dichlorophenil succinamic acid (DCS) have been used to 
reduce N2O emission. Research held in many countries showed that these nitrification inhibitors could reduce 
N2O emission significantly while increasing the yield ((Minami, 1994; Bronson and Mosier, 1993; McTaggart 
and Clayton Hand Smith, 1994). There are no reports on the effect of nitrification inhibitors on N2O emission in 
Indonesia. Table 6.11 is a list of suggested crop management practices for controlling N2O that may be 
suitable to Indonesian agro-ecosystems. 

Burning of crop residues will either convert them into various forms of GHGs, or may resulted in the reduction 
of crop yields because of the depletion of the organic carbon and nitrogen. In this case, mitigation strategy 
should aim at applying crop residues and inorganic fertilizers at the right time and to be done as efficient as 
possible, based strictly on crop requirements. Alternatively, the remaining crop residues could be used as 
animal feed as commonly practiced by farmers. 
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Table 6.10.  Various cultural practices and the amount of reduction in CH4 emission from paddy field 
(Inubushi, 1993) 

Practices Reduction of methane emission ( % ) 

Soil Management 

Dressing of Fe-rich soil  -94 to -24 

Organic matter application 

    - Omission 
    - Kind: rice straw <  wheat straw 

    - Time of application 

 

 - 89 

 ? 

 -95 to -64 

Employ soil microorganism (methanogenic bacteria, etc.)  ? 

Water Management 

Percolation  -94  to +11 

Mid-drainage, intermittent.  Temporal increase 

Crop Management 

Transplanting time (up to 2 months)  -96  to -89 

Varieties  ? 

 

Table 6.11. Suggested crop management practices for controlling N2O that may suitable for 
Indonesia’s agro ecosystem 

Crop Management Practice References 

Apply N fertilizer according to crop requirement, taking into account 
soil N reserves, N residue and other nitrogen sources. Avoid 
high/excessive application of N fertilizer 

Eichner (1990) ; Bergstrom and Beauchamp 
(1993); van Kessel et al. (1993); Granli and 
Bockman (1994); Chalifor et al. (1995); Tenuta 
and Beauchamp (1995b) 

Apply fertilizer/manure when needed. Avoid too early or too late 
application 

Weier  et al. (1993) 

Plant new crops after plowing. Avoid fallowing Wagner-Riddle et al. (1994) 

Avoid plowing permanent grassland. Reduce cultivation to a 
minimum, or use direct planting/ or seeding 

Wagner-Riddle et al. (1994) 

Irrigate evenly and only as needed, make use of rainfall Li et al. (1992), Wagner-Riddle et al. (1995), 
Bronson et al. (1992) 

Use nitrification inhibitors both as fertilizers and manure slurries Mosier et al. (1996), Bronson et al. (1992) 

Grow cover crops during rest periods (usually after harvest) to 
reduce NO3- or NH4+ concentrations 

Doran and Scott Smith (1991) 

Apply lime to acids soils Granli and Bockman (1994) 
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4. CONCLUSIONS 

There are two areas that should be continually studied to reduce GHGs emission: (1) accurate quantification 
and up-scaling of GHGs emission, and (2) mitigation of GHGs emission. Among various approaches and 
methods to quantify the GHGs emission locally and globally, techniques that use GIS database and modeling 
have advantages in term of accuracy, precision and validity. 

Concerning the mitigation, the following approach and techniques could be introduced: zero tillage, efficient 
irrigation techniques and mid-season drainage or intermittent irrigation. They would be the significant and 
effective techniques to reduce GHGs emission. Rapid technique to composting rice straw should be 
introduced and replace the fresh rice straw incorporation. Cultural practices in India have suggested avoiding 
application of FYM and wheat straw before puddling. Processing fresh organic matter into biogas reduces 
methane emission. Selection of high-yielding cultivars with lower potential for methane emission is a good 
approach. Dodokan is a promising rice variety in term of its low methane emission as compared to other 
varieties such as “Memberamo”, “Cisadane”, and “Batang Anai”. Hybrid rice in China emits CH4 lower than the 
common rice. The use of genetic engineered varieties may be promising. Planting time affects crop maturity 
and to some extent affects the GHGs emission rates. Direct seeding or commonly called “gogorancah” 
reduces methane emission by up to 83 per cent as compared to the baseline technique (transplanted, 
irrigated). Other practices like fertilizer application (kinds, dose, and methods of application), may affect 
microbial activity, soil condition, and plant growth, which in turn will affect, either directly or indirectly GHGs 
production and oxidation. Tablet urea was shown to increase yield while reducing CH4 emission. Meanwhile 
polymer-coated urea and nutralene (slow release N fertilizer) could decrease 4-16 per cent emission of N2O 
as compared to urea. Application of ZA and other sulfate containing N-fertilizers reduced (5-25 per cent) CH4 
emission while slightly increased crop yield. Research on nitrogen fertilizer application should focus on 
increasing N-efficiency and its effect on N2O emission; better coating materials of N fertilizer; the use of 
inexpensive nitrification inhibitors; and simpler fertilizer application technique. Other techniques that require 
further study is mitigation technique using methanogenic bacteria, and various cultural practices regarding 
plant density, soil preparation, and transplanting techniques.  
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VII. IDENTIFICATION OF LESS GREENHOUSE GASES EMISSION 
TECHNOLOGIES IN AGRICULTURAL SECTOR (LIVESTOCK SUB-SECTOR) 

S. Suryahadi, S. Wulandari and R. Hidayat  

1. INTRODUCTION 

The greenhouse gases effect is mainly caused by carbon dioxide, chlorofluorocarbon (CFC-11 and CFC-12), 
hydrochlorofluorocarbon (HCFC), methane and nitrous oxide. It causes depletion of stratospheric ozone layer, 
followed by global warming and the rising of the sea levels as well as increased health hazard (IAEA, 1992; 
White and McGovern, 1993). Carbon dioxide contributes the greatest proportion of greenhouse gases and 
methane is the second largest source of anthropogenic greenhouse gases produced mostly from agricultural 
activities (from paddy fields and ruminants). 

About 300 million tonnes of methane is produced annually in the atmosphere, 30 per cent (about 80 million 
tonnes) of which is from ruminants (Leng, 1991). It is a matter of concern that methane level in the 
atmosphere is increasing at about 1 per cent per year.  Although the emission rate is only 1/100 of carbon 
dioxide, but its global warming potential is 21 per cent higher (IAEA, 1992). The release of an estimated 205-
245 Tg of methane per year from agricultural sources is derived from enteric fermentation (80 Tg), paddy rice 
production (60-100 Tg), biomass burning (40 Tg) and animal wastes (25 Tg) (Watson et al., 1992). Emission 
from agriculture represents the greatest source of methane emissions in EU (the European Union). It is 
estimated at 10.2 Mt for the year 1990 and accounted for 44.7 per cent of the European emissions. These 
emissions come mainly from enteric fermentation of ruminant livestock (30 per cent) and livestock manure  
(14.7 per cent). 

As livestock being the major anthropogenic source of methane, controlling its emission has become an 
important component of the worldwide campaign to prevent global warming. Controlling methane emission is 
an important economical issue. Methane production in animals during the process of fermentative digestion 
and metabolism represents a loss of feed energy. It was estimated that methane accounts for 15 per cent of 
the loss of Digestible Energy (DE) intake of feed. This is a major loss, because two-thirds of the production 
cost of animals is for feed. It was observed that methanogenic energy loss is high, particularly on low quality 
of roughage (dry forage) such as straw-based diets.  Straw is the main feed for the vast majority of ruminants 
in developing countries. 

Methane is not only affecting the environment but also the economy of animal production. Appropriate 
technology can reduce its emission as well as the feed cost. Chalupa (1980) stated that the complete and 
partial reduction of this GHGs emission increases both live weight and feed conversion. Therefore, research 
needs to be concentrated on understanding the mechanism to reduce methane production. It is not only for 
the sake of the environment but also for vital economic reason. 

2. METHANE EMISSION FROM LIVESTOCK 

2.1. Enteric Fermentation 

Methane is produced as part of the purely normal digestion process of ruminant animals (e.g. cattle, sheep, 
goat, buffalo, etc.) as they digest feed in their fore-stomach or rumen. Some of this methane is exhaled or 
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eructed, which on energy basis is considered as feed conversion inefficiency. Portion of the feed energy that 
is converted to methane gas cannot be used by animal for maintenance and growth, neither for production. 

To control methane production in ruminants, it is very important to know factors that are associated with and 
the mechanism of methane production in ruminants. The process by which methane is formed is called 
methanogenesis. Methane is an electron sink product produced in the rumen in strictly anaerobic condition.  
As the products of the fermentation are volatile fatty acid/VFA (acetate, propionate and butyrate), formate and 
hydrogen, the methanogenic microbes use the formate and hydrogen plus carbon dioxide to form methane.  
Through a highly specialized biochemical process a bacteria called methanogenic bacteria produces 
methane. Favoring the conditions to produce propionate, which uses hydrogen that is supposed to be used by 
methanogenic bacteria, can restrict methanogenesis. On the other hand, if roughage proportion in the diets is 
higher, it favors acetate production, which immediately favors methanogenesis (Preston and Leng, 1987). 
Therefore, methanogenesis can be manipulated by changing the feeding pattern.  Several factors including 
feed, species, microbes, rumen environment etc. are responsible for methane production in animals. 

It was estimated that methane produced during fermentation of feed represents 7-10 per cent of gross energy 
(Leng, 1985), or 5-16 per cent of digestible energy, depending on the feed type. Preston and Leng (1987) 
reported that 20 per cent of the metabolizable energy is lost as heat and methane in ruminants.  Emission 
factor of each type of animals are presented in Table 8.1 (IPCC, 1995). 

Methane production in sheep varied from 16-30 litres per day, while in cattle it varied from 150-170 litres per 
day at maintenance level and 280-300 liters  per day on production ration. 

Table 8.1.  Emission factors used to calculate methane emission from livestock in Indonesia (IPCC, 
1995) 

Animal types Enteric fermentation (kg/head/year)  Manure  management (kg/head/year) 

Dairy Cattle 56 27 
Non-dairy Cattle: 44 2 

Buffalo 55 3 
Sheep 5 0.21 
Goat 5 0.22 

Horse 18 2.18 
Poultry: 

Native Chicken 
  

0.23 
Layer  0.23 
Broiler  0.23 
Duck  0.23 

 

2.2. Livestock manure  

If livestock manure is kept under anaerobic condition (in the absence of air) at temperatures higher than 15oC, 
methanogenic bacteria will produce methane. At this stage, a controlled fermentation of manure can be 
started.  Methane emission from anaerobic digestion/fermentation constitutes an energy resource that can 
later be recovered. Manure management and recovery techniques enable methane to be collected. This 
recovered methane (biogas) can be either flared (combusted) or used for energy generation (heat and/or 
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electricity) for on-farm purposes or for sale. As mentioned earlier, the flaring process decreases the harmful 
atmospheric effect of recovered methane by up to 95 per cent. The final stabilized product produced by 
anaerobic digestion can be utilized as feed and aquaculture supplements in fish farming or as a crop fertilizer.  

If livestock manure is kept under aerobic condition (by turning the manure regularly or by forced ventilation), 
aerobic transformation of the product will take place, replacing methane emission with CO2 emission. That 
process will lead to stabilized compost, which can be used as a crop fertilizer. Clearly in this process, energy 
resource and benefits of biogas are lost but its main advantage stays in the replacement of the powerful 
greenhouse gases by a weaker one, which lead to a drastic emission reduction, by up to 95 per cent of the 
residual emission. 

Table 8.2.   The ten largest methane emission from livestock by province during 1989 – 1993 
(Handoko et al., 1996) 

CH4 
Enteric Fermentation 

CH4 
Manure Management 

Total 
CH4 Emission Provinces 

Gg % Gg % Gg % 

East Java 166.53 21.7 10.20   23.7 177 21.8 
Central Java  92.52 12.0  6.90   16.0  99 12.2 
South Sulawesi  90.58 11.8  4.68   10.9  95 11.7 
West Java  60.50  7.9  3.10    7.2  64  7.8 
East Nusa Tenggara  46.78  6.1  2.46    5.7  49  0.1 
Aceh  42.90  5.6  2.15    5.0  45  5.5 
West Nusa Tenggara  32.15  4.2  1.68    3.9  34  4.2 
South Sumatera  27.24  3.5  1.31    3.0  29  3.5 
Bali  21.28  2.8  0.98    2.3  22  2.7 
Central Sulawesi 19.50  2.5  0.93    2.2  20  2.5 

Indonesia 768.81 100.0 43.01 100.0 812 100.0 

 

3. METHANE EMISSION FROM LIVESTOCK IN INDONESIA 

The most important source of greenhouse gases emission from Indonesia’s agriculture is methane emitted 
from paddy rice, followed by emission from livestock and solid waste disposal (Handoko et al., 1996). 
Methane emitted by rice fields contributes 75 per cent of the total methane emission (2.565 Tg/yr), followed by 
livestock, which contributes 23 per cent of the total emission (0.798 Tg/year). 

Indonesia’s methane emission from livestock during 1989-1993 is presented in Figure 8.1. The 10 largest 
methane emission from enteric fermentation by province and the total emissions during 1989-1993 and their 
averaged values are presented in Table 8.2. It shows that the Province of East Java was the largest 
contributor at 21.7 per cent, followed by Central Java (12 per cent), South Sulawesi (11.8 per cent) and West 
Java (7.9 per cent). Contribution from those four provinces was more than a half (53.4 per cent) of the 
national emission. 

