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FOREWORD
Man-made climate change is one of the major challenges we face as a global community. Success in tackling
this highly complex problem will require strong will, great policy skills and above all, a global commitment to
fairness and justice, according to the principle of common but differentiated responsibility among nations.
These principles underlie Indonesia’s strong commitment to this struggle. We have committed to make a
26 percent cut in our greenhouse gas (GHG) emissions by 2020 (as against projections of our business as
usual emissions). President Soesilo Bambang Yudhoyono has stated that – with the right level of international
support – Indonesia can cut 41 percent of its emissions, which would in turn deliver nearly 7 percent of the
cuts called for by the Intergovernmental Panel on Climate Change.
The REDD+ Partnership signed by Indonesia and Norway in May, 2010 is among the developments which
should encourage us that a system of viable international support is evolving. Equitable partnerships
between developing and developed world are central to a global climate change solution.
The analysis underlying this document is an important tool in Indonesia’s efforts to deliver GHG emissions
cuts while protecting, even enhancing, long-term economic growth and development. With this document,
the Dewan Nasional Perubahan Iklim aims to provide a common analytical basis to which different
stakeholders can refer in thinking through different options. What measures will deliver the biggest impact
in terms of emissions reduced? Which are likely to be more expensive, which less so? Using this knowledge,
how should we prioritize our policy moves? How can we sequence our moves? What can we do now, and
what should wait? The Indonesia GHG Abatement Cost Curve will remain useful as the policy environment
continues to evolve.
This analysis has been carried out in close consultation with many stakeholders and experts, inside
and outside of government. While they may or may not agree will our conclusions, they have all certainly
contributed to improve the quality of the analysis. A policy process now continues within and between
central and provincial government, and the different national Ministries and relevant agencies. There is still
a long way to go to establishing a rich consensus and a mutually-shared understanding among all experts,
particularly in having a detailed understanding and database of the state of our forests and peat swamps, as
well as our land use across the archipelago.
Part of the uncertainty resides in the science. Our understanding of emissions from peat soils, to pick one
example, is still evolving, as research is done in different settings and with constantly improving methodologies
and instruments. In some cases, we have had no choice but to use estimates for emissions. But the point of
the exercise has not been to try to come up with the most nearly perfect estimates, of emissions or abatement
potential. Rather the goal has been to create a framework for analysis that can guide us with genuine insights
now, but which can be extended and improved as our knowledge grows.
Among the most important achievements of the report is to clarify and quantify the central importance of
land use, and land use change in Indonesia’s current emissions picture. The report has also measured the
impact of the different efforts which could mitigate these land-use based emissions. Slowing deforestation is
an important measure here, but it is by no means the only one.
And as the report calls for a greater focus on land and spatial planning, the analysis also highlights how
emissions from energy generation and transportation will become increasingly important as Indonesia
continues to grow. The impact of a carbon-inefficient energy and transport infrastructure may not be so
important today, in the overall scheme of things. However, the forward-looking elements of this analysis
provides a profound view of the importance of today’s infrastructure decisions. Especially when the energy
infrastructure accounts for a much higher percentage of total emissions in our future.
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Thank you for your interest in this report, and for your efforts to enable Indonesia to work towards a future
based on long-term, sustainable, development.

Prof. (Hon) Rachmat Witoelar
Executive Chair
National Council on Climate Change
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PREFACE
Under the leadership of President Susilo Bambang Yudhoyono, Indonesia has made several important
contributions to the global climate change debate. After hosting the United Nations Framework Climate
Change Convention Conference of Parties (COP-13) in Bali in 2007, Indonesia has organized or participated
in a series of high-level gatherings to address the issue of reducing greenhouse gas (GHG) emissions from
the forestry sector. These include the Forestry-11 grouping convened by Indonesia, the Informal Working
Group on Interim Financing for REDD, and the April 2009 meeting of Heads of State convened by the Prince’s
Rainforest Project.
At the September 2009 G-20 summit in Pittsburgh, President Yudhoyono voluntarily committed Indonesia
to an ambitious roadmap for reducing carbon emissions by 26 percent against a business-as-usual estimate
of emissions in 2020, the first large developing country to do so. Indonesia reaffirmed its commitment to the
reduction target at the COP-15 round of UN climate change negotiations in Copenhagen in December 2009
and subsequently associated itself with the Copenhagen Accord in January 2010. The government is currently
preparing a National Action Plan on Climate Change, which will describe in detail how Indonesia will meet
its 26 percent commitment. Another major milestone was reached on 28 May 2010 with the announcement
of a REDD+ Partnership between Indonesia and Norway, in which Norway pledged USD 1 billion towards
REDD+ readiness programs and as contributions in return for verified emissions reductions. At the same time,
Indonesia committed to a two-year suspension of new concessions or forested land and peatland.1 These
steps position Indonesia well to benefit from the USD 30 billion of fast-start funds committed at COP-15.
To coordinate climate change-related activities within Indonesia, in July 2008 President Yudhoyono
established the Dewan Nasional Perubahan Iklim (DNPI) or National Council on Climate Change. The Council
is specifically tasked with the role of convening different stakeholders in Indonesia to create consensus around
the opportunities and challenges related to climate change. To that effect, the DNPI has commissioned
this GHG Abatement Cost Curve analysis to provide a quantitative basis for a national discussion on the
opportunities for reducing GHG emissions in Indonesia consistent with national development goals.
This report evaluates the potential reduction in emissions coming from different abatement initiatives, as well
as estimating the costs involved for each of those initiatives. Through this paper the DNPI intends to provide
an objective and uniform set of data that will support Indonesia’s decision-making process, as we work
together with relevant ministries, regional governments, and others to reduce Indonesia’s GHG emissions.
We are committed to ensure such reductions in carbon emissions support rather than undermine our national
development goals and our long-term efforts to improve the standard of living for all Indonesians. The DNPI is
currently extending the analysis and data contained in the GHG Abatement Cost Curve through its support
in developing low-carbon growth strategies in several Indonesian provinces with high emissions levels.
This study builds on the proprietary global GHG abatement database created by the global consultancy
McKinsey & Company and developed in partnership with governments, businesses, and non-governmental
organizations around the world. The DNPI would like to acknowledge the technical support of McKinsey
in extending and further developing its methodology for the Indonesian context. The DNPI would also
like to thank the more than 150 government, private-sector, and NGO personnel who made important
contributions to the sectoral working teams. While the GHG abatement methodology belongs to McKinsey,
the conclusions and results set forth in this report are exclusively those of the DNPI.

1

The GHG abatement scenarios discussed in this report do not take into account emissions reductions stemming from the
two-year suspension of new forest and peat concessions announced in May 2010
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We would also like to express our appreciation to the ClimateWorks Foundation, the Agence Française de
Développement (AFD), the Norwegian Government, and the Packard Foundation for partially funding this
work.
Much work remains to further develop the scientific understanding that underlies this study, particularly in the
Land Use, Land-Use Change, and Forestry (LULUCF) and peat sectors. Estimates and extrapolations have
been made for some emissions categories where data is incomplete or missing.
This report highlights that while Indonesia’s emissions are significant and expected to grow by more than
60 percent between today and 2030, many opportunities exist to mitigate these emissions. With the
support of the global community, Indonesia has a window of opportunity to shift to a less carbon-intensive
development model. Without early action, Indonesia may become locked into a growth model (particularly
through long-term infrastructure choices) that is unsustainable for our, and the world’s, environment.
This report focuses on the potential for GHG mitigation. It does not address the challenge Indonesia faces
in adapting to climate change that has or will occur, although we recognize that the costs of adaptation will
be both significant and additive to mitigation costs. This report also intentionally avoids any assessment of
policies and regulatory choices. Its purpose is to provide an objective and uniform set of data that can serve
to underlie policy discussions.
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HOW TO READ THE
GREENHOUSE GAS
ABATEMENT COST CURVE
The global greenhouse gas abatement “cost curve” developed by global consultancy McKinsey & Company2
summarizes the technical potential to reduce emissions of greenhouse gases at a cost of up to 80 USD per
ton CO2e3 of avoided emissions. The cost curve shows the range of emission reduction actions that are
possible with technologies that either are available today or are highly likely to be available by 2030.
The width of each bar represents the potential of that opportunity to reduce GHG emissions in a specific year
compared to business-as-usual development (BAU). The potential of each opportunity assumes aggressive
global action starting in 2010 to capture that specific opportunity and so does not represent a forecast of how
each opportunity will develop. The height of each bar represents the average cost of avoiding 1 ton of CO2e by
2030 through that opportunity. The cost is a weighted average across sub-opportunities and years. All costs
are in 2005 real USD. From left to right, the graph presents the lowest-cost abatement opportunities to the
highest-cost.4 The uncertainty of volume and cost estimates can be significant for individual opportunities, in
particular for LULUCF and peat and for emerging technologies (Exhibit 1).

Exhibit 1

The cost curve is developed in a four step process…
1
GHG emissions
tCO2e

Cost of abatement
USD / tCO2e

3

2005 baseline
Emissions growth in
frozen technology
scenario (2005-2030)

Estimated
cost in year
chosen to
reduce
emissions by
1 tCO2e with
this lever

Decarbonization in
Reference case
(2005-2030)

Each field represents one
abatement lever to reduce
emissions

Abatement
Gt CO2e/year
2

Annual GHG emission
reduction potential in
chosen year

Reference case
emissions 2030
4
Abatement
lever potential
Potential abatement
scenario
("end game")

!
!

