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Preface

Technical Background Report to the Global Mercury Assessment 2018

This report details the technical background to the Global
Mercury Assessment 2018 that has been developed in response to
adecision at the twenty-seventh session of the Governing Council
of the United Nations Environment Programme (Decision 27/12
(II1.21)) that requested the Executive Director “to provide an
update [to the GMA 2013 report] within six years”. The Global
Mercury Assessment 2018 (summary for policy-makers) was
delivered to the fourth session of the UN Environment Assembly
(UNEA4) in March 2019.

This technical background report has been developed in
collaboration with the Arctic Monitoring and Assessment
Programme (AMAP). As such, this report also constitutes a
contribution to the work of AMAP and the Arctic Council.

Chapter 2 (Recent advances in understanding global mercury
cycling), Chapter 3 (Global emissions of mercury to the atmosphere
from anthropogenic sources) and Chapter 8 (Relationships
between trends in atmospheric mercury and mercury in aquatic
biota) of this report were developed by a joint UN Environment/
AMAP Expert Group, building on the competence established
during the AMAP/UN Environment collaboration that resulted
in the Technical Background Report to the 2013 Global Mercury
Assessment report. Chapters 2 and 8 were prepared under the
leadership of experts from the Geological Survey of Canada and
University of Manitoba (Canada), and work on Chapter 3 was
coordinated by experts from AMAP Secretariat and Swedish
Environmental Research Institute (IVL).

Chapter 4 of this report (Levels of mercury in Air) and
Chapter 7 (Mercury concentrations in biota) were prepared under
theleadership of experts from the UN Environment Mercury Air
Transport and Fate Research Partnership Area.

Chapter 5 (Atmospheric pathways, transport and fate) was
prepared by a UN Environment/AMAP expert group under
the leadership of experts from the Meteorological Synthesising
Centre East (Russia).

Chapters 6 (Releases of mercury to the aquatic environment from
anthropogenic sources) was prepared by a UN Environment/
AMAP expert group under the leadership of experts from the
Institute Jozef Stefan (Slovenia).

Chapter 9 (Mercury levels and trends in human populations
worldwide) was prepared by a UN Environment/AMAP expert
group in collaboration with experts from the World Health
Organization.

The work on Chapters 6, 7 and 8, addressing mercury in aquatic
systems, and Chapter 9, addressing mercury exposure in human
populations represent significant extensions to the subject matter
considered in the 2013 Global Mercury Assessment.

In producing, in particular Chapters 3 and 6 of the report, and
the associated 2015 global inventories of emissions of mercury to
air and releases to aquatic systems from anthropogenic sources,
efforts were made to engage a wide participation of national experts
from regions around the globe. Thanks to funding provided by
Canada, Denmark, Japan, Sweden, Norway, the Nordic Council of
Ministers, and the EU, experts from Argentina, Australia, Brazil,

China, Denmark,, Egypt, India, Indonesia, Japan, Malaysia,
Mexico, Norway, Republic of Korea, Russia, Slovenia, South
Africa, Sweden, Vietnam and the USA actively participated in
the work to develop Chapters 3 and 6 of this report. Experts from
the cement and oil and gas industrial sectors also contributed to
this work, together with experts from UN bodies coordinating
inventory work under the Minamata Convention and under
the UN ECE Convention on Long-range Transboundary Air
Pollution. Expertise and information made available through
the UN Environment Partnership area on Mercury Control from
Coal Combustion Information was used, as were data acquired
during the preparation of the UN Environment report on Global
Mercury Supply, Trade and Demand). The sections concerning
artisanal and small-scale gold mining were developed through
cooperation with experts from the UN Environment Partnership
on Reducing Mercury in Artisanal and Small-scale Gold Mining
and from the Artisanal Gold Council (AGC). The contributions
made by all of these experts were much appreciated.
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AUTHORS: SIMON WILSON, JOHN MUNTHE, EIsAKU Topa

11 Background and mandate

This report constitutes the Technical Background to the
Global Mercury Assessment (GMA) 2018. The GMA2018 is a
response to a request, in 2013, from the Governing Council of
UN Environment (the UN Environment Assembly - UNEA)!
which called for an updated Global Mercury Assessment for
delivery no later than 2019.

The GMA2018 is the fourth such assessment undertaken
by the United Nations Environment Programme (UN
Environment) (UNEP, 2002; UNEP, 2008; UNEP, 2013) and
is the second assessment produced by UN Environment in
collaboration with the Arctic Monitoring and Assessment
Programme (AMAP) (AMAP/UNEP, 2013).

The Technical Background to the Global Mercury
Assessment 2018 forms the basis for the statements made
in the GMA2018 Report (UN Environment, 2019); it is fully
referenced and peer-reviewed according to standard scientific
practice. As such, it is the single reference for the (policy-makers
summary) GMA2018 report (UN Environment, 2019).

The first three Global Mercury Assessments (UNEP, 2002;
UNEP, 2008; UNEP, 2013) provided scientific information that
contributed to the negotiations that resulted in the Minamata
Convention on Mercury (UN Environment, 2017), which was
adopted in October 2013 and entered into force in August 2017.

Although the work to produce the GMA2018 was not
formally connected with activities that were taking place in
parallel to implement the Minamata Convention (work is
conducted under the auspices of the Minamata Convention
Conference of Parties; COP), it was recognized that parts of the
GMA2018 would be of interest to the Minamata process. For
example, the Minamata process includes new work to develop
national inventories of emissions to air and releases to land
and water through Minamata Initial Assessments (MIAs)
and emissions inventory work under the GMA provided
comparative information that was used to provide feedback
to those initiatives, as described in Chapter 3. Selected results
of the GMA2018 were presented at the Minamata Convention
COP2 in Geneva in November 2018.

The GMA2018 Technical Background report is prepared by
an international group of experts identified by UN Environment
and AMAP It includes contributions from the UN Environment’s
Mercury Partnership, in particular its partnership areas on
mercury in artisanal and small-scale gold mining, and mercury
air transport and fate; the AMAP mercury expert group; experts
working with the UN Economic Commission for Europe
Convention on Long-range Transboundary Air Pollution;
World Health Organization; industry; and nongovernmental
organizations. Each chapter was prepared by an expert author
group and was subject to a comprehensive international peer-
review process to ensure its scientific accuracy.

1.2 Scope and coverage

In updating the GMA2013 (UNEP, 2013), the GMA2018
provides the most recent information available for the
worldwide emissions to air, releases to water, transport
of mercury in atmospheric and aquatic environments,
and levels in air and biota. The GMA2018 complements
previous GMAs (UNEP, 2002; UNEP, 2008; UNEP, 2013) and
intentionally avoids repetition of information contained in
those assessments. The GMA2018 Technical Background report
reflects progress made by the scientific community, national
authorities and organizations, and reviews and summarizes
information from the recently published scientific literature
(in the period 2013-2018), supplemented where necessary by
other sources. The GMA2018 is intended to provide a basis for
decision making; therefore, emphasis is given to anthropogenic
emissions (mercury entering the atmosphere) and releases (to
water) associated with human activities.

The evaluation of information on mercury levels in humans is
anew component of GMA2018 and benefits from contributions
from experts from the World Health Organization. Other new
components introduced in the GMA2018 include a (first) global
inventory of mercury releases to aquatic environments from
anthropogenic sources, and a review of mercury levels in biota.

The report is structured according to four main subject
areas:

o Understanding global mercury cycling (Chapter 2)

o Air: anthropogenic mercury emissions to air (Chapter 3),
mercury levels in air (Chapter 4), atmospheric transport
and fate (Chapter 5)

o Water: releases to water (Chapter 6), the cycling and
methylation of mercury in the aquatic environment, and
relationship between trends in atmospheric mercury and
mercury in aquatic biota (Chapter 8);

o Biota and Humans: observed levels of mercury in biota
(Chapter 7), and observed levels and trends of mercury
exposure in humans (Chapter 9).

Chapters 6, 7, 8 and 9 in particular constitute new additions
to the GMA and are subjects that were not addressed in the
GMA2013 (AMAP/UNEP, 2013; UNEP, 2013).

Global inventories for mercury emissions to air from
anthropogenic sources have been produced at about five-
year intervals since 1990 by scientific groups associated with
assessments of mercury in the Arctic prepared by AMAP.
Cooperation with AMAP therefore focused on chapters
concerned with global mercury cycling, emissions to air
from anthropogenic sources, and cycling and methylation
of mercury in the aquatic environment. Cooperation with
the World Health Organization was sought during the

! Twenty-seventh session of the UNEP Governing Council/Global Ministerial Environment Forum, Nairobi, 18-22 February 2013. UNEP Governing Council
Decision 27/12 (I11.21) “Acknowledges the 2013 update of the 2008 report from the Executive Director: ‘Global Atmospheric Mercury Assessment: Sources,
Emissions and Transport’ and requests the Executive Director to provide a further update within six years”.
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preparation of Chapter 9 on mercury exposure in humans,
and this part of the GMA work was co-sponsored by the
World Health Organization.

It should also be recognized that the GMA2018 is not
a complete review of all aspects of global mercury cycling.
Specifically, it does not address mercury releases to land (other
than combined releases to land and water associated with
artisanal and small-scale mining). It should also be noted that
in the GMA2018, ‘mercury’ refers to the chemical element
in all forms, in contrast to the Minamata Convention, which
distinguishes ‘mercury’ from ‘mercury compounds.

The chapters on emissions to air and releases to water use
both national and independently compiled global data on
activity levels to derive estimates of emissions and releases using
a standardized methodology. As such, the resulting estimates
are not official national estimates.

The Global Mercury Assessment is based on improved
information for estimating emissions and releases and improved
understanding of the mercury cycle in the environment.
Information about mercury exposure in animals and humans
reflects increased recent availability of results from mercury
research and monitoring around the world.

Further improvements in our understanding of mercury
can further refine the ability to identify efficient actions to
reduce mercury pollution and its effects. Such improvements
include basic research on aspects of the mercury cycle as well
as systematic monitoring methods to expand the geographic
coverage of measurements of mercury pollution. As a chemical
element, mercury cannot be destroyed. Mercury removed
from fuels and raw materials in order to reduce emissions will
result in mercury-contaminated waste, which in turn can be
a source of releases. Mercury removed from emissions and
from releases must still be managed responsibly to avoid it
becoming a waste management problem or a secondary source.
Understanding how mercury removed from current uses and
sources is currently managed and how it can be safely managed
and stored in the future will help account for the full life-cycle of
mercury that is mobilized through human activity, safeguarding
the environment and humans when it is removed.

Technical Background Report to the Global Mercury Assessment 2018
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2. Recent advances in understanding of global mercury cycling

AUTHORS: PETER OUTRIDGE, ROBERT MASON, FEIYUE WANG, LARS-ErR1C HEIMBURGER-BOAVIDA, XINBIN FENG

Key messages

o Considerable work has been published in the world literature
concerning global mercury (Hg) cycling and budgets, since
the last Global Mercury Assessment in 2013. A major
point of recent debate has been the impact of historical
atmospheric emissions, mainly from silver and gold mining
and amalgamation in the 16th to late 19th centuries, on
current Hg levels in the environment, especially the oceans.

o Based on an evaluation of historic information, and of
atmospheric Hg fluxes recorded in lake sediment, peat bog
and glacier ice archives, the weight of evidence at present
strongly supports a ‘low mining emission’ scenario.

o Building on a global model using the low emission scenario,
this assessment estimates human activities to have increased
total atmospheric Hg concentrations by about 450% above
natural levels (i.e., those before 1450 AD). The anthropogenic
effect represents an increase in mass of 3600 t above the
natural value of 800 t for a current total of 4400 t. This
increase includes the impact of revolatilization from soils
and oceans of the ‘legacy’ Hg emitted from natural and
human sources in the past but which is still circulating in

the biosphere.

o Current anthropogenic emissions to air are estimated at
2500+500 t/y, which is the sum of the documented emission
inventory presented later in this Assessment (2220 t/y) and
undocumented releases from likely important sources such as
agricultural waste burning, and municipal and industrial waste.

o Bearing in mind the uncertainties in natural and anthropogenic
emission estimates, and the many deficiencies in our
understanding of the processes and flux rates governing Hg
transport and fate between the air, soil and ocean compartments,
the best information currently available suggests that the
increase in atmospheric Hg concentrations has driven a ~310%
increase in average deposition rates to the Earth’s surface in

2.1 General overview

An improved understanding of the global mercury (Hg) cycle
is important for our capacity to predict how regulatory efforts
to reduce current emissions to air, water and land will affect
Hg concentrations in environmental compartments, biota
and humans. The aim of this chapter is to provide a broad
perspective for all subsequent chapters by describing the sources,
transport and fate of Hg, especially anthropogenic Hg, in the
global environment. Owing to its scale and chemical complexity,
and the lack of detailed information for many aspects of it,
the planetary Hg cycle is best described and communicated
in a quantitative manner by using the budgets derived from
global-scale models. This chapter presents a synthesis of recent
advances in knowledge of the global Hg cycle, including the
influence of historic emissions on current anthropogenic Hg

recent decades. This is the largest source (~90%) of Hg in the
surface ocean; rivers are minor contributors.

o Surface marine waters have shown a 230% increase in Hg
concentrations above natural levels. The increase in surface
soils (~15%) has been an order of magnitude lower due
to the large mass of natural Hg present in soils from rock
weathering. Evasion of dissolved gaseous Hg from the ocean’s
surface back to the atmosphere has increased 250%. Deeper
marine waters show increases of only 12-25% above natural
levels owing to the slow rate of penetration of anthropogenic
Hg and the large volume of mid- and deep-ocean waters.

Even using the low mining emission scenario, the cumulative
effect on today’s oceanic Hg cycle of several centuries of emissions
has been dramatic, with about two-thirds of the overall increase
in marine Hg concentrations occurring before 1920 (mainly due
to precious metal mining and associated cinnabar refining).
About 20% of the overall increase is due to coal combustion since
1920, and another ~10% is due to other industrial activities.

o Marine Hg concentrations are expected to show a slow
recovery following regulatory reductions in global Hg
emissions (on the order of decades to centuries depending on
the ocean basin and the trajectory of reductions). Mercury has
a relatively long half-life in surface soils and marine waters,
because of its recycling between the surface environment and
atmosphere and between surface and intermediate ocean
waters. Permanent removal of anthropogenic Hg from the
biologically-active part of the environment will only occur
once it is buried in deep ocean sediments and in mineral soils.

o Recommendations to improve the scientific knowledge base
underpinning global models and budgets of Hg fall into two
general areas: better understanding of natural inputs and
processes, and more accurate and complete anthropogenic
emissions inventories.

levels in the environment, and provides updated global and
oceanic total Hg budgets.

Mercury is released into the environment through human
activities, as well as from natural sources and processes such
as volcanoes and rock weathering. Following its release, Hg is
transported and recycled between the major environmental
compartments — air, soils and waters - until it is eventually
removed from the system through burial in coastal and deep
ocean sediments, lake sediments, and subsurface soils (Amos et al.,
2014; Fitzgerald and Lamborg, 2014). Only a very small fraction of
the Hg present in the environment is monomethylmercury - the
only Hg form that biomagnifies in food chains. Hereafter, for the
sake of simplicity, monomethylmercury is referred to by its generic
name, methylmercury (MeHg). Methylmercury is produced from
inorganic Hg mainly in aquatic ecosystems through biochemical
processes mediated by naturally-occurring microorganisms.
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Table 2.1 Recent estimates of total, anthropogenic and natural* Hg masses in global air, soils and oceans (data in kilotonnes).

Mason et al. (2012); Amos et al. (2013)

Zhang et al. (2014b)

Lamborg et al. (2014) Present report®

AMAP/UNEP (2013)
Atmospheric Hg
Total 5.1 5.3 4.4 n/a 44
Anthropogenic 3.4-4.1 4.6 3.6 n/a 3.6
Natural 1.0-1.7 0.7 0.8 n/a 0.8
Soil Hg (organic layers)
Total 201 271 n/a n/a 150
Anthropogenic 40 89 92 n/a 20
Natural 161 182 n/a n/a 130
Oceanic Hg
Total 358 343 257 316 313
Anthropogenic 53 222 66 (38-106)¢ 58+16¢ 55
Natural 305 122 191 258¢ 258

“The time point for designation of the ‘natural’ Hg state, and thus the quantification of ‘natural’ and ‘anthropogenic’ Hg masses, differed between studies:
2000 BC in the ‘pre-anthropogenic period’ by Amos et al. (2013), prior to 1450 AD by Zhang et al. (2014b) which preceded New World gold, silver and
cinnabar mining, and about 1840 AD by Lamborg et al. (2014) which was prior to the North American Gold Rush and the expansion of coal-fired
combustion sources. The anthropogenic Hg values from Mason et al. (2012) and Lamborg et al. (2014) are based on increases over the past ~100 to
150 years, and thus their ‘natural’ Hg masses may be over-estimated and the anthropogenic masses under-estimated compared with the other studies;
bestimates modified from Zhang et al’s (2014b) model (see Section 2.3), and thus the anthropogenic values represent the impact of human activities
since before 1450 AD; ‘uncertainty range shown in brackets; “based on an oceanic anthropogenic Hg:anthropogenic CO; ratio for 1994; a more recent
(higher) oceanic CO; estimate gave an Hg. estimate of 76 kt Hg (Lamborg et al., 2014); °calculated by subtraction.

Recent findings on the methylation/demethylation part of the
aquatic Hg cycle are presented in Chapter 8, Section 8.2; many of
these processes are only partly understood, which contributes to
the difficulties in predicting the direct positive effects of regulatory
action on biological Hg concentrations and human exposure.

In the 2013 technical background report to the Global
Mercury Assessment (AMAP/UNEP, 2013), based on a global
model and budget developed by Mason et al. (2012), it was
estimated that human activities cumulatively had increased
atmospheric Hg concentrations by 300-500% over the
past century, whereas Hg in surface ocean waters less than
200 m deep had increased on average by ~200%. Deeper
waters exhibited smaller increases (11-25%) because of limited
exposure to atmospheric and riverine anthropogenic Hg
inputs, and the century- to millennium-scale residence times
of these slowly overturning, isolated water masses. Owing to the
naturally large Hg mass present in soils, the average Hg increase
was only ~20% in surface organic soils and was negligible in
mineral soils. The revolatilization of ‘legacy Hg’ (i.e., the Hg
that was emitted and deposited historically) from soils and
oceans, and its long residence time in those compartments,
act to maintain atmospheric Hg concentrations and deposition
rates at higher levels than are supported by current primary
emissions (Fitzgerald and Lamborg, 2014).

It is increasingly recognized, as a result of recent studies
of Hg consumption and production in New World precious
metal and cinnabar mining from the 16th century onwards
(Guerrero, 2016, 2017), and re-examination of the atmospheric
Hg flux rates recorded in long lake sediment and peat bog cores
(Amos et al., 2015), that significant amounts of Hg were emitted
by human activities during the ‘pre-industrial period’ (variably
defined but generally accepted as ending about 1850) and that
some fraction of this Hg is still circulating in the environment
(Streets et al., 2011, 2017; Amos et al., 2013, 2015). Overall,
studies since about 2012 indicate that the last few centuries

of the ‘pre-industrial period’ are not a suitable reference point
from which to gauge the full impact of human activities on
the current global Hg cycle. However, there are different
definitions of a time period that truly represents natural or ‘pre-
anthropogenic conditions: for example, 2000 BC (Amos et al.,
2013); 3000 BC to 1550 AD (Amos et al., 2015); or prior to
1450 AD (Zhang et al., 2014a).

Nonetheless, two new estimates generally agree that human
activities have increased atmospheric Hg concentrations by
450% (Zhang et al., 2014b) to 660% (Amos et al., 2013), such
that total atmospheric Hg concentrations today are 5.5-fold to
7.6-fold higher, respectively, than pre-anthropogenic ‘natural
values (Table 2.1). These estimates include revolatilized legacy
Hg. Zhang et al. (2014b) further calculated that the increased
atmospheric concentrations had resulted in a 4.8-fold increase
in average Hg deposition to oceans and a 7.8-fold increase in
deposition to land above natural levels. However, Amos et al.
(2015), based on a re-evaluation of long peat and lake sediment
cores, proposed that substantially higher increases had occurred
in deposition rates. Median increases in Hg accumulation rates
between the pre-anthropogenic period - defined by Amos et al.
(2015) as up to 1550 AD - and the 20th century peak were a
factor of ~26 in peat bogs and ~14 in lake sediments, with both
archive types showing increases of about 5-fold between the pre-
anthropogenic and pre-industrial (1760-1880) periods. These total
increases are several times higher than previous reviews of the
sediment-based Hg literature indicated, of a ~3-fold increase since
the pre-anthropogenic or ‘pre-human’ period (Fitzgerald et al.,
1998; Engstrom et al., 2014; Fitzgerald and Lamborg, 2014).
Amos et al. (2015) attributed the latter,lower value to an erroneous
selection of ‘natural’ deposition values that were too high, based on
18th and early 19th century sediment samples that were already
contaminated with mining-emitted Hg. Thus, recent studies since
2012 indicate that the true impact of anthropogenic emissions on
atmospheric Hg, based on a comparison to pre-anthropogenic
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Figure 2.1. Two contrasting views of global anthropogenic Hg emissions to air through history, compared to Hg fluxes to lake sediments. The upper plot compares
combined anthropogenic Hg emissions after 1450 from Streets et al. (2011) and the same emission inventory but with Ag mining emissions reduced three-
fold (Zhang et al., 2014b). The lower plots show Hg fluxes in lake sediments after 1800 from remote lakes, lakes in the eastern USA and lakes in eastern Asia.

values, is greater than previous comparisons to the 19th century
had suggested. But there is considerable variation in the estimates
of the degree of that impact.

As with almost all modelled global budgets of elements
and other chemical substances, large uncertainties exist
regarding the amounts of Hg ‘stored’ in different environmental
compartments, the fluxes of Hg between them, and the rates of
removal of Hg from the biosphere (AMAP/UNEP, 2013). These
uncertainties limit confidence in our understanding of the Hg
cycle and in our ability to predict the responses of ecosystem
Hg concentrations to changes in emissions due to international
regulatory actions. Therefore, major ongoing efforts have been
mounted to reduce these uncertainties and derive a more robust,
accurate global budget. Since 2012, additional measurements
of Hg concentrations and fluxes in oceans, the atmosphere
and soils have led to suggested refinements of global budgets
and models by several research groups. Nevertheless major
uncertainties persist, especially in oceanic budgets.

The new estimates of the amounts of natural and
anthropogenic Hg in the atmosphere by Amos et al. (2013)
and Zhang et al. (2014b) agree to within about 30% of the
estimates in the AMAP/UNEP (2013) budget (see Table 2.1).In
the terrestrial system, both Amos et al. (2013) and Zhang et al.
(2014b) suggested that soils globally contain more anthropogenic
Hg than was stated in AMAP/UNEP (2013). This revision is
supported by new modelling of the transport and fate of
atmospheric Hg (Song et al., 2015). However, the balance of
anthropogenic Hg distribution between global soils and oceans
differs between models, with oceans holding either about as
much anthropogenic Hg mass as soils (AMAP/UNEP, 2013;
Zhang et al., 2014b) or substantially less (Amos et al., 2013).
Again, the difference between model outcomes may be partly
due to our lack of understanding of some of the basic processes
governing Hg transport and fate. For example, recent studies

on atmospheric Hg dynamics under a range of different plant
communities - from tundra plants to forests — have indicated that
the direct uptake of gaseous elemental Hg (Hg’; GEM) through
the stomata of plant leaves is more significant than previously
thought (Enrico et al., 2016; Fu et al., 2016b; Wang et al., 2016a;
Obrist et al., 2017, 2018; Risch et al., 2017). Risch et al. (2017)
reported that at 27 forest sites across the eastern United States,
litterfall Hg deposition equaled or exceeded the precipitation
Hg flux in 70% of cases, and was on average 20% higher than
in precipitation across all sites. Also, MeHg constituted ~0.5%
of total Hg in litterfall, significantly higher than in precipitation
(Risch et al., 2017). Thus, the litterfall total Hg flux was previously
under-estimated, and litterfall MeHg could be a contributor to the
terrestrially-sourced MeHg that is assimilated by some freshwater
biota, especially in headwater streams (Tsui et al., 2014). Globally,
GEM-containing litterfall and throughfall, and not wet and dry
deposition of oxidized Hg species, may thus represent the largest
net flux of atmospheric Hg to terrestrial ecosystems, at 1930 t/y
(Fu et al.,2016b).

With respect to the world’s oceans, there are significant
differences between the new models concerning the quantity
of anthropogenic Hg presently circulating in seawater
(cf. Amos et al., 2013, 2015; Lamborg et al., 2014; Zhang et al,,
2014b; see Table 2.1). Because much of the current risk from
Hg to humans and wildlife originates in marine food webs,
how much anthropogenic Hg is present in the oceans, its
distribution, and its likely rate of clearance from seawater
following emission reductions, are of fundamental importance.

Until 2012, published estimates of oceanic anthropogenic
Hg exhibited more than an order of magnitude range, from 7.2
to 263 kt (Mason et al., 1994; Lamborg et al., 2002a; Sunderland
and Mason, 2007; Selin et al., 2008; Soerensen et al., 2010b;
Strode et al., 2010; Streets et al., 2011; Mason et al., 2012). Since
then, another estimate (222 kt) near the upper end of this range
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was derived by Amos et al. (2013) based on the putative inventory
of all-time anthropogenic emissions by Streets et al. (2011), which
indicated large releases from historic silver (Ag) mining activities
(see also Streets et al., 2017). Zhang et al. (2014b) subsequently
revised the historic mining emissions downward by 3-fold to
make the trends in global Hg emissions more compatible with
the Hg deposition histories recorded in 120 lake sediments
world-wide (Figure 2.1), but retained all other elements of
the Streets et al. (2011) inventory. Lake sediments and other
natural archives of atmospheric deposition such as peat bogs and
glacial ice are widely employed to reconstruct historic patterns
of deposition flux, and the reconstructed fluxes are assumed to
apply equally to deposition over both oceans and land.

The differences between the two most recent global budgets
(i.e.,Amos et al,,2013 and Zhang et al.,2014b) are primarily due
to varying estimates of the amount and environmental fate of
atmospheric emissions from historic Ag and gold (Au) mining
in the Americas between the 16th and late-19th centuries, and
to differences in the estimated amount of natural Hg originally
present in the oceans. Overall, the different chemical rate
constants used for modelling circulation processes within and
between oceanic, atmospheric and terrestrial compartments
are a secondary factor in uncertainty. Significant Hg releases
to land, freshwaters and air occurred from the mining and
amalgamation of Ag (and Au) in South/Central America during
the Spanish colonial period (about 1520-1850 AD), and later
from North American artisanal and small-scale mining during
the ‘Gold Rush’ era (about 1850-1920) (Nriagu, 1993, 1994;
Strode et al., 2009). Based on the relative importance of Spanish
colonial Ag production for the three centuries after 1520 (~69%
of total world Ag; TePaske and Brown, 2010), and the use of Hg
amalgamation to process some of the Spanish New World Ag
(and all of the Au) ores, Hg losses to the local environment from
these operations must have been substantial (Guerrero, 2016,
2017). In terms of the global environment, it is generally agreed
that some fraction of the Hg from both historic periods is still
circulating within the biosphere, and that this has had an effect
on present-day environmental Hg levels. But quantification of
that effect is uncertain. Thus, before considering the question of
how much anthropogenic Hg is in the biosphere, evidence for
the impact of historic mining on the global environment and
its relative importance in different models must be evaluated.

2.2 Influence of historic Ag mining
on anthropogenic Hg emission
inventories

The total amount of Hg currently in the environment reflects a
mixture of sources: historic anthropogenic releases to air, land and
oceans; historic natural inputs; and present-day anthropogenic and
natural releases. Global models need to estimate these quantities
and how the historic emissions have been remobilized, transported
and transformed over long (decadal to century) timescales. The
influence of historic Ag mining on the oceanic Hg budget is
particularly important (Zhang et al., 2014b).

A historical analysis of elemental Hg importation and
consumption in the 16th to 19th centuries, in what is today
Mexico, Peru and Bolivia, indicated that large quantities
of liquid Hg were consumed during Spanish colonial Ag
production (TePaske and Brown, 2010). Mercury was also
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refined from cinnabar at two major sites in the Spanish New
World, as well as in California, and at Idrija and Almaden in
Europe (Guerrero, 2016, 2018). During the 250 years after
~1560, records indicate that over 120 kt of liquid Hg (average
of at least 0.48 kt/y) were imported from Europe or produced
in the region, and virtually all of this was lost to the regional
environment (TePaske and Brown, 2010). Given the likely large
scale of contraband Hg involved in mining, this amount may be
considerably underestimated. Given the importance of legacy
Hg in the modern environment, a correct interpretation of the
impact of historic Ag mining emissions on the current global
and oceanic Hg budgets is particularly critical (Zhang et al.,
2014a; Amos et al., 2015).

Streets et al’s (2011, 2017) inventories assumed emission
factors of 52% and 40%, respectively, to calculate atmospheric Hg
emissions from historic Ag mining, based on Ag metal production
figures. These factors were adapted from Nriagu (1993, 1994),
based on artisanal Au mining which commonly used direct
amalgmation of Au with elemental Hg (a physical process), which
was then heated to recover the Au. In contrast, the nature of Ag
ore geochemistry, and different Ag production practices, meant
atmospheric Hg emissions were much lower per unit of historic
Ag metal production than from artisanal Au (Guerrero, 2012,
2016,2018). Unlike Au, the Ag in economic ores is not present in
its elemental form. Smelting (without any Hg involvement) was
applied to Ag-rich galena (PbS) or copper ores, producing about
half of all global Ag production up to 1900 (Director of U.S. Mint,
1945; Guerrero, 2018). Thus, Hg emissions from this industry
must have come only from the non-smelted half, using other ore
types. Many Ag-rich ore bodies, including predominantly those
in the New World, contain silver chloride and sulfide compounds
in varying proportions (Guerrero, 2012,2017). Historic refining
of these ores used Hg, and involved two distinct but concurrent
chemical reactions: an oxidative chloride leach to convert silver
sulfide to silver chloride, and a redox reaction with Hg to produce
metallic silver from silver chloride, followed by amalgamation of
the Ag with excess Hg (Guerrero,2017). The AgHg amalgam was
then heated to remove the Hg. These Spanish colonial practices
were later employed during the 19th century North American
Gold Rush, except that iron was added to the chemical slurry to
reduce Hg loss to insoluble calomel (Hg,Cly; Guerrero, 2018).
In the refining process, the major cause of Hg loss was calomel
formation, with minimal volatile emissions even during the
heating stage (Guerrero, 2017, 2018). Mercury was carefully
controlled during these reactions and during heating, and was
recycled as much as possible because Hg was expensive relative
to Ag, unlike the current situation where Hg is cheap relative
to Au. The calomel reaction in the Hg treatment of Ag ores has
been confirmed by laboratory experiments (Johnson and Whittle,
1999). The waste rock tailings were typically disposed of with
the calomel, thereby burying it in soils and sediments, although
its long-term fate in the environment has not yet been studied.

In contrast to the application by Streets et al. (2011,2017) of
constant emission factors to Ag production figures to estimate
Hg releases, Guerrero (2012) used importation statistics and
consumption records on Hg itself, from Spanish colonial
government and independant observers. These calculations
suggested that no more than 7-34% of the Hg used during Ag
production was physically lost through volatilization, ground
spills and in waste water, with 66-93% of the consumed Hg
chemically transformed into calomel. Volatilization was thus



Chapter 2 - Recent advances in understanding of global mercury cycling

a small fraction (<34%) of total Hg consumption. During the
19th century, numerous sources reported Hg losses to air of
less than 1% of the Hg consumed by refining (Guerrero, 2016,
2017,2018), owing to improvements in the equipment used to
recapture and condense gaseous Hg after amalgamation and
heating. Thus, the putative 40-52% emission factors for Ag
mining, adopted from Au, appear to be inconsistent with the
available historical and chemical information. Recognition of
the importance of history and chemistry in resolving the role
of Ag mining is an important recent advance, and represents
a fundamental difference between the low and high mining
emission scenarios discussed in this chapter.

The AMAP/UNEP (2013) report used an emission factor
of 45% for Hg emissions from artisanal and small-scale gold
mining (ASGM) in the present-day. That estimate is not affected
by the new evidence concerning lower Hg losses from Ag
mining. The Au amalgamation process with Hg does not involve
calomel formation, and thus historic Hg losses from Ag mining
are not representative of those from ASGM (Guerrero, 2017),
which are likely to be higher.

These historical studies of the fate of Hg used in Ag mining
represent an important advance in understanding the global Hg
cycle because they concern a potentially major anthropogenic
source. Streets et al. (2017) calculated that Ag production was
the largest single atmospheric source of anthropogenic Hg
throughout history, contributing several-times more Hg to air
(146 kt, 31% of total atmospheric emissions) than combined
large-scale Au production and ASGM (55.4 kt), and coal
combustion (26.4 kt). Mercury production, much of which
was destined for use in Ag and Au amalgamation, contributed
the second highest amount, 91.7 kt.

Zhang et al. (2014b) adopted a median volatilization rate
of 17% of Hg during historic Ag mining (based on Guerrero,
2012) and assumed that the same rate applied to 19th century
Gold Rush Au and Ag mining. The resulting tally of cumulative
atmospheric anthropogenic emissions was just over half that of
Streets et al. (2011) (totals of 190 kt versus 351 kt, respectively),
with markedly lower emissions during the Spanish colonial and
Gold Rush mining periods (see Figure 2.1). Using their revised
inventory, Zhang et al. (2014b) found a 3-fold lower current
oceanic anthropogenic Hg mass compared to that derived by
Amos et al. (2013), who incorporated Streets et al’s (2011) larger
mining estimate in their model (see Table 2.1).