 



L e s s  G H G s  E m i s s i o n  T e c h n o l o g i e s  
 

 7 - 4 
 
 

 

 

 

 

 

 

 

 

 

 

Figure 8.1. Indonesia’s methane emission from livestock during 1989-1993 (Handoko et al., 1996) 

The average annual emission by enteric fermentation of the country during 1989-1993 was 769 Gg. Emission 
by enteric fermentation was increased at the rate of 2 per cent per year, from 731 Gg in 1989 to 804 Gg in 
1993.  In term of total methane emission from livestock, enteric fermentation contributed 95 per cent. 
Distribution of methane emission by animal types is shown in Table 8.3. Methane emission from enteric 
fermentation was largely dominated by the non dairy cattle of more than 10 million heads contributing 61.5 per 
cent. The second largest group of emitter was buffalo (23.7 per cent), although its population was much lower 
than goat.  

Table 8.3.  Distribution of methane emission by animal type (1989-1993) (Handoko et al., 1996) 

No. Animal Types Population 
Enteric 

fermentation 
(Gg) 

Manure management 
(Gg) 

Total CH4 

emitted 
(Gg) 

1. Dairy Cattle        230,306   12.9 6.2    19.1 
2. Non-dairy Cattle   10,747,879 472.9 21.5   494.4 
3. Buffalo     3,306,167 181.8 9.9  191.7 
4. Sheep     6,216,675   31.1 1.3    32.4 
5. Goat   11,468,106   57.3 2.5    59.8 
6. Horse        707,690  12.7 1.5    14.2 
7. Poultry: 

Native Chicken 
 

  21,729,050 
 
 

 
4.8 

     7.4 

 Layer  41,719,706  1.0  
 Broiler  42,744,140  1.0  
 Duck  26,002,259  0.6  

 

Methane emission from manure management was small compared to enteric fermentation. It was 5.3 per cent 
of the total emission from livestock. The averaged total emission by manure management was 43 Gg. The 
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increasing rate of emission from manure management was the same as from enteric fermentation (2 per cent 
per year), but its absolute magnitude was much less.  Non-dairy cattle were the highest contributor of 
methane   mission in the manure management category. It contributed 42.7 per cent of the total emissions 
followed by buffalo (19.7 per cent) and poultry (14.7 per cent). 

Enteric fermentation was the most important source of methane emission and based on the types of animals, 
non dairy cattle are the major contributor. Methane Conversion Rate (MCR) and Methane Emission Factor 
(MEF) of Indonesian livestock were estimated using Blaxter-Claperton method (Suryahadi et al., 1996). It was 
obtained that the MCR of Indonesian livestock was consistently higher than that of IPCC estimates.  In 
Indonesia, the major components of diet consist of roughage with poor nutritional values as shown in Table 
8.4.  

Table 8.4.  Nutrient composition of forages in Indonesia (Nomleni, 1975) 

Nutrient Composition 

Forage type 
DM 
(%) 

CP 
(%) 

CF 
(%) 

DE 
(Mcall) 

NFE 
(%) 

Ca 
(%) 

P 
(%) 

Native Grass     20.86      8.21     33.33      2.43       -     0.4  0.17 

Rice Straw     90.8      2.60     31.46      -    37.12     0.92  0.02 

Elephant Grass    23.60    10.53    36.6      4.061    42.2     0.44  0.28 

 Analyzed by Feed and Nutrition Science Laboratory, Animal Husbandry, Mataram University (1996) 

The largest proportion of methane is produced if the animals consume this kind of low quality feed. The rate of 
methane production will increase following the increasing level of acetate formation in the rumen. The 
methane conversion rate was 7.2-7.8 per cent of digested energy and was higher than IPCC estimates of 6-
7.5 per cent (1995). The productivity of animals in Indonesia is lower than the animals in developed countries, 
due to poor animal genetic breed and low quality feed available in the country.  Bali Cattle is one example of 
beef cattle raised in Indonesia. This cattle has daily body weight gain of 0.362 kg per day (Media, 1995).  In 
the other hand, dairy productivity is lower (10 kg/head/day) although the breed used (Fries Holstein) came 
from a European country (the Netherlands). That low animal productivity has caused the methane emission 
level per unit of livestock product in Indonesia to be relatively higher than the livestock in the developed 
countries. There is a need to have a more intensive effort to increase animal productivity and hence reducing 
its methane emission in Indonesia. 

4. TECHNICAL OPTIONS TO REDUCE METHANE EMISSION 

Reducing methane production from ruminant animals is important for at least two reasons. Firstly, it would 
reduce the amount of methane in the atmosphere and consequently reduce the greenhouse effect. Secondly, 
it could reduce the feed cost which is a major cost in animal production. Therefore, it is important to evolve in 
different ways when reducing methane production from ruminants. Options to reduce methane emission from 
major sources are described below. Table 8.5 summarizes the technical/economical aspects and the 
effectiveness of these options in Indonesia. Some considerations for application in Indonesia are also 
described on their costs, strengths, weaknesses and the relevant researches available in Indonesia.  
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Table 8.5.  Internationally available technical options for reducing methane emission from livestock 

Consideration for application in Indonesia 

Option % Methane 
Reduction 

Feed 
Efficiency 

Animal 
Product 

Cost Research 
Available 

Strength Weakness References 

Dietary Supplementation 
1. Ionophore 

    - Monensin  
16-24 
30-40 

 
Increase 

 
increase 

 
Expensive 

 
+ 

 
Advanced 

Technology  

 
Imported 
product 

Thornton and 
Owens (1981); 
Joyner et al.  

(1979); 
Orskov and 
Ryle  (1990) 

2.  Probiotic - Increase increase Expensive ++ Advanced 
Technology  

Inconsistent 
result  

Fuller (1992); 
Nisbet and 

Martin (1990); 
Dawson et al. 

(1990) 
Defaunating  

Agents 
- Increase increase cheap +++ - Inconsistent 

result 
Bird et al. 

(1993) 
Protein 

- Fish meal 
 

decrease 
 

Increase 
 

increase 
 

Expensive 
 

++ 
 

Simple 
 
- 

Silva and 
Orskov (1985); 

McAllen 
(1991); 

Wainnman and 
Dewey (1989) 

Integrated 
Suplementation 

       - UMB 

 
 

30-50 

 
 

Increase 

 
 

increase 

 
 

cheap 

 
 

++ 

 
 

Simple 

Need 
extension 
program 

Islam and 
Begum (1997) 

Appropriate 
Concentrate 
       Feeding 

25-75 
12 

Increase increase cheap +++ Simple Policy 
needed 

Saadullah 
(1992); 

Heque and 
Stem (1994); 
Preston and 
Leng (1987) 

Mechanical and Chemical Techniques 
1. Chopping and 

Pelleting 
decrease Increase increase Expensive + - Complicated  Blaxter and Mc. 

Graham 
(1956); 

Wieser and 
Wenk (1970) 

2. Sodium 
hydroxide 

10 Increase 
10-20 

increase expensive + Simple Poisonous Jayasuriya, 
(1984); 

Moss et al. 
(1994); 

Wanapat and 
Sundstol 
(1985) 

3. Ammonia decrease Increase increase expensive +++ Simple Poisonous Moss et al. 
(1994) 

Manure Management 
1. Covered 

lagoons 
80   cheap - Simple Environment

al hazard 
IPCC (1996) 

2. Digester 70   Expensive - Double 
benefit 

Need 
investment 

- 

3.Spread on 
pasture  

   & rangeland 

100   cheap - Simple 
 

No energy 
recovered 

IPCC (1996) 
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4.1. Dietary Supplementation 

Supplementation is one method of improving nutritional management of animals through the addition of 
nutrients in the feeding.  It is expected to increase the animal productivity and consequently reduce methane 
emission per unit of animal product. Some dietary supplements could reduce methane emission such as 
ionophore, probiotics, defaunating agents, by-pass protein and some concentrates.  Methane production is in 
reverse with the propionate production in the rumen. If propionate production increases, the methane 
production decreases or vice versa.  

Certain ionophore feed additive like monensin and rumensin (monensin sodium) are able to increase 
propionate production. Thornton and Owens (1981) reported that methane production could be decreased by 
16-24 per cent in steers with the addition of monensin in the feed. In sheep, addition of monensin in the feed 
could reduce methane production by 30-40 per cent. Joyner et al. (1979) reported that monensin not only 
reduce the methane production but also increases the feed conversion in the ruminants. Monensin inhibits the 
growth of acetate hydrogen bacteria such as Bacteroides fibrosolvens  and other types of bacteria, which can 
stimulate the propionate-producing bacteria such as Bacteroides ruminicola (Orskov and Ryle, 1990). 

 Probiotics are substances secreted by one microorganism, which stimulate the growth of another.  It is the 
exact opposite of antibiotics and its etymological pedigree was beyond reproach (Lilly and Stillwell, 1965).  
Fuller (1992) redefined probiotics as a live microbial feed supplements that beneficially affect the host animal 
by improving its intestinal microbial balance.   Adding a very small amount of some viable yeasts or fungi  
(Saccharomyces or Aspergillus  spp.) to the diets has been practiced during the last decade as probiotics for 
ruminants (Fuller, 1992). It has been shown that they stimulate the growth of lactate utilization (Nisbet and 
Martin, 1990) and cellulolytic bacteria (Dawson et al., 1990). The animal’s responses to yeast addition are 
inconsistent. It depends on yeast strain and feeding condition. This area requires much works to confirm the 
effect of probiotics. 

Defaunation is reducing or eliminating protozoal rumen through supplementation of defaunating agents.  
Methanogenic bacteria were found attached with protozoa. Reducing protozoa population by partial 
defaunation could improve ruminant production and digestibility of barley straw-based diets (Bird et al., 1993). 

A small supplement of fishmeal given to sheep being fed untreated barley straws significantly improved its 
Organic Matter Digestibility (OMD) as compared to the un-supplemented control sheep (Silva and Orskov, 
1985). McAllen (1991) showed that fishmeal supplement significantly enhanced the digestibility of structural 
carbohydrate with both untreated and ammonia treated barley straws. Small supplements (8-24 per cent) of 
feed dry matter appeared to depress methane energy loss for untreated straw and to enhance for ammonia 
treated straw (Wainnman and Dewey, 1989). As the ammonia treated straw diets had significantly improved 
OMD as compared to control, it is likely that methane production per kilogram of animal product would further 
be reduced. 

4.2. Integrated Supplementation/Feeding urea molasses block (UMB) 

Manipulation of methanogenesis in the rumen is also possible through urea molasses block (UMB) feeding 
where poor quality roughage is used. Research in Bangladesh and India demonstrated that milk production in 
cows were doubled when UMB were given with straw based diets (Islam and Begum, 1997) which could be 
seen as an indicative of reduced methane emission.  Strategic supplementation with UMB could promote 
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efficient fermentative digestion and thereby decrease methane generation per unit digestive feed by 30 per 
cent to 50 per cent of digestible energy. 

4.3. Appropriate Concentrate Feeding 

Concentrate is mixture of feedstuffs containing high protein and energy.  Saadullah (1992) stated that the 
methane emission per unit of product can be reduced by 25 - 75 per cent when urea molasses block, fish 
meal, oil cakes etc. were given to ruminants, especially cattle and buffaloes, which feed mostly on straws. 
This way global methane emission could be cut by approximately 12 per cent. When animal production 
increases, there is a substantial decrease in the amount of methane emitted per unit of production (Heque 
and Stem, 1994). Therefore by strategic feeding, milk, meat and power can be increased provided farmers get 
direct benefits through additional incomes. 

Preston and Leng (1987) reported that 2 kg of methane were produced per kg of meat when ruminants were 
fed mainly with straw. However, methane can be reduced to 0.36 kg per kg of meat produced by offering 
straws with urea, minerals and by-pass protein. Urea and mineral supplementation to the straw-based diets 
reduced the percentage of digested energy fermented to methane from 15 per cent in un-supplemented 
animals to 8 per cent in supplemented. Whilst 0.126 kg of methane was produced per kg of live weight gain 
when urea treated straws were given and it was 0.84 kg per kg live weight gain when untreated straws were 
given (Saadullah et al., 1981).  Changing forage-concentrate ratio and type of concentrate can also change 
the methane production. 

4.4. Mechanical Techniques/ Chopping and Pelleting 

The grinding and pelleting process alter the utilization of the energy of dried grass through fecal loss, lower 
urine production and methane losses and there were marked reduction in heat loss (Blaxter and Mc. Graham, 
1956). But the reduction of methane energy loss is associated with marked reduction of cell wall digestibility. 
A fine roughage ration caused methane energy loss (Wieser and Wenk, 1970). 

4.5. Chemical/Alkali treatment 

 Jayasuriya (1984) showed that a digestibility increment between 10 - 20-percentage unit and intake 
increment of 30-50 per cent can be expected when straw were treated with sodium hydroxide. These 
increases in digestibility and intake should be translated to increased animal production. (Moss et al., 1994) 
showed that the mean methane production (liter/kg organic matter digested) for untreated and sodium treated 
cereal-straws fed alone to sheep (supplemented with urea and sulfur to provide N : S ratio 14.4 : 1) to be 54.1 
and 48.5, respectively. In term of energy loss as a proportion of gross energy intake, the values were 0.056 
and 0.06, respectively. Additionally, dry matter intake was improved by sodium hydroxide treatment and the 
methane production per unit of animal product would decline. Wanapat and Sundstol (1985) reported 
methane production values of 82.4 and 75.9 liter/kg Organic Matter Apparently Digested (OMAD) for 
untreated and treated sodium hydroxide barley straws. 

Ammonia treatment is one of another alkali treatment of low quality roughage. This treatment could improve 
digestibility and intake of feed and then reduced methane production (Moss et al., 1994). But ammonia is less 
corrosive than sodium hydroxide and requires some apparatus to apply, so it is no great advantage to be 
applied in developing countries such as Indonesia. 
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4.6. Manure management  

Three options using anaerobic recovery techniques to reduce methane emission from livestock manure are: 
covered lagoons, digesters and direct spread to the pasture. 

4.6.1. Covered lagoons 

Manure management in lagoons is associated with relatively large scale-intensive farm. Manure solid are 
washed out of livestock housing facilities with large quantity of water and the resulting slurry flows into primary 
lagoons. Due to anaerobic condition, the manure is converted into significant methane emission, provided the 
temperature remains relatively high. Placing an impermeable floating covers over the lagoon and applying 
negative pressure can recover methane. Methane recovery efficiency of up to 80 per cent can be achieved. 