Levers are sorted by
increasing costs for the
reduction of emissions
by tCO2e

The cost curve displays abatement potential, and corresponding cost, for each
abatement lever relative to a "business-as-usual" scenario
The merit order is applied based on the cheapest measures in 2030 in USD/tCO2e

Source: McKinsey & Company Global GHG Abatement Cost Curve v2.0

2
3
4

McKinsey & Company (2009) Pathways to a Low-Carbon Economy: Version 2 of the Global Greenhouse Gas Abatement Cost
Curve
Following IPCC definitions, the abatement cost curve shows technical measures with economic potential under USD 80 per
tCO2e
A negative cost lever on the cost curve implies that while an upfront capital investment may be required, the lever will more than
pay for itself over its lifetime through energy savings when the investment is evaluated at a societal cost of capital (i.e., for the
purposes of this study, this has been taken at 4 percent).
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McKinsey’s global greenhouse gas cost curve aims to look at global emission reduction opportunities with
one consistent methodology, rather than to analyze in detail any individual emission reduction opportunity.
Therefore the curve should be used for overall comparisons of the size and cost of different opportunities,
the relative importance of different sectors, and the overall size of the emission reduction opportunity, rather
than for predictions of the development of individual technologies. It can also be used as a simulation tool for
testing different implementation scenarios, energy prices, interest rates, and technological developments.
The cost of abatement is calculated from a societal perspective (i.e., excluding taxes, subsidies, and with a
capital cost similar to government bond rates), which is useful to allow comparisons of opportunities and costs
across countries, sectors, and individual opportunities. However it also means that the costs calculated are
different from the costs a company or consumer would see, as taxes, subsidies, and different interest rates in
their calculations would then also be included. Therefore the curve cannot be used for determining switching
economics between investments, nor for forecasting CO2 prices. The cost of each opportunity also excludes
transaction and program costs to implement the opportunity on a large scale, as these are highly dependent
on how policy makers choose to implement each opportunity. The costs to fully implement specific reduction
opportunities, therefore, will in most cases be higher than those shown in the cost curve.
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SUMMARY OF FINDINGS
Indonesia’s annual greenhouse gas (GHG) emissions amounted to approximately 2.15 Giga tons (Gt)6 in
2005. As Indonesia continues to develop, its total GHG emissions are expected to rise to 3.2 Gt by 2030. In
both 2005 and 2030, Indonesia’s emissions account for approximately 4.5 percent of global GHG emissions
in a business-as-usual scenario. Indonesia’s share of global emissions is significantly higher than its share
of real global GDP, which was 0.6 percent in 2005. A comparison of the DNPI’s emission estimates and
those in the Ministry of Environment’s Second National Communication (revised on December 5, 2009)
shows a broad consistency in the overall emission levels, albeit with significant differences in the sectoral
composition of these emissions.7
Analysis of the potential benefits and indicative costs of various GHG emissions abatement measures suggests
that by 2030, Indonesia has the potential to reduce its GHG emissions by 2.3 Gt, representing a reduction of
approximately 72 percent compared to the current trend. Thus, emissions in 2030 would be 67 percent lower
than emissions in 2005. Such a reduction would be an important contribution to global efforts, amounting
to some 7 percent of the total global reduction required by 2030 to reach the levels recommended by the
Intergovernmental Panel on Climate Change (IPCC).8
Furthermore, the average cost of Indonesia’s potential emissions reductions is relatively low, compared to
some of the abatement options available in most developed countries. The known technical cost9 and the
cost of currently available abatement technologies show that Indonesia’s estimated average abatement
cost is in the order of 2 USD per tCO2e by 2030.10

Peat and LULUCF comprise Indonesia’s largest opportunity
Peat and LULUCF-related emissions are by far the largest contributors to Indonesia’s current and expected
future emissions (Exhibit 2) under a business-as-usual scenario (BAU). They also represent the largest
opportunities to abate emissions. High growth rates in power and transport-related emissions mean that,
although opportunities in these sectors become progressively more important in the years ahead, strategic
choices on the development pathway must begin today.
Emissions from carbon-rich peatlands amount to 772 MtCO2e, roughly 38 percent of Indonesia’s total emissions
in 2005.11 Peatlands have acidic water-logged soils, which in a dry state contain as much as 60 percent carbon
in the form of organic matter that has accumulated over thousands of years. When peat soils are drained for
cultivation, timber extraction or other land uses, they are aerated and begin to oxidize and decompose. The
slow oxidation of drained peatlands or their more rapid oxidation through peat fires are the main sources of
peatland emissions.
5

Total emissions here refers to emissions from eight sectors including LULUCF, peat, agriculture, power, petroleum and refining,
transportation, cement and buildings, which together account for the majority of Indonesia’s emissions
6 One Giga ton (Gt) is equivalent to one billion tons
7 The Second National Communication (SNC) provides emission estimates for the year 2000. The overall estimates of CO2 net
emissions in 2000 from the DNPI and the SNC are very similar, differing by less than 8 percent.
8 The IPCC is a scientific intergovernmental body established in 1988 under the auspices of the United Nations and tasked to
evaluate the risk of climate change caused by human activity. It has stated that global greenhouse gas concentrations will reach
650 ppm by 2030 on current global trends. This would far exceed the 450 ppm level – the level at which scientists have deemed
we can avoid catastrophic climate changes as global temperatures would not rise more than 2 degrees Celsius. According to
Project Catalyst, to limit greenhouse gas concentrations to this safer level, greenhouse gas emissions must be cut globally by
at least 32 GtCO2e in 2030 compared to current trends.
9 This paper considers various costs in evaluating abatement options. Technical costs are defined as the incremental cost of a
low emission technology compared to the reference case, measured as USD per tCO2e abated emissions. Technical costs
include annualized repayments for capital expenditure and operating expenditure, and thus represent the pure “project cost”
to install and operate the low-emission technology. They include neither implementation costs nor social costs (e.g. the loss
of biosystem services such as clean, fresh water supply from forests). Full abatement costs include both technical costs as
defined above and implementation costs., but not social costs. Finally, opportunity costs refer to the full foregone revenue an
agent gives up to switch to a lower emission technology, behaviour or alternative.
10 This estimate does not include transaction or other implementation costs, which can be significant for some abatement measures
11 The Ministry of Forestry data suggests that Indonesia has 22 million ha of peatland
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Indonesian emissions are estimated to grow from 2.1 to 3.3 GtCO2e
between 2005 and 2030
3,260

Projected emissions1, Million tons CO2e
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150
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25
25
60

45
145
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95

130
110

100

30

220

440

Buildings
Cement
Petroleum and gas
Agriculture
Transport

810

Power

370

840

730

670

LULUCF2

770

890

970

Peat

2005

2020

2030
5.07%

4.97%
1 Includes only direct emissions from each sector

Exhibit 2

Share of global emissions

2 Emissions from LULUCF are based on a net emission approach i.e., including absorption
SOURCE: Indonesia GHG Abatement Cost Curve

These two emission sources are globally significant, accounting for almost 0.77 Gt in current annual emissions,
an amount close to that of Germany. Peatland-related emissions are also a unique and predominantly Indonesian
challenge, as Indonesia accounts for almost 60 percent of global emissions from peat decomposition (Exhibit
3). A further 0.25 Gt is caused by deforestation and degradation (through timber extraction) of peatland forests,
however we account for this loss of aboveground carbon in the LULUCF sector.
While a great deal of research into peat emissions and measurement is ongoing in Indonesia, the scientific
world’s understanding of peat-related emissions is still developing. Consequently, there is a relatively wide
range in the estimates of Indonesia’s emissions from peat decomposition and fires. We have adopted relatively
conservative estimates for the two categories of peat-related emissions (decomposition, fires) to reach our
total peat-related emissions 2005 estimate of 0.77 GtCO2e. Most analyses of Indonesia’s emissions related
to peat decomposition and fire fall within the range of 0.75 to 1.5 GtCO2e.
Deforestation, forest degradation and forest fire is the second largest source of GHG emissions in Indonesia
and is expected to remain a significant contributor to Indonesia’s emission profile, with approximately 1.1 million
hectares of high carbon value (HCV) forests cleared per year, with slightly more than 25 percent occurring in
peatland forests and the remainder occurring in dry-land forests. Deforestation, forest degradation and forest
fire is resulting in gross emissions of approximately 1.1 GtCO2e. Indonesia’s natural secondary and “manmade” forests (timber and estate crop plantations) absorb at the same time significant amounts of CO2e, which
reduced Indonesia’s gross emissions from LULUCF by more than 250 MtCO2e in 2005. This results in net
emissions of approximately 838 MtCO2e, representing 41 percent of Indonesia’s current total emissions.
Broadly accepted estimates indicate that around 15–23 percent12 of the world’s GHG emission reduction
potential needed by 2020 will come from the LULUCF and peat sectors. Unsurprisingly, given the size of
Indonesia’s forests, many of these opportunities are located within Indonesia.

12 Van der Werf et al. 2009
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Exhibit 3

Emissions from peatland are a unique challenge for Indonesia as they
account for 58% of global emissions from peat decomposition
Breakdown of global peatland area by surface and corresponding CO2 emissions
Percent
100%

Area

5

5

CO2 emissions
from decomposition

!
!
!

90

58

24

18

Indonesia

Other tropical
countries1

Rest of
the World2

5% of global and 50% of tropical peatlands are located in Indonesia
Tropical peat has a share of more than 80% of emissions from peat decomposition
Indonesia’s share of total emissions from peat decomposition is 60% or 12 times more
than share of area

1 Papua New Guinea, Brazil, Peru, Sudan, Malaysia
2 Canada, Russia, Scandinavia, USA
SOURCE: Hooijer et al 2006; Wetlands International

Additionally, the power and transportation sectors are likely to gain increasing significance in the future
if current trends continue. These sectors contribute relatively low emissions today, but emissions are
expected to rise sharply by 2030. Our estimates put Indonesia’s power and transportation emissions at 110
and 70 MtCO2e, respectively in 2005, but these are each expected to rise seven-fold over the 25-year period
leading up to 2030. If approaches to low-carbon infrastructure development are not identified quickly, there
is an added challenge of a lock-in effect, leaving little opportunity for implementing low-carbon alternative
solutions for the next 30 to 40 years.

Large emission reductions possible with investment
Indonesia could potentially provide up to 2.3 GtCO2e of greenhouse gas abatement by 2030 (that is, 7 percent
of required global emission reductions)13 through implementing over 90 abatement opportunities14 across
eight major sectors: LULUCF, peatland, cement, power, petroleum and gas, agriculture, transportation, and
buildings (Exhibit 4).
Unlike most countries and reflecting Indonesia’s unique emissions profile, over 75 percent of the opportunity
lies in LULUCF and peat (Exhibit 5).
As noted, the average cost of emission reductions in Indonesia is relatively low compared to most developed
country options, at around 2 USD per tCO2e in 2030. (This cost estimate reflects a technical assessment only;
it does not include implementation and transaction costs, which for some abatement opportunities are likely
to be significant.) This means that underwriting abatement opportunities in Indonesia may be economically
appealing to developed countries.

13 the global community is to meet the 450-500 ppm target described above
14 See „How to read the greenhouse gas abatement cost curve“
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Indonesia has the potential to reduce CO2 emissions by up to 2.3 Gt per by
2030

Exhibit 4

Societal perspective1, 2030
Reduction cost2
USD per tCO2e
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1 Societal perspective implies utilizing a 4% discount rate
2. The width of each bar represents the volume of potential reduction. The height of each bar represents the cost to capture each reduction initiative
SOURCE: Indonesia GHG Abatement Cost Curve

Indonesia’s reduction potential is concentrated largely in the forestry
and peat sectors
Reduction potential
MtCO2e / year

Average reduction cost
USD / MtCO2e

LULUCF

1,204

11

566

Peat

1

225

Power1
Agriculture
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Transport
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Petroleum & Gas
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13

1 Exclusive of demand side reductions from other sectors
SOURCE: Indonesia GHG Abatement Cost Curve
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Exhibit 5

13

14

INDONESIA’S GREENHOUSE GAS ABATEMENT COST CURVE

EMISSIONS SCENARIOS AND
ABATEMENT OPPORTUNITIES
BY SECTOR
The DNPI’s GHG abatement cost curve study for Indonesia involved in-depth research into eight sectors –
LULUCF, peatland, agriculture, power, transportation, petroleum and gas, cement, and buildings – which
currently represent the majority of Indonesia’s total emissions. The findings described in this section are
based on our ongoing analysis, which continues to be refined and updated.
Several challenges to the analysis persist. For example, access and availability to national-level data with
regional breakdowns was limited in the LULUCF, peat, and agricultural sector analyses. Furthermore, the
science and methodology behind peat emission calculations is still at a relatively early stage. Such challenges
are further articulated within each sector description that follows.
For each of the sectors, we have developed both business-as-usual and abatement scenarios. These
have taken into account, amongst others, government and industry perspectives on how the sector would
develop (a) should no major policy or regulatory changes take place between now and 2030 and (b) should
identified abatement opportunities within each sector be taken up fully.
This work has involved extensive stakeholder interactions and workshops.