Corroborative data supporting the lower New World
mining emissions used by Zhang et al. (2014b) came from
an independent analysis by Engstrom et al. (2014) of another
large global set of lake sediment Hg profiles. Atmospheric Hg
deposition was substantially increased during the Spanish
colonial period in one South American lake (Laguna Negrilla)
near the major cinnabar mining and Hg production site of
Huancavelica, Peru, with less impact in another lake (El Junco,
Galdpagos Islands) further away from Ag and Hg mining and
amalgamation operations. But little evidence of increased
deposition at this time was found in sediment cores from many
remote North American, Arctic or African lakes, suggesting
that most of the contamination from Spanish colonial mining
operations was limited to surrounding terrestrial, freshwater and
coastal marine ecosystems in western South/Central America
(Engstrom et al., 2014). Thus, the world-wide lake sediment
record appears to suggest a negligible global impact from Ag
and Au production during the 16th to 19th centuries.
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Similarly, there is little evidence in natural archives to support a
dominant impact on the global atmosphere from late 19th-century
North American Au and Ag mining, as suggested by Streets et al.
(2011,2017). Streets et al. (2017) proposed a bimodal pattern of
anthropogenic Hg emissions from 1850 onwards, with values in
the late 1890s that were as high or higher than in the mid- to late-
20th century, due to a 450% increase in primary emissions between
1850 and 1890 (from 0.58 to 3.2 kt/y) mostly from the North
American Gold Rush. Although increases in Hg accumulation
occurred in remote lake sediments at this time, they were small
relative to those observed later in the 20th century in the same
core profiles (Strode et al.,2009; Engstrom et al., 2014; Zhang et al,,
2014b). Coincident increases in emissions from other sources
such as coal combustion and industrial Hg production and use
(Streets et al., 2017, 2018) may have contributed to the elevated
Hg deposition that was observed world-wide during the late 19th
century. Commercial Hg-containing products have also been
suggested to be significant contributors to global Hg releases to air,
soil and water from the late 1800s onwards (Horowitz et al., 2014).

Amos et al. (2015) discounted this evidence by arguing
that lake sediments in general respond relatively slowly and
insensitively to changes in atmospheric Hg deposition compared
with peat bogs. Amos et al. (2015) also proposed that the Guerrero
(2012) volatilization estimate was unrealistically low because
it omitted Hg losses during reprocessing of Hg-containing Ag
and Au products, and revolatilization from solid mining wastes.
There is some evidence that calomel may dissociate to GEM and
gaseous mercuric chloride (HgCl,) under ambient environmental
temperatures and sunlight (Copan et al., 2015), but this has
not been demonstrated under realistic controlled conditions.
Evaluation of alternative global model scenarios by Amos et al.
(2015) suggested that the ‘mining reduced 3x history of Zhang et al.
(2014b) was inconsistent with Hg measurements in present-day
environmental matrices, as well as with the magnitude of Hg
enrichment in peat and some lake sediment archives. However,
close examination of the published outputs shows that the ‘mining
reduced 3x’ scenario gave better agreement with observed upper
ocean total Hg concentrations and net oceanic evasion rates than
the larger mining emission inventory of Streets et al. (2011), with
similar estimates for present-day soil Hg concentrations and net
terrestrial flux (see Amos et al., 2015: their figs. 3d, 3g, 3f and 3h,
respectively). Furthermore, the sediment-based interpretations of
Strode et al. (2009), Engstrom et al. (2014) and Zhang et al. (2014b)
agreed with earlier peat bog Hg studies from the Faroe Islands
(Shotyk et al.,2005), Maine, USA (Roos-Barraclough et al., 2006),
and Swiss Jura Mountains (Roos-Barraclough and Shotyk, 2003)
that also showed relatively muted Hg increases prior to 1900, and
with 20th-century accumulation rates substantially higher than
in the late 19th century.

Independent evidence supporting the lower Zhang et al.
(2014b) emission history, and the lake sediment and peat bog
patterns, was provided by three recent studies of glacier ice cores
(Figure 2.2). In contrast to the 450% increase in global primary
Hg emissions between 1850 and 1890 estimated by Streets et al.
(2017), two Arctic or subarctic glacier records - Mount Logan,
Yukon (Beal et al., 2015) and the North Greenland Eemian
Ice Drilling (NEEM) site (Zheng, 2015) — showed increases in
average Hg accumulation of only 150% and 40%, respectively,
between 1840-1860 and 1880-1900, while an ice core from the
Tibetan Plateau in central Asia (Mount Geladaindong, Kang et al,,
2016) displayed a 140% increase. All three studies showed that Hg
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Figure 2.2. Glacial ice core records of atmospheric Hg deposition from
Mount Logan, Yukon (Beal et al., 2015), Mount Geladaindong, Tibetan
Plateau, China (Kang et al., 2016), and the NEEM site, Greenland (Zheng,
2015), compared with the global atmospheric emission history since
1850 AD (Streets et al., 2017).
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accumulation rates were substantially greater after 1950 than in
the late 1800s,in contrast to Streets et al’s (2011,2017) inventory
(see Figure 2.2). Furthermore, during the 16th to mid-19th
centuries neither the Mount Logan core (which extended back
to ~1400 AD) or the Mount Geladaindong core (which extended
back to 1477 AD) revealed consistent or large increases in Hg
fluxes that could represent a major atmospheric impact from
the Spanish New World mining operations (compare Figure 2.1:
upper plot, blue line, with Figure 2.2: upper three plots). Small
increases in Hg accumulation were noted during the period
1600-1700 and again in the late 18th century at Mount Logan
which could be a Spanish New World signal, but overall the
peak periods of Spanish colonial mining (1600-1850) and the
North American Gold Rush (1850-1900) represented only 8%
and 14%, respectively, of total anthropogenic Hg deposition in
the Mount Logan ice core, with 78% occurring during the 20th
century (Beal et al., 2015).

Thus, the weight of evidence at present supports the
Zhang et al. (2014b) emission history, and suggests that the
atmospheric Hg emissions produced by historic precious metal
and cinnabar mining and refining techniques were not globally
or hemispherically distributed to a significant degree. That
these historic emissions had effects on Hg levels in some areas
around mining operations is not in dispute. Other studies have
shown marked contamination of lake sediments and glacial
ice by nearby historic Ag/Au mining (e.g., Cooke et al., 2013;
Correla et al., 2017), although these regional effects are not
seen everywhere. For example, reassessment of a glacier ice
core Hg record from the western United States revealed no
evidence of elevated Hg deposition from late 19th century
Gold Rush mining operations (Chellman et al., 2017). To
summarize, current evidence supports the interpretation that
historic mining had much less impact on globally-distributed
atmospheric emissions and deposition than coal combustion
and other industrial sources had in the 20th century. A possible
explanation for this finding is that modern high-temperature
Hg sources, such as coal-fired power generators or cement kilns,
which emit Hg tens to hundreds of meters above the ground,
may have different Hg speciation and distribution profiles to
historic mining sources, which were typically relatively low
temperature emissions at ground level (Guerrero, 2016,2017).
High temperature sources emitting a larger fraction of GEM
above the ground boundary layer would likely distribute more
of that Hg further than historic mining sources.

2.3 Revised global and oceanic total
Hg budgets

Even with the lower mining emissions inventory, Zhang et al’s
(2014b) modelling indicated that the cumulative impact of
those emissions over four centuries on the current levels of
oceanic anthropogenic Hg has been substantial, with 67% of
the increase in oceanic Hg mass above natural levels occurring
prior to 1920 mainly due to precious metal mining. A further
21% of the increase was from coal combustion and 11% from
other industrial activities after 1920. The total anthropogenic
mass in today’s oceans (66 kt) estimated by Zhang et al.
(2014b) is in good agreement with another recent estimate
of oceanic anthropogenic Hg (58+16 kt; Lamborg et al., 2014)
derived using a different methodology based on seawater Hg
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Figure 2.3 Updated global Hg budget showing the anthropogenic impact on the Hg cycle since the pre-anthropogenic period (prior to 1450 AD) (see
text for explanation of its derivation). Ranges are given in brackets after the best estimate values; percentages in brackets represent the estimated increase
in mass or flux due to human activities since the pre-anthropogenic period (i.e., pre-1450 AD).

concentration profiles combined with anthropogenic carbon
dioxide (CO,) and remineralized phosphate as proxies for
oceanic Hg distribution. That the two studies, using different
approaches, arrived at similar estimates increases confidence
in the robustness of their conclusions. Both of these recent
estimates fall within the lower half of the previous range of
values and are close to the Mason et al. (2012) estimate of 53 kt
used in AMAP/UNEP (2013) (see Table 2.1).

From these observations, a revised global total Hg budget
(Figure 2.3) was constructed updating the previous version
in AMAP/UNEP (2013; Mason et al. 2012). Changes in
reservoirs and fluxes are based primarily on the discussion
in Section 2.2 concerning more recent modeling efforts and
budgets. Information and estimates from Lamborg et al. (2014)
and Zhang et al. (2014b) were considered, and the revised ocean
inventories are an average of the values in these two papers
and the previous assessment. The new terrestrial reservoir
and flux estimates are based largely on Driscoll et al. (2013)
and Amos et al. (2015). Fluxes were also modified based on
Pacyna et al. (2016) and Cohen et al. (2016), who advocated for
specific values for the terrestrial fluxes from biomass burning,
soil and vegetation emissions, and geogenic sources. These were
adopted in the revised budget. The revised soil plus vegetation
emissions are lower than the previous average, but for most of
the remaining fluxes, the changes are relatively small (<30%)
compared to the previous estimates.

Fluxes between terrestrial and oceanic reservoirs and the
atmosphere were changed in accordance with the current
best estimate for global atmospheric anthropogenic emissions
(2500 t/y, which is 25% higher than in the previous assessment
(AMAP/UNEDP, 2013). This revised value reflects the fact that
the current documented global inventory presented in this
report (2220 t/y, range 2000-2820 for 2015; see Chapter 3)

does not include emissions for several sectors that cannot yet
be reliably quantified. Provisionally, these sectors, which include
agricultural waste burning and municipal and industrial waste
disposal (see Chapter 3) can be expected to contribute tens to
hundreds of additional tonnes of atmospheric Hg. The 2500 t/y
value adopted here is therefore considered to be a reasonable
estimate for use in a contemporary global budget calculation.
This estimate contains several acknowledged uncertainties
(especially for emissions from ASGM, and waste combustion)
and so a relatively wide range of £500 t/y is included. Similarly,
there is a large range in estimates for ocean evasion. A new
estimate for anthropogenic release to freshwaters, of ~0.6 kt/y,
is taken from Chapter 6; an estimate from that chapter for oil
and gas releases to marine systems (~0.015 kt/y) is insignificant
compared with the other fluxes and so is not included in
Figure 2.3. Fluxes in the budget should each be regarded as
spanning a range of at least £20%, and subject to future revision.
The mass budget is balanced to within 5%.

Based on this revised global budget, the Hg budget in
the world’s oceans, as presented in the Zhang et al. (2014b)
paper, was updated in light of the mass balance fluxes and
reservoirs in Figure 2.3, and is presented in Figure 2.4.
The ratios of natural to anthropogenic Hg as reported by
Zhang et al. (2014b) were retained for most of the reservoirs
and fluxes, although the relative increase in oceanic Hg
mass due to anthropogenic inputs reported by Zhang et al.
(2014b) is higher than in other publications. This difference
was taken into account in updating and revising their budget
for this report. The graphic breaks down each reservoir and
flux in terms of how much Hg is natural, and how much is
anthropogenic. The graphic also shows the cycling of Hg in the
ocean through uptake onto particulate organic matter, which
is a major mechanism for transport of Hg between surface
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waters and deep ocean. In this graphic, the intermediate and
deep waters are combined, whereas they are treated separately
in the global budget (see Figure 2.3).

Inconsistencies remain in the evidence pertaining to the
actual rates of atmospheric historic mining emissions that
impacted the global environment, and thus, the evidence
supporting these revised estimates of oceanic and global Hg
cycling. Although the 3-fold reduction in mining emissions
by Zhang et al. (2014b) brought their modelled emission
history during the late 19th and early 20th centuries closer
to the global lake sediment pattern, compared with the
Streets et al. (2011) inventory, the modelled emissions
remained relatively elevated compared to lake sediment Hg
accumulation during the same period (see Figure 2.1). It may
be that a further reduction in the assumed proportion of
volatilized Hg from historic mining/amalgamation, which
would not be inconsistent with the evidence discussed above,
would bring the Zhang et al. (2014b) emission history, and
the remote lake sediment, peat and ice core records, into
even closer agreement. There is recent evidence that further
reductions may be justified. Guerrero’s (2018) analysis of
reports from all global Ag mining jurisdictions between 1590
and 1895 suggested a total global Hg release to air from Ag
mining of just 6 kt. By comparison, Zhang et al. (2014a) and
Streets et al. (2017) estimated 48 kt and 146 kt (most before
1920), respectively. These new estimates urgently need further
investigation as they have significant potential implications
for our understanding of the anthropogenic component of the
modern global Hg cycle and budget. If implemented in future
models, the additional reduction would reduce the relative
amount of anthropogenic Hg in modern oceans and soils.

Coastal sediments

Figure 2.4. Natural and anthropogenic
Hg fluxes and masses in the world’s
oceans. Data adapted and revised
from Zhang et al. (2014b), based on
the revised global budget shown in
Figure 2.3.

2.4 Distribution of anthropogenic
Hg in the environment,
especially the oceans

The Zhang et al. (2014b) global model projected that in the
current global environment, 2% (3.6 kt) of the all-time cumulative
anthropogenic emissions remains in the atmosphere, 48% (92 kt)
is held in soils, and 50% (94 kt) in the oceans - 35% (66 kt) in
seawater, and 15% (28 kt) buried in ocean sediments. For the
oceans, atmospheric deposition from current primary emissions
as well as revolatilization of legacy emissions contributes over
90% of the total (atmosphere + rivers) Hg inputs (4.0 out of
4.3 kt/y; Figure 2.3), with riverine inputs that reach the open
ocean comprising a minor fraction (6%, 0.3 kt/y). Amos et al.
(2014) estimated a substantially higher riverine contribution
(1.5+0.8 kt/y; 30% of total 5.2 kt/y inputs) to the open ocean based
on an observational database of riverwater Hg concentrations and
consideration of river-offshore transport efficiencies for different
estuary types. Most (72%) of the riverine Hg entering estuaries
was scavenged and deposited in coastal marine sediments
(Amos et al., 2014). By comparison, Mason et al. (2012) arrived
at an estimate of 0.38 kt/y from rivers, which comprised ~10%
of total ocean inputs. Recent data from Chinese rivers (Liu et al.,
2016) support the lower estimates of Mason et al. (2012) and
Zhang et al. (2014b), and so the revised oceanic budget proposes
a total riverine input of 0.3 kt/y into oceans (see Figure 2.4).
Significant differences exist between recent models in their
portrayal of the vertical distribution of oceanic anthropogenic
Hg owing to the above-mentioned variance in historic emission
estimates and different assumptions about the penetration
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rate of anthropogenic Hg into deep ocean waters. Zhang et al.
(2014b) and Lamborg et al. (2014) largely agreed in their
relative distribution, except that the deep ocean (below
1000 m depth) contained proportionally more anthropogenic
Hg in Zhang et al’s (2014b) simulation; 45% of total oceanic
anthropogenic Hg vs 35% in the simulation by Lamborg et al.
(2014). Compared to Zhang et al. (2014b), Streets et al. (2011)
and Amos et al. (2013) calculated similar increases in the
anthropogenic Hg content of the surface ocean (4.4 times
natural concentrations vs. 3.6-5.9 times, respectively), but larger
increases in the thermocline/intermediate depths (1.2 times
vs 2.7-5.3 times) and deep ocean (1.2 times vs. 1.5-2.1 times).
In addition to their use of larger historic mining emission
estimates, Streets et al. (2011) and Amos et al. (2013) assumed
faster vertical mixing rates compared with the other two studies.

Large inter-basin differences in the distribution of
anthropogenic Hg were also apparent in intermediate and deep
ocean waters, but were relatively uniform in surface waters, in
the modelling of Zhang et al. (2014b). Vertical and horizontal
advection of Hg inputs to the ocean which reflect ocean
currents and areas of deep water formation, and high biological
productivity and rapid particle scavenging of dissolved Hg in
some tropical seas, account for the inter-basin patterns.

2.5 Rate of clearance of anthropogenic
Hg from the world’s oceans

The differences between models and their underpinning historic
mining emission estimates are associated with significant
differences in the implied response times of the oceans to
emission reduction scenarios. All global ocean-atmosphere
models predict that Hg clearance rates from most ocean basins
will be slow relative to the rate of anthropogenic emission
reductions in future, such that removal of anthropogenic Hg
from the world’s oceans will take many decades to centuries
depending on the specific ocean basin and depth interval of
the water mass in question, as well as the trajectory of emission
controls (Mason et al., 2012; Lamborg et al., 2014; Zhang et al.,
2014b; Amos et al., 2015). But according to Selin (2014) and
Engstrom et al. (2014), the high emission’ scenario of Streets et al.
(2011; also 2017) and modelling by Amos et al. (2013, 2015)
suggests much slower and delayed reductions in environmental
Hg levels following emission curbs than the low emissions
scenario by Zhang et al. (2014b), especially for the oceans. Even
at current global emission levels, there is a general scientific
consensus that seawater and marine foodchain Hg levels are likely
to substantially increase over time, because of the slow clearance
rate of legacy Hg from the world’s oceans coupled with additional
legacy anthropogenic Hg released from soil profiles into rivers
and revolatilized into the air (Sunderland and Selin, 2013).
Until significant deficiencies in our current understanding
of marine Hg cycling, and the rates of transformation between
species that influence the major sinks for ocean Hg (evasion
to the atmosphere and burial in sediments) are resolved, and
greater consistency is achieved in the interpretation of natural
archives of Hg deposition from the atmosphere, the prediction
of the timeline and effects of global emission reductions will
remain uncertain. It is clear, however, that irrespective of these
scientific uncertainties, emissions reductions are required to
reverse the trend in oceanic anthropogenic Hg back towards
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natural levels, owing to the long response time of the ocean to
changes in inputs (Sunderland and Selin, 2013; Engstrom et al.,
2014; Selin, 2014).

2.6 Main uncertainties in global Hg
models and budgets

This section summarizes the knowledge gaps and
recommendations for further research stated in or developed
from recent papers (Amos et al., 2013; Engstrom et al,,
2014; Lamborg et al., 2014, 2016; Zhang et al., 2014b, 2016¢;
Song et al., 2015; Kwon and Selin, 2016). Recommendations
were selected on the basis of their relevance to global or
oceanic models and budgets. Scientific uncertainties can be
grouped under two headings: natural inputs and processes,
and anthropogenic emissions.

2.6.1 Uncertainties in natural inputs
and processes

Net removal rates of anthropogenic Hg from the surface ocean
are the result of competition between three simultaneously
occurring natural processes: the particulate flux from the
surface to the deep ocean (the ‘biological pump; involving
particle scavenging, remineralization and settling); the mixing
of surface and deep-ocean waters; and the reduction of inorganic
Hg" and subsequent evasion of Hg’ back into the atmosphere.
Some of the evaded Hg" is rapidly photo-oxidized in the lower
troposphere and re-deposited to the ocean surface. Additional
coupled ocean-atmosphere measurement studies are needed
to comprehensively measure the concentrations of various
Hg species spatially and temporally, and to better understand
the transport and transformation rates of these co-occurring
processes. The need is particularly acute in the Southern
Hemisphere open oceans, as well as in regions where elevated
anthropogenic Hg concentrations can be expected, such as the
eastern equatorial Atlantic Ocean, eastern equatorial and high
latitude Pacific Ocean, and northern Indian Ocean.

Uncertainties in the robustness of measurements of
atmospheric and seawater Hg concentrations are exacerbated
by relatively large inter-laboratory comparison errors, and so
there is a particular need to improve the overall reliability of
atmospheric and seawater Hg concentration and speciation
measurements. Few inter-comparison efforts have been
mounted (but see Gustin et al., 2015 for a review of atmospheric
Hg determinations). Past intercalibration exercises for seawater
have only addressed total Hg, and the results have indicated
significant discrepancies among the participating laboratories
(Lamborg et al., 2012). Future intercalibration exercises should
continue the effort of attaining reliable data, and should be
extended to include all Hg species, even unstable species such
as dimethyl Hg and dissolved Hg’. The development of suitable
seawater reference materials is encouraged.

The role of natural inputs in the global Hg budget is poorly
constrained but potentially of major importance. If the actual rate
of emissions from natural sources such as volcanoes and marine
hydrothermal vents is markedly higher or lower than currently
thought, this would affect assumptions about the absolute amounts
of, and relative balance between, natural and anthropogenic
sources which are fundamental to modelling efforts and to our
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understanding of the global Hg cycle. Present estimates of global
volcanic Hg emissions to air range over three orders of magnitude
(0.1-1000 t/y) (Nriagu, 1989; Ferrara et al., 2000; Pyle and Mather,
2003; Nriagu and Becker, 2003; Bagnato et al., 2014). For oceans,
the AMAP/UNEP (2013) report assigned a value of <600 t/y
total Hg input from hydrothermal vents, which was based on
few data and no systematic studies. Two recent GEOTRACES
cruises sampled waters around hydrothermal vents in the North
Atlantic and equatorial Pacific Oceans (Bowman et al., 2015,
2016). In the North Atlantic, elevated Hg concentrations were
detected near the Mid-Atlantic Ridge (Bowman et al., 2015). In
contrast, there was little evidence for hydrothermal Hg inputs
over the East Pacific Rise in the equatorial Pacific (Bowman et al.,
2016). These results suggest substantial variation in the extent of
Hg inputs from different hydrothermal sources, as was found for
other metals. Overall, there is insufficient new information to
update the estimate of hydrothermal inputs made in 2013.In order
to make direct estimations for global hydrothermal Hg fluxes,
more observations of focused and diffuse-flow vent fluids and
hydrothermal plumes are needed to better constrain the Hg flux,
and its contribution to the global Hg cycle (German et al., 2016).
In addition, analysis of sediments in regions close to hydrothermal
sources relative to remote locations would help establish whether
there is a strong hydrothermal signal. Submarine groundwater
discharges are also likely to bring important amounts of Hg into
the ocean, for which global models do not yet account. Several
papers indicate that Hg inputs via submarine groundwater may
be locally as important as atmospheric inputs, at least in coastal
environments (Bone et al., 2007; Laurier et al., 2007; Black et al.,
2009; Lee et al., 2011; Ganguli et al., 2012).

Given the importance of terrestrial soils as possibly the largest
reservoir of natural and legacy anthropogenic Hg, global budget
calculations will benefit from a better understanding of terrestrial
Hg cycling. The lack of knowledge on the actual reservoir size
that may be interacting with other parts of the biosphere has
been highlighted by Schuster et al. (2018), who suggest that Arctic
permafrost soils up to 300 cm deep are an unrecognized, globally
significant repository of Hg. Currently, most models include only
the shallow surface layer (10 cm active layer) of global soils in
model parameterization and budgets. Although this permafrost
Hg is mainly natural in origin, having been accumulated mostly
during the early to mid-Holocene, it could represent an important
potential source of Hg to the biosphere in future. There is little
understanding of precisely how large and how rapidly releases
from this source may develop with future climate warming,
but they are expected to grow as permafrost thaws and releases
its stored Hg and organic matter, both of which could lead
to greater MeHg production in northern aquatic ecosystems
(Stern et al., 2012). Other research priorities in this area include
more measurements of the evasion rates of Hg from soils and
the release rates of Hg to water following degradation of soil
organic matter, as well as incorporation of the foliar uptake Hg’
pathway into global models.

2.6.2 Uncertainties in anthropogenic
emissions

The absolute amounts in historic emission inventories, and
especially the role of precious metal mining, have been
questioned in recent work comparing model outputs with
past Hg deposition rates as reconstructed from natural
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archives of atmospheric deposition (see Section 2.2). Some
of the uncertainty lies with the natural archives. For example,
a recent paper has shown that the Hg accumulation rates in
a Tibetan Plateau glacier ice core were one to two orders of
magnitude lower than in a nearby lake sediment, yet both
archives yielded remarkably similar trends (Kang et al., 2016).
Similarly, the sediment, peat and ice core literature reviewed in
Section 2.2 displays similar Hg deposition trends over time, but
different absolute values, with ice cores exhibiting the lowest
values of all. While the agreement in trends between archives
is encouraging, the difference in absolute values begs the
question of what is the most reliable quantitative estimate of
past atmospheric deposition. Given the apparent importance of
historic deposition to current world Hg budgets and to future
emission reduction scenarios, a concerted effort to understand
the reasons for the different findings from peat, lake sediment
and glacial ice archives is called for that would build upon
earlier work (e.g., Lamborg et al., 2002b; Biester et al., 2007;
Outridge et al., 2011; Amos et al., 2015). Arriving at an agreed
historic emission amount from precious metal mining would
eliminate much of the uncertainty surrounding current
anthropogenic Hg inventories in soils and the oceans.

The accuracy of the recent atmospheric emission
inventories, including that of AMAP/UNEP (2013), has also
been questioned, in part due to the inconsistency between the
recent trends in primary industrial emissions, which are flat
or rising, and the large (~30-40%) decreases in atmospheric
GEM concentrations and wet deposition at background
Northern Hemisphere monitoring stations since 1990 (see
Engstrom et al., 2014; Zhang et al., 2016¢). Zhang et al. (2016¢)
found that primary industrial emissions and GEM trends
could be brought into closer agreement by accounting for
the decline in Hg release from commercial products over this
period, by reducing the atmospheric revolatilization rate of
Hg from present-day ASGM, and by accounting for the shift
in Hg"/Hg" speciation of emissions from coal-fired utilities
after implementation of gaseous pollutant control measures.
Because the emission inventories are the basis of global
modelling efforts, resolving this discrepancy should improve
the accuracy of global budgets and future trend scenarios.
ASGM emissions were the largest single anthropogenic
source of atmospheric Hg in the AMAP/UNEP (2013) report,
but this finding has been disputed (Engstrom et al., 2014;
Zhang et al., 2016c¢). Verifiable and higher quality emission
data from ASGM operations are therefore a priority need.
Studies of the speciation and distribution of the Hg released
into air, land and waters from present-day ASGM operations
are also called for, given the evidence reviewed in Section 2.2
suggesting that historic emissions from Ag and Au mining
were geographically restricted.

The identified uncertainties and knowledge gaps described
above should not be construed as undermining the rationale for
the Minamata Convention on Mercury. All models are based
on field measurements and are in agreement that current levels
of anthropogenic Hg emissions are likely to lead to increased
environmental exposure of wildlife and humans (albeit of
varying magnitude), and that reducing these emissions is
essential for reducing their negative environmental and health
impacts. The uncertainties and knowledge gaps mainly affect
our capability to predict where and when, rather than if, the
environment will respond to reduced emissions.
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Key messages o Inventory methodologies are constantly improved as

A new global inventory of mercury (Hg) emissions to air
from anthropogenic sources in 2015 estimates emissions
from 17 key sectors at ~2220 t (2000-2820 t). Additional
emissions of the order of tens to hundreds of tonnes per year
may arise from (generally smaller) anthropogenic sources
not currently detailed in the global inventory work, bringing
a total estimate up to ~2500 t/y.

Anthropogenic emissions of Hg to the atmosphere account
for ~30% of Hg emitted annually to the atmosphere, the
remainder coming from environmental processes (60%)
that result in re-emission of Hg previously deposited to
soils and water (much of which is itself derived from
earlier anthropogenic emissions and releases), and natural
sources (~10%).

Regional and sectoral attribution of the 2015 global
emissions inventory indicates that emissions patterns in
2015 are very similar to those in 2010. The majority of the
2015 emissions occur in Asia (49%; primarily East and
South-east Asia) followed by South America (18%) and Sub-
Saharan Africa (16%). In the latter two regions, emissions
associated with artisanal and small-scale gold mining
(ASGM) account for ~70-85% of the emissions. ASGM-
related emissions constitute almost 38% of the global total
and also account for a significant proportion of emissions
in Central America and the Caribbean (31%) and East
and South-east Asia (25%). In other regions (e.g., Europe
and North America), emissions associated with energy
production and industrial emissions predominate.

Stationary combustion of fossil fuels and biomass is
responsible for ~24% of the estimated global emissions,
with coal burning accounting for 21%. Emissions from
combustion of biomass for energy production are quantified
Sfor the first time in the 2015 inventory work and comprise
~2.3% of the global inventory.

The principal industrial sectors remain non-ferrous metal
production (15% of the global inventory), cement production
(10%) and ferrous metal production (2%). Emissions from
wastes from Hg-added products comprise ~7.3% of the
global inventory estimate in 2015. With a Hg consumption in
2015 estimated at more than 1500 t, the chemicals industry
is also identified as a significant emitter of Hg. The vinyl
chloride monomer (VCM) and chlor-alkali chemical
industries alone are estimated to be responsible for 3.3%
of global emissions to air in 2015.

new information and data become available. Changes in
emissions estimates for different periods therefore reflect
both real-world trends and artefacts of improvements
in inventory methods and data availability. Simple
comparisons between the new inventory and previous
inventories can result in misinterpretation and should
therefore be avoided. Based on comparisons between
the 2015 inventory and an updated inventory for 2010,
estimated global emissions of Hg to the atmosphere in
2015 are ~20% higher than in 2010. However, different
sectors contribute in different ways to this apparent
overall increase.

Estimated emissions from ASGM are almost 160 t higher
in 2015 than in 2010 (accounting for about 45% of the
overall increase); however, this is mainly a result of improved
information rather than a real trend of increased ASGM-
associated emissions over the five years between 2010
and 2015. Significant increases in emissions estimates for
South America in particular are attributable mainly to the
improved ASGM estimates.

If increases due to ASGM (as well as the VCM sector,
which was not quantified for 2010) are discounted, the
percentage increase is reduced to ~17% (equivalent to
~195 t of emissions). Around 75% of this increase is
associated with emissions from industrial sectors, 15%
to stationary combustion, and 13% to (non-ASGM)
intentional use sectors. Industrial emissions increased
in Asia in particular, indicating that increased economic
activity has more than offset any efforts to reduce
emissions. In other regions, economic recovery following
the financial crisis in 2008 (that may have influenced
global emissions in 2010) may also have influenced
observed trends in estimated emissions. Changes in fuel
use and continuing action to reduce emissions resulted
in modest decreases in emissions in North America and
the EU (~11 t in each region), and essentially unchanged
emissions in the Australia, New Zealand and Oceania and
the South America regions. In all other regions, however,
emissions increased, by 26% and 30%, respectively, in
South Asia and East and Southeast Asia, and by 10-20%
in other regions.

Comparison between the 2015 global inventory estimates
and other national and regional inventories is complicated
by use of different sectoral breakdown and methods of
quantification (including sources of information used,
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application of emission reporting thresholds, etc.). In
general, however, GMA inventory estimates were in
reasonable agreement with nationally compiled inventory
estimates for most sectors, taking uncertainties into account.
Additional comparisons with inventories compiled as part
of Minamata Initial Assessments (MIAs) and National
Action Plans (NAPs - specific to the ASGM sector) could,
in most cases, only be made on the basis of preliminary
MIAs and NAPs. The preliminary comparisons yielded a
number of issues warranting follow-up when final MIAs
and NAPs are available.

3.1 Introduction: sources of
anthropogenic Hg emissions
to the atmosphere

Previous assessments (e.g., AMAP/UNEP, 2008, 2013) have
described how industrial activities to generate energy, and
produce metals, cement and other commodities, together
with a range of intentional uses of mercury (Hg) in processes
and products, result in anthropogenic emissions of Hg to
the atmosphere. Present-day anthropogenic emissions are
estimated at more than 2200 t/y (in 2015), accounting for about
30% of Hg emitted annually to the atmosphere; the remainder
coming from environmental processes (60%) that result in re-
emission of Hg previously deposited to soils and water (much
of which is itself derived from earlier anthropogenic emissions
and releases), and natural sources such as volcanoes (~10%).

Mercury emissions to air are associated with a number of
anthropogenic activities that can be broadly characterized into
‘by-product and ‘intentional-use’ sectors (AMAP/UNEP, 2013).
Stationary combustion of fossil fuels (coal in particular), and
high temperature processes involved in industrial activities such
as primary metal smelting and cement production give rise to
‘unintentional’ Hg emissions (i.e., the Hg emissions are a by-
product of their presence in trace quantities in fuels and raw
materials). Intentional-use sectors include the use of Hg-added
products (e.g., lamps, batteries, instrumentation) and Hg use in
dentistry (dental amalgam), where much of the Hg emissions
to air (and releases to water) are associated with waste disposal.
A further intentional use of Hg is in artisanal and small-scale
gold mining (ASGM) where Hg is used to extract gold from
gold-bearing sediments and rocks. Of these sources, stationary
combustion of coal (for power, industry and domestic/residential
heating) and ASGM were estimated to be responsible for over
60% of emissions to air in 2010 (UNEP, 2013a).

Mercury emissions to air have changed over time.
Historically gold and silver mining have been major sources
of Hg emissions and releases. These emissions/releases have
had local and regional impacts that can be traced today in
sedimentary records (see Chapter 2). With the advent of the
industrial revolution (~1850s) and the subsequent rise of fossil
fuel economies, Hg emissions increased and are believed to
have peaked around the start of the 20th century. Emissions
have since declined but remain high, estimated at around
2000-2500 t/y during the first decades of the 21st century. These
emissions give rise to global pollution; including long-range
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o Comparing emissions estimates produced using different
methodologies and procedures (including both mass-balance
and measurement-based estimates) provides important
insights into limitations of reporting procedures, availability
of key information and uncertainties associated with
emissions quantification. Multiple approaches are essential
for verifying emissions and release estimates and validating
national reporting. Although challenging, harmonization
of sector definitions between different reporting and
inventory systems applied in different regions/countries, is an
important consideration in relation to eventual Minamata
emissions and release reporting requirements.

transport to remote regions (see Chapter 5), with associated
concerns for impacts on wildlife and human health (see
Chapters 8 and 9).

The GMA2013 (AMAP/UNEP, 2013; UNEP, 2013a) included
a first global inventory of anthropogenic Hg emissions to air
for 2010 prepared according to an updated core methodology,
an extension of methods employed to produce earlier global
inventories for the years 1995-2005 (Pacyna and Pacyna, 2002;
Pacyna et al., 2003, 2006, 2010).

