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PREFACE
This report has been produced by the IEA Clean Coal Centre and is based on a survey and analysis of
published literature, and on information gathered in discussions with interested organisations and
individuals. Their assistance is gratefully acknowledged. It should be understood that the views expressed
in this report are our own and are not necessarily shared by those who supplied the information, nor by
our member organisations.
The IEA Clean Coal Centre was established in 1975 and has contracting parties and sponsors from Australia,
China, the European Commission, India, Italy, Japan, Poland, Russia, South Africa, and the USA.
The overall objective of the IEA Clean Coal Centre is to continue to provide our members, the IEA Working
Party on Fossil Fuels and other interested parties with independent information and analysis on all
coal-related trends compatible with the UN Sustainable Development Goals. We consider all aspects of
coal production, transport, processing and utilisation, within the rationale for balancing security of supply,
affordability and environmental issues. These include efficiency improvements, lowering greenhouse and
non-greenhouse gas emissions, reducing water stress, financial resourcing, market issues, technology
development and deployment, ensuring poverty alleviation through universal access to electricity,
sustainability, and social licence to operate. Our operating framework is designed to identify and publicise
the best practice in every aspect of the coal production and utilisation chain, so helping to significantly
reduce any unwanted impacts on health, the environment and climate, to ensure the wellbeing of societies
worldwide.
The IEA Clean Coal Centre is organised under the auspices of the International Energy Agency (IEA) but
is functionally and legally autonomous. Views, findings and publications of the IEA Clean Coal Centre do
not necessarily represent the views or policies of the IEA Secretariat or its individual member countries.

Neither IEA Clean Coal Centre nor any of its employees nor any supporting country or organisation, nor
any employee or contractor of IEA Clean Coal Centre, makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents that its use would not infringe
privately-owned rights.
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BACKGROUND
This technical report represents the results from the first phase of a significant project undertaken by
the IEACCC on behalf of the US Department of State, Agreement Number: SLMAQM19CA238:
‘Capacity building in Southeast Asia to reduce mercury and other pollutant emissions from the coal
combustion sector’.
The project comprises two major lines of effort to reduce emissions from the coal-fired power sector:
one in Indonesia focusing on mercury emissions; and the second in India which addresses additional
pollutants (SO2 and NOx) as well as mercury.
The work will inform the development of Indonesia’s national implementation plan under the
Minamata Convention, creating the basis for policy for the coal utility sector in Indonesia.
The Indonesia project is divided into three working phases:
•

Phase 1 – analysis of mercury emissions from the entire Indonesian coal fleet and ranking of
plants according to mercury emissions;

•

Phase 2 – capacity building for mercury monitoring and control at three of the top ranked
plants in Indonesia;

•

Phase 3 – reaching out to identify how to move potential mercury reduction projects and
strategies into action in Indonesia.

This report summarises the work completed under Phase 1 of the Indonesia project.
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ABSTRACT
Indonesia ratified the Minamata Convention on Mercury in September 2017 and must now take action
to comply with the aims of the Convention. For the coal sector, this means producing an inventory of
mercury emissions which must be maintained in order to evaluate the progress of the sector towards
achieving emission reduction goals. In addition, stakeholders must evaluate mercury emissions from
the coal combustion sector to determine the most cost-effective and appropriate means to reduce
mercury.
This report covers Phase 1 of the project which assists the Indonesian government in the development
of a national inventory of emissions from the coal utility sector. A dataset of all coal-fired units in
Indonesia has been created and plant specific data used to estimate mercury releases from each
coal-fired utility unit on a g/GWh basis. Estimates for total mercury emissions for each unit both
annually and over the remaining operational lifetime of the plant were calculated. Plants were then
ranked according to their mercury emissions and the potential for significant mercury reduction.
Three top-ranking plants were selected for further investigation, to take place in Phase 2 of the project.
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ACRONYMS AND ABBREVIATIONS
ACI

activated carbon injection

ADB

Asian Development Bank

AEA

Atlantic Energy Associates

ASTM

American Society for Testing and Materials

AV

activity value

BAT

best available technology

BAU

business as usual

BCRC

Basel Convention Regional Centre for Asia

BEP

best environmental practice

CCUS

carbon capture utilisation and storage

CEM

continuous emissions monitor

CFB

circulating fluidised bed

CFPP

coal-fired power plant

CMM

coal mine methane

COD

commercial operation date

CV

calorific value

DOE

Department of Energy, USA

EF

emission factor

EIA

Environmental Impact Assessment

EMMS

Environmental Management and Monitoring Scheme

EPA

Environmental Protection Agency, USA

EPMA

Environmental Protection and Management Act

ERF

emission reduction factor

ESP

electrostatic precipitator

FGD

flue gas desulphurisation

GDP

gross domestic product

GHG

greenhouse gas

GWh

gigawatt hours

HELE

high efficiency low emissions

Hg

mercury

HHV

higher heating value

IEA

International Energy Agency

IESR

Institute for Essential Services Reform, Indonesia

IGCC

integrated gasification combined cycle

iPOG

interactive process optimisation guidance tool

IPPs

Independent Power Producers

LHV

lower heating value

LNB

low NOx burner

LOI
mg/m

loss on ignition
3

milligrammes per cubic metre
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MOEF

Ministry of Environment and Forestry, Indonesia

MEMR

Ministry of Energy and Mineral Resources, Indonesia

NDC

Nationally Determined Contribution

NEA

Niksa Energy Associates

NETL

National Energy Technology Laboratory, USA

NOx

total nitrogen oxide and nitrogen dioxide

OEM

original equipment manufacturer

OAQPS

Office of Air Quality, Planning and Standards, USA

PCD

particulate collection device

PLN

Perusahaan Listrik Negra, Indonesian Government-owned electrical utility

PM

particulate matter

PSEF

plant-specific emission factor

RF

retention/reduction factor

RUKN

Rencana Umum Ketenagalistrikan Nasional, General National Electricity Plan

RUPTL

Rencana Usaha Penyediaan Tenaga Listrik, Electricity Supply Business Plan

SC

supercritical

SCR

selective catalytic reduction

SO2

sulphur dioxide

SWFGD

seawater flue gas desulphurisation

t

tonnes, metric (unless otherwise stated)

TWh

terawatt hours

UCG

underground coal gasification

UNEP

United Nations Environment Programme

UNFCCC

United Nations Framework Convention on Climate Change

USC

ultrasupercritical

VRE

variable renewable energy

WLSFGD

wet limestone flue gas desulphurisation
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1

INTRODUCTION

Indonesia has a population of around 280 million people across more than 17,500 islands
(Dunne, 2019). Coal currently provides 50–55% of the electricity in the country. There are still regions
of Indonesia with little or no access to power. Indonesia is one of the most coal-rich regions of the
world and coal mining and export are the backbone of the economy. Indonesia plans to double the
capacity of coal-fired plants within the next ten years and, as coal use increases, so will emissions of
pollutants such as mercury, unless action is taken.

COAL IS INTRINSIC TO THE INDONESIAN ECONOMY
AND A VITAL FACTOR FOR ECONOMIC DEVELOPMENT

This project updates and expands a previous project carried out by the IEA Clean Coal Centre
(IEACCC) on behalf of the United Nations Environment Programme (UNEP) in 2017 (UNEP, 2017a).
The 2017 study collated real coal data (basic chemical composition as well as utilisation rate) and
produced a country-specific emission factor to estimate mercury emissions from the combined
Indonesian coal fleet annually from 2017 to 2025. The emission factor was derived from the iPOG, an
interactive process optimisation guidance tool which models mercury behaviour. This work updates
the 2017 evaluation of the Indonesian coal fleet, adds new information and produces more
plant-specific insight.

Figure 1

Mercury emissions from Indonesian coal-fired power plants, 2017-2025 (UNEP, 2017a)

Figure 1 shows, in blue, the projected increase in coal consumption for power generation in Indonesia.
The values in red show the estimated mercury emissions based on this coal use combined with a
generic (Tier 1) mercury emission factor produced by UNEP. The data in green show the mercury
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INTRODUCTION

emission estimates recalculated using the iPOG and more accurate coal data from new analyses carried
out as part of the UNEP 2017 study. Although there is a difference in the estimates, it is clear that
under both predictions, mercury emissions in Indonesia are expected to increase significantly in future.
The focus of this study is on more power plant-specific information. By producing emission estimates
on a unit-by-unit basis it is possible to rank plants in Indonesia according to their mercury emissions.
This ranking system is used to identify those plants for which action would be most cost-effective.
Mercury emissions from a coal fleet can be estimated and ranked in two ways:
•

Highest total mercury emissions on an annual basis which identifies the current highest
emitters;

•

Highest mercury emissions over the remaining operational lifetime of the plant which
identifies plants for which emission reduction strategies may be most cost-effective.

The ranking results produced by this study were provided to the Ministry of the Environment and
Mineral Resources (MEMR) and Ministry of Environment and Forestry (MOEF) to allow three
top-ranking plants to be selected for further analyses during the next phase of this project.
Chapter 2 of this report summarises the energy sector in Indonesia in order to understand the
dynamics affecting coal use and electricity production from the current and planned coal fleet. Coal
use will be the most important factor affecting mercury emissions from the energy sector in future,
even with mercury control strategies in place.
Chapter 3 reviews legislation on emissions, including policies which affect mercury emissions and
other pollutants such as particulates, sulphur dioxide (SO2) and nitrogen oxides (NOx). Technologies
to reduce emissions of these pollutants can have significant co-benefit effects and lower mercury
emissions.
The processes used to prepare the emission estimates and the scenarios required to rank the
Indonesian coal fleet according to mercury emissions are outlined in Chapter 4 and Chapter 5.
Chapter 6 presents and analyses the results, and Chapter 7 focuses on the selection of three plants for
further study.
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ENERGY SUPPLY IN INDONESIA

2

ENERGY SUPPLY IN INDONESIA

The majority of data in this Chapter are taken from the most recent National Electricity Plan, kindly
translated from Indonesian by BCRC-Asia and MEMR. The figures used are also attributed to this
source.
It is important to determine the current and future status of the coal sector in Indonesia in order to
evaluate the emissions from it. Electrification in Indonesia increased significantly from 67.15% of the
population in 2010 to 97.35% in 2017. The General National Electricity Plan (Rencana Umum
Ketenagalistrikan Nasional, RUKN) is prepared annually by MEMR with a 10-year business timeline.
The RUKN has a target of 99.4% electrification for the population by 2024. Those who still do not have
access to the grid tend to be situated in the more isolated regions of Eastern Indonesia. Since these
regions are remote and not easily accessible, variable renewable energy (VRE) options such as solar
and wind, hydro power and systems based on smaller grids will be more appropriate, especially for
isolated islands (Atmo, 2017).
Electricity demand is expected to reach 443 TWh by 2027 when electrification reaches more than 99%
of the customers. The RUKN is used to produce the Electricity Supply Business Plan (Rencana Usaha
Penyediaan Tenaga Listrik, RUPTL) which concentrates on regional electricity business plans. The
RUPTL is updated every year with a rolling ten-year horizon. Figure 2 shows the development plan
for the energy sector under the current RUPTL, which extends from 2019 to 2028.

Figure 2

Electricity development plan, RUPTL 2019-2028

Figure 2 shows that significant investment in the electricity sector in Indonesia is underway, with
expansion in transmission, substations and distribution. Expansion in the power plant sector is
estimated at more than 56 GW by 2028, with coal providing 54.5% of the energy mix in 2025, the
mid-point in the plan’s time range. The values in red in Figure 2 show the goals from the previous
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RUPTL, which covered 2018-2027. The estimates for energy demand growth have only been reduced
by less than 0.5% and the forecast for the energy mix remains largely the same in the updated 2019
RUPTL.
The regional increases in electricity demand between 2019 and 2028 are shown in Figure 3. The
national demand for power is expected to increase from 245 TWh/y in 2019 to 433 TWh/y in 2028.
Again, the values in blue show the information for the current RUPTL (2019-2028) with the aims for
the previous RUPTL (2018-2027) in red to show slight changes in the recent projections.

Figure 3

Demand projection based on RUPTL 2019-2028

On a regional basis, the largest growth in demand is predicted for the Java-Bali area, where more than
50% of the Indonesian population live, despite being only the fourth largest island. Growth in more
remote, less densely populated regions such as Sulawesi, Sumatra and Papua is predicted to be
significantly lower.

2.1

ENERGY MIX

Energy production is expected to more than double from 28 MW in 2019 to more than 56 MW by
2028 and the relative contributions from each type of power source will change. Figure 4 shows the
planned power plant development under RUPTL 2019-2028. The contribution from renewable energy,
in green, is planned to increase from 10–11% currently to over 23% by 2028. Currently, renewable
energy is largely hydro power (light green) and geothermal (dark green), with other forms of VRE
such as wind and solar (yellow) only becoming significant in the future. During the same period, the
total coal capacity will increase although its relative contribution will fall from >62% to >54%. Coal use
in Indonesia is not expected to peak until around 2035 with an eventual phase-out by 2069
(Jong, 2019).
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Figure 4

Change in the energy mix under RUPTL 2019-2028

Gas turbines and pumped hydro will be used to meet peak demand and reduce the use of oil-fired
plants. Oil subsidies were removed after 2010 and oil use for power production has subsequently
dropped by over 50% (Atmo, 2017).
The Ministry of Energy and Perusahaan Listrik Negra (PLN) the Indonesian government-owned
electrical utility, are working with the International Energy Agency (IEA) to accelerate the uptake of
renewable energy, focusing on promoting private investment as well as strategies to enhance the
integration of VRE into the grid (PEI, 2020b). However, subsidies for VRE are reportedly still lacking
(Nugraha, 2019) and renewable energy (currently largely hydro and geothermal) only provides 12%
of the total energy mix (Jong, 2019). Despite this, Indonesia aims for a relatively rapid uptake of VRE,
with targets of 6.4 GW of solar and 1.8 GW of wind by 2025 (Dunne, 2019). Even with a significant
increase in VRE, dispatchable fuels such as coal will continue to be required to ensure consistent
capacity to the Indonesian grid and security of supply during periods of low energy production from
the VRE plant.
PLN has invested in a 145 MW floating solar photovoltaic (PV) plant to be built in the Cirata Reservoir,
West Java (PEI, 2020d). Additionally, Indonesia is reported to have the world’s second largest
installed geothermal capacity of 2.1 GW, which has the potential to increase to 29 GW. PT Geo Dipa
Energu, a state-owned enterprise in Indonesia, has received a US$300 million loan from the Asian
Development Bank (ADB) to expand its geothermal capacity in Java by 110 MW (PEI, 2020c).
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Coal is indigenous to Indonesia and is therefore an extremely secure and cost-effective source of
power. This is particularly relevant since the poverty rate in some regions of Indonesia is high and
access to power is not yet 100%. Much of the Indonesian power policy is based on the fact that coal
can offer the lowest cost form of dispatchable electricity (IESR, 2019). The country’s GDP also benefits
5–8% from mining industry, 80% of which is coal. Coal contributes heavily to many local economies
such as East Kalimantan where 35% of the provincial GDP came from the coal sector in 2017. Changes
to coal use would need to consider the larger economic ramifications.