4.6.2. Digesters 

Digesters are special reactors designed to enhance the anaerobic decomposition of organic material and thus 
maximize methane emission production inside the reactor for recovery. As a rough approximation, anaerobic 
digester will reduce the potential for methane emission by two third or more, leaving one third of the 
compounds remain in the effluent. Methane may still be generated from the effluents. Therefore, efficient 
digesters with gas recovery system may reduce methane emission by up to 70 per cent. Small-scale digesters 
are relatively simple to build and operate. As such, they are an appropriate strategy for small isolated farm 
and regions with technical, capital and material resources constraints.  The recovery of high quality fertilizer 
from digesters may be an even more important than the energy supplies from biogas.  Large-scale digesters, 
often more technologically advance digesters, are usually heated and require greater capital investment per 
unit. 

4.6.3. Direct Spread to the Pasture 

The portion of the manure that decomposes aerobically depends on how the manure is managed.  When 
manure is handled as a solid  (e.g., in stacks or pits) or when it is deposited on pasture and rangelands, it 
tends to decompose aerobically and little or no methane is produced (IPCC, 1995).    

5. TECHNICAL ALTERNATIVE IN INDONESIA 

Developing countries like Indonesia, wherein most of the livestock exist in villages and are managed in small 
herd, may have difficulties in adopting all the techniques constructed by developed countries. It is not easy to 
introduce technological innovations in livestock production at the small holder’s level.  If technological 
innovation is to be successful, they must be introduced by taking into accounts following requirements 
(Preston and Leng, 1987): (1) There must be immediate financial return from the application of the innovation, 
(2) the innovations must be relatively simple and should not interfere with normal farm activities, (3) the 
livestock venture must entail minimal risk, (4) the innovations should not be hazardous, unless returns are 
exceptionally high, (5) it should not cut across religious or other cultural activities. Adoption of new innovations 
to reduce methane emission at Indonesia can only be effective if those criteria are taken into account.  
Furthermore, research and development activities must be well planned. 
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A summary in Table 8.6 illustrates technologies available in Indonesia for reducing methane emission from 
livestock. Those techniques are quite simple, relatively cheap, easy to adopt in village areas and they have 
been developed based on scientific research. All ingredients required could be supplied locally.  

Table 8.6. Appropriate technical developed in Indonesia 

Techniques 
Available 

Status Methane 
Reduction(%) 

Feed 
Efficiency 

Animal 
Production 

Cost Strength Weakness 

Dietary Supplementation 

1. Unsaturated 
fatty acid 

Preliminary 10 increase +15%  cheap Local product 
Simple 

application 

Need scale-up 
Limited supply 

2. – Probiotic 
(Yeast) 

     

Advanced 
research 

8 increase +9 
 

cheap Local product 
Easily adoption 

Need scale-up 
Inconsistent 

result 
3. Concentrate Preliminary 8 increase 126 cheap Easily adoption 

Simple 
application 

Limited supply 

4. Fish oil + Zn Preliminary 54 increase +61.2 cheap Local product Need scale-up 
Limited supply 

5. Ionophore 
    - Salinomycin  

Advanced 
research 

 
Decrease 

 
increase 

 
+26.6%  

 
expensive 

Advanced 
Technology  

Effective 

Limited supply 
Imported product 

Poisonous 
6. Mineral +by 
pass nutrient 

Advanced 
research 

Decrease increase 22%  cheap Local product Need diffusion 
action 

7.Defaunating  
Agents 

Advanced 
research 

Decrease increase +20%  cheap Local product 
Abundant 
Simple 

application 

Inconsistent 
result 
Need 

maintenance 
8.Urea Molasses 
Block 

Advanced 
research 

decrease increase +6%  Rp 
300,00 

Simple 
application 
Advanced 
technology  

Need extension 
program 

9. Leguminous Advanced 
research 

decrease increase increase cheap Local resources 
Simple 

application 

Limited plantation 
Limited utilizing 

Poisonous 
Manure Management 

1.Compost 
production 

Advanced 
research 

decrease - - cheap Easy to apply 
Low methane 
emission 

No energy used 

2.Direct spread 
as fertilizer 

Advanced 
research 

decrease - - cheap Increase soil 
fertility  

No methane 
emission 

Depend on slope 
of land 

Limited manure 
utility  

3.Small scale 
digester 

Advanced 
research 

decrease - - expensive Double benefit 
Energy used 

Need investment 
Complicated 
application 

4. Integrated 
farming system 

Advanced 
research 

decrease - - cheap Multiple benefit 
Zero waste 

Decomposition 
quickly 

Effective 
recycling 

time and skill 
limited  of the 

farmer 
methane 

emission cant be 
measured 

 

Due to poor feed quality (deficiency of some nutrients) in Indonesia, the supplementation is one of the 
strategic choices to be implemented. Supplementation is the key to reduce methane emissions from 
ruminants and to improve nutritional status and then consequently to increase animal productivity.  
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Considering this feeding strategy, experiments in Indonesia are more concerned in developing techniques of 
supplementation.  Some important results of these experiments, then could be applied to reduce methane 
emission (see Table 8.6). Some locally potential feed supplements that can be used in reducing methane 
emission and improving animal production are: Local yeast culture, unsaturated fatty acid, “lemuru” oil, 
mineral, by pass nutrient/protected protein, defaunating agent (Hibiscus rosa sinensis ), tree leguminous 
supplement. 

Feed block supplement like Urea Molasses Block was easier to adopt by farmers because it does not much 
interferes with farmers’ activities. The farmer or livestock cooperative could make this feed block supplement, 
but it requires some preliminary training. The economical benefits of introducing Feed Block Supplements 
(FBS) to the farmer could be estimated using some data obtained by field trial experiment in Dairy 
Cooperative of Bogor (Suryahadi, 1990). The principle ingredients of FBS were locally available such as: 
molasses, lime, mineral, rice brand, urea and protected protein.  Supplementation of FBS tend to reduce 
methane emission by 8-15 per cent (varied by kinds of supplements) and to increase milk production by 6-22 
per cent (at the average of 15 per cent). Daily milk production in the region is 12 kg/head/day, while the milk 
price was Rp 1,000/kg. The average number of cows owned by a farmer is 10 heads, while the FBS 
consumption by the cows is 100 g/head/day and the price of FBS made by the Dairy Cooperative is Rp 
3,000/kg. Based on the above basic figures, the added value of FBS innovation for the farmer can be 
estimated as equal to (0.15 x 12 x 10 x Rp 1,000) -  (0.1 x 10 x Rp 3,000) = Rp 15,000/day. This added value 
is one very important incentive to accelerate innovation. Combining some kind of supplement listed in Table 
8.6 could increase the impact of FBS innovations further.   

Farmers could also directly apply some valuable supplementation to reduce methane emission, for example, 
by planting defaunating agent such as Hibiscus rosa sinensis  near their animal’s cages. This approach needs 
further program of extension by the government and or the Livestock Cooperative. 

Appropriate manure management could significantly reduce methane emission from livestock. Some of 
feasible approaches on manure management were (1) Compost production, aerobically, to reduce methane 
production from manure, (2) Direct spread of manure, as fertilizer to grass cultivation area, like those 
practiced by the farmers at the Dairy Production Area in Cibungbulang, Bogor, (3) Introduction of integrated 
farming system, applying principles of Zero waste production. 

Indonesian experiments on integrated farming system such as: “ long-yam” (fish culture under poultry 
housing) is one of prospective alternative to reduce methane from manure. However the observation on 
methane emission in this farming system is very limited.  Suryahadi (2000) proposed a model of integrated 
farming system where the dairy cattle’s is principle activity (Figure 8.2). In this model, the manure of dairy 
cows is used to produce duckweed as feed for chicken, duck and fish.  The manure is also used for earth 
worm production that can be used as feed of chicken, duck and fish.  Casting of earthworm can be used as 
organic fertilizer for grass as feed for dairy cows.  Principally, activities of integrated farming system are 
acceleration of decomposition process.  Another advantage of this system is zero waste; as a result methane 
emission can be decreased and recycled effectively. 
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6. DEVELOPMENT POLICY  

6.1. Goal of Policy 

ü To promote the use of local resources and to increase animal production and subsequently to 
improve net cash income for farmers; and 

ü To continually improve appropriate technologies to reduce methane such as Feed Block Supplement 
as a model. 

6.2. Stage of development 

ü Promoting research or launching a new research campaign to identify more precise reducing 
methane emission techniques; 

ü Producing enhancing agents that are relatively cheaper (e.g. Hibiscus rosasinensis ); 

ü Demonstrating small and medium scale power units that generate heat or electricity and are simple 
to build, operate and to maintain; 

ü Demonstrating/promoting on-farm technology programs; 

ü Creating some financial incentives for livestock cooperative in diffusing new technologies;  

ü Conducting some local feasible studies for investment and resettlement of livestock production in 
certain area, such as Cibungbulang Dairy Center Production, Bogor; and 

ü Adopting technology through Indonesian obligation to legislation for animal farm husbandry. 

6.2.1. Action program proposed 

ü Demonstration of Feed Block Supplement; 

ü Extension program on the utilization of local feed supplement to the farmer, cooperative and 
government; and 

ü Manure processing (composting and extent manure recycling through integrated farming system). 
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Figure 8.2.  Integrated Farming System 

6.2.2. Institution 

Reduction methane emission in animal production need an institution.  The right institution to implement this 
program is cooperative which is in guidance of Agricultural Department and collaborate with college as an 
innovator.  It is needed to develop “Animal Production Centers” such as Kunak (Kawasan Usaha Ternak) in 
Cibungbulang Bogor, to make easier the implementation this program in field. 

7. CONCLUSIONS 

The main points to reduce methane emission are: 

ü Introducing the application of feed block supplement (FBS) with utilization of combination locally 
functional feed additive is one of appropriate technology for reducing methane emission and 
improving animal production in Indonesia;  

ü Improvement feed qualities through dietary supplementation, mechanical techniques, chemical 
treatment and manure management; 

ü Application of integrated farming system has many advantages such as zero waste and acceleration 
decomposition process that can depress methane emission; and 

ü To make easier the implementation this program in field,  it is needed to develop “Animal Production 
Centers” such as Kunak (Kawasan Usaha Ternak) in Cibungbulang Bogor. 
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VIII.  DEVELOPMENT OF MODALITIES TO ACQUIRE AND IMPLEMENT LESS 
GHGS EMISSION TECHNOLOGIES:  NON-ENERGY SECTOR 

Hidayat Pawitan  

1 INTRODUCTION AND BACKGROUND 

Considering the important role of climate change in the existence, well beings and development of Indonesia, 
the Government of Indonesia has approved the ratification of the United Nations Framework Convention on 
Climate Change (UNFCCC) through Law No. 6 1994. By ratifying the Convention, Indonesia has a wider 
opportunity to cooperate and communicate with other countries and international organizations through 
communication of information that has been institutionalized by the Convention.  For developing country like 
Indonesia the most important communication materials are among others scientific and technology 
exchanges.   

In the past till the present, the main contributors of global greenhouse gases emission are the developed 
countries, presently known as the Annex I Parties.  Per capita emissions from less developed countries is still 
relatively low, though it is realized that the contribution to the global emissions very likely to increase to fulfill 
their economic and social development needs.  Holmes (2001) noted that according to International Energy 
Agency (IEA), power generation in developing countries would account for nearly one-third of the increase in 
global emissions to 2020, with world forecasts of double electricity demand over the next 20 years and 
requiring nearly US$3 trillion of investment. Over half of the new power stations built to satisfy this explosive 
demand will be in developing countries, with south and east Asia taking a big bite.  Therefore, to avoid any 
negative impacts, responses of developing countries to climate change need to be coordinated and integrated 
in their socio-economic development.  These can be achieved among other things by considering carefully the 
priority needs of the respected developing countries in reaching their socio-economic development sustain-
ably and in poverty alleviation.  For these, all countries, especially developing countries need access to the 
required resources to accomplish socio-economic growth in sustainable way, and these will involve increased 
energy consumption and other natural resources uses that need to be done more efficiently and controllable.   

In order to response in a comprehensive way the need of capacity building of developing countries of non 
annex I of UNFCCC, GEF council had launched activities in the medium and long terms to be implemented.  
This plan includes transfer of low emission technology that will be beneficial to satisfy greenhouse gases 
emission reduction, without disturbing sustainable economic development.  To implement such low emission 
technologies the developing countries require institutional networks and systems and procedures in acquiring 
and implementing the technologies.  These include: (a) institutions which are responsible and justly to assess 
and approve implementation of the low GHGs emission technologies; (b) systems and procedures to acquire 
and implement new low GHGs emission technologies; (c) improvement of human resources development in 
accordance with minimal requirements in implementing the new technologies; (d) monitoring and evaluation 
and control in implementing low GHGs emission technologies; (e) assessment of implementing low GHGs 
emission technologies; (f) credit scheme and tax facilities in implementing low energy technologies; and (g) 
awarding certificates.  With the above background the present paper with title “Development of Modalities to 
Acquire and Implement Less Greenhouse Gases Emission Technologies” is aimed to prepare a concept 
paper on software and hardware requirements in implementing low GHGs emission technology for various 
sectors in Indonesia and in relation to increase the role of Indonesia to contribute to the Convention and 



L e s s  G H G s  E m i s s i o n  T e c h n o l o g i e s  

 8 - 2 

benefiting from the clean development mechanisms.  In response to this aim, it is endeavored to present 
correct perspective of the issues, in Indonesia context, in a complete manner with as far as possible accurate 
information involved, with materials taken deliberately from Metz et al. (2000) and Paper No. 3 of TERI 
(undated). The present paper will concern only the non-energy sectors that include mainly agriculture and 
forestry sectors.  The energy sector part and overall discussion are given in, hopefully, complementing papers 
of this report. 

