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Improving data quality and 

applicability in the coal sector
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Using emission factors to estimate 

emissions

Improving data

Focussing on the important differences



Pakistan has ratified the Minamata 

Convention on Mercury (Dec 2020)
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Creating an emission inventory
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A detailed approach

Most inventories are produced 

using a “top-down” approach:

Total coal burned x emission 

factor x retention factor

A far more appropriate approach is 

“bottom-up”:

Data for each unit x specific emission 

factor x specific retention factor



Emission factors for coal
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EMISSION = EF X RF X AV 

Approach Emission Factor, EF

Relates to the 

mercury content of 

the coal

Retention factor, RF

Subtracts mercury 

that ends up in ash 

etc

EF x RF

Estimates the amount 

of mercury released 

per unit of coal fired

Activity value

Multiplies to cover all 

coal used in each 

source

Comments

UNEP Toolkit* Generic – 0.05 g/kg Generic - minus 10% 0.045 g/kg Coal burn, t

Assumes all plants and 

coals are identical. 

Targets busier units, 

often unfairly

2017 UNEP Project

Coal analyses

Results averaged 

across the fleet

iPOG# model of 

generic national plant

Convert to g/TJ

Applies to all plants 

and takes average 

plant efficiency into 

account

Coal burn, t

EF and RF are now 

more accurate for the 

national coal fleet BUT 

still assumes all plants 

and coals are identical

Advanced projects 

(eg Indonesia)

Coal analysis on a unit-

by-unit basis

iPOG analysis on a 

unit-by-unit basis

Unit-specific emission 

factor

Unit-specific plant 

activity

Produces a unit-

specific emission 

estimate



Plant sampling for EF and RF
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SAMPLES TAKEN AT PLANTS IN INDONESIA

Image Image

Coal Ash

Image

Stack

• Sampling of coal as delivered and as fed into the boiler

• Coal samples from numerous mines were analysed and results collated

• Monitoring and mass balances are challenging but are still more useful 

than generic emission factors



Creating the dataset
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REAL DATA FROM PLANTS 
MISSING DATA ESTIMATED THROUGH PROXY CALCULATIONS

Unit and plant 

name

Location

Generating 

capacity

Certified operating 

and commissioning 

date

Operational load

Utilisation/capacity 

factor

Specific energy 

consumption

Annual coal 

consumption

Calorific value

Mercury content

Sulphur content

Chlorine content

Fuel quality

Flue gas 

desulphurisation

In boiler additives

NOx burners or 

SCR

PM controls

Emission 

controls
Unit 

performance

Unit/plant 

details



Using the iPOG 
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INTERACTIVE PROCESS OPTIMISATION GUIDANCE TOOL

• Input unit-specific data

• RF estimated from plant 

configuration, coal 

chemistry and control 

technologies in place

• Results based on 

extrapolation and 

modelling of data from 

thousands of real data 

sets

• Used to focus on 

RELATIVE emission 

rates, not “actual”

• Image

Demonstration to follow 



Creation of the dataset
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LIVING DOCUMENT TO BE UPDATED REGULARLY
PROVENANCE OF DATA TO BE RECORDED



• The Convention requires at least a Level 1 calculation for coal sector 

emissions, which Pakistan has produced

• A Level 2 or 3 approach, (bottom-up, using more coal and plant-specific 

data) will make cost-effective compliance easier
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Conclusions and comments

Minamata inventories



Thank you
LESLEY.SLOSS@MQ.EDU.AU

www.mq.edu.au



MERCURY FROM THE NON-FERROUS 

SECTOR
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Non Ferrous Metals 
in Article 8 Minamata 
Convention

• Smelting and Roasting only

• Metals:

– Copper

– Lead

– Zinc

– Industrial Gold





Number of mines and the reported Hg 
concentrations in 
a) Cu concentrates 
b) Pb concentrates 
c) Zn concentrates 

High Temperature Processing releases Hg

Mercury variability in ores



Non-ferrous 
metal sector in 
Pakistan (based 
on MIA, 2019)