2.2

THE INDONESIAN COAL FLEET

Power production from coal occurs in most of the major islands in Indonesia. Figure 5 shows the size
and location of the existing coal fleet in the country in 2019. The majority of plants are located in the
densely populated southern Java-Bali region.

Figure 5

Current coal-fired capacity in Indonesia

The Indonesian coal fleet is a mix of older, potentially less efficient plants and newer ones, based on
state-of-the-art coal combustion systems (supercritical, SC, and ultrasupercritical, USC). PLN owns
around 55% of the coal fleet and Independent Power Producers (IPPs) own 40%. However, these
entities largely sell their power through PLN under long-term power purchase agreements. The
remaining 5% of the coal fleet are operated by independent permit holders (Bhati and others, 2017).
In the period 2000-2020, Indonesia’s coal-fired capacity increased fourfold from 8.50 GW to 34 GW.
An additional 8 GW will come online in 2021-2024, expanding the nation’s coal fleet by a further 25%.
Subcritical technology dominates, accounting for 80% of the fleet, or 27 GW. Of this, 16 GW was built
in the last decade and therefore the Indonesian coal fleet is relatively young.
Figure 6 shows the trajectory of coal build in Indonesia. The country introduced advanced SC systems
into the fleet in 2012 and the SC capacity is increasing.
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Figure 6

2.2.1

Development in the Indonesian coal fleet, 2000-2024

The existing fleet

Over 75% of the coal fleet in Indonesia in 2017 comprises units larger than 300 MW. According to the
Institute for Essential Services Reform (IESR, 2019) the rate of coal consumption at Indonesian coal
plants has increased by 44% over the past 15 years due to the lower efficiency of older plants and the
increasing use of lignite with a lower calorific value than coal.
In 2015, 66% of the coal fleet in Indonesia were 10 years old or less. Only 7% of the fleet was built
prior to 1990 (Bhati and others, 2017). In 2012, the nation’s first SC units came online; these were
CIREBON 1 (700MW) and PAITON III (850 MW) (S&P Global, 2020).
Electrostatic precipitators (ESP) are widespread across the fleet with more than 21 GW of the 30 GW
capacity fitted with controls for particulate matter (PM) in 2019. The use of low ash coals may have
helped some plants avoid PM control requirements in the past. However, this may change with the
recent tightening of emission limits (see Chapter 3).
Some of the new SC units are equipped with flue gas desulphurisation (FGD) for sulphur control (S&P
Global, 2020). Currently, the deployment of FGD is limited to just 12 units of the coal fleet due to the
abundance of low-sulphur coal in the country. Seawater FGD (SWFGD) systems are installed at units
at PAITON I, PAITON II and CELUKAN BAWANG. Wet limestone FGD (WLFGD) systems are
installed at 4 units of TANJUNG JATI B. The new emission limits on SO2 (see Chapter 3) may lead to
an increase of FGD deployment across the fleet in the near future.

2.2.2 Planned new capacity
In recent RUPTLs, the Indonesian government planned to double the installed capacity of coal within
10 years. The 2016 target for new electricity capacity was 35 GW, of which 20 GW was to be coal-fired.
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The cost of this 35 GW programme was estimated at US$73 billion (Price Waterhouse Coopers, PWC,
2016).
The most recent RUPTL defines where new plants are being planned, as shown in Table 1.
TABLE 1

COAL-FIRED POWER PLANT EXPANSION UNDER RUPTL 2019-2028

Coal capacity, MW
Region
Sumatra

Minemouth
4,790

Java-Bali-Nusra
Kalimantan

2,530
14,766

900

Sulawesi

1,945
1,882

Maluku-Papua
TOTAL INDONESIA

Non-minemouth

250
5,690

21,373

There will be 5690 MW of new minemouth coal units in Sumatra and Kalimantan, where the majority
of Indonesian coal is mined. Non-minemouth plants are planned for more populated regions, especially
the Java-Bali-Nusra region.
There is a pronounced shift in the new fleet towards high efficiency, low emission (HELE)
technologies. As shown in Figure 7, there are 10 new USC plants planned or under construction,
amounting to more than 12,000 MW of new capacity.

Figure 7

USC coal plants in Indonesia

The average size of the new units ranges from 315–1050 MW, marking a significant scaling-up of the
most efficient coal-power technologies in Indonesia. The USC fleet is being built by Japanese and
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Korean-led IPPs with 2 x 1000 MW SC units from Chinese suppliers. Plans beyond 2024 remain
uncertain as Indonesia approaches a five-year review of its Paris Agreement targets (S&P Global, 2020).
Predicting plant build in Indonesia over a short time horizon is challenging as the RUPTL targets are
adjusted annually. Projected new plant build was slower than expected, even before the effects of
COVID-19. However, there is still a strong commitment to new coal build over the next 10 years and
beyond. The Indonesian government is promoting the use of HELE technologies in all new plants. The
move towards more efficient USC units will help Indonesia meet their Paris Agreement commitments.
MEMR is also investigating advanced and alternative uses of coal such as gasification (to allow coal to
replace natural gas in industrial uses as well as allowing a cleaner and more efficient burn process for
power production), coal liquefaction (to replace oil and diesel), and underground coal gasification
(UCG) where coal is gasified in situ in the mine, releasing gas for energy production above ground
(Wafid, 2020). More strategic and mostly developmental uses of coal will reduce emissions from the
energy sector in future but, since they are not confirmed, they are not considered in this study.
Recently, the Indonesian government has signalled a potential shift in its commitment to coal. In July
2020, Arifin Tasrif, Minister for Energy and Mineral Resources told the IEA Clean Energy Summit, that
the Indonesian government “plan to terminate aged coal-fired power plant and to implement clean coal
technology”. It was proposed that the SURALAYA coal-fired power plant would have modifications
made to Units 1–4 to allow the conversion to state-of-the-art integrated gasification combined cycle
(IGCC) technology (IEA, 2020). According to IESR (2019) increasing plant efficiencies and reducing
the energy sector reliance on carbon-based fuels would accelerate Indonesia’s trajectory towards
compliance with its Paris Agreement commitments, as would the deployment of carbon capture
utilisation and storage (CCUS). The current RUPTL also includes the potential for the addition of
CCUS to over 7 GW of new plants, with the aim of using the CO2 for enhanced oil recovery in
Jatibarang and Gundih.

2.3

COMMENTS

Even with the intention to increase VRE in Indonesia, the use of coal to produce electricity is predicted
to double between 2018 and 2028. The COVID-19 pandemic may delay some of this growth but there
is still likely to be a significant increase in coal use over the next decade at least. Indonesia is focusing
on ensuring that all new coal capacity uses HELE technologies while older, less efficient coal plants
will be closed and/or replaced with advanced systems.
As coal use in Indonesia continues and increases, so will emissions of all pollutants, including mercury.
However, the country’s move to requiring that all new plants are based on HELE technologies will
contribute to lowering the rate of growth in emissions. Further, new emission standards and a
commitment to compliance with the Minamata Convention will further curb mercury release in the
region by promoting the use of flue gas control technologies. These new policies are discussed in
Chapter 3.
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3

CURRENT LEGISLATION ON MERCURY
EMISSIONS

With coal providing a significant proportion of Indonesian power demand, emissions of pollutants
from this sector are also significant. Emissions of SO2 and NOx from coal-fired plants in Indonesia
were estimated at around 0.29 Mt each in 2011 and Bhati and others (2017) cite data which suggest
that these totals would treble to almost 0.9 Mt/y by 2030 if activity in the sector were to continue as
normal. Although no data were available for mercury emissions for 2011, the value could also treble
by 2030 under the same predicted coal use trajectory. However, as discussed in Chapter 2, the
Indonesian government is taking significant steps to ensure that new coal plants are as clean and
efficient as possible.
Indonesia has several policies which will affect mercury emissions from the coal sector, as discussed
in the following sections.

3.1

MINAMATA CONVENTION

Indonesia ratified the Minamata Convention on Mercury in September 2017 (MC, 2020) and is
therefore bound to comply with its aims. There are two main requirements under the Convention
which relate to evaluation and control of mercury from stationary sources such as coal-fired power
plants. They are discussed below.

3.1.1

Inventory of emissions

Article 8 of the Minamata Convention states that parties shall adopt guidance on the methodology for
preparing emissions inventories (MC, 2020).

“EACH PARTY SHALL ESTABLISH, AS SOON AS
PRACTICABLE AND NO LATER THAN FIVE YEARS AFTER
THE DATE OF ENTRY INTO FORCE OF THE CONVENTION
FOR IT, AND MAINTAIN THEREAFTER, AN INVENTORY
OF EMISSIONS FROM RELEVANT SOURCES”

The methodology for creating an inventory for each sector (including coal, but also applicable to other
sectors such as industrial gold production and chlor-alkali manufacturing) is recommended as follows:
•

plan the approach for development of the emissions inventory, within available resources,
and consider how to collect, handle and review data, including any quality control and
quality assurance processes;

•

collect existing emissions data as a useful starting point;
22

IEA CLEAN COAL CENTRE – REDUCING MERCURY EMISSIONS FROM THE COAL COMBUSTION
SECTOR IN INDONESIA

CURRENT LEGISLATION ON MERCURY EMISSIONS

•

identify relevant sources within each source category;

•

establish facility-based emissions reporting requirements;

•

collect the emissions reports from facilities on a periodic basis (annually);

•

develop a database to store the report emissions data;

•

facilitate analysis of the results; and

•

make the data publicly accessible and searchable.

This approach works best for sectors where emissions of mercury are already monitored on a regular
basis. This is not currently the case for the coal sector in many countries, including Indonesia. In the
absence of actual measured emission data, the Convention advises on how to create a sectoral mercury
emissions inventory based on generic emission factors for mercury. This approach uses what the
Convention defines as ‘inventory level 1’ calculations, which require the application of a single
emission factor for each coal type to all plants. However, the Convention also promotes the use of
‘inventory level 2’ calculations, based on significantly more coal and plant specific data. The previous
IEACCC managed UNEP project (2017a) provided data for a provisional inventory for the coal sector.
A dataset was created of all the coal plants in the country and a country-specific emission factor was
applied, in an enhanced inventory level 2 approach. The dataset produced in this current study will go
a long way to providing a baseline emission inventory for the coal sector in Indonesia. This is discussed
in more detail in Chapter 5.
In future, the Indonesian government may require that continuous emission monitors (CEMs) for
mercury be installed across all units. However, this could take several years and be costly for the plants.
Alternatively, the government may choose to allow many plants to carry out annual monitoring to
determine a representative emission measurement which can be used to estimate annual individual
emissions from each plant. This approach is used in the USA. Regardless of which approach the
Indonesian government chooses to measure mercury emissions, it will be several years before an
emission inventory can be produced which is based on actual measured plant emission data. In the
meantime, any inventory produced must rely on emission factors and plant specific performance data.
The aim of this project is to estimate emissions based on the most accurate and appropriate data
available.

3.1.2

Mercury control

Article 8 of the Minamata Convention concerns ‘controlling and, where feasible, reducing emissions
of mercury and mercury compounds. Coal combustion is included in Annex D as a relevant source.
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A PARTY WITH RELEVANT SOURCES SHALL TAKE
MEASURES TO CONTROL EMISSIONS AND MAY
PREPARE A NATIONAL PLAN SETTING OUT THE
MEASURES TO BE TAKEN TO CONTROL EMISSIONS AND
ITS EXPECTED TARGETS, GOALS AND OUTCOMES

Article 8 of the Convention obliges Indonesia to comply with the following requirements:
•

‘New sources’ (those coming online at least 1 year after the ratification date for Indonesia.
This means plants that became operational after September 2018) must apply best available
technology/best environmental practice (BAT/BEP) strategies to reduce mercury emissions
within 5 years of ratification (therefore by September 2022);

•

‘Existing sources’ (those not defined as ‘new’, as per the above definition) must implement
one or more of the following measures within ten years of ratification (by September 2027):

•

•

a qualified reduction goal;

•

emission limit values;

•

BAT/BEP requirements;

•

a multipollutant control strategy; and/or

•

‘alternative measures’ (such as fuel switching).

Although the options for existing sources are wider and more flexible, the only way
emissions will be reduced from these plants is either by reduction in fuel use or the
application of control technologies on plants which plan to continue to operate.

Indonesia therefore has a relatively short time frame remaining to determine the most appropriate
BAT/BEP strategies for their coal fleet, especially for existing units.
As discussed in Chapter 2, most ‘new’ plants in Indonesia are state-of-the-art coal-firing technologies
with efficient boilers. Many of these plants are being built with flue gas controls in place which will
ensure co-benefit mercury reduction. It can be argued, therefore, that most of these ‘new sources’
within the Indonesian coal sector are already being built with BAT/BEP in place. However, it would
be prudent for the country to evaluate the extent of this mercury control to confirm this line of
reasoning, going forward.
The challenge for ‘existing sources’ is significantly greater, as these plants are older, and many were not
designed and built with emissions control as a major consideration. For these plants, emission control
strategies will have to be identified. The definition of BAT/BEP for any coal plant varies with many
factors, including coal characteristics, plant configuration and the presence of flue gas cleaning
technologies. The BAT/BEP guidance produced under the Minamata Convention (UNEP, 2019) is a
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large and multifaceted document which acknowledges the complexity of mercury control and does
not provide prescriptive instructions on how to control it. Rather the document lists all the options
available for mercury control, from coal treatment through to bolt-on gas treatment systems and
promotes the use of expert advice to determine BAT/BEP requirements on a plant-by-plant basis,
taking economic considerations into account.