As part of the work to update the GMA2013, a new global
inventory of anthropogenic Hg emissions to air has been
produced, for the target year 2015. The 2015 GMA inventory,
presented in this report, addresses emissions from the following
key emission sectors:

o Artisanal and small-scale gold mining

 Biomass burning (domestic, industrial and power plant
energy production)

o Cement production (raw materials and fuel,
excluding coal)

o Cremation emissions

« Chlor-alkali production (mercury process)

 Large-scale gold production

e Mercury production

 Oil refining

» Non-ferrous metal production (primary aluminum,

copper, lead, zinc)

« Pigiron and steel production (primary)

+ Secondary steel production

» Stationary combustion of coal, gas and oil (domestic/

residential, transportation)

o Stationary combustion of coal, gas and oil (industrial)

« Stationary combustion of coal, gas and oil (power plants)

o Vinyl-chloride monomer (mercury catalyst)

o Waste (other waste)

» Waste incineration (controlled burning, including waste

to energy).

These source sectors and related (sub)activities (identified in
Table 3.1) include three new sectors not previously quantified,
namely biomass combustion (for energy production), secondary
steel production and Hg emitted during the production of vinyl
chloride monomer (VCM), a raw material for plastics including
polymer polyvinyl chloride (PVC).

For the above-listed sectors it is possible to derive reasonably
robust estimates of emissions at the regional and global scale
that can also be assigned at a national level with some degree
of confidence.
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It is important, however, to recognize that the inventory
estimates reported here are not fully complete. Although the
inventory includes the main anthropogenic emission sectors,
there remain sectors for which it is not yet possible to reliably
quantify emissions, even at the global scale. These include sectors
where information is currently inadequate to reliably quantify
the scale of the activity or to define appropriate emission factors,
such as agricultural burning and incineration of certain types of
wastes including industrial waste and sewage sludge. Table 3.4
identifies additional sectors not yet fully quantified in global
emission inventory work. Where possible, available information
(e.g., national estimates for some countries) is used to provide
some insight into the level of emissions that may be expected
from sectors not included in the robust global inventory, but
these values should be considered speculative at best.

3.2 Estimating 2015 global
anthropogenic Hg emissions to
air: General methodology and
important considerations

3.2.1 General methodology

The methodology employed to produce the 2015 global
inventory of anthropogenic emissions to air is essentially the
same as that applied in developing the 2010 GMA inventory
reported in the GMA2013 (AMAP/UNEP, 2013). The
methodology applies a mass-balance approach (see Figure 3.1
and E-Annex 3, Section A3.1) to derive emissions estimates
that considers: the amounts of fuels and raw materials used,
or commodities produced (activity data); the associated Hg
content of fuels and raw materials and the types of process
involved (reflected in ‘unabated’ emissions factors); and
technology applied to reduce (abate) emissions to air (through
technology profiles that reflect the degree of application and
the degree of effectiveness of air pollution controls).

The ASGM and Hg-added product sectors employ a similar
approach with some variations, combining activity data with
emission factors and other factors that reflect distribution
pathways to different environmental media and/or waste end-
points (see E-Annex 3, Sections A3.2 to A3.4).

The general methodological approach and its development
from earlier methods that were used to produce the original (1995,
2000,2005) global inventories of emissions to air is described in
the GMA2013 report (AMAP/UNEP, 2013: section 2.2) and is
not repeated here. However, in order that the GMA inventory
process remains transparent, the documentation in this report
includes a discussion of some of the more significant changes
that have been applied in the methods and/or to key parameters
that influence calculated emissions estimates for particular
sectors (E-Annex 3, Section A3.5). Generally, this reflects
improvements in available information. The current report
therefore also includes comprehensive documentation collated
in an electronic annex (E-Annex 3) that presents the (updated)
factors and assumptions applied in calculating the 2015 emissions
estimates (E-Annex 3, Section A3.6) and uncertainties (E-Annex 3,
Section A3.7), together with the activity data used (E-Annex 3,
Section A3.8) and the resulting emission estimates on a country/
sector basis (E-Annex 3, Section A3.9).

The methods employed to geospatially distribute national
emissions estimates are as described by Wilson et al. (2006),
Pacyna et al. (2010) and Steenhuisen and Wilson (2019).
In addition to improving the methods used to estimate
global emissions by incorporating new information, the
methodology used to geospatially distribute the global
inventory has also been upgraded as part of the GMA2018
work (see Section 3.2.4).

3.2.1.1 Activity data

Information on amounts of fuel or raw materials used in
different applications or amounts of products or commodities
produced is one of the primary inputs for estimating emissions
of Hg to air. Activity data are available from various sources,
such as national statistics agencies, international organizations
and industry associations. Activity data compiled in a consistent
manner for all countries that have a significant activity in a
given sector are essential for the development of global
inventories (and their temporal comparability). For this reason,
the GMA inventory depends heavily on data compiled by the
International Energy Agency (IEA) and sources such as the U.S.
Geological Survey (Minerals Yearbook). National data made
available by some countries were also incorporated.

(Abated) Emission
(to air)

Different activity components

Activity Una.ba.ted
emission

Unabated
emission
Unabated
emission

Activity

Activity

><-=
x-:
><-=

Sum=Total activity

Different emissions reduction technologies

Abatement

Abatement

Abatement

Sum=100%

Figure 3.1 General methodology employed to produce the 2015 global inventory of anthropogenic emissions to air.
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Table 3.1 Sectors/codes for which emissions have been estimated and sources of activity data used.

Sector code  Sector description Activity code Activity description Sources of activity data Year of
activity data
ASGM Artisanal and small-scale gold ASGM Artisanal and small-scale gold Telmer and O’Neill 2012+ for
mining mining (AGC) pers.comm.,2017;  >80% of
UN Environment, 2017a estimated
emissions
BIO Biomass burning (domestic, PSB - DR domestic residential burning 1EA, 2017 2015
industrial and power plant)
PSB - IND industry 1EA, 2017 2015
PSB - PP power plants 1EA, 2017 2015
SC-DR-coal  Stationary combustion of coal BC-DR brown coal IEA, 2017 2015
(domestic/residential,
transportation) HC-DR hard coal 1EA, 2017 2015
SC-DR-gas  Stationary combustion of gas NG-DR natural gas 1EA, 2017 2015
(domestic/residential,
transportation)
SC-DR-oil Stationary combustion of oil CO-HF-IND heavy fuel oil 1EA, 2017 2015
(domestic/residential,
transportation) CO-IND crude oil IEA, 2017 2015
CO-LF-IND light fuel oil 1EA, 2017 2015
SC-IND-coal Stationary combustion of coal BC-IND-CEM  brown coal (cement industry) IEA, 2017 2015
(industrial)
BC-IND-NFM brown coal (NFM industry) 2015
BC-IND-OTH brown coal (other industry) 2015
BC-IND-PIP brown coal (ferrous metal 2015
industry)
HC-IND-CEM  hard coal (cement industry) 1EA, 2017 2015
HC-IND-NFM  hard coal (NFM industry) 2015
HC-IND-OTH  hard coal (other industry) 2015
HC-IND-PIP hard coal (ferrous metal 2015
industry)?
SC-IND-gas  Stationary combustion of gas NG-IND natural gas 1EA, 2017 2015
(industrial)
SC-IND-oil  Stationary combustion of oil CO-HF-IND heavy fuel oil IEA, 2017 2015
(industrial)
CO-IND crude oil 1EA, 2017 2015
CO-LF-IND light fuel oil 1EA, 2017 2015
SC-PP-coal  Stationary combustion of coal BC-L-PP brown coal (lignite) 1EA, 2017 2015
(power plants)
BC-S-PP brown coal (sub-bituminous) 1EA, 2017 2015
HC-A-PP hard coal (anthracite) 1EA, 2017 2015
HC-B-PP hard coal (bituminous) 1EA, 2017 2015
SC-PP-gas Stationary combustion of gas NG-PP natural gas IEA, 2017 2015
(power plants)
SC-PP-oil Stationary combustion of oil CO-HF-PP heavy fuel oil IEA, 2017 2015
(power plants)
CEM Cement production (raw materials ~ CEM cement (fuels excl.) USGS, 2016 2014
and fuel, excluding coal)
PC-CEM pet coke 1EA, 2017 2015

See also BC-IND-CEM and HC-IND-CEM
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Sector code  Sector description Activity code Activity description Sources of activity data Year of
activity data
NEMP Non-ferrous metal production AL-P aluminum (primary USGS, 2017 2015
(primary Al, Cu, Pb, Zn) production)
CU-P copper (primary production) USGS, 2017 2015
CU-T copper (total production)® USGS, 2017 2015
PB-P lead (primary production) USGS, 2017 2015
PB-T lead (total production)® USGS, 2017 2015
ZN-P zinc (primary production) USGS, 2017 2015
ZN-T zinc (total production)® USGS, 2017 2015
See also BC-IND-NFM and HC-IND-NFM
NFMP-AU  Large-scale gold production GP-L gold production USGS, 2017 2015
NFMP-HG  Mercury production HG-P mercury production USGS, 2016 2013/2014
UN Environment, 2017a 2015
OR Oil refining CO-OR oil refining 1EA, 2017 2015
PISP Pig iron and steel production PIP iron and steel (primary USGS, 2016 2014
(primary) production)
SSC Secondary steel production SP-S secondary steel production World Steel 2014

Association, 2015

CREM Cremation emissions CREM
CSP Chlor-alkali production CSP-C
(mercury process)
CSP-P
CO-LF-PP
CO-PP
VCM Vinyl-chloride monomer VCM
(mercury catalyst)
WASOTH Waste (other waste) WASOTH
WI Waste incineration WI

(controlled burning)

Cremation emissions National reports and 2014
International Cremation
Statistics
capacity based UNEP, 2013b 2012
production based UNEP, 2013b; OSPAR, 2012-2015
2016; EuroChlor, 2017
See also BC-IND-PIP and HC-IND-PIP
light fuel oil 1EA, 2017 2015
crude oil 1EA, 2017 2015
Vinyl-chloride monomer National and literature 2015
information on
VCM production,
Hg consumption and
emissions
other waste Estimated consumption of 2015
Hg in Hg-added products
in 2015 by world region
(UN Environment, 2017a)
waste incineration Estimated consumption of 2015

Hg in Hg-added products
in 2015 by world region
(UN Environment, 2017a)

“HC-IND-PIP: does not include ‘non-energy coke’ (see E-Annex 3, Section A3.5); *PB-T, CU-T, ZN-T: total (primary+secondary) production used as
activity for countries where activity data for primary production alone were not available.

Sectors and sources of activity data used in preparing the
2015 global estimates are presented in Table 3.1. Sectors are
grouped according to four main categories: combustion of fuels;
industrial sectors; artisanal and small-scale gold mining; and
(non-ASGM) intentional use sectors. These main groups are
also reflected in subsequent presentations of results. Activity
data used to develop the 2015 GMA national emission estimates
are presented in E-Annex 3, Section A3.8.

Whenever available, statistics for the target year 2015 have

been used for this emission inventory. In some cases, data for
2015 were not available at the time of preparing the inventory; in
such cases, data from 2014 (and in a few cases earlier) were used.

Lack of globally consistent activity data is one of the
major obstacles to the inclusion (at the present time) of some
additional sectors that are implicated in Hg emissions to the
atmosphere in the global inventory. Some of these sectors are
identified in Table 3.4.
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3.2.1.2 Emission factors and technology profiles

Information on (unabated and abated) emissions factors and
technology profiles - reflecting the degree of application and
effectiveness of air pollution control (APC) technologies
to reduce emissions of Hg; see AMAP/UNEP (2013) - are
detailed in E-Annex 3, Section A3.6. These factors are
defined for individual countries where data are available.
Where national data are lacking, default factors are applied
to groups of countries based on assumptions regarding their
level of technological development. For ASGM-associated
emissions a similar but more specific approach is employed
(see E-Annex 3, Section A3.2). The assignment of (emission
and APC technology) factors for particular countries/sectors
builds on work described in the GMA2013 report, and
utilizes a considerable amount of new information that has
since become available from published literature, especially
concerning China, as well as information from national experts
from more than 25 countries from all world regions during
inventory workshops and meetings organized as part of the
2015 inventory compilation activity.

Updates to applied emission factors and assumptions
regarding application and effectiveness of APC technologies can
significantly affect derived (national-sector) emission estimates;
some revisions reflect developments (such as in applied APC
measures, or changes in sources of fuels or raw materials used
nationally) since 2010; others reflect improved information
on, for example, the Hg content of fuels and raw materials that
would also apply in relation to revised 2010 emissions estimates.
Revisions to factors applied in the 2015 inventory work are
— for the most part — not yet reflected in the UNEP Toolkits
that are being used as the basis for most national Minamata
Initial Assessments; see Section 3.3.3 (ii). The next section and
E-Annex 3, Section A3.5 discuss some of the more significant
changes introduced for individual sectors.

3.2.2 Sector specific methodologies —
significant changes and improvements

For the sectors: Stationary combustion - oil burning, Stationary
combustion - gas burning, Primary production of non-ferrous
metals - Hg from cinnabar ore, and Chlor-alkali production,
methods employed are essentially identical to those applied in
the GMA2013 (AMAP/UNEP, 2013). Updated information on
the basis for calculations applied in the 2015 inventory can be
found in E-Annex 3, Section A3.6.

For several other sectors, methods have been updated.
E-Annex 3, Section A3.5 details substantive methodological
changes that have been introduced in relation to specific
sectors. These changes can have implications for calculated
estimates that need to be appreciated when comparing 2015
inventory estimates with previous estimates (including 2010
inventory estimates presented in the GMA2013 report).
For a more detailed discussion of the results regarding
emission estimates for selected emission source sectors see
Section 3.4.3.

3.2.3 Uncertainties

Estimating the uncertainties associated with Hg emissions is
not a simple task: the nature of the data means that there will
never be a single ‘good’ answer, only answers that are based on
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sensible approaches and that can be considered ‘reasonable’ in
relation to the context in which they are presented.

In the GMA2013 (AMAP/UNEP, 2013), a simplistic
approach was applied to calculate uncertainties associated
with the 2010 inventory estimates. Essentially, this involved
calculating high- and low-range estimates for individual
country-sector emissions based on assumptions regarding
reliability of activity data and (unabated) emission factors
and aggregating these to produce ‘extreme’ range values.
Uncertainties associated with assumptions about applied
technologies were ignored. It was noted that, since over- and
under-estimation will to some extent cancel out in aggregated
estimates, this approach would result in ‘overstating’
uncertainties associated with aggregated emissions estimates
such as regional, sectoral or global totals. However, the
method did promote awareness that inventory estimates
- whatever their source or basis — have large associated
uncertainties and need to be regarded in this light.

In the 2015 inventory work, a more detailed evaluation
of uncertainties has been applied considering three different
approaches: (i) calculating uncertainties using the approach
applied in the GMA2013; (ii) applying a modification of
this whereby uncertainties associated with technology
assumptions were also introduced for most sectors, and (iii)
employing the propagation of errors method (Frey et al,,
2006) to evaluate uncertainties associated with aggregated
estimates. The latter method was adapted to apply a cut-oft in
extreme situations, for example, so that abatement efficiency
could not exceed 100%. Further assumptions were applied
in relation to other factors; for example, unabated emissions
factors used in range estimates were based on assumptions
regarding skewed (log-normal) distribution of Hg-content
of fuels and raw materials.

In the case of ASGM, the situation is somewhat different
in that the main source of uncertainty in relation to emissions
is considered to be associated with level of activity rather
than the (unabated) emission factor. The emission factor
from amalgam is effectively 100% of the Hg contained
in the amalgam, and the quantity of amalgam is directly
proportional to the amount of gold produced. This does not
account for the use of retorts (Hg recycling); however, their
use is small to negligible globally. Therefore, with respect to
emissions of Hg to the atmosphere, the uncertainty in the
estimate is largely equivalent to the uncertainty in the amount
of gold produced. As a further consequence, if emissions to
air are over-estimated, releases to land/water will be under-
estimated, and vice versa.

Further details of the three approaches considered in
evaluating uncertainty are described in E-Annex 3, Section A3.7.
Results of the modified approach (approach ‘ii’) are reflected in
the values for individual country-sector estimates tabulated in
E-Annex 3, Section A3.9 and Table 3.5.

The ‘propagation of errors  approach was considered to best
represent the scale of the uncertainties for aggregated inventory
estimates compared with those achieved by simply summing
uncertainties for individual (country-sector) emission estimates.
This is therefore the basis for uncertainty estimates associated
with aggregated emission estimates presented in Section 3.3.

At the global level, uncertainties calculated using approach
(i) are -55% to +157%, using method (ii) -64% to +213%, and
using method (iii) -10% to +27%.
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3.2.4 Spatial distribution

The process of (geo-)spatially distributing national/sectoral
emission estimates to reflect patterns of emission intensity
across the globe is a prerequisite to many approaches to
model atmospheric transport and deposition (see Chapter 5).
Methods previously applied (Wilson et al., 2006; Pacyna et al.,
2010; Steenhuisen and Wilson, 2015) have been updated and
improved (Steenhuisen and Wilson, 2019).

Major new developments in the spatial distribution
methodology include:

o Compilation of new information on point sources from
available public domain resources (including geographical
location, reported emissions where available from national
inventories and pollution transfer and release inventories —
for Europe, USA, Canada, Australia).

« Updated modelling of emissions from point sources that
lack plant specific emissions estimates, using information
on, for example, plant capacity in combination with the
national emissions totals for the sector concerned, and
setting maximum values based on available information
on emissions from relevant large facilities to avoid extreme
emission values.

o Introduction of new procedures to allow national estimates
to be mapped (gridded) at a finer resolution, such as for
use in modelling work with flexibility to define different
output resolutions.

o Introduction of new procedures to make it easier to
incorporate and select proxy ‘distribution masks’ for
application to different emission sectors and update proxy
data for individual countries as opposed to global level only.

o Development of new distribution masks for ‘population’and
‘urban population’; and for ASGM using new information to
better define relevant areas of countries concerned, including
information for African countries from experts engaged in
the preparation of regional NAPs.

o Implementation of new options to allow more flexible
introduction of alternative speciation schemes and emission
height classification schemes for emissions from different
sectors according to country groupings.

« Options to allow future applications to take advantage
of improved information on individual plants (e.g., plant
specific speciation schemes, emission stack heights, etc.).

Results of the spatial distribution of the GMA global
inventory estimates of anthropogenic emissions to air in 2015
are presented in Section 3.5 (Figure 3.9); related datasets are
available (https://www.amap.no/documents/doc/global-
mercury-emissions-2015/1816) and were employed in modelling
work reported in Chapter 5. The work undertaken to improve
the spatial distribution procedures illustrates the importance of
compiling better information on emissions at individual point
source facilities, including the location of the facilities, associated
(quantified) Hg emissions, and characteristics of the plants in
relation to applied technology, fuels, and installed emission
controls. Such data also need to be compiled in a manner
that can track temporal changes in point-source emissions, to
complement the development of temporally-consistent emission

inventories. Facility-level reporting systems are only available
for a limited number of countries, and some employ thresholds
for mandatory reporting that may result in under-estimation
of total national emissions. Better information is also needed to
improve ‘proxy’ data that are applied for distribution of non-point
source emissions; for sectors, such as ASGM in particular, where
information on the (spatial) extent of the activity is difficult to
determine from easily-accessible sources.

New information is also becoming available on speciation
of emissions from point sources, in particular from China
(e.g., Zhang et al., 2008, 2016d; Chen et al., 2013a; Liu et al.,
2018b) that needs to be evaluated as a basis for improving
speciation schemes that are applied in connection with the
spatial distribution work. Changes in APCD implemented in
different countries over time influences the associated sectoral
emission speciation of Hg. This is illustrated in recent work
considering the impact on speciation of changes in (APC)
technology at the national level (e.g., Wu et al., 2016b).
Speciation changes have not yet been adequately addressed
in global inventories and failure to track the changes of Hg
speciation can compromise assessment of air transport and
deposition as well as environmental impact assessment of Hg
emissions; see also discussions in Chapter 5 (Section 5.2.1).
Notwithstanding these observations, the results of the spatial
distribution work, and basic speciation scheme applied in this
work provide an important additional perspective on global
emissions from anthropogenic sources, and are critical to the
validity of work to investigate air transport and deposition and
source-receptor relationships (see Chapter 5).

3.3 Estimating 2015 global
anthropogenic Hg emissions
to air: Results

Results for the 2015 global inventory estimates are reviewed
below from the perspective of regional- and sectoral-based
summaries, followed by commentaries on comparisons with
national inventories and air emissions on a sector by sector
basis, and an evaluation of apparent trends in emissions
between 2010 and 2015.

The global inventory of Hg emissions to the atmosphere
in 2015 from the 17 major anthropogenic source sectors
quantitatively evaluated in this work is estimated at 2220 t
(range 2000-2820 t).

This global inventory total for 2015 does not include sectors
that are not yet addressed discretely in the inventory work;
that is, sectors that lack information required for detailed
estimation at the regional level, such as ‘contaminated sites’
(e.g.,old mines / mine tailings and decommissioned industrial
facilities). Emissions to air from ‘contaminated sites’ in 2010
were estimated at ~80 t in the GMA2013 work, and can be
assumed to be similar in 2015. Sources not fully addressed in
the quantitative inventory are discussed in Section 3.3.2.1 and
Table 3.4. Some key observations are as follows:

o The 2015 global inventory estimate of Hg emissions to
air from anthropogenic sources of 2220 t aligns with the
GMA2013 statement that global emissions to air in the first
decades of the 21st century from the main anthropogenic
sectors are of the order of 2000 t/y.
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o Uncertainties associated with the current air inventory
estimate of 2220 t are of the order of -10% to +30% (i.e.,an
approximate range of 2000-2820 t).

» Estimated global Hg emissions to air from anthropogenic
sources in 2015 are ~17% higher than the inventory for
2010, when 2010 estimates are retrospectively updated
for comparable methodology and sectors not addressed
in the original 2010 inventory are excluded. Different
sectors contribute to the increase to a different extent.
High apparent increases in emissions from ASGM
(almost 160 t) are most likely to be associated primarily
with improvements in the information upon which these
estimates are based. The second major contributor to
the increase is industrial sectors (142 t) where increased
economic activity in certain regions is reflected in activity
data for production and use of raw materials. Changes in
estimated emissions between 2010 and 2015 are discussed
in more detail in Sections 3.3.3 and 3.4.

« Sectors not yet quantified in the national inventory estimates
may contribute additional emissions to air of the order of
tens to hundreds of tonnes per year globally. These include,
for example, about 70-95 t of emissions from contaminated
sites (see Section 3.3.2.1).

3.3.1 Summary of results by region

The regional (sub-continental) contributions to the global
inventory in 2015 are illustrated in Figure 3.2. The pattern of
emissions is very similar to that in 2010, with the majority of the
emissions occurring in Asia (49%, of which 39% are in East and
South-east Asia, compared with about 48% in 2010) followed
by South America (18%) and Sub-Saharan Africa (16%) (see

Technical Background Report to the Global Mercury Assessment 2018
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Figure 3.2 Regional breakdown of global emissions of Hg to air from
anthropogenic sources in 2015.

also Table 3.2). The consistency in the regional distribution of
emissions between the 2010, 2010-updated, and 2015 GMA
datasets discussed in this report (illustrated in Figure 3.6 in

Table 3.2 Regional breakdown of global emissions of Hg to air from anthropogenic sources in 2015. Data shown to three significant figures.

Sector group?, tonnes Regional total % of
(and range)®, global total
Fuel Industry Intentional- ASGM tonnes
combustion sectors use (including
product waste)
Australia, New Zealand and Oceania 3.57 4.07 1.15 0 8.79 (6.93-13.7) 0.4
Central America and the Caribbean 5.69 19.1 6.71 14.3 45.8 (37.2-61.4) 2.1
CIS and other European countries 26.4 64.7 20.7 12.7 124 (105-170) 5.6
East and Southeast Asia 229 307 109 214 859 (685-1430) 38.6
EU28 46.5 22.0 8.64 0 77.2 (67.2-107) 3.5
Middle Eastern States 11.4 29.0 12.1 0.225 52.8 (40.7-93.8) 2.4
North Africa 1.36 12.6 6.89 0 20.9 (13.5-45.8) 0.9
North America 27.0 7.63 5.77 0 40.4 (33.8-59.6) 1.8
South America 8.25 47.3 13.5 340 409 (308-522) 18.4
South Asia 125 59.1 37.2 4.50 225 (190-296) 10.1
Sub-Saharan Africa 48.9 41.9 17.1 252 360 (276-445) 16.2
Global inventory 533 614 239 838 2220 (2000-2820) 100

*See Table 3.1 for a definition of the sectors comprising each group; Puncertainty ranges calculated using error propagation method (see Section 3.2.3).
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Figure 3.3 Contributions of the main groups of sectors to total emissions
in different sub-regions in 2015 including ASGM (graphs, right column)
and with ASGM emissions excluded (graphs, left column).

Section 3.4.2) indicates that these patterns are robust and not
influenced to any undue extent by artefacts resulting from
changes in methodology and additional sectors introduced
since the GMA2013 work.

The relative pattern of contributions of the regions to
the inventory total is heavily influenced by emissions from
ASGM. ASGM-associated emissions account for about
70-75% of the emissions that occur in South America and
Sub-Saharan Africa (see Figure 3.3; graphs, right column).
If ASGM-associated emissions are omitted (see Figure 3.3;
graphs, left column), then the East and South-east Asian
region remains the region responsible for the majority of
emissions (47% on the non-ASGM total), with South Asia
responsible for a further 16%. The non-ferrous metals
industry is the main source of emissions in Sub-Saharan
Africa and the ‘CIS and other European countries’ region;
thus these two regions, between them, contribute a further
16% of the total non-ASGM emissions. In the remaining
regions, coal combustion still accounts for the major part
of the emissions in North America (almost 60%), the EU
(about 54%) and Australia, New Zealand and Oceania (37%).
In the Middle Eastern States and North Africa, the cement
industry is the main source of emissions (43% and 52% of
the regional totals, respectively). Sources associated with
wastes from Hg-added products account for approximately
10-20% of emissions in most regions, somewhat higher in
North Africa (27%) and lower in the EU and East and South-
east Asian regions.

All percentage contributions need to be considered in
relation to the total (absolute) amounts of Hg emitted in
each sub-region. The sector-based emission discussion
(Section 3.3.3) provides additional insights into the relative
amounts of emissions from different source sectors.

3.3.2 Summary of results by sector

As with the regional breakdown, the relative breakdown of
anthropogenic Hg emissions in 2015 between sectors is, in
most respects, very similar to that in 2010. The predominant
source sector is ASGM (~33.8%) followed by stationary
combustion of coal (~22.4%; of which 13.9%, 6% and
2.6% are from, respectively, power plants, industrial uses
and domestic/residential burning). These are followed by
emissions from non-ferrous metal production (~15.1%, of
which 3.8% is from large-scale gold production and 1%
from production of Hg), and cement production (~10.8%).
Emissions associated with disposal of Hg-added product
waste (7.6%), ferrous-metal production (3.4%, of which 0.5%
is from secondary steel production), stationary combustion
of other fuels (3%, from combustion of oil, gas and biomass
- the latter a newly included component contributing 2.6%)
and other (2.9%, with another newly included sector - VCM
- responsible for 2.3%) make up the rest. See Figure 3.4 and
Table 3.3.

More detailed discussions for individual sectors, also
considering changes from 2010 to 2015 are presented in
Section 3.4.



3-10 Technical Background Report to the Global Mercury Assessment 2018

Table 3.3 Global emissions of Hg to air from different anthropogenic source sectors in 2015. The color code reflects the four main sector groupings
represented in Figure 3.3 and elsewhere, see Table 3.1. Data shown to three significant figures.

Sector code  Description Activity code Description Emission ~ Sector emission Sector %
20154, (range)®, tonnes  of total

tonnes
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Sector code  Description Activity code Description Emission  Sector emission Sector %
2015°, (range)®, tonnes  of total
tonnes

2220 2220 (2000-2820) 100

Total
*The indicated uncertainties are based on the propagation of errors approach; for by-product sectors, individual country-sector estimates were assigned

uncertainties based on the modified GMA2013 approach (including uncertainties associated with APC technology); for ASGM and sectors concerning
waste from Hg-added products, the basic GMA2013 approach was used for country-estimates; "uncertainty ranges calculated using error propagation

method (see Section 3.2.3).
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Figure 3.4 Proportions of global emissions of
Hg to air from different anthropogenic source

sectors in 2015.
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Table 3.4 Anthropogenic source sectors for which emissions cannot yet be reliably estimated.

Other potential emissions (sectors quantified only as global Issues

totals)

Contaminated sites

Mercury-contaminated sites (e.g., former mining waste disposal sites) may

contribute significant emissions to air on a local to regional scale. Emission rate is
likely to depend on Hg-content as well as local soil conditions and climate etc. which
makes global estimates difficult

Agricultural burning

Agricultural burning, including burning to clear land for agricultural use (as well

as biomass burning) is a potentially important source and probably also linked to
climate change and natural disasters

Information is lacking on global amounts incinerated and Hg content of materials
burned which makes global estimates uncertain

Incineration of industrial and sewage sludge and some
hazardous wastes

Information on total amounts of industrial waste and sewage sludge incinerated
is not available. Some hazardous waste (Hg-added products) is covered in the
inventory

Hg contents of industrial wastes and sewage sludge are highly variable, no generally
applicable information is available

Some nationally compiled inventories include estimates of emissions from
incineration of industrial waste and sewage sludge

Oil and gas extraction (upstream of refineries and
unaccounted)

Extraction and processing of oil may release Hg to water, soil and air. Hg content
of crude oil is highly variable and there is a general lack of information needed to

quantify these emissions on a global scale

Natural gas can contain variable concentrations of Hg, depending on the geological
properties of the surrounding minerals. Hg vapor is often removed from natural
gas prior to processing and distribution due to risk of damage to metal pipes and
processing equipment

General lack of knowledge on Hg contents, removal efficiency and leakage risks

Gas flaring

Geothermal power plant emissions

Geothermal power plants can result in Hg emissions to air if located in an area with

significant geological mercury contents in the bedrock. Sufficient information to
provide global estimates is not available

Dental use (amalgam fillings)

Emissions associated with dental applications are not fully included in the inventory;

emissions of Hg present in amalgam are included only as associated with human
cremation. Emissions during the preparation of amalgams and their subsequent
removal and disposal in wastes are not included

Other potential sources

Varying amounts of Hg are likely to be emitted from other industrial sources

including pulp and paper manufacture, secondary non-ferrous metals, food industry,
chemical industry, production of bricks, ceramics, lime, coke, charcoal, fertilizers,
and combustion of peat. Global statistics and/or national inventories are lacking.
Emissions from some of these sources may be included in national inventories
under reported categories such as energy, industrial or ‘other’

Informal/unorganized activities associated with a diverse
range of industrial processes in developing countries (e.g.,
waste recycling); from small-scale to very large operations in
some countries

Speculative additional total global emissions

No reliable statistics available

3.3.2.1 Anthropogenic sources not fully
quantified in the inventory

The robust global inventory presented in Table 3.3 includes
the source sectors that are responsible for the majority of
anthropogenic emissions of Hg to air. There are, however,
additional sources that cannot yet be reliably quantified
at the regional and global scale. Table 3.4 lists a number
of these sectors and summarizes the state of available
information and in some cases presents an indicative (often
incomplete) estimate of possible emissions. These are only
intended to provide an indication of the order of magnitude
of emissions that may not yet be included in the quantified
global inventory. Although it is not anticipated that sectors
not currently included would significantly alter the total
estimate of global anthropogenic emissions, they may be
regionally and locally important.

3.3.3 Comparing GMA global inventory
estimates with national inventories

The target for the GMA2018 air emissions inventory activity
remains the production of a robust global inventory for the
target year of 2015, for a defined set of sectors for which reliable
global estimates can be produced. Although it presents emission
estimates broken down by sector for each of some 200 countries,
the applied methodology is directed at global/regional rather
than national level application.

All methods and approaches associated with the generation
of emissions estimates (whether produced by measurements
or theoretical calculations) have (often large) associated
uncertainties. It should therefore not be expected that
estimates produced using different approaches (global vs
national, etc.) will necessarily be identical. Estimates may
differ for several reasons including:
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Available information

Best estimate (contemporary
emissions), tonnes

Kocman et al. (2013) estimated global emissions from contaminated sites to air and water at 198 t/y, of which
82 t were emitted to air

Emissions from China: ~1 t (average for 2000-2010) from waste burning of crop residue (with an additional
2.3 t from burning of crop residue as fuel); 70% emitted as Hg’

For comparison 2.15 t from fuelwood burning and 0.79 t from grassland and forest fires (Chen et al., 2013b).
Crop residue and wood burning for fuel should be covered under biomass burning for energy

IEA data include information on industrial waste incinerated for energy production (801,025 TJ-net, globally
in 2014). But there is no information on amounts of other industrial waste burning (without energy recovery)

Hg-added products in municipal solid waste are accounted for in the inventory estimates

Informal estimates published in Petro Industry News (2015) indicate that total environmental emissions and
releases of Hg from the oil and gas industry can be in the range 80-400 t, with an (unknown) fraction released
to air. Identified (unaccounted) emissions and releases include those associated with the molecular sieve
regeneration cycle; gas flaring; CO, and N, removal technology; pipework and equipment decommissioning;
and inappropriate treatment and disposal of effluent water

The global inventory includes estimates of emissions from oil refineries only and these differ significantly from
lower estimates produced by the IPIECA (see Section 3.4.3.8)

NOAA/World Bank Gas Flaring Project 2015 (estimate of amount of gas flared globally) + UNEP Toolkit
(emission factor); no corresponding estimate for emissions from venting

Mercury emissions from geothermal power plants have been studied in Tuscany, Italy (Bravi and Basosi,
2014).They estimate a total emission of 1.2 t for Italy based on a (conservative) emission factor of 0.2 g/MWh

Mercury emissions to air from dental use in the EU ~2010 (including cremation emissions) estimated at 52 t/y
with dental amalgam contributing ~21-32% to overall EU Hg emissions to air and up to 9-13% to overall EU
Hg emissions to surface water (BIO IS, 2012)

Residual totals from national emissions inventories covering primarily North America, Europe, Australia and

82 (70-95)

1 (China)

No estimate available

No comprehensive estimate
available

0.15 (from flaring, global)

1.2 (Italy)

~50 t/y (EU region)

(see Table 3.5)

some countries in Asia

10s to 100s t/y

 use of activity data corresponding to different years or
different sources

o differences in reporting/sector attribution

o differences in applied EFs (amount and quality of
measurement data used to derive emissions factors; high
variability of Hg content in some raw materials and fuels)

o assumptions applied in deriving annual emissions
estimates from measurements

o assumptions regarding efficiency and degree of application
of APC equipment (and variability and uncertainty
associated with APC efficiency).