Toolkit 

Chapter Source

5.2.3 Zinc extraction and initial 

processing

N

5.2.4 Copper extraction and 

initial processing

N

5.2.5 Lead extraction and 

initial processing

N

5.2.6 Gold extraction and 

initial processing by 

methods other than

mercury amalgamation

N

5.2.7 Aluminium extraction 

and initial processing

Y

Pakistan has deposits of several minerals including coal, copper, 
gold, chromite, mineral salt, bauxite and several other minerals; 
and there are reports of future copper and gold production



Non 
Ferrous 
Metals – 
Strong 
Growth



Emission Estimation



Tools for Inventory 
Development

Inventory Level 2 (IL2)

• a detailed mercury inventory tool

• all factors adjustable to national or local 
conditions.

• default estimation factors are pre-entered

• requires more reading and experience

• high level of accuracy, provided that the 
data needed for this are available



Other resources – 
Study Report on Non 

Ferrous Metals

Identified uncertainties and knowledge gaps 

• Hg content in ores and concentrates, at plant and 
country level

• Hg air emissions test data 

• Hg concentrations in reject material

• Hg distributions between emissions and other 
releases

• Activity data (amounts of ores and concentrates 
processed) 

• Effects of pollution control technologies, incl. on 
distribution of Hg between emissions to air, and 
capture in solid and liquid waste

• Additional quantitative information on how 
mercury deports to emissions and releases to air, 
land, water, waste and by-products 

DATA REQUIRED FOR BETTER EMISSION ESTIMATES



Mercury concentrations as a function of gold 
concentrations; samples from the Kalgoorlie 
deposit (Eviron 2006)



Improving emissions estimations

Improved data (mercury in ore and concentrates, activity data, 
control technologies and their effectiveness,…)

Individual plant data (often a large task)

Prospects for future development of mineral resources ? The 
country has the world’s second largest salt mines and fifth largest 
copper and gold reserves, and second largest coal deposits



Better 
understanding of 
ore characteristics

Gold is typically recovered from ores 
containing only traces of the metal - 
main challenge is concentrating

• Techiques:

– Cyanide leaching; gold must be 
available for leaching

– Mercury amalgamation – 
largely now only used in ASGM

– Refractory ores – hard to leach 
ultra-fine mercury; requires 
pre-treatment (roasting, 
oxidation, … ) 



Reducing mercury 
emissions



BAT/BEP 
Reduction of Hg 
emissions

• Boliden-Norzink process

– Hg + HgCl2 → Hg2Cl2 
(calomel)

• Selenium filter

– Se + Hg → SeHg

• Activated carbon

• Co-benefits of air pollution 
abatement technologies

– Particulate matter, SO2, 
NOx



Case Study: 
Nevada Gold Plant

• Controls employed:

• Cyclone separation

• Gas Quench

• Venturi gas scrubbing

• Gas condenser

• Wet electrostatic precipitator 
(ESP)

• Calomel scrubber



Mercury Removal Technology Process Conditions Advantages Disadvantages

Carbon Filter beds Efficiency = 99% • Effectively removes 

mercury chloride

• Untreated carbon 

ineffective in removing 

elemental mercury

Fixed activated carbon filter 

beds

Efficiency = 90% • Sulfur-impregnated 

activated carbon is 

commercially available

• Removes Hg0 and other 

species

• Low potential for 

leaching of mercury 

from spent carbon

• Spent carbon requires 

disposal in landfill

Activated carbon injection Efficiency = 90-95% • Sulfur-impregnated 

activated carbon is 

commercially available

• Removes Hg0 and other 

species

• Low potential for 

leaching of mercury 

from spent carbon

• Spent carbon requires 

disposal in landfill

Lime/limestone scrubbing Efficiency = 10-84% • Effective for water 

soluble species

• Ineffective for elemental 

mercury

• Wastewater requires 

treatment prior to 

disposal

Selenium filters Efficiency = 99.6%

Max HgIN = 9 mg/m3

Max HgOUT = 40 g/m3

• Successful installation at 

metallurgical plants

• Limited inlet mercury 

concentration

• Ineffective for species 

other than elemental 

mercury

• Spent filter requires 

disposal in landfill

Boliden-Norzink process Efficiency = 99%

Max HgIN = 5-80 mg/m3

Max HgOUT = 20-50 g/m3

• Widely demonstrated

• Mercury removed as 

marketable product

• Removes only elemental 

mercury

• Complicated flowsheet

• Chlorine gas handling



Introduction: Minamata Convention on Mercury, 
Article 8, emissions inventories

Workshop to enhance inventories and strategies under Article 8 of 
the Minamata Convention in Pakistan, 6 June 2024