3.2

EMISSION LIMITS

Emission limit values are a common means of restricting and controlling emissions from the coal sector.
Emission limits for coal fired plants in Indonesia were initially introduced in 2008, as shown in
Table 2.
TABLE 2

EMISSION LIMITS FOR COAL-FIRED POWER PLANTS IN INDONESIA (ATMO, 2017; IEACCC, 2019)

Old emission limit, mg/m3 (2008)

New emission limit, mg/m3 (2019)

Pollutant

Plants operating
pre-December
2008

Plants operating
post-December
2008

Existing plants
(operating pre-April
2019)

New plants
(post-April 2019)

Particulate matter

150

100

100

50

SO2

750

750

550

200

NOx (as NO2)

850

750

550

200

Mercury

n/a

n/a

0.03

0.03

n/a = not applicable

The 2008 limits were relatively lax compared to those set in North America and Europe. In 2019, the
emission limits were tightened significantly (see Table 2). The emission limits for particulates, SO2 and
NOx are now in-line with North American and European standards. However, the emission limit for
mercury (30 µg/m3) is around an order of magnitude more lenient.
For SO2, the majority of the fleet would find it a challenge to meet the new emission limit of 200 mg/m3
without retrofitting control technologies. Although the emission limits for existing plant (pre-2019)
are less stringent, (see Table 2), emission standards generally tighten over time and so those younger
plants which plan to operate for decades may face requirements for control technology in the future.
Individual regions and provinces in Indonesia have the power to set tighter emission limits, should
they be warranted by local conditions or aspirations. However, to date, regional limits have remained
in-line with national ones (Bhati and others, 2017).
In order to measure and police emission limits, coal plants in Indonesia larger than 25 MW or plants
smaller than 25 MW using coal with a sulphur content above 2%, must install CEMs to provide
real-time emission data. Where CEMs have not been installed, emissions must be tested at least twice
per year by an independent accredited laboratory (Bhati and others, 2017). This requirement was
introduced after the 2008 legislation and therefore applies to emissions of particulates, SO 2 and NOx
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but not mercury. Emission reporting and compliance with the emission limits is under the jurisdiction
of the local agency or city government (Bhati and others, 2017). Emissions are also controlled under
the environmental licence of the plant which, in turn, is defined by an Environmental Impact
Assessment (EIA) or Environmental Management and Monitoring Scheme (EMMS). Regional
authorities (governor, authority, mayor) have the authority to cancel or suspend licences and permits
should a plant be found not to be compliant. Fines and imprisonment can be applied following repeated
offences (ERIA, 2016).

3.3

COMMENTS

Indonesia has ratified the Minamata Convention, committing to reducing mercury emissions from all
sectors, including coal power. The country must create a sectoral emission inventory to evaluate
emissions from the coal fleet to achieve this goal. It must also evaluate its coal sector to determine how
to ‘control and where feasible reduce’ mercury emissions and do so in a cost-effective manner.
Many ‘new’ Indonesian coal plants (online after September 2018) are likely to be compliant with
respect to Minamata requirements for BAT/BEP mercury control. This is due to the comprehensive
move towards cleaner and more efficient (HELE) coal technologies and the more stringent emission
standards for these units. However, it would be prudent for these new plants to evaluate the extent of
co-benefit mercury control being achieved and to maximise it where possible.
For ‘existing’ plants, compliance with the Minamata Convention will be a greater challenge. Some
plants may be considered too old and/or inefficient to warrant significant modification for mercury
reduction alone. For these plants, a multipollutant strategy to control several pollutants simultaneously,
may be more economic.
The new national emission limit for mercury will require some form of compliance monitoring, either
with a CEM system or by an annual monitoring test. Either way, the fleet will begin to accumulate real
plant emission data which will determine to what extent mercury emissions are being controlled in all
plants.
The Minamata Convention requires an evaluation of mercury emission sources in the form of a sectoral
inventory which can be used to inform and develop an action plan for emission reduction. Chapters 4,
5 and 6 of this report summarise new project work to create a dataset which may ultimately form the
basis of a sectoral inventory for the Indonesian coal fleet. In Chapter 7 the fleet is analysed and three
units selected for closer study in order to propose emission reduction strategies which could form an
important part of Indonesia's national action plan for compliance with the Minamata Convention.
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4

CREATING AND POPULATING THE DATASET

One of the major aims of this project is to produce a dataset containing information on every
Indonesian coal power plant. This will facilitate an accurate estimate of mercury emissions for the
sector and allow the ranking of those plants most appropriate for reduction strategies. For the 2017
UNEP study (UNEP, 2017a), BCRC-Asia sent out a call for information to all coal-fired utilities in
Indonesia, requesting data on important variables such as plant configuration, boiler design, and
emission control technologies in place. The results were collated into one dataset summarising the
complete Indonesian coal-fired power plant fleet. For this updated 2020 study, BCRC-Asia repeated
the call for information, requesting that each coal plant update the original data set from 2017 to
provide 2019/20 data. Some additional data fields were added, including plant efficiency and
utilisation rate, as well as details of any changes or planned changes in plant operation, such as
retrofitting of control technologies. Plants built since the 2017 inventory were also added.
The current power plant database is now populated with known operating data for approximately
46 power plants comprising 105 units. The coverage includes unit sizes ranging from 7 MW to 710 MW
with commissioning dates ranging from the mid-1980s to late-2015. The dataset contains a
comprehensive list of criteria including operational data of the generating units, and the quality of the
coal blends used at these units based on previous coal samples taken. The BCRC-Asia list captures over
two thirds of the 35 GW of coal-fired capacity that is expected to be operating by the end of 2020
(BCRC-Asia, 2020; S&P Global, 2020). The data delivered by BCRC-Asia was incomplete, due to
logistical challenges caused by the COVID-19 pandemic as well as issues with some data being regarded
as proprietary. The sections below discuss the major fields of the dataset and their relevance to
estimating mercury emissions. The sections also cover the methodology used to populate the
operational and fuel quality data for the remaining third of the Indonesian coal fleet for which
operation and fuel quality data were not fully available. Once the dataset had been populated, it was
shared with BCRC-Asia and MEMR to ensure that any assumptions and estimates made were valid and
acceptable.
It is important to note that the priority of this current project of work was to enable ranking of the
coal fleet with respect to mercury emissions. Although the dataset could potentially be used as the
basis for a sectoral inventory for the coal fleet in Indonesia, Indonesian stakeholders should ensure
that any missing data are obtained directly from the plant in question, rather than by the proxy
calculations used in this study for it to provide an accurate baseline going forward.

4.1

COMPLETING DATA FIELDS

The UNEP 2017 study included approximately 23 GW of coal units. However, coal capacity in
Indonesia has increased to 35 GW in 2020. BCRC-Asia and MEMR supplied a current list of plants
which was checked and compared with the S&P Global (2020) World Electric Power Plant database
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(WEPP, updated June 2020). The BCRC-Asia list lacked detailed information for some newer plants,
whereas the WEPP list included several plants which had not been commissioned within the assumed
timeline. A combined list was created with guidance from MEMR to ensure that all plants in the dataset
were currently operational. The appended list differs from the original UNEP 2017 list as follows:
•

WEPP provided an additional 5.6 GW of existing coal plants commissioned in 1982-2015
that do not appear in the original 2017 list;

•

Addition of 4.2 GW that were commissioned in 2016-2019;

•

A further 13 GW of capacity was noted that will be commissioned in 2020-2024 currently
under construction and pending possible delays resulting from the economic slowdown due
to COVID-19. These units are included within the dataset to ensure that the inventory of
plants is complete, but no calculation of emissions is made for these units as they are not
currently active.

Figure 8 outlines the order merit of data collated into the current dataset.

Figure 8

Updating the dataset

While the WEPP database has broad international coverage, it lacks performance data, such as
utilisation, efficiency, coal consumption and proximate fuel analysis; these are the key strengths of the
BCRC-Asia information. Consequently, performance data from the BCRC-Asia dataset were used to
obtain regional averages for plant parameters including operational load factors and fuel
characteristics. These values could then be used to fill gaps where plant specific data were not available.
Figure 9 lists the data fields included in the completed dataset.

Figure 9

Power plant data acquired within the dataset
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Where data were missing, proxy data were calculated by extrapolation from similar plants and coals
for which detailed information was available. Figure 10 illustrates how the proxy values for operational
load, efficiency and fuel quality data were assigned to the remaining units for which BCRC-Asia were
unable to obtain data.

Figure 10 Qualitative methodology to determine proxy operational load, unit efficiency, and fuel
quality for coal-fired units
As shown in Figure 10, the first stage uses known information from units in the immediate proximity,
preferably on the same site. Where such convenient data were not available, similar units operating in
the same province, or those operating outside the provincial boundaries were considered. For example,
TANJUNG AWAR-AWAR Units 1 and 2 comprise two 350 MW units that were commissioned in 2012
and 2013 respectively. The data that are available for Unit 1 were duplicated for Unit 2.
Each of the major dataset fields is discussed in greater detail below with an indication of how any
missing data were derived.

4.1.1

Unit details

Coal plants often comprise several individual units. Since units operate separately, it is important to
have distinct information for each. The location of each unit was also noted – this information may be
relevant should any emission reduction strategy be established on a regional basis. Averaged regional
data were also used to help fill data gaps, as discussed above.
As mentioned in Section 2.2.1, over 75% of the current fleet are units larger than 300 MW. It was
agreed by BCRC-Asia and MEMR that this study would focus on units of 100 MW or more. This was
for several reasons:
•

Units smaller than 100 MW are more likely to be in rural locations, will be more prone to
operational issues, and information is less readily available;

•

Units of 100 MW or more are more likely to be used for reliable dispatch power and are
therefore more likely to be used consistently in future; and

•

Emission control strategies and technologies will be more cost-effective on plants of
100 MW or more.

Information on plant age and date of commissioning is important for this study as older plants will be
closer to either retirement or retrofit. Plant age is also a defining factor with respect to control
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strategies under the Minamata Convention. As discussed in Section 3.3, plants are defined as either
being ‘new’ (coming into operation after September 2018) or ‘existing’ (coming into operation after
September 2018) and the ratification strategy for each group is distinct. The majority of the plants in
the dataset are ‘existing’ and it is these plants which will pose the greatest challenge in terms of defining
a Minamata Convention compliance strategy for the coal sector.
Plant details provided by BCRC-Asia were aligned with those in the WEPP to confirm plant name, size,
location and generation capacity. Certified operating date or commissioning date was more challenging,
especially for newer plants. Figure 11 shows the capacity of current and ‘under construction’ coal plant
capacity in Indonesia.

Figure 11 Plant capacity represented in the BCRC-Asia and WEPP lists by commissioning year
(BCRC-Asia; S&P Global, 2020)
The areas in red on the graph indicate coal capacity which is listed in the WEPP but not included in
the BCRC-Asia data. These plants are excluded from this study and the project concentrates solely on
plants which are confirmed by BCRC-Asia and MEMR to be currently operational.

4.1.2 Unit performance
Many coal plants do not run consistently or constantly. Some plants run relatively steadily to provide
baseload power; some operate on a regular basis to provide power to meet predictable demand (such
as common diurnal or seasonal cycles); and some are brought online to provide peaking power during
those shorter periods where demand suddenly increases. The amount a plant is used will depend on
its location, its availability, its running cost, on policy priorities, and on pre-agreed schedules between
the utility and the electricity supplier. Plants are commonly used in ‘merit order’, with cost often a
priority. Plants can bid to offer services to the network to provide rapid response at short notice to
balance short term fluctuations in supply and demand. Therefore, some plants may run significantly
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more than others. Although the utilisation rate of a plant varies, an average rate over a set period can
be obtained for most plants. Information on plant operation must also consider that plants do not run
at 100% load – when power demand is lower, plants run at a lower load factor, using less coal and
producing less power. Factors such as hours of operation and rate of fuel use must be considered when
estimating plant activity and related emissions.
Plant efficiency is also relevant for the estimation of plant emissions – plants operating at a lower
efficiency produce less power per tonne of coal used. Since emissions are calculated based on power
output, efficiency must be factored in.
The BCRC-Asia dataset offers a wealth of quantitative evidence that provides guidance for units where
performance data were not available. Efficiency data were sparse for units built since 2015, subcritical,
SC and USC units. Newer subcritical units were assumed to operate at 38% (net LHV), SC at 42% and
USC at 45% (IEACCC estimates). These values are consistent with the design efficiencies of large units
that are being installed in Indonesia today with steam systems supplied by Doosan (Korea), Dongfang
(China), Harbin (China), Mitsubishi Power, formerly MHPS (Japan), and Toshiba (Japan) (S&P Global,
2020). The operational load of each plant was considered when selecting similar plants to estimate
proxy data for missing fields in the dataset.

4.1.3 Emission controls
Mercury emissions can be reduced by the presence of many pollution control systems designed to
reduce particulates, SO2 and NOx. The BCRC-Asia dataset highlighted the existing emission control
system on the coal fleet, including determining the presence or absence of the following for each unit:
•

NOx controls (low NOx burners);

•

particulate controls – electrostatic precipitator (ESP; hot or cold side), baghouse/fabric
filter; and

•

sulphur controls – wet limestone flue gas desulphurisation (WLSFGD) or seawater flue gas
desulphurisation (SWFGD).

The presence of pollution control systems was entered into the iPOG calculation tool to help
determine the likely capture of mercury in each plant on a case-by-case basis (see Section 5.2).

4.1.4 Fuel quality
Indonesian coal plants fire indigenous coals. Coal is produced in four main provinces: South
Kalimantan, East Kalimantan, Central Kalimantan and South Sumatra. Kalimantan is the Indonesian
region of southern and eastern Borneo; the rest of the island is governed by neighbouring Malaysia.
Most of the coal produced in Indonesia is subbituminous in rank with calorific values (CV) ranging
from 3000–6000 kcal/kg NAR (net as-received). Indonesian coal is favoured by coal buyers across
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Asia due to its low cost, and low sulphur content that ranges from no more than 0.6–1.0% (IHS, 2019).
South Sumatran lignite is a low rank coal with a CV of 2150 kcal/kg (see Figure 12).

Figure 12 Average calorific value of coal for units >100 MW by province, kcal/kg as-recieved
Over the last 3–5 years, Indonesian coal plants have increased coal blending to improve the
consistency of coal input to plants. Plant operation and efficiency can fluctuate as coal feed quality
changes. Coal blending helps to homogenise coal quality and can improve plant efficiency and
reliability. For this study, the coal data provided were assumed to be the final blend actually used at
the plant.
For the original 2017 UNEP study, analyses of coal samples used at coal-fired plants in Indonesia were
performed by TEKMIRA, using American Society for Testing and Materials (ASTM) methodologies.
For the 2020 dataset, BCRC-Asia sourced updated plant-specific coal data where available. Coal
characteristic data included mercury content but also sulphur, halogen and ash content, all of which
can have a significant effect on the mercury chemistry within a plant. Coal calorific value was also
collated which allowed mercury emissions to be calculated on a plant energy output basis.
Coal quality data such as CV, mercury, sulphur (S), and chlorine (Cl) contents were not available for
some newer units. In these cases, proxy values were derived based on the same methodology as for
operational load and efficiencies, discussed above – units located on the same site as existing ones with
known fuel supply criteria are assumed to use the same fuel blends and quality. Where such data were
not available, the coal quality of other similar sized plants were used for comparison – the proxy values
were derived from the average for that province where the unit is located, or the average values for
coal used in the nearest coal-producing province. Figure 13, Figure 14, and Figure 15 show the average
fuel qualities used in 2020 and provide the proxies for other units where data were not available.
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Figure 13 Average mercury content of coal consumed in each province

Figure 14 Average sulphur content of coal consumed in each province
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Figure 15 Average chlorine content of coal consumed in each province
These data on coal quality and chemical characteristics were added to the dataset and used in the
unit-by-unit calculations of the mercury retention factors (see Chapter 5).

