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ABBREVIATIONS AND ACRONYMS 

 

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 and utilisation or 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 

EF emission factor 

EIA environmental impact assessment 

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 

IPP independent power producer 

LHV  lower heating value 

LNB low NOx burner 

LOI loss on ignition 

mg/Nm3 milligrams per normal metre cubed 

MOEF Ministry of Environment and Forestry, Indonesia 

MEMR Ministry of Energy and Mineral Resources, Indonesia 

NDC Nationally Determined Contribution 
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NOx total nitrogen oxide and nitrogen dioxide 

PLN Perusahaan Listrik Negara, State-owned company of electricity 

PM particulate matter 

PSEF plant-specific emission 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 

UNEP United Nations Environment Programme 

UNFCCC United Nations Framework Convention on Climate Change 

USC ultrasupercritical  

USEPA US Environmental Protection Agency 

VRE variable renewable energy 

WLSFGD wet limestone flue gas desulphurisation 
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I. INTRODUCTION  

1.1. Background 

Indonesia is one of the most coal-rich regions of the world and coal mining and export 

are the backbone of the current economy and Coal currently provides 62% of the 

electricity in the country (DGE,2017). This situation due there are still regions of 

Indonesia with little or no access to power 

Emissions of mercury from thermal power stations are a subject of increasing 

concern because of its toxicity, volatility, persistence, long range transport in the 

atmosphere. Mercury has the tendency for bioaccumulation as methyl mercury and 

thus enters into the food chain. Once released into the environment, mercury 

contaminates soil, air, surface and ground water. Mercury is a neurotoxin and 

exhibits adverse health effects. Mercury is a global pollutant that is emitted, 

deposited, and reemitted on both a local and global scale in both terrestrial and 

marine environments.  

The mercury emitted from coal-fired power plants (CFPP) originates from the mercury 

present in the coal. Typically, mercury is present in the coal in the tens of parts-per-

billion (ppb) range. Burning of enormous quantity of coal for power generation makes 

it the largest anthropogenic source of mercury emissions at global level 

 

1.2 The Objective 

The objective as follow as:  

1. Assessment of quality of coals fed to CFPP; 

2. Characterization of existing power plants with regard to air pollution control 

technologies installed; 

3. Calculation of 2019 mercury emissions from the coal-fired power sector in 

Indonesia based on developed emissions factors from iPOG; 

4. Propose recommendation on how to reduce emissions and releases from the 

coal-fired power sector. 
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II. ENERGY SUPLY IN INDONESIA 

In order to evaluate emissions from the coal sector in Indonesia, it is important to 

determine the current and future status of the sector. Electrification in Indonesia 

had 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 with a 20-year business timeline. The RUKN 

has a target of 99.4% electrification for the Indonesian 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, VRE (variable renewable energy) options (such as solar and wind), hydro 

power and systems based on smaller grids will be more appropriate, especially for 

isolated islands. 

Electricity demand is expected to reach 443 TWh by 2027 when electrification 

reaches >99% of the 78.4 million 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 1 Electricity development plan, RUPTL 2019-2028  
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Figure 1 shows significant investment in the electricity sector in Indonesia, with 

expansion in transmission, substations and distribution. Expansion in the power 

plant sector is estimated at >56 GW 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 last RUPTL, which covered 2018-2027. The estimates for energy 

demand growth have only been reduced by <0.5% and the forecast for the energy mix 

also 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 more recent projections. 

 

 

 

 

  

Figure 2 Demand projection based on RUPTL 2019-2028 

 

The largest regional growth in demand is predicted for the Java-Bali region, which 

contains more than 50% of the Indonesian population, despite being only the fourth 

largest island. Growth in more remote, less densely populated regions such as 

Sulawesi, Sumatra and Papua are predicted to be significantly lower. 
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2.1 ENERGY MIX 

Energy production is expected to more than double from 28 MW in 2019 to >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, will 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 mix in the future. During the same period, the 

relative contribution from coal will decrease from >62% to >54%. However, the total 

coal capacity will actually increase. Coal use in Indonesia is not expected to peak 

until around 2035 with an eventual phase-out by 2069. 

 

 

  

Figure 3 Change in the energy mix under RUPTL 2019-2028 
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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% since then. 