Alexander Romanov, UNEP-GEF Chemicals and Waste (alexander.romanov@un.org)

on behalf of the Secretariat of the Minamata Convention on Mercury

mailto:alexander.Romanov@un.org


The Print sourced from:

Science for Environment Policy (2017) Tackling mercury

pollution in the EU and worldwide. In-depth Report 15

produced for the European Commission, DG 

Environment by

the Science Communication Unit, UWE, Bristol. 

Available at:

http://ec.europa.eu/science-environment-policy

Mercury around us



Mercury around us

Science for Environment Policy (2017) Tackling 

mercury

pollution in the EU and worldwide. In-depth Report 15

produced for the European Commission, DG 

Environment by

the Science Communication Unit, UWE, Bristol. 

Available at:



Mercury around us



Mercury – pollutant of the global concern



GMA 2018 - Update on global Hg pools and cycles



Minamata Convention of Mercury

• Objective: to protect the human health and the 

environment from anthropogenic emissions and 

releases of mercury and mercury compounds.

• Adopted in October 2013, entered into force in 

August 2017.

• Mercury is a chemical of global concern owing to its:

 Long-range atmospheric transport,

 Persistence in the environment once 

anthropogenically introduced,

 Ability to bioaccumulate in ecosystems, and

 Significant negative effects and human health 

and the environment.

• Recognizes the lessons of Minamata Disease, in 

particular the serious health and environmental 

effects from mercury pollution.
See Minamata Convention at a Glance

https://www.mercuryconvention.org/en/resources/minamata-convention-mercury-glance


Parties to the Minamata Convention

►148 parties as of May 2024

For most recent list of parties, see UN Treaties Section website

https://treaties.un.org/Pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-17&chapter=27&clang=_en


Control measures and support measures



Major obligations of the parties to the Minamata 
Convention

• Article 3: Not allow new mercury mines and close old ones in 15 years

• Article 3: Only export mercury with written consent of importing 

countries

• Article 4: Phase out listed mercury-added products by 2020 (2025 for 

newly-added product categories.

• Article 4: Take measures to phase down dental amalgam

• Article 5: Phase out listed mercury-using processes by 2018 or 2025, 

and take measures to restrict other listed processes

• Article 7: Develop and implement national action plans on artisanal 

and small-scale gold mining in 3 years

• Article 8: Take measures on new emission sources in 5 years and 

existing sources in 10 years. Establish emission inventory in 5 years

• Article 9: Identify relevant sources and take measures. Establish 

release inventory in 5 years

• Article 10: Take measures on interim storage

• Article 11: Manage mercury waste in an environmentally sound 

manner

• Article 12: Endeavour to develop strategies

• Article 21: Report on the implementation of the Convention
See Overview of Key Operational Articles

https://minamataconvention.org/en/resources/key-control-measures-under-minamata-convention


Global Mercury Assessment 2018

• The predominant source 

sector is artisanal and small-

scale gold mining (about 

38%).

• It is followed by stationary 

combustion of coal (about 

21%), non-ferrous metal 

production (about 15%) and 

cement production (about 

11%).



Article 8 of the Minamata Convention

►Controls the emissions of total mercury to air from the following sources listed in Annex D:

• Coal-fired power plants

• Coal-fired industrial boilers

• Smelting and roasting processes used in the production of non-ferrous metals (lead, zinc, copper and 
industrial gold)

• Waste incineration facilities

• Cement clinker production facilities.

►Parties with relevant sources shall take measures to control emissions and may prepare a national plan, 
which is to be submitted within 4 years after the entry into force if prepared.

►For new sources, each Party shall require the use of BAT/BEP to control and reduce emissions, as soon 
as practicable but no later than 5 years after the date of entry into force.