4.2

THE COMPLETED DATASET

The complete dataset comprises over 80 pages of detailed data and analyses. The dataset is not
included in this report due to its size and because some of the information it holds is proprietary. The
dataset remains the property of the project and of BCRC, MEMR and the US State Department and will
not be released or published in its entirety unless by these organisations directly.

4.3

COMMENTS

The majority of data in the current dataset represent up-to-date, plant-specific information collated by
BCRC-Asia and MEMR specifically for this project. Where data were not available, estimates were
produced based on extrapolation of data from similar plants and coals. These assumptions have been
documented and were approved by BCRC-Asia and MEMR.
The completed dataset includes over 30 input fields covering all the relevant information for each of
the more than 100 coal-fired units in Indonesia. The dataset is a valuable tool which could be used by
BCRC-Asia and MEMR to establish an ongoing emission inventory for the sector, as required under
the Minamata Convention.
If maintained and updated annually, the dataset will act as a living document with which to evaluate
activity and growth within the coal sector. Annual plant data (utilisation rate, coal burn and so on) can
be input to provide annual reports which will ultimately provide a record of changes in emissions from
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the coal sector, highlighting where emissions reductions have been achieved but also providing the
necessary data to determine how further emission reductions could be facilitated.
Chapter 5 documents the data processing to produce mercury emission estimates for the Indonesian
fleet on a unit-by-unit basis.
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5

ESTIMATING EMISSIONS

This chapter summarises how the dataset, detailed in Chapter 4, was used to estimate emissions from
the Indonesian coal fleet. Two distinct emission estimates were calculated for each plant, to allow the
plants to be ranked under two separate scenarios, which are clarified in Section 5.1. The chapter
continues with a short introduction on how coal plant emission estimates are commonly calculated
and then focuses on the iPOG, the calculation tool used to assist in the generation of plant-specific
emission estimates.

5.1

RANKING SCENARIOS

Two separate ranking approaches were used to indicate the relative emissions of mercury estimated
from each plant, providing alternative insight and information which could inform future emissions
and energy policy. Table 3 summarises the ranking scenarios considered for this project. Each has
advantages and disadvantages, and each will produce a different focus.
TABLE 3

RANKING SCENARIOS FOR CURRENT EMISSIONS

Ranking strategy

Data fields required

Advantages

Disadvantages

Comments

Total annual
mercury emissions

Plant specific
emission factor*,
plant specific
retention factor*

Simple, clearly
identifies greatest
individual sources
now (2019/20)

Does not consider
remaining plant
operating lifetime.
Does not consider
potential challenges
which would
exclude mercury
control
technologies

Will identify
sources of
immediate concern

Will remove focus
from plants due to
close soon and
prioritise those
which could
continue to produce
emissions for a
significant period

Data on total
remaining plant
lifetime are not
readily available or
easily predictable

Will prioritise
abatement
measures on plants
with the highest
total emissions in
the future

Annual coal use
(in terms of calorific
input)

Emissions over
remaining plant
lifetime

Plant specific
emission factor*,
plant specific
retention factor*
Annual coal use (in
terms of calorific
input)
Remaining plant
operating period

* emission and retention factors are explained further in Section 5.2

Ranking total annual mercury emissions from each coal-firing unit will identify the current greatest
point sources of mercury in Indonesia. However, this approach has the disadvantage of highlighting
plants which may be high emitters whilst not taking into consideration that these plants may be due
to close soon and will therefore not be appropriate for the retrofitting of control technologies.
Ranking plants according to their emissions over their remaining plant lifetime will draw the focus to
plants which will contribute most to total mercury emissions in the future. For the purpose of this
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study, plants were assumed to be technically active until they are 40 years old. This is a base
assumption but does identify plants with the most potential for cost-effective mercury control into the
future and, with the dataset in place, it is now simple for alternative scenarios to be considered. For
example, Indonesia is considering a new policy which will require all coal units to apply for a certificate
evaluating their performance when they reach 25 years old. If approved, the plant will receive a
certificate of compliance with current legislation and for meeting a minimum efficiency level. If the
certificate is not awarded, then the plant must close or upgrade. Since many coal plants are tied in to
25-year power purchase agreements with PLN, this timeline works to ensure that plants are only tied
into the future energy capacity if they meet prescribed performance standards. If this proposed
25-year plant assessment is approved, the existing dataset can be used to predict quickly which units
will contribute most to mercury emissions over the shortened time horizon.

5.2

PRODUCING EMISSION ESTIMATES

The amount of mercury released by a coal-fired power unit is estimated by using an emission factor
and unit specific activity values – multiplying the emission factor by the amount of coal used. Emission
factors (EF) are commonly expressed in terms of g/kg – where g is the grammes of pollutant emitted
per kilogramme of coal burnt. However, the complexity of mercury behaviour in coal means that
coal-specific emission factors tend to be too crude to be applicable to all coals or even to all coal types.
Further, not all the mercury in coal will be released from the stack of the coal plant. Instead, the
mercury content of the coal, assumed to be the basic emission factor, must be modified by known or
predicted behaviours of mercury in combustion and flue gas conditions, defined as the retention or
reduction factor (RF).
Emission estimates are commonly prepared via the following calculation:

Emission (t/y) = EF (gHg/t coal) x RF (% Hg capture) x AV (t coal/y)
where:
EF Emission factor – grammes of mercury released per tonne of
coal burnt
RF Reduction/retention factor – adjustment (%) to account for
any mercury captured within the unit (such as bottom ash, fly
ash or gypsum)
AV Activity value – to estimate emissions in the desired format, for
example for total grammes of mercury emissions per year at a
unit, the activity value would be total tonnes of coal burnt per
year at that unit
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5.2.1

The basic UNEP Toolkit approach

During the development of the Minamata Convention, UNEP produced a ‘Toolkit for identification and
quantification of mercury releases. This UNEP Toolkit (UNEP, 2017b) provided guidance on how to
produce a basic inventory for the coal sector in each country, based on the application of a single
country-specific EF to all coals and all plants. At the time the 2017 project was prepared, the UNEP
Toolkit EF for Indonesian coal was 0.05 grammes of mercury per tonne (gHg/t) coal (UNEP, 2017a).
It has subsequently been reduced to 0.03 gHg/t coal (UNEP, 2017b).
Obviously, a single EF for all coals in Indonesia does not consider the natural variation in the mercury
content of coals. The UNEP Toolkit acknowledges this and suggests that more coal-specific emission
factors be used where available.
The UNEP Toolkit (UNEP, 2017b) provides a table of RF values for mercury in pollution control
systems within coal-fired power plants, to account for the potential for mercury capture in existing
pollution control devices. These ranges vary according to coal type from 2–25% capture by particulate
control systems to 20–65% capture through combined pollution control systems (particulate controls
plus spray dry scrubbers/FGD, again depending on coal type). The user can select the applicable RF
for their coal and pollution control systems to apply to their emission estimates. For example, for
Indonesian plants with ESP (the most common plant configuration in Indonesia), the recommended
RF is 10%, that is – 10% of the mercury is expected to remain in the ash with 90% being emitted from
the stack. However, as for the EFs, the application of a standardised RF to all plants with ESP in the
fleet assumes an average effect of emission control technologies as published in the literature and does
not provide more individual analyses. Currently, the only way to achieve this is by application of the
iPOG (see Section 5.3).
As described above, the AV is used to calculate actual emissions from the EF and RF. For UNEP Toolkit
analyses, countries can simply apply the value for total annual coal burnt in the utility sector as the AV
value.

5.2.2 The 2017 UNEP project approach
To create a more accurate mercury emission estimate for the Indonesian coal fleet, the 2017 UNEP
study collected actual coal chemistry data for all plants. Mercury emission monitoring was also carried
out at three plants – SURALAYA Unit 2, CIREBON and INDRAMAYU. Although the monitoring
sample set was small and the analysis proved challenging, the data allowed the study to produce
emission values for these three coal plants, ranging from 0.6–3.02 µg/m3. The small sample set and the
high range of variation was not ideal for producing an emission factor. Instead, the average value for
mercury control of the coal samples collected (0.056 mg/kg) was accepted as a representative EF to
be applied across the fleet. This EF was combined with the iPOG to produce a single, but more
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country-specific, EF x RF value for coal plants in Indonesia. The result was an adjusted emission factor
of 0.038 gHg/t coal, somewhat lower than the UNEP value of 0.05 gHg/t coal.
Coals burnt in Indonesia can vary significantly in their quality, especially in their calorific value, which
can have a notable effect on plant efficiency. It was decided that an emission factor based on
gHg/energy output would be more applicable and informative than one based on gHg/t coal burnt.
The 2017 study took an average value for Indonesian coals to produce an emission factor of
1.91 gHg/TJ. In this case, the amount of energy produced by each plant (TJ) was used as the AV rather
than tonnes of coal burnt. This alternative EF/RF value was applied to the AV data for each plant in
the Indonesian coal fleet to produce an estimate of mercury emissions to 2025. These data produced
the projection shown in Figure 1 in Chapter 1 of this report.

5.2.3 New 2020 approach
For this study, new data were collated by BCRC-Asia from most of the coal fleet, detailing the type of
coal used, the mercury content, the chlorine content, and the ash content, as described in Chapter 4.
As with the 2017 study, the mercury content of the coal used was combined with its calorific value to
produce an EF. However, in this study the calculation was performed individually for every unit over
100 MW, to produce a unit-specific EF in the form of gHg/GWh.
An RF value was then created for each unit based on the unit configuration and the presence of any
pollution control systems. This meant significantly more work than was performed in 2017, since RFs
had to be produced for each unit via separate runs of the iPOG (see below). However, this approach
provides far more unit-specific data which is important to allow valid ranking of the fleet. In the 2017
study, the same EF/RF value was applied to all Indonesian coal units. The activity data (AV; annual
coal burnt) was essentially the only parameter which determined the relative amount of mercury
released from each of the coal units; units which burnt more coal had directly correlated higher
mercury emission values. Since this current study has produced individual EF and RFs for each unit,
unit emissions will be defined by more than just the amount of coal used. The ranking of plants is
therefore not simply made on annual coal burnt but reflects any significant differences between the
way individual plants operate. For example, some plants may burn ‘more cleanly’ than others due to
differences in coal chemistry, unit configuration, and/or effective emission control systems.

5.3

THE INTERACTIVE PROCESS OPTIMISATION GUIDANCE
SOFTWARE, IPOG

The iPOG is a user-friendly software package which allows the user to input coal and unit
characteristics to estimate mercury emission rates from the stack. It was devised by the UNEP Coal
Partnership Area and created by Niksa Energy Associates (NEA) with funding from Environment
Canada. The iPOG can be downloaded directly from the Coal Partnership website:
https://web.unep.org/globalmercurypartnership/our-work/mercury-releases-coal-combustion
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The iPOG is a calculation tool based on actual data from coal-fired power plants. The iPOG database is
populated with data from the US DOE/NETL Mercury Control Field Testing Programme and was
developed with further regression analysis using the US EPA’s Information Collection Request,
supplemented with predictions from the proprietary software of NEA. The development and testing
of the iPOG predictions against actual field data is discussed more in the full paper by Krishnakumar
and others (2012) which describes the development and application of the iPOG. Dr Lesley Sloss
(IEACCC) and Dr Wojciech Jozewicz (AEA), members of this project team and authors of this report,
were involved in the development of the iPOG (Krishnakumar and others, 2012).
The iPOG was designed to be used by non-technical policy analysts as well as emission control
specialists. It delivers ‘meaningful estimates’ for representative plant configurations based on simple
plant and coal input data. Krishnakumar and others (2012) emphasise that the iPOG simplifies
extremely complex mercury chemistry and is by no means an accurate prediction tool. However, the
iPOG is a useful tool to predict potential mercury reduction within a coal plant, by refining mercury
RF values for the emission estimate calculations. It is not a replacement for actual site measurements,
which would be required ahead of embarking on a retrofit or trial programme.
Data are fed into specific fields in the iPOG programme. The more unit-specific data entered, the
greater the accuracy with which the iPOG can predict the behaviour of mercury through the unit.
Figure 16 shows a screen grab of data being entered into the programme for SURALAYA Unit 5.
SURALAYA Units 6 and 7 are the same size as Unit 5 and burn the same coal.

Figure 16 The iPOG showing the configuration of air pollution control equipment at SURALAYA
Units 5, 6 and 7
Figure 16 shows how the data are inserted for the SURALAYA units. The ‘standard configuration’ of
the units comprises an ESP operating at over 98% efficiency. There is no further particulate control,
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nor are there any relevant SO2 or NOx control systems to be considered. Once these parameters are
entered, the iPOG produces a schematic of the plant, shown at the bottom of the screen. The coal
parameters are added on a separate page, as shown in Figure 17.

Figure 17 Input of coal parameters into the iPOG
For this study, specific data on the higher heating value (HHV) of the coal (or coal blend) were applied.
These data were provided from the BCRC-Asia information collection activity. The HHV value of the
coal relates to its calorific value – defining how much energy is produced per g of coal burnt. This
value is particularly important to this study as Indonesian coals and coal blends can vary significantly
in their calorific value. The emission estimates for each unit were calculated in t/y but also in g/GWh.
This latter value indicates the amount of mercury emissions released relative to the amount of power
produced by each plant, allowing the distinction to be made between plants that produce power more
cleanly (less mercury for each GWh of power) than others.
Data were also entered on the coal sulphur, chlorine and mercury contents. The concentration of these
elements can significantly affect mercury behaviour and release from a coal plant.
Finally, Figure 18 illustrates input of boiler conditions into the iPOG. The input includes furnace rating
as well as parameters such as economiser oxygen and loss on ignition/unburnt carbon (LOI).
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Figure 18 Input of boiler conditions into the iPOG
Following the input flow in Figure 16, 17 and 18, data were input for calculations of mercury emissions
from SURALAYA Unit 5. Based on these input parameters, the iPOG estimated 2.9 gHg/h or
3.3 gHg/TJ emissions at SURALAYA Unit 5, as shown in Figure 19.

Figure 19 iPOG mercury emission calculations
As the iPOG has effectively combined the EF (emission factor – the mercury content of the coal) with
the RF (retention factor – the amount of mercury captured in the ash), it is able to provide an EF x RF
value in the form of g/h. To obtain the annual emission estimate for the unit, we must combine the
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iPOG output with the activity value. Taking 6369 annual operating hours for SURALAYA Unit 5 results
in the prediction of mercury emissions of 185 kg/y.
To calculate the mercury emission over the remaining plant lifetime, we assume that SURALAYA will
continue to run as it does now for the remainder of its technical life (assuming a 40-year lifetime). Since
SURALAYA is 24 years old, this means there are 16 years remaining. This results in an estimate of
2955 kg of mercury emissions over the remaining multi-lifetime of the unit. To calculate the mercury
emission value per unit of energy produced, the emissions of 185 kg/y of mercury can be combined with
the plant’s gross annual electricity production of 3,279,919 MWh, yielding a mercury emission intensity
of 56.31 g of Hg/GWh. These calculations were applied to all relevant units in the dataset.