Comparimg estimates for 2015 made for the global inventory
presented in this report (E-Annex 3, Section A3.9) with national
emission estimates from other sources is an important part of
verification of the global inventory estimates. Where differences
occur, these can often be explained, and even when this is not the
case the discrepancies can reveal methodological or data issues
that need further investigation and guide future work.

A major development since the GMA2013 work is that a
large number of countries are now engaged in preparing new
national inventories or national emission/release estimates.
Many of these are associated with the Minamata Initial
Assessments (MIAs) or Minamata National Action Plans
(NAPs). This will provide increased possibilities for comparing
the global and nationally derived emissions estimates.

When considering estimates compiled as part of the MIA
process, most of the MIAs use an approach based on the
UNEP Toolkit. The Toolkit was updated in 2013 to reflect
new information compiled when developing the 2010 global
inventory, and other updates of the Toolkit were made in 2015
and 2017. In general, however, new refinements introduced in
the work to produce the 2015 global inventory will not yet be
reflected in the UNEP Toolkit.

Comparisons between the GMA2018 inventory estimates
for the nominal year 2015 and national estimates are collated
in Table 3.5.
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Table 3.5 Comparison between national inventory results and GMA2018 estimates for 2015 (units: emissions to air in 2015, kg). GMA values >1 are
rounded to avoid decimal numbers. Uncertainties for individual country-sector GMA estimates reflect a maximum uncertainty range (see E-Annex 3,
Section A3.7; method 2)

Sector Australia® Canada
National (2015) GMA2018 (2015) NPRI (2015)¢ GMA2018 (2015)
2657 2878 (1210-4340) 790 1836 (897-3140)
1 8(1-17) 11 (2-24)
7 4 (0.6-8) 11 (2-20)
? 141 (69-244) 238 119 (52-333)
? 10 (1-20) 48.6 17 (2-33)
? 2 (0.3-3) 0 3 (0.5-6)
? 1(0.3-1) 264 3(0.9-6)
? 32 (5-59) 67 (10-123)
? 1(0.2-2) 7 (1-13)
? 178 (27-391) 0 485 (80-1050)
165 5(0.1-52) 630 200 (57-1360)
21 24 (7-146) 0 117 (32-708)
611 803 (47-15500) 1734 44 (12-9100)
1635 41 (21-71) 19.8 36 (10-82)
3871 1833 (525-4230) 0 353 (3-1510)
0 0 0 0
96 796 (211-5220) 262 128 (38-3070)
23 27 (8-43) 71 (20-112)
0 0 8.88 0
0 0 0
0 235 (71-705) 673 117 (35-352)
1 581 (174-1740) 141 307 (92-921)
29 70 (63-84) 89 (74-102)
0 0 0
Other 1074° 1128¢

Total 10191 7672 (2440-32900) 4377 4021 (1420-22100)

* Australia: EPA 2015, sector attribution based on GMA author interpretation of EPA records.

® Australia: Other includes mining and processing of coal, iron and non-ferrous metals (873), timber/pulp and paper (20), oil and gas production (28),
lime production (42), chemical industry (26), brick manufacture (21), food industry (15).

¢ Accessed 21 May 2018. Canada also reports emissions (totalling 4387 kg) under the CLRTAP reporting system.

4 Amount reported under metal production (other).

¢ Canada: Other includes: pulp and paper = 39.6; municipal waste incineration = 673; solid waste disposal on land = 141.
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China (and Hong Kong) Japan Republic of Korea
National (2014/2015)  GMA2018 (2015) National (2015) GMA2018 (2015) National (2014) GMA2018 (2015)
75900 81805 (41400-140200) 1300 1297 (703-2100) 1167 1710 (820-3740)
-f 89 13 134 (25-295) 5 33 (6-73)
13 2 18 (3-33) 0 4(0.6-8)
80400 63363 240 304 (152-519) 14331 203 (103-343)
£ 126 2 51 (7-99) 51 26 (4-51)
9 1 3(0.4-5) 4 2(0.3-3)
277008 37803 0 0.1 (0.03-0.12) 0 0
800 427 0 103 (15-189) 72! 49 (7-91)
13 0 4(0.6-8) Ii 3(0.4-6)
4100¢ 5119 (684-10000) 0 373 (66-843) 0! 86 (13-177)
32730 8566 (2190-493000) 2000 2219 (1200-5320) 1337 687 (378-1090)
1023 (268-2490) 540 599 (163-3630) 407 340 (94-647)
68900 126220 (25800-422000) 260 1562 (67-47500) 16 296 (63-31900)
6500¢ 3121 (869-10000) 0 0.4 (0.1-0.9) 0 0
3400 202 (4-1530) 0 18 (0.2-76) 0 1(0.01-3)
133008 8100 (1580-17600) 0 0 0 0
127700 106283 (29300-1240000) 5500 3474 (861-8860) 2795 1258 (357-2590)
2695 (728-4450) 120 1138 (324-1790) 6 968 (203-1890)
560 405 (113-948) 0 0 0 0
57808 (12100-113000) 1] 0 0 1]
h
8649 (2590-25900) 1500 1210 (363-3630) 1366 570 (171-1710)
19101 (5730-57300) 3850 2399 (720-7200) 0 671 (201-2010)
4500¢ 553 (503-614) 69 101 (92-112) 5 41 (37-45)
7700 33750 (8440-59000) 1] 0 0 1]
1351 519

468600 565244 16747 15007 (4760-82200) 9186 6948 (2460-46400)

5300008 (174000-2770000)

fIncluded in domestic residential oil

82014

" China: Municipal solid waste incineration 11800; hazardous waste incineration 2500; production of mercury-added products (lamps, batteries,
thermometers, sphygmomanometers) 100;

! Republic of Korea: Estimated using UNEP emission factor.

JRepublic of Korea: Other: Haz. waste (283.4) Sew sludge (32.99) Pulp-paper (177.82) On road (25.12)
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Table 3.5 continued

Sector Malaysia Mexico
National GMA2018 (2015) National (MIA) GMA2018 (2015)
(MIA version 12/5/17)
2667 2389 (1290-5690) 2121 2913 (1890-4470)
0 4(0.8-7) 115 (27-212)
0 6 (1-11) 786 11 (2.6-21)
387 238 (129-567) 763 719 (477-990)
6 12 (3-23) 13 (3-24)
3 1(0.3-2) . 3 (1-5)
0 0 0
0 20 (5-38) 35 (8-64)
0 0.1 (0.02-0.13) B 0.3 (0-0.5)
0 41 (9-80) 974 435 (103-800)
0 0 218 285 (98-1510)
21 101 (38-480) 336 (125-1600)
0 0 2090 5872 (2115-21150)
0 68 (24-133) 0
0 128 (45-250) 200 5336 (1870-10400)
0 0 767 2025 (710-3950)
3502 1655 (585-8720) 6281 1241 (470-9390)
22 224 (100-370) 47 54 (25-84)
0 1808 600 (210-1170)
0 0
0 49 (15-148) 24 (7-71)
0 1694 (510-5080) 2870 3462 (1040-10400)
0 5 (4-6) 328 35 (28-42)
0 1663 (415-2910) 28072 3563 (890-6230)
Other 1643k -m
Total 8251 8296 (3170-24500) 47325 27075 (10100-73600)
(19253 excl ASGM)

k Malaysia: Other includes 1410 kg from extraction, refining and use of natural gas and mineral oils and 51 kg from incineration of hazardous waste.
' Mexico: Included in domestic residential gas.

™ Mexico: Other - extraction of petroleum products 361 (oil) 1372; pulp and paper 3.6; lime production 670; use/disposal of thermometers 881;
switches 881; lamps 749; batteries 359; use of mercury catalysts 358.
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Russia USA Vietnam
National (2015) GMA2018 (2015) National (2014)° GMA2018 (2015) National (MIA) GMA2018 (2015)
10130 5782 (2500-10900) 20795 19145 (10100-37400) 4898 2652 (1430-10930)
277 171 (23-330) 39 37 (7-84) 4(1-9)
1290 51 (7-97) 822 70 (10-128) 3(0.4-4)
15700 186 (68-309) 1078 2257 (949-6490) 2447 (1320-5833)
2 15 (2-29) 668 46 (6-88) 8 (2-16)
8 (1-16) 1150 27 (4-50) 0.35 (0-0.7)
661 (250-945) 0.8 168 (54-415) 401 (217-957)
229 60 (8-116) 1529 367 (52-675) 13 (3-24)
25 17 (2-33) 58 47 (7-86) 0
81.7 145 (20-280) 853 2231 (368-4870) 1168 736 (165-1420)
561
1910 4843 (1070-10000) 1551 513 (145-3410)
0 638 (135-3290) 4597 1288 (350-7810) 128 (48-610)
11460 12890 (2700-77000) 162 110 (20-15430) 249 (89-960)
133 1094 (230-2130) 362 123 (34-288) 150 (53-293)
32500 12474 (2430-27000) 521 494 (4-2110) 0
0 0 0 0 0
4120 2339 (877-4280) 2874 3120 (786-29500) 5840 5770 (2040-30400)
226 201 (54-332) 338 1034 (295-1630) 121 (54-200)
360 3790 (796-7390) 82 183 (51-427)
124 310 (65-604) 0 0
287 31 (9-93) 1640 1253 (376-3760) 5 (2-16)
759 9896 (2970-29700) 3249 3298 (989-9890) 1958 1741 (520-5220)
335 122 (89-163) 1388 523 (438-600) 92 61 (55-67)
0 5225 (1310-9140) 0 0 97 3562 (890-6230)
8211" 32450 132309
88164 60949 (15600-184000) 47004 36332 (15000-125000) 27844 18050 (6890-63200)

" Russia: Other — pulp and paper = 671; other NFM = 202; extraction/refining of gas = 443; combustion of peat/oil shale = 178; municipal waste
incineration = 287; sewage sludge incineration = 670; medical waste incineration = 1090; Hg-added consumer products = 4774.

° The United States reported their NEI 2014 v1 inventory to LRTAP; the data entered here are from the US NEI 2014 v2 inventory (updated January 2018).

P USA: Other - brick (34), chemical manufacturing (838), gypsum (141), lime manufacture (160), manufacture of mercury relays (38), mineral products
(152), other (381), pulp and paper (164), recycling of EAF dust from steel manufacture (421), secondary metals and metal waste/non-ferrous (342),
utility MACT pet coke (31), dental amalgam (419).

9Vietnam: Other includes natural gas extraction, refining and use = 159 kg; incineration of municipal/hazardous and medical waste = 11880; consumer
products = 1236; dental amalgam product use = 12.4.
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Figure 3.5 Comparisons of emission estimates reported to CLRTAP and GMA inventory estimates for 2015; also including emission estimates for Canada

derived from the Canadian national pollution release inventory (NPRI, 2016).

Information compiled as part of the GMA2018 work,
including information exchanged at international meetings
organized as part of the inventory work, identified over 70
national inventories that may be suitable for comparison with
the 2015 inventory estimates. These include:

i. Inventories prepared under the auspices of the UNECE
Convention on Long-range Transboundary Air Pollution
(CLRTAP) reporting for 2015: covering 39 countries
primarily in the EU and CIS and Other European countries
regions, but also including Canada.

An initial evaluation, based on total national Hg emission
estimates for these countries indicated that GMA inventory
estimates are generally higher than CLRTAP reported emissions,
but comparable if uncertainties and sector-matching issues are
taken into account. For some countries (Azerbaijan, Bulgaria,
Kazakhstan, Kyrgyzstan, Macedonia, Serbia) differences
between GMA estimates and CLRTAP reported emissions are
substantial and need further investigation. Comparing estimates
for the remaining 33 countries, total estimated emissions to
air were 67.5 t in CLRTAP reporting vs. 86.7 t in the GMA
inventory. For 22 countries, national CLRTAP inventories were
lower than the GMA estimates, and for 11 countries higher;
GMA inventory estimates were on average about 36% greater
than emissions reported to CLRTAP. It is possible that there
are gaps in CLRTAP national Hg inventories; in recent years
efforts to improve CLRTAP reporting have largely been directed
at greenhouse gas emissions, while Hg and some other air
pollutants have received low priority.

Figure 3.5 presents comparisons between emission estimates
reported to CLRTAP and GMA inventory estimates for 2015.
Difficulties in precisely matching sectors defined under the
CLRTAP reporting system and those applied in the GMA work
are apparent. Harmonization of sector definitions between

different reporting and inventory systems applied in different
regions/countries will be a challenge and an important
consideration in relation to eventual Minamata emissions and
release reporting requirements.

ii. Inventories currently being compiled as part of MIAs for
about 30 countries from the Sub-Saharan Africa, East and
South-east Asia, South Asia, South America and Central
America and the Caribbean regions. At the time of preparing
the GMA2018, the majority of MIA inventories were
preliminary, and not all were available for (provisional)
comparison with GMA inventory estimates. Therefore only
provisional conclusions can be drawn based on comparisons
of results from some countries, and discussions with MIA
national and regional coordinators. MIA inventory estimates
for Malaysia and Vietnam are included in Table 3.5.

Comparisons between GMA inventory results and results
presented in (preliminary) MIA inventories gave rise to the
following general observations:

o With few exceptions, MIAs are being prepared using the UNEP
Toolkit which is available in two versions: Level 1 and Level 2.
The Level 1 approach is designed to be employed for producing
first rough estimates of Hg emissions and releases. Level 2 is
designed to represent national circumstances at a more detailed
level, supported by available national data. There can be very
substantial differences between emissions/release estimates
for individual countries produced using the UNEP Toolkit
Level 1 and Toolkit Level 2 (UN Environment, 2017b,c). For
this reason, comparisons made between GMA inventory and
MIA results focus on MIAs produced using Toolkit Level 2.

+ In general, estimates of national emissions totals agree
fairly well, but there can be significant differences at the
sector level. These differences may be due to methodological
differences in the MIA and GMA approaches, or use of
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different years of (activity) data. They can also be due to
errors in national data collection for the MIAs; or in the case
of GMA estimates, application of default emission factors or
technology profiles that are not sufficiently representative
for the country concerned.

« The GMA inventory is based on activity data for a single
year — nominally 2015. Most MIAs use this approach with
a predefined base year (not always 2015), but when data
from that year are not available, they use the most recent
available data, and sometimes the exact year of activity data
concerned is not defined. Activity data are a major factor
determining estimated emissions using the GMA and Toolkit
approaches, and consequently lack of consistency in this
respect is a possible explanation for substantial differences
that can exist between GMA and MIA inventory estimates.

o Other reasons identified on the basis of preliminary
comparisons that may explain differences between the GMA
estimates and the MIAs are:

o MIA estimates associated with oil and gas extraction - a
component currently not included in the GMA inventory.

o MIA estimates associated with waste categories such as
industrial waste and wastewaters, currently not included
in the GMA inventory.

o Estimates of emissions from large-scale gold mining,
where the default factor in the Toolkit is three-fold higher
than that applied in the GMA inventory methodology;
data necessary to improve quantification of emissions
from this sector are largely lacking.

o For copper production, the GMA approach may over-
estimate the degree of application and effectiveness of
abatement, at least for some African countries.

o For cement production there are differences in
assumptions applied in calculating emission estimates.

o Some differences in ASGM/large-scale gold sector
emissions estimates exist. The Toolkit default factors
and methodology were revised in 2017; however many
MIAs are still using earlier Toolkit versions.

o Caution should be applied to avoid double counting in
totals for inputs to waste and releases to some pathways
from products in MIA results, as prescribed in the Toolkit.

o A major source of differences between GMA inventory
estimates and preliminary MIA estimates can be traced
to differences in estimates associated with use and
disposal of waste (especially waste burning) from Hg-
added products. The methodology applied in the GMA
work and the Toolkit approaches are very different. GMA
emissions from waste are based on estimates of the
amount of Hg in Hg-added products that are consumed
in the country, while MIAs (using the UNEP Toolkit
approach) calculate emissions using generic numbers
for Hg-content of burned waste.

o Discrepancies exist between estimates of amounts of Hg
reported in MIAs for Hg-added products and regional
consumption estimates presented in the UNEP Trade and
Supply report (UN Environment, 2017a) that was used
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as the basis for GMA estimates. In some MIAs, problems
have been identified with data collection, especially for
Hg-added products, including differentiation of, for
example, consumption of Hg-containing batteries and
thermometers and Hg-free batteries and thermometers.
Similar difficulties exist for other products, such as paints
and skin-lightening creams, where Hg-free product
variants are predominant on the national market but
it is difficult for countries to establish nationally if Hg
is present in the products imported and/or consumed.
Countries have used different assumptions in this regard,
resulting in quite different results. Generally, countries
have substantial data gaps for products. These problems
may be exacerbated by insufficiently detailed customs
statistics and lack of resources to contact producers and
importers for supplementary information. Consequently,
there are indications that the default factors for Hg
content in general waste burnt (applied in many of the
MIAs) may be too high.

iii. National inventories provided by Australia, Canada, Japan,
Republic of Korea, Russia and USA. National estimates for
China from published sources.

Detailed comparisons between GMA estimates and national
inventories provided by these countries are presented in
Table 3.5. From this table it is apparent that estimates match
to differing degrees for different sectors, and that this also varies
between countries. However, in these example comparisons, the
degree of consistency between national inventory estimates
and the GMA estimates for this group of countries is generally
good, and (with some exceptions) well within the bounds of
associated uncertainties. As with the CLRTAP data comparisons
(see T), part of the differences can be explained by difference
in the way emissions are assigned between sectors. This is
particularly the case for some of the stationary combustion
sectors and differentiation of power, industrial and domestic/
residential burning sources, and whether or not fuels are
included under stationary combustion or individual industrial
sectors. One potential inconsistency identified is that activity
data from the IEA (used in the GMA2018) do not always match
with nationally reported activity data; for example, for fuel
consumption reported by Canada, where differences have been
attributed to dataset timing (monthly and annual, provisional
and revised) and possible use of different factors for conversions
from physical fuel units to energy units.

Some national inventories include additional emissions that
are not yet quantified in the GMA inventory. ‘Other’ sources
include emissions from activities such as other chemical
manufacturing processes; other mineral products (e.g., lime
manufacturing), secondary non-ferrous metal production, oil
and gas extraction, pulp and paper industry, and food industry.
These emission sources are currently difficult to quantify at
the global scale - largely due to a lack of comprehensive
activity data as well as a lack of emission factors for highly
variable process technologies. However, for the few (generally
developed) countries reporting emissions from ‘other’ sources
the contribution is roughly 5-20% of the national inventory
totals, which extrapolated globally (on non-ASGM emissions
totals) could represent additional emissions of the order of
100 to 200 tonnes.
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3.4 Comparing 2010 and 2015 global
inventory estimates

3.4.1 Cautionary notes

Inventory methodologies are constantly improved as new
information and data become available. With each new
round of inventory development, methods are improved,
both with respect to understanding of important factors/
parameters and availability, and the quality of essential data.
This has implications for consistency over time. Changes in
emissions estimates for different periods reflect both real-world
trends and artefacts of improvements in inventory methods
and data availability. Over-simplistic comparisons between
the new inventory and previous inventories can result in
misinterpretation and should therefore be avoided.

The increased focus on Hg emissions resulting from the
adoption of the Minamata Convention has also led to new
research activities, national efforts and industrial focus related
to Hg emissions. These efforts all contribute to providing
more accurate and complete information on Hg emissions
but unavoidably also introduce changes to both current and
previous emission inventories.

It is inevitable that comparisons will be made between results
presented in the GMA2013 (AMAP/UNEP, 2013) and the
results in this update GMA - including comparing individual
country sector-based estimates in the 2010 and 2015 inventories.
If the implications of methodological refinements, addition of
new sectors, and improved quality of base information, among
others, are not properly appreciated, such comparisons can
result in inappropriate and misleading conclusions. It is strongly
recommended that any such comparisons therefore refer to the
information presented in this report only.

3.4.2 Observations on changes between
2010 and 2015

As a first step in trying to address some of these issues and gain
a reliable insight into whether apparent changes in emissions
patterns between 2010 and 2015 represent real changes
in emissions or are artefacts of improved information and
methodologies, an updated 2010 inventory was prepared in
addition to the 2015 inventory. This updated 2010 inventory
incorporated various ‘improvements’ including new (relevant)
information on emission factors and application of APC
technology, as well as updated activity data’. It also included a
retrospective calculation of 2010 emissions for some sectors
newly introduced in the 2015 inventory. Table 3.6 shows the
estimated emissions for the main sector groups in the (updated)
2010 and 2015 inventories.

Figures 3.6 and 3.7 compare (in absolute and relative
terms, respectively) the pattern of regional emissions in 2010
(GMA2013) with the updated-2010 inventory and the 2015
(GMA2018) inventory. The updated estimate of total emissions
to air for 2010 is very similar (at the global level) to the original
global estimate for 2010 published in the GMA2013 report
(AMAP/UNEP, 2013). This consistency is also apparent when
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Figure 3.6 Regional breakdown of global emissions of Hg to air from
anthropogenic sources (results for 2015 compared with original and
updated inventory for 2010).
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Figure 3.7 Proportion of global emissions of Hg to air from anthropogenic
sources in different regions (results for 2015 compared with original and
updated inventory for 2010).

considering aggregated emissions for (most) regions and sector
groupings. The fact that changes in methods introduced for
estimating emissions from specific sectors or country groups,
the use of more representative 2010 activity data, and other
‘artefacts’ (including the introduction of at least one sector
in 2015 not represented in the updated 2010 inventory) do
not appear to have unduly influenced global or regional
inventory results is considered a validation of the general
approach employed for deriving global inventory estimates.
At the same time, however, it should be noted that values for
individual country-sector estimates have in some cases changed

? In the 2010 inventory presented in the GMA2013 much of the activity data used were preliminary, corresponding to the period for which latest-data were available
(typically 2008 or 2009). The updated 2010 inventory values presented in this report include a number that have been revised for ‘final’ 2010 activity data. The 2015
inventory presented in this report is based on latest available activity data (see Table 3.1).
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Table 3.6 Global emissions of Hg to air from different anthropogenic source sectors in 2015 and 2010 (updated). Data shown to three significant figures.

Sector code Description Estimated Estimated
emissions 2010 emissions 2015,
(updated), tonnes tonnes
ASGM Artisanal and small-scale gold mining 679 838
BIO Biomass burning (domestic, industrial and power plant) 49.5 51.9
CEM Cement production (raw materials and fuel, excluding coal)? 187 233
CREM Cremation emissions 491 3.77
CSp Chlor-alkali production (mercury process) 21.0 15.2
NFMP Non-ferrous metal production (primary Al, Cu, Pb, Zn)* 151 228
NFMP-AU Large-scale gold production) 73.1 84.5
NEMP-HG Mercury production) 12.2 13.8
OR Oil refining 13.1 14.4
PISP Pig iron and steel production (primary)? 26.7 29.8
SC-DR-coal Stationary combustion of coal (domestic/residential, transportation) 54.4 55.8
SC-DR-gas Stationary combustion of gas (domestic/residential, transportation) 0.162 0.165
SC-DR-oil Stationary combustion of oil (domestic/residential, transportation) 2.63 2.70
SC-IND-coal Stationary combustion of coal (industrial) 123 126
SC-IND-gas Stationary combustion of gas (industrial) 0.115 0.123
SC-IND-oil Stationary combustion of oil (industrial) 3.05 1.40
SC-PP-coal Stationary combustion of coal (power plants) 268 292
SC-PP-gas Stationary combustion of gas (power plants) 0.319 0.349
SC-PP-oil Stationary combustion of oil (power plants) 2.58 2.44
SSC Secondary steel production 9.69 10.1
VCM Vinyl-chloride monomer (mercury catalyst) b 58.3
WASOTH Waste (other waste)® 115 147
WI Waste incineration (controlled burning)® 15.4 15.0
Total 1810 2220

“Emissions from associated combustion of coal are counted under SC-IND-coal; *not estimated in original 2010 inventory (AMAP/UNEP, 2013) and
lacking information for retrospective emissions estimates for 2010; “in the original 2010, ~30% of Hg consumed in products was allocated as ‘remaining
in society’; in the 2015 (and revised 2010) values this amount is incorporated in the waste-stream estimates.

significantly. Where possible, discussions in Section 3.4.3
attempt to address the issue of whether apparent trends
(between 2010 and 2015 estimates) reflect genuine changes
in emissions over time or are artefacts related to improved
information, etc. On the basis of this evaluation of apparent
changes, some observations are made:

« The GMA inventory estimates of global emissions of Hg to
the atmosphere in 2015 are roughly 20% higher than they
were in 2010; however, different sectors contribute to this
overall increase in different ways. An overview of the scale
of changes in estimated emissions in different regions for
the main sectors addressed in the 2015 global emissions
inventory is presented in Table 3.7 and Figure 3.8.

o The increase in estimated emissions from ASGM (160 t
more in 2015 than in 2010) account for about 45% of the
overall increase in inventory estimates from 2010 to 2015,

with significant increases in estimated ASGM emissions for,
in particular, South America. As previously noted, changes
in estimated emissions may be associated with both real
world changes and changes in the underlying information
or methods that are the basis for the estimates. In the case
of ASGM, it is not a simple matter to distinguish between
these two components. The judgment of those working in
the area of ASGM is that the apparent increases in estimates
from 2010 to 2015 are largely associated with improved
information rather than a significant increase in real world
emissions from ASGM in this five-year period.

For other groups of sectors, estimates are based on more
(temporally and methodologically) consistent sources of,
for example, activity data. This and knowledge of applied
changes in calculation methods and assumptions makes it
easier to draw general conclusions about factors that may
be responsible for trends in emissions.
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Table 3.7 Percentage changes in emissions of Hg to air in different regions from different anthropogenic source sectors from 2010 (updated estimates) to 2015.
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ASGM 0.0 18.4 5.6 12.4 0.0 0.0 0.0 0.0 91.6 300.0 8.6 23.4
BIO 1.6 11.0 14.1 -5.5 6.2 -33.3 -2.7 -1.4 6.1 9.5 10.1 4.8
CEM 7.4 9.3 27.8 32.2 -14.0 139 4.8 23.0 19.8 24.3 62.0 24.9
CREM -16.5 -70.2 40.9 -33.2 -37.6 -20.5 -19.0 -5.2 -69.5 46.1 -9.3 -23.3
CSP 0.0 0.0 -39 0.0 -66.2 0.0 0.0 -83.3 5.1 -74.0 0.0 -28.0
NFMP -1.9 -22.1 6.1 158.0 -15.6 2.9 -53.4 -8.6 -5.0 12.7 -32.4 51.7
NFMP-AU 1.3 100.1 33.7 -28.5 76.8 47.8 316.2 9.9 7.9 -30.9 11.0 15.6
NFMP-HG 0.0  1900.0 -57.3 3.1 0.0 0.0 -50.0 0.0 0.0 0.0 0.0 13.0
OR -13.8 1.0 5.8 9.7 -3.3 14.2 -14.2 6.2 -2.0 18.3 -11.6 9.4
PISP -10.4 8.7 2.4 17.4 2.7 19.3 -29.4 2.5 -8.4 38.5 -13.6 11.5
SC-DR-coal -25.2 0.0 -22.8 9.2 -20.5 -27.9 0.0 -51.5 69.1 -8.8 58.5 2.5
SC-DR-gas 13.1 6.3 -7.6 44.3 -17.9 26.6 56.9 1.6 10.7 15.9 400.0 1.8
SC-DR-oil 16.3 -1.0 -6.7 5.2 -6.7 40.6 -0.6 -4.8 5.0 5.0 26.5 2.9
SC-IND-coal 4.2 438.6 -28.7 -5.5 -8.6 -19.5 -15.2 -19.0 11.8 25.4 6.9 2.6
SC-IND-gas 7.3 8.5 -1.4 33.6 -4.6 16.4 -13.9 7.8 -11.2 -30.6 129.0 6.9
SC-IND-oil -38.8 -47.0 -26.1 -80.0 -36.8 1.3 -31.5 -57.5 -40.8 -13.9 0.0 -54.1
SC-PP-coal -10.9 -19.1 -3.0 22.1 -2.9 4.9 59.8 -23.0 66.5 38.0 -13.9 9.0
SC-PP-gas 11.0 6.2 -4.8 23.6 -31.0 26.8 19.2 27.0 27.5 -23.3 40.2 9.4
SC-PP-oil 13.8 -4.6 -15.2 -18.5 -46.2 1.6 22,5 -15.0 21.4 3.9 12.3 -5.3
SSC -11.2 12.9 18.8 -10.3 -7.2 36.9 -4.1 9.7 0.8 27.0 -12.3 4.7
WASOTH 46.2 20.0 42.6 11.2 -33.0 51.4 66.7 -44.7 1.5 47.6 164.3 27.8
WI 46.2 20.0 42.6 11.2 -33.0 51.4 66.7 -44.7 1.5 47.6 164.3 2.9
Grand Total 0.2 18.6 10.2 23.4 -12.5 14.5 15.8 -21.8 67.6 28.0 9.1 22.8

If increases due to ASGM (as well as emissions from the
VCM sector, which are not quantified for 2010) are discounted,
the percentage increase in the estimated global inventory from
2010 to 2015 is about 17% (equivalent to ~195 t of emissions).
This increase is mainly (~75%) associated with emissions from
industrial sectors, 15% with stationary combustion, and 13%
with (non-ASGM) intentional use sectors.

Estimated Hg emissions to air decreased between 2010 and
2015 in two of the 11 world regions, namely North America
and the EU region, by ~11 tin each of these regions. Emissions
over this period were relatively unchanged in Australia, New
Zealand and Oceania, and (if ASGM is discounted) in South
America. In the case of North America in particular, shifts in
fuel use (from coal to oil/gas) in the energy sector, combined
with the introduction of highly efficient APCD at major
point sources appears to be a major factor in the changes
observed. In both Canada and Australia, closure or major
changes in applied technology (including APC technology)
at a few significant point sources associated with non-ferrous
metal and large-scale gold production may have resulted in
decreasing national emissions.

In all other regions, however, the estimated emissions to air
increased, by approximately 10-20% in most other regions and

up to 26% and 30% in South Asia and East and Southeast Asia,
respectively (see Table 3.7).

Emissions associated with industrial sectors increased,
in Asia in particular, indicating that economic growth and
increased industrial activity have more than offset any
efforts to reduce emissions. Globally, cement production,
ferrous (primary iron- and steel) and non-ferrous (primary
aluminum, copper, lead, zinc) metal production, and large-
scale gold and Hg production all had associated increases in
emissions in 2015 compared with updated estimates for 2010.
Estimated emissions from waste (from Hg-added products)
also increased, but were slightly lower from controlled waste
burning. Estimated emissions from chlor-alkali production,
however, decreased between 2010 and 2015. Other source
sectors responsible for, at the global scale, relatively minor
contributions to overall emissions were largely similar in
2010 and 2015 (see Table 3.7). Estimated emissions from coal
combustion in power plants in 2015 are about 9% higher in
2015 than 2010.

In some regions, economic recovery following the financial
crisis of 2008 (that may have influenced global emissions in 2010)
may also have influenced observed trends in estimated emissions.
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Figure 3.8 Changes in emissions of Hg to air in different regions from different anthropogenic source sectors from 2010 (updated estimates) to 2015 in

absolute terms (upper) and relative terms (lower). Orange colour indicates increased emissions and blue decreased emissions.
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3.4.3 Sector-based observations

The observations presented in this section include comparisons
between 2015 inventory estimates and updated 2010 inventory
estimates.

3.4.3.1 Stationary combustion — coal,
oil and gas burning

Stationary combustion of fossil and biomass fuels for energy (see
Section 3.4.3.2) are estimated to account for about 535 t of Hg
emitted to air in 2015. Of the emissions from combustion of fossil
fuels, coal-burning is responsible for by far the largest amount
(~475 t) followed by oil (7 t) and gas (1 t). Of these emissions,
about 295 t are associated with burning of fossil fuels in power
plants, 128 t in industrial uses and the remaining 60 t in other,
primarily domestic and residential uses. Coal burning is thus the
second largest contributor to global Hg emissions after ASGM.

The 2015 inventory estimate (based on IEA activity data)
includes 292 t (255-346 t) from coal burning in power plants
(an increase of 9% on the updated revised estimate for 2010)
and 126 t (106-146 t) in industry (close to the updated estimate
for 2010). Mercury emissions from coal burning in other
(mainly domestic and residential) uses are also relatively stable
between 2010 and 2015 at around 56 t (37-69 t).

Considering the increase in emissions from coal burning
in power plants in more detail, these are almost entirely due
to increased emissions in the East and South-east Asian and
South Asia regions. Increased Hg emissions of about 19 and
17 t, respectively in these two regions, constitute a rise of ~21%
in East and South-east Asia and 38% in South Asia. Decreasing
Hg emissions from coal burning in power plants in Australia,
New Zealand and Oceania (-11%), Central America and the
Caribbean (-19%), CIS and other European countries (-3%),
the EU region (-3%), North America (-23%) and Sub-Saharan
Africa (-14%) amount to a cumulative reduction of about 14 t
of Hg emitted in these regions.

A new feature of the 2015 inventory is the differentiation
of emissions from coal burning in industry between some
major component activities. Of the total emissions from coal
burning in industry of 126 t, about 44 t were associated with
the cement industry; 30 t with ferrous metal production (not
including ‘non-energy coke’); 3.7 t with non-ferrous metal
production; and 48 t with other industrial uses. These emissions
are counted in the 2015 inventory under coal combustion but
may also be taken into account as additional emissions when
considering the cement, ferrous and non-ferrous metal sectors
(see following sections).