1.1 Regional Perspective on Global Climate Change 

Global warming is considered to be one of the greatest environmental threats facing the world today.  The fact 
that by burning fossil fuels such as coal, oil, and natural gas, humans have loaded the atmosphere with 
additional greenhouse gases that trap and retain heat from the sun.  Indeed, atmospheric concentration of 
CO2 have risen from pre-industrial 280 parts per million (ppm) to the 1990 value of 353 ppm.  Scientists 
agreed that the average temperatures have risen about 0.5 oC over the past century and projected that the 
world could warm up by about 31/4 oC over the next 100 years if no action is taken to reduce greenhouse 
gases emission.  This rate of warming is greater than at any time since the last ice age.  It is likely to have far 
reaching effects on all aspects of the world environment, economy, society and health.  Sea levels are 
expected to rise causing widespread impacts to coastal communities and environments and the dislocation of 
millions of people.   

Although the Kyoto protocol enlists six greenhouse gases (see Appendix B), the major ones are carbon 
dioxide (CO2), methane (CH4) and nitrous oxide (N2O).  Adaptation technologies deal with effect of climate 
change and include technologies like changes in agricultural practices, coastal zone management and other 
“climate safe” measures.  Currently a variety of technologies are developed and successfully used (like dikes, 
levees, floodways, seawalls, periodic beach nourishment, dune restoration and creation, mangrove 
plantations, etc.) for coastal adaptations that are related to the adaptation of impacts due to climate changes.   

Table 8.1.  GDP and CO2 emissions of some Asia countries, in 1997 (IEA, 1999) 

Country 
GDP 

(Billion US$) 
CO2 Emissions 

(Mt of CO2) 
CO2/GDP 

(kg CO2/US$) 

Bangladesh  30.14  20.91  0.69 
Brunei  3.92  5.12  1.31 
People’s Rep. Of China  814.33  3,120.62  3.83 
Taiwan  256.81  189.41  0.74 
Hongkong  107.14  41.33  0.39 
India  445.92  880.71  1.98 
Indonesia  188.68  256.52  1.36 
Japan  3,343.73  1,172.64  0.35 
Korea  411.00  422.11  1.03 
Malaysia  75.96  123.71  1.63 
Myanmar  35.21  6.94  0.20 
Nepal  4.97  1.85  0.37 
Pakistan  52.06  89.45  1,72 
Philippines  54.91  68.74  1.25 
Singapore  65.15  72.86  1.12 
Sri Lanka  11.53  8.48  0.74 
Thailand  135.20  175.36  1.30 
Vietnam  11.42  48.37  4.23 
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The Asian region accounted for about 5070 Mt of CO2 emissions, which is 22 per cent the world’s total CO2 
emissions, in 1997(IEA, 1999). Emissions of some countries in the Asia region, normalized to their respected 
gross domestic product (GDP), are given in Table 8.1.  The pattern of economic change is leading to a 
significant increase in use of fossil fuels.  The corresponding GHGs emission are estimated to rise to 26.1 per 
cent of the world’s consumption by 2010 and to 30.5 per cent by 2050.  Since use of fossil fuels will continue 
to be the major source of energy, strategies such as adoption of clean fuel technology and improvements in 
efficiency of utilization will be essential. 

1.2 Environmentally Sound Technologies and Technology Transfer 

Environmentally sound technology (EST) can be defined broadly to include technologies and measures useful 
for mitigation of and/or adaptation to climate change.  Several different names have been loosely used in the 
above sense, such as less GHGs emission technology as used in present paper title, climate adaptation and 
mitigation technology, or simply climate change technology. 

“Climate relevant technologies are interpreted as environmentally sound and economically viable technologies 
and know-how conducive to mitigating emission of greenhouse gases and adapting to climate change.  The 
term “technologies and know-how” encompasses “soft technologies” and “hard technologies”.  Examples of 
soft technologies include capacity building, information networks, training and research, while examples of 
hard technologies include equipment and products to control, reduce or prevent anthropogenic emission of 
GHGs in the energy, transportation, forestry, agriculture, industry and waste management sectors, to enhance 
removals by sinks, and to facilitate adaptation (UNFCCC-Secretariat, 1996). 

In the context of climate change, technology transfer has a special relevance.  Technology transfer is a 
process to make technologies proven to be climate relevant in certain countries available to other countries 
and to facilitate their effective implementation and dissemination in recipient countries.  It is also define as a 
broad set of processes covering the flow of know-how, experience and equipment for mitigating and adapting 
climate change.  The broad and inclusive term “transfer” encompasses diffusion of technologies and 
technology cooperation across and within countries. 

Technology suppliers Elements of technology transfer Technology importers 

Capital goods 
Engineering services 
Managerial services 
Product design Creation of new production 

capacity  

Skills & know-how 
For operation and maintenance 

 
 
 
 
Supplier firms, 
Engineering, 
Managerial, and other 
technological capabilities 

Knowledge, expertise, and experience for 
generating and managing technical change 

Accumulation of innovative 
technological capacity  

Figure 8.1.  Technology transfer process 
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The generation of new EST usually takes place in the industrially advanced countries.  With the environmental 
issues reaching the global forum and due to several international agreements there is an increasing pressure 
on the countries of the world to reduce the GHGs emission, there is a strong need to transfer ESTs to other 
countries 

Technology transfer is highly a variable process and the nature and contents of the transfer may vary widely.  
As shown in Figure 8.1, the process of technology transfer can be divided in three main categories: 

ü Transfer of scientific and engineering material and equipments to improve existing technological 
capabilities of the recipient country; 

ü Transfer of knowledge and competence necessary to operate and maintain the technologies 
transferred; and 

ü Transfer of knowledge, competence and experience to simulate, create and lead technology change 
and development in the recipient country. 

1.3 IPCC GHGs Emission and Global Scenarios  

The extent and speed at which human activities change the climate will depend to a large extent on the rate at 
which society adds additional greenhouse gases to the atmosphere.  If we continue to use today’s technology, 
then as populations and the economy grow, emissions of CO2 will continue to increase.  Until a few decades 
ago, energy consumption grew at about the same rate as the Gross Domestic Product (GDP).  After oil 
supplies were disrupted in 1973 and 1979, however, people made substantial efforts to decrease energy 
consumption, including better insulation, smaller cars, and more energy efficient appliances.  As a result, U.S. 
emissions are only growing at about half the rate of economic growth.  Although lower gasoline prices in the 
1990s have led the people to buy larger cars, many businesses are continuing to institute energy conservation 
measures.  

Will the trend be toward increasing energy efficiency?  In projecting future emissions of carbon dioxide, most 
studies use a set of scenarios proposed by the Intergovernmental Panel on Climate Change (IPCC).  The 
lowest of these scenarios assumes that the world’s population will increase to 6.4 billion by 2100; the 
economy will grow by an average of 2.0 per cent per year by 2025 but slow down substantially thereafter; and 
nuclear power costs will decline by 0.4 per cent per year.  With these assumptions, CO2 emissions would 
increase from about 7.4 gigatons (GT) per year today, to 8.8 GT in 2025, and then decline to 4.6 GT by 2100.  
At the other extreme is a scenario “E” in which world population grows to 11.3 billion people, the economy 
grows by about 3 per cent per year over the next century, and nuclear power cost increase.  With these 
assumptions, CO2 emission would increase to 15.1 GT by 2025 and 35.8 GT by 2100.  Under a middle 
scenario “A”, annual emissions will rise to 20.3 GT by 2100. 

All these scenarios imply that CO2 concentrations will increase throughout the next century.  Under the mid-
range scenario “A”, the concentration will reach 700 parts per million (ppm) – double today’s level – by the 
year 2100.  The other two scenarios imply concentration of 450 ppm and 900 ppm by the year 2100.  Today 
concentration of 360 ppm is about 85 ppm greater than the pre-industrial concentration.  Thus, IPCC’s 
scenarios imply that in the next century humanity will increase atmospheric CO2 by 2 to 7 times as much as 
we increased CO2 in the last century. 
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Methane emission is not projected to rise as rapidly as carbon dioxide emission.  Rice paddies are a major 
source, and there is a limit to how much additional land can be used to grow rice.  Therefore, IPCC’s middle 
scenario assumes that emissions only rise from 60 teragrams (Tg) today to 84 Tg in 2100.  Nevertheless, the 
concentration may increase by a greater percentage than emissions, because methane will remain in the 
atmosphere longer.  Thus, IPCC estimates that the concentration of methane would approximately double 
from 1700 parts-per-billion (ppb) today to 3600 ppb in 2100, with a range of 2100 to 4700 ppb. 

Emissions from Nitrogen fertilizers are projected to approximately double, as are the other emissions from 
human activities.  The current concentration of 314 ppb is approximately 40 ppm greater than the pre-
industrial concentration.  The IPCC projects that by 2100, the concentration of nitrous oxide could be 391 – 
433 ppb, 120 – 160 ppb greater than the pre-industrial concentration.  Thus, in the next century, humanity 
may increase the greenhouse effect of nitrous oxide by 3 – 4 time the impact of the last century. 

Projected Future Changes: 

ü Model projections, based on a range of emission scenarios and climate sensitivities, suggest an 
increase in global mean surface temperature of between about 1 0C and 3.5 0C by 2100.  The 
projection (2 0C) for the mid-range emission scenario is about 33 per cent lower than the IPCC’s best 
estimate in 1990, in part because the cooling effect of aerosols has been included for the first time.  
Regional temperatures could vary significantly from the global mean value, and actual annual to 
decadal change would include considerable natural variability. 

ü Model projections for the increases in global sea level by 2100, for the same scenarios, range from 
about 15 to 95 cm.  The projection for the mid-range emission scenario (about 50 cm) is about 25 per 
cent lower than the IPCC’s 1990 best estimate.  Regional level changes may differ from global mean 
value. 

ü There are likely to be more severe droughts and/or floods in some places, and less severe droughts 
and/or floods in others.  Some models suggest a possibility of more extreme (i.e. high) rainfall 
events.  It is not yet possible to predict whether changes are likely in the occurrence or geographical 
distribution of severe storms, such as tropical cyclones. 

2 INDONESIAN CONTEXT 

Following Watson et al. (1996), it was estimated that in 1994 Indonesia had a total CO2 equivalent emission of 
748 Mt per year, with 52 per cent removal through growing of logged over forest, the net CO2 emission was 
383.8 Mt.  The main sources of CO2 emissions were from the forestry (land use change, LUC) and energy 
sectors that accounted for about 97 per cent of the total emissions.  The CO2 emission from forestry sector 
resulted from biomass burning during forest and grassland conversion activities. 

Total methane emission in Indonesia for 1994 amounted to 6.4 Mt, of which 51 per cent was from agricultural 
sector.  And only 0.061 Mt of nitrous oxide was emitted in Indonesia on the same year.   

CO2 is considered the most important GHG in Indonesia measured in terms of its contribution to increase 
radiative forcing that accounted 83 per cent of 1994 GHGs, while methane contributed 15 per cent and the 
rest of GHGs were trace and considered not significant. 
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Climate change prediction in Indonesia relied much on general circulation models (GCMs) that under double 
CO2 scenario predicted temperature increase over the Indonesia archipelago, however the magnitude and 
spatial distribution vary significantly among the models results.  Predictions on rainfall changes also varied 
depended on locations and models used. 

2.1 Impacts of Climate Change and National Issues 

Impacts of climate change to non-energy (agriculture, forestry, water and coastal resources) sectors were 
assessed and reported in the Indonesia Country Study on Climate change supported by US-EPA Country 
Study Program (SME, 1998).  A significant reduction in rice yield and biomass production was anticipated with 
increasing temperature and drier conditions due to climate change under double CO2 scenario, and changes 
in forest vegetation types might result due to changes in rainfall and temperature regimes.  In each major 
island, the changes could be from one vegetation type to another that could be found within the island, 
alternatively, could change to new types.  For water and coastal resources, the impacts of climate change 
were to increase uncertainties in future water supplies at various watershed units, especially in Java 
watersheds, while low coastal areas were prone to sea level rise and salt water intrusion, vulnerable to 
flooding. 

Sustainable agricultural development in Indonesia will involve very strategic national issue concerning the 
welfare of the majority of the population who are farmers and living in rural areas, which represents 58 per 
cent of our population. A range of national issues being faced by this country at present time that must be 
considered seriously in implementing any sustainable agricultural development policy, as stated by DG 
Primary Industry (MoA, 2000) are: (1) widespread poverty that needs to be alleviated; (2) very low family 
incomes, especially in rural areas; (3) development disparities between urban and rural areas; (4) emerging 
problems due to rapid urbanization; (5)  high un-employment rate; (6) gender issues; and (7) development 
issues of people economy.  This last issue can be recognized as the integrating issue of national development 
policy that directly involving the people in the process of transforming the people economy to improve the 
people welfares.  Farmers, small scale business enterprises and cooperative enterprises are the spear heads’ 
actors in this transformation process, without neglecting the roles of big enterprises, and during this 
transformation process active technology transfers are to take place in the expected direction such as to 
follow certain environmental policy. Obvious constraints were also realized, among others is limited access to 
appropriate technologies, very low skills of the farmers to adopt the technologies, and wide spread of 
geographical regions 

2.2 Sectoral GHGs Emission Trends 

Setyanto and Hidayat  (2001) identified four main sources of GHGs emission from Indonesian agriculture 
sector, i.e. domestic livestock, rice cultivation, field burning and agricultural soils.  Total GHGs emission from 
agriculture sector expressed as CO2 equivalent was 108 Mt, with the largest contribution from rice cultivation 
amount to 62 Mt, including 2.5 Mt methane.  The second and third largest contributors were livestock (23 Mt 
CO2 eq) and agricultural soils (16 Mt CO2 eq).  Java island is the main contributor of all GHGs emission from 
agriculture sector.  However, with increasing industrial development and conversion of agricultural land to 
other uses in Java the trend is changing that need to be monitored closely.  Methane emission in Indonesia 75 
per sent came from rice cultivation and 23 per cent came from livestock, mainly through enteric fermentation 
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(Suryahadi et al., 2001).  Emission by enteric fermentation increased at the rate of 2 per cent per year, from 
731 Gg in 1989 to 804 Gg in 1993. 