5.4

SULPHUR EMISSION ESTIMATES

Estimates were made for sulphur emissions from each of the units. This information will be necessary
in Phase 2 of the project to determine whether a plant would benefit most from a multipollutant,
co-benefit emission reduction strategy (where emissions of SO2 and mercury are controlled
simultaneously through technologies such as FGD) or whether a mercury-specific strategy may be
more appropriate (where emissions of SO2 are already controlled but mercury emissions remain a
concern).
Emissions of SO2 for units of interest were estimated using the AP-42 methodology developed by the
US Environmental Protection Agency (USEPA, 2020). AP-42 provides emission factors for SO2, NOX,
and carbon monoxide. The SO2 emission factors are expressed in lbs of SO2/2000 lbs of coal burnt. To
convert the emission factor from lb SO2/2000 lbs of coal burnt to kg SO2/metric tonne of coal burnt,
the value is multiplied by 0.5. The emission factors in AP-42 are given for different ranks of coal and
for different types of boilers. For pulverised coal, dry bottom, wall-fired or tangentially-fired boilers
firing subbituminous coal, the SO2 emission factor prescribed by AP-42 is given below:
Emission of SO2 [kgSO2/metric tonne of coal burnt] = 35 x S* x 0.5
* where S is weight per cent sulphur content of coal as-fired
The equation was used to estimate the annual emissions of SO2 from each plant in the dataset.
The emissions of SO2 over the remaining lifetime of each unit were also calculated by multiplying the
annual SO2 emissions by the tonnes of coal burnt by the unit on an annual basis and then multiplied by
the remaining years of lifetime of the unit. The remaining life of the unit was based on the expected
technical lifetime of 40 years and was calculated according to the equation below:
RYL = 40 – (2020-CD)
where:
RYL = remaining years of lifetime and CD = date of commissioning
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The most important consideration for the SO2 emission estimates was the presence of any FGD system
for sulphur control, as it reduces SO2 emissions significantly. Of the more than 100 coal-fired
electricity generating units larger than 100 MW in the dataset, 12 units are known to have wet FGD
installed. These units are:
•

TANJUNG JATI-B Units 1, 2, 3, and 4 with WLFGD;

•

PAITON-III Unit 1 with FGD of unknown type;

•

PAITON-III Units 1, 2, and 3 with SWFGD;

•

PAITON-I Units 7 and 8 with SWFGD; and

•

PAITON-II Units 5 and 6 with SWFGD.

A typical wet FGD system would be expected to remove 80–95% of the SO2, depending on the design.
The remaining lifetime emissions are shown for these units in Table 4 below using AP-42 methodology
and assuming 90% removal in wet FGD, both WLSFGD and SWFGD. As can be seen, even units at
TANJUNG JATI which burn relatively high sulphur coal but with wet FGD are estimated to emit less
than 62,000 tSO2 during their remaining life.
TABLE 4

EMISSIONS OF SO2 ESTIMATED FOR UNITS WITH FGD

Unit name

Remaining
life, as of
2020
(40 y
lifetime
assumed)

SO2
control
type

Coal S
content,
wt%

AP-42
SO2
emissions,
no
controls,
kg/t coal

AP-42
SO2
emissions.
kg/t coal

Annual
SO2
emissions,
tSO2/y

Remaining
lifetime
SO2
emissions,
t

PAITON-III No 1

32

FGD*

0.118

2

0.2

365

11,693

CELUKAN BAWANG 1

35

SWFGD

0.19

3

0.3

50

1,746

CELUKAN BAWANG 2

35

SWFGD

0.19

3

0.3

50

1,746

CELUKAN BAWANG 3

35

SWFGD

0.19

3

0.3

50

1,746

PAITON-II No 1

20

SWFGD

0.19

3

0.3

538

10,762

PAITON-II No 2

20

SWFGD

0.19

3

0.3

538

10,762

PAITON-I No 1

19

SWFGD

0.118

2

0.2

402

7,640

PAITON-I No 2

19

SWFGD

0.118

2

0.2

458

8,703

TANJUNG JATI-B No 1

26

WLSFGD

0.7

12

1.2

2,237

58,160

TANJUNG JATI-B No 2

26

WLSFGD

0.7

12

1.2

2,382

61,937

TANJUNG JATI-B No 3

31

WLSFGD

0.52

9

0.9

1,620

50,217

TANJUNG JATI-B No 4

32

WLSFGD

0.52

9

0.9

1,528

48,905

* type of FGD to be confirmed

Based on the data provided by BCRC-Asia and the WEPP, the remainder of the Indonesian coal fleet
has no FGD installed. For these units, it is important to understand their SO2 emissions in order to
maximise the effect of a potential co-benefit mercury emission reduction project. For example, plants
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with high SO2 emissions are more likely to be selected first for the installation of a wet FGD scrubber.
These plants would then automatically have the advantage of co-benefit mercury removal.

5.5

COMMENTS

The methods and calculations described in this chapter explain how emission estimates for both
mercury and sulphur emissions were produced for each coal-fired utility unit in Indonesia. By using
unit-specific data, an inventory has been produced which is significantly more accurate than any
published previously using basic emission factors. Analyses of the results are given in Chapter 6.
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6

RANKING RESULTS

The estimate for annual emissions from the whole Indonesian coal fleet (units >100 MW) came to
3055 kgHg/y which correlates well with the data from the 2017 study (see Figure 1). The data
produced from that described in Chapter 4 and the calculations described in Chapter 5 give
significantly more information on mercury emissions on a unit-by-unit basis, allowing plants in the
Indonesian fleet to be ranked by their relative contribution to the total mercury emissions from the
sector.
This project focuses on utility coal plants and excludes industrial units, as mentioned previously. The
results also focus on plants >100 MW since these plants are more likely to be cost-effective targets for
reduction strategies. The project therefore covers 75% of the existing fleet and 90% of the >100 MW
existing fleet. It does not include plants under construction.

6.1

‘EXCLUDING’ NEW PLANTS

Indonesia plans rapid growth in the coal sector but is promoting HELE technologies for its new build
fleet, as discussed in Chapters 2 and 3. The plants listed in Table 5 below would be regarded as ‘new’
plants under Article 8 of the Minamata Convention. As such, they are required to install BAT/BEP
technologies for mercury within five years of ratification (September 2022). Since most new plants
are being built with state-of-the-art technologies, they are likely to already be in compliance with
BAT/BEP requirements for Indonesia. The new plants in the dataset which fall into this category are
listed in Table 5.
TABLE 5

‘NEW’ COAL PLANTS IN OPERATION IN INDONESIA

Unit

Capacity, MW

Date of commission

CILACAP SUMBER 3

660

2019

JAWA TENGAH 1

1000

2020

JAWA TENGAH 2

1000

2020

KALSELTENG 1 No 1

100

2020

KALSELTENG 1 No2

100

2020

PANGKALAN SUSU 3

220

2019

PANGKALAN SUSU 4

220

2019

Since this report focuses on mercury emissions and reduction strategies for ‘existing’ coal units (as
defined by the Minamata Convention as plants online by September 2018), the plants listed in Table 5
are excluded from the ranking scenarios. Plans for new build beyond 2024 remain tentative and are
therefore also not included in the list of units considered for the shortlist.
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Despite the clear move to cleaner coal technologies, Indonesian stakeholders should continue to
monitor these plants and all additional new plants that come online in future, to ensure that they do
comply with BAT/BEP requirements for mercury control.

6.2

ANNUAL MERCURY EMI SSIONS FROM ‘EXISTING’ PLANTS

The results for the ranking of annual mercury emissions, on a plant-by-plant basis, are shown in
Figure 20, focusing on the top 30 ranked plants (over 100 MW).

Figure 20 Top 30 units by predicted annual mercury emissions
Although Figure 20 identifies plants that may appear to be of immediate concern, it is a simple
representation of complex data. It represents a ‘snap-shot’ of information which is too limited to be of
use when determining a sectoral compliance strategy for the future.
Looking closer at the data, it is possible to get a clearer indication of what factors are most important
with respect to determining emissions from each unit. For example, Figure 21 shows the annual
mercury emissions for each unit versus size, in MW. The graph shows quite a wide range of mercury
emissions for each unit size, especially for larger units. The large variation reflects the difference in
utilisation rate for each plant – the plants which run for more of the time emit more mercury. However,
this graph illustrates that larger plants are not automatically responsible for greater total annual
mercury emissions.
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Figure 21 Annual mercury emissions versus unit size
A useful way of comparing mercury emissions across the fleet, according to unit size, is to focus on
the mercury emission intensity of each plant, expressed as grammes of mercury released per GWh of
electricity production. This comparison is shown in Figure 22.

Figure 22 Mercury emission intensity is independent of unit size
As shown in Figure 22, the majority of plants had mercury emission intensities between 5 gHg/GWh
and 75 gHg/GWh, with an average of around 25 gHg/GWh. This is a similar intensity to plants in the
USA (CEC, 2004; shown by the orange line in Figure 22) indicating that Indonesian coal plants are, in
general, no cleaner or dirtier than those in the USA prior to the introduction of mercury-specific
control strategies. There were two outlier values, for 100 MW plants, where the reported values
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indicated significantly lower gross electricity production, suggesting either major problems with the
plants or erroneous plant data. These plants were not considered further.
It is interesting to note from Figure 22 that, again, there is no indication of any size-related intensity
of mercury emissions; larger plants do not automatically have high emission intensities, nor do smaller
plants have lower emission intensities.

6.3

EMISSIONS OF MERCURY OVER REMAINING PLANT LIFETIME

The remaining lifetime mercury emissions for each unit were calculated based on the iPOG hourly
emissions prediction using the methodology described in Chapter 5. Figure 23 presents the remaining
lifetime mercury emissions for 23 units with expected emissions of more than 1000 kg of mercury.

Figure 23 Units with a remaining lifetime mercury emission over 1000 kg
As shown in Figure 23, there are eight units with remaining lifetime mercury emissions of over 2000 kg,
with CIREBON 1 predicted to have the highest emissions of 4808 kgHg. CIBERON 1 is a 660 MW unit
consuming almost 2.5 Mt/y of coal; the reported coal mercury concentration is 50 parts per billion
(ppb). CIREBON 1 is only eight years old and has one of the highest fuel consumption rates in
Indonesia, which explains the high lifetime emission prediction.
In addition to the remaining lifetime emissions, another way to assess the impact of a unit on the
environment is to consider its mercury emissions intensity. Results of analysis of the mercury
emissions intensity for the 23 units described in Figure 23 are shown in Figure 24 below.
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Figure 24 Mercury emissions intensity for the 23 units with the highest remaining lifetime mercury
emissions
From Figure 24 it is clear that, based on the iPOG predictions, BANTEN SURALAYA 1, SURALAYA 4,
5, 6, and 7 are the units emitting the most mercury per GWh generated – they all release more than
50 gHg/GWh. CIREBON 1, previously identified as the unit with the highest remaining lifetime
emissions of mercury (Figure 23), has a significantly better (lower) mercury emission intensity of
30 g of Hg/GWh. This suggests that the high remaining lifetime mercury emissions from CIREBON 1
are due to the high utilisation rate of the plant rather than a high emission factor.
Figure 24 identifies 23 ‘high emitters’ – plants which are projected to emit over 1 tonne of mercury
over their remaining lifetime. Within this high emitter set, the combined mercury emissions from the
top 10 units constitute over 60% of the mercury emissions from the set. The top 10 units are, together,
projected to be responsible for just over 30 t of mercury over their remaining lifetime. The top 10
emitting plants in Figure 24 are also predicted to emit over 60% of emissions from the high emitter set
on an annual basis (kgHg/y), as shown in Figure 25.
The total emissions from all units included in this study (>100 MW) in the Indonesian fleet, over their
remaining lifetimes, is estimated at almost 70 t. Units smaller than 100 MW are estimated to emit 18%
(almost 13 t) of this total and are therefore still important with respect to total emissions.
The 30 t of mercury from the top 10 emitting units over their remaining lifetime therefore amounts to
around 40% of emissions from the >100 units included in this study. Thus, targeting the emissions from
this group of units has the potential to significantly reduce mercury emissions for the country. It is
important to note that this conclusion assumes that all plants in the dataset will run until they reach
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40 years of operation and that, during this time, their operation will remain unchanged. Whilst this is
debateable, it is still a useful means of identifying plants in the current fleet with the most potential to
benefit from emission controls.
The top 10 mercury emitting units, over their remaining lifetime, are highlighted in Figure 25 below.

Figure 25 Top 10 highest mercury emitting coal-fired units, kg over remaining lifetime

THE TOP TEN PLANTS IN FIGURE 25 TOGETHER COULD
EMIT, OVER THEIR REMAINING LIFETIME, AROUND 40%
OF THE TOTAL MERCURY EMISSIONS FROM THE WHOLE
INDONESIAN COAL UTILITY FLEET.

This information will inform mercury control strategies that focus retrofitting technologies on a
targeted subset of units in a manner that could be faster and significantly more cost-effective than
applying a generic BAT/BEP approach uniformly and indiscriminately across the entire Indonesian
coal fleet.
Subject to further investigation, the data could also inform tactical changes in plant use. For example,
CIREBON 1 is predicted to emit more mercury over its remaining lifetime than any other unit
(Figure 23). However, CIREBON 1 actually has a lower mercury intensity than most other units
(Figure 24). So, the high lifetime emission from CIREBON 1 is due more to its youth and high
utilisation rate than any operational issue. In fact, increasing the utilisation rate of CIREBON 1 whilst
reducing that of a plant with a higher mercury emission intensity, such as BANTEN SURALAYA 4,
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could actually decrease the combined emissions from these two units whilst producing the same
amount of power. Obviously, decisions on plant operation are made based on far more complex
considerations, especially economics. However, the potential for mercury reduction could be built
into a fleet’s operational strategy.

6.4

ANNUAL SO 2 EMISSIONS

Although strategies for mercury reduction across the Indonesian fleet are the focus of Phase 2 of this
project, the data for mercury and SO2 emissions can highlight plants where certain emissions reduction
strategies may be most appropriate. Control technologies to reduce emissions of SO2 (FGD) can also
result in co-benefit mercury emission reductions, as discussed in Chapter 3. It is therefore prudent to
identify units where emissions of both pollutants are relatively high as these units would be prime
candidates for co-benefit or combined reduction systems. Figure 26 shows SO2 emissions from the
highest emitting units in the fleet.