Indonesia Government is forcing to accelerate the uptake of renewable energy, 

focussing on promoting private investment as well as strategies to enhance the 

integration of VRE into the grid. However, subsidies for VRE are reportedly still 

lacking and renewable energy (currently largely hydro and geothermal) only provides 

12% of the total energy mix. Despite this, Indonesia has goals for relatively rapid VRE 

uptake, with targets of 6.4 GW of solar and 1.8 GW of wind by 2025. Whilst any 

increase in VRE could lead to reduced use of fossil fuels, without significant 

advancement in energy storage, dispatchable fuels such as coal will continue to be 

required to ensure consistent capacity to the Indonesian grid and ensure security of 

supply during periods of low energy production from the VRE plant connected. 

PLN (Perusahaan Listrik Negra), the Indonesian Government-owned electrical utility, 

has invested in a floating solar 145 MW PV (photovoltaic) plant to be built in the 

Cirata Reservoir, in West Java. Additionally, Indonesia is reported to have the world’s 

second largest installed geothermal capacity of 2.1 GW, with the potential to increase 

that to 29 GW. PT Geo Dipa Energy, a state-owned enterprise in Indonesia, has 

received a $300 m loan from the ADB (Asian Development Bank) to expand its 

geothermal capacity in Java by 110 MW. 

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. Over and above this, coal contributes heavily 

to many local economies such as East Kalimantan where 35% of the provincial GDP 

in 2017 came from the coal sector. Changes to coal use would need to consider larger 

economic ramifications. 
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2.2 THE INDONESIAN COAL FLEET 

Power production from coal occurs in most of the major islands in Indonesia. Figure 

4 shows the size and location of the existing coal fleet in the country in 2019. By far 

the greatest volume of plants is located in the densely populated southern Java-Bali 

region.  

  

 

Figure 4 Current coal-fired capacity in Indonesia, 2019 

 

 

The Indonesian coal fleet is a mix of older, potentially less efficient, plants and newer 

plants, based on state-of-the-art coal combustion systems (supercritical, SC, and 

ultrasupercritical, USC). PLN owns around 55% of the current coal fleet. Independent 

Power Producers (IPP) 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.  The country will see an additional 8 GW come online in 2021-2024, 

expanding the nation’s coal fleet by a further 25%. The role of subcritical technology 

remains large in Indonesia, accounting for 80% of the fleet, or 27 GW. Of this, 16 
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GW was built after 2010 and therefore the Indonesian coal sector comprises a 

relatively young fleet. 

Figure 5 shows the trajectory of coal build in Indonesia. The country started to 

introduce advanced SC systems into the fleet in 2012 and has been increasing the 

SC capacity since then.  

 

 

  

Figure 5 Development in the Indonesian coal fleet, 2000-2024 

 

2.2.1 The existing fleet 

Over 75% of the coal fleet in Indonesia in 2017 are units >300 MW. According to the 

Institute for Essential Services Reform (IESR, 2019) the coal consumption rate 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 newer. 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) 

(WEPP, 2020). 
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ESP (electrostatic precipitators) are widespread across the fleet with >21 GW of the 

30 GW capacity in 2019 capacity fitted with controls for particulate matter (PM). 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. 

Some of the new SC units are equipped with flue gas desulphurisation (FGD) for 

sulphur control (WEPP, 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 systems are installed at units at PAITON 1, PAITON 2, and CELUKAN 

BAWANG. Wet limestone FGD (WLFGD) systems are installed at 4 units of TANJUNG 

JATI B. The new emission limits on SO2 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. The cost of this 35 GW programme was 

estimated at $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 

TABLE 1 COAL-FIRED POWER PLANT EXPANSION UNDER RUPTL 2019-2028 

 Coal Capacity, MW 

Region Mine mouth Non-mine mouth 

Sumatra 4,790 2,530 

Java-Bali-Nusra  14,766 

Kalimantan 900 1,945 

Sulawesi  1,882 

Maluku-Papua  250 

TOTAL INDONESIA 5,690 21,373 

 

There will be 5,690 MW of new mine mouth coal units in Sumatra and Kalimantan, 

where the majority of coal in Indonesia is mined. Non-mine mouth plants are planned 

for more populated regions, especially the Java-Bali-Nusra region. 
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There is a pronounced shift in the new fleet towards high efficiency low emission 

(HELE) technologies. As shown in Figure 6, there are ten new USC plants planned or 

under construction, amounting to >12 GW of new capacity. 