PEAT
2030 – emissions: 972 MtCO2e, abatement potential: 566 MtCO2e
While in the past emissions from deforestation and forest degradation have received the vast proportion of
climate-focused attention, both domestically and internationally, carbon emissions from Indonesian peat15
reserves are even more significant.16 Only very recently has there been a broad recognition of the importance
of peatland emissions, and while the science is still at a relatively early stage it has improved significantly in
recent years.17 The importance of peat as a source of carbon emissions has gained greater acceptance
globally. Exhibit 6 captures the difference between this DNPI report and various estimates published by
other government agencies, multilateral organizations, and non-governmental organizations.

Sectoral emissions
Peatlands store a massive amount of carbon in the form of organic matter accumulated in waterlogged soils.
The release of carbon from tropical peatlands represents a unique and predominantly Indonesian challenge
as Indonesia holds approximately 50 percent of the total tropical peat area. Emissions from peatland today
represent 38 percent of Indonesia’s total emissions and will continue to remain a dominant portion in 2030
(at 30 percent) if no major action is taken.
Under the business-as-usual scenario, emissions from peatland are expected to increase by 20 percent
from 772 MtCO2e in 2005 to 972 MtCO2e in 2030 (Exhibit 7).

15 A more detailed description of peat and its relevance to carbon emissions is included in the appendix
16 Indonesia’s peatland represents 5 percent of global and 50 percent of tropical peat. It is storing 132 GtCO2e below ground and
a further 4.2 GtC above ground, a value comparable to the Amazon rainforest, which is the single largest ecological carbon sink
in the world, at 46 GtC (or 168 GtCO2e)
17 A description of the most important scientific uncertainties is included as an appendix
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SOURCE: IFCA; Ministry of Forestry Indonesia; Houghton; Worldbank; CAIT – WRI; Hooijer 2006; SNC 2009, Indonesia GHG Emission Cost Curve

Emissions from peat fire and peat decomposition are expected
to increase by 200 Mt in a business-as-usual scenario
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Fires are the main sources of peat related emissions. In 2005, fires accounted for 472 MtCO2e, more than
60 percent of all peatland related emissions. Decomposition of peatland as a consequence of drainage
is the second largest source of peat related emissions, accounting for another 300 MtCO2e. As peatland
forest are converted to another land use, the removal of the aboveground biomass during land clearing and
timber extraction during logging of production forests (HPH) result in further CO2e emissions; to avoid double
counting, these emissions are accounted for in the LULUCF sector.
Peat fires
Emissions related to peat fires will increase from approximately 470 MtCO2e per year at present to nearly 580
MtCO2e in 2030, as the total share of degraded peatland at high risk to fire increases if peatland conversions
are not stopped and if fire is continued to be used as the main tool for land preparation and fertilization by
smallholders. It should be noted that the year-to-year emissions from peat fires tend to fluctuate significantly,
as they are heavily correlated with annual rainfall, the groundwater table, and the extent of the dry season.
The estimates for peatland fires are based on an analysis of 2000–2006 emissions from peat fires by Van der
Werf et al. (2008) as well as the future projected development of degraded land areas and the share of different
land types as described by Hooijer et al. (2006). The estimates are based on the same publication from Van
der Werf as used by Indonesia’s Ministry of Environment in Indonesia’s Second National Communication.
When compared to estimates published by other scientists (e.g., Page et al. (2002)), estimates for peat fire
based on the Van der Werf data can be considered to be conservative.
There should be no doubt that emissions from fires on degraded peatland will continue to be a major
contributor to emissions, pending strong action. Indeed emissions from peat fires could easily range higher
than the estimates used here.
Decomposition
Emissions from decomposition will continue to grow by 30 percent from 300 MtCO2e in 2005 to approximately
395 MtCO2e in 2030, due to the combination of emissions from already drained peatland and due to the
fresh conversion and drainage of peatland for plantations (e.g., pulpwood and oil palm plantations) and
smallholder agriculture. Drainage accelerates the rate of soil decomposition, as significantly larger volumes
of peat soil are exposed to oxygen and hence made susceptible to further oxidation.
It is only in recent years, as more peatlands have been cleared, that land managers and scientists have come
to understand how peat soils behave as they dry out. Peat soils subside dramatically due to compaction,
shrinkage, and decomposition, and this can result in a loss of the fertile surface layers. At the same time, the
drying out of the surface layers results in a growing vulnerability to hard-to-manage peat fires.
Our estimates of carbon emissions from peat decomposition are based on an analysis of historically drained
peat areas and their expected future conversion into different land uses. Emissions from soil decomposition
are assumed to depend on drainage depth. Estimates are derived from measures of decomposition for
different levels of drainage (for different land uses) combined with the area of degraded land and the number
of years of decomposition after the initial drainage. One key uncertainty is that soil and root respiration make
up somewhere between 40 and 60 percent of measured carbon flux between soil and atmospheric carbon,
as a result of soil and biomass respiration and carbon uptake during photosynthesis, as recently described
in Couwenberg et al. (2009). Measurements of carbon flux from soil decomposition, using changes in soil
mass and carbon composition, are not subject to this uncertainty, but few such studies with comparable
measurement methods have been published.
The emission levels used here were calculated using Wösten’s linear peat drainage emission model (which
predicts emission patterns for different drainage depths) and average drainage depths of different land uses
provided by Hooijer et al. 2006. Hooijer et al. 2006 synthesizes the direct observations of drained peatlands
made by different scientists in different areas of Indonesia, Papua New Guinea, Malaysia, and Brunei. It
includes estimates for decomposition of peat soils in secondary forests, palm oil plantations, and agricultural
areas planted with other crops affected by drainage.
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Estimates of emissions from peat decomposition remain subject to revision, as further scientific work is
done. Many potentially useful research efforts to tackle open issues were started only recently. The results of
these efforts, expected to be published in the coming two to three years, might change the current view of the
extent of peat decomposition. Given this uncertainty, estimates used here are conservative relative to other
widely cited estimates.

Abatement potential and cost
The Indonesian government has already begun to address peat emission through a decree that prohibits
land conversion of peat which is more than three meters deep. In addition to this, several opportunities
exist for reducing emissions at a relatively modest cost. A total of 566 MtCO2e of abatement opportunity
exists in the peat sector across several levers, including fire prevention, peatland rehabilitation, but also
water management in existing timber plantations and oil palm plantations or more generally in areas under
agricultural use (Exhibit 8).

566 Mt of CO2e could be abated by fire prevention, water management and
rehabilitation of degraded peatland

Exhibit 8
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Fire prevention
Fire prevention is the largest abatement opportunity and could prevent nearly 320 MtCO2e in 2030. Necessary
actions to reduce emissions from peat fires include prohibiting fire as a tool for land preparation, providing
appropriate and practical technologies (and, if appropriate, financial incentives) for manual land clearing,
developing appropriate early-warning systems based on fire risk status and field-based fire detection,
strengthening fire brigades, ensuring strong enforcement and large penalties for rule violations, and building
public awareness of the local economic and social costs of forest fires. Besides the reduction of emissions,
fire prevention will have additional positive effects on the health of the local population as well as on the overall
economy of Indonesia through, e.g., the avoidance of airport closures and haze-related transportation
delays. Fire prevention can be done as discrete activities, however it will be more successful and sustainable
if the main source of fires, the degraded peatlands, are rehabilitated in parallel.
Cost for fire prevention is relatively small, averaging at 0.35 USD per tCO2e if the implemented actions focus
primarily on the historical fire hotspots. If the prevention of fire-caused economic losses, e.g. haze-related
transportation delays, loss of agricultural crops and loss of valuable timber, would be taken into account as
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well, societal cost for fire prevention could be negative, as these economic losses can be significant. The
World Resource Institute estimated the direct economic loss of the 1997/98 fires at more than 5 billion USD.
It should be noted that the technical potential for emissions reductions due to peat fire prevention could be as
high as 580 Mt CO2e. However, it would require massive investments in infrastructure to be able to attack or
suppress all fires across the breadth of Indonesia. As a result, we have assumed a more conservative figure
in this analysis.
Peatland rehabilitation
The rehabilitation of Indonesia’s degraded peatland, e.g., areas within the Ex-Mega Rice Project in Central
Kalimantan, is the second largest abatement opportunity of peat emissions. Peatland rehabilitation combines
the restoration of the hydrological functions of the peat and the replanting with native species.
While the restoration of the hydrological functions of the peat by blocking drainage channels is relatively cheap
at a cost below 1 USD per abated tCO2e, replanting degraded peatlands is relatively expensive with costs
between 500 to 1,100 USD per ha or 3 to 5 USD per t of sequestred CO2e. Fostering natural regeneration of
existing tree cover could reduce the replanting costs significantly and should be applied wherever possible.
Water management
Installing a dam-based water management system in timber and estate crops plantations located on peatland
is another powerful tool to reduce emissions. There is a technical abatement potential of 90 MtCO2e by 2030.
Water management is relatively cheap, with an associated cost below 1 USD per abated tCO2e. In addition,
water management can help to reduce the risk of flooding in the wet season and prevent the risk of drought
in the dry season.

LAND USE, LAND-USE CHANGE, AND FORESTRY (LULUCF)
2030 – Net emissions: 666 MtCO2e, abatement potential: 1,204 MtCO2e
With over 100 million hectares of tropical forest, Indonesia is home to the world’s third largest tropical forest
– rich in biodiversity and with total carbon storage of 15 Gt above ground, which is equivalent to 60 GtCO2e if
completely emitted.
Deforestation peaked in Indonesia in the late 1990s, at a rate of more than 1.8 million ha annually, and
has significantly decreased since then, averaging roughly 1.1 million ha annually between 2000 and 2005.
However, the increasing global demand for pulp and paper and palm oil together with a growing domestic
demand for food crops is expected to result in the conversion of an additional 21–28 million ha of currently
forested land by 2030 (Exhibit 9) in a business-as-usual scenario. Much of that additional land is likely to be
made available through deforestation of conversion forest (Hutan produksi yang dapat di konversi, HPK);
the shift of production forests (Hutan produks tetap, HPH) to conversion forests because of high rates of
degradation (due to poor logging practices); and from conversion of forests located outside the forest estate
(kawasan hutan).
Given that Java and Sumatra have already lost large parts of their original forest areas, it is expected that
deforestation will shift to other, still largely forested islands such as parts of Kalimantan and especially Papua.