Rate of deforestation in Indonesia has increased consistently from 300,000 ha per year in 1970s to 600,000 
ha per year in 1980s and reached 1 to 1.3 million ha per year in early 1990s.  However, based on 1997 
satellite imagery, the Ministry of Forestry and Estate Crops (MoF&EC) estimated a loss of 17 million ha in 12 
years, so an annual rate of deforestation of 1.5 million ha.  At a nation-wide annual deforestation of 1.5 million 
hectares, it was estimated by Boer et al. (2001) that the equivalent C emission was 0.15 Gt per year.  It was 
argued that high rate of deforestation in Indonesia is mainly from illegal logging.   

2.3 Sectoral Characteristics:  Present Technological Status and Technology Prospects 

The biggest challenges of the 21st century agriculture in Indonesia are the changing characters from the 
demand side of agricultural products that requires high quality, large quantity, uniformity, continuity, 
environmentally friendly, and at competitive prices.  From supply side, the agricultural production process is 
faced with more stringent productive land, conflicting land and water demands and availability, climate change 
issues of global warming that increase uncertainties with ENSO phenomena, applications of biotechnology, 
and marketing aspects.  Development of food crops production, especially rice production, in the last century 
has demonstrated the role of innovation of technologies to boost agricultural productivities, but this miracle 
has slowed down in the past decades since the introduction of the green revolution.  The green revolution 
technologies and the associated policies have played a major role in bringing about a rapid increase in crop 
yields.  These technologies involve the use of high yielding varieties, fertilizers, irrigation, and plant protection 
materials.  In spite of yield improvement at a global level, crop yields vary considerably among regions and 
countries.  Rice yields varied between 2.0 tons per hectare in Africa and 7.4 tons per hectare in Oceania.  
These differences indicate that the available technologies are not equally adapted to all economic, cultural, or 
environmental conditions.  The large variations in crop yields among different regions and gaps between 
farmers’ yields suggest that a considerable untapped potential exists to increase crop yields in developing 
countries with economies in transition.  However, the realization of this untapped potential depends on the 
existence of a stable and conducive policy environment.  Technology transfer should be a high priority. 

The ability of the world agriculture to meet the needs of an expanding world population has been due to the 
development and adoption of new technologies, rather than the expansion of cultivated land.  In the face of 
limited arable land or additional water for irrigation, it is realistic to anticipate that meeting future agricultural 
needs in the face of uncertain changing climate conditions will rest even more heavily upon technology 
development and transfer.  The exposure of crops and animals outdoors to the vagaries of weather heightens 
this challenge.  Increasing social demand for ESTs and the need to address the opportunities for reducing 
GHGs emission and increase sequestration and long-term storage of carbon within agricultural soils, also 
heightens the challenge.  Enhancing the role of agriculture in meeting the goals of the UNFCCC (Metz et al., 
2000) will require attention to speeding the development and transfer of technologies that will: 

ü Reduce the consumption, or improve the production efficiency, of inputs based on fossil fuels; 

ü Reduce the emission of GHGs from soil deterioration, animal metabolism or waste, nutrient cycling, 
or water management; 

ü Increase the sustainable production of the bio-energy crops to replace fossil fuels; and  
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ü Improve the capacity of agricultural systems to sequester carbon in soil compounds and other forms 
of long-term terrestrial storage. 

Policy makers should recognize, however, that the opportunities described above are relatively modest, in the 
face of the total obligations under the UNFCCC, and that they are significantly different in magnitude.  It is 
estimated, for example, that the potential opportunities in terms of total annual climate forcing impact, as 
measured by million metric tons of carbon equivalent (TgC), are in the following orders of magnitude: 

ü Production of bio-energy crops 400 to 1,600 TgC (Watson et al., 1996); 

ü Increased sequestration in soil carbon compounds in US – 75 to 708 TgC (Lal, 1996); 

ü Reduced emission from soils, animals, etc. – 576 to 1,386 TgC (Watson et al., 1996); and 

ü Reduced fossil fuel consumption in agriculture – 10 to 50 TgC (Watson et al., 1996). 

These compare with the total estimated annual GHGs emission of 6,000 TgC on a global basis, and the 
current obligation for GHGs emission reduction of 100 – 200 TgC under the Kyoto Protocol.  These 
comparisons indicate that agriculture can contribute to the goals of the UNFCCC, but only in a partial manner. 

2.4  Vulnerability and Adaptation Strategy 

Vulnerability in agricultural sector was indicated in yield reduction of about 1 per cent annually in East Java 
but less in West java.  Adaptation strategy involves development of more temperature tolerant varieties.  In 
the forestry sector, policy response needs to consider new vegetation adaptation involving reforestation, 
wildlife conservation and forest management programs.  For water and coastal resources, vulnerable aspects 
were anticipated in water supply and impacts of sea level rise to low lying areas.  Various adaptation 
measures were identified including water use management for agriculture and industry, watershed 
management, mitigation of floods and droughts, and use of ground water.  In coastal zone of Semarang, two 
adaptation strategies may be adopted to anticipate sea level rise, i.e. accommodate response by converting 
fishponds into marine cultivation and protect response applied to urban infrastructures. 

3 TRANSFER OF ENVIRONMENTALLY SOUND TECHNOLOGIES 

The potential of clean technology transfer to combine economic growth with the protection of the environment 
in developing countries was recognized in Agenda 21, arising out of the Rio Summit in 1992.  The Agenda 
contains two programs which promote the transfer of cleaner technologies: first, through the encouragement 
of inter-firm cooperation with government support to transfer technologies which generate less waste and 
increase recycling; and second, through a program on responsible entrepreneurship, encouraging self 
regulation, environmental research and development, worldwide corporate standards and partnership 
schemes to improve access to clean technology.  For the technology transfer to be sustainable the 
technologies for mitigation and adaptation should preferably complement the developmental needs of the 
country.  Hence identification of country priorities for transfer and development of ESTs is essential for 
developing an integrated technology program (ITP).  Once the priority sector(s) of the country is (are) decided 
by the government, an understanding of the present technological status and technology needs of these 
sectors is required, to ensure the right match between available technologies and country specific situation.  A 
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holistic assessment of various technological options in the sector along with identification of market potential 
would ensure selection of appropriate technologies in line with the existing country capabilities.  Development 
of country specific ITPs is required for promotion and diffusion of ESTs. 

International efforts to mitigate climate change would require transfer in investment and technology from 
developed to developing countries.  Forsyth (1998) reported that since the signing of UNFCCC in 1992 there 
has been very little progress in either environmental technology transfer or in harnessing investment for 
environmental policy.  Technology transfer remains one of the most bitterly disputed aspects of the climate 
change negotiations.  Furthermore, discussions about North-south investment for mitigating climate change 
have foundered due to the rise in private sector activity and disagreements about joint implementation (JI) or 
the use of foreign investment to offset national objectives for greenhouse gases emission reductions.  For 
many developed countries, JI – and the associated concept of activities implemented jointly (AIJ) – present 
cheap and flexible means to mitigate climate change.  However, many developing countries oppose JI/AIJ 
because it reduces political pressure for developed countries to take action at home and because much JI/AIJ 
has been linked to carbon sinks projects such as forestry rather than providing badly needed technology to 
assist in sustainable industrialization. 

3.1 Criteria for Effective Technology Transfer 

The technologies that are developed in the industrialized countries are most often designed to respond to the 
local requirement, in terms of quality, ambient conditions, degree of automation, effectiveness and efficiency.  
It might be inappropriate for the host countries to directly import and use the technologies from the countries 
the technologies have been developed.  A set of criteria covering a range of aspects for assessing the 
effectiveness of technology transfer need to be prepared by an autonomous bodies under the concerned 
sectoral Ministry acting as national focal point. 

3.2 Development of Integrated Technology Program (ITP)  

Technology transfer and its successful adoption and diffusion require careful planning and implementation.  
To enable the speedy implementation of projects and better coordination with various stakeholders, an 
autonomous body, namely an Environmentally Sound Technology – Adoption and Diffusion Center (EST -
ADC) under the concerned Ministry could be set-up at the national level.  The proposed body should draw 
some members from the previous committees and the Climate Change Unit to maintain continuity and to 
ensure that the learning acquired in the process is not lost.  The members of this autonomous body must 
consist of experts drawn from various prioritized sectors, policy makers, representatives from academia and 
various institutions.  The main objectives of EST -ADCs can be : Identifying various sources of ESTs; 
Recommending policy framework to the government to create an enabling environment for adoption and 
diffusion of the ESTs; Formulating a blueprint for capacity building in different sectors; Creating an information 
dissemination framework; Developing projects for funding and coordinate with the UNFCCC Secretariat; and 
Assessment of various programs/projects and financial mechanisms. 

Development of country specific ITPs is required for the promotion and diffusion of ESTs.  The integrated 
program should address major elements that will facilitate technology transfer like macro-level policy 
initiatives, institutional capacity building, information dissemination, legal framework, etc.  A system to assess 
the effectiveness of the above programs on an on-going basis and to provide feedback, needs to be 



L e s s  G H G s  E m i s s i o n  T e c h n o l o g i e s  

 8 - 10 

developed so that the necessary modification could be made to improve the EST transfer process.  Steps 
involved in the development of the proposed framework are as shown on Figure 8.2 attached. 

Specifying the country priorities will be the responsibility of respective country government.  To help identify 
the priority areas, a “Climate Change Unit” should be established under the concerned Ministry or an existing 
institution having requisite experience and expertise.  This unit, along with the help of a steering committee 
(formed by drawing experts from various different sectors), will identify the critical issues for discussion in a 
roundtable (Figure 8.3), represented from various national stakeholders. 

In order to establish the present technological status in the country vis-à-vis the technological needs, various 
sectoral committees might be established under the Climate Change Unit to promote an intra-sectoral 
dialogue (Figure 8.4).  The sectoral committees will include representatives from government and various 
stakeholder groups like relevant institutions, NGOs, business organizations and other representatives from 
the sector (Figure 8.5).  In this discussion the representation from the foreign technology suppliers or 
international experts and donor agencies will be useful in identification of the possible technology options. 

3.3 Technology Transfer within and between Countries 

Adaptation to climate variability and change can be autonomous or planned.  Planned adaptation, when it 
concerns transfer, requires strategic actions, based on an awareness that climate is changing and that action 
is needed to better respond to such change.  Many technologies that can be used to adapt to climate change 
are already in use in some places.  In order to extend them, technology needs and technology transfer 
mechanisms should be more fully assessed and reported to increase the role of technology transfer in climate 
adaptation.  The transferred technology will focus on key issues.  Food security in the 21st century is a major 
concern of every country.  Changes in temperature and rainfall may impose a negative impact on the security, 
especially for the arid regions where water resources are limited and drought is the major risk facing 
agricultural production.  Development, introduction, and adoption of technologies and management systems 
that enhance water use efficiency represent high priorities.  The design of technologies and institutions to 
complete a successful technology transfer will become increasingly important.  During the next century water 
resources will become an increasingly serious constraint on agricultural production.  Irrigation is already 
playing a critically important role in agricultural production in many countries, including Indonesia.  Weather 
information, a soft technology, can be very important for managers and producers.  Commodity programs that 
are crafted with care can assist the production of crops that have been bred for wider climate adaptation.  
Introduction of new varieties can be assisted by information provided by commodity programs.   

Mitigation options exist, but few have been widely adopted or transferred for reasons that often of a social 
rather than a technical nature, and it is extremely difficult to gain a sense of their cumulative potential for 
improving productivity and sustainable natural resource management.  For example, the conversion of low 
intensity agricultural systems to forest has been used as a method for absorbing CO2, but there are few 
similar land use change or management practices with a demonstrated impact on CH4 or N2O emissions.  In 
the case of N2O it is generally accepted that measures which improve the efficiency of nitrogen fertilizer 
applications may be of value in reducing emission, but these measures are often difficult to adopt for farmers 
and their effectiveness is yet to be demonstrated, thus adversely influencing successful technology transfer.   
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Because the developing countries lack access to information, they are not aware of what technologies fit their 
conditions and where they can find suitable ones.  International technology exchanges are helpful for 
overcoming this obstacle.  For developing countries, policies to assist technology transfer might include: 

ü An accelerated international effort to collect germplasm from species (such as drought resistant 
crops) whose qualities will be most valuable in the future; 

ü The expansion of credit and saving schemes, to assist rural people to manage the increased 
variability in their environment; 

ü Shifts in the allocation of international agricultural research for the semi-arid tropics towards water-
use efficiency, irrigation design, irrigation management and salinity, and the effect of increased CO2 
levels on tropical crops; 

ü The improvement of food security and disaster early warning systems, through satellite imaging and 
analysis, national and regional buffer stocks, and linking disaster food-for-work schemes to 
adaptation works; and 

ü The development of institutional linkage between countries with high standards in certain 
technologies, for example flood control and GPS. 

3.4 Market Opportunities of ESTs 

USAID (2000) published a report recognizing a significant market opportunities for climate change mitigation 
technologies and services (CCMTS) that has been created in developing countries, driven by power sector 
reforms, cost effectiveness, and environmental concerns.  This report estimates the size of this market in 
developing countries in year 2000 to be 29.9 billion US$, with the US share of 18 per cent out of this market.  
Market projections for growth to 2010 were developed under two scenarios, the “Business As Usual (BAU)” 
scenario and the “Aggressive Growth” scenario.  The BAU scenario uses projected GDP growth rates to 
develop market estimates over the next ten years, and the CCMTS market is estimated at 51.7 billion US$ in 
2010.  The Aggressive Growth scenario takes into account the highest expected growth rates for technologies 
and the CCMTS market is estimated at 64.9 billion US$. 