►For existing sources, each Party shall include in any national plan, and shall implement, one or more of 
the following measures, as soon as practicable but no more than 10 years after the date of entry into 
force:

• A quantified goal

• Emission limit values

• The use of BAT/BEP

• A multi-pollutant control strategy that would deliver co-benefits

• Alternative measures to reduce emissions from relevant sources

►Each Party shall establish, as soon as practicable and no later than 5 years after the date of entry into 
force of the Convention for it, and maintain thereafter, an inventory of emissions from relevant 
sources.



Guidance under Article 8 of the Minamata Convention

►Decision MC-1/4 

• Adopted the guidance on BAT/BEP and on support for 
parties in implementing the measures 

• Recognized that some of the measures described in the 
guidance may not be available to all parties for technical 
or economic reasons, 

• Requested parties with experience in using such 
guidance to provide the secretariat with information on 
that experience, and the secretariat to compile such 
information and to update the guidance as necessary.

►Decision MC-1/16

• Adopted the guidance on criteria that parties may 
develop to identify emission sources, and on the 
methodology for emission inventories.

https://minamataconvention.org/en/resources/guidance-best-available-techniques-and-best-environmental-practices


UNEP's Toolkit for identification and quantification of mercury releases

►UNEP's Toolkit for identification and quantification of mercury releases –aka UNEP Mercury
Toolkit – is intended to assist countries to identify and quantify the sources of mercury
emissions and releases, set priorities and reduction targets, enhance international co-operation,
knowledge sharing, and enable targeted technical assistance.

►Inventories from countries contribute to the Global Mercury Assessment, the hub of the
scientific knowledge of worldwide mercury emissions and releases.

►The Toolkit provides clear guidance on different stages of inventory development: identifying
mercury sources, quantifying the consumption and calculating the final emissions and releases.

►The Toolkit includes detailed manual, calculation spreadsheet and a standard template for
reporting.

►The Toolkit is one of the methods recommended in guidance from the Minamata Convention
on preparing inventories of emissions pursuant to Article 8.



UNEP's Toolkit for identification and quantification of mercury releases

Source: https://www.unep.org/topics/chemicals-and-pollution-action/pollution-and-health/heavy-metals/mercury/mercury-inventory

+ Excel calculations sheets for Level 1, Level 2, and Level 3 inventories

Inventory Level 1 (IL1) – simplified model based

on default factors, requires national sectoral activity

rate data; useful for first-time inventories, yet less

accuracy of emission/release estimates should be

expected

Inventory Level 2 (IL2) – detailed mercury

inventory tool, all emission/release factors can be

adjusted to national/local conditions (default factors

are included), requires detailed national sectoral

data to fully reflect mercury cycles

Inventory Level 3 (IL3) - integrates all mercury

sources into their entire mass flow through and out

of society to the environment linking different

mercury sources and provides increased accuracy

in estimations; most data- and expertise-intensive

https://www.unep.org/topics/chemicals-and-pollution-action/pollution-and-health/heavy-metals/mercury/mercury-inventory


UNEP's Toolkit for identification and quantification of mercury releases

https://minamataconvention.org/sites/default/files/documents/minamata_initial_assessment/South_Africa-MIA-2021-EN.pdfhttps://minamataconvention.org/sites/default/files/documents/minamata_initial_assessment/Zambia-MIA-2017.pdf

Minamata Initial Assessment Report for Zambia (2017) Minamata Initial Assessment Report for South Africa (2021)

https://minamataconvention.org/sites/default/files/documents/minamata_initial_assessment/South_Africa-MIA-2021-EN.pdf
https://minamataconvention.org/sites/default/files/documents/minamata_initial_assessment/Zambia-MIA-2017.pdf


UNEP's Toolkit for identification and quantification of mercury releases

►https://mercurylearn.unitar.org/

►Online training modules on the UNEP's 
Toolkit for identification and 
quantification of mercury releases 
Inventory Level 1 and 2

►Self-paced, available in English and 
Spanish

https://mercurylearn.unitar.org/


Minamata Convention Initial Assessments

https://public.tableau.com/app/profile/mark.burton.bri/viz/MIAMercuryInventoryDashboard/Main_Dashboard?publish=yes

https://public.tableau.com/app/profile/mark.burton.bri/viz/MIAMercuryInventoryDashboard/Main_Dashboard?publish=yes