Figure 26 Estimated remaining lifetime SO2 emissions for the largest 40 units (without FGD)
Remaining lifetime SO2 emissions of more than 200 kt each were estimated for BANTEN SURALAYA 1,
SURALAYA 5, 6, and 7, PANTON BARU 09, REMBANG 1 and 2, and CILACAP SUMBER 1 and 2 units.
These plants would be the most likely candidates for FGD installation in the coming years, to ensure
compliance with Indonesia’s new emission limits (see Chapter 3).
Figure 27 shows the remaining lifetime mercury emissions for units without FGD (in orange) and also
indicates the SO2 emissions from these units (yellow dots). Many of these units rank highly both in
terms of remaining mercury and remaining SO2 emissions. Depending on long-term plans, local
environmental regulations, and local environmental impact from SO2 emissions, these units may be
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considered for a project involving wet FGD with simultaneous reduction of emissions of SO2 and
mercury.

Figure 27 Emissions of mercury and SO2 over remaining plant lifetime (without FGD)
Although the data are somewhat basic, it is clear that some plants, such as BANTAN SURALAYA 1,
which will be responsible for high emissions of both mercury and SO2 over their remaining plant
lifetime would be a prime candidate for a combined SO2-mercury reduction strategy. Conversely,
CIREBON 1, on the far left, has the highest lifetime mercury emissions but a relatively low prediction
for SO2 emissions. CIREBON 1 may therefore benefit from a more mercury-specific reduction strategy.
These latter conclusions are crude, based on the gross data analysis of the dataset. Phase 2 of this
project will focus on closer analyses of three selected plants to identify the most appropriate mercury
reduction strategies for each, leveraging co-benefit effects from SO2 control systems where possible.
For comparison, Figure 28 shows the remaining plant lifetime emissions for units in Indonesia which
are already fitted with FGD, of which there are currently only 12 in operation. Of the five highest
emitters in this set, three have wet limestone FGD (WLFGD) and two have seawater FGD systems
(SWFGD). WLFGD have an enclosed water system, where a water supply is fed into the WLFGD, the
flue gas passes through the system and then the process water is treated to remove solids and to clean
the water to be disposed of or returned for re-use at the plant. In SWFGD systems, the intake water is
from the local marine environment and, following treatment of the flue gas, the water is returned to
the sea. Since sulphur is a naturally occurring chemical in seawater, any increase in sulphur emissions
is relatively inconsequential. This may not be the case for mercury and the ultimate fate of mercury
emissions should include all emissions, including emissions into bodies of water.

53
IEA CLEAN COAL CENTRE – REDUCING MERCURY EMISSIONS FROM THE COAL COMBUSTION
SECTOR IN INDONESIA

RANKING RESULTS

Figure 28 Mercury emissions from units with WLFGD or SWFGD, kgHg over remaining lifetime
As shown in Figure 28, the top 5 emitting FGD units are emitting over 1000 kg of mercury over their
remaining lifetime and would therefore appear in the top emitting set of all plants, as shown in
Figure 27. This is surprising since mercury is normally captured quite effectively (>60%) in FGD
systems. However, some Indonesian coals produce comparatively high proportions of elemental
mercury, which is harder to capture (as it is not soluble in the FGD liquid). The high emissions for
PAITON III is particularly interesting as it is as high as emissions from SURALAYA units without FGD,
over the remaining plant lifetime (Figure 27), and therefore PAITON III is a plant which would merit
consideration for mercury control.
The iPOG modelling tool does NOT provide valid data for SWFGD and so the estimate for the SWFGD
plants was based on WLFGD modelling, which may be inaccurate. Even so, the relatively high potential
mercury emissions from these FGD units requires further study since mercury capture could,
theoretically, be significantly enhanced with additives such as oxidants.

6.5

ALTERNATIVE GROSS RANKING MECHANISM

As a final means to rank the units in the dataset, a more generic approach was taken. Each of the major
unit parameters, such as the unit size, operational load, gross unit efficiency and coal mercury content,
were ranked with a value between 1 and 5, where 1 indicated a low concern value and 5 indicated the
highest level of concern. For example, units firing the greatest amount of fuel were ranked as 5,
whereas those firing the least were ranked as 1. This approach was applied to the major variables in
the dataset, as shown in Table 6. To improve clarity within the table, the rankings were shaded from
red (5, of greatest concern) down to green (1, of least concern). Although this is a simplified approach
to the data analyses, it allows a clear visual assessment of areas which merit most attention. By
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combining the values for each of the individual variables, it was possible to rank plants according to
their potential for concern.
It is important to note that this approach is far less accurate than the ranking discussed earlier in this
chapter, which is based on actual emission parameters (EF, RF and AV). However, this gross-ranking
approach does not necessarily require such detailed plant and coal information. For example, ranking
for a coal fleet could be achieved without specific data on coal mercury content (using a generic EF)
– rather it would highlight the least efficient plants and those firing the most coal (focusing on the AV).
Whilst this method would not accurately predict mercury emissions, it would identify plants most
likely to emit the greatest volume of mercury based on factors such as plant capacity, utilisation rate
and remaining lifetime. The results would therefore focus more on the AV than the EF and RF. Those
plants identified as potentially the greatest emitters through this process could then be studied in
greater detail to confirm their true emission status. Though crude, this approach could be useful as a
starting point for emerging regions to begin creating a sectoral analysis for their coal fleet in the
absence of available mercury emissions data.
Table 7 shows the same approach used to grade the output data for this study – mercury emissions
intensity, annual output and remaining lifetime. Since the shading is based on the same real data from
this report, the top shaded plants are the same as those which rank highly in Figure 23. Figure 23
includes data for the top 80 ranked units >100 MW.
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Remaining life as of
2020 (40 y) life

Operational load

Fuel consumption
(calculated)

Gross unit efficiency

SOx control (WEPP)

Coal Hg content

Coal S content

Coal Cl content

Cal/gr as-received

TOTAL SCORE FOR
INPUTS

Steam supply system
manufacturer (boiler)

Turbine
manufacturer

Generator
manufacturer

‘GROSS’ RANKING BASED ON BASIC INPUT PARAMETERS

Capacity, MW

TABLE 6

BANGKO TENGAH (SS-8) No 1

4

5

5

5

5

5

3

4

5

2

43

DONGFANG

DONGFANG

DONGFANG

BANGKO TENGAH (SS-8) No 2

4

5

5

5

5

5

3

4

5

2

43

DONGFANG

DONGFANG

DONGFANG

SUMSEL-1 NO 1

2

5

5

4

5

5

3

4

5

3

41

HARBIN

HARBIN

HARBIN

SUMSEL-1 NO 2

2

5

5

4

5

5

3

4

5

3

41

HARBIN

HARBIN

HARBIN

BANIARSARI-1

1

4

5

2

5

5

4

4

5

5

40

0

0

0

BANIARSARI-2

1

4

5

1

5

5

4

4

5

5

39

0

0

0

PLTU JAVA-7 NO 1

5

5

5

4

1

5

3

5

3

3

38

0

0

0

PLTU JAVA-7 NO 2

5

5

5

4

1

5

3

5

3

2

38

0

0

0

KEBAN AGUNG (SS-2) NO 1

1

4

5

3

5

5

3

4

5

2

37

HAGUO

0

0

KEBAN AGUNG (SS-2) NO 2

1

4

5

3

5

5

3

4

5

2

37

HAGUO

0

0

LAMPUNG 1

1

4

5

3

5

5

3

4

5

2

37

JIN-BOILER

WUH-TURB

WUH-TURB

LAMPUNG 2

1

4

5

3

5

5

3

4

5

2

37

JIN-BOILER

WUH-TURB

WUH-TURB

BANTEN SERANGO 1

4

4

5

3

2

5

4

5

3

2

36

HARBIN

HARBIN

HARBIN

PERAWANG MILL 09

1

4

5

2

3

5

3

4

5

4

36

CWPC

FULL POWER

0

PERAWANG MILL 10

1

4

5

2

3

5

3

4

5

4

36

CWPC

FULL POWER

0

PERAWANG MILL 11

1

4

5

2

3

5

3

4

5

4

36

CWPC

FULL POWER

0

CILACAP SUMBER 3

4

5

4

3

3

5

1

5

2

4

36

DONGFANG

SHANGHAI

SHANGHAI

SURALAYA 6

4

2

4

3

4

5

4

5

3

2

36

BWC

MHI

MELCO

SURALAYA 7

4

2

4

3

4

5

4

5

3

2

36

BWC

MHI

MELCO

SURALAYA 1

2

3

4

3

3

5

3

3

5

4

35

DONGFANG

DONGFANG

DONGFANG

SURALAYA 2

3

1

5

3

4

5

4

5

3

2

35

BWC

MHI

MELCO

SURALAYA 5

4

2

3

3

4

5

5

4

5

3

35

BWC

MHI

MELCO

Unit name
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Remaining life as of
2020 (40 y) life

Operational load

Fuel consumption
(calculated)

Gross unit efficiency

SOx control (WEPP)

Coal Hg content

Coal S content

Coal Cl content

Cal/gr as-received

TOTAL SCORE FOR
INPUTS

Steam supply system
manufacturer (boiler)

Turbine
manufacturer

Generator
manufacturer

CONTINUED

Capacity, MW

TABLE 6

PLTU TARAHAN UNIT 4

1

3

5

2

4

5

3

4

5

3

35

N/A

N/A

N/A

TARAHAN BARU 1

1

2

5

3

5

5

3

4

5

2

35

ALSTOM

FUJI

FUJI

BANTEN SURALAYA 1

4

3

2

3

3

5

4

5

3

2

34

SHANGHAI

SHANGHAI

SHANGHAI

CILICAP SUMBER 4

5

5

5

2

2

3

1

5

2

4

34

N/A

N/A

N/A

SURALAYA 3

3

1

4

3

4

5

4

5

3

2

34

BWC

MHI

MELCO

SURALAYA 4

3

1

4

3

4

5

4

5

3

2

34

BWC

MHI

MELCO

PLTU JAVA 9 & 10 NO 2

5

5

5

4

1

1

3

5

3

2

34

DOOSAN

DOOSAN

DOOSAN

CIREBON 1

4

3

5

3

3

5

3

2

3

2

33

DOOSAN

DOOSAN

DOOSAN

PLTU PELABUHAN RATU 1

2

3

5

3

4

5

3

1

3

4

33

SHANGHAI

SHANGHAI

SHANGHAI

PLTU PELABUHAN RATU 2

2

3

5

3

4

5

3

1

3

4

33

SHANGHAI

SHANGHAI

SHANGHAI

PLTU PELABUHAN RATU 3

2

3

5

3

4

5

3

1

3

4

33

SHANGHAI

SHANGHAI

SHANGHAI

SURALAYA 1

3

1

3

3

4

5

4

5

3

2

33

BWC

MHI

MELCO

PLTU TARAHAN UNIT 3

1

3

3

2

4

5

3

4

5

3

33

N/A

N/A

N/A

SAMPANG BELIMBING 1

1

4

2

2

2

5

3

4

5

5

33

0

0

0

Unit name
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Turbine
Manufacturer

Generator
Manufacturer

Steam supply system
manufacturer (boiler)

TOTAL SCORE FOR
OUPUTS

Remaining plant life
Hg emissions, kg

Hg emissions
intensity, g/MWh

Annual Hg emissions,
iPOG prediction, kg

‘GROSS’ RANKING BASED ON BASIC OUTPUT PARAMETERS

Annual Hg emissions,
coal input, kg

TABLE 7

CIREBON 1

5

3

5

5

18

DOOSAN

DOOSAN

DOOSAN

SURALAYA 5

5

4

5

4

18

BWC

MHI

MELCO

SURALAYA 6

5

4

5

4

18

BWC

MHI

MELCO

SURALAYA 7

5

4

5

4

18

BWC

MHI

MELCO

BANTEN SURALAYA 1

4

3

4

5

16

SHANGHAI

SHANGHAI

SHANGHAI

SURALAYA 1

5

4

5

2

16

BWC

MHI

MELCO

SURALAYA 2

5

4

5

2

16

BWC

MHI

MELCO

SURALAYA 3

5

4

5

2

16

BWC

MHI

MELCO

SURALAYA 4

5

4

5

2

16

BWC

MHI

MELCO

INDRAMAYU 1

4

2

4

4

14

BWBC

BEIZHONG

BEIZHONG

INDRAMAYU 2

4

2

4

4

14

BWBC

BEIZHONG

BEIZHONG

INDRAMAYU 3

4

2

4

4

14

BWBC

BEIZHONG

BEIZHONG

PACITAN 1

4

2

4

4

14

DONGFANG

DONGFANG

DONGFANG

PACITAN 2

4

2

4

4

14

DONGFANG

DONGFANG

DONGFANG

PAITON-III NO 1

4

2

4

4

14

MHI

MHI

MELCO

PAITON BARU 09

4

2

4

4

14

HARBIN

HARBIN

HARBIN

PELABUHAN RATU 1

4

2

4

4

14

SHANGHAI

SHANGHAI

SHANGHAI

PELABUHAN RATU 2

4

2

4

4

14

SHANGHAI

SHANGHAI

SHANGHAI

PELABUHAN RATU 3

4

2

4

4

14

SHANGHAI

SHANGHAI

SHANGHAI

REMBANG 1

4

2

4

4

14

DONGFANG

DONGFANG

DONGFANG

PAITON-I NO 1

4

2

4

3

13

ABB

GE

GE

Unit name
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Generator
Manufacturer

4

3

13

HARBIN

HARBIN

HARBIN

TANJUNG AWAR-AWAR 2

4

2

4

3

13

HARBIN

HARBIN

HARBIN

TELUK SIRIH 1

3

5

3

2

13

0

NANJING

NANJING

TELUK SIRIH 2

3

5

3

2

13

0

NANJING

NANJING

PAINTON PLN 1

4

2

4

2

12

ABB

TOSHIBA

TOSHIBA

PAINTON PLN 2

4

2

4

2

12

ABB

TOSHIBA

TOSHIBA

PUNAGAYA 1

4

2

3

2

11

0

0

0

PUNAGAYA 2

4

2

3

2

11

0

0

0

PAITON-II NO 1

4

1

4

2

11

ABB

SIEMENS

SIEMENS

PAITON-II NO 2

4

1

4

2

11

ABB

SIEMENS

SIEMENS

CELUKAN BAWANG 1

3

2

3

2

10

0

SHANGHAI

SHANGHAI

CELUKAN BAWANG 2

3

2

3

2

10

0

SHANGHAI

SHANGHAI

CELUKAN BAWANG 3

3

2

3

2

10

0

SHANGHAI

SHANGHAI

TENAYAN RAYA 1

3

2

3

2

10

N/A

N/A

N/A

TENAYAN RAYA 2

3

2

3

2

10

N/A

N/A

N/A

TANJUNG JATI-B NO 3

3

1

3

3

10

MHI

TOSHIBA

TOSHIBA

TANJUNG JATI-B NO 4

3

1

3

3

10

MHI

TOSHIBA

TOSHIBA

Hg emissions
intensity, g/MWh

TOTAL SCORE FOR
OUPUTS

2

Remaining plant life
Hg emissions, kg

4

Annual Hg emissions,
iPOG prediction, kg

TANJUNG AWAR-AWAR 1

Unit name

Annual Hg emissions,
coal input, kg

Turbine
Manufacturer

CONTINUED

Steam supply system
manufacturer (boiler)

TABLE 7
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6.6

COMMENTS

The completeness of the dataset and the flexibility of the iPOG to handle input variables has facilitated
an accurate overview of predicted mercury emissions from the Indonesian coal fleet. Combined with
estimates for mercury and SO2 emissions under different assumptions, it has been possible to rank the
entire Indonesian coal fleet to identify those plants which are likely to contribute most to mercury
emissions over their remaining lifetime. It is clear from the emissions estimate values for the fleet that
there are 10 units which, together contribute over 45% of the total emissions from the current coal
fleet over their remaining operational life.
Whilst this conclusion is based on gross assumptions, it can feed into an informed strategy for mercury
reduction across the Indonesian fleet.
Particularly useful conclusions of the analysis are:
•

Mercury emission rates (kg/year) do not correlate to plant size;

•

Mercury emission rates do not correlate to plant age;

•

Mercury emission intensity (gHg/GW) is important, especially for plants with high
utilisation rates and long remaining lives. Increasing the utilisation rate of plants with a lower
mercury emission intensity, to reduce the use of plants with a high emission intensity, could
reduce the overall average emissions from the fleet on a g/GW basis; and

•

Plants which emit relatively high levels of both SO2 and mercury will be prime candidates for
co-benefit/multipollutant emission reduction strategies.