Technologies and services in the commercial and residential sector represent 26 per cent of the overall 
market for climate change mitigation technologies and services including those for energy efficient lighting, 
building envelope, building process controls, household appliances, and heating, ventilating and air 
conditioning.  The market share of CCMTS in industrial sector make up only 11 per cent, and the major share 
are taken up by energy supply sector.  The non-energy sector only represents a minor fraction of the market 
and therefore not accounted.  Asia is by far the largest regional market; accounting for 55 per cent of the total 
market in part this is due to the size of population in the region and the high rates of economic growth for most 
of the past 15 years. 

4 ANALYSIS OF COST/BENEFIT(BCA) OF TECHNOLOGY TRANSFER 

Costs and benefits can only be measured with respect to a goal.  Each alternative course of action requires 
the commitment of resources.  Benefits measure the effectiveness of the action in achieving the goal.  The 
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resources once committed cannot be used elsewhere.  Their commitment has the opportunity cost of other 
uses sacrificed.  Costs measure the effectiveness of the sacrificed action in achieving the goal. 

Theoretically, benefits and costs may be based on any desired goal.  Ideally, the goal would be an 
unambiguous and unanimously accepted social welfare function.  Practically, the goal becomes the second-
order efficiency objective of economic efficiency or maximum national income.  However, numerical estimates 
to benefits and costs with respect to other goals are sometimes also included.  Strictly speaking, such effects 
cannot be measured in the same units as efficiency benefits or efficiency costs.  Combining the two requires a 
value judgment on the relative merits of the goals. 

The effectiveness of alternative courses of action in reaching the efficiency goal is measured with reference to 
the pure-competition model.  Even though planning from the public viewpoint is based on a market model, the 
analysis differs from that would be made by a private firm. The primary differences are: 

ü the public viewpoint incorporates all costs and all benefits to whom-so-ever they may accrue.  
External economies and diseconomies need to be evaluated; 

ü the discount rate may be lower than that used by private firms because of the substitution of 
collective time preference for the financial cost of borrowed money; 

ü when market prices lose their normative significance because of deviation from the pure competition 
model, the government planner, rather than continue to use them as does the private planner, should 
attempt to evaluate the true economic worth of each input and output; and 

ü when analyzing projects producing products or outputs which are not marketable, the government 
planner must derive an equivalent market value through demand analysis. 

Because costs and benefits  stem from so many kinds of effects, a systematic procedure is required to make 
sure each effect is considered and evaluated.  Unfortunately environmental resource planners and 
government agencies have not used consistent terminology to describe the individual effects.  The result is a 
jungle of categories: pecuniary and non-pecuniary, internal and external, private and social, non-transfer and 
transfer, on-site and off-site, direct and indirect, market and extra-market, economic and non-economic, 
measurable, monetary and non-monetary, tangible and intangible, direct and spillover, individual and 
collective, primary and secondary. 

4.1 Estimating the Costs of Emission Reductions 

The cost of mitigation is economically calculated as a difference in costs (defined in monetary units) between 
a reference situation and a new one characterized by lower emissions.  Beyond this common feature, 
however, the concept of cost is not unique, meaning that the measurement criteria chosen to represent costs 
will depend on the level and the purpose of the measurement.  In climate change context, four different types 
of cost concept have been introduced in climate cost analysis:  (a) direct engineering and financial costs for 
specific technical measure; (b) economic costs for a given sector; (c) macroeconomic costs; and (d) welfare 
costs.  These four types of costs represent increasing level of generality as one move from direct financial 
costs to welfare costs.  However, the different levels of cost cannot be aggregated or correlated in any 
systematic way.  For example, ranking efficient technologies in terms of their individual prices in the 



Non -E n e r g y  M o d a l i t i e s  

 8 - 13

marketplace usually does not reveal the way these technologies will actually be adopted and combined in an 
economically consistent productive system. 

To conduct economic assessment of GHGs mitigation options, it is necessary to use economic valuation as 
described above.  In this assessment, economic prices are used to reflect social opportunity cost to the 
economic from the use of goods or services.  The social opportunity value is estimated by subtracting out 
taxes, subsidies, and positive externalities and/or adding in negative externalities to financial prices for key, 
quantifiable market price distortions and environmental externalities (ALGAS-Team, 1998).   

To compare costs among GHGs mitigation technology options, incremental costs are used which are the 
difference between economic cost to society at national level over time for implementing a set of mitigation 
options with reference to mitigation scenarios, also known as cost of emission reduction initiative (CERI) 
curve.  CERI curve describes a relationship between cumulative GHGs reduction caused by taking set of 
mitigation options and average cost of respective mitigation option.  From this curve, it can be concluded 
which option can be taken to reduce GHGs and cost consequences of the decision to choose an option or 
combination of options. 

ALGAS-Team (1998) reported the application of CERI curve technique on the energy and non-energy sectors.  
The non-energy sector includes agriculture, forestry and waste management, each with selected mitigation 
options to reduce GHGs emission.  Result of this for agriculture sector is as illustrated in Box 1.  For 
agriculture sector, there are two groups of GHGs emission sources.  The first group is rice cultivation and the 
second is livestock.  For rice cultivation, only rice field included in the calculation.  This is because rice field is 
main contributor to GHGs emission (especially methane) that constituted more than 90 per cent.  The 
livestock is included in the calculation that includes dairy cattle, non-dairy cattle and buffalo.  The other 
livestock (sheep, goat, horse and poultry) were not included for the same reason. 

4.2  Costs Effectiveness of Mitigation Options  

Very limited studies have been done so far on estimating the economic valuation of mitigation efforts of GHGs 
emission reduction in non-energy sector. Setyanto and Hidayat  (2001) that reported the cases of agricultural 
sector and Suryahadi et al. (2001) for livestock sub-sector could not give any estimates of costs of emissions 
reduction, but indicated clearly that the mitigation options in agricultural sector were considered only as by 
products of agricultural production practices, and economic valuation to the costs of GHGs emission reduction 
very likely give negative costs.  And this will be considered as incremental domestic benefit that cannot be 
incurred for emission credit. 

While in the forestry sector as reported by Boer (2001), global acceptance has been recognized to consider 
forestry practices as effective carbon sequestration options.  Carbon mitigation potential and costs 
effectiveness of GHGs mitigation technologies in forestry sector varied by countries, locations and types of 
options.  This variation is due to variation in technology, economic and financial conditions.  Technical factor 
concerns the effectiveness of technology adoption of a country, while economic factor concerns arbitrary 
choice of discount rate and time horizon of project evaluation.  Boer  (2001) also recognized the large 
variations and significant changes of cost effectiveness of the forestry options due to economic crises that 
need further settlements. 
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4.3 Risk/Benefit Analysis  

Risk/benefit analysis of introducing new technology in non-energy sector, i.e. agricultural and forestry sectors 
will be complex and multi -faceted.  Handicaps or constraints that characterized agricultural practices in 
present Indonesia are: (a) the risks of successful crop production is relatively high; (b) for large scale 
enterprises, there is high risk of conflict with local communities that may imply high costs; (c) prices of 
agricultural products are highly fluctuate; and (d) inadequate supports of infrastructures and institutional. As 
agriculture is a very complex business not only involving technical-socio-economic-cultural factors, agricultural 
practices are also prone to ‘irrational’ disturbances. 

As an illustration we can consider recent case of introducing new transgenic cotton to South Sulawesi 
farmers.  Technically and economically, obviously the new technology is very promising and local farmers 
seem happy to accept, but it became serious environmental issues that have not resolved yet.  The 

Box 1.  CERI Curve of agriculture sector 

ALGAS-Team (1998) differentiate two types of CERI Curve – non-optimized versus optimized -, which have 
equivalence in literature as: 

a technology or engineering GHGs mitigation cost curve (Watson, 1996) which presents a non-optimized 
ranking order of GHGs mitigation options according to their financial or economic cost for increasing levels 
of potential GHGs emission reductions, and 

a least-cost GHGs mitigation cost curve where economic global optimum solutions are determined and 
mapped against the cumulative amount of GHGs emission reductions. 

In this study, non-optimized agricultural CERI curve was employed with 12 mitigation technology options, 
consisted of 6 rice cultivation options and 6 livestock mitigation options.  Nominal cost of baseline and 
mitigation costs are calculated from total area or total livestock population and unit cost to conduct each 
option.  Nominal incremental cost of each mitigation option can be calculated by subtracting nominal cost of 
mitigation option by nominal cost of baseline.  Then the net present value (NPV) of these incremental costs  
can be obtained.  The incremental costs of selected  agricultural mitigation options are as given below: 

Mitigation Option: 
Ave Incremental Cost 

(US$/MTCO2 eq.) 

Potential GHGs 
Reduction (ton CO2 

eq) 

Cumulative 
GHGs 

Reduction (Mton 
CO2 eq) 

No tillage - 199 270.1 270.1 
Substitution urea by ZA -6 849.5 1119.6 
Subst.prillureabyrtaburea -4 436.2 1555.8 
Direct seeding 0 1379.5 2935.3 
Irrigation control 5 436.2 3371.6 
Subst.variety by IR64 10 132.9 3504.4 
Artificial insemination  8 133.5  
Use of local crop residues 8 266.9  
Build biogas plant 22 622.8  
Providing mineral block 38 355.9  
Modified rumen 48 222.4  
Increase feed digestibility  64 133.7  
Source:  ALGAS (1997): Task C3. 
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opponents are not only local NGOs but also from abroad.  This indicates an urgent need of an autonomous 
body that can play as an arbitrages to judge fairly and acceptably by parties concerned. 

 

 

 

 

 

 

 

 

 

 

 

5 ASSESSING THE EFFECTIVENESS OF ON-GOING TECHNOLOGY TRANSFER 

To measure the effectiveness of various programs/projects on an ongoing basis there is a need for periodic 
assessment.  This would help to identify the most effective options and policies in different situations so that 
modifications could be made through national surveys and sector specific studies.  Apart from estimating the 
impact of the programs on GHGs emission, the surveys can help in a better understanding of the dynamics of 
the capacity building issues.  Since the overall national capacity for adoption and diffusion of the ESTs is an 
intertwined network of the individual capacities developed by firms, institutions, associations, R&D institutes 
and other actors, the surveys/studies should try to understand the linkages between different actors besides 
assessing their individual capacities.  For large countries like Indonesia where conducting a large number of 
national surveys/studies can be very expensive and time consuming, regional or sector-specific surveys could 
be undertaken.  The feedback from these surveys would be useful for making incremental corrections in the 
technology transfer process and various policy initiatives to promote the ESTs. 

The above assessment process will also provide feedback on the effectiveness of various multilateral and 
bilateral mechanisms used for different projects.  Thus necessary modifications can be made in such 
mechanisms under the Convention to deliver the required end results. 

The national focal points (the EST -ADC) should be responsible for carrying out the assessment of the projects 
on an ongoing basis.  The feedback should be provided to the UNFCCC Secretariat so that modifications can 
be incorporated in future projects that will be proposed by various Parties. 

Box 2. China’s rapid growth wants watching (Choise, 2001) 

The emergence of the Chinese economy in recent years has been spectacular.  China has been rapidly 
transforming itself into an internationally competitive player, first in the textile industry since the latter half 
of the 1980s, and then in the IT and machinery industries since the mid-1990s.  Its exports marked a 
four-fold increase over the past decade, and it joined the club of the world’s top 10 exporting nations. 

The Chinese economy’s annual growth averaged 10 percent in the 1990s. As of 1998, its nominal GDP 
was the world’s seventh largest, following hot on the heels of such major industrialized powers as the 
US, Japan and European countries.  Even this year, the Chinese economy has been growing at an 
annualized rate of 8 percent. This growth is largely due to active foreign direct investment totaling 
US$40 billion annually from the US, Europe and other East Asian countries.  Leading foreign companies 
in various fields have flocked to China, wooed by an improved environment for direct investment offered 
by the Chinese government and a labor force that is skilled, cheap and abundant. 

Meanwhile, local businesses are building factories to produce parts for foreign manufacturing.  The 
combination of all these improved conditions has put into motion a favorable cycle that continues to lure 
even more foreign direct investment. 
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6 DEVELOPMENT OF MODALITIES TO ACQUIRE AND IMPLEMENT ENVIRONMENTALLY 
SOUND TECHNOLOGIES 

6.1 Modalities 

Modalities or means to acquire and implement new technologies are closely related to flow of investment 
involving private and public sector activities.  Transfer of technology can take place within respective country 
or between countries, and it was realized that these are closely related to institutional and financial 
mechanisms. Of concern with climate mitigation technologies are as follows: 

6.1.1 National System of Innovation (NSI) 

The literature show that National System of Innovation (NSI) which integrate the elements of capacity building, 
access of information and an enabling environment into comprehensive approaches to EST transfer add up to 
more than the individual components and support the creation of an innovation culture.  Subsystems and the 
quality of interconnections within them can successfully influence technology transfer.  The concept of NSIs 
can be enhanced through partnerships with international consortia.  Partnership would be system oriented, 
encompass all stages of the transfer process, and ensure the participation of private and public stakeholders, 
including business, legal, financial and other service providers from developed and developing countries. 

• NSI activity may include: 

ü Targeted capacity building, information access, and training for public and private stakeholders and 
support for project preparation; 

ü Strengthening scientific and technical educational institutions in the context of technology needs; 

ü Collection and assessment of specific technical, commercial, financial and legal information; 

ü Identification and development of solutions to technical, financial, legal, policy and other barriers to 
wide deployment of ESTs; 

ü Technology assessment, promotion of prototypes, demonstration projects and extension services 
through linkages between manufactures, procedures and end users; 

ü Innovative financial mechanism such as public/private sectors partnerships and specialized credit 
facilities; 

ü Local and regional partnership between different stakeholders for the transfer, evaluation and 
adjustment to local condition of ESTs; and  

ü Market intermediary organizations such as Energy Service Companies. 
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• Overseas Development Assistance (ODA).   

Overseas Development Assistance (ODA) is still significant for developing countries and successful transfer of 
ESTs.  ODA can also assist the improvement of policy frameworks and take on long-term capacity building.  
There is increasing recognition that ODA can best be focused on mobilizing and multiplying additional 
financial resources. 