Minamata (training) Tools

Developed with the generous support o f the European Union a s part of project
"Support to the capaci t y -bui ld ing a n d technical a s s i s t a n c e programme of the
Secretariat of the M i n a m a t a Convention on Mercury"



►https://www.unssc.org/courses/minamata-tools-0

https://www.unssc.org/courses/minamata-tools-0


Minamata Online

Minamata Online series of virtual webinars on various topics related

to the Minamata Convention on mercury since 2020

https://minamataconvention.org/en/meetings/upcoming-list-

view?field_event_type_target_id=287

https://minamataconvention.org/en/meetings/upcoming-list-view?field_event_type_target_id=287


Thank you for your attention

Secretariat of the Minamata Convention on Mercury

United Nations Environment Programme

11-13, Chemin des Anémones - 1219 Châtelaine, Switzerland

WEB: www.mercuryconvention.org

MAIL: MEA-MinamataSecretariat@un.org

TWITTER: @minamataMEA

#MakeMercuryHistory

https://minamataconvention.org/

https://twitter.com/hashtag/MakeMercuryHistory?src=hashtag_click


One-day working event on inventory production and compliance strategies for the South African 
Coal fleet under the Minamata Convention

6 June 2024

Using Inventory Data and Planned Policies to 

Inform Future Emission Scenarios in Pakistan



Faculty of Science and Engineering | School of Natural Sciences 2

Activities

• Review scientific data on mercury 

emissions from CFPPs 

• Evaluate the impact of commitments and 

targets by UN Conventions on 

Hg/GHG/POP emissions from the coal 

sector

• Potential mercury reduction figures & 

scenarios from CFPPs produced

 Expand to Coal-Fired Industrial 

Boilers (CFIB)

Project Outcomes



Pakistan Energy Mix
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ENERGY INSTITUTE – STATISTICAL REVIEW OF WORLD ENERGY
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A large expectation of non-fossil fuels 

to meet increased power demand and 

supply.

• Share of non-fossil energy 

resources still low



Global Mercury Assessment 2018
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PAKISTAN IN THE GLOBAL CONTEXT

China, 81

India, 61

South Africa, 28
United States, 19

Germany, 11

Indonesia, 8

Poland, 7

Turkey, 7

Russia, 6

Kazakhstan, 5

Other, 59

GMA 2018_SC-PP-COAL (TONS/YEAR)

China, 63

India, 39

South Africa, 3

Vietnam, 2

United States, 2

Indonesia, 2

Thailand, 1
Pakistan, 1

Kazakhstan, 1

Turkey, 1

Other, 9

GMA 2018_SC-IND-COAL (TONS/YEAR)

Stationary Combustion of Coal at Power Plants 

292 tons/year

Stationary Combustion of Coal at Industrial Boilers 

126 tons/year

China & India = 73% - 83% global coverageChina, India & South Africa = 47% - 59% global coverage



Pakistan Coal-Fired Power Plants 
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Historic capacity (EMBER database)

LARGE INCREASE SINCE 2015 – EST. 7,6GW (2023)

Coal consumption in power plants (MIA 2021):

4,436,100 tonnes / year (Economic Survey of Pakistan -

2016-2017). 

• Sub-bituminous (brown) coal (2,825,000 t/y)

• Lignite (brown) coal (1,611,100 t/y)

* Coal type influence mercury removal efficiency as 

mentioned in Minamata toolkit & POG
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Global Energy Monitor – Global Coal Plant Tracker 

database
HTTPS://GLOBALENERGYMONITOR.ORG/PROJECTS/GLOBAL-COAL-PLANT-TRACKER/ 

6



Pakistan Minamata Initial Assessment 2021
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CFPPs:
Emission to air:

• 0.167 tonnes / year

MCM RATIFICATION – DECEMBER 2020

CFIBs:
Emission to air:

• 0 tonnes / year – contrasting result from GMA 

2018

Row Labels
Sum of Emission 
estimate, kg

Sum of Low range 
estimate, kg

Sum of High range 
estimate, kg

CEM 3488 1232 18387.2

SC-IND-coal 1270.8 686.232 3028.74

SC-PP-coal 17.775 9.5985 42.36375

Grand Total 4776.575 1927.8305 21458.30375

GMA 2018

Mercury input factor (mg Hg/ kg coal)

0.15



Methodology – CFPP emissions 
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BASELINE DATA FROM THE GLOBAL ENERGY MONITOR

Country- & Unit-level information

• Capacity (MW)

• Start/Planned retirement year

• Combustion technology

• Coal type

• Heat rate (Btu/kWh) - https://www.gem.wiki/Estimating_carbon_dioxide_emissions_from_coal_plants

• Capacity factor - Global average from International Energy Agency's (IEA) World Energy Outlook

• Remaining plant lifetime

https://globalenergymonitor.org/projects/global-coal-plant-tracker/

https://globalenergymonitor.org/projects/global-coal-plant-tracker/methodology/

E.g., Heat Rate 

– Pakistan CFPP units

Low – 8,272 Btu / kWh

High – 10,326 Btu / kWh

https://www.gem.wiki/Estimating_carbon_dioxide_emissions_from_coal_plants
https://globalenergymonitor.org/projects/global-coal-plant-tracker/
https://globalenergymonitor.org/projects/global-coal-plant-tracker/methodology/


Methodology – CFPP emissions 
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BASELINE DATA FROM THE GLOBAL ENERGY MONITOR

Assumptions/uncertainties

• Default 40-year plant life expectancy 

• New project start year (where not indicated) – operational by 2030

• Mercury emissions

o Defined APCD configurations on unit level limited

o Assumption – ESP only for existing units, ESP + FGD for all new builds (construction/pre-construction)

o Unit-level capacity factors

o Unit-level GCV (kJ/kg coal) – average levels per coal type based on Annex 28 of the Stockholm Convention Toolkit

o Mercury coal input factor – 0.15 mg/kg – Default input factor & also used in Pakistan’s MIA

o Limitations: Additions of mercury-specific controls, Br additions, coal washing, Hg speciation, Cl content, coal 

blending/co-firing

GCV (kJ/kg coal) Av

Bituminous 29300

Subbituminous 14500

Anthracite 30667

Lignite 8583

Unknown 25000

Waste coal 25000

Stockholm Convention 

Annex 28 averages



CFPP capacity outlook - Pakistan
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Business-as-usual (BAU)

2024: 7.6GW

2030: 8.4 - 12.4GW

2050: 8.4 -12.4GW

10-year early retirement (AERS)

2030: 8.4 - 12.4GW

2050: 5.5 - 9.5GW



Methodology – Mercury Emissions Estimate 

(UNEP toolkit)

Mercury emission (kg/year) = Coal consumption * IF * ((100-RF)/100)

HRV / GCV * CAP * CF * 9.24E03

Pakistan CFPPs (2023) = 21.7 million tonnes / year

China 0,17 Liu et al., 2019

India 0,22 India country profile GEF/UNEP

Indonesia 0,06 BCRC-SEA, 2017

Vietnam 0,28 UNEP, 2017

Philippines 0,08 USGS

Thailand 0,14 USGS

Malaysia 0,08 USGS

South Africa 0,21 https://link.springer.com/article/10.1007/s12665-021-10046-5#:~:text=Mercury%20in%20the%20coals,2010%3B%20Bergh%20et%20al 

REMAINING WORLD 0,15 USGS

Australia 0,08 USGS

United States 0,13 https://pubs.usgs.gov/fs/fs095-01/fs095-01.html 

Mercury input factor by country (mg/kg) - USGS default



CFPP Mercury Emissions 
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BAU – Business as Usual

AERS – Early Retirement

• All subcritical CFPPs retire 10 years 

earlier

CFS (Capacity factor scenario)

• 2024 – 0.53 (default global average)

• 2030 – 0.3

• 2050 – 0.2

RETROFIT scenario

Remaining lifetime 20

Original APCD configuration ESP

New APCD configuration ESP + FGD

Unit status to retrofit Operating

Retrofit by 2030

RETROFIT scenario criteria

More alternative energy resources 

(e.g., RE, nuclear, etc)
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Activities