 

 

 COD = commercial operation date 

 

Figure 6 USC coal plants in Indonesia 

 

 

The average unit size of these new plants ranges 315-1,050 MW, marking a 

significant scaling-up of the most efficient coal-power technologies in Indonesia. The 

USC fleet is being built by Japanese and Korean-led IPPs with 2 x 1,000 MW SC from 

Chinese suppliers. Plans beyond 2024 remain uncertain as Indonesia approaches a 

five-year review of its Paris Agreement targets. 

Predicting plant build in Indonesia over a short time horizon is challenging - 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 Commitments. 

MEMR is also investigating advanced and alternative uses of coal such as gasification 
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(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. 
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III. MERCURY EMISSIONS REGULATION 

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. 

Article 8 of the Minamata Convention states that parties shall adopt guidance on the 

methodology for preparing inventories on emissions. 

The methodology for creating an inventory for each sector (including coal, but also 

applicable to other sectors such as 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; 

 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; 

 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 emission 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.  
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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 many 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 individual 

emissions from each plant annually on a plant-specific basis. This approach is used 

in the USA. Regardless of which approach the Indonesian Government chooses to 

measure mercury emissions going forward, 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 current project is to estimate emissions 

based on the most accurate and appropriate data available 

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. 

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 becoming operational after September 2018) 

must apply BAT/BEP (best available technology/best environmental practice) 

strategies to reduce mercury emissions within 5 years of ratification (therefore 

by September 2022); 

 “Existing source” (those not defined as “new”, as per the above definition) must 

apply BAT/BEP within ten years of ratification (by September 2027). 

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 before (in Chapter 2), the majority of “new” plants in Indonesia are 

state-of-the-art coal technologies with efficient boilers. Many of these plants are being 

built with flue gas controls in place already 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, going forward.  

The challenge for "existing sources" is significantly greater, as many of these plants 

are older and were not designed and built with emission control as a major 

consideration. For these plants, emission control strategies will have to be identified. 
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The definition of BAT/BEP for any coal plant varies with many factors, including coal 

characteristics, plant configuration and the presents of flue gas cleaning 

technologies. The BAT/BEP guidance produced under the Minamata Convention 

(UNEP, 2019) is a large and multifaceted document which acknowledges the 

complexity of mercury control and does not provide prescriptive instructions on how 

to control mercury. 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 Mercury Emission Limit 

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  

TABLE 2 EMISSION LIMITS FOR COAL-FIRED POWER PLANTS IN INDONESIA 

 Old emission limit, mg/m3 New emission limit, mg/m3 

Pollutant Plants operating 
pre-Dec 2008 

Plants operating 
post-Dec 2008 

Existing plants 
(operating pre-

Apr 2019) 

New plants (post 
Apr 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 

 

 

The 2008 limits were relatively lax compared to those set in North America and 

Europe. In 2019, the emission limits were tightened significantly, also shown in Table 

2. The emission limits for particulates, SO2 and NOx are now in-line with standards 

in other regions such as North America and Europe. 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 having to retrofit control technologies. Although the 

emission limits for existing plant (pre-2019) are more lenient, as shown in Table 2 

above, emission standards generally tighten over time and so those younger plants 
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which plan to operate for decades to come may face requirements for control 

technology in the future.  

Individual regions and provinces in Indonesia have the power to set tighter emission 

limits, should these be warranted by local conditions or aspirations. However, to 

date, regional limits have remained in line with national limits.  

In order to measure and police emission limits, coal plants in Indonesia larger than 

25 MW or plants smaller than 25 MW with 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. This requirement was introduced after the 2008 legislation 

and therefore applies to emissions of particulates, SO2 and NOx but not Hg. 

Emission reporting and compliance with the emission limits is under the jurisdiction 

of the local regency or city government. 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, regent, mayor) have the authority to cancel 

or suspend licences and permits should a plant be found out of compliance. Fines 

and imprisonment can be applied following repeated offences (ERIA, 2016). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 
 

IV. MERCURY EMISSIONS ESTIMATIONS 

 

4.1  Coal-Fired Power Plant 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 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, and on pre-agreed schedules between the utility and 

the electricity supplier. Plants are commonly used in “merit order”, with cost 

commonly being 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 more than others. Although 

the utilisation rate of a plant will vary, an average utilisation rate over a set period 

can be obtained for most plants. Information on plant operation must also consider 

that plants may not always run at 100% load - when power demand is lower, plants 

may continue to run over extended periods of time but may burn less coal and 

produce less power during this period. 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 which 

burn at a lower efficiently will produce less power per tonne of coal used. Since 

emissions are calculated based on power output, efficiency must be factored in. 