Sectoral emissions
Net emissions from LULUCF account for over 35 percent of total carbon emissions in Indonesia, at 745 MtCO2e
in 2005, and are expected to remain significant even if LULUCF-related net emissions decrease to 570 MtCO2e;
its relative share will sink to 18 percent in 2030 (Exhibit 10). However, annual gross emissions are likely to remain
at a high level of more than 1,080 MtCO2e.
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Deforestation is expected to remain constant driven by conversion to
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Net emissions from the forest sector are expected to constantly decrease
throughout the reporting period but gross emissions will remain constant
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Gross emissions from dry-land forests stem primarily from deforestation, forest degradation and forest fires.
Deforestation is caused by land conversion for (smallholder) agriculture, oil palm cultivation and pulpwood
plantation but also illegal logging. Deforestation is expected to remain constant at the current rate of 1.1 million
ha annually resulting in around 750 MtCO2e of gross emissions. Forest degradation caused by non-sustainable
logging activities in Indonesia’s production forests could on average account for another 250 MtCO2e of gross
emissions per year if current logging practices are not changed. Forest fires are expected to contribute in
average another 78 Mt CO2e annually going forward.

Abatement potential and cost
The LULUCF sector’s potential to bring about emission reductions by 2030 is unique, in that the potential
reductions significantly exceed business-as-usual emissions. This is due to the fact that conservationdedicated afforestation and reforestation efforts could effectively create a net carbon sink, capturing more
carbon (called sequestered carbon) than would otherwise be emitted. Indeed, the total annual abatement
potential of the LULUCF sector is 1,204 MtCO2e by 2030, of which halting deforestation and forest degradation
would account for 811 MtCO2e, afforestation and reforestation efforts could account for 280 MtCO2e (Exhibit
11) and fire prevention for 43 Mt CO2e.
Reduced emissions from deforestation and degradation (REDD)
The abatement potential of REDD is by far the largest of the LULUCF levers. We use the term REDD as shorthand
for the halting or prevention of emissions-causing activities in forested areas. REDD represents a combined
abatement opportunity of more than 570 MtCO2e, of which stopping forest conversion to smallholder agriculture
is the single largest opportunity at slightly more than 190 MtCO2e. As with the case of fire prevention, reduced
emissions from so-called “REDD smallholder agriculture” could technically be as high as 300 MtCO2e. Given
the large number, fragmentation and remoteness of many smallholder farmers in Indonesia, it seems unrealistic
that the full potential could be reached until 2030 and so a discount of 40 percent was applied to the maximum
technical potential reduction.
Opportunity costs differ significantly between deforestation drivers, ranging from 1 USD to 29 USD per ton of
avoided CO2e (Exhibit 12). Avoided deforestation and degradation from smallholder agriculture has relatively

Exhibit 11
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Exhibit 12

1,200 MtCO2e could be abated in 2030 by implementation of 9 different
abatement levers
Societal perspective; 2030
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low opportunity costs, given the limited economic alternatives facing smallholder farmers in Indonesia.
However, those costs could significantly increase if transaction costs are included due to the sheer size of
Indonesia and the complexity of changing cultivation habits of tens of millions of smallholders. Capturing the
abatement potential from “REDD smallholder agriculture” would require massive investments in agricultural
extension services to enable rural communities to use already cleared lands more efficiently and with less
carbon intensity.
Opportunity costs for avoiding forest conversion into estate crops or timber plantations are high, reaching
close to 30 USD per avoided tCO2e, due to the high economic returns obtainable from crops such as palm oil
and pulpwood. These costs can be significantly reduced if those plantations can be established on already
degraded or deforested areas, as the costs then represent only forgone revenue from one-time timber
extraction for the initial land clearing and possibly some additional input costs or marginally lower yields.
Prospects for this are good as several organizations (e.g., WRI) are trying to develop land swap systems,
and the private sector is showing growing interest. However new spatial plans and an appropriate financial
incentive system, e.g. carbon-based permit fees for new concessions, would be needed for making the use
of degraded land a real opportunity at scale.
Afforestation and reforestation
Afforestation and reforestation represent a sequestration opportunity of 300 MtCO2e by 2030 at a cost of
5 to 6 USD per avoided tCO2e. This implies (re-)establishing forests on more than 10 million ha of degraded
non-forested and forested land and would be in addition to the already established reforestation program
(GERHAN) of the Ministry of Forestry. Realizing large sequestration volumes requires the set aside of these
afforested and reforested areas for conservation. Developing commercial timber and estate crop plantations
as part of the reforestation program could help to reduce the pressure on remaining forest areas, but at the
same time these activities will sharply reduce the abatement potential of reforested areas. This is because
large volumes of CO2e would be emitted at the end of the plantations’ rotation period.
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Sustainable forest management
Our estimates indicate that reducing emissions from the degradation of production forest (HPH) through
a combination of better planning, reduced impact logging, and improved post-harvest management
could deliver an emission reduction of more than 200 MtCO2e at a cost of slightly more than 2 USD per
tCO2e. Current policies on timber extraction and cutting cycles in production forests are already based on
sustainability but do not consider nor calculate total biomass removed, which is typically many multiples of
the merchantable timber. In addition, further loss of carbon stock can occur for several years after logging if
conditions are not conducive for quick forest regeneration.
Activities to reduce emissions from timber extraction include the construction of an adequate network
of forest roads and skidding trails to minimize skidding damage, the employment of modern harvesting
equipment, and the use of a geographical information system to make harvesting as focused as possible.
The alternative – stopping logging altogether – would have the same effect on emission reduction, but has a
much higher opportunity cost and would not allow Indonesia to further develop its forest products industry.
Intensive silviculture
Intensive silviculture should be considered as an additional activity to increase the growth rates (and therefore
the sequestration rates) of Indonesia’s production forests. Intensive silviculture is based on broadening
silvicultural activities from their current limited application. Typical activities include enrichment planting,
thinning between the cycles, and also fertilization, improved seedlings, and better breeding techniques.
Intensive silviculture is relatively expensive at close to 10 USD per t of additional sequestered CO2e, but
represents an abatement opportunity of nearly 100 MtCO2e annually. In addition, the application of intensive
silviculture represents significant employment opportunities for forest communities, e.g., plant nurseries.
Prevention of forest fire
Fire prevention outside peatland is a significant emission reduction opportunity as well and could prevent
43 MtCO2e in 2030. Necessary actions to reduce emissions from forest fires include prohibiting fire as a
tool for land preparation, providing appropriate and practical technologies (and, if appropriate, financial
incentives) for manual land clearing, developing appropriate early-warning systems based on fire risk status
and field-based fire detection, strengthening fire brigades, ensuring strong enforcement and large penalties
for rule violations, and building public awareness of the local economic and social costs of forest fires.
The cost to reduce emissions from fire prevention in forests outside the peatland is relatively high at more
than 5 USD per ton of abated CO2e. The high costs are caused by the fact the forest fires are scattered
across a much larger land area than peat fires.

Methodology
The estimated annual rate of deforestation and gross emissions used in this analysis is 1.1 million ha, which is
based on the historical deforestation rate in 2000–2005 provided by the Ministry of Forestry. Approximately
75 percent (or 0.8 million ha) of the total deforested area is expected to occur on dry-land forests and the
remaining 25 percent in peatland forest areas.18 We assume that the carbon density of Indonesian forests
cleared in the future will remain the same as that of forests cleared over the last five years, which is 192 tC/
ha.19 Land use assumptions were cross-checked with projections for additional land demand for pulpwood
and palm oil plantations,20 and to meet increasing domestic demand for agricultural products.21 Together the
datasets suggest a total need for additional forest land of 21–28 million ha by 2030.
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Net emissions from the LULUCF sector are calculated by taking the absorption potential of Indonesia’s
existing natural forests (with the exception of primary, non-managed forests, as suggested by IPCC22) and
also man-made forests (e.g., palm oil plantations) into account as long as those meet the forest definition of
the Indonesian Government23 as described in the IFCA report (Exhibit 13).

Net emissions are calculated by taking absorption of natural
forest and plantations into account
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Absorption in natural
secondary forests is
decreasing as a
consequence of area
reduction and
degradation
Absorption in
plantations and
reforestation projects
are likely to increase
steadily until 2030,
however as soon as
those areas will reach
the end of their rotation
cycle e.g. oil palm after
25 years the absorption
potential will decrease
and net emissions
increase

1 Annual increment of 4m3 per ha or 4.4 t CO2e/ha per year in Indonesia secondary forest
2 400,000 ha land rehabilitated inside and outside forest annually between 2003 and 2007; sequestration of 18.3 t CO2e/ha/year, rotation period 35 years
3 271,000 ha of new established timber plantation, sequestration of 29.3 t CO2e/ha/year; rotation period of 10 years
4 434,000 ha of new established estate crops plantations, sequestration of 5.1 t CO2e/ ha/year; rotation period of 30 years
SOURCE: Min. of Forestry – Rekalkulasi Penutupan Lahan Indonesia Tahun 2008; Forestry Statistics 2007; Sheil et al.
2009; Burschel et al. 2001; Indonesia GHG Emission Cost Curve, Indonesia – 2nd National Communication

The calculation of the absorption in the forest types described above is based on assumptions for annual
growth rates, carbon content per cubic meter of biomass, future area development, and crop rotation period.
The rotation period is a critical element of the calculation, as large parts of the sequestered carbon will be
released at the end of the rotation period, reducing the annual absorption rate significantly. This is especially
true for short-rotation pulpwood plantations, which are therefore not an ideal tool to increase the carbon sink
of Indonesian forests in the long term.

AGRICULTURE
2030 – emissions: 164 MtCO2e, abatement potential: 105 MtCO2e
Agricultural carbon emissions are mostly not carbon dioxide, but other GHGs like methane and nitrogen
oxide. Such emissions come from three major sources: water management practices for rice crops, artificial
fertilizer application, and the burning of crop residues.

Sectoral emissions
Agriculture is Indonesia’s third-highest emitting sector, behind LULUCF and peat, with emissions of 132 MtCO2e
in 2005 (based on land use at the time). Emissions from this sector are expected to grow by 25 percent to
164 MtCO2e in 2030 (Exhibit 14).