• Synthesis of results from completed & 

ongoing CFPP projects

• Selection criteria: Future projects based on 

highest impact potential 

o Guidance on where to support large scale 

projects – Training/Capacity-Building

• Assist public and private sectors in their 

decision-making processes

OUTCOME 2: 

STRATEGY FOR THE COAL 
SECTOR’S EMISSIONS 

REDUCTION CONTRIBUTION 
TO STOCKHOLM AND 

MINAMATA CONVENTIONS

Project Outcomes
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Coal-phase out & renewable energy 

development:

Limitation – “…long-term green 

benefits have been superseded by 

Pakistan’s short-term concerns 

regarding energy security…”

“…Achieving transformative change 

and diminishing the role of coal in the 

medium to long term requires a deep 

understanding of the local political 

economy…”

Pakistan’s continued reliance on 

China for future renewable energy 

growth



Thank you
CONTACT: 

PETER NELSON

PETER.NELSON@MQ.EDU.AU

PROF. LESLEY SLOSS

LESLEYSLOSS@GMAIL.COM

mailto:Peter.nelson@mq.edu.au
mailto:LESLEYSLOSS@GMAIL.COM


Workshop to enhance inventories and 
strategies under Article 8 of the Minamata 
Convention in Pakistan

Virtual Event
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Inventory enhancement for coal using the iPOG



Background
• iPOG is an interactive application for UNEP’s POG

• Developed for UNEP Coal Partnership by Niksa 
Associates

• Tool to help determine approaches to Hg emission 
control and rank them for individual coal-fired units

• Tradeoffs were made to only include basic inputs 
at the expense of quantitative accuracy

• Allows for addition of flue gas cleaning approaches 
and systems according to BAT/BEP

• Improved fuel quality and blending

• PM, SO2, and NOX control systems for co-benefit

• Dedicated Hg control technology

• Follows “Decision Tree” logic from the POG



iPOG “Decision Tree” Structure



iPOG Calculations Tab - Example

• Final tab to initiate calculations sequence

• In this example: older but well-controlled 500 MW, wall-fired boiler, 
burning low-S coal, cold-side ESP

• Essentially no Hg removal predicted (<10%)

• Estimated Hg emissions of 24 g/h or up to about 0.2 ton Hg/year



Data Quality Very Important

• Stakeholders should ensure that any missing data 
are obtained directly from the plant considered for 
the project rather than by the proxy calculations

• Unit details: generating capacity, commissioning 
date, planned retirement

• Unit performance: operational load, utilization, gross 
efficiency, coal consumption, LOI

• Coal quality: calorific value, ash-S-Hg-Cl content

• Emissions controls: PM, FGD, Hg controls

• Quality data in – Quality results out! 



Variability Examples
HV Hg

S Cl



Bituminous Coal Fired Unit

• 300 MW unit with ESP 

• Only about 12% Hg removal; emissions 55% of Hg0 and 45% 
of Hg++



Lignite Coal Fired Unit

• 300 MW unit with ESP

• Only about 10% Hg removal; emissions 66% of Hg0 and 34% of Hg++

• Emission control of Hg from lignite is generally the most demanding



Improvement Strategies
• Various techniques and technologies can be considered to 

improve Hg capture by the coal-fired power plant’s system.  For 
example,

• Replacement of ESP with an FF - Hg removal increased to 
49 and to 17% for lignite and subbituminous coals, 
respectively.

• Plus: ACI immediately upstream of FF- Hg removal 
increased to over 80% for both coals.

• Wet FGD addition for SO2 - co-benefit Hg removal of 49% for 
ESP and wet FGD system.

• Improvement possible with addition of oxidising agent to coal 
(to augment oxidised Hg fraction), or

• ACI immediately upstream of the ESP (to adsorb Hg vapour)

• 60-85% Hg removal, depending on the amount of chemical 
added.



Summary

• Limited information on FGD installation and 
performance throughout the country

• iPOG can be used to predict Hg removal

• Data of good quality is needed for accurate 
predictions

• Improvement strategies possible for units of 
varying size and age



Thank you!
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