This insight could allow Indonesian stakeholders to act at a small number of plants and achieve
mercury reduction far more swiftly and cost-effectively than would be achieved with a blanket
BAT/BEP requirement across the coal fleet.
This information and insight would not have been available without a very detailed analyses of the
Indonesian coal fleet combined with expert calculations to predict emissions.
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7

RATIONALE FOR SELECTION OF TOP 3
PLANTS

The results in Chapter 6 indicate some plants are more responsible than others for mercury emissions.
There are also some units that, due to their age, are likely to continue to emit mercury emissions for
many years. Figure 29 summarises the results in terms of the contribution of individual plants to
mercury emissions over the total remaining lifetime of the existing fleet. For example, SURALAYA 6,
on the far left of the graph, contributes most to the total emissions from the fleet (based on lifetime
emissions from the top 45 emitting plants).

Figure 29 Waterfall graph of highest emitters and their lifetime mercury contribution
Whilst focusing on the top three emitters in terms of remaining lifetime emissions would inevitably
lead to more effective mercury reduction, many of the higher-ranking plants are similar in their
configuration. For example, the top 3 units in Figure 29 are similar units at SURALAYA. This means
that action to reduce mercury emissions FOR several of the high-ranking plants will be similar – the
same techniques and technologies will be effective on most of the SURALAYA units. It was therefore
decided that, rather than simply choose the top three ranking plants for closer study, this project
should select three high ranking plants that represent quite distinct plant types for closer analysis in
Phase 2: by providing mercury emission reduction strategies for three different plant types, Phase 2
will promote mercury control solutions which are applicable to much of the Indonesian coal fleet.
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7.1

OPTIONS FOR MERCURY CONTROL

This Chapter describes different generic options for mercury control to ensure that the three plants
selected for study in Phase 2 of this project illustrate distinct scenarios that represent the greatest
number of plants in Indonesia. It does not intend to determine which control options are best for
Indonesian plants.
There are many different methods available to reduce mercury emissions from coal plants. The
efficacy of each varies with factors such as coal chemistry, plant configuration and the presence of flue
gas control technologies. Several IEACCC reports discuss these options in detail (Sloss 2012, 2015).
The Minamata Convention also provides guidance in its BAT/BEP document (UNEP, 2019). The major
options for mercury control are listed in Table 8.
TABLE 8

MERCURY CONTROL OPTIONS

Option
Number

Method

Pros

Cons

1

Coal washing/treatment

Reduces mercury before it
enters the plant, reducing
the need for any retrofit on
the plant itself

Adds cost to plant
operation

2

Improvement of PM control

Enhances co-benefit
mercury control

May have significant cost
for equipment upgrading
or replacement

3

Additive (oxidant) injection

Enhances co-benefit
mercury removal in existing
control systems

Requires retrofit of an
oxidant delivery system
(into the coal and/or boiler
and/or flue gas)

4

Sorbent injection ahead of
particulate control system

Can achieve significant
mercury control

Requires retrofit of a
sorbent injection system

5

Dedicated new particulate control
system combined with sorbent
injection

Can achieve significant
mercury control

Requires significant plant
modification/retrofit

6

Retrofit of SCR plant to increase
mercury oxidation (with co-benefit
of NOx reductions)

Can achieve significant
mercury control

Requires significant plant
modification/retrofit

7

Injection with an additive (oxidant)
to increase native mercury capture
by the existing FGD device (where
this is not a seawater process)

Can achieve significant
mercury control

Requires the presence and
slight modification of an
existing FGD system
Adds cost of consumables
(additive)

As mentioned previously, the selection of mercury control technologies is determined through expert
analysis of plant-specific variables.
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7.2

CANDIDATE SITES FOR DEMONSTRATION PROJECTS

In Chapters 4–6, the screening of the installed capacity base in Indonesia allowed a detailed
understanding of how the diversity of plant size, operation and configuration can affect mercury
emissions. The application of the iPOG provided an estimate of the likely emissions from each unit
individually on a specific (kg/MWh produced), annual (kg/y) and remaining lifetime basis (making
assumptions on the residual life of plant). Using this information, three categories of plant have been
identified, and one unit from each category will be investigated further in Phase 2 of the project in
order to propose potential reduction strategies and projects:
•

High emitting older units with high utilisation rates. These well-used plants are valuable in
the fleet and would be the most likely candidates for upgrade and/or retrofitting to maintain
their capacity. Mercury control should be part of the upgrade and carried out in a manner
that can be replicated in similar units;

•

Plants with SWFGD. Indonesia has introduced a tightened emission standard for SO2 which
is likely to result in the addition of more FGD systems. As Indonesia is an island nation,
SWFGD could be a popular choice. The behaviour of mercury in SWFGD is distinct from
that in WLSFGD and the former could result in significantly more mercury reaching the
marine environment. It is therefore prudent to investigate the mercury release rate and to
determine possible means to reduce it as the use of SWFGD increases; and

•

Inefficient plants with high intensity emissions, due for imminent refurbishment. Older units
tend to be less efficient and therefore have higher mercury emission intensities per GWh.
Their predicted lifetime emissions will be low, as they are nearing the end of their functional
life. However, these plants are often prime candidates for refurbishment and upgrade.
Mercury control can be factored into this upgrade.

These three categories of plants are discussed separately in the following sections.

7.2.1

High emitting older units with high utilisation rates

Several units in the Indonesian fleet are nearing the end of their planned life but still run at high
capacity. Decisions are required on whether they will continue to run in their current configuration,
be upgraded or retrofitted, or closed. Older Indonesian units commonly fire low sulphur coals to
achieve compliance with SO2 limits, rather than have FGD fitted. These units are generally equipped
with low NOx burners and ESPs for particulate control. SURALAYA Units 5, 6 and 7 (built 1996-1997)
are representative of this type of plant, with low NOx burners installed in the boilers and ESP for
particulate control. Compliance coals are fired for low SO2 emissions. The steam leaving the
low-pressure turbine is cooled against seawater in a once through system. Although these units are
well established, and optimised to the extent that the technology allows, they are not considered
state-of-the-art.
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This combination of plant configuration and age of these units poses challenges to defining the most
appropriate mercury control technology. In particular, the limited residual life offers relatively little
opportunity to achieve any return on capital investment in new equipment. In these situations, lower
capital but higher operating cost technologies are often promoted ahead of those with high capital but
lower operating costs. It is therefore unlikely, for example, that the installation of an FGD system on
these units would be cost-effective.
The prospects for mercury control are limited for plant of this type, with options being largely
restricted to those that can maximise the mercury reduction potential of the existing equipment with
minimal capital spend. Of the approaches summarised in Table 8 above, options 1–4 (coal
washing/treatment, improvement of PM control, oxidant addition or sorbent injection) would be
available for this type of unit. Option 5 (sorbent injection to a new, dedicated, particulate control
system) would not be cost-effective over the remaining, short, lifetime of the plant.
Sorbent injection to an existing particulate control system, Option 4 in Table 8, is the leading
mercury-specific control technology today (across all sectors including power, biomass and energy
from waste). A finely milled powder sorbent material, such as activated carbon, is injected into the
flue gas upstream of a particulate control device and the resulting mercury-containing carbon is then
collected by the downstream particulate control technology with the fly ash. Whilst it is widely
deployed, a variety of issues have been encountered during sorbent injection, including problems with
sorbent feeding, transport, erosion, and plugging of the particulate control system. These issues arise
as a result of sorbent selection, equipment design, environment and plant operation. They can often
be mitigated by identification of more appropriate hardware configurations and materials, or by
revising operational procedures. Fly ash quality also changes due to the inclusion of the sorbent in this
stream, which can impact on ash sales to the construction materials market. This reduces plant revenue
and creates a new waste stream which will require appropriate management and disposal.
A specific issue with sorbent injection can be that, as it increases the particulate loading at the inlet of
the ESP, the ability of that device to achieve emission and/or opacity limits can be compromised. Thus,
systems must be carefully tuned to achieve optimum performance. An additional option is to upgrade
the particulate collector at this point, so it is better able to accommodate the additional sorbent loading.
In fact, upgrading the performance of the control device to improve fine particulate capture efficiency
can also yield a mercury reduction benefit as mercury is preferentially enriched on smaller particles
in the flue gas. This is due to condensation on the surface of the particles carried in the flue gas, and
the relatively high ratio of surface area to volume, and therefore mass, in fine particulates compared
to larger particles.

PREFERRED UNIT FOR PHASE 2: SURALAYA 6
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SURALAYA 6 is a 600 MW plant with ESP installed but no NOx or SO2 control, firing relatively high
sulphur Indonesian coal of a relatively high sulphur (0.95% S) and relatively high mercury (101.7 ppb)
content. The chlorine content of the coal is mid-range (0.015%) and could be relatively effective in
promoting mercury capture as a co-benefit effect if an FGD system were to be installed. With high
mercury/SO2 conditions, the lessons learned at SURALAYA will be applicable to many of the high
emitting units identified in Figure 24 in Chapter 6. If we group plants only by age and coal mercury
contents, SURALAYA 6 represents a minimum of 18% of the existing Indonesian coal fleet.

7.2.2 Unit with seawater process flue gas desulphurisation
The use of seawater process FGD (SWFGD) on coal-fired power plants in Indonesia, and other
countries with similar climates and seawater qualities, is widespread. A coastal location is obviously a
key requirement.
In units with SWFGD, the boiler firing system typically employs low NOx firing systems with a
reasonable degree of air staging in combustion. The flue gases exit the boiler and then enter a
particulate control device, most likely an ESP. This configuration is common in any modern coal-fired
power plant around the world (see Figure 30). The relatively cool flue gas, with most of the particulate
burden removed, then enters the SWFGD unit. In plants where SCR systems are present for NOx
control, the SCR is commonly located upstream of the ESP.
The seawater washing process uses untreated seawater to scrub the flue gas and takes advantage of its
natural alkalinity to neutralise the acid produced when the SO2 is dissolved, as shown in Figure 30. The
seawater thus takes the role of limestone, chalk or lime in other FGD processes. In most cases it would
be expected that the seawater is taken at the outlet of the steam turbine condenser cooling water
conduit and a share of the liquid is supplied to an absorber vessel for contact with the flue gas.
Following scrubbing of the flue gas, this water is then returned to the bulk cooling water flow. This is
then ‘sparged’ with air (introducing air or gas into a liquid) to reduce its chemical oxygen demand and
raise its pH before it is discharged back to the sea. The process increases the sulphate content of the
discharged seawater. As would be the case with other wet FGD techniques, the seawater will remove
soluble oxidised mercury from the flue gas. However, unlike in limestone FGD where the mercury is
retained in the gypsum by-product, the seawater is released back into the environment with the
mercury captured from the flue gas. It is either channelled into the sea with the water flow or may be
sparged from the water and released to the local atmosphere in the vicinity of the cooling water
aeration basins.
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Figure 30 Diagram of seawater FGD system
As with the limestone-gypsum process, a gas/gas reheater would commonly be included in order to
raise the temperature of the treated flue gas before it is discharged from the stack. This reheat is usually
supplied by bypassing a portion of the flue gas and then mixing the hot, untreated, flue gas with the
cooler gas exiting the absorber. The extent to which this option can be exercised will depend on the
target SO2 removal and the final flue gas discharge temperature required.
The aqueous ‘plume’ from the combined cooling water-FGD outlet water is discharged and dispersed
into the sea, with further dilution and additional alkali available through this mixing. This will
ultimately elevate the pH to approach its original value.
The installed fleet of plant employing SWFGD can be relatively modern, with long residual lives and
high annual operating factors. As a result, plant fitted with SWFGD technology may have an economic
optimum for mercury control where higher capital cost options can be paid for through lower annual
operating costs, and ultimately be favoured against low capital, high operating cost alternatives.
These Indonesian SWFGD units are relatively modern in design, based on established technologies
supplied from global Original Equipment Manufacturers (OEMs), and achieving good levels of
efficiency. The emissions control technologies installed include low NOx firing systems to achieve low
NOx emissions whilst optimising burnout of the coal. The flue gases leave the boiler and are cooled
recuperatively by the air heaters. Particulate removal is achieved with high efficiency ESPs. The flue
gas then enters the SWFGD system where high capture rates of the flue gas SO2 are achieved. One
aspect that would need to be confirmed is the provision for reheat made on the units – a portion of
the flue gas may bypass the FGD absorbers in order to add thermal energy and therefore improve
buoyancy of the emitted flue gas. This bypass flue gas portion does not have any sulphur removed, and
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therefore there is a pro-rata reduction in the overall SO2 capture rate proportionate to the ratio of
treated to total flue gas volume. These units are well established, and well optimised.
There are various mercury options for plant of this type. As the assets may have a reasonable remaining
life, these options are not restricted to those that can maximise the mercury reduction potential of the
existing equipment (minimising capital spend), but also include those options with greater front-end
investment. Options 1–5 in Table 8 (coal washing/treatment, improvement of PM control, oxidant
addition or sorbent injection upstream of an existing or new control device) would be suitable.
Option 5, the addition of a dedicated new particulate control device, in conjunction with sorbent
injection, could achieve significant flue gas mercury capture.
Many of the options in Table 8 make the most of some form of co-benefit control of mercury. However,
given that any mercury captured in the SWFGD will almost immediately be released back into the
environment, it is not possible to include the SWFGD within a co-benefit based integrated
environmental control strategy. Whilst it may be possible to treat the seawater leaving the SWFGD to
remove mercury, it is envisaged that given the large volume of water involved, this may not be
economically attractive. This could be revisited during Phase 2, should additional data become
available.
Option 1, fuel treatment, will be a site-specific and fuel-specific opportunity, and will not be available
in all situations. It may also be restricted by the existing commercial coal supply arrangements in place.
Therefore, although not ruled out as a candidate approach it is not expected to be viable to take forward.
Otherwise, techniques such as chemical additives (Option 3) to change the oxidation state of mercury,
and therefore ease of capture, may help. However, these will only be beneficial if they improve capture
in the ESP. Increasing capture in the SWFGD with these additives is not helpful as, as noted earlier in
this section, much of the mercury may be released to the environment.
Option 2, improving capture in the existing ESP, can also be achieved by use of the established sorbent
injection technology (for example activated carbon injection). As described earlier, the resulting
combined sorbent and fly ash stream can, depending on the sorbent injection rate, have different
properties to the unmixed fly ash and this can in turn influence the downstream ash sales or disposal
options. However, the challenge of combined sorbent and ash streams can be addressed through the
addition of sorbent upstream of the final field of the ESP, or upstream of a new, dedicated, particulate
control device (Option 5). This allows the separation and segregation of the bulk fly ash (primarily
captured in the front fields of the ESP) from the sorbent containing stream. Where this new particulate
control device is erected between the existing ESPs and FGD, then the mercury is removed before
entering the SWFGD plant and therefore cannot then be released either in the flue gas, or the seawater
discharge.
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This technique, when including a new fabric filter, will be significantly more costly in terms of capital
costs for the filter itself, ductwork and draught plant. However, it can have lower operating costs due
to the more efficient utilisation of sorbent as well as the ability to maintain ash sales. Therefore, this
may be an attractive form of mitigation for plants with high load factors and long remaining lives. The
economics of this option should be assessed on a case-by-case basis.
Where sorbent injection is used with an existing particulate collector, and not a dedicated device,
particle loading to the collector (mass and number) is increased, which can negatively influence the
ability of that device to achieve emission or opacity limits, as discussed earlier. However, any upgrades
made to avoid this situation will improve mercury control due to the improved capture of fine particles.
Further, for plants such as PAITON, with a reasonable remaining life, investment in particulate
collection upgrades may be more appropriate than for older plant with shorter lives and low load
factors.