3.4.3.2 Stationary combustion —
biomass burning

Biomass burning constitutes a new sector introduced in
the 2015 inventory. Estimated emissions are based on IEA
activity data and concern only biomass burning of primary
solid biofuels for energy production (in power, industrial, and
domestic/residential situations). Thus, they do not include
biomass burning from, for example, the agricultural burning
or land clearance practices that take place in many countries.

The estimated Hg emissions from primary solid biofuel
burning in 2015 are 52 t (44-62 t; ~2.3% of the global
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inventory). A comparable value of about 49 t was calculated
retrospectively for 2010.

The main emissions from biomass burning are associated
with Sub-Saharan Africa, South Asia and East and Southeast
Asia (about 28%, 25% and 21% of the biomass emissions
total, respectively).

3.4.3.3 Cement production

Estimated total global Hg emissions to air from the cement
sector are 233 t (117-782 t) in 2015. However, the updated
methodology allows an improved differentiation of the
contribution to Hg emissions associated with fuels burned in
cement-clinker production and the non-fuel raw materials. In
the 2015 inventory, therefore, a part of the emissions counted
under ‘industrial coal combustion are identified with the
use of coal as fuel in the cement industry. If this additional
44 t of emissions is counted under cement production, the
contribution of the cement sector in the global inventory rises
from ~10.5% to ~12.5% making the cement sector the third
largest contributor after ASGM and coal burning.

The total Hg emissions in 2015 directly associated with the
cement sector (233 t) is considerably higher than the ~187 t
associated with this sector in 2010 (updated), an increase of
25%. Only in the EU region do the estimated emissions from
the cement sector decrease between 2010 and 2015 (by ~14%);
in all other regions increases are observed, ranging from ~7%
in the Australia, New Zealand, Oceania region, up to 62% in
Sub-Saharan Africa. These emission trends closely mirror the
trends in cement production in the different regions, that is,
the primary activity data used in calculating emissions for the
cement sector (see Figure 3.9).
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Figure 3.9 Relative changes between 2010 and 2015 in activity data (cement
production) and Hg emissions associated with cement production in
different regions.
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3.4.3.4 Ferrous metal production (pig iron and
steel and secondary steel)

Mercury emissions from primary ferrous metal (pig iron and
steel) production are estimated at about 30 t in 2015, with a
relatively large uncertainty range (19-76 t) which is higher than
the updated 2010 estimate of 27 t).

Of the increase in Hg emissions between 2010 (updated)
and 2015, 1.8 t is from increased emissions in East and
Southeast Asia and 1.1 t from increased emissions in South
Asia. These two regions are responsible for, respectively 40% and
13.5% of emissions in 2015 from primary non-ferrous metal
production. The other main region contributing to emissions
from this sector is the CIS and other European countries region
(responsible for ~22% of the sector emissions).

Secondary steel production was not included in the
GMA2013 but has been added in this work.

The estimated emissions from secondary steel production in
2015 are 10 t (7.6-18 t) of Hg (~0.5% of the global inventory),
compared to a retrospectively calculated estimate of 9.7 t for
2010. These totals are higher than might be expected for a process
based on electric arc furnaces if relatively uncontaminated
scrap metal is used and imply that significant amounts of
Hg are present in the recycled scrap used in secondary steel
production; assumptions applied in calculating the estimated
emissions are given in E-Annex 3, Sections A3.5 and A3.6.

3.4.3.5 (Primary) non-ferrous metal production
(Al, Cu, Pb, Zn)

Primary production of aluminum, copper, lead and zinc
were together estimated to be responsible for 228 t of Hg
emissions in 2015, significantly more than the ~150 t in a
revised estimate for 2010. It should be noted that the estimated
emissions from this sector have relatively large uncertainties
(154-338 t in 2015).

Aluminum production makes a modest contribution (6.6 t)
to the total estimated emissions for the primary non-ferrous
metals sector, with decreased emissions in several regions
totaling about 0.5 t offset by increases of 2.3 t (about 85% of
which occur in East and Southeast Asia).

Primary production of copper, lead and zinc make a
significantly greater contribution to global Hg emissions, at
222 tin 2015 (from 146 t in 2010). Again, increased estimated
emissions in Asia (almost 85 t, or 98% of the total increase),
together with increased emissions in the CIS and other
European countries region (1.7 t) offset decreases in emissions
(totaling about 9 t) in other regions.

Secondary production of non-ferrous metals is not
yet addressed as a separate activity in the global emissions
inventory activity (see Section 3.3.2).

3.4.3.6 (Primary) non-ferrous metal
production (Hg)

Estimated Hg emissions to air associated with the production
of Hg increased between 2010 (12.2 t) and 2015 (13.8 t). With
modest decreases in estimated emissions from Hg production
in the CIS and other European countries region and North
Africa, the increase is almost entirely associated with emissions
in Indonesia (estimated at 3 t in 2015 with no emissions
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documented for 2010) and Central America and the Caribbean
region (where estimated emissions from Hg production in
Mexico increased from 0.1 tin 2010 to 2 tin 2015). In absolute
terms, China (8.1 t in 2015) remains the main contributor to
emissions from Hg production worldwide.

3.4.3.7 (Primary) non-ferrous metal production
(large scale-gold production)

Mercury emissions from large-scale gold production in 2015 are
estimated at about 84 t (72-97 t), 11 t more than the revised 2010
estimate. In the Asian region, estimated emissions decreased by
about 2.8 t, partly explained by revisions in both activity data
and emission factors to better reflect the current situation in, for
example, East and South-east Asia. In other regions, in particular
the CIS and other European countries region, Central America and
the Caribbean, Sub-Saharan Africa and South America emissions
increased, by an estimated total of 13 t in these four regions in the
period 2010 to 2015. Again, it is important to remember the large
uncertainties associated with these emission estimates.

3.4.3.8 Oil and gas production and refining

Mercury is a trace contaminant present in varying
concentrations in produced oil and gas. Mercury emissions
associated with oil and gas production arise during different
phases of operations. Emissions associated with the production
(well-head) activities (including emissions from flaring) are
currently not quantified in the global emission inventory due
to lack of relevant information. Globally, the quantity of Hg in
produced gas is greater than in produced oil; however, the Hg
content varies greatly between regions and between gas fields
depending on local geology.

A study by the US NOAA in 2015 (Elvidge et al., 2015)
estimated the total flared gas volume at 143 billion m’ (about
3.5% of global gas production), with about 90% of the flaring
occurring in upstream production areas and 8% at refineries.
Using the Level 2 Toolkit default factor for Hg content of raw
gas of 100 pug/m’ (UN Environment, 2017b) this would yield a
potential Hg emission to air of ~0.15 t/y from flaring.

Mercury is removed from oil and gas prior to its transport,
in particular by pipeline, to avoid corrosion and damage
to distribution systems. A significant part of the removal is
achieved in connection with oil refining operations. By-product
Hg recovery (or ‘production’) from oil and gas processing and
non-ferrous mining operations constitutes one of the five main
sources of Hg supply with an estimated 30-100 t of Hg captured
from gas processing globally in 2015 (UN Environment, 2017a).

GMA inventory estimates for emissions to air from oil
refineries in 2010 (updated) and 2015 are 13.1 and 14.4 t,
respectively. In a commentary on the 2010 estimates presented
in the GMA2013 report (AMAP/UNEP, 2013), the International
Petroleum Industry Environmental Conservation Association
(IPIECA) presented their view that the GMA estimates for
emissions to air were significantly over-estimated; they estimated
emissions to air (in 2012) at about 1.35 t (IPIECA, 2014). Total
inputs (i.e., amounts of oil refined multiplied by Hg content of
the oil) associated with the refinery sector do not differ greatly
between the approaches employed in the GMA and the IPIECA
calculations. The main differences between the GMA and IPIECA
estimates for emissions to air (and releases to water) appear to
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be associated with the assumptions regarding the fate of Hg at
refineries. In the IPIECA approach, ~5% of emissions to air are
assumed, based on studies at US refineries (WSPA, 2009) (with
the major part of the Hg — 87% - associated with solid waste).
The GMA (and UNEP Toolkit) methodology assumes higher
emissions to air (~25%) based on other industry reported studies
(e.g., IKIMP, 2012 and references therein), with less of the Hg
input being distributed to other media. No new information
was identified that allowed this discrepancy regarding the fate
of Hg from oil refineries to be resolved, thus the GMA estimates
of refinery emissions to air continue to differ from industry
estimates by a factor of 10. Notwithstanding this degree of
uncertainty, Hg emissions associated with oil and gas refining
currently appear to constitute less than 1% of the total global
anthropogenic emission to air.

3.4.3.9 Chlor-alkali production

Emissions from intentional use of Hg in the chlor-alkali
industry have been decreasing for some time in most areas
of the world. In part this is due to increased attention to best
practices to reduce emissions, but is primarily due to the
shift from production based on the Hg-process to membrane
production technology. The Hg cell process currently accounts
for about 8% of the global chlorine production capacity of
around 60 million tonnes, at about 75 plants worldwide (UN
Environment, 2017a).

GMA estimated emissions for this sector decreased from
~21 tin 2010 to ~15 t in 2015. It should also be noted that,
depending on available information, emissions from some
countries are based on caustic soda production statistics, and
in other countries on plant production capacity.

For many parts of the world, updated activity data relevant
to the 2015 inventory period are lacking; consequently, emission
trends can only be described in relation to the EU, North
America and South Asia regions, where emissions reportedly
decreased by about 3 t (66%), 0.9 t (83%) and 1.9 t (74%)
between 2010 and 2015, respectively. In the case of South Asia,
the reductions are largely associated with the phase-out of
Hg-process chlor-alkali production in India where the last
Hg-cell facility closed at the end of 2015. Within the EU, Hg-
cell production was due to be phased out by the end of 2017,
and as of 2015 only two Hg-cell facilities exist in the USA with
both scheduled to convert to membrane cell technology (UN
Environment, 2017a).

The overall decrease in Hg emissions from the chlor-alkali
industry would appear to be consistent with a reported 20%
decrease in consumption of Hg in the chlor-alkali sector
between 2010 and 2015; however, this is not entirely the case
because much of the capacity that closed during that period
involved the (relatively cleaner) plants in the EU and so it would
not be expected that global emissions would have declined at
the same rate as Hg consumption in this sector.

Although a relatively small component in the total global
inventory, the continuing decrease in global Hg emissions from
the chlor-alkali sector between 2010 and 2015 is a positive
development, unrelated to changes in inventory methodology.
However, with a total inventory of about 10,000 t of Hg in use
in the industry globally (UN Environment, 2017a), the fate of
Hg recovered from phased-out Hg-cell production plants is
an ongoing concern.
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3.4.3.10 Waste and waste incineration

Mercury emissions to air from disposal of waste from Hg-added
products are estimated at 162 tin 2015; 147 t (120-223 t) from
uncontrolled burning and landfill, and 15 t (8.9-32.3 t) from
controlled incineration.

The 2015 estimated emissions from these sectors are
considerably higher than the estimate of 96 t in the original
2010 inventory (AMAP/UNEP, 2013). This is largely due to a
change in methodology where previously about 30% of Hg in
Hg-added products was assumed to be ‘retained in society’. In
the 2015 updated methodology, this amount is now counted
as part of the waste-stream and the updated 2010 emissions
estimate of 130 t reflects this methodological change.

Based on updated 2010 estimates, emissions from waste
sectors declined in the EU and North America regions (by 33%
and 45%, respectively; equivalent to 3-4 t of Hg emitted in these
regions). In all other regions, waste-associated Hg emissions
increased, by more than 10 t in South Asia and Sub-Saharan
Africa, and around 3-5 t in the Middle East, CIS and other
European countries and East and South-east Asia. Emissions
in Australia, New Zealand and Oceania and South America
regions were relatively unchanged from 2010 to 2015.

Emissions from the waste sector have large associated
uncertainties; quoted ranges are conservative and primarily
reflect uncertainties attributed to activity data (i.e., estimates
of regional consumption of Hg in Hg-added products).

In general, the estimates addressed in the global inventory
do not include industrial wastes and only partially include waste
that may be classified as hazardous or medical waste, some of
which may also be incorporated in fuels used in, for example,
the cement industry.

Emissions associated with waste from Hg-added products is
also an area where large discrepancies were identified between
estimates made in the GMA inventory and those included in
some national inventories produced as part of (preliminary)
Minamata Initial Assessments (see Section 3.3.4).

3.4.3.11 Crematoria emissions

Human cremation represents a relatively small but important
source of emissions associated with intentional use of Hg -
specifically Hg use in dental amalgam fillings. Estimated global
Hg emissions to air from cremation are highly uncertain, but
estimated to be less than 5 t/y (in 2015 and 2010) (~0.25% of
the global inventory). The proportion of regional emissions
associated with cremation is slightly greater (around 1%) in the
Australia, New Zealand and Oceania region and the EU and
North America, probably reflecting comprehensive access to
dental care that - in past decades at least - included widespread
use of Hg amalgam fillings. With increasing use of alternatives
to Hg amalgam fillings in many of these countries but greater
access to dental care (including use of amalgam fillings) in
developing countries, emission patterns from cremation can
be expected to change in the future. Cultural and religious
practices associated with burial and cremation also play a role
in determining whether cremation emissions are a significant
part of the national air emission profile.

For some countries, emissions from cremation may be
(significantly) over-estimated as available information is
currently insufficient (see E-Annex 3, Section A3.4) to allow
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account to be taken of APCDs (including activated carbon
systems) that are being introduced at crematoria.

Cremation emissions are only part of the emissions
associated with use of Hg in dental applications. The 2015
global inventory does not yet quantify other emissions that can
occur during preparation and routine disposal of Hg fillings. In
the clinic these may occur during the collection and storage of
biomedical and other solid dental wastes, during maintenance
of amalgam separators, and during dental procedures, etc.
Outside the clinic they may occur during waste collection
and management, including waste recycling and treatment
and disposal of hazardous waste, municipal waste treatment,
wastewater treatment, and wastewater sludge incineration, etc.
Other work has estimated emissions to air from these activities
in the European Union region at ~50 t/y (AMAP/UNEP, 2013);
they are also reported to contribute significantly to Hg releases
to waste waters in many countries.

3.4.3.12 Artisanal and small-scale
gold production

Intentional use of Hg in ASGM is the predominant source of Hg
emissions to air at the global level in the 2015 inventory, as was
also the case in 2010. There remain, however, large uncertainties
associated with emissions from ASGM.

ASGM activities take place in seven of the 11 sub-regions
considered in the current work. Of the estimated total global
emissions from ASGM of about 835 t in 2015, around 41% is
from South America, 30% from Sub-Saharan Africa and 26%
from East and South-east Asia. Mercury emissions from ASGM
activities in Central America and the Caribbean, the CIS region
and South Asia are considerably lower (4.5-15 t in 2015) with
a very minor contribution from Middle Eastern States.

ASGM-associated emissions are thus the predominant
source of Hg emissions in some regions, accounting for more
than 80% of the estimated emissions in South America, 70% of
emissions in Sub-Saharan Africa, 30% of emissions in Central
America and the Caribbean and about 25% of emissions in
East and South-east Asia.

The estimated emissions from ASGM in 2015 (835 t) are
significantly higher than the value reported for 2010 in the
GMA2013. A recalculation of the 2010 emissions using the
improved information base on ASGM-related activities, and
revised emission factor assumptions results in an estimated
Hg emission from ASGM of about 680 t in 2010. This would
imply that ASGM emissions increased by ~23% between 2010
and 2015. There are, however, large differences in apparent
trends in emissions between 2010 and 2015 in different
regions. The most significant increases are for South America
(Hg emissions increasing from about 177 t in 2010 to 340 t
in 2015) and Sub-Saharan Africa (from about 230 to 250 t);
conversely, ASGM emissions from East and South-east Asia
declined from an estimated 245 t in 2010 to 214 t in 2015.
In the latter region, estimates of ASGM emissions in China
sharply declined (attributable to banning of Hg use in ASGM,
but also uncertainty regarding the validity of high estimates
for earlier years) but this was largely offset by increases in
emission estimates for other countries in the region, Indonesia
in particular. In South America and Sub-Saharan Africa the
apparent trends may be influenced to a substantial extent by
new information that has become available for these regions

3-27

as a result of Minamata Initial Assessments and related work
on National Action Plans for ASGM. This may also be the
case for South-east Asia where, for example, Myanmar has
recently been identified as having significant ASGM emissions
according to preliminary information from its MIA and NAP
work. Consequently, the apparent increase in emissions from
ASGM between 2010 and 2015 is considered to be more a
reflection of improved information used in developing 2015
estimates than a 25% change in actual ASGM.

3.5 Conclusions

Quantified descriptions of regional emission patterns and sector
contributions to global emissions, as well as trends in emissions
from 2010 to 2015 are presented in the ‘Key messages’ at the
start of the chapter and detailed in previous sections. To avoid
repetition, findings and numerical results are only summarized
briefly here, or referred to within the context of a more general
discussion of the air emissions inventory results.

The GMA2018 inventory of global emissions of Hg to air
from anthropogenic sources in 2015 is the second inventory
produced using the consistent and transparent ‘GMA
methodology’ originally documented in the GMA2013 report
(AMAP/UNEP, 2013).

The inventory produces an estimate of total emissions to
air in 2015 of 2220 t (2000-2820 t) and is presented in terms
of regional and sectoral summaries (Section 3.3), as well as
national-sector based estimates for 17 key emission sectors
(E-Annex 3, Section A3.9). Regional emissions patterns
and sector contributions were generally similar to those
in 2010 reported in the GMA2013 (AMAP/UNEP, 2013).
Approximately 50% of estimated emissions to air occur
in Asia, in particular the East and Southeast Asia region,
followed by South America and Sub-Saharan Africa, with
ASGM emissions dominating in the latter two regions. ASGM
activities and stationary combustion of fossil fuels (primarily
coal burning) account for more than 60% of the estimated
global emissions from anthropogenic sources in 2015 (38%
and 24%, respectively), with the major industrial sectors
(non-ferrous metals, cement and ferrous metals) responsible
for a further 27%. Emissions from Hg-added product waste
and intentional-use in the chemical industry contribute
a further 7.3% and 3.3%, respectively. Additional sectors
for which it is not yet possible to prepare reliable global
emission estimates are identified; the current evaluation,
however, is that potential emissions from these sources are
not expected to substantially increase the global emissions
total or alter conclusions regarding, for example, regional
emission patterns; they may however be of local or national
significance in certain countries.

Geospatial distribution of the resulting inventory yields the
pattern of Hg emissions shown in Figure 3.10. This illustrates
the concentration of emissions sources in Asia (especially
East and South-east Asia) associated with energy production
and industry, and in some countries ASGM. It also shows
the significant contribution to emissions in South America,
Sub-Saharan Africa and Central America and the Caribbean
associated with ASGM activities. In the industrialized
population centers of Europe and North America, emissions
associated with energy production and industrial sources
predominate. Increased use of information on point sources
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Figure 3.10 Geospatially distributed (total) Hg emissions to air from anthropogenic sources in 2015.
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in the geospatial distribution procedure has resulted in more
precise location of emissions - reflected by individual grid
cells with high emission rates coincident with power plants
and industrial facilities such as cement plants and non-ferrous
metal smelters. The lower emission rates observed over wider
areas are associated in some countries with activities such
as ASGM (that are generally difficult to locate to specific
areas at present), and in particular Hg emissions arising from
disposal of waste from societal use of Hg-added products.
Emissions from waste are assumed to be greatest in areas
of high population and/or countries where consumption of
Hg-added products is greatest.

The Global Mercury Supply, Trade and Demand report (UN
Environment, 2017a) summarizes the regional consumption of
Hg in a range of applications including consumption in Hg-
added products that are the source of much of the Hg emitted
to air following waste disposal, as well as ASGM and chemical
industry uses. E-Annex 3, Section A3.3 includes a summary of
estimated Hg consumption by world region and product group
in 2015 based on this report (see Table A3.3.1).

Improvement in available information is identified as a
reason for the increase in estimates of emissions from ASGM
in 2015 relative to those in 2010. This is consistent with data
indicating that consumption of Hg in ASGM was relatively
stable between 2010 (range 912-2305 t) and 2015 (range
872-2598 t); this followed a large increase between 2005 (range
650-1000 t) and 2010 (UN Environment, 2017a).

Estimated emissions to air from sources other than ASGM
increased by about 17% (~195 t) from 2010 to 2015, the
majority of this increase being associated with industrial
sources. In the chemicals industry, a decrease in consumption
of Hg in the chlor-alkali industry (of about 75 t between
2010 and 2015; UN Environment, 2017a) is reflected in
decreasing emissions, from an estimated 21 t in 2010 to 15 t
in 2015. However, over the same period, consumption in VCM
production increased by around 280 t, with emissions from
this sector in 2015 estimated at about 60 t. The majority of
the VCM production is in China.

In industrial sectors where Hg emissions are a ‘by-product’
of the presence of Hg in fuels and raw materials, the regional
trends in emission observed between 2010 and 2015 are
determined largely by trends in ‘activity’ data. In the case of
the cement industry, for example, estimated emissions increased
in all regions except the EU28, the only region where cement
production also declined between 2010 and 2015 (Figure 3.11).
Steel production on the other hand declined between 2010
and 2015 in six of the nine regions considered, but increased
significantly in East and Southeast Asia, South Asia and the
Middle East (by about 20%, 30% and 47%, respectively).
Production volumes in the Middle East are far lower than
in the Asian regions. Estimated emissions from pig iron
and steel manufacture correspondingly increased (by 17%,
38% and 19%) in these three regions, and 11% globally, and
decreased (or were relatively unchanged) in six regions. At
present, therefore, indications are that mitigation of emissions
by implementing control technology is unable to offset increases
due to increased activity in several industrial sectors in several
regions; decreasing emissions are therefore primarily associated
with decreasing activity or changes in fuel mix (reduced use of
coal) in the energy sector.

Coal consumption, Mt o.e.
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steel and cement (USGS, 2017b) in different regions. Note different scale
for East and Southeast Asia.



3-30

Technical Background Report to the Global Mercury Assessment 2018

Table 3.8 Mercury consumption® in Hg-added products for the period 2005-2015 (UN Environment, 2017a)

Sector mercury consumption (tonnes) 2005 2010 2015

Batteries 300-600 230-350 159-304
Dental applications 240-300 270-341 226-322
Measuring and control devices 150-350 219-280 267-392
Lamps 100-150 105-135 112-173
Electrical and electronic devices 150-350 140-170 109-185
Other (paints, laboratory, pharmaceutical, cultural/traditional uses, etc.) 30-60 222-389 215-492

*‘consumption’ is defined in terms of the end-use of Hg-added products (i.e., place of consumption), as opposed to regional demand’ for Hg; tabulated
values are means of wider ranges of estimates representing various levels of uncertainty (see UN Environment, 2017a).

Estimated emissions from disposal of (Hg-added product)
waste increased substantially (in percentage terms) in all regions
- up to 165% in Sub-Saharan Africa and 28% globally - apart
from the EU28 and North America, where emissions declined
by 33% and 45%, respectively. Global consumption of Hg in
Hg-added products (batteries in particular) declined or was
relatively stable between 2010 and 2015 (Table 3.8); however,
regional patterns appear to be changing due to increased use
and disposal of these products in some regions, and decreased
use combined with more efficient recycling in others.

Possibilities to compare emissions (in 2015) estimated as part
of the GMA2018 work are limited. No other global inventory
produced using a consistent methodology is available; therefore,
comparisons can only be made with estimates compiled at the
regional or national level.

Comparisons between GMA inventory estimates and those
prepared under other initiatives (including pollutant release
and transfer inventories compiled by some countries) are
not simple. In part this is due to differences in the categories
covered, but the major obstacle that remains is differences in
how emissions are characterized and reported under different
activity or sector categories. Additional factors that need to
be accounted for include reporting thresholds, that is, the
emissions level or alternative criteria above which (facility level)
reporting becomes mandatory. Also, whether estimates based
on measurements intended to document that air concentrations
are below some regulatory limit are appropriate for the purpose
of establishing (annual) emissions estimates. Notwithstanding
these issues, in many cases GMA and nationally-reported
emissions estimates agree reasonably well (if uncertainties
are taken into consideration), especially in terms of national
totals. Where differences exist, these can often be explained
and attributed to the factors mentioned above, especially to
differences in source categorization.

Reporting systems currently in use are often adapted from
systems not originally developed for reporting Hg emissions,
and so may not be ideally suited for this purpose; the CLRTAP
reporting mechanism is an example. Emissions estimates
compiled using the UN-Toolkit (employed in compiling the
majority of MIAs), should be generally compatible with the GMA
approach. Preliminary comparisons with MIAs, however, indicate
that there are areas of inconsistency; especially where the Toolkit
Level 1 has been employed or where countries have (uncritically)
adopted default factors or employed inappropriate activity data
(typically to fill gaps where appropriate data are not available).

In all such comparisons, it is important to note that there is no
‘correct estimate’ (all are based on some underlying and often
very uncertain assumptions). For regulatory reasons, ‘official
emissions estimates often lack any quantification of uncertainty,
but this does not mean that the values are assured. The value
of comparing emissions estimates from different sources,
especially if derived using different methods, lies primarily
in the possibilities that this gives for implying confidence in
estimates or identifying areas where knowledge gaps exist.
Streamlining and improvement of emissions estimation and
reporting systems, including attention to underlying data used
to calculate estimates, remains an important objective for future
work. Efforts to harmonize reporting and inventory estimate
systems will improve the ability to confidently measure the
success of the Minamata Convention.
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Chapter 3 E-Annex: Methodology for estimating mercury emissions
to air and results of the 2015 global emissions inventory

A3.1 Main ‘by-product’ emission sectors and the chlor-alkali industry

A3.1.1 Description of methodology

The 2015 inventory estimates for most sectors are based on a
three step approach.

Step 1: Compiling activity data - statistical data concerning
the consumption of fuels and raw materials and the production
of products that are relevant to calculation of mercury (Hg)
emissions from energy/industrial sectors; and data on Hg
consumption in intentional use sectors and in Hg-added
products that allows estimates to be made of Hg emissions
from waste streams, etc.

Step 2: Compiling ‘emission factors” that can be applied to
the activity data to derive estimates of unabated/uncontrolled
emissions to air — a typical example might be the fraction of
Hg in coal that is released to the atmosphere when the coal
is burned (prior to any technological measures to reduce
emissions of air pollutants). It should be noted that these are
unabated emission factors (UEFs) and therefore differ from the
(abated) emission factors (AEFs) that are commonly reported/
used to produce end-of-pipe emissions estimates. These UEFs
can be considered as being similar to the input factors applied
in the UNEP Toolkit approach (UN Environment, 2017b), but
differ in that - in most cases - they relate to the emissions/
inputs only to air as opposed to the total release of Hg to all
media that are obtained from the UNEP Toolkit input factors.
To take this comparison a stage further, the UEFs employed in
this work are approximately comparable to the UNEP Toolkit
input factors multiplied by their respective distribution factor
(DF) for the proportion of the input released to air; however,
it should be noted that UNEP Toolkit factors were not always
adopted, and that information developed during the current
work is being used in updating of the UNEP Toolkit factors.
The UEFs, when applied to the activity data from ‘Step 1’ yield
estimates of unabated (uncontrolled) emissions to air from the
activity concerned.

Step 3: Attempting to represent the ‘technology’ that is applied in
the respective sectors in different countries to control (reduce)
Hg emissions to the air - typically through the application of
air pollution control devices (APCDs). These technologies are
characterized by their effectiveness (Hg emissions reduction
efficiency) and their degree of application. In ‘Step 3’ it is
necessary to recognize that available information - based on
a relatively few (but increasing numbers of) measurements
made at individual plants in certain (mainly developed)
countries — demonstrates that effectiveness of APCDs is very
variable and depends on plant operating conditions, and specific
characteristics of fuel and raw materials, etc. In addition, the
general scarcity of relevant information on both the effectiveness
of APCDs and their degree of application in various sectors/
countries means that assumptions need to be made. First, on

the basis of available information, technologies have been
grouped according to their general degree of effectiveness
at reducing Hg emissions; and according to their degree of
use (e.g., commonly applied APCD configurations). Second,
countries have been assigned - on the basis of an assumed
general level of technological implementation of APCDs -
into five groupings (see Section 3.2.1.2 and this E-Annex,
Section A3.9). Information on the effectiveness and degree
of implementation of APCDs in those countries for which
information is available (derived from published literature,
grey literature and application of the UNEP Toolkit, etc.) has
then been used to characterize the technological profile for the
country-group to which the country belongs. The resulting
technology profile - or a specific national profile for countries
where such detailed data are available — has been applied to
the unabated/uncontrolled emissions estimates resulting from
‘Step 2’ to produce abated (controlled) emission estimates for
all countries/sectors for which activity data are available from
‘Step 1’ These estimates constitute the global inventory of Hg
emissions to air from the represented anthropogenic sectors.

As described, the applied methodology relies on statistical
data and assumptions concerning emission factors and
technological profiles, etc., that are based on often very limited
available information. However, this methodology is designed
to derive global emissions inventories and to compile relevant
statistics and other information in a manner that allows it to
be transparent, readily updatable as new information becomes
available, and potentially useful for other purposes (such as
emission scenario development).

A full description of the emission factors and technology
profiles applied in this work is given in this E-Annex,
Section A3.6, which also contains extensive notes explaining
their basis, and comparisons with emission factors used in other
studies, including the UNEP Toolkit (UN Environment, 2017b),
the GMA2013 (AMAP/UNEP, 2013) and the 2005 inventory
(AMAP/UNEP, 2008).

The documentation procedures described above and
transparency regarding assumptions made are intended to allow
for future updates of the inventory for individual countries
and sectors as more detailed information becomes available.

A3.1.2 Example calculation

This example shows the calculations applied to estimate Hg
emissions from cement production in China. Under the
regionalization approach described in Section 3.2.1.2, China
is in the Group 3 countries with respect to characterization of
applied technology.

According to the US Geological Survey, China produced
2492000 kt of cement in 2014 (see this E-Annex, Section A3.8).

The (country-specific) UEF applied to cement production
in China is 0.071 g/t cement produced (see this E-Annex,
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Section A3.6). About 80% of cement production in China is
based on coal; emissions from coal used in cement production
are separately accounted under the SC-IND - stationary fossil
fuel combustion in industrial uses - sector. The UEF applied
to cement production in China is a nationally-specific UEF
for cement production resulting from Hg in raw materials
(limestone) with assumed 6% co-incineration of waste. The
resulting unabated emission estimate for this sector in China
is therefore 176.932 t (= 2492000000 x 0.071 grams).

In Group 3 countries, the technology profile applied for
cement production (see this E-Annex, Section A3.6) would
imply that ~20% of the emissions from cement production in
China are not subject to any emission control, and that 80%
are subject to (basic particulate matter) emission controls
that reduce Hg emissions by about 25%. On the basis of these
assumptions, the associated (abated) Hg emissions would be
reduced from around 177 t to around 142 t, with some 35.4 t
(=176.932 x 0.8 x 0.25) of Hg being captured by the APCDs.

However, national information provided by China
indicated that a more accurate representation of the abatement
technology applied in the Chinese cement sector is that all
Chinese cement plants are fitted with dust removal systems
(about 80% equipped with fabric filters and about 20-40% with
electrostatic precipitators) with an effective Hg capture of 40%.
Applying this new profile, about 56.7 t (= 176.932 x 1 x 0.4)
of Hg are removed by the APCDs, resulting in an estimated
emission to air from the cement sector in China of some 106 t.

To estimate an uncertainty range for this estimate, these
calculations were repeated using low and high values of
1744400 kt and 3239600 kt, respectively for the activity data,
that is +30% applied to activity data from sources other than
the International Energy Agency or official national data
(see AMAP/UNEP, 2013: their Table 2.3). In addition, for
the low range estimate the UEF was reduced from 0.071 to
0.042 g/t (= 0.071 minus half the difference between this value
and the tabulated low UEF of 0.013 g/t); and for the high range
estimate a UEF of 0.478 g/t was applied (= 0.071 plus half the
difference between this value and the tabulated high UEF of
0.885 g/t) (see this E-Annex, Section A3.6). Finally, to account
for uncertainties in the applied technology profile, a high and
low range TF (technology factor) was applied. A TF of 0.6
(1 minus the 40% reduction due to abatement) was applied in
calculating the ‘mid-range’ estimate. In calculating the high-
and low-range estimates, TFs of 0.8 and 0.4, corresponding
to lower- and higher-levels of abatement, respectively, were
applied. The resulting range of (abated) estimates is therefore
29 t (= 1744400000 x 0.042 x 0.000001 x 0.4) to 1239 t
(=3239600000 x 0.478 x 0.000001 x 0.8), where the first term
is the activity in tonnes, the second term is the UEF in grams
per tonne, the third term is the factor to convert the emission
estimate from grams to tonnes, and the fourth term is 1 minus
the reduction due to abatement. In this example, the uncertainty
range is primarily associated with the UEF applied in the high
range estimate; in other cases the activity data may be the larger
source of uncertainty.

On the basis of similar calculations, stationary combustion
of coal in the cement industry was estimated to result in a
further 26.6 t (11.2-50.7 t) of cement industry related Hg
emissions to air from China in 2015.

Technical Background Report to the Global Mercury Assessment 2018
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A3.2 Artisanal and small-scale gold mining

A3.2.1 Description of methodology

The 2015 inventory estimate of Hg emissions from artisanal and
small-scale gold mining (ASGM) is based on an understanding
of ASGM based on direct field evidence and a wide variety of
secondary information sources (including analysis of official
trade data, and extrapolation of these data to regional and
national scales). The quality of (purpose-specific) direct field
evidence has improved significantly for a number of countries,
mainly due to the implementation of Minamata National Action
Plan (NAP) projects.