Although ODA experienced a downward trend in the period of 1993 to 1997, both in absolute terms and as a 
percentage of funding for project with significant impact on technology flows to developing countries.  
However, in 1998 there was an increase in ODA funding.  ODA is still important for those parts of the world 
and sectors when private sector investments are comparatively low, such as agriculture, forestry, human 
health and coastal zone management.  Moreover, it can support the creation of enabling condition, which may 
leverage larger flow of private finance into ESTs in the context of overall sustainable development goals in the 
recipient countries. 

• Foreign Direct Investments (FDI) 

Levels of FDI, commercial lending and equity investment all increase greatly in recent years.  

• Clean Development Mechanisms 

The Kyoto protocol of 1997 created a new financial mechanism for North-South investment that could be used 
for climate change mitigation called the clean development mechanism (CDM).   

The purpose of the CDM shall be to assist Parties not included in Annex I in achieving sustainable 
development and in contributing to the ultimate objective of the convention, and to assist Parties included in 
Annex I in achieving compliance with their quantified emission limitation and reduction commitments under 
Article 3 of the Kyoto Protocol.  Although CDM is broadly similar to JI because it is an international investment 
used to offset national carbon abatement topics, CDM is different from JI in that it is for “sustainable 
development” projects in general and its description in Article 12 of the Kyoto protocol does not mention the 
words “sinks”.  Furthermore, under the Kyoto protocol, JI is now restricted to countries within Annex I, 
therefore it may mainly include investment by North America and the European Union in Russian and Eastern 
and Central Europe rather than in developing countries.  The CDM shall be subject to the authority and 
guidance of the Conference of the Parties (COP) serving as the meeting of the Parties to this Protocol and be 
supervised by an executive board of the CDM.  The CDM shall assist in arranging funding of certified project 
activities as necessary.  The COP serving as the meeting of the Parties to this Protocol shall, at its first 
session, elaborate modalities and procedures with the objective of ensuring transparencies, efficiencies and 
accountabilities through independent auditing and verification of project activities. 

Participation under the CDM and in the acquisition of certified emission reductions may involve private and/or 
public entities, and is to be subject to whatever guidance may be provided by the executive board of the CDM. 
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6.1.2 Others:  GEF, Multilateral Funds 

The Global Environment Facility (GEF), an operating entity of the UNFCCC Financial mechanism, is a key 
multilateral institution for transfer of ESTs.  Compared to the magnitude of the technology transfer challenge, 
these efforts are of modest scale, even when added to the contributions from bilateral development 
assistance.  Between 1990 and 1997, funding from GEF to help facilitate technology transfer amounted to 
US$ 25 billion, whereas foreign direct investment between North and South was nearly US$ 250 billion. The 
GEF currently targets incremental, one-time investment in mitigation projects that test and demonstrate a 
variety of financing and institutional models for promotion technology diffusion, thus contributing to host 
country’s ability to understand, absorb and diffuse technologies.  GEF also supports capacity building projects 
for adaptation consistent with limitations currently imposed by Convention guidance.  Continued effectiveness 
of GEF project funding for technology transfer may depend on factors such as: 

ü Sustainability of market development and policy impacts achieved through GEF projects; 

ü Duplication of successful technology transfer model; 

ü Enhanced links with multilateral-bank and other financing of ESTs; 

ü Funding for development and licensing of ESTs; 

ü Coordination with other activities that support national systems of innovation and international 
technology partnerships; and 

ü Attention to technology transfer among developing countries. 

The roles of host and donor country and multilateral organizations are increasingly important to enable 
successful and meaning ful transfer of ESTs.  For example, the role played by multilateral bodies (like World 
Bank, UNEP) was important in facilitating technology transfer for non-ozone depleting substances under the 
Montreal protocol.  The multilateral organizations helped in project identification and making the projects in a 
standardized format for obtaining the necessary funds.  Therefore, the multilateral bodies can play a crucial 
role in the negotiation process between the host and the donor country governments and funding various 
projects through multilateral funds. 

6.2 Stakeholders, Pathways, Stages and Barriers 

Technology transfer results from actions taken by various stakeholders.  Key stakeholders include developers, 
owners, suppliers, buyers, recipient and users of technology (such as private firms, state enterprises, and 
individual consumers), financiers and donors, governments, international institutions, NGOs and community 
groups.  Some technologies are transferred directly between government agencies or wholly between 
vertically integrated firms, but increasingly technology flows depend also on coordination of multiple 
organizations such as network of information service providers, business consultants and financial firms.  
Although stakeholders play different roles, there is a need for partnership among stakeholders to create 
successful transfer.  Government can facilitate such partnership. 
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The three major pathways of technology transfer are government, private sector, and community-initiative.  
Pathways may be different for “close to market” technologies and for technology innovations still in the 
development phase.  Common pathways include government assistance programs, direct purchases, 
licensing, foreign direct investment, joint ventures, cooperative research agreements and co-production 
agreements, education and training, and government direct investment.  Certain stages of technology transfer 
process can be identified, including identification of needs, choice of technology, assessment of conditions of 
technology transfer, agreement and implementation.  

Table 8.2.  Barriers for adoption of specific agricultural technologies 

Mitigation Option Constraints 

Irrigation efficiency Requires large investments and national technology and assessment 
commitment;  
Requires technology transfer to the farm level; 
Requires cooperative community action 

Direct seeding of rice Requires intensive weed control 
Substitution of traditional varieties by 
improved varieties 

Less preferred grain quality  
New pest problems in certain area 
Changed management 

Conservation tillage Risk of yield reduction 
Different machinery needs, crop varieties, soil moisture and 
temperature conditions 
Requires intensive weed control 

Ammoniation of straw for animal feed Ammonium sulfate is more expensive than urea 
Large scale biogas digester More investment. More complex to operate and maintain 

 

Currently, there are five common limitations for technology transfer in agriculture: impacts primarily driven by 
changing patterns of extreme weather events; opportunities and risks associated with incorporation of climate 
change projections in large infrastructure projects that are currently being planned and implemented, and 
which will still be in place fifty to one hundred years from now; the considerable time it will take to plan and 
implement a number of adaptation technologies; society’s vulnerability to climate change, which largely 
depends on its economic, technical, institutional and socio-cultural capabilities to cope with adverse effects; 
and the uncertainty of the impact of future climate change. 

The existing institutions involved in technology transfer in the forestry sector along with barriers to large-scale 
technology transfer are listed in Table 8.3.  Barriers to transfer ESTs may arise at each stage of the process.  
These barriers range from lack of information; insufficient human capabilities; political and economic barriers 
such as lack of capital, high transaction cost, lack of full cost pricing, and trade and policies barriers; lack of 
understanding of local trends; business limitations, such as insufficient legal protection, and inadequate 
international code and standards. 
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Table 8.3.  Barriers for technology transfer in the forestry sector 

Institutions And 
Mechanisms 

Examples Features Barriers 

Multilateral World Bank, ADB, 
GEF, FAO, IPF, IFF, 
IUFRO, CIFOR, UNDP, 
Technical cooperation 

Commercial and non-
commercial lending 
agencies 

Currently limited role 
Absence of local institutions to adopt 
tech 
Limited funding 
Narrowly defined economic criteria 

Bilateral Development 
assistance programs of 
OECD countries 

Aid agencies 
Inter-governmental 
transfers 

Project or site specific 
Limited experience 
Limited to reforestation and 
protection area formation 
Influenced by donor’s foreign policy 
objectives 
Diversion by recipients to non-target 
programs 

Forestry Department Wildlife divisions 
Social forestry division 
Extension service 
National Forest Service 

Part of government 
bureaucracy 
Multi-objective outlook 

Inadequate research and extension 
cap 
Inadequate funding 
Focused more on forest protection, 
afforestation, enforcing regulations, 
Often exclude local communities 
Subject to political strings 

Research Institutions International 
FAO 
CIFOR 
IUFRO 
National institutes 
Universities 
Industry or timber 
companies 

Generate and 
assimilate technologies 
Monitor forest area, 
status 

Limited role due to inadequate 
funding or national policies or 
regulations 
Industry research focused only on 
certain commercial aspects of 
forestry 

Industry/private sector Timber plantation 
companies 
Paper industries 
 

commercial transfer 
profit motive 

focused limited on commercial 
aspects of forestry only 
inadequate foreign investment 
policies 
protection measures and economic 
embargoes 
large uncertainties 

Join Ventures AIJ/JI No C-crediting 
private utility in OECD 
and developing country 
agency 

many uncertainties on the 
mechanisms and C-abatement 
achieved 
absence of C-credits 

NGOs International 
WWF 
Nature conservancy 
WEI 
CARE 
National and local 
NGOs 
Community based 
organizations 

Activist in origin 
Main base in tech-
source countries 
Mostly not-for profit 

Focus on technology inadequate, 
narrow focus on issues 
Inadequate arrangements to protect 
the interests of forest dwellers and 
promotion of participatory 
management 
Limited technical capacity  
Little or no weight on economic 
efficiency 

Community organizations LCOs 
Join forest 
management 
committees 

Grassroots affiliations 
Organized on special 
interests, e.g.: women, 
artisans, etc. 

Mostly loose structure 
Funding and accountability usually 
weak 
No legal status, inadequate powers. 
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7 NECESSARY INSTITUTIONAL SETTINGS 

The Indonesia forestry sector has been a long time player in implementing environmentally policy issues, 
generally known as sustainable forestry development and management.  In climate change context, forest 
land has been recognized as both “sink” and “source” of GHGs emission, particularly CO2.   

7.1 Hardware, Software and Firmware 

As illustrated in Figure 8.1 discussed earlier, elements of technology transfer process consist of hardware, 
software and firmware.  Sustainable development on global scale will require radical technological and related 
change in both developed and developing countries.  Development of modern knowledge offers many 
opportunities to attain sustainable practices and move more rapidly towards better technologies, techniques 
and associated institutions.  To achieve this developing countries require assistance to develop human 
capacity (knowledge, techniques and management skills), develop appropriate institutions and networks, and 
to acquire and adapt specific hardware, meeting local need priorities. 

7.2 Laws and Regulations 

Environmental regulation and policies often play a significant role in creating conditions for adopting certain 
technologies.  Generally, environmental standards based on “best available technologies” tend to perpetuate 
existing control technologies at the expense of long term innovation.  This type of standard setting results in 
regulations focusing on “end-of-pipe” type pollution control technologies, and can create a strong disincentive 
for going beyond the proven standards dictated by existing technologies ((TERI, 1997)). 

Under recent Forestry Law (UU No.41/1999), possible forestry activities and services include different forest 
functions as follows: (a) forest production (logging activities, non-timber forest products, plantation 
development, environmental services); (b) forest conservation (non-timber forest products and environmental 
services); and (c) forest protection (environmental services, e.g., watershed protection and non-timber forest 
products).  This law has included several forestry related Acts, such as UU No.5/1990 on conservation of 
biological resources and its ecosystems, UU No.5/1994 on ratification of the convention on biological diversity, 
and other international agreements, such as RAMSAR convention, CITES, UNFF on forest processes, CCD 
to combat desertification, ITTO on tropical timber.  Implementation of UU No. 22/1999 on local government 
autonomy and its PP No. 25/1999 on financial equity imposed certain consequences on forest resource 
management that will influence necessary institutional settings. 

Indonesia has already had a number of legally and non-legally binding measures in the efforts to achieve 
sustainable utilization of forest resources and I combating environmental degradation.  However, forest 
degradation and environmental deterioration have continued as a result of lack of enforcement to the legally 
binding measures and lack of incentives for good practices. 

Several non-legally binding measures in the form of environmental agreements with local authority and local 
people in some conservation forests such as National Parks have also been produced and implemented.  
Certification is also a non-legally binding measure to achieve SFM in various levels and focuses, which is 
driven by market mechanisms. 
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7.3 Organizations 

An institutional arrangement was proposed by Boer et al. (2001) to respond recent institutional settings, laws 
and regulations in the forestry sector in the context of acquiring and implementing ESTs.  In order to answer 
the challenge appropriately, concept of multi-stakeholders participation, which has been practiced in rural 
communities, need to be enhanced and put in place to involve a wider scope of stakeholders.  Environmental 
agreements among various stakeholders are needed to respond the environmental challenge.  At the national 
level, the existing IDCF (inter-departmental committee on forestry) can be used, while at regional level, the 
existing institutions should be used such as forestry offices, Bappeda, Bappedalda, universities, NGOs, and/or 
local ‘indigenous’ institutions at provincial and district level governments.  A forum of stakeholders’ 
consultation need to be established, mechanism for the participatory process to be set up, and role of each 
party be set. 

8 CONCLUSIONS AND RECOMMENDATIONS 

Effective transfer of less GHGs emission technologies requires continuous and multi-sectoral efforts with 
multi-faceted views, and involving various stakeholders that should have the same perspective and realize 
common goals in mitigating climate change.  For this sufficient background information on climate change and 
clear understanding of technology transfer process are necessary to properly develop institutions, system and 
procedures, and modalities to acquire and implement low GHGs emission technologies. 

8.1 Conclusions 

ü Estimates of emission projections and scenarios of climate change to the next century diverse widely 
indicating uncertainties involved, and with the long time horizon make any investments to abate 
GHGs emission non-economical.  However, with the adverse consequences of climate change that 
may happen in the future impose very serious threats to human existence. 

ü Technological status and needs of Indonesia on Low GHGs emission are not established yet.  This is 
especially true for non-energy sector.  The knowledge is not only incomplete but also far from perfect 
to have accurate estimate of possible future conditions. 

ü Identification of country priorities for transfer and development of ESTs is to be done for various 
sectors by developing sectoral integrated technology programs following the proposed framework.  
This sectoral program should also assess the effectiveness of on-going technology transfer. 

ü The costs of GHGs emission reduction in non-energy sector still need to be developed and 
established, including the benefit/cost and risk/benefit analysis. 