22 IPCC – Good Practice Guidance for Land Use, Land-Use Change, and Forestry
23 Forests are described as non-annual plants reaching a height of minimum 5 m and with a crown cover of more than 30 percent
of a defined area, normally one hectare
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Exhibit 14

In a business as usual trajectory emissions from agriculture are expected
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Abatement potential and cost
The abatement potential for this sector is estimated to be approximately 105 MtCO2e per year or approximately
63 percent of the sector’s emissions by 2030 (Exhibit 15).
Improving the management of water and nutrients for rice farming offers significant abatement potential of
45 MtCO2e or 43 percent of the sector’s emissions. Rice water management involves mid-season and
shallow flooding drainage to avoid anaerobic conditions, which otherwise lead to significant methane
emissions. Nutrient management refers to a shift from nitrogen based fertilizers to sulfate fertilizers.
A third of the sector’s abatement opportunity comes from the restoration of degraded land (i.e., agricultural
land degraded through excessive disturbance, erosion, organic matter loss, salinization or acidification),
which would account for emission reductions of 35 MtCO2e. Typical abatement activities include re-vegetation
(e.g., planting grasses), improving fertility by nutrient amendments, applying organic substrates such as
manures, biosolids, and composts, reducing tillage and retaining crop residues.
The average abatement cost in the agriculture sector is 5 USD per tCO2e. The restoration of degraded land
through the creation of a carbon sink (building up organic matter within the soil) comes at a cost of 13.8
USD per tCO2e, while improving rice water management and rice nutrient management has a cost of -7 and
21.7 USD per tCO2e per year respectively. The improving nutrient management lever is expensive because of
the significantly higher prices of non-nitrogen based fertilizers, e.g. phosphor- or sulfate based fertilizers such
as Diammonium phosphate, which are up to 30 percent more expensive than nitrogen-based fertilizers.
The greatest implementation challenge in the agricultural sector is geography and the fragmentation of
stakeholders, as these abatement programs would have to be implemented across a vast number of
Indonesia’s mostly smallholder farmers. This would require extensive investment in educational programs
to change entrenched farming practices. Transaction costs for these abatement levers are not yet well
understood in Indonesia.
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Exhibit 15

105 Mt CO2e could be abated by improving water management in rice
cultivation and the restoration of degraded land
Societal perspective; 2030
Total emissions from Agriculture
sector by 2030 in the business as
usual trajectory is 164 MtCO2e
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POWER
2030 – emissions: 810 MtCO2e, abatement potential: 225 MtCO2e
Demand for power is expected to rise by eight times from 2005 to 2030 – driven by rapid economic
development, increased electrification of rural Indonesia (from 60 percent of households today to 100 percent
by 2020), fast growth of manufacturing and services, and the expected realization of latent and suppressed
demand for power.

Sectoral emissions
Indonesia’s emissions from the power sector are expected to grow seven-fold from 110 MtCO2e in 2005
to 810 MtCO2e in 2030 due to strong demand growth and an increasing dependence on coal (Exhibit 17).
Emissions from the power sector in 2030 are expected to exceed levels of the peat sector today.
Demand for power is expected to grow from 120 TWh in 2005 to 970 TWh in 2030. While several demand
projections exist for Indonesia, demand estimates developed by PLN, the state electricity utility company,
appear to be the most consistent with our general approach, using projections based on those of a comparable
economy. However, since PLN does not project beyond 2025, we have extrapolated the demand to 2030
using the historical growth rate.
On the supply side, Indonesia has ambitious plans to capture as much as 9 GW (from 1 GW today) of
geothermal energy by 2030, which would then account for 8 percent of total power generation. However, the
continued policy emphasis (as described by the National Energy Blueprint) on increasing the share of coal
in the energy mix will negate most efforts of clean power generation, leaving Indonesia’s electricity emission
factor, i.e., emission per unit of electricity, relatively unchanged from 2005 to 2030.
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Exhibit 16

The power sector is expected to see an 8-10 fold increase
in demand from 120 to 970 TWh over the next 25 years
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Exhibit 17

Coal is expected to take on a greater share of the total BAU energy mix
leading to a seven-fold increase in GHG emissions in 2030
Electricity generation
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Key observations
• While geothermal capacity continues to grow in absolute terms, it’s relative share in the
overall mix remains small
• Current plans outlined in the National Energy Blueprint push for a switch from oil to coal
so as to limit excessive price fluctuations caused by volatile oil price
Note: Projections from PLN are until 2018, hence proportion of technologies is assumed to remain constant after 2020
SOURCE: Indonesia GHG Abatement Cost Curve, PLN, ESDM, IEA
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Abatement potential and costs
There are several opportunities to abate as much as 225 MtCO2e in 2030 through increased penetration
of clean and renewable energy sources and the increased use of clean coal technologies. An additional
reduction can be attributed to reduced demand from other sectors. In particular, demand-side management
levers (e.g., switch from incandescent to LED light bulbs) in the buildings, transportation, and cement sectors
could see a net effect of reducing emissions by 47 MtCO2e (56 TWh) in 2030 (Exhibit 18).

The power sector could provide approximately 260 MtCO2e1 of reduction
potential in 2030
On shore wind
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40
30
10
0
-10 0

40

60

80 -4 100

-50

120

Ø 20

14

140

160

180

200

220

240

260

280

Abatement potential
MtCO2e per year

-15

-30
-40

27
10

-20

49

Geothermal

Large hydro

Demand side
management

20

Biomass
45

Coal CCS
new built
with EOR

50

20

Exhibit 18
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SOURCE: Indonesia GHG Abatement Cost Curve

As relatively clean technology, hydro-electricity plants offer the largest abatement opportunity. Hydro in
Indonesia remains mostly underdeveloped, with only 5 GW developed of the total 32 GW of exploitable
potential expected in 2030. Capturing the additional 27 GW capacity (based on 70 TWh installed) of hydro
power would result in an abatement potential of 65 MtCO2e at a negative cost of -7 USD per tCO2e.
Indonesia is home to a significant share of the world’s known conventional geothermal resources. Additional
use of geothermal sources, beyond what is already planned, could provide abatement of some 50 MtCO2e,
adding an additional 6 GW of capacity (47 TWh) at an abatement cost of 27 USD per tCO2e. Although a proven
technology, limited feasibility assessments in Indonesia often leads to much higher exploration and development
costs of geothermal projects in Indonesia. Experts have suggested that these costs could be as much as
125-175 percent higher given the scarcity of strong technical information available on geothermal sites.
The single largest lever by volume is biomass power plants. In this context biomass refers to fuels derived
from timber, fuel crops and agricultural waste. Together these represent a 64 MtCO2e abatement opportunity.
The high cost of biomass in this analysis is caused by two factors: the first is that given the Indonesia’s
geographical context, fuel supply usually resides some distance from where power demand exists leading to
high transportation costs for the fuel; the second is that the model considers only grid-connected applications
of biomass power. Implementing biomass in smaller, off-grid and distributed applications could provide for
additional, and lower-cost, options; however, the limited availability of off-grid demand data in Indonesia
limits a more detailed analysis.
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Similarly, solar power is considered as a grid-connected system in this model which limits its potential scale
and leads to a relatively higher cost. Solar power could provide significant savings if off-grid solar applications
were considered, but these would require additional analysis. In the current model which looks only at gridconnected power, the cost of solar exceeds the $80/tCO2e threshold built into the analysis.
To realize this potential abatement and develop power infrastructure on a low-carbon-growth trajectory,
Indonesia must overcome several barriers. A comprehensive, detailed, and publicly available mapping
of available energy sources in Indonesia as well as sufficient regulatory support may help attract more
investment to develop their potential. The most recent publicly available information relies on antiquated data
and often does not include a feasibility analysis of the available resources.

TRANSPORTATION
2030 – emissions: 502 MtCO2e, abatement potential: 100 MtCO2e

Sectoral emissions
Emissions from the transportation sector will increase seven-fold between 2005 and 2030 (from 60 to
443 MtCO2e) in the business-as-usual scenario, driven by strong growth in the number of personal and
commercial vehicles (Exhibit 19). As personal income levels triple over the next two decades, this will lead to
a tripling in penetration of personal vehicles from 115 vehicles per 1,000 inhabitants today to 312 in 2030.

Exhibit 19

Indonesia will see a seven-fold increase in business-as-usual emissions
from the road transport sector
Projected emissions, Mt CO2e
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SOURCE: Asia Clean Air Initiative, Swisscontact, PUSTRAL, GAIKINDO, Expert Interviews, Indonesia GHG Abatement Cost Curve

Tied to this rise in wealth will be an increased volume of goods to be transported across the country, which
will drive an even faster increase in the share of commercial vehicles from 5 percent to 15 percent of the
overall vehicle population (Exhibit 20). With heavier, lower-fuel-economy vehicles traveling longer distances,
the share of emissions from commercial vehicles is expected to grow from 10 percent to 20 percent of the
total emissions in 2030.
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The share of commercial vehicles will increase from 5 to 15% as the need
for transporting goods rises with increased economic activity

Exhibit 20
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Abatement potential and associated costs
There exists the potential to reduce transportation sector emissions by 20 percent (approximately 100 Mt)
by 2030 across three principal mitigation levers: improvements to internal combustion engines; moving from
gasoline-powered vehicles to hybrid and electric vehicles; and the adoption of biodiesel fuel made from palm
oil (Exhibit 21).
Three quarters of the total emission reduction potential (or 75 MtCO2e) lies in improvements to conventional
internal combustion engines (ICE) across all vehicle classes, which could be encouraged through higher fuel
efficiency standards. Such measures are all available at a negative abatement cost. It is important to stress
here that while the abatement cost is negative over the life of the technology there can often be a significant
upfront cost which needs to be born by the consumer. Without specific regulations in place, the manufacturer
is unlikely to incorporate more expensive technologies as their products will appear more expensive to the
consumer. Specific regulatory measures will need to be undertaken by the Government of Indonesia to help
manage these forms of principle-agent issues.
Shifting from gasoline-powered vehicles towards hybrid and electric vehicles represents the next largest
opportunity of 15 MtCO2e. Switching to electric motorcycles is a relatively attractive option at a cost of -162 USD
per ton of CO2e abated. Though the costly batteries associated with these new technologies would act as a
cost barrier in a developing country such as Indonesia, continued innovation that lowers cost and new sources
of international financing could result in increased penetration of these vehicles.
While a significant portion of the opportunity is available at a negative abatement cost, implementing most
of these levers will require significant upfront investments in vehicles and infrastructure in related sectors.
International financing will need to be made available in order for Indonesia to capture many, if not most, of
these opportunities in the near term.
Many ICE improvements are dependent on the availability of the appropriate fuel types, which could imply
changes or additions to current refining practices in Indonesia.
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Exhibit 21

About 89% of the abatement potential can be obtained at a negative cost
to society1
Abatement cost
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1 Assuming a societal discount rate of 4%
2 Current potential based on global cost assumptions for palm oil at USD 0.52 / liter
3 Internal combustion engine (ICE)
SOURCE: Indonesia GHG Abatement Cost Curve

Biodiesel made from palm oil would provide an additional 10 MtCO2e of abatement potential, but at a very
high incremental cost compared to the current projected cost of diesel. However, the abatement potential
from the use of biodiesel from palm oil is particularly sensitive to the availability of sustainable palm oil. It is
important that any increase in supply of palm oil for the transportation sector not compete with efforts to
avoid deforestation as highlighted in the LULUCF section. Should the biofuels come from plantations which
have displaced forests the abatement opportunity would be significantly reduced and hence lead to the lever
becoming even more expensive.
Sustainable public transit systems are another important mitigation measure in the transportation
sector. However, they have not been included in this analysis as local data on public transportation costs
and effectiveness are limited. Several studies are currently underway, the results of which could later be
incorporated into this model.