The general approach to estimate 2015 emissions from
ASGM is the same as that applied in deriving the 2010
estimate (AMAP/UNEP, 2013). Reasonably good information
exists about where ASGM is occurring (documented now for
81 countries compared to 70 in 2013) - this mainly reflects
new data acquisition rather than new ASGM activity. Main
information sources used include: decades of archives from
the Northern Miner (a mining trade magazine that regularly
reports the ‘presence of artisanals’); reports and conference
materials from the World Bank; information under work
programs of the United Nations Development Programme, UN
Environment and the United Nations Industrial Development
Organization; reports from other intervention programs such
as the Swiss Agency for Development and Cooperation, Global
Affairs Canada, the United States Agency for International
Development, the German Gesellschaft fiir Internationale
Zusammenarbeit, the World Wildlife Fund, and Conservation
International etc.; reports and abstracts from the International
Conferences on Mercury as a Global Pollutant up to 2017 (13
congresses); follow-up on older reports, such as those of the
Mining, Minerals and Sustainable Development (MMSD)
articles published in the peer-reviewed literature; and new
field reports from field programs and intervention programs
such as the Minamata NAPs that are directly engaged with
government ministries and individuals working in the ASGM
sector, including miners and gold and Hg traders.

The information base that underpins the assumptions
regarding use of Hg in ASGM has been significantly updated
and improved for a number of countries since 2013. Improved
knowledge has resulted in an adjustment of the factors applied
in assigning ASGM emissions associated with whole ore
amalgamation and concentrate amalgamation. This results in
a 5% decrease in the estimate of emissions to air per unit Hg
consumed in ASGM relative to the estimates reported for 2010
by AMAP/UNEP (2013).

Knowledge concerning ASGM practices has improved with
continued social, environmental, and financial development
efforts in the sector worldwide, particularly through on-the-
ground observations and interviews with ASGM miners and
stakeholders. Physical measurements of Hg use over a cross-
section of ore processing techniques and operators has led to
a better understanding of the amount of Hg used in producing
gold in ASGM and its variations. The new knowledge has also
led to adjustments in the distribution factors that apportion
Hg losses into emissions (to air) and releases (to land and
water) for the GMA2018. While concentrate amalgamation

distribution remains unchanged from the GMA2013 (at 75%
emission and 25% release), the distribution for whole-ore
amalgamation (WOA) has changed to 20% emission and 80%
release (from 25% and 75%, respectively). This reflects a change
in the understanding of the global mercury:gold (Hg:Au) ratio
for WOA; from 4:1 to 5:1.

The distribution of Hg consumed in ASGM between
emissions and releases is derived from global statistics and
the assumptions applied must capture the large variation of
Hg:Au ratios across the global ASGM sector. The Hg:Au ratio
varies widely due to metallurgy and practices. For example,
when ore is relatively free of other metals and the gold is coarse,
the WOA ratio tends to be low (at around 4:1). However, for
other ores with fine-grained gold that contain silver, ratios
of up to 60:1 can be observed. Other important factors are:
variability in practices (methods employed in crushing, milling,
and concentrating); whether Hg is being captured and recycled;
the grade of the ore, with high grade ore using less Hg; the
socio-economic circumstances of the miners; and other factors
(Lacerda, 2003; Telmer and Veiga, 2009). Direct measurement
of WOA ratios around the world have yielded ratios of 2:1,
8:1, and 11:1 in Nicaragua (AGC, 2016), and as high as 15:1
in Antioquia, Colombia (Cordy et al., 2011), 12:1 in Ecuador
(Velasquez-Lopez et al., 2010), a range of 4-11:1 in China
(Gunson, 2004), and a range of 40-60:1 in Indonesia (Pereira
Filho et al.,2004). The adjustment of the global WOA ratio from
4:1 to 5:1 accommodates the occurrence of very high ratios
in some countries (e.g., Indonesia), but remains conservative.

Based on information on practices used in different
countries, it is estimated that, on average 40% of Hg used
in ASGM is emitted to the atmosphere with the remainder
released to land and water. In regions where concentrate
amalgamation is practiced, while the absolute amount of Hg
used is lower than for whole ore amalgamation, 75% of the Hg
used is emitted to the atmosphere. In regions where whole ore
amalgamation is practiced, more Hg is consumed per unit of
gold produced, but here a much larger proportion of the Hg
is released to aquatic and terrestrial systems than is emitted to
air; some of the Hg released to aquatic and terrestrial systems
is subsequently re-emitted to the atmosphere. Estimates from
Australia and Canada (Winch et al., 2008; Parsons et al., 2011)
suggest that a large proportion of the Hg used in historical
gold mining operations in the 1800s has been remobilized.
New work has identified that some historical practices used in
silver mining in Latin America resulted in less (re)emission of
Hg to the atmosphere than previously assumed (see Chapter 2).

The amount of Hg used in ASGM (see Table A3.2.1) can be
estimated using four main approaches: (1) direct measurements
- using a balance to directly weigh amounts of Hg used; (2)
applying a Hg:Au ratio to the quantity of gold produced
based on the type of process used (whole ore amalgamation,
concentrate amalgamation, also taking account of the use of
emission controls such as retorts, etc.); (3) interviewing miners
and gold merchants who buy or sell Hg; (4) using official trade
data. The first three approaches involve working directly with
miners and gold merchants. This information can then be used
to constrain other estimates, through triangulation, to produce
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Table A3.2.1. Mercury consumption in artisanal and small-scale gold mining and calculation of associated emissions (Telmer, K. and J. O’Neill (AGC)

pers. comm., 2017).

Best estimate for ASGM Hg use and air emissions until August 28 — . Emission  Year of most Mean air Release to
2012 3 £ i\g g S _5 Factcir, Ef recent data  emission,t  water and
Country, count = 81 Quality +error, ASGM Hguse,t E § é % ; g < ( 1;E1F§j;5;5v»/;]A: fand.t
of data® % 22 *é &3 %o% 20% (1/5)
min mean max g "q':) %" § ;; % - (%CA X EFca) (Hguse) x  (Hguse)
g E g & E‘a 3 + (%WOA x (EF) - (a.ir
SN EFwoa) emission)
Total 74 985.9 2058.9 3131.9 837.7 1221.2
Bolivia 4 30 84.0 120.0 156.0 25.0 75.0 0.34 2012 40.5 79.5
Guinea 4 30 134 19.1 248 100.0 0.0 0.75 2017 14.3 4.8
Nicaragua 4 30 2.5 35 4.6 0.0 100.0 0.20 1999 0.7 2.8
Peru 4 50 163.5 327.0 490.5 25.0 75.0 0.34 2017 110.4 216.6
Senegal 4 30 2.1 3.0 39 100.0 0.0 0.75 2015 2.3 0.8
Suriname 4 30 44.1 63.0 81.9 5.0 95.0 0.23 2016 14.3 48.7
Brazil 3 50 52.5 105.0 157.5 50.0 50.0 0.48 2015 49.9 55.1
Burkina Faso 3 50 17.6 351 527 100.0 0.0 0.75 2011 26.3 8.8
Cambodia 3 50 3.8 7.5 113 50.0 50.0 0.48 2006 3.6 39
Colombia 3 50 87.5 175.0 262.5 16.7 83.3 0.29 2014 51.0 124.0
Ecuador 3 50 425 850 1275 20.0 80.0 0.31 2014 26.4 58.7
French Guiana 3 50 3.8 75 113 100.0 0.0 0.75 2008 5.6 1.9
Ghana 3 50 27.5 550 825 100.0 0.0 0.75 2016 41.3 13.8
Guyana 3 50 7.5 150 225 100.0 0.0 0.75 2008 11.3 3.8
Honduras 3 50 2.5 5.0 7.5 50.0 50.0 0.48 1999 2.4 2.6
India 3 50 30 6.0 9.0 100.0 0.0 0.75 2013 4.5 1.5
Indonesia 3 50 213.5 427.0 640.5 16.7 83.3 0.29 2014 124.5 302.5
Lao Peoples Democratic 3 50 1.5 3.0 45 100.0 0.0 0.75 2007 2.3 0.8
Republic
Mali 3 50 6.3 125 188 100.0 0.0 0.75 2016 9.4 3.1
Mongolia 3 50 58 115 173 50.0 50.0 0.48 2007 55 6.0
Mozambique 3 50 20 4.0 6.0 100.0 0.0 0.75 2009 3.0 1.0
Nigeria 3 50 10.0 20.0 30.0 100.0 0.0 0.75 2011 15.0 5.0
Philippines 3 50 35.0 70.0 105.0 25.0 75.0 0.34 2010 23.6 46.4
Sierra Leone 3 50 55 11.0 16.5 100.0 0.0 0.75 2004 8.3 2.8
Venezuela 3 50 51.0 102.0 153.0 25.0 75.0 0.34 2017 344 67.6
Zimbabwe 3 50 125 250 375 20.0 80.0 0.31 2016 7.8 17.3
Botswana 2 75 02 08 1.4 50.0 50.0 0.48 2016 0.4 0.4
Cameroon 2 75 0.4 1.5 26 100.0 0.0 0.75 2011 1.1 0.4
Central African Republic 2 75 20 80 140 100.0 0.0 0.75 2016 6.0 2.0
Chile 2 75 1.0 40 70 50.0 50.0 0.48 2009 1.9 2.1
China 2 75 25.0 100.0 175.0 25.0 75.0 0.34 2015 33.8 66.3
Congo 2 75 0.4 1.5 2.6 100.0 0.0 0.75 2010 1.1 0.4
DRC 2 75 38 150 263 100.0 0.0 0.75 2010 11.3 3.8
Guatemala 2 75 0.4 1.5 2.6 50.0 50.0 0.48 2005 0.7 0.8
Kenya 2 75 0.9 3.5 6.1 100.0 0.0 0.75 2016 2.6 0.9
Kyrgyzstan 2 75 1.9 7.5 131 50.0 50.0 0.48 2004 3.6 3.9
Madagascar 2 75 0.4 1.5 2.6 100.0 0.0 0.75 2003 1.1 0.4
Malaysia 2 75 0.9 35 6.1 50.0 50.0 0.48 1992 1.7 1.8
Mexico 2 75 1.9 7.5 13.1 50.0 50.0 0.48 2003 3.6 3.9
Myanmar 2 75 38 150 263 100.0 0.0 0.75 2016 11.3 3.8
Panama 2 75 0.4 1.5 26 50.0 50.0 0.48 1999 0.7 0.8



Chapter 3 - Global emissions of mercury to the atmosphere from anthropogenic sources 3-35

Best estimate for ASGM Hg use and air emissions until August HE e, Emission  Year of most Meanair  Release to
2012 = £ < £g _5 Factor, EF recentdata emission,t water and
s 3. L zE EFca=75% land, t
Country,count =81  Quality +*error, ASGM Hg use, t % é Ag E £ 5 6-' (1/1.3) EFyoa=
of data® % &; ‘g EDE %‘3% 20% (1/5)
min mean max % é %” § % % . (%CA x EFca) (Hguse) x  (Hguse)
g 'E: g & %‘3 5 + (%WOA x (EF) - (a'ir

As EFwoa) emission)
Papua New Guinea 2 75 1.8 70 123 50.0 50.0 0.48 2010 3.3 3.7
Russia 2 75 28 110 193 50.0 50.0 0.48 2001 5.2 5.8
South Africa 2 75 09 35 61 50.0 50.0 0.48 2016 1.7 1.8
South Sudan 2 75 00 00 0.0 0.0 0.0 0.00 2016 0.0 0.0
Sudan 2 75 20.8 83.0 1453 100.0 0.0 0.75 2015 62.3 20.8
Tajikistan 2 75 1.0 4.0 7.0 100.0 0.0 0.75 1996 3.0 1.0
Tanzania 2 75 88 350 61.3 100.0 0.0 0.75 2015 26.3 8.8
Thailand 2 75 04 15 26 100.0 0.0 0.75 2007 1.1 0.4
Togo 2 75 1.0 40 70 100.0 0.0 0.75 2002 3.0 1.0
Uganda 2 75 1.0 40 70 100.0 0.0 0.75 2016 3.0 1.0
Vietnam 2 75 1.9 75 131 50.0 50.0 0.48 2001 3.6 3.9
Angola 1 100 0.1 0.3 0.5 100.0 0.0 0.75 2014 0.2 0.1
Azerbaijan 1 100 0.1 0.3 0.5 100.0 0.0 0.75 2010 0.2 0.1
Benin 1 100 01 03 05 100.0 0.0 0.75 2010 0.2 0.1
Burundi 1 100 0.1 03 0.5 100.0 0.0 0.75 2010 0.2 0.1
Chad 1 100 01 03 05 100.0 0.0 0.75 2010 0.2 0.1
Costa Rica 1 100 01 03 05 50.0 50.0 0.48 1998 0.1 0.2
Cote d'Ivoire 1 100 0.1 0.3 0.5 100.0 0.0 0.75 2012 0.2 0.1
Dominican Rep. 1 100 0.1 0.3 0.5 100.0 0.0 0.75 1997 0.2 0.1
El Salvador 1 100 01 03 05 100.0 0.0 0.75 2010 0.2 0.1
Equitorial Guinea 1 100 01 03 05 100.0 0.0 0.75 2010 0.2 0.1
Eritrea 1 100 01 03 05 100.0 0.0 0.75 2017 0.2 0.1
Ethiopia 1 100 01 03 05 100.0 0.0 0.75 2010 0.2 0.1
Gabon 1 100 0.1 0.3 0.5 100.0 0.0 0.75 2010 0.2 0.1
Gambia 1 100 0.1 0.3 0.5 100.0 0.0 0.75 1996 0.2 0.1
Guinea-Bissau 1 100 01 03 05 100.0 0.0 0.75 2002 0.2 0.1
Iran 1 100 01 03 05 100.0 0.0 0.75 0.2 0.1
Kazakhstan 1 100 01 03 05 100.0 0.0 0.75 0.2 0.1
Lesotho 1 100 01 03 05 100.0 0.0 0.75 2016 0.2 0.1
Liberia 1 100 01 03 05 100.0 0.0 0.75 2003 0.2 0.1
Malawi 1 100 0.1 03 0.5 100.0 0.0 0.75 2001 0.2 0.1
Mauritania 1 100 0.1 0.3 0.5 100.0 0.0 0.75 2004 0.2 0.1
Niger 1 100 0.1 0.3 0.5 100.0 0.0 0.75 2000 0.2 0.1
Paraguay 1 100 0.1 0.3 0.5 100.0 0.0 0.75 2012 0.2 0.1
Rwanda 1 100 0.1 03 0.5 100.0 0.0 0.75 1992 0.2 0.1
Swaziland 1 100 0.1 03 0.5 100.0 0.0 0.75 2017 0.2 0.1
Ukraine 1 100 01 03 05 100.0 0.0 0.75 0.2 0.1
Uzbekistan 1 100 0.1 0.3 0.5 100.0 0.0 0.75 2001 0.2 0.1
Zambia 1 100 0.1 0.3 0.5 100.0 0.0 0.75 2008 0.2 0.1
Zambia 1 100 0.1 0.3 0.5 100 0 0.75 2008 0.2 0.1

*Class 4: recent quantitative data, error £30% (5); Class 3: quantitative data but significantly updated within the past 5 years, error +50% (20 countries);
Class 2: some indication of quantity of Hg used, estimated average error +75% (27 countries); Class 1: presence/absence, no quantitative information,
error can be greater than +100% (29 countries).
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amore robust estimate of the amount of Hg used and thereafter
emitted to the atmosphere or released to the terrestrial/aquatic
environment.

The most reliable results are grounded in fieldwork and
relationships established with stakeholder communities.
In order to achieve this, personnel involved in collecting
information and preparing estimates must be capable of
understanding mining practices and the (local) gold trade.
Mercury use practices and gold production are key items of
necessary information. Determining these requires combining
information from field data, miners, mining communities,
buyers, traders, geological surveys, ministries responsible for
mining, mining commissions, the private sector, exploration
company press releases, industry magazines, environmental
ministries, and others. This information must be analyzed to
understand what is reasonable based on expert knowledge of
geology, mining, ASGM practices, mining communities, and
socio-economics. The results of the analysis should be discussed
with stakeholders, such as miners, concession holders, local
governments, and national governments to obtain their input
and help constrain the analysis. A robust and comprehensive
tool for making such estimates, that includes extensive
background, examples, data entry forms and worksheets is
now available (O’Neil and Telmer, 2017).

The fundamental questions to be answered in order to make
an annual estimate of Hg use and emissions are:

1. What are the practices in use? (whole ore amalgamation;
concentrate amalgamation; Hg recycling - retorts)

2. How much Hg is used per unit gold produced? (the Hg:Au
ratio; grams of Hg lost per gram of gold produced); Do
miners discard used Hg or recycle Hg?

3. How much gold do miners produce per year? It is important
to evaluate the value of the gold and consider whether that
value makes sense.

4. What is the total number of miners involved in this
production?

Questions 3 and 4 are key to extrapolating to larger scales.
For an elaboration of many important considerations and
approaches in obtaining high quality information, see O’Neil
and Telmer (2017).

The quality of estimates varies across countries and is grouped
according to four main classes: Class 1 (presence/absence of
ASGM activity, no quantitative information, uncertainties can
be more than £100%); Class 2 (some indication of the quantity
of Hg used, estimated average uncertainty +75%); Class 3
(quantitative data but not significantly updated within the
past five years, uncertainty +50%); Class 4 (recent quantitative
data; uncertainty +30%).

A3.2.2 Example calculation?

This example describes the method used to make a Class 4
estimate of Hg use from ASGM in Burkina Faso over a two-
year period (2011-2012).

The Director of the Ministry of Mines, Geology, and
Quarries estimates that 600000 adults are living on 221
ASGM sites in Burkina Faso that are registered for ASGM

Technical Background Report to the Global Mercury Assessment 2018

exploitation permits and plotted on a cadastral map. About
the same number operate on unregistered land informally
or illegally. Meetings were held before and again after field
visits with miners, government agencies, miners associations
(formal + informal), gold traders and Hg traders. The results
are as follows: All ASGM activities use Hg. The practice used
by miners is exclusively concentrate amalgamation; whole
ore amalgamation is not practiced. Mercury recycling is not
practiced — amalgam is burned using an open flame. Miners do
not throw away used (‘dirty’) Hg. The amount of Hg used per
unit gold produced is on average 1.3 parts mercury to 1 part
gold (i.e.,a Hg:Au ratio of 1.3:1). This accounts for the Hg that
ends up in the amalgam (1 part) and the Hg that is lost during
processing to the tailings (0.3 parts). All Hg used is released
to the environment, with 75% (that in the amalgam) directly
emitted to the atmosphere during amalgam burning and the
residual (0.3 parts) lost to the tailings. In Burkina Faso, it is
likely that the amount lost to the tailings is re-emitted to the
atmosphere on a relatively short timescale of one to several
years as the tailings are accumulated in above ground piles and
often later reprocessed.

A third of the 600000 government reported ASGM
population are estimated to be active miners. They produce
20 to 30 t of gold per year (~25). This is reasonable considering
the known geology (abundance of gold-bearing formations
of sufficient grade throughout the country), a processing lens
(gold production per miner using the observed processing
techniques), and a socio-economic lens based on the cost of
living at ASGM localities. This estimate was discussed with the
gold buyers and site owners and the Ministry of Mines and was
found to be reasonable by these groups. The amount of Hg used
and emitted to the atmosphere is thereby determined as follows:
25 t of gold are produced annually; all of which is amalgamated
using 32.5 t of Hg per annum. All amalgam is burned openly
thereby emitting 25 t of Hg directly to the atmosphere with
the remaining 7.5 t being released to the land and water in the
waste stream (tailings). The Hg contained in tailings is likely to
also be emitted to the atmosphere within a decade.

It may be helpful to describe briefly some of the other
supporting information that is typically used in determining
the annual gold production and Hg use. In Burkina Faso, ASGM
miners typically operate in five- to ten-person partnerships
comprising diggers, haulers, crushers, millers, and amalgamators.
Women also work in groups, but typically only haul, crush
and process tailings. Relatively small amounts of Hg are used
(1.3 units Hg for 1 unit gold). Awareness of the dangers of Hg
is low and so health impacts are not minimized. Ore grades
are high (often 10-50 g/t) but traditional mining is inefficient
(15-50% recovery). On average, miners yield half a gram per
day for about 270 days per year, equating to about 135 g/miner/y.
They receive 70-80% of the international price when selling to
the local buyer who has a relationship to the land holder of the
site. Using 80% of a gold price of USD 1300/0z (USD 42/g),
each miner makes about USD 4500/y. This income is expended
on processing (milling and Hg), food, shelter, transport, and
remittances to family, including oft-site family.

This example estimate for Burkina Faso illustrates some
useful points for emissions estimations in general. A 2005
emission estimate for Burkina Faso was about 3 t Hg/y based

* For further example calculations, see O’Neil and Telmer (2017).
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on MMSD (Mining, Minerals and Sustainable Development)
work in 2001. The current estimate of 32.5 t Hg/y represents a
ten-fold increase. This increase is almost certainly not a result of
increased use or more ASGM, but rather of better information
drawn from purpose-specific studies. This example suggests
that other countries with weak information on ASGM that
are currently categorized as Class 1 (presence/absence with
no quantitative data and assigned a conservative minimum Hg
use of 0.3 t/y) are likely to report higher Hg use in the future
as better data become available through better inventory work.
In conclusion, robust estimates of Hg emissions from
ASGM remain sparse and the global estimate needs significant
further work. The current estimate of roughly 1700 t total
Hg use per year +50% remains a conservative minimum by
assigning small numbers and large errors to countries where
little information exists. The estimate has risen since the 2010
estimate primarily due to improved information rather than
increased use, although there have probably also been increased
levels of ASGM activity as the global population grows. The
price of gold remains high, and ASGM remains an important
source of income for the rural poor. The estimation of Hg use
in ASGM requires trained experts that can reliably assess the
informal gold economy and its Hg use, as well as reliably upscale
field observations to national levels. Aside from technical
geo-scientific expertise, this frequently requires establishing
adequate relationships with the many stakeholders. Significant
knowledge gaps about Hg use in ASGM remain and the global
community must continue to fill the gaps in order to reliably
measure the rate of success of the Minamata Convention.
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A3.3 Wastes associated with mercury-added products

A3.3.1 Description of methodology

Estimates of mercury (Hg) emission to air from Hg-added
products (see text on sectors/activities below) are calculated
using a slightly different but comparable methodology to that
applied to calculate emissions from unintentional emission
sectors (see this E-Annex, Section A3.1). Use is made of
available data on regional patterns of consumption of Hg and
Hg-containing products, since national consumption data are
unavailable in most cases. Mercury releases at various points in
the life-cycle of these products are calculated using assumptions
regarding rates of breakage, waste handling, and factors for
emissions to air, etc.

The method applied is the same as in the 2010 inventory
(AMAP/UNEP, 2013) and a variation on the method used
in the 2005 inventory (AMAP/UNEP, 2008) where product-
related Hg emissions were estimated for 11 world regions. The
methodology allows for a consistent and transparent treatment
and calculation of product-related Hg emissions for each
individual country, also taking country-specific information
into account, where available. The method is illustrated
schematically in Figure A3.3.1.

The input data comprise estimated Hg consumption in one
year (2015) covering the product groups: batteries, measuring
and control devices, lamps, electrical and electronic devices,
and other use (Table A3.3.1).

Consumption is estimated for each product group for
11 world regions; East and Southeast Asia, South Asia, European
Union, CIS and other European countries, Middle Eastern
States, North Africa, Sub-Saharan Africa, North America,
Central America and the Caribbean, South America, Australia
New Zealand and Oceania. Consumption in this context refers

Hg consumption

to the region where the product is used and thus subsequently
ends up in the waste stream, and not the region where it was
produced.

To estimate consumption in each country of the world,
the consumption figures (for batteries, measuring and control
devices, lamps, electrical and electronic devices and other uses -
see Table A3.3.1) as developed by the UN Environment (2017a)
for each region were distributed among the countries in that
region based on gross domestic product (GDP) at purchasing
power parity (PPP). GDP-PPP data for individual countries
were obtained from the data catalog at the World Bank (World
Bank, 2016, 2017) and where countries were not available in
the list from the World Bank, from the World Factbook by
the U.S. Central Intelligence Agency (CIA, 2016, 2017). In the
model the estimated amount of Hg in products consumed in a
country is distributed to three initial pathways (Figure A3.3.1)
using distribution factors. The main initial paths of the products
containing Hg are collection for safe storage (no emissions
assumed), breakage and release of Hg during use, and paths
to the waste stream (with further differentiation of waste
pathways). In the inventory for 2010 there was an additional
pathway for products remaining ‘in use’ in society. This pathway,
amounting to 30% of Hg consumed, did not contribute any
emissions in those calculations since emissions were considered
to be delayed. That way of thinking is more in line with reality,
but only takes 70% of the Hg contained in products into account.
To simulate emissions to air from one year’s consumption of Hg,
this pathway was removed in the 2015 inventory. It should be
noted that only one years’ consumption is taken into account,
while any Hg emissions from stocks remaining in society from
consumption of Hg-added products in previous years are not
included in the estimates. This remaining Hg will be distributed

£

Collection/safe Distribltion a Breakage during
storage use
To waste
Waste Waste
incineration Waste recycling landfill
Controlled Uncontrolled Managed Unmanaged

v 9 \'4

Figure A3.3.1 Schematic representation of the
model used to estimate Hg emissions from waste
streams associated with Hg-added products.

) 4
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Table A3.3.1 Estimated Hg consumption® by world region and product group, 2015 (UN Environment, 2017a).

Average, t
Batteries ~ Measuring and Lamps Electricaland ~ Other use® Dental Sum
control devices electronic applications*
devices
East and Southeast Asia 95 208 69 52 62 52 538
South Asia 33 39 12 12 59 72 227
European Union (28 countries) 8 3 13 1 84 56 165
CIS and other European 13 12 7 7 37 19 95
countries
Middle Eastern States 13 18 7 9 9 13 69
North Africa 8 6 4 2 5 4 29
Sub-Saharan Africa 24 11 5 19 15 7 81
North America 9 2 8 19 61 32 131
Central America and the 9 9 4 6 8 6 42
Caribbean
South America 18 20 9 8 13 12 80
Australia New Zealand and 1 1 3 13 1 3 22
Oceania
Total 231 330 142 147 354 274 1478
Minimum-Maximum, t
Batteries ~ Measuring and Lamps Electricaland ~ Other use® Dental Sum
control devices electronic applications*
devices
East and Southeast Asia 72-119 177-239 55-83 42-62 44-81 47-57 437-641
South Asia 23-43 32-47 10-14 10-14 30-89 61-83 166-290
European Union (28 countries) 6-9 2-3 11-15 0-1 59-110 44-67 122-205
CIS and other European 9-17 9-16 5-10 5-10 19-56 13-24 60-133
countries
Middle Eastern States 9-17 13-24 5-9 6-11 4-13 10-16 47-90
North Africa 5-10 4-8 3-5 2-3 3-8 3-5 20-39
Sub-Saharan Africa 7-40 8-14 4-7 9-28 4-25 5-9 37-123
North America 7-10 2-2 7-9 16-21 42-79 27-37 101-158
Central America and the 6-12 8-11 4-5 4-8 4-12 5-7 31-55
Caribbean
South America 13- 14-25 6-12 5-10 7-20 8-15 53-105
Australia New Zealand and 1-1 1-1 2-4 9-17 0-1 3-4 16-28
Oceania
Total 159-304 267-392 112-173 109-185 215-492 226-322 1090-1867

*‘Consumption’ is defined in terms of the end-use of Hg-added products (i.e., place of consumption), as opposed to regional ‘demand’ for Hg; tabulated
values are means of wider ranges of estimates representing various levels of uncertainty (see source report); the ‘other use’ category includes, for example,
pesticides, fungicides, laboratory chemicals, chemical intermediates, pharmaceuticals, preservative in paints, traditional medicines, cultural and ritual
uses, cosmetics — especially skin-lightening creams, etc.; °consumption in dental applications is not included in the calculations described in this section;
the methodology employed to calculate emissions from dental amalgam use associated with human cremation are described in E-Annex 3, Section A3 4.

to one of the endpoints as the product reaches its end of life.
This also implies that trends in consumption in recent years,
and similar delayed trends in disposed Hg amounts, are not
captured in the method used.

The share of Hg in products entering the waste stream is
distributed between waste recycling, waste incineration and
waste landfill. The amounts of Hg going to waste incineration
and waste landfill are further distributed between two types of
waste management: controlled incineration and uncontrolled

waste burning, and managed and unmanaged waste landfill.
Controlled incineration in this context represents waste
incineration with efficient air pollution abatement installed.
Uncontrolled waste burning includes, for example, open burning
with no or poor abatement of air emissions. Managed landfill
implies relatively low expected emissions of Hg. Unmanaged
landfills (or waste dumps) are landfills such as those where
a higher frequency of unintentional fires could be expected,
resulting in higher Hg emissions to air.
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To take into account varying waste management practices,
five different ‘profiles’ of distribution factors and emissions
factors were assumed. Each country has been assigned one of
these five generic profiles based on assumptions (and available
information) regarding national/regional waste handling
practices, including discussions with regional representatives
(see Section 3.2.1.2 and this E-Annex, Section A3.9). Four
profiles were included in the inventory for 2010, while a fifth,
representing least developed waste handling technologies was
added in the 2015 inventory. Profile 1 represents the most
technically advanced waste management practices while
Profile 5 represents the least advanced.

In the model, several assumptions regarding distribution
factors and emission factors have been made. Discussions
have been held with representatives from all of the world’s
regions and assumptions have been adjusted accordingly. Rough
generalizations are more or less inevitable, however, in order
to achieve harmonized and transparent calculations for all
individual countries, since country-specific information in
most cases is still scarce or non-existent.

The initial distribution factors determine the amount
distributed to the waste stream. Table A3.3.2 presents the
general distribution factors used for the five profiles. The
distribution for breakage and release during use is the same
for all profiles, while the share collected for safe storage varies.

Technical Background Report to the Global Mercury Assessment 2018

Table A3.3.2 Initial distribution factors for Hg-containing products.

Profile  Collection Breakage To the waste Total, %
for safe during use, stream, %
storage, % %
1 15 3.5 81.5 100
2 5 35 91.5 100
3 1 3.5 95.5 100
4 1 35 95.5 100
5 1 35 95.5 100

The waste stream distribution pathways, given as
distribution factors, are presented in Table A3.3.3. There are
different assumptions regarding the share of Hg contained
in products which is recycled, as well as on the shares going
to waste incineration and landfill. For Profiles 3 and 4 the
distributions between recycling, incineration and landfill
are the same. A differentiation is introduced in the specific
distribution factors for the share of the incinerated and
landfilled waste that is treated under controlled/managed or
uncontrolled/unmanaged conditions.

At this stage in the model calculations, the initial amount of
Hg in products in a specific country has been distributed to all
endpoints in the model (Figure A3.3.1) where emissions to air

Table A3.3.3 Waste distribution factors and specific distribution factors for controlled/uncontrolled waste incineration and managed/unmanaged waste

landfill.

Waste distribution pathways

Profile Waste recycling, % Waste incineration, % Waste landfill, %
1 17 18 65
2 4 12 84
3 2 5 93
4 2 5 93
5 2 5 93
Specific distribution factors for incineration and landfill
Incineration Landfill
Profile Controlled, % Uncontrolled Managed, % Unmanaged, %
burning, %
1 100 0 60 40
2 40 60 30 70
3 20 80 30 70
4 15 85 10 90
5 1 99 1 99

Table A3.3.4 Emission factors (fraction emitted) applied to distributed amounts of Hg in products.

Profile Breakage/release Waste recycling Waste incineration, ~ Waste incineration,  Landfill, managed = Landfill, unmanaged
during use controlled uncontrolled

1 0.1 0.03 0.1 0.9 0.05 0.07

2 0.1 0.03 0.1 0.9 0.05 0.14

3 0.1 0.03 0.1 0.9 0.05 0.14

4 0.1 0.03 0.1 0.9 0.05 0.23

5 0.1 0.03 0.1 0.9 0.05 0.23
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can occur. Emissions are calculated by applying emission factors
(EFs) according to Table A3.3.4 to the distributed individual
amounts of Hg. For all endpoints, except for unmanaged landfill,
the EFs are the same for all assigned generic profiles of waste
management. The expected releases of Hg from unmanaged
landfills are highly dependent on the frequency and duration
of landfill fires. The more landfills under fire, the more Hg will
be released. Rough assumptions and simplifications, largely
based on Maxson (2009) and Wiedinmyer et al. (2014), have
been applied for developing profile EFs for unmanaged landfills,
taking landfill fires into account.

It should be noted that where relevant national information
was available, factors applied to specific countries were adjusted
accordingly, such was the case for the distribution factors
applied in the case of Japan, Republic of Korea, China, Egypt,
Tunisia and for countries in South America.

In the 2015 inventory, emissions using the above methodology
are quantified under two main categories: emissions associated
with controlled incineration (WI) and all other (waste)
components (WASOTH). The WI component is assumed to
be associated with incineration at (large incineration) facilities
with applied air pollution control technology. The amount of Hg
calculated as emitted from waste incineration in this exercise
only includes the Hg-added product groups concerned in
Section A3.3 (i.e. excluding dental). Additional emissions of Hg
could arise from incineration of other types of Hg-containing
waste, such as sewage sludge and industrial wastes.

Hg consumption in
products, 25.1 tons

Collection/safe
storage 0.25

Total to waste
239

A3.3.2 Example calculation

This example shows the calculation scheme applied to estimate
product waste emissions for Mexico. Mexico belongs to the
Central America and the Caribbean region, which has an
estimated consumption of Hg in intentional use products
(batteries, measuring control devices/lighting, electronic devices
and other — with dental uses excluded) of 36 t (see Table A3.3.1).
Based on GDP-PPP, 25.1 t of this Hg consumption is attributed
to Mexico.

Under the regionalization approach described in
Section 3.2.1.2, it is concluded that Mexico’s general waste
stream characterization and waste management practices
are best described by Profile 3 (see Tables A3.3.2 to A3.3.4).
Figure A3.3.2 illustrates how, on this basis, Hg emission
estimates to air totaling about 3.5 t are calculated; of which
about 0.024 t are estimated to be emitted from controlled waste
incineration.