A 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%. These values are 

consistent with the design efficiencies of large units supplied by overseas 

manufacturers that are supplying steam systems that are being installed in 

Indonesia today by Doosan (Korea), Dongfang (China), Harbin (China), MHPS 

(Japan), and Toshiba (Japan). The operational load of each plant was considered 

when selecting similar plants to estimate proxy data for missing fields in the dataset 
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4.2 Mercury Emissions Control 

Mercury emissions can be reduced by the presence of many pollution control systems 

designed to reduce particulate, SO2 and NOx. The BCRC-Asia dataset highlighted 

the existing emission control system on the coal fleet, including determining the 

presence of absence of each of the following for each unit: 

 NOx controls (low NOx burners); 

 particulate controls - Electrostatic precipitators (ESP; hot or cold side), 

baghouse/fabric filter; 

 sulphur controls - wet limestone flue gas desulphurisation (WLSFGD) or sea 

water FGD (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 

 

4.3 Fuel Quality  

Indonesian coal plants fire indigenous Indonesian coals. Coal is produced in four 

main provinces of Indonesia: 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 3,000-6,000 kcal/kg NAR. Indonesian coal is favoured by coal buyers 

across Asia due its low cost, and low sulphur contents that range no more than 0.6-

1.0% (IHS, 2019). The South Sumatran lignite is a low rank coal with a CV of 2,150 

kcal/kg 
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Figure 7 Average CV for units >100 MW by province 

 

Over the last 3-5 years, Indonesian coal plants have been required to move towards 

coal blending. This policy is designed 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 ASTM (American Society for Testing 

and Materials) methodologies. For this updated dataset, BCRC-Asia sourced updated 

plant-specific coal data where this was available. Coal characteristic data included 

mercury content but also sulphur, halogen and ash content, both 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 (see later). 

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 
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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. 

Figures 8, 9, and 10 show the average fuel qualities used in 2020 and provide the 

proxies for other units where data were not available  

 

Figure 8 Average Hg content of coal consumed in each province, ug/kg 

 

 

Figure 9 Average S content of coal consumed in each province, % 
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Figure 10 Average Cl content of coal consumed in each province, % 

 

The bars in Figures 8, 9 and 10 represent data from coals used in each province. For 

some provinces (Central Java and East Java) there is more than one value. This 

reflects data for different plants or groups of plants which fire similar coals. 

These data on coal quality and chemical characteristics were added to the dataset 

and were used in the unit-by-unit calculations of the mercury retention factors 

 

4.4 Producing Emissions Estimate 

In order to estimate the amount of mercury being released by a coal-fired power unit, 

it is necessary to use 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 grams of pollutant emitted per kg of coal 

burned. 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). 
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During the development of the Minamata Convention, UNEP produced a “Toolkit for 

identification and quantification of mercury releases”. The UNEP Toolkit 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 g Hg/t coal. It has subsequently been reduced to 0.03 g Hg/t coal.  

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 they are available. 

The UNEP Toolkit 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 the 

combination of pollution control systems (particulate controls plus spray dry 

scrubbers/flue gas desulphurisation, 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 individualised analyses. At the moment, 

the only way to achieve this is with the application of the iPOG. 

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 burn in the utility sector as the AV value. 

 

4.5 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, 
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the average value for the 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 country-specific, EF x RF 

value for coal plants in Indonesia. The result was an adjusted emission factor of 

0.038 g Hg/t coal, somewhat lower than the UNEP value of 0.05 g Hg/t coal.  

Coals burned 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 g Hg/energy output would be far more applicable 

and informative than one based on g Hg/t coal burned. The 2017 study took an 

average value for Indonesian coals (net calorific value – 19.8 TJ/kt) to produce an 

emission factor of 1.91 g Hg/TJ. In this case, the amount of energy produced by each 

plant (TJ) was used as the AV rather than t of coal burned. This alternative EF/RF 

value was applied to the AV data for each plant in the Indonesian coal fleet to produce 

an estimated of projected mercury emissions to 2025 

 

4.6 Utilization of 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 

IEA Clean Coal Centre and AEA (Lesley Sloss and Wojciech Jozewicz), were 

intrinsically involved in the development of the iPOG (Krishnakumar and others, 

2012). Krishnakumar and others (2012) describe the development and application of 

the iPOG in detail. 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.  