PETROLEUM AND GAS
2030 – emissions: 137 MtCO2e, abatement potential: 41 MtCO2e

Sectoral emissions
For petroleum, the scope of this analysis includes production (including gas flaring) and refining activities.
Excluded are emissions related to exploration and development of petroleum reserves, shipping, and
petrochemicals. This analysis also excludes emissions related to the final consumption of petroleum products
by the end user, as these are treated within the individual consuming sectors detailed elsewhere in this report.
For natural gas, the scope of this analysis includes production and liquefaction of natural gas into liquefied
natural gas (LNG).
Under these definitions, total emissions from Indonesia’s petroleum and gas sector are expected to increase
in the medium term from 122 MtCO2e in 2005 to 135 MtCO2e in 2020, mainly on account of additional
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refining capacity expected to come online. However, in the longer term, emission increases from refining are
expected to be offset – as mature oil and gas fields are shut down and replaced with newer, more efficient
ones – so that emissions stay relatively constant at 137 MtCO2e in 2030 (Exhibit 22).

Business-as-usual emissions in the petroleum and gas sector

Exhibit 22
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Upstream
Production of oil is expected to remain relatively flat at around 1.1 million barrels per day. Current forecasts
for oil production in Indonesia do not include any additional large discoveries. Most oil fields are beginning
to mature and only smaller fields are coming online to offset the very mature fields, which are expected to be
shut down in the near future.
Flaring and in some cases even venting of associated gases continues to remain a problem in Indonesia.
Current estimates suggest that 25–30 percent of all flaring activities in Southeast Asia are occurring in and
around Indonesia, which is significant given that Indonesia only accounts for around 12 percent of all oil
production in the region. However, flaring emissions in Southeast Asia have been reducing at a fairly strong
pace; current estimates from the U.S. National Oceanic and Atmospheric Administration (NOAA) show
reductions of around 5 percent per year from 2000 to 2004. In 2005, the most recent year with data available,
gas flaring in Indonesia was estimated to be around 3 billion cubic meters (BCM) per year.
Midstream
Natural gas liquefaction is currently estimated at 44 BCM per year, with the majority of it being exported.
Most of the emissions associated with LNG are the result of gas compression and methane leakage during
the processing and transporting of the gas. Current estimates suggest a decline in the volume of LNG being
produced over the next 20 years and almost halved by 2030, as it is expected that increasingly larger shares
will be diverted for domestic consumption where the need for liquefaction would be reduced.
Downstream
Refining capacity in Indonesia has remained constant for the past few years at around 1 million barrels
per day. All refining capacity in Indonesia is owned and operated by state-owned Pertamina, which has
announced plans to add an additional 500,000 barrels per day refining capacity in the next 5–10 years,
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increasing total refining capacity up to 1.5 million barrels of oil per day. This planned capacity addition is
included in the current emission analysis.

Abatement potential and associated costs
The petroleum and gas sector has an opportunity to reduce emissions by as much as 30 percent by 2030
through a focused effort across three abatement areas: improved maintenance and process control, energy
efficiency programs, and reduced flaring. (Exhibit 23).

Exhibit 23

Indonesia GHG abatement cost curve for the Petroleum sector in 2030
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Improved maintenance and process control across the production and refining subsectors could result in
a little over 7 MtCO2e of abatement and is net-profit-positive (-103 USD per tCO2e), which implies significant
savings over the life of the abatement measures. Specific programs within these levers include conservation
programs, energy-awareness programs, and measures to reduce fouling build-up in pipes, optimize well
and separator pressures, and optimize the spinning reserves of rotating equipment.
Implementation of energy-efficiency programs could provide an additional 27 MtCO2e of abatement at
negative cost (for energy efficiency programs) or modest cost (for implementing cogeneration24 units). While
the levers identified within this category require high capital investments, significant operational savings can
be captured through reduced energy requirements.
Reduced flaring through the implementation of a zero-flaring program could offer 2 MtCO2e of abatement
at a relatively higher cost of 28 USD per tCO2e. The relatively small abatement is a result of significant
anticipated reductions in flaring emissions in the business-as-usual scenario (currently at 5 percent per
annum). In the near future, carbon capture and storage could offer a significant abatement opportunity for
the petroleum and gas sector. However, given the limited deployment of this technology and as yet unknown
cost structures, this abatement lever has been excluded from this analysis.

24 Process by which the plants use waste energy to produce heat or electricity
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CEMENT
2030 – emissions: 86 MtCO2e, abatement potential: 13 MtCO2e

Sectoral emissions
With strong economic growth expected for Indonesia for the next 20 years, cement sector emissions will see
a three-fold increase from 26 MtCO2e in 2005 to 75 MtCO2e in 2030. This will be driven by significant growth
in the production of cementitious material in Indonesia from 31 million tons in 2005 to 125 million tons in 2030
(Exhibit 24) driven primarily by strong economic growth.

Cement demand and related GHG emissions are projected
to more than triple by 2030
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Key observations
! Cementitious production and related CO2e emissions are projected to more than triple by 2030
compared to 2005 production and emissions levels
! Emissions are growing at a lower annual rate than production, driven by increased clinker substitution,
an improved average fuel efficiency of production capacity resulting from optimized retirement of least
fuel efficient kilns first and build out of best available technology as replacement
SOURCE: Indonesia GHG Abatement Cost Curve

The majority of these emissions are generated from production of clinker, a key element of cement production.
The process involves the calcination of limestone and clay, a chemical reaction that releases a significant
amount of CO2e as a byproduct. Replacing clinker with substitutes such as fly ash or slag can significantly
reduce direct emissions from the cement sector.

Abatement potential and associated costs
The cement industry in Indonesia has ambitious plans to reduce emissions through a significant increase in
clinker substitution. In fact, almost 14 MtCO2e of reduction is already incorporated in the business-as-usual
figures (i.e., comparing 2005 emission intensities with those in 2030).
In addition, given other existing technologies, the cement sector could further reduce its emissions by
12 percent (or 9 MtCO2e) by 2030. Although clinker substitution continues to represent the largest opportunity
for abatement, at approximately 7.5 MtCO2e at an average negative cost of -25 USD per tCO2e, incorporating
alternative fuels, particularly from industrial and municipal waste, could further reduce emissions from the
cement sector by 4.5 MtCO2e at a moderate average cost of 8 USD per tCO2e (Exhibit 25).
Within the cement industry there are other abatement levers such as carbon capture and storage (CCS)
and waste heat recovery, which could provide further abatement potential in the future. However, CCS
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Exhibit 25

Indonesia GHG abatement cost curve for the Cement sector in 2030
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technologies are still at a nascent stage, and waste heat recovery is currently not technically feasible given
the higher moisture content of most raw materials in cement production.
Challenges in the implementation of abatement, such as the availability of clinker and fuel substitutes, will
continue to make it difficult to realize both the ambitious plans of the industry and the further capture of
additional abatement potential. Most of the additional abatement potential will only be captured through
policy changes and enhanced incentive structures. Clinker substitutes such as fly ash are of limited availability
in Indonesia. Attempts to import quantities of fly ash from other countries such as Malaysia or Japan have not
been successful given the current regulatory framework which prevents such imports.

BUILDINGS
2030 – emissions: 215 MtCO2e, abatement potential: 43 MtCO2e

Sectoral emissions
Emissions from the buildings sector will increase from 71 MtCO2e in 2005 to 215 MtCO2e in 2030, driven by
growing consumption of residential and commercial energy of 5–7 percent per annum (Exhibit 27).

Abatement potential and associated costs
By leveraging existing technologies, the buildings sector could reduce its emissions by 22 percent in 2030,
representing 48 MtCO2e – with most reductions (more than 70 percent) coming at negative abatement
costs. (Exhibit 26).
These abatement opportunities are focused around six areas. In order of lowest-cost abatement lever, these
include:
 Alternative water heating replacements (8.8 Mt)
 More efficient lighting replacements (11.3 Mt)

INDONESIA’S GREENHOUSE GAS ABATEMENT COST CURVE

Exhibit 26

Buildings sector business-as-usual emissions are expected to grow from
71 to 215 Mt CO2e between 2005 and 2030
Projected emissions
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SOURCE: Global Insight; RISI; WMM; PLN; IEA; Indonesia GHG Abatement Cost Curve

Exhibit 27

Indonesia has 43 Mt CO2e abatement opportunity in Buildings sector –
with over 79% at negative costs
Societal perspective; 2030
Abatement cost
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1 VAC stands for ventilation and air conditioning
Note: The curve presents an estimate of the maximum potential of all technical GHG abatement measures below $90 per tCO2e if each lever was
pursued aggressively. It is not a forecast of what role different abatement measures and technologies will play
SOURCE: Global GHG Abatement Cost Curve v2.0
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 More efficient electronics replacements (6.4 Mt)
 More efficient appliances replacements (9.3 Mt)
 Retrofit building packages (3.2 Mt)
 New building packages (8.2 Mt)
The buildings sector is unique in that not only are many of the opportunities at negative cost (i.e., they save
money in the long term), but the launch of a few specific programs towards more efficient lighting, electronics,
and appliances would allow the relatively quick capture of 50 percent of these abatement opportunities
(Exhibit 28).

Exhibit 28

74% of Buildings sector abatement opportunities could be captured in the
short-term through government and private sector programs
Abatement Abatement
Potential
costs
MtCO2e/year USD / tCO2e
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Consumer Electronics tax
refund & trade-in program

!

!

!
Consumer Appliance tax
refund & trade-in program

!
!