Emission

RF
0.1

Breakage during
use 0.88

J

Distribution of 25.1 tons
of Hg in products

J \

DF
93%

Waste
incineration 1.2

Waste
DF DF recycling 0.48
20% 80%

Uncontrolled
0.96

Controlled
0.24

A 4

> Distribution on primary
waste pathways

Waste
landfill 22.2
DF DF Distribution on secondary
30% 70% waste pathways
Managed Unmanaged
6.7 15.6

Emission factors

Emissions, total 3.5 tons

o

Figure A3.3.2 Example calculation of Hg emissions from waste streams associated with Hg-added products. The example is for Mexico.
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A3.4 Dental amalgam and human cremation

Emissions from use of mercury (Hg) in dental amalgam fillings
can occur during the preparation of the amalgams and their
subsequent removal and disposal in wastes. Emissions can also
occur when human remains with amalgam fillings are cremated.

Emissions associated with cremation sources were estimated
using a similar approach to that employed for estimating
emissions associated with other intentional-use sectors. That
is to say, Hg consumption in dentistry (see this E-Annex,
Section A3.3, Table A3.3.1) was combined with assumptions
regarding its use and fate. Dental amalgam fillings comprise
an alloy with a Hg content of about 50% by weight. Emissions
were calculated based on an emission factor of 0.04 g per g Hg
consumption — derived using the UNEP Toolkit default factor
of 2.5 g per cremation (UNEP, 2011b) and an average per capita
(dental) consumption based on the European average, which
may result in an overestimation of emissions for countries
where the average number of amalgams per person is lower
than the European average.

Mercury amounts associated with fillings in cremated
human remains were allocated to countries based on regional
consumption statistics and population distributions, also taking
into account factors such as religious practices and regulations
in some countries concerning human cremation. It is recognized
that the approach does not account for the time lag between
the placing of dental fillings and the death of individuals with
Hg amalgam fillings, or the changes in regional patterns that
have occurred over recent decades. In some regions (such as
Scandinavian countries) cremation emissions are associated
with dental use of Hg that was common in past decades but is
now being phased-out; in other (developing) regions increased
access to health care and the relatively low cost of amalgam
fillings compared with Hg-free alternatives means that Hg
fillings introduced now are likely to result in emissions from
cremation several decades from now.

Some countries in the EU28 region and Asia (Japan,
Republic of Korea) have informed that air pollution control
devices (including activated carbon systems) are increasingly
being introduced at crematoria. At present the degree of
implementation and effectiveness of these controls are not
well documented and therefore estimated emissions do not
yet take account of these developments.

A significant amount of the amalgam prepared when placing
a filling remains unused and enters the waste stream (recycled,
going to solid waste, or wastewater). It has been estimated
that 30-40% of the amalgam material prepared for a filling
typically ends up as waste (EEB, 2007; UNEP, 2015). Emissions
to air associated with the preparation of dental amalgam and
subsequent loss and disposal of unused amalgam are not
included in emissions calculated for crematoria.
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A3.5 Methodology update: principal changes in methodologies

applied to specific sectors

A3.5.1 Methodology update: Stationary
combustion — coal burning

The methods are essentially the same as those applied in the
GMA2013 (AMAP/UNEP, 2013).

For stationary combustion of coal in power plants
(SC-PP-coal) and industry (SC-IND-coal) technology profiles
for several countries have been updated. The updates are based
on new information concerning the application of advanced
air pollution control devices in some countries, and better
information regarding their effectiveness at reducing emissions
of mercury (Hg) to the atmosphere.

For hard coal (HC) and brown coal (BC) combustion,
activity data for coal used in industry are now separated
between cement (-CEM), iron and steel (-PIP), non-ferrous
metal (-NFM), and other industrial uses (-OTH). This allows
attribution of industrial coal burning emissions to specific
industrial sectors. Unabated emission factors (UEFs) applied
are equivalent to those defined for the IND-coal activities in
the GMA2013. For more details see this E-Annex, Section A3.6.

A3.5.2 Methodology: Stationary combustion
— biomass burning

Mercury is a trace contaminant present in varying
concentrations in biomass fuel. Mercury emissions to air arise
when biomass is combusted in power plants, in industry and
in domestic/residential use. This source was not addressed in
the 2010 global emission inventory.

Emission estimates for 2015 have been developed following
the general inventory methodology and using activity data
from the International Energy Agency (IEA) on amounts
of biomass combusted as fuel in power plants, industry, and
domestic/residential use. IEA data only cover solid biomass
used as fuel for energy production, therefore the 2015 emission
estimates presented do not include wildfires (a natural source)
or agricultural burning, the latter an anthropogenic (or at least
anthropogenically enhanced) source that can be a significant
activity in some countries. Emission factors were derived using
the heat value for air dried wood of 16 M]J/kg (OECD/IEA, 2005)
and literature discussing the Hg content of biomass. Detailed
information on the factors used in estimating emissions from
biomass burning is presented in this E-Annex, Section A3.6.

A3.5.3 Methodology update:
Cement production

Mercury emissions associated with cement production originate
from the use of Hg-containing fuels (including conventional,
mainly fossil fuels and co-incinerated wastes) and raw materials
(limestone, iron oxides, fly ash, clay, silica). The majority of the
emissions occur during clinker production (calcination) in
high temperature kilns - they include contributions from both
fuels and raw materials (further mixed and going through the
same flue gas cleaning equipment). Emissions can also occur

during drying and preheating processes, but are assumed to
be much lower than from calcination. Very small amounts of
Hg are bound in the clinker itself, therefore subsequent stages
of cement production (blending clinker with other materials,
such as gypsum to form cement) are assumed to be a negligible
source of Hg emission (UNEP, 2015).

The main conventional fuels used in the cement industry are
coal and petroleum coke. Allocation of Hg emissions from these
fuels in emission inventories and studies can vary - they are
often aggregated with other fossil fuel combustion or included
in the emission factors for cement production. For example,
coal combustion in the cement industry was included under
the category ‘stationary combustion of fuel in industry’ in the
2010 inventory.

A new development in the methodology applied to prepare the
2015 inventory estimates is the way in which emissions associated
with fuels and raw materials used in the cement industry are
derived. In the 2015 global inventory (i.e., the work reported here),
emissions associated with (conventional) fuel combustion in the
cement sector are now allocated to new (sub-)activities under the
sectors concerned with stationary combustion of coal, and in the
case of petroleum coke a sub-activity under cement itself. This
E-annex to Chapter 3 of the report therefore separately presents
information on emission factors, activity data and Hg emissions for
coal and petroleum coke combusted in the cement industry. This
modification to the methodology also allows separate assignment
of technology profiles for this sector and enables comparison
of emission estimates and emission factors with data sources
where emission contributions from fuels and raw materials are
separated. For certain data sources (e.g., stack measurements
results) a comparison would not be that straightforward, although
still possible to make - by first applying assumptions on amounts
of fuel per tonne produced clinker/cement, and then summarizing
fuel-related and raw material-related emission inputs.

These changes have been implemented to allow better
attribution of emissions between contributions from fuel
and cement raw materials. This is done for all fuels, except
co-incinerated waste. The contribution from alternative
fuels (mainly comprising waste) varies considerably between
countries and is considered in the emission factors applied in
the current inventory (see this E-Annex, Section A3.6).

Key modifications to cement sector emission factors and
technology profiles

The methodology used to estimate cement sector emissions is
similar to that applied in the GMA2013, but with the following
changes:

o Unabated emission factors (UEFs) are first calculated per
tonne clinker and then adjusted with respect to country- or
region-specific clinker/cement ratios.

» Conventional fuels (mainly petroleum coke and coal) are
allocated to separate (sub-) sectors and not included in the
emission factors for cement production. Region-specific
default UEFs are developed for all countries based on data on
clinker/cement ratios, energy demand and co-incineration



3-44

of waste as alternative fuel obtained from the GNR database
(GNR, 2014). This means that a global-average default UEF
is no longer applied for cement emission calculations, only
country-specific or region-specific UEFs.

o Values of Hg content in raw materials and co-incinerated
waste are adjusted in accordance with data presented
in recent articles and reports and provided by national
experts. The default Hg content of total raw mix is estimated
assuming variable additions of Hg-rich materials such as fly
ash and iron oxides and is thus higher than the Hg content
of limestone alone.

o A distribution factor to air of 0.95 is used (as opposed to
a value of 0.8 based on the default UNEP 2011 value that
was applied in the 2010 global inventory calculations).
This revision is based on information in UNEP (2016) and
Wang et al. (2014a) indicating that only about 1-5% of the
total Hg input is bound in clinker.

» All technology profiles associated with the cement sector
(cement production and related fuel combustion) have been
harmonized because process-related emissions (originating
in raw materials) and energy-related emissions (originating
in fuels) are usually treated in the same abatement system
at cement facilities.

For further details see this E-Annex, Section A3.6.

A3.5.4 Methodology update: Primary iron
and steel production

Primary pig iron and steel is typically produced at integrated
facilities where raw materials (iron ore, limestone, lime, dolomite,
metal scrap) undergo several processes. Emissions originate
from Hg in these raw materials and fuels used (mainly coal/
coke). Virtually all Hg emissions occur during thermal processes
- sintering/pelletizing, pig iron production in blast furnaces, and
steel-making in basic oxygen furnaces (UNEP, 2015).

Key modifications to pig iron and steel sector emission
factors and technology profiles

The methodology used to estimate pig iron and steel sector
emissions is similar to that applied in the GMA2013, but with
the following changes:

» The steel-making stage in basic oxygen furnaces is included
« The Hg input from dolomite is included

o Values of Hg content in raw materials are adjusted with
respect to data presented in recent articles and reports and
provided by national experts.

Combustion of coal and other fuels in the production of
pig iron and steel is now identified as a separate (sub-) activity
under ‘industrial stationary combustion emissions. For further
details see this E-Annex, Section A3.6.

A3.5.5 Methodology:
Secondary steel production

Most secondary steel production is based on an electric arc
furnace (EAF) process using steel scrap as the input material.
Mercury may be present as a contaminant in the scrap steel, in
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amounts that are highly variable depending on the type of scrap.
In some countries, Hg-containing scrap may be sorted and
removed before the scrap enters the EAF. Mercury contained
in scrap that is not removed in this way is released during the
EAF smelting process. This source was not addressed in the
2010 global emission inventory.

Emission estimates for 2015 have been developed
following the general inventory methodology using activity
data on annual steel production by EAF from the World Steel
Association. Default UEFs were derived from Roseborough
and Linbad (2008), Kim et al. (2010a), Ocio et al. (2012), Burger
Chakraborty et al. (2013), Remus et al. (2013) and Wang et al.
(2016d) and a default technology profile was developed based
mainly on national information by Kim et al. (2010a) and
Roseborough and Lindblad (2008). For further details see this
E-Annex, Section A3.6.

A3.5.6 Methodology update: Primary
production of non-ferrous metals
(copper, lead and zinc)

Primary production of the non-ferrous metals copper, lead
and zinc is a significant source of Hg emissions and releases,
originating from raw materials (metal ores) and fuels used in the
process. Metal ores are mined and concentrated; concentrates
are further pre-treated, roasted, smelted and refined. Most of
the Hg present in metal concentrates evaporates during high-
temperature roasting (or sintering) and smelting stages (UN
Environment, 2017b). Releases from ore mining operations are
not included in the scope of this inventory.

Most large smelters include acid plants that remove a
substantial proportion of the Hg emitted from the off-gas
during the smelting stage. This Hg is either treated as waste,
sold as a commodity (if removed prior to acid production) or
contained in the acid (UNEP, 2016). In the latter case, some of
the Hg may subsequently be emitted during the use of the acid.
Acid plants are considered a form of (air) pollution control
device in the applied methodology.

Key modifications to primary non-ferrous (copper, lead,
zinc) sector emission factors and technology profiles

The methodology used to estimate Hg emissions from the
(copper, lead, zinc) non-ferrous metals sector is similar to that
applied in the GMA2013, but with the following changes:

« Concentrate/metal ratios and values of Hg content in
concentrates have been adjusted to reflect new information
and data presented in recent articles and reports and
provided by national experts. Assumptions concerning the
metal content of concentrates are also revised based on
concentrate/metal ratios provided in recent literature.

A distribution factor to air of 1 was applied in the 2010 global
inventory based on the default UNEP Toolkit value (UNEP,
2011). This value has now been adjusted to take account
of information by Hui et al. (2017) indicating that about
3-10% of the total Hg input is bound in smelting slag. The
proportion of Hg bound in smelting slag is assumed to be
0.9 for zinc (a weighted average over two main production
processes, assuming that the hydrometallurgical process is
used more widely than the pyrometallurgical process), 0.96
for copper and 0.97 for lead.
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o Default technology profiles of country groups 1 and 2 are
revised and imply higher abatement levels in the current
inventory than in 2010.

o ‘and other fuels’ in production of non-ferrous metals is
now identified as a separate (sub-) activity under ‘industrial
stationary combustion emissions.

For further details see this E-Annex, Section A3.6.

A3.5.7 Methodology update:
Primary production of
non-ferrous metals — aluminum

The methodology used to estimate NFM-aluminum production
sector emissions is similar to that applied in the GMA2013,
but with a small adjustment to the applied bauxite/alumina
ratio based on BREF data (JRC, 2014). For a group of countries
producing alumina for export only, a new emission factor has
been developed, see details this E-Annex, Section A3.6.

A3.5.8 Methodology update: Primary
production of non-ferrous metals —
large-scale gold production

The methodology used to estimate NFM-large-scale gold
production sector emissions is similar to that applied in the
GMA2013; however, the default technology profile for Group
1 countries has been revised and implies higher abatement
levels in the current inventory than in the 2010 inventory. See
this E-Annex, Section A3.6.

Activity data on large-scale gold production from the
United States Geological Survey includes a number of footnotes
concerning difficulties distinguishing artisanal and small-scale
gold mining (ASGM) and large-scale gold production in some
countries. Where possible, these footnotes have been considered
in the light of other published information and or discussions
with national experts to correctly characterize gold production;
however, the possibility that (some) ASGM produced gold is
included in activity data for large-scale gold production remains
for some countries.

A3.5.9 Methodology update: Oil refining

The methodology used to estimate emissions from oil refineries
is similar to that applied in the GMA2013; with some minor
adjustments to the assumptions (weighting) applied when
calculating the Hg content of oils refined in different countries.
These adjustments result in a small decrease in total emissions
from this sector if 2010 calculations are repeated, but may
significantly influence estimates for individual countries.
Industry sources have delivered some new information on
the Hg content of oil from different regions (IPIECA, 2012),
but for reasons of commercial confidentiality they are unable to
specify the exact sources of these oils (i.e., the countries/fields
of origin). Lack of detailed information on the Hg-content
of refined oils therefore remains a limitation in estimating
emissions and releases from oil refineries at a national level.
Other knowledge gaps include information to resolve different
assumptions regarding the fate of Hg emitted/released during
refinery operations (see Section 3.4.3.8). See also this E-Annex,
Section A3.6.
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A3.5.10 Methodology: Vinyl chloride
monomer production with mercury-
dichloride (HgCl,) as catalyst

Two processes are used in the manufacture of vinyl chloride
monomer (VCM): the acetylene process that uses mercuric
chloride on carbon pellets as a catalyst, and a process based
on the oxychlorination of ethylene that does not use Hg.
Production of VCM with Hg-containing catalyst occurs only
in a few countries (China, India, Russian Federation). Mercury
can be emitted during the production of VCM but a large
proportion of the Hg remains in the used catalyst. Recycling
of used catalyst is, however, an additional substantial source
of Hg emissions. The 2015 estimates of Hg emissions to air
from VCM production and from recycling of Hg-containing
catalyst are based on national information, in combination
with literature information. For further information see this
E-Annex, Section A3.6.

This source was not addressed in the 2010 global emission
inventory.

A3.5.11 Methodology update:
Waste and waste incineration

Mercury emissions from waste originating from Hg-added
products (lamps, batteries, measuring and control devices,
electric and electronic devices, and other applications) have
been estimated based on assumptions regarding their entry
into different waste streams. The majority of wastes associated
with Hg-added products end up in landfill or are incinerated
or burnt. Mercury ‘consumption’ in these Hg-added products is
defined in terms of final regional consumption of Hg products
to reflect that, for example, although most measuring and
control devices are produced in China, many of them are
exported, ‘consumed’ and disposed of in other countries (UN
Environment, 2017a).

It is important to recognize that estimates for Hg emitted
from the waste sector do not currently include emissions due
to incineration of industrial waste and sewage sludge, or (in
most cases) hazardous waste. This is because it is not currently
possible to obtain reliable information on the amounts of such
wastes incinerated, and more importantly the Hg content of
such wastes, which can be highly variable. This subject is
further discussed below in relation to national comparisons,
Section 3.3.3.

Key modifications to (mercury-added product) waste and
waste incineration sector emission factors and technology

profiles

The basic methodology applied to estimate Hg emissions from
waste originating from Hg-added products is the same as that
applied for the 2010 inventory, but with the following changes:

o In the 2010 global inventory (i.e., GMA2013) about 30%
of the Hg was assumed to remain in products in society
and not be emitted until later. In the 2015 global inventory
this component is set to zero, to (some extent) take account
of the continuous release of materials in societal use.
Consequently, all Hg consumed in one year (2015) is now
distributed on pathways of safe storage, breakage or flow
into the waste stream.
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o Mercury consumed in Hg-added products is distributed on
different pathways using distribution factors with emission
factors applied to estimate emissions; some distribution
factors have been revised based on information from
national experts.

o A new technology group was added, covering the least
developed level of technology for waste handling. Most
countries in Sub-Saharan Africa were assigned to this
technology level based on information from experts
responsible for coordinating regional Minamata Initial
Assessments (MIAs); some additional reclassifications of
countries between technology groups, relative to assignments
used in the 2010 global inventory, were also applied.

For further details see this E-Annex, Section A3.3.

A3.5.12 Methodology update:
Crematoria emissions

Methods employed were essentially identical to those applied
in the GMA 2013. Updated information on regional Hg
consumption in dental uses in 2015 was obtained from UN
Environment (2017a) and, where available, cremation statistics
were updated based on national information and data from
the Cremation Society of Great Britain (CSGB, 2017). The
methodology is considered sub-optimal in that it does not
take account of, for example, the relationship between time of
application of amalgam fillings and life-expectancy, and other
factors that will determine cremation emissions following use
of Hg in dental amalgam. However, it does provide a first-
level estimate of emissions from this use of Hg that can be
compared with other such estimates (e.g., those derived in
national inventories or MIAs, see Section 3.3.3). See also this
E-Annex, Section A3.4.

A3.5.13 Methodology update: Artisanal and
small-scale gold production

The information base that underpins the assumptions applied
regarding use of Hg in ASGM has been significantly updated
and improved for several countries. Improved knowledge
has also resulted in an adjustment to the factors applied in
assigning ASGM emissions associated with the use of whole
ore amalgamation and concentrate amalgamation. One result
is a small decrease in the estimate of emissions to air per unit
Hg consumed in ASGM that is reflected in both retrospectively
updated (national) estimates for 2010, as well as for 2015.
See Section 3.4 and this E-Annex, Section A3.2.

Technical Background Report to the Global Mercury Assessment 2018
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A3.6 Emission factors and technology profiles used in the calculation

of Hg emission estimates

During the compilation of country-specific unabated emission
factors (UEFs), an effort was made to use as much national
data as possible.

In many of the literature sources, only abated country-
specific EFs were reported, often with no specification
on the abatement technologies and their implementation
rates. Considering the methodology used in the current
inventory, these abated emission factors (AEFs) were not
directly applicable in the calculations. They were, however,
used as benchmarks when calculating country-specific UEFs
and generic UEFs. Where possible, information relating to
abatement technologies was extracted and used in developing
technology profiles.

The default technology profiles reflect assumptions
based on available national information for countries in
the respective groups regarding mercury (Hg) reduction
efficiencies associated with typically employed air pollution
control device (APCD) configurations and their degree of
application (including the application of integrated acid
plants in the case of copper, lead and zinc smelters). In
particular, use was made of available information from
European countries, the Republic of Korea, Japan and the USA
(Group 1); Australia and China (for coal burning in power
plants) (Group 2); South Africa and China (Group 3); Russia
(Group 4); and India (Group 5). These profiles represent a
starting point for further refinement as additional (national)
information becomes available.

Section A3.6 provides detailed information for the following
sectors:

A3.6.1 Coal combustion, hard coal (anthracite and
bituminous coal)

A3.6.2 Coal combustion, brown coal (sub-bituminous coal
and lignite)

A3.6.3 Oil combustion

A3.6.4 Natural gas combustion

A3.6.5 Biomass combustion

A3.6.6 Pig iron and steel production

A3.6.7 Secondary steel production (electric arc furnace, EAF)
A3.6.8 Non-ferrous metal production: copper (Cu)

A3.6.9 Non-ferrous metal production: lead (Pb)

A3.6.10 Non-ferrous metal production: zinc (Zn)

A3.6.11 Non-ferrous metal production: mercury (Hg)
dedicated production from cinnabar ore

A3.6.12 Non-ferrous metal production: aluminum (Al) and
alumina production from bauxite ore

A3.6.13 Large-scale gold production

A3.6.14 Cement production

A3.6.14a Fossil fuel combustion in cement production
A3.6.15 Oil refining

A3.6.16 Chlor-alkali industry

A3.6.17 Vinyl chloride monomer (VCM) production and
recycling of mercury catalyst

A3.6.1 Coal combustion, hard coal (anthracite and bituminous coal)

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning combustion of hard coal (anthracite
and bituminous coals).

Applied UEFs: These are shown in Table A3.6.1.
Comparative EFs: These are shown in Table A3.6.2.

Discussion of EFs: The generic default UEFs derived in this
work are the result of expert evaluation and are intended
to represent a reasonable general default factor, based on
consideration of a wide range of literature, including the
UNEP Toolkit (UNEP, 2011b; UN Environment, 2017b),
Paragraph-29 (UNEP, 2010a) study data, recent UNEP reports
on coal combustion in power plants in China, Russia and
India, peer-reviewed journal articles and other literature,
including country-specific data and national reports.

Basic assumptions during calculations of UEF: For hard coal
combustion, the UEFs represent the Hg content of coal, which
is generally reported on a dry weight basis.

Applied technology profile: This is shown in Table A3.6.3. Hg-
specific abatement could, for example, be activated carbon
injection, and/or additives to remove Hg.

Discussion of technology profile: In addition to discussions
with representatives from different countries, the following
references were important sources of information when
deriving the technology profiles used in this work: EC (2006),
Srivastava et al. (2006), Nelson et al. (2009), Pudasainee et al.
(2009b,2010), Kim et al. (2010a,b), Pavlish et al. (2010), UNEP
(2010b: tables 1+4, 2011c¢,d, 2014), UNEP/CIMFR-CSIR
(2012), Garnham and Langerman (2016), Wu et al. (2016b),
US EPA (NEEDS v.5.15 Database).

Comparison with UNEP Toolkit factors: The default UEF has
been updated in the UNEP toolkit (UN Environment, 2017b)
to correspond to the default factor of 0.15 g/t applied in this
work, both in the 2010 inventory and retained in this 2015
inventory.

Comparison with 2005 inventory factors: The default factor
applied when calculating emissions in 2005 (0.2 g Hg/t coal)
is a global average abated factor. The default factors used in the
current inventory are unabated and differentiated by coal type.

Gaps/needs to improve factors and profiles: Information base
for assumptions regarding technology profiles.
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Table A3.6.1 Unabated emission factors applied for coal combustion, hard coal (anthracite and bituminous coal).

Unabated emission factor (UEF) Source Notes/adjustments to reported
Low Intermediate High Units e
Generic default
Anthracite - PP 0.15 g/t Expert evaluation of reasonable
general default factor based on
Bituminous - PP 0.15 g/t the UNEP Toolkit (UNEP, 2011b),
e oo T IND 015 ot ggltl:r literature, country-specific
Hard coal - DR 0.15 g/t
Country-specific
Australia
PP anthracite 0.068 g/t P. Nelson (pers. comm.)
PP bituminous 0.068 g/t P.Nelson (pers. comm.)
IND hard coal 0.042 g/t
DR hard coal 0.068 g/t
Canada
PP bituminous 0.070 g/t Mazzi et al. (2006: in Average of data in figure 1
figure 1)
China
PP bituminous 0.17 g/t Wang et al. (2012a),
Zhang et al. (2015b)
IND hard coal 0.17 g/t
DR hard coal 0.19 g/t Sloss (2008),
UNEP (2011c)
India
PP bituminous 0.14 g/t UNEP/CIMFR-CSIR Average of coals burned in PPs
(2012), UNEP (2014) in India
IND hard coal 0.292 g/t Mukherjee et al. (2008)
DR hard coal 0.292 g/t
Japan
PP bituminous 0.0454 g/t National information
IND hard coal 0.0454 g/t National information
DR hard coal 0.0454 g/t
Republic of Korea
PP anthracite 0.082 g/t Kim et al. (2010a: table 3)  Table 3
PP bituminous 0.046 g/t Kim et al. (2010a,b) Mixed coals
IND hard coal 0.069 g/t Kim et al. (2010a) Average of 0.082 and 0.046
DR hard coal 0.046 g/t Kim et al. (2010b) Mixed coals

Russian Federation

PP bituminous 0.063 g/t UNEP (2011d)
IND hard coal 0.1 g/t
DR hard coal 0.1 g/t
South Africa
PP bituminous 0.28 g/t Garnham and Langerman
(2016)
IND hard coal 0.28 g/t
DR hard coal 0.28 g/t
USA

PP bituminous 0.1 g/t Sloss (2008)

Weighted average Hg content of
coals consumed in Russia

Weighted average

Srivastava et al. (2006)
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Table A3.6.2 Comparative emission factors for coal combustion, hard coal (anthracite and bituminous coal).
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Emission factor (EF) Source Notes/adjustments
to reported data
Low Intermediate High Units
Unabated EF
All coals 0.05 0.15 0.50 g/t UN Environment (2017b)  UNEP Toolkit default input
factor same as this work
Abated EF
2005 inventory 0.2 g/t AMAP/UNEP (2008)
All coals - power plants
2005 inventory 0.3 g/t AMAP/UNEP (2008)

All coals - residential and
commercial boilers

Table A3.6.3 Technology profile applied for coal combustion, hard coal (anthracite and bituminous coal).

Abbreviations. ACI: activated carbon injection; B: bag filter; CYC: cyclone; (c/w) ESP (C/H): (cold-side=dry / hot-side=wet) electrostatic precipitator; FF:
fabric filter; (SDA/ w) FGD: (spray drier absorber/ wet) flue gas desulfurization; IDRD: integrated dust removal; low NOx: low NOx burners; mod NOx:
modified combustion; PM: particulate matter control; PS: particle scrubber; SCR: selective catalytic reduction; SNCR: selective non-catalytic reduction;
WET: wet scrubber; WS: wet scrubber.

Technology profile Reduction efficiency, % Degree of application, % Source
Country group
Low  Intermediate  High 1 2 3 4 5
Default
PP anthracite
Level 0: None 0 See Section A3.6.1
Level 1: Particulate matter 25 30 65 70 100 100
simple APC: ESP/PS/CYC
Level 2: Particulate matter (FF) 50 5 30 30
Level 3: Efficient APC: 65 20
PM+SDA/WFGD
Level 4: Very efficient APC: 70 40 5
PM+FGD+SCR
Level 5: Mercury-specific 97 5
PP bituminous
Level 0: None 0 See Section A3.6.1
Level 1: Particulate matter 15 25 60 30 65 70 100 100
simple APC: ESP/PS/CYC
Level 2: Particulate matter (FF) 40 50 93 5 30 30
Level 3: Efficient APC: 35 65 99 20
PM+SDA/WEFGD
Level 4: Very efficient APC: 90 90 99 40 5
PM+FGD+SCR
Level 5: Mercury-specific 95 97 99 5
IND hard coal
Level 0: None 0 25 50 75 See Section A3.6.1
Level 1: Particulate matter 25 25 25 50 50 25
simple APC: ESP/PS/CYC
Level 2: Particulate matter (FF) 50 25 50 25
Level 3: Efficient APC: 50 25 25
PM+SDA/WEGD
Level 4: Very efficient APC: 90 25
PM+FGD+SCR
Level 5: Mercury-specific 97
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Table A3.6.3 continued
Technology profile Reduction efficiency, % Degree of application, % Source
Country group
Low  Intermediate  High 1 2 3 4 5
DR hard coal
Level 0: None 0 50 50 100 100 100 See Section A3.6.1
Level 1: Particulate matter 25 50 50
simple APC: ESP/PS/CYC
Country-specific
Australia
PP bituminous
ESP 46.5 75 Nelson et al. (2009:
Table 44)
FF 83.1 19
ESP/FF 90.0 6
Brazil
PP coal not defined
ESP+PS 100 This work
China and Hong Kong®
PP all coals
ESP+wFGD 60 13.9 Wu et al. (2016b)
FF+wFGD 86 0.2
ESP-FF+wFGD 95 1.4
SCR+ESP+wFGD 70 63.5
SCR+FF+wFGD 88 4
SCR+ESP+wFGD+wESP 94 2.5
SCR+ESP-FF+wFGD 97 14.6
IND all coals
WET 23 47
IDRD 38 41
FF+(w)FGD 86 11
ESP-FF+(w)FGD 95 1
Europe (EU28+Norway)
PP bituminous
FF 40 40 EC (2006)
ESP/FF+FGD 75 30
ESP/FF+FGD+high dust SCR 90 30
India
PP bituminous
Mostly ESP (some PPs other 42 100 Average value in UNEP
APC and coal washing) (2014)
Japan
PP bituminous & IND
bituminous
APCD 72.9 100 Generic APCD for power
plants and industry
Republic of Korea
PP bituminous
SCR+cESP+wFGD 75 100 National information
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Table A3.6.3 continued

Technology profile Reduction efficiency, % Degree of application, % Source
Country group
Low  Intermediate  High 1 2 3 4 5
PP anthracite
ESP 78 28 National information
cESP+wFGD 83 38
SCR+cESP+wFGD 77 34
Mexico
PP coal not defined
lowNOx 35.6 This work
modNOx 7.8
ESP 52
SCR 1.7
Russian Federation
PP bituminous
Level 1: Particulate matter 25 43 National information
simple APC: ESP/PS/CYC
Level 2: Particulate matter 50 53
(FF)
Level 3: Efficient APC: 65 4
PM+SDA/WEGD
IND bituminous
Level 1: Particulate matter 25 100
simple APC: ESP/PS/CYC
South Africa
PP coal not defined
ESP 25 67 Garnham and Langerman
(2016) (reduction
FF 50 24 efficiency generic)
ESP+FF 50 9
Sweden
PP bituminous National comments
Particulate matter (FF) 50 20
ESP/FF+FGD-+high dust SCR 90 80
USA
PP bituminous
No control 0 0.1 Derived from NEEDS
v.5.15 Database (XLSX)
ESPH 10 1.0 Accessed 2017-03-02
ESPC 36 23.0
ESPH+WS 42 1.4
ESPC+WS+ SNCR (not all) 66 4.0
ESPC+B+WS+SNCR 70 2.0
ESPC+B 80 1.6
B 89 2.3
ACI+APC combination 90 58.5
APC combinations 1 93 0.8
APC combinations 2 95 4.6
APC combinations 3 97 0.6

*China - assigned to Group 2 for coal burning in power stations (in Group 3 for other sectors).
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A3.6.2 Coal combustion, brown coal (sub-bituminous coal and lignite)

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning combustion of brown coal (sub-
bituminous coal and lignite).

Applied UEFs: These are shown in Table A3.6.4.
Comparative EFs: These are shown in Table A3.6.5.

Discussion of EFs: The generic default UEFs are derived in this
work as expert evaluation of a reasonable level of a general
default factor, based on a literature survey including the UNEP
Toolkit (UNEP, 2011b; UN Environment, 2017b) and other
literature, including country-specific data.

During compilation of country-specific UEFs, an effort was
made to use as much national data as possible. One issue
that arose during this work was that some lignite and sub-
bituminous coals have a very high moisture content (up to 50%
in some coals burned in power plants in Australia; P. Nelson
pers. comm.). If high moisture content coals are burned
(without drying), then there is potential for over-estimating
EFs if these are derived from coal Hg content values on a dry
weight basis without adjusting for the moisture content.

Basic assumptions during calculations of UEF: For brown
coal combustion, the UEFs represent the Hg content of
coal as burned.

Applied technology profile: This is shown in Table A3.6.6.

Discussion of technology profile: In addition to discussions
with representatives from different countries, the following
references were important sources of information when
deriving the technology profiles used in this work: EC (2006),
Srivastava et al. (2006), Nelson et al. (2009), Pudasainee et al.
(2009b,2010), Kim et al. (2010a,b), Pavlish et al. (2010), UNEP
(2010b: tables 1+4,2011c,d), UNEP/CIMFR-CSIR (2012), US
EPA (NEEDS v.5.15 Database).

Comparison with UNEP Toolkit factors: The default UEF has
been updated in the UNEP toolkit (UN Environment, 2017b)
to correspond to the default factors of 0.1 and 0.15 g/t applied
in this work, both in the 2010 inventory and retained in this
2015 inventory.

Comparison with 2005 inventory factors: The default factor
applied when calculating emissions in 2005 (0.2 g Hg/t coal)
is a global average abated factor. The default factors used in the
current inventory are unabated and differentiated by coal type.

Gaps/needs to improve factors and profiles: Information base
for assumptions regarding technology profiles. Moisture
content of lignite and sub-bituminous coals burned in
different countries and the implications of high moisture
content for emission factors that are normally derived from
coal Hg content expressed on a dry weight basis.

Table A3.6.4 Unabated emission factors applied for coal combustion, brown coal (sub-bituminous coal and lignite).