PREFERRED UNIT FOR PHASE 2: PAITON 1 UNIT 2

PAITON 1 Unit 2 has SWFGD, as do two other units in Indonesia. However, this PAITON unit is the
second highest emitter of all units with FGD installed, as shown in Figure 28 in Chapter 6. Due to the
limitations of the iPOG, it was necessary to presume that SWFGD would perform similarly to WLFGD
which may not be entirely correct. It is therefore important that Phase 2 of this study looks more
closely at the ultimate fate of mercury in SWFGD systems. If the mercury emission capture is low, as
suggested by the iPOG prediction, then it may be possible to enhance mercury capture using chemical
additives. However, it is also important to consider where the mercury ultimately ends up – since
SWFGD systems return the process water to the local marine area, then the potential for mercury
pollution to local seafood will need to be considered.
Although SWFGD systems make up only 7% of the current Indonesian fleet, this number will rise as
SO2 emission limits change compliance requirements for many plants. Further, SWFGD systems are
relatively widespread in Asia and therefore the results from closer study at PAITON 1 will be of value
to many other plants in the region.

7.2.3 Inefficient plant with high intensity emissions, due for imminent refurbishment
The ranking system used in this report highlighted those plants most likely to be responsible for
significant mercury emissions over their remaining lifetime and therefore those plants which would
benefit most from a mercury-specific reduction strategy or technology.

PREFERRED UNIT FOR PHASE 2: OMBILIN 1
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OMBILIN 1 appeared on the far right of Figure 26, indicating that it is in the top 30 plants with respect
to total remaining lifetime mercury emissions, despite the fact that the plant is relatively small
(100 MW) and old (built 1997).
Table 9 shows the estimated mercury emissions from both OMBILIN units. Although the emission rate
is the same (since they are similar units burning identical coal), Unit 1 is predicted to release over
twice as much mercury over its remaining lifetime because it fires significantly more coal (372 kt/y at
Unit 1 compared to 170 kt/y at Unit 2).
TABLE 9

MERCURY EMISSIONS FROM OMBILIN UNITS 1 AND 2

Unit

Emissions, gHg/h

Remaining lifetime emissions, kg

Emission intensity, gHg/GWh

1

4.5

584

357

2

4.5

342

181

The emission intensity of OMBILIN Unit 1 is the most obvious feature. At 357 gHg/GWh, it is almost
an order of magnitude higher than the average emission intensity rates for the top 30 ranked plants,
(see Figure 22). Thus OMBILIN 1 releases almost ten times as much mercury per GW of electricity
produced as most of the other plants in the Indonesian fleet. This is because OMBILIN 1 is running at
a low efficiency – it is producing significantly less power for each kg of coal burnt than other plants.
The efficiencies of coal-fired plants typically decrease over time as components deteriorate with age
and use, but some plants run under conditions which do not maximise longevity and performance.
Some suffer from insufficient maintenance and missed opportunities for retrofitting with modern
systems. As efficiency declines, units become less cost-effective, since they require significantly more
coal to produce electricity. OMBILIN 1 is therefore a prime candidate for intervention to improve
performance and lower emissions. The unit could be replaced or significantly upgraded, although this
would be expensive. There are often several near-term solutions available which would have a rapid
payback time whilst increasing the efficiency of a unit by several percentage points. Instruments
required for combustion optimisation often have a payback time of less than a year. Other well-proven
methods include retrofitting the turbine with new rotors and blades, replacement of inner casings and
sealings and increasing the number of economiser banks. These measures combined can ensure as
much as 5 percentage points efficiency increase and have a payback time within two years. Many
reports from the IEACCC cover efficient improvements in more detail, for example Zhu (2020); Mills
(2016); Barnes (2014).
By improving the efficiency of OMBILIN 1, emissions of all pollutants, including mercury, can be
reduced significantly. In addition, as OMBILIN 1 will be undergoing refurbishment, there is an
opportunity for a mercury reduction strategy to be built into the impending plant upgrade plan.
There are over 100 known units smaller than 100 MW in the S&P Global/BCRC database, the majority
of which are used in the industrial sector rather than for electricity generation. By focusing further
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investigation on OMBILIN 1, Phase 2 will therefore provide valuable lessons on potentially
cost-effective process improvements which could reduce mercury emissions from both industrial and
utility coal plants. Units smaller than 100 MW were not analysed with the iPOG during this study as,
individually, these small units to do contribute significantly to total emissions. However, combined
emissions from these units can be significant and it is likely that many of these smaller units, like
OMBILIN, have considerably higher mercury emission intensities (gHg/GWh) than larger units. Thus,
improvements at plants such as OMBILIN 1 will provide insight into the potential for mercury
reduction at smaller plants which, due to economies of scale, are likely to be different from those used
at larger units.

7.3

COMMENTS

Phase 2 of this project will investigate three Indonesian coal units in greater detail to determine and
propose cost-effective mercury reduction strategies for each. In Chapter 6 different ranking
approaches were used to identify plants which emit the most mercury under different scenarios –
annually (reflecting current emissions) and over the remaining plant lifetime, thus redirecting
attention to plants which could be responsible for the greatest mercury emissions in the future. Rather
than simply selecting the three highest ranking plants in terms of total mercury emissions, it was more
effective to select three different plant types. The selection of high-ranking plants representing
different plant types, configurations and operational statuses, enables emission reduction strategies to
be developed which can be replicated across a large proportion of the total Indonesian coal fleet.
The plants selected have significant emissions of both mercury and SO2 and are representative of many
similar plants in the fleet, including:
•

A plant nearing the end of life – representing plants likely to upgrade and/or retrofit in the
near future – SURALAYA 6;

•

A plant with SWFGD – to investigate means to reduce potential increased mercury
deposition to marine areas –PAITON I Unit 2; and

•

An inefficient plant with high intensity emissions, due for imminent refurbishment –
OMBILIN 1.

The three plants have been identified and approached with a view to closer analysis and study during
Phase 2 of this project.
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CONCLUSIONS

Indonesia is committed to potentially doubling its coal capacity over the next decade to ensure
adequate power supplies for the growing population and economy. The country is taking significant
steps towards ensuring that all new coal plants are high efficiency, low emissions (HELE) units and
that older, less efficient plants are upgraded or replaced as soon as economically viable.
Under the Minamata Convention, Indonesia is obliged to produce an inventory of mercury emissions
from stationary sources, including the coal utility sector. The Government must also produce a
national implementation plan which includes strategies to reduce mercury emissions from both ‘new’
(built after September 2018) and ‘existing’ plants (operational before September 2018). For ‘new’
plants, the requirement is specified as BAT/BEP (best available technology/best environmental
practice), which is determined on a unit-by-unit basis. Most ‘new’ plants in Indonesia may be
compliant by default with respect to Minamata Convention requirements for BAT/BEP mercury
control due to the comprehensive move towards the commissioning of HELE coal technologies.
However, the Indonesian Minamata Compliance strategy for the coal sector should include
confirmation that all new plants do indeed deliver adequate co-benefit mercury reduction.
Confirmation of mercury control should be built into the approval requirements for future new plants.
For ‘existing’ plants, the challenge is more complex: plants may comply by installing BAT/BEP or by
applying one of a number of other means such as reduction targets or emission limits. Determining the
most cost-effective approach requires expert understanding of mercury behaviour in coal power
plants and the solutions vary on a unit-by-unit basis.
With the introduction of a new 30 mg/m3 emission limit for mercury for coal plants in Indonesia in
2018, compliance monitoring (either with CEM systems or annual monitoring protocols) will become
standard and data on actual emissions from plants can be collated. Until this time, however, emission
inventories and evaluation of emissions from individual plants must be based on emission factors and
activity data.
For compliance with the Minamata Convention, Indonesia, as with all ratified parties, must produce
an inventory of emissions from its coal fleet and must also look closely at the existing plants to
determine the most appropriate means to ‘control and, where feasible, reduce’ the emissions of
mercury.
In this project, a large amount of data was gathered to create a baseline inventory of mercury emissions
from the existing coal fleet In Indonesia. Complete data were not available for all units, due to limited
access to proprietary data and to logistical challenges under COVID-19 working conditions. Where
there were data gaps, estimates were produced based on extrapolation of data from similar power
plants and coals.
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Analysis of the data provided substantial insight to emissions from individual coal units allowing the
identification of high emitting plants and, ultimately, the selection of three units for closer study in the
next Phase of the project. By focusing on three common plant types it should be possible to determine
potential mercury reduction strategies which could be replicated across much of the existing
Indonesian coal fleet.

THE COMPLETED DATASET IS A VAL UABLE TOOL TO BE
USED BY INDONESIAN STAKEHOLDERS, ACTING AS A
BASELINE INVENTORY OF MERCURY EMISSIONS FROM
THE COAL SECTOR

The dataset and its analysis can feed into an informed strategy for mercury reduction across the
Indonesian fleet. The primary conclusions of the analysis are:
•

Mercury emission rates do not correlate to plant size;

•

Mercury emission rates do not correlate to plant age; and

•

Mercury emission intensity (gHg/GW) is important, especially for plants with high
utilisation rates and long remaining lifetimes.

BASED ON THE ASSESSMENT TECHNIQUES USED, SOME
UNITS IN THE INDONESIAN FLEET EMIT AN ORDER OF
MAGNITUDE MORE MERCURY PER GW h OF POWER
PRODUCED THAN OTHER, MORE EFFICIENT, UNITS .

Building on the dataset, calculations were made for mercury emissions from each unit. Estimates were
created to indicate annual emissions from each plant as well as the potential total mercury emissions
over the remaining lifetime of each unit (assuming an average 40-year lifetime for all plants). Based
on these estimates, the existing Indonesian coal fleet has been ranked in order to identify plants which
are responsible for high mercury emission loads and which would therefore be appropriate for the
application of mercury reduction techniques or technologies.
The total emissions of mercury from all units included in this study (>100 MW) in the Indonesian fleet,
over their remaining lifetimes, is estimated at almost 70 tonnes. There are 10 high emitting plants
which, together, over their remaining lifetime, will contribute over 40% of these emissions.
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THE STRATEGIC TARGETING OF HIGH EMITTING PLANTS
COULD PRODUCE AN EMISSION REDUCTION STRATEGY
FOR THE INDONESIAN COAL SECTOR WHICH IS
SIGNIFICANTLY MORE COST-EFFECTIVE THAN A
GENERIC REQUIREMENT FOR BAT/BEP INSTALLATION
ACROSS THE ENTIRE FLEET

The primary aim of the work within Phase 1 of this project was to evaluate emissions from the coal
fleet in order to identify three plants for closer analyses in Phase 2, the ultimate goal being to identify
cost-effective mercury emission reduction strategies for Indonesian coal plants.
Whilst simply targeting the top three ranking plants would potentially reduce the greatest amount of
emissions with the greatest ease, this approach would be limited in its overall efficacy. The resulting
reduction in emissions would only be achieved on 3 units out of over 100 in operation. Instead, by
looking more at three top ranking coal unit ‘types’, the project has the potential to identify reduction
strategies which can be replicated across a larger portion of the Indonesian fleet. The plant types
proposed are:
•

a plant nearing the end of life – representing plants likely to upgrade and/or retrofit in the
near future – SURALAYA 6;

•

a plant with SWFGD – to investigate means to reduce potential increased mercury
deposition to marine areas – PAITON I Unit 2; and

•

an inefficient plant with high intensity emissions, due for imminent refurbishment –
OMBILIN 1.

NOTES:
It Is important to emphasise that this work is based on the extrapolation of data and emission estimates
based on mercury behaviour modelling. As such, the data will never be as accurate as data obtained through
emission measurements. However, emission measurements are expensive and challenging and, until
Indonesia implements compliance monitoring across its fleet, which will take several years, the data
presented in this dataset and analyses represent the best data possible for evaluating emissions from the
Indonesian coal fleet. The current analyses provide significantly more detail and insight than would be
possible through any approach based on generic emission factors.
This work was possible due to generous funding from the US State Department.
This information would not have been available without very detailed analyses of the Indonesian coal fleet
combined with expert calculations to predict emissions – for this we are indebted to BCRC-Asia and MEMR
for their work to collate and deliver the dataset.
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