Incentivize utility companies to sell CFL/LED
bulbs at a lower cost by offering cash for the
energy costs they save/avoid
California’s PG&E sell CFL bulbs for 25-50
cents and are awarded 12% of costs they
avoid (324-450M USD)
Provide government tax refunds to consumers who purchase an energy efficient
electronics, e.g. TV, computers, printer
Incentivize electronics manufacturers to
offer a trade-in program for old electronics
Provide government tax refunds to consumers who purchase an energy efficient
appliance, e.g. refrigerator, stoves
Incentivize appliance manufacturers to offer
a trade-in program for old appliances

14.4 -164

7.8

9.5

-86

-64

1 Programs identified here refer to global examples of programs which have successfully captured the related abatement opportunity. The abatement
potential and abatement cost described refer to their potentially impact in Indonesia if implemented
SOURCE: Press search

Examples of major initiatives that could be launched in the near term include government programs
to subsidize the purchase of more efficient light bulbs and to provide a tax refund and/or trade-in for the
purchase of more energy-efficient consumer electronics and appliances.
Utility companies could be subsidized to sell more efficient light bulbs at low cost, e.g., California’s PG&E
sells compact fluorescent (CFL) bulbs for 25–50 cents, and the government awards PG&E with 12 percent of
the costs they avoid, i.e., 324–450 million USD over the three-year program.
Consumers could be encouraged to purchase more energy-efficient electronics (e.g., TV, computer) and
appliances (e.g., refrigerator, stove) through government tax refunds and/or trade-in incentives.
The capture of these negative cost opportunities could require broader initiatives to raise the energy efficiency
standards of new buildings, develop high-efficiency standards for appliances, and make available innovative
financing schemes for enabling retrofits to the existing building stock, such as through energy services
companies. Important behavioral changes instilled through civic education programs in schools and universities
will be instrumental to the success of these initiatives, especially those focused at the consumer.
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Methodology and scope
This study focuses on technical abatement opportunities costing less than 80 USD per ton of CO2 equivalent
(tCO2e), as shown on Indonesia’s greenhouse gas abatement cost curve (Exhibit 3). We have defined technical
abatement opportunities as those that do not have a material effect on people’s way of life. Our approach and
results are both consistent with the national imperative of continued development and sustainable growth.
The cost curve model analyzes a total of eight economic sectors employing the IPCC methodology for
calculating sector emissions (see box). We look at six sectors in detail from the bottom up: LULUCF, peat,
power, transportation, cement, and petroleum and refining, and at two using top-down estimates: agriculture
and buildings.

IPCC Methodology
The Intergovernmental Panel on Climate Change (IPCC), established by the United Nations Environment
Program and the World Meteorological Organization, is the primary UN scientific advisory body
publishing reports on the science and economics of climate change in order to provide a detailed fact
base to policy makers and negotiators. One of its activities is to support the United Nations Framework
Convention on Climate Change (UNFCCC) through its work on developing methodologies for National
Greenhouse Gas Inventories, which it publishes in the form of detailed guidelines.
The DNPI has relied on the IPCC’s national emission reporting guidelines and good practice guides for
calculating Indonesia’s emission profile. IPCC Guidelines provide three methodological tiers, varying
in complexity, to be chosen on the basis of national circumstance (Annex 1 vs non-Annex 1) and
availability of data.
Tier 1 is a simple first order approach, whereby emissions are calculated based on IPCC default
parameters, and DNPI analysis is consistent with a Tier 1 assessment at a minimum. Tier 2 is a more
accurate approach that provides more detailed sector level and nationally specific parameters for
calculating emissions, and the DNPI has developed Tier 2 level assessments wherever national sector
level emissions data were made available through either multi-stakeholder workshops or expert
interviews. At this time, a lack of detailed data precludes the DNPI from using Tier 3 methodology, the
highest order method that includes detailed modeling and/or inventory measurement systems with
data available at a higher resolution.
The DNPI has shared its methodology for all sectors with UNFCCC reviewers. Under current practice,
reviewers do not endorse or certify national emission inventories unless submitted as a part of the
national communication framework.

Development of the abatement cost curve
The global greenhouse gas abatement “cost curve” developed by global consultancy McKinsey & Company25
summarizes the technical potential to reduce emissions of greenhouse gases at a cost of up to 80 USD per
ton CO2e26 of avoided emissions. The cost curve shows the range of emission reduction actions that are
possible with technologies that either are available today or are highly likely to be available by 2030.

25 McKinsey & Company (2009) Pathways to a Low-Carbon Economy: Version 2 of the Global Greenhouse Gas Abatement Cost
Curve
26 Following IPCC definitions, the abatement cost curve shows technical measures with economic potential under USD 80 per
tCO2
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The combined axes of an abatement cost curve depict the full range of available technical opportunities27
(or levers), their relative impact in terms of carbon abatement (emission reduction potential by volume), and
their estimated cost for a specific year. Each opportunity is examined independently to quantify both the
abatement and cost dimensions.
The basic logic of the cost curve is that it displays the abatement potential and the corresponding cost
for each mitigation opportunity relative to a business-as-usual scenario in any given year, for a given price
of fossil energy. In other words, the cost curve is a tool for assessing the emissions reduction potential of
different abatement measures and for comparing their respective incremental costs. It is not designed to
predict the actual price of carbon.
To ensure comparability across sectors and sources, all emission sources and sinks (points of carbon emission
absorption) have been measured in a consistent way, using CO2 equivalents measured in metric tons (tCO2e).
The merit order of abatement levers is based on the lowest cost measures (in USD per tCO2e) as of 2030.
Viewed as a whole, the abatement cost curve illustrates the “supply” of abatement opportunities independently
from the possible “demand” that may or may not currently exist for any particular abatement opportunity.
By definition, any abatement potential is attributed to the sector in which a particular lever is implemented.
For example, if an abatement lever in a consuming sector (e.g., LEDs in buildings) reduces electricity
consumption, the resulting emission reduction in the power sector is attributed to the consuming sector
(in this case, buildings). Therefore, the business-as-usual emission calculations for all consuming sectors
include indirect emissions from the power, transportation and petroleum and gas sectors.
Uncertainty can be significant for both abatement volumes and cost estimates. There are two key sources
of this uncertainty: the feasibility of implementing abatement measures (for example in the LULUCF and
agriculture sectors) and the cost of development for key technologies.
As noted above, uncertainty also exists on several of the estimates available at the time of conducting this
study, especially in the peat sector. There are still gaps in today’s understanding of climate change-related
sciences, particularly as regards to natural emission sources. This report tries to bring transparency and
openness to the dialogue on the scientific evidence incorporated into this study.

Calculating an abatement potential
Abatement potential is defined as the difference between the emissions volume of a particular source under
a business-as-usual scenario and the emissions volume after the abatement lever has been applied.
The emissions baseline is calculated from several driver values, such as the carbon intensity of a specific
fossil fuel, the production volume of a basic material, or the fuel consumption of a vehicle. Each abatement
lever changes (usually reduces) specific driver values, for which the quantification is determined by literature
reviews and expert discussions. For example, fuel consumption can be reduced by 70 percent through
improvements to passenger vehicles. This leads to an abatement potential of 30 percent of initial fuel
combustion emissions for this specific lever.
Using a merit order logic for the levers, adhering to the principle of lowest cost first, the lever with the next
higher cost is applied on a new baseline after reductions from all previous levers have been applied.

Calculating abatement costs
Most abatement costs are defined as the incremental cost of implementing a low-emission technology
compared to the business-as-usual case, measured in USD per ton of CO2e abated emissions. Abatement
costs include annualized repayments for capital expenditure and operating expenditure. The cost therefore
represents the pure “project cost” to install and operate the low-emission technology. Capital availability is
not considered a constraint.

27 See “How to read the greenhouse gas abatement cost curve”
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The full cost of most abatement levers also incorporates investment costs (calculated as the annual
repayment of a loan over the lifetime of the asset), operating costs (including personnel and materials costs),
and possible cost savings generated by use of the alternative (especially energy savings).
In some cases, abatement comes from changes in allocation of resources rather than using alternative
technologies. In such cases, abatement levers are developed by considering opportunity or replacement
costs. For example, avoiding deforestation by smallholders has an estimated opportunity cost of around
1 USD per tCO2e, as this represents the revenue smallholders would expect to receive from agricultural
purposes after they cut down the forest. If they don’t deforest their farmland, they will lose this revenue.
Naturally, stopping smallholders from cutting down forests will require more than simply paying them such
an amount. However opportunity cost analysis yields the most appropriate way to easily understand the
relative scale of certain abatement opportunities.
The full abatement costs (either technological or opportunity) estimated here do not include transaction costs,
communication or information costs, subsidies or explicit carbon costs, taxes, or the consequential impact on
the economy (for example, advantages from technology leadership). These costs all depend on policy choices
and dependencies, and so do not form part of this exercise, which is to form a fact-base for policy-making.
Operating expenditure is assessed as a real amount to be expensed in each year and capital expenditure
is accounted as annualized repayments. Repayment periods are calculated as the functional life of the
respective piece of equipment. The interest rate used is the actual long-term bond rate of 4 percent, based
on historical global averages.
All costs in the model are based on current cost and estimated projections. Estimates are based on the
best available projection methods, such as models (if available), expert views, and educated extrapolation.
Given the long horizon of approximately 25 years, a certain estimation error is inherent in the approach.
Macroeconomic variables such as lifetime of assets, interest rates, oil prices, and exchange rates have the
highest impact on results and error margins. Individual cost estimates per lever are of lower significance and
will not substantially distort overall results for each lever.
Transaction costs – costs incurred in making an economic exchange above and beyond the technical project
costs (e.g., education, policing, and enforcement costs) – are not included in the cost curve. Implementation
cost for abatement levers are considered part of the transaction costs, involving such aspects as information
campaigns and training programs.
Pure behavioral changes by individuals are also excluded from the cost curve, although they do present
additional abatement potential. Behavioral changes are driven by various price and non-price factors, such as
public education, awareness campaigns, social trends, or policy changes. For this reason, behavioral shifts are
analyzed separately from the primary cost curve as “further potential” with no abatement cost attached.
Rather than taking the perspective of any specific decision-maker, the cost curve analysis takes a societal
perspective, illustrating cost requirements to the society as a whole. At a global scale, this societal perspective
enables the usage of the abatement cost curve as a fact base for discussions about what levers exist to
reduce greenhouse gas emissions, how to compare reduction opportunities and costs between countries
and sectors, and how to discuss what incentives (e.g., subsidies, taxes, and carbon pricing) to put in place.
For example, with this analysis, the question can be asked and answered, “If a government wanted to make
different abatement measures happen, how much would different measures reduce emissions by, and what
is the minimum cost (to achieve this emission reduction from a societal perspective)?”

Estimating greenhouse gas emissions
Estimates of annual GHG emissions used in international climate change negotiations may vary, depending
on the different factors included or excluded (e.g., peat fires, land use changes) and the year chosen as a
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reference. Given the weight of peat fires in Indonesia’s emissions, for example, total emissions may vary
considerably each year according to the occurrence of fire.
The current emissions number represented in this study is higher than some and lower than other estimates
published by other sources. However this variance does not reflect any major difference in assumptions or
interpretation of data.
Many of the differences between our estimates and other previously-published estimates can be explained by:
1. More complete inclusion of emission sources. This estimate includes estimates of emissions from
forest degradation, peat fires, and peat soil decomposition. Few published estimates of Indonesia’s
emissions take peat soil decomposition into account. While there are a limited number of published
estimates for peat soil emissions to work from, the consensus that they are an important factor is now
very clear in the wider scientific literature.
2. LULUCF emissions are reported as net emissions. In accordance with IPCC guidelines, emissions
from land use, land-use change, and forestry (LULUCF) activities, follow a net approach that calculates
the change in time-averaged carbon stock. For example, emissions resulting from timber harvesting are
calculated as the loss of carbon from production forests to the time-averaged carbon stock at the end
of the rotation cycle, which includes biomass regrowth. Differences in carbon stocks in different regions
have been taken into account based on estimations provided by the IFCA report.
3. Annual average approach to peat fire emissions. Peat fires are a major source of emissions, but
their severity varies widely depending on annual rainfall in different parts of the archipelago. In general we
follow the approach of the Ministry of Environment by using the estimates published by van der Werf et al.
(2008), however as we use the 2000–2006 average our estimates vary slightly if compared with specific
years during this period.