Unabated emission factor (UEF) Source Notes/adjustments to reported
data
Low Intermediate High Units
Generic default
Sub-bituminous - PP 0.15 g/t Expert evaluation of reasonable
general default factor based
Lignite — PP 0.10 g/t on the UNEP Toolkit (UNEP,
2011b), other literature, country-
Brown coal - IND 0.15 g/t specific data
Brown coal - DR 0.15 g/t
Country-specific
Australia
PP lignite 0.032 g/t P.Nelson (pers.comm.)  UEF takes into account high
moisture content of coal
PP sub-bituminous 0.032 g/t P. Nelson (pers.comm.)  UEF takes into account high
moisture content of coal
IND brown coal 0.068 g/t
DR brown coal 0.032 g/t
Canada
PP sub-bituminous/ 0.07 g/t Mazzi et al. Average of data in figure 1
lignite (2006: figure 1)
Germany
PP lignite 0.063 g/t UEF takes into account high

moisture content of coal
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Table A3.6.4 continued

3-53

Unabated emission factor (UEF)

Source

Notes/adjustments to reported
data

Low Intermediate High Units
India
PP lignite 0.140 g/t UNEP/CIMFR-CSIR Average of Indian coals burned
(2012) in PPs
IND brown coal 0.292 g/t Mukherjee et al. (2008)
Mexico
PP sub-bituminous 0.293 g/t This work Non-washed coal, Maiz (2008)
IND brown coal 0.293 g/t
Russia
PP lignite 0.063 g/t UNEP (2011d) Weighted average Hg content of
coals consumed in Russia
IND brown coal 0.1 g/t UNEP (2011d)
DR brown coal 0.1 g/t UNEP (2011d)
USA
PP sub-bituminous 0.055 g/t UNEP (2010a), This UEF takes into account high

work

moisture content of coal

Table A3.6.5 Comparative emission factors for coal combustion, brown coal (sub-bituminous coal and lignite).

Emission factor (EF)

Source

Notes/adjustments to reported
data

Low Intermediate ~ High Units

Unabated EF

Sub-bituminous/ lignite 0.05 0.15/0.1 0.50 g/t UN Environment UNEP Toolkit default input

(2017b) factor same as this work

Abated EF

2005 inventory 0.2 AMAP/UNEP (2008)

All coals - power plants

2005 inventory 0.3 AMAP/UNEP (2008)

All coals - residential and
commercial boilers

Table A3.6.6 Technology profile applied for coal combustion, brown coal (sub-bituminous coal and lignite).

Abbreviations. ACI: activated carbon injection; B: bag filter; CYC: cyclone; ESP(C/H): (cold-side / hot-side) electrostatic precipitator; FF: fabric filter;
(SDA/w) FGD: (spray drier absorber/ wet) flue gas desulfurization; PM: particulate matter control; PS: particle scrubber; SCR: selective catalytic reduction;
SNCR: selective non-catalytic reduction; WS: wet scrubber.

Technology profile Reduction efficiency, % Degree of application, % Source
Country group
Low Intermediate ~ High 1 2 3 5
Default
PP sub-bituminous

Level 0: None 0 See Section A3.6.2
Level 1: Particulate matter simple APC: 0 10 25 30 65 70 100 100
ESP/PS/CYC
Level 2: Particulate matter (FF) 20 50 85 5 30 30
Level 3: Efficient APC: PM+SDA/wWFGD 0 40 75 20
Level 4: Very efficient APC: PM+FGD+SCR 0 25 47 40 5
Level 5: Mercury-specific 50 75 95 5
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Table A3.6.6 continued
Technology profile Reduction efficiency, % Degree of application, % Source
Country group
Low Intermediate ~ High 1 2 3 4 5
PP lignite
Level 0: None 0 See Section A3.6.2
Level 1: Particulate matter simple APC: 0 2 10 30 65 70 100 100
ESP/PS/CYC
Level 2: Particulate matter (FF) 0 5 10 5 30 30
Level 3: Efficient APC: PM+SDA/wWFGD 0 20 55 20
Level 4: Very efficient APC: PM+FGD+SCR 0 20 96 40 5
Level 5: Mercury-specific 50 75 95 5
IND brown coal
Level 0: None 0 25 50 75  See Section A3.6.2
Level 1: Particulate matter simple APC: 5 25 25 50 50 25
ESP/PS/CYC
Level 2: Particulate matter (FF) 50 25 50 25
Level 3: Efficient APC: PM+SDA/wWFGD 30 25 25
Level 4: Very efficient APC: PM+FGD+SCR 20 25
Level 5: Mercury-specific 75
DR brown coal
Level 0: None 0 50 50 100 100 100 See Section A3.6.2
Level 1: Particulate matter simple APC: 5 50 50
ESP/PS/CYC
Country-specific
Australia
PP sub-bituminous
ESP 46.5 100 Nelson et al. (2009:
table 43)
Russian Federation
PP sub-bituminous
Level 1: Particulate matter simple APC: 10 43 National information
ESP/PS/CYC
Level 2: Particulate matter (FF) 50 53
Level 3: Efficient APC: PM+SDA/wWFGD 40 4
IND sub-bituminous
Level 1: Particulate matter simple APC: 5 100
ESP/PS/CYC
USA
PP sub-bituminous
No control 0 0.04 Derived from NEEDS
: 2 R
ESPH 6 0.1 2017-03-02
ESPC+WS+SCR 16 19
ESPH+WS 20 2
ESPC+B 25 6.5
ESPC+ 35 0.1
B+SNCR 57 0.1
ESPC+B+WS 70 0.6
B 73 16
ACI+APC 90 34
PP lignite
No control 0 15
ESPC+CYC 38 0.4
ESPC WS 44 41
B 57 2.5

ACI+APC comb 90 41
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A3.6.3 Oil combustion

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning combustion of crude oil, heavy fuel
oil and light fuel oil.

Applied UEFs: These are shown in Table A3.6.7.
Comparative EFs: These are shown in Table A3.6.8.
Discussion of EFs: -

Basic assumptions during calculations of UEF: Default UEFs
used in this work were based on the lower range default input
factors employed in the UNEP Toolkit (UNEP, 2011b), using
twice these values. This choice was based on comparison of
the UNEP Toolkit defaults and available information on the
Hg content of crude and refined oil.

Applied technology profile: This is shown in Table A3.6.9.

Discussion of technology profile: It was assumed that only
major point sources in Group 1 to 3 countries will employ

Table A3.6.7 Unabated emission factors applied for oil combustion.
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APCDs that reduce Hg emissions from oil combustion, and
the reported effectiveness of such devices for reducing Hg
emissions from oil combustion is generally low. For sources
other than power plants and industrial facilities it was
assumed that no emission abatement is applied.

Comparison with UNEP Toolkit factors: The UNEP Toolkit
default input factors of 0.055 g/t for crude and heavy fuel oil
and 0.006 g/t for light fuel oil are somewhat higher than the
values selected for use in this work, which were based on the
lower range UNEP default factors.

Comparison with 2005 inventory factors: An abated EF of
0.001 g/t was applied in the 2005 inventory calculations,
comparable to that for light fuel oil burning in the 2010
inventory, but relatively low compared with the UEFs applied
to crude oil and heavy fuel oil combustion in 2010.

Gaps/needs to improve factors and profiles: Information base
for assumptions regarding technology profiles.

Unabated emission factor (UEF) Source Notes/adjustments to reported data
Low Intermediate High Units
Generic default
Crude oil - PP 0.01 g/t UNEP (2011b) Twice the UNEP Toolkit default
minimum value, see discussion
Heavy fuel oil - PP 0.02 g/t
Light fuel oil - PP 0.002 g/t
Crude oil - IND 0.01 g/t
Heavy fuel oil - IND 0.02 g/t
Light fuel oil - IND 0.002 g/t
Crude oil - DR 0.01 g/t
Heavy fuel oil - DR 0.02 g/t
Light fuel oil - DR 0.002 g/t
Country-specific
Republic of Korea
PP crude oil 0.027 g/t Kim et al. (2010a)
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Table A3.6.8 Comparative emission factors for oil combustion.

Emission factor (EF) Source Notes/adjustments to
reported data
Low Intermediate High Units

Unabated EF

Crude oil 0.005 0.055 0.300 g/t UNEP (2011b)

Heavy fuel oil 0.010 0.055 0.100

Light fuel oil 0.001 0.006 0.010
Abated EF

2005 inventory 0.001 AMAP/UNEP (2008)

Table A3.6.9 Technology profile applied for oil combustion.

Abbreviations. cESP: cold-side electrostatic precipitator; FGD: flue gas desulfurization; PM: particulate matter control

Technology profile Reduction efficiency, % Degree of application, %  Source
Country group
Low Intermediate High 1 2 3 4 5
Default
PP crude oil
Level 0: None 0 50 100 100
Level 1: PM+FGD (cESP, scrubbers+FGD) 50 100 100 50
PP heavy fuel oil
Level 0: None 0 50 100 100
Level 1: PM+FGD (cESP, scrubbers+FGD) 50 100 100 50
PP light fuel oil
Level 0: None 0 50 50 50 100 100
Level 1: PM+FGD (cESP, scrubbers+FGD) 50 50 50 50
IND crude oil
Level 0: None 0 50 50 50 100 100
Level 1: PM (cESP, scrubbers) 10 50 50 50
IND heavy fuel oil
Level 0: None 0 50 50 50 100 100
Level 1: PM (cESP, scrubbers) 10 50 50 50
IND light fuel oil
Level 0: None 0 50 50 50 100 100
Level 1: PM (cESP, scrubbers) 10 50 50 50
DR crude oil
Level 0: None 0 100 100 100 100 100
DR heavy fuel oil
Level 0: None 0 100 100 100 100 100
DR light fuel oil

Level 0: None 0 100 100 100 100 100
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A3.6.4 Natural gas combustion

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning combustion of natural gas (activity
data in T7, gross calorific value).

Applied UEFs: These are shown in Table A3.6.10.
Comparative EFs: These are shown in Table A3.6.11.
Discussion of EFs: -

Basic assumptions during calculations of UEF: Calorific values
of natural gas vary (e.g., North Sea natural gas 39 MJ/m’, NPL,
2012; generic value 43 MJ/m?, Engineering Toolbox, 2012);
a value of 40 MJ/m’ has been assumed for the purposes of
developing a UEF in this work. The UNEP Toolkit emission
factors (0.2 and 100 pg/m?, for pipeline and raw/untreated gas
respectively) used as a basis for suggested generic UEF values
are derived based on analysis of Hg concentrations in natural
gas. Emissions estimates assume combustion of pipeline/

Table A3.6.10 Unabated emission factors applied for natural gas combustion.
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consumer gas (with low Hg content); if raw/untreated gas is
burned at installations the emissions would be considerably
higher (by a factor of 500).

Applied technology profile: This is shown in Table A3.6.12.

Discussion of technology profile: It was assumed that APCDs
are either absent at sites where natural gas is burned, or are
inefficient at reducing Hg emissions to air from this source.

Comparison with UNEP Toolkit factors: The UNEP Toolkit
(UN Environment, 2017b) input factors are used as the basis
for the UEFs.

Comparison with 2005 inventory factors: Emissions from natural
gas combustion were not included in the 2005 inventory.

Gaps/needs to improve factors and profiles: Information base
for assumptions regarding technology profiles and type of
gas burned.

Unabated emission factor (UEF) Source Notes/adjustments to reported data
Low Intermediate High Units
Generic default 0.005 g/T] UNEP (2011b) Pipeline/consumer quality gas; UEF g/T]
based on UNEP (2011b) value of 0.2 pug/m’
2.5 Raw/pre-cleaned gas; UEF g/T] based on

UNEP (2011b) value of 100 pg/m?

Table A3.6.11 Comparative emission factors for natural gas combustion.

Emission factor (EF) Source Notes/adjustments to reported data
Low Intermediate High Units
Unabated EF
Natural gas 0.2 pg/m? UNEP (2011b) Pipeline/consumer quality gas; DF=1
100 Raw/pre-cleaned gas; DF=1

Table A3.6.12 Technology profile applied for natural gas combustion.

Technology Reduction efficiency, % Degree of application, % Source
profile Country group
Low Intermediate High 1 2 3 4 5
Default
None 0 100 100 100 100 100
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A3.6.5 Biomass combustion

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning combustion of primary solid biomass
(IEA, 2016, 2017).

Applied UEFs: These are shown in Table A3.6.13.
Comparative EFs: These are shown in Table A3.6.14.

Discussion of EFs: The generic default UEFs are derived
in this work as expert evaluation of a reasonable level of a
general default factor, based on a literature survey including
the UNEP Toolkit (UN Environment, 2017b) and other
general or country-specific literature, such as Kindbom and
Munthe (1998), Friedli et al. (2009), Pirrone et al. (2010),
Huang et al. (2011), Obrist et al. (2011), Zhang et al. (2013a)
and literature cited in those papers.

Basic assumptions during calculations of UEF: For biomass
combustion, the UEFs represent the Hg content of biomass as
burned. A conversion of data on the Hg content of biomass in
mg/t to mg/GJ was made using a heating value of 16 MJ/kg for
air dried wood, moisture content 10-20% (OECD/IEA, 2005).

Table A3.6.13 Unabated emission factors applied for biomass combustion.
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Applied technology profile: This is shown in Table A3.6.15.

Discussion of technology profile: The removal efficiencies of
abatement technologies were adopted from the combustion
of brown coal. The application rates of air pollutant abatement
technologies for the technology groups were developed based
on very limited national information and complemented
with assumptions.

Comparison with UNEP Toolkit factors: In the UNEP
toolkit (UN Environment, 2017b) the default UEF is
0.03 (0.007-0.07) g Hg/t (dry weight), which corresponds
to 1.67 mg/GJ (using a heating value of 18 MJ/kg for oven
dried wood (OECD/IEA, 2005). All of the Hg in biomass is
assumed to be emitted to air (output distribution factor = 1).

Comparison with 2010 inventory factors: Biomass combustion
was not included in the 2010 inventory.

Gaps/needs to improve factors and profiles: Technology profiles
and removal efficiencies. National data on Hg content in
biomass.

Unabated emission factor (UEF) Source Notes/adjustments to reported data
Low Intermediate High Units
Generic default
Biomass* 1.25 mg/GJ Expert evaluation of reasonable general
(unit mg/GJ) default factor based on UNEP Toolkit (UN
Environment, 2017b) and other literature.
Biomass (unit mg/t) 5 20 50 mg/t NB. Note that the data have different units.

*Conversion using heating value of 16 MJ/kg (air dried wood, moisture content 10-20%) (OECD/IEA, 2005).

Table A3.6.14 Comparative emission factors for biomass combustion.

Emission factor (EF) Source Notes/adjustments to reported data
Low Intermediate High Units
Unabated EF
Biomass 7 30 70 mg/t (dw)  UN Environment (2017b)  UNEP Toolkit default input factor
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Table A3.6.15 Technology profile applied for biomass combustion.

Abbreviations. CYC: cyclone; ESP: electrostatic precipitator; FF: fabric filter; (SDA/ w) FGD: (spray drier absorber/ wet) flue gas desulfurization; PM:
particulate matter control; PS: particle scrubber; SCR: selective catalytic reduction

Technology profile Reduction efficiency, % Degree of application, %  Source
Country group
Low Intermediate ~ High 1 2 3 4 5
Default
PP biomass
Level 0: None 0 15 30 60 100 100  Sub-bituminous coal
reduction efficiencies
Level 1: Particulate matter simple APC: 0 10 25 60 50 30 (Table A3.6.6) assumed
ESP/PS/CYC
Level 2: Particulate matter (FF) 20 50 85 20 20 10
Level 3: Efficient APC: PM+SDA/wWFGD 0 40 75 5
IND biomass
Level 0: None 0 25 50 75  Sub-bituminous coal
reduction efficiencies
Level 1: Particulate matter simple APC: 5 25 25 50 50 25 (Table A3.6.6) assumed
ESP/PS/CYC
Level 2: Particulate matter (FF) 50 25 50 25
Level 3: Efficient APC: PM+SDA/wWFGD 30 25 25
Level 4: Very efficient APC: PM+FGD+SCR 20 25
DR biomass
Level 0: None 0 50 50 100 100 100  Sub-bituminous coal
reduction efficiencies
Level 1: Particulate matter simple APC: 5 50 50 (Table A3.6.6) assumed

ESP/PS/CYC
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A3.6.6 Pig iron and steel production

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning primary production of pig iron.
Note: Emission estimates associated with secondary steel
production are accounted for separately.

Applied UEFs: These are shown in Table A3.6.16.
Comparative EFs: These are shown in Table A3.6.17.

Discussion of EFs: During compilation of country-specific
UEFs, an effort was made to use as much national data as
possible. Most countries do not have complete mass balances
but national data on material consumption and/or Hg content
was used instead of generic values wherever possible.

The following literature sources were studied: Kim et al.
(2010a), Mlakar et al. (2010), Fukuda et al. (2011), Won and
Lee (2012), Remus et al. (2013), Burger Chakraborty et al.
(2013),Wang et al. (2014a,2016d), LKAB (2015), SSAB (2015),
Zhang et al. (2015b), Hui et al. (2017), UN Environment
(2017b), COWI, and national information provided by China,
Republic of Korea, Japan and USA.

Basic assumptions during calculations of UEF: (1) Production
processes included are pellet plant, sinter plant, blast furnace
and basic oxygen steelmaking. (2) Materials included in the
UEF are iron ore, lime/limestone and dolomite. Fuels — both
combusted and injected in the process as reduction agents
— are excluded. (3) Import/export of sinter pellets is not
considered. (4) Hg content of products (pig iron, steel) is
zero, almost all Hg is volatized during thermal processes,
especially sintering and pelletizing. (5) Recycling of filter
materials on-site is not considered for UEF since recycling
is only possible if abatement is present. (6) Energy re-use
(further combustion of off-gases) is not considered.

Raw material consumption per 1 t of pig iron, according to
the BREF-based mass balance:

e Iron ore: 0.09-2.97 t, intermediate value — 1.42 t
(Remus et al., 2013; SSAB 2015)

o Limestone/lime: 0.04-0.40 t, intermediate value — 0.23 t
(Remus et al., 2013; SSAB 2015)

o Dolomite: 0-0.05 t,intermediate value — 0.02 t (Remus et al.,
2013; SSAB 2015)

Range of Hg content of materials:

o Iron ore: 0.001-0.097 g/t, intermediate value — 0.04 g/t
(Fukuda et al.,, 2011; Burger Chakraborty et al., 2013;
Wang et al.,2016d; Hui et al., 2017; UN Environment, 2017b;
national information provided by Republic of Korea)

o Limestone/lime: 0.001-0.39 g/t, intermediate value -
0.04 g/t (Mlakar et al., 2010; Fukuda et al.,2011; Won and
Lee, 2012; Burger Chakraborty et al., 2013; Wang et al,,
2014a; Zhang et al., 2015b; UN Environment, 2017b;
national information provided by Republic of Korea,
Japan and China)

o Dolomite: 0.04-0.07 g/t, intermediate value — 0.06 g/t
(Wang et al., 2016d)
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The ratio hot metal : liquid steel is 0.74-0.98 t/t, intermediate
value - 0.94 t/t (Fukuda et al., 2011; Remus et al., 2013;
SSAB 2015).

For all UEFs, distribution factor = 1. Other pathways
(sector-specific treatment/disposal) are assumed to refer
to treatment of residues from abatement equipment (UN
Environment, 2017b).

Applied technology profile: This is shown in Table A3.6.18.

Discussion of technology profile: Steel-making facilities are
usually complex systems including several processes at
different sites, all of which are usually equipped with separate
APCDs. In the technology profiles in Table A3.6.18 it is
APCDs installed at sinter plants that are mainly considered
because, according to available information (UN Environment
2017b, country inventories, reports, etc.), their contribution
to Hg emissions is the most significant.

The following literature sources were studied: Nelson et al.
(2009), Fukuda et al. (2011), Remus et al. (2013), UNEP (2015),
UN Environment (2017b), and national information provided
by Brazil, China, Republic of Korea and Mexico.

Comparison with UNEP Toolkit factors: The default UEF used
in this inventory (0.063 g Hg/t pig iron production) is ~26%
higher than the UNEP Toolkit default factor (0.05 g Hg/t pig
iron production).

Potential for double counting: Generic EFs for primary pig iron
production compiled by the Swedish Environmental Institute
(IVL) based on BREF mass-balance exclude use of fuels: oil, gas,
coke (produced from coal) and coal (added as pulverized coal
and used for coke production). Emissions from fuel combustion
are accounted for in the sector Stationary combustion of coal and
oil in industry of this inventory, so there should be no double
counting. Emissions from non-energy use of fuels, especially
from use of injected coal and metallurgical coke as reducing
agents and use of coking coal to produce metallurgical coke, are
not accounted for under the pigiron and steel production sector.
Neither are they accounted for under stationary combustion.
Available activity data indicate that non-energy use of coal
constitutes a very small component of the total use of coal. The
contribution of non-energy use of coal and coke to total coal-
associated emissions is therefore considered insignificant.

Country-specific emission factors are derived using the
same principle.

Comparison with 2010 inventory factors: The default emission
factor used in the current inventory (0.063 g Hg/t pig iron
production) is 26% higher than the default emission factor
applied when calculating emissions in 2010 (0.05 g Hg/t pig
iron production - same as in the UNEP Toolkit). Hg contents
of iron ore and limestone have been revised based on the latest
available data in the literature; the intermediate values are now
higher than those used in 2010. In addition, the current emission
factor takes into account basic oxygen steelmaking, which was
not considered in the 2010 inventory. It also includes the use of
dolomite in the production process, which was excluded in 2010.

Gaps/needs to improve factors and profiles: Information base
for assumptions regarding technology profiles.
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Table A3.6.16 Unabated emission factors applied for pig iron and steel production.
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Unabated emission factor (UEF) Source Notes/adjustments to reported data
Low Intermediate High Units
Generic 0.0001 0.063 0.450 g/t (primary) Expert evaluation based on Remus et al.
default pig-iron (2013), UN Environment (2017b) and
production country-specific data
Country-specific
Australia 0.003 0.054 0.253 g/t (primary)  Fukuda et al. (2011), National data: 0.031 g Hg/t iron ore
pig-iron Remus et al. (2013),
production ~ UN Environment (2017b)
Belarus 0.0002 0.074 0.360 Remus et al. (2013), National data: 0.088 g Hg/t limestone
UN Environment (2017b)
Brazil 0.003 0.054 0.253 Fukuda et al. (2011), National data: 0.031 g Hg/t iron ore
Remus et al. (2013),
UN Environment (2017b)
Canada 0.0001 0.058 0.450 Remus et al. (2013), National data: 0.017 g Hg/t
UN Environment (2017b) limestone/lime
China 0.0001 0.033 2.247 Remus et al. (2013), National data: 0.02 g Hg/t iron ore,
Wu et al. (2017) 0.018 g Hg/t limestone,
0.009 g Hg/t dolomite,
0.22 t limestone/t pig iron,
0.04 t dolomite /t pig iron
Chile 0.050 0.525 1.000 COWI National data: total Hg input
0.05-1 g Hg/t pig iron
Denmark 0.0004 0.056 0.296 Remus et al. (2013), National data: 0.01 g Hg/t
UN Environment (2017b) limestone/lime
Germany 0.0002 0.061 0.344 Remus et al. (2013), National data: 0.03 g Hg/t
UN Environment (2017b) limestone/lime
India 0.004 0.073 0.187 Remus et al. (2013), National data: 0.065 g Hg/t
Burger Chakraborty et al.  limestone/lime, 0.04 g Hg/t iron ore
(2013), UN Environment
(2017b)
Japan 0.052 0.055 0.113 Fukuda et al. (2011) National data: 0.02 g Hg/t limestone/lime,
0.031 g Hg/t iron ore;
0.29 t limestone/t pig iron;
1.59 t iron ore /t pig iron
Republic 0.028 0.029 0.030 Kim et al. (2010a) UEFs reported by Kim et al. (2010a)
of Korea
Russia 0.008 0.098 0.202 Remus et al. (2013), National data: 0.06 g Hg/t iron ore,
UN Environment (2017b) 0.05 g Hg/t limestone
Slovenia 0.0003 0.055 0.295 Mlakar et al. (2010), National data: 0.008 g Hg/t
Remus et al. (2013), limestone/lime
UN Environment (2017b)
Sweden 0.001 0.048 0.146 LKAB (2015), National data: 0.03 t limestone/t pig iron,
SSAB (2015), 1.23 t iron ore /t pig iron,
UN Environment (2017b) 0.02 t dolomite /t pig iron
Switzerland 0.001 0.059 0.304 Remus et al. (2013), National data: 0.025 g Hg/t
UN Environment (2017b) limestone/lime
USA 0.0001 0.034 0.257 Remus et al. (2013), National data: 0.016 g Hg/t iron ore, 0.045 g

UN Environment
(2017b), national
information

Hg/t limestone/lime
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Table A3.6.17 Comparative emission factors for pig iron and steel production.

Emission factor (EF) Source Notes/adjustments to reported data
Low Intermediate High Units
Unabated EF
UNEP Toolkit-based 0.05 g/t (primary) UNEP (2015)  Default input factor 0.05 g/t;
unabated input to air pig-iron DF=1 if no abatement assumed. Fuels are
production excluded
2010 inventory 0.05 g/t (primary) AMAP/UNEP Default input factor 0.05 g/t;
pig-iron (2013) DF=1. Fuels are excluded
production
EMEP/EEA 0.02 0.1 0.5 g/t (primary) EMEP/EEA Numbers in g/t steel adjusted with the
steel (2016) ratio 0.74-0.98 t pig iron/ t steel
production
0.020 0.106 0.676 g/t (primary)
pig-iron
production
0.016 0.049 0.15 g/ tsinter Numbers in g/t sinter adjusted with
the ratio 0.116-1.621 t sinter/t pig iron
0.002 0.053 0.24 g/t (primary) (BREF)
pig-iron
production
Abated EF
UNEP Toolkit abated 0.048 g/t (primary) UNEP (2015)  Default input factor 0.05 g/t; DF=0.95
input to air pig-iron assuming abatement
production (wet scrubber or similar)
EEA/EMEP 0.012 0.018 0.036 g/ tsinter ~ EMEP/EEA Wet gas desulfurization
(2016)
0.006 0.009 0.018 Dry electrostatic precipitator
0.004 0.006 0.012 Activated carbon injection + fabric filter
0.001 0.020 0.058 g/t (primary) Numbers in g/t sinter adjusted with
pig-iron the ratio 0.116-1.621 t sinter/t pig iron
0.0007 0.010 0.029 production (BREF). Same abatement implied

0.0005 0.007 0.019
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Table A3.6.18 Technology profile applied for pig iron and steel production.

Abbreviations. ACT: activated carbon tower; AIRFINE: high-efficiency scrubber (trademark); CYC: cyclone; ESP: electrostatic precipitator;
FF: fabric filter; (W/D) FGD: (wet/dry) flue gas desulfurization; RAC: regenerative activated carbon process; WS: wet scrubber

Technology profile Reduction efficiency, % Degree of application, % Source
Country group
Low Intermediate ~ High 1 2 3 4 5
Default
Level 0: None 0 20 100 Fukuda etal. (2011),
Remus et al. (2013),
Level 1: Basic APC: WS(+FF) (sinter plant) 5 20 50 80 UNEP (2015)
Leyel 2: Standard APC: ESP/CYC/FGD 20 30 80 50
(sinter plant)
Level 3: Efficient APC: ESP+FGD/ACT/
ESP+ACT (sinter plant) 40 23 75 60
Level 4: Very efficient APC: ESP+ACT/RAC 95 97 99 10
(sinter plant)
Country-specific
Australia
Sinter plant: Regenerative activated carbon 95 97 929 100 Nelson et al. (2009),
process + Pelletising plant: AIRFINE = ESP/ Remus et al. (2013)
CYC + quench. scrubber + fine WS
Brazil
Level 1 5 33 National information
Level 2 20 67
China
WS 38 2.5 Wang, S., pers. comm.
Cooler 79 16.8
Cooler +WS 95 16.8
ESP 29 10.3
WS+ESP 45 18.3
FF 67 11.3
ESP+WFGD 57 20
ESP+DFGD+FF 72 4
Japan
Sinter plant ESP + Blast furnace FF/ESP 26 30 Fukuda et al. (2011)
Sinter plant ESP+FGD + Blast furnace FF/ 47 30
ESP
Sinter plant ESP+ACT + Blast furnace FF/ 75 40
ESP
Mexico
Direct Flame Afterburner with Heat 20 51 National information
Exchanger / ESP / Wet cyclonic separator/
Gravity collector; venturi scrubbers;
cyclones; mat or panel filter
FF 5 30
None 0 19
Republic of Korea
ESP+SCR+FGD 50 100 National information
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A3.6.7 Secondary steel production (electric arc furnace, EAF)

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning secondary steel production with
Electric Arc Furnace (World Steel Association, 2015).

Applied UEFs: These are shown in Table A3.6.19.
Comparative EFs: These are shown in Table A3.6.20.

Discussion of EFs: During compilation of country-specific
UEFs, an effort was made to use as much national information
as possible. National information was used instead of generic
values wherever possible.

The following literature sources were studied: Roseborough
and Lindblad (2008), Kim et al. (2010a), Ocio et al. (2012),
Burger Chakrabortry (2013), Wang et al. (2016d), Remus et al.
(2013: table 8.1).

Basic assumptions during calculations of UEF: The national
literature emission factors are given as abated emission factors.
These were transformed into UEFs assuming reduction
efficiencies according to the technology profile.

Applied technology profile: This is shown in Table A3.6.21.

Discussion of technology profile: A technology profile was
developed based on UN Environment (2017b) and national
information by Kim et al. (2010a) and Roseborough and
Lindblad (2008).

Comparison with UNEP Toolkit factors: The default UEF
used in this inventory (0.032 g Hg/t EAF steel produced) is
not directly comparable to the UNEP Toolkit default factor,
which is based on the number of recycled vehicles (0.2-2 g
Hg/vehicle).

Potential for double counting: No potential for double counting.

Comparison with 2010 inventory factors: Secondary steel
production was not included in the 2010 inventory.

Gaps/needs to improve factors and profiles: Information base
for assumptions regarding emission factors and technology
profiles.

Table A3.6.19 Unabated emission factors applied for secondary steel production in Electric Arc Furnace.

Unabated emission factor (UEF) Source Notes/adjustments to reported
data
Low Intermediate High Units
Generic default 0.002 0.032 0.200 g/t secondary steel Expert evaluation based on
produced (EAF) Remus et al. (2013: table 8.1 and
country-specific data.
Country-specific
China 0.026 g/t secondary steel Wangetal. (2016d)  Abated EF from source is 0.021
produced (EAF)
Republic of Korea 0.019 Kim et al. (2010a) Abated EF from source is 0.009
Turkey 0.017 Qcio et al. (2012) Abated EF from source is 0.014

Table A3.6.20 Comparative emission factors for secondary steel production.

Emission factor (EF) Source Notes/adjustments to reported
data
Low  Intermediate  High Units
UNEP Toolkit-based unabated input to air 0.2 2 g/vehicle UNEP (2015)  Unit for EF not comparable.

Table A3.6.21 Technology profile applied for secondary steel production.

Abbreviations. CYC: cyclone; ESP: electrostatic precipitator; FF: fabric filter; PS: particle scrubber.

Technology profile Reduction efficiency, % Degree of application, %  Source
Country group
Low Intermediate  High 1 2 3 4 5
Default
Level 0: None 0 25 50 Roseborough and
Lindblad (2008),
Level 1: Particulate matter (ESP/PS/CYC) 10 200 20 50 75 50 Kim etal. (2010a)
Level 2: Particulate matter (FF) 30 80 80 50
Level 3: Particulate matter plus other abatement 50
Level 4: Advanced abatement 80
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A3.6.8 Non-ferrous metal production: copper (Cu)

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning primary copper production (and in
some cases total copper production where primary production
is not separately distinguished).

Applied UEFs: These are shown in Table A3.6.22.
Comparative EFs: These are shown in Table A3.6.23.

Discussion of EFs: Information on mass balances for non-
ferrous metal production and Hg content of ores and
concentrates produced and used in different countries is
sparse. National data on consumption of raw materials and/or
Hg content was used instead of generic values where available.

The following literature sources were studied: Hylander
and Herbert (2008), Nelson et al. (2009), BREF NF (2009),
Kribek et al. (2010), Kumari (2011), Zhang et al. (2012a), Joint
Research Centre (2014), Wu (2012, 2016a), Boliden (2015),
EMEP/EEA (2016), Hui et al. (2017), UN Environment (2017b),
OUTOTEC, Hylander, pers. comm.; Maag, pers. comm.

Basic assumptions during calculations of UEF: (1) Initial
oxidation stage (roasting or sintering of concentrate) is
considered to be major source of Hg emissions. (2) Mining and
concentrating processes are not considered due to lack of data.
Inputs from these processes are considered as insignificant
because they do not involve thermal processes. (3) Fuels can
be a source of minor Hg inputs (UN Environment, 2017b)
but these inputs are considered insignificant compared to
inputs from metal ores. Eventual Hg emissions from fuels in
the non-ferrous metals production are allocated to a separate
activity under ‘industrial stationary combustion emissions.
(4) An integrated acid plant is considered as a part of applied
technology profile, see discussion of technology profile.

Metal contents, recovery rates, concentrate/metal ratios:

« Copper content of concentrates: 15-51%, intermediate
value 28% (Kribek et al., 2010; Joint Research Centre, 2014;
Boliden, 2015; EMEP/EEA, 2016; UN Environment, 2017b;
OUTOTEC)

o Mercury content of concentrates: 1-100 g/t, intermediate
value 26 g/t (Hylander and Herbert, 2008; Kribek et al.,
2010; Kumari, 2011; Wu, 2012, 2016a; Zhang et al., 2012a;
Boliden, 2015; UN Environment, 2017b)

o Rate of copper recovery from concentrates: 85-97%,
intermediate value 93% (Boliden, 2015; UN Environment,
2017b)

o Concentrate/copper ratios: 2.0-7.8, intermediate value
3.8 (BREF, 2009; Zhang et al., 2012a; Boliden, 2015;
OUTOTEC).

For all UEFs, distribution factor = 0.96. 4% of the total Hg
input is assumed to be bound in smelting slag (Hui et al.,
2017). Other pathways are assumed to refer to the treatment
of residues from abatement equipment (UN Environment,
2017b; Maag, pers. comm.).

Applied technology profile: This is shown in Table A3.6