As outlined by Krishnakumar and others (2012), the iPOG was designed to be used 

by non-technical policy analysists as well as emission control specialists. The iPOG 

was designed to deliver “meaningful estimates” for representative plant 
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configurations based on simple plant and coal input data. The paper emphasises 

that the iPOG simplifies extremely complex mercury chemistry and is by no means 

an accurate prediction tool. However, with expert use, 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 11 Configuration of air pollution control equipment at SURALAYA units 5,6 

and 7 

 

Figure 11 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, nor are there any relevant SO2 or NOx control 
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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 12. 

 

 

Figure 12 Input of coal parameters into the iPOG 

 

Specific data on the HHV (higher heating value) of the coal (or coal blend) were 

applied. The HHV value of the coal relates to its calorific value - defining how much 

energy is produced per g of coal burned. 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 Hg 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 iPOG. The input includes 

furnace rating as well as parameters such as economizer O2 and LOI (loss on 

ignition/unburned carbon). 
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Figure 13 Input of boiler conditions into the iPOG 

 

Following the input flow in Figures 11, 12 and 13, data were input for calculations 

of mercury emissions from SURALAYA Unit 5. Based on these input parameters, the 

iPOG estimated 29 g/hour or 3.3 g/TJ Hg emissions at SURALAYA Unit 5, as shown 

in Figure 14  

 

Figure 14 iPOG mercury emission calculations 
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Because 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 iPOG output with the 

activity value. Taking 6,369 annual operating hours for SURALAYA Unit 5 leads to 

prediction of an annual emission of mercury of 185 kg.  

To calculate the mercury emission over the remaining plant lifetime, we must 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 leaves 16 

years of remaining technical life. This results in an estimate of 2,955 kg of mercury 

emissions over the lifetime of this unit. To calculate the mercury emission value per 

unit of energy produced, the annual emissions of 185 kg of mercury can be combined 

with the plant's gross annual electricity production of 3,279,919 MWh, yielding an 

mercury emission intensity of 56.31 g of Hg/GWh. These calculations were applied 

to all relevant units in the dataset 

The results for the ranking of annual mercury emissions, on a plant by plant basis, 

are shown in Figure 15, focussing on the top 30 ranking plants. 

 

Figure 15 Top 30 units by predicted annual mercury emissions, kg 
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Although Figure 15 identifies plants that may appear to be of immediate concern, it 

is a gross 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 16 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 largely reflects the difference in utilisation rate 

for each plant - those plants running longer hours produce more mercury emissions 

than those plants which only operate occasionally. However, this graph helps to 

emphasise that larger plants are not automatically responsible for greater total 

annual mercury emissions. 

 

Figure 16 Annual mercury emissions vs unit size 
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V. CONCLUSION 

Indonesia is committed to potentially doubling its coal capacity over the next decade 

to ensure power for the growing population. At the same time, however, the country 

is taking significant steps towards ensuring that all new coal plants are clean and 

advanced technologies 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 Sep 2018) and 

"existing" plants (operational before Sep 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. The majority of "new" plants in Indonesia may 

be compliant by default with respect to Minamata requirements for BAT/BEP 

mercury control due to the comprehensive move towards the commissioning of 

cleaner and more efficient (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 new plants 

going forward. 

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 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 can be collated on actual 

emissions from plants. Until then, however, emission inventories and evaluation of 

emissions from individual plants must be based on emission factors and activity 

data. 

And so, 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. 
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In this project, a significant 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 plants 

and coals.  

The data were analysed to provide 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 this project. By focusing 

on three common plant types it should be possible to determine potential mercury 

reduction strategies which could be replicated across a significant proportion of the 

existing Indonesian coal fleet 

THE COMPLETED DATASET IS A VALUABLE 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. Perhaps the most useful conclusions of the analysis are: 

• Mercury emission rates do not correlate to plant size; 

• Mercury emission rates do not correlate to plant age; 

• Mercury emission intensity (g Hg/GW) is important, especially for plants with 

high utilisation rates and long remaining lifetimes. 

Building on the dataset, calculations were made for mercury emissions from each 

unit. Estimates were created to provide an indication of 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 mercury reduction techniques or technologies. 

There are 10 coal utility units which, together contribute over 45% of the total 

emissions from the current coal fleet (comprising >100 units) over the fleet's 

remaining operational lifetime. 
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