Peat science
Peat is an accumulation of partially decayed vegetation matter. It forms usually in marshy areas, when
plant material is inhibited from decaying fully by acidic and anaerobic conditions. It is composed mainly of
marshland vegetation, for example, trees, grasses, and fungi, as well as other types of organic remains, such
as insect and animal corpses. Peat forms over thousands of years, growing at a rate of about a millimeter per
year and is, under the right conditions, the earliest stage in the formation of coal (Exhibit A1).
Peatlands cover approximately 3 percent of the global land mass, storing a tremendous amount of 528 Gt of
carbon, equivalent to one-third of total global soil carbon. This carbon is under threat, as it is released as CO2
to the atmosphere through two mechanisms (Exhibit A2):
1. Drainage of peatlands, which leads to aeration of the peat material and hence to oxidation (aerobic
decomposition). This oxidation results in high CO2 emissions as 50 percent to 60 percent of the peat dry
matter is carbon
2. Fire in degraded peatland results in further CO2 emissions; fire in non-degraded and non-drained
peatlands is extremely rare because of their naturally high moisture content
Currently, the most rapid degradation of peatland occurs in Southeast Asia and especially in Indonesia,
which holds roughly 22 million ha of peatlands (5 percent of the total global peatland area). Indonesia’s
peatlands are being deforested, drained, and burned to be developed primarily for estate crop plantations,
timber plantations, and smallholder agriculture.
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Exhibit A1

Thousands of years of very slow decomposition of organic matter creates
an enormous carbon storage in peat soil

!

Land under
flooded
conditions

!

!

Slow drainage resulting in
standing water and very
slow decomposition of
biomass

Exhibit A2

Slow decomposing
organic materials caused
by lack of oxygen and low
abundance of
microorganisms

Accumulation of
organcic materials
(peat)

Indonesian peat
is storing 36 Gt
of carbon (132
Gt of CO2e) at
present below
ground
Peat forest store
4,2 Gt of carbon
(15 Gt CO2e)
above ground
As a comparison
the worlds
largest
rainforest, the
Amazon, is
storing 46 Gt of
carbon )(168 Gt
of CO2e)

Peat emissions are a result of decomposition and fires of
already degraded land; new land openings will increase
emissions in the future
Existing land
openings

Future land
openings

Removal of biomass
above ground
(logging)

Decomposition
after drainage

Peat fire

Scientific challenges related to emissions from Indonesian peatlands
While peat science has a long history in the Nordic region, scientific knowledge related to tropical peat is still
at an early stage. Since the dramatic peat fires of the 1997 and 1998 El Nino events, scientists have shifted
their focus to tropical peatlands and especially to emissions related to land use change. While the knowledge
of peat fire related emissions has made good progress and scientists have been able to narrow down the
uncertainty (Van der Werf 2008), the picture of emissions related to peat decomposition is not fully clear.
Uncertainties around emissions from peat decomposition are large, as they are related to several factors.
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Soil and root respiration
Most of the currently published research results were not able to fully exclude natural emissions of soil and
root respiration from their carbon flux measurements. However, results from a small number of projects that
have successfully done that report that 40 to 60 percent (Couwenberg et al. 2009) of the below ground carbon
emissions from peat soils come from respiration and not as a result of peat decomposition. Since soil respiration
is a natural emission, these emissions should not be counted for UNFCCC purposes. The implication is that
emissions from peat decomposition may be overestimated by a factor of two in some published studies.
Subsidence as a consequence of drainage
Peat subsidence is, to a different extent, influenced by three different factors:
 Mechanical compaction of the biomass as the water content of the peat soil is drained
 Shrinkage of biomass after drying
 Decomposition, as carbon from biomass components of cellulose, hemicellulose, and lignin are
oxidized
At present it is commonly accepted that extensive subsidence in the first and second year after drainage is
mainly a result of the dewatering of the peat body. However, it is not clear how large the influence of the above
mentioned factors is in the following years. Some scientists (Hooijer et al. 2006) state that decomposition is
responsible for up to 60 percent of subsidence, while at the low end, Kool et al. (2006) report values around
1 percent. The low range is more likely to be correct in areas where the peat is not compressed by heavy
machinery, e.g., secondary forests and shrub land.
Relation between drainage depth and decomposition
At present, three potential models of the relation between drainage depth and composition are discussed.
The most established model is a linear relationship developed by Wösten et al. (1997). Other potential models
being discussed are following an S-curve or even an inverted U-curve shape approach. However none of the
latter models have yet been published in peer reviewed publications.
Carbon storage in Indonesian peatland
While the extent of the Indonesian peatland area, the carbon content of peat and the average bulk density
are commonly acknowledged, actual peat thicknesses and development of the bulk density profile along the
horizontal peat profile are still highly uncertain.
All of the above mentioned factors and uncertainties have significant impact on estimates of current and
future emissions from peat decomposition as well as on the overall abatement potential within the peat
sector. The uncertainty results in publications presenting large ranges from 60 MtCO2e annually at the low
end up to 800 MtCO2e at the high end for decomposition emissions alone.

Reconciliation of DNPI’s estimates with the second
national communication
In order to forecast Indonesia’s emissions in 2020, it is critical to first have a good understanding of current
emissions. On August 27, 2009, the DNPI released an interim report providing an assessment of Indonesia’s
2005 and projected CO2 emissions (to 2020 and 2030) as well as the scale and cost of CO2e abatement
opportunities across different economic sectors. On November 24, 2009, the Ministry of Environment
released its Second National Communication, which provided an estimate of Indonesia’s emissions in
2000. The following reconciliation of the estimates from these two bodies is based on the revised estimates
contained in the SNC dated December 5, 2009.28
The overall estimates of CO2 net emissions in 2000 from the DNPI and the SNC are very similar, differing by
about 8 percent (Exhibit A3).
28 The SNC is currently under further revision.
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Exhibit A3

Comparing net emissions in 2000, DNPI and SNC estimates
differ by less than 8 percent

Other Sectors
LULUCF and Peat
Absorption

Net GHG emissions
Mt CO2e; 2000
1,800
1,600
1,400
1,200
1,000
800
600
400
200
0
-200
-400
-600

1,415
595

1,535
349

-8%

!

!
1,231

1,415

!
-411

SNC

-229

Significantly higher
absorption
estimate (by 182
MtCO2e) in SNC
Higher (by 184
MtCO2e) emissions
for LULUCF and
peat in DNPI cost
curve
Higher emissions
(by 246 MtCO2e)
from other sectors
in SNC report

DNPI

There are however some significant differences in the composition of emissions reported by the DNPI and in
the SNC in the LULUCF and peat sectors, other non-LULUCF sectors, and in absorption.
1. LULUCF and peat sectors
The DNPI estimates emissions from LULUCF and peat to be 184 MtCO2e higher than estimated in
the SNC, mostly made up of differences in timber extraction and peat decomposition (Exhibit A4).29
Sources for estimating emissions are in general not provided in the current SNC report, which makes
direct comparisons between DNPI and SNC difficult. In general, both reports follow an IPCC compliant
approach to deforestation, by calculating the change in time-averaged carbon stock, resulting in very
similar emissions estimates for deforestation. However, differences in figures for timber extraction and
peat decomposition might be a result of somewhat different methodologies. For example, the SNC’s
emissions are specifically for the year 2000, while the DNPI uses an average of the years 2000 to 2006.
As harvesting levels depend on market demand, timber extraction can differ between years, and thus
the DNPI chose to estimate emissions on an average of six years of data.
2. Other (non-LULUCF) sectors
The estimate in the SNC for emissions from other sectors is 595 MtCO2e, whereas the DNPI’s estimate
from other sectors is approximately 349 MtCO2e. The higher estimates in the SNC appear due to
the larger number of sectors covered. For example, the SNC covers the waste sector, which was not
included in the DNPI analysis. However, for those sectors covered by both analyses, the consistency
varies significantly. Estimates for the cement and transportation sectors appear to be very consistent;
however, the DNPI’s emissions from the power sector (residential and electricity) are significantly higher
than those reported in the SNC (Exhibit A5). The differences in the residential (30 percent) and electricity
(100 percent) segments are difficult to account for as details on the underlying assumptions used in the
SNC calculation were not available at the time of publication.

29 Regarding emissions from fire, the SNC and DNPI report estimates for peat fires from the same source (Van der Werf, 2008)
and hence report identical emission estimates. For estimating future emissions, the DNPI uses an average of peat fire-related
emissions from 2000–2006, which adjusts for potential biases occurring in any given year (for example, the year 2000 was an
unusually wet year in Indonesia, and hence there were fewer peat fires than would be normally expected)
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Peat decomposition and timber extraction are the main
drivers of the higher DNPI estimates of LULUCF emissions

Exhibit A4
Deforestation
Timber extraction

CO2e emissions from LULUCF in Indonesia1
Mt CO2e
1,500

Forest fire
Peat decomposition

1,415
-18%

1,231
717

1,000

727
246

500

110

172

172
222

280

SNC net

DNPI net

0
1 Base year 2000 for all estimates
2 Base year 2000
3 Using SNC estimates of absorption
SOURCE: Indonesia 2nd National Communication; DNPI Indonesia Greenhouse Gas Emissions Cost Curve

Energy sector emissions are ~35% higher in the DNPI
analysis compared to the SNC

Exhibit A5

Energy sector emissions1
Mt CO2e
200

200

150

20

Residential

70

Transportation

!

149
29

100

!

72
110
50

Electricity

48

Residential and
electricity related
emissions from the
DNPI model are 30
and 100% higher
(respectively) than
those of the SNC
Additional details
on assumptions
would be required
to account for the
significant variance

0

SNC2

DNPI3

1 Includes a comparison of only those sectors covered by both analyses – Residential, Transportation and Electricity.
The SNC cover an additional two sectors Petroleum & Refining and Manufacturing
2 SNC uses a 2000 base year
3 DNPI uses a 2005 base year
SOURCE: Indonesia 2nd National Communication; DNPI Indonesia Greenhouse Gas Emissions Cost Curve

3. Absorption effects
The DNPI estimates absorption to reduce emissions by 229 MtCO2e, whereas the SNC estimates an
absorption reduction of 411 MtCO2e. The difference is likely to be a result of different assumptions for
the absorbing area and absorption rate. The underlying methodology and the assumptions and sources
used in the SNC calculation were not available at the time of publication.
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