ü Modalities to acquire and implement low GHGs emission technologies are still open with three major 
pathways: government, private sector and community initiatives.  Development of specific modes of 
actions may deem unnecessary. 
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8.2 Recommendations 

ü Implement the proposed framework by creating sectoral committees for promoting intra-sectoral 
dialogue and coordinated with the National Climate Change Unit.  Accurate GHGs emission 
inventory and emission projections needs to be done as an on-going activities in the context of 
climate change study.  Institutional settings primarily centered on the establishment of sectoral 
EST-ADC with the range of goals. Encourage and support more studies on climate change related 
issues, especially concerning methodological aspects, including on acceptable estimation 
techniques of costs of emission reduction. 

ü The government can impose a more general environmental policies by adopting international 
standards, systems and procedures based on “best available technologies” to create conducive 
conditions for the transfer of ESTs. 

 

 

 

 

 

 

 

 

 

Figure 8.2.  Stages in the development of the framework for adoption and diffusion of ESTs (TERI, 
Undated) 
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Figure 8.3.  Participatory approach in identifying country priorities (TERI, Undated) 

 

 

 

 

 

Figure 8.4.  Creating sectoral committees for promoting intra-sectoral dialogue (TERI, Undated) 
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Figure 8.5.  Consultative process for identifying present technological status and technology needs 
(TERI, Undated) 
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ACFL Advanced Compact Fluorescent Lamp 
AE Anode Effect 
AF Agro Forestry 
AFC  Alkaline Fuel Cell 
AIJ Activities Implemented Jointly 
ALGAS Asia Least-cost Greenhouse Gas Abatement Strategy 
AMDAL ‘Analisis Mengenai Dampak Limgkungan’ (Environmental Impact Analysis) 
ASEAN Association of South East Asia Nations 
ATC Area Traffic Control 
BAPEDALDA ‘Badan Pengendalian Dampak Lingkungan Daerah’ (Provincial Environmental 

Impact Management Agency) 

BAPPEDA ‘Badan Perencanaan Pembangunan Daerah’ (Provincial Development 
Planning Agency) 

BAU Business As Usual 
BKPM ‘Badan Koordinasi Penanaman Modal’ (Investment Coordinating Board of 

Indonesia) 
BPN ‘Badan Pertanahan Nasional’ (Office for National Land Affairs of Indonesia) 
BPPT  ‘Badan Pengkajian dan Penerapan Teknologi’ (Agency for the Assessment 

and Application of Technology of Indonesia) 
BPS ‘Biro Pusat Statistik’ (Central Bureau of Statistic) 
BWE Bucket Wheel Excavator 
C Carbon 
Ca Calcium 
CaCO3 Calcium Carbonate 
CaO Calcium Oxide 
CBA Cost-Benefit Analysis 
CBD Central Business District 
CCD Convention to Combat Desertification 
CCMTS Climate Change Mitigation Technologies and Services  
CDM Clean Development Mechanism 
CER Certified Emission Reduction 
CERI Cost of Emission Reduction Initiative 
CFCs Chlorofluorocarbons (a GHG) 
CFL Compact Fluorescent Lamp 
CH4     Methane (a GHG) 
CHP Combined Heat and Power 
CHP Cogeneration of Heat and Power 
CIDA Canadian International Development Agency 
CITES Convention on International Trade of Endangered Flora and Fauna Species 
CNG Compressed Natural Gas 
CO Carbon monoxide (a GHG) 
CO2    Carbon dioxide (a GHG) 
COP Conference of the Parties 
CRE-ITB Centre for Research on Energy of the Bandung Insitute of Technology 
DCD Dicyandiamide 
DCS N-2.5-dichlorophenil succinamic acid 
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Term  
 
Stands for 
 

DE Digestible Energy 
Deperindag ‘Departemen Perindustrian dan Perdagangan’ (Ministry for Industry and Trade 

of Indonesia) 
Dephut ‘Departemen Kehutanan’ (Ministry of Forestry of Indonesia) 
Dephutbun ‘Departemen Kehutanan dan Perkebunan’ (Ministry of Forestry and Plantation 

of Indonesia) 
DGEED Directorate General of Electricity and Energy Development of the Ministry of 

Mines and Energy of Indonesia 
DH District Heating 
DM Dry Matter 
DNS Debt for Nature Swaps 
DR ‘Dana Reboisasi’ (Reforestation Fund) 
E85 Mixture of fuel with 85% ethanol and 15% gasoline 
EAF Electric Arc Furnace 
EBRD European Bank for Reconstruction and Development 
ECC Encapsulated Calcium Carbide 
EDAS Energy Design Advisory Service 
EF Emission Factor 
Eh Redox Potential 
ENR Enhancement of Natural Regeneration 
EOR Enhanced Oil Recovery 
EST  Environmentally Sound Technology 
EST-ADC Environmentally Sound Technology-Adoption and Diffusion Centre 
ET  Emission Trading 
ETS Emission Trade System 
EU European Union 
FAO Food and Agricultural Organization 
FBC Fluidized Bed Combustion 
FBS Feed Block Supplement  
FCC Fluid Catalytic Cracker 
FCCC Framework Convention on Climate Change 
FDI Foreign Direct Investment 
GCM General Circulation Model 
GDP Gross Domestic Product 
GEF Global Environment Fund 
GFF Global Forest Fund 
Gg Giga grams 
GHG Greenhouse gases 
GIS Geographical Information System 
GM Global Mechanism 
GT Giga Tones  
HFCs Hydrofluorocarbons (a GHG) 
HHV Higher Heating Value 
HOV High Occupancy Vehicle 
HPH ‘Hak Pengusahaan Hutan’ (Forest Concession) 
HTI ‘Hutan Tanaman Industri’ (Industrial Plantation Forest) 
IARI Indian Agricultural Research Institute 
ICCC Indonesian Committee for Climate Change 
IDCF Inter-Departmental Committee on Forestry of Indonesia 
IDR Indonesian Rupiah 
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Term  
 
Stands for 
 

IEA International Energy Agency 
IGCC Integrated Gasification Combined Cycles  
IMACC Inter-Ministerial/Agency Coordination Committee for AIJ 
IPCC Intergovernmental Panel on Climate Change 
IRP Integrated Resource Planning 
IRRI International Rice Research Institute 
ISO International Standards Organization 
ITP Integrated Technology Program 
ITP Integrated technology Program 
ITS Intelligent Transport Systems 
ITTA International Tropical Timber Agreement 
JI Joint Implementation 
JIS Joint Implementation System 
Jo ‘Juncto’ (Vide) 
JUKLAK ‘Petunjuk Pelaksanaan’ (Implementation Guideline) 
Keppres ‘Keputusan Presiden’ (Presidential Decree) 
KP Kyoto Protocol 
KS-ICDP ‘Kerinci-Seblat’ Integrated Conservation and Development Project 
kWh Kilowatt-hour 
LAPAN ‘Lembaga Antariksa dan Penerbangan National’ (National …) 
LCO Local Community Organisation 
LHV Lower Heating Value ? 
LNG Liquefied Natural Gas 
LPG Liquefied Petroleum Gas 
LR Long Rotation 
LUC Land Use Change 
M100 Fuel with 100% methanol 
M85 Mixture of fuel with 85% methanol and 15% gasoline 
M90 Fuel with 90% methanol 
MCFC Molten Carbonate Fuel Cell 
MCR Methane Conversion Rate 
MEF Methane Emission Factor 
MERES Methane Emission from Rice Ecosystem (a model) 
MME Ministry of Mines and Energy of Indonesia 
MoA Ministry of Agriculture of Indonesia 
MOE Ministry of Environment 
MoF Ministry of Forestry of Indonesia 
MOP Meeting of the Parties 
MRT Mass Rapid Transport 
MSPH Multi Stage Pre-Heater 
MTPD Metric Ton Per Day 
MWe Mega Watt Energy ? 
N fertilizer Nitrogen-containing fertilizer 
N2O Nitrous oxide (a GHG) 
NFFO Non Fossil-Fuel Obligation 
NFP National Forest Program 
NGO Non-Governmental Organization 
NGV Natural Gas Vehicle 
NOx Nitrogen oxide (a GHG)  
NPP Net Primary Production 
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Term  
 
Stands for 
 

NPV Net Present Value 
NSI National System of Innovation  
O&M Operating and Maintenance 
O&M Operation and Maintenance 
ODA Office for Development Assistance 
OE Operational Entities 
OECD  Organization for Economic Cooperation and Development 
OMAD Organic Matter Apparently Digested  
OMD Organic Matter Digestibility  
OP Operational Program 
P Phosphorus 
PAFC Phosphoric Acid Fuel Cell 
Pelita ‘Pembangunan Lima Tahun’ (Five-Year Development Stage) 
PF Protected Forest 
PFBC  Pulverized Fluidized Bed Combustion 
PFCs Perfluorocarbons (a GHG) 
pH Acidity 
PJ Peta Joule 
PLN ‘Perusahaan Listrik Negara’ (State-owned electricity company) 
PP ‘Peraturan Pemerintah’ (Government Regulation) 
PP Power Plant 
Ppbv Parts per billion by volume 
PPKAN ‘Program Penghijauan dan Konservasi Alam Nasional’ (National Greening and 

Nature Conservation Program) 
PT  ‘Perseroan Terbatas’ (Limited Corporation) 
PUSRI ‘Pupuk Sriwijaya’ (a state-owned fertilizer company) 
PV Photo Voltaic 
QELRC Quantified Emission Limitation and Reduction 
QELRO Quantitative emission limitation and reduction commitments ? 
r Coefficient of correlation 
R&DNA Research and Development 
RAMSAR Convention Convention on Wetlands of International Importance especially as Waterfowl 

Habitat, held at Ramsar, Iran, on 2 February 1971 
RCC Residue Catalytic Cracking 
RIL Reduced-Impact Logging 
ROI Return  of Investment 
RTRWP ‘Rencana Tata Ruang Wilayah Propinsi’ (Provincial Spatial Planning) 
SC Steering Committee 
SEA Strategic Environmental Assessment 
SF6 Sulphur Hexa Fluoride (a GHG) 
SFM Sustainable Forest Management 
SK ‘Surat Keputusan’ (Letter of Decree) 
SMEs Small to Medium-sized Enterprises 
SO2 Sulphur Oxide 
SOFC Solid Oxide Fuel Cell 
SPEFC Solid Polymer Electrolyte Fuel Cell 
SPV Special Purpose Vehicle 
SR Short Rotation 
STRM Short  Term Response Measures 
tB Ton Biomass 
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Term  
 
Stands for 
 

tC Ton Carbon 
TE Total Emission 
Tg Tera grams 
TGHK ‘Tata Guna Hutan Kesepakatan’ (Forest Use Planning by Consensus) 
TIGER The International GHG Emissions Registry 
TNGER The National GHG Emissions Registry 
TPTI ‘Tebang Pilih Tanam Indonesia’ (Selective Cutting and Replanting System) 
TPTJ ‘Tebang Pilih Tanam Jalur’ (Selective Cutting and Line Planting System) 
UK United Kingdom 
UMB Urea Molasses Block  
UNCED United Nations Convention on Environment and Development 
UNEP United Nations Environmental Program 
UNFCCC United Nations Framework Convention on Climate Change 
UNFF United Nations Forum on Forest 
UNITAR United Nations Information and Training Resources 
 US ¢ US cent dollars 
USDA United States Department of Agriculture 
US-EPA United States Environmental Protection Agency 
UU ‘Undang-undang’ (Act) 
UUD 1945 ‘Undang-Undang Dasar 1945’ (Indonesia’s National Constitution 1945) 
VFA Volatile Fatty Acid 
WALHI ‘Wahana Lingkungan Hidup Indonesia’ (the Indonesian Forum for  the 

Environment, an NGO) 
WEC World Energy Council 
WMO World Meteorological Organization 
WP Wood Products 
ZA fertilizer Nitrogen and sulphur-containing fertilizer 
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CONTACT PERSONS 

Dr. Agus Pratama Sari 
Executive Director of PELANGI 
Jl. Danau Tondano A-4 Pejompongan 
Jakarta Pusat 
E-mail: apsari@pelangi.or.id 
 
Mr. M. Sidik Boedoyo 
Agency for the Assessment and Application of Technology (BPPT) 
Jl. MH Thamrin No. 8, 20th floor, 2nd Bldg 
Jakarta – 10340, Indonesia 
Phone: (62-21) 316-9793 
Fax: (62-21) 316-9765 
E-mail: boedoyo@bppt.go.id, boedoyo@hotmail.com 
 
Dr. Sudirman Habibie 
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Phone : +62-21-3169301 
Fax : +62-21-3169309 
E-mail : shabibie@hotmail.com 
 
Mr. Ajiph R. Anwar 
Head of Division for Information System Development 
Data and Information Center 
Ministry of Communications 
Jl. Merdeka Barat No. 8 
Jakarta 10110, Indonesia 
Phone: (62-21) 3456703 
Fax: (62-21) 3862371 
E-mail: ajiphra@yahoo.com 
 
Dr. Mezak Arnold Ratag 
LAPAN - Bandung 
Jl. Dr. Djundjunan Bandung 
Telp: 022-6037445 
Fax: 022-6037443 
 
Dr. Rizaldi Boer 
Fakultas Matematika dan Ilmu Pengetahuan Alam - IPB 
Jl. Raya Pajajaran Bogor 
Fax: 0251-376817 
 
Mr. Prihasto Setyanto 
Loka Penelitian Tanaman Pangan Jakenan 
Jl. Jakenan - Jaken KM. 05 Pati 59182 
Jawa Tengah 
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Dr. Suryahadi 
Bogor Agricultural University, Faculty of Animal Science 
Bogor, West Java, Indonesia 
Phone: (62-251) 621681 
 
Dr. Hidayat Pawitan 
Department Geophysics & Meteorology, Faculty of Mathematic and Science 
Bogor Agricultural University 
Jl. Raya Pajajaran,  
Bogor, West Java, Indonesia 
Phone: (62-251) 376-817 
Fax: (62-251) 376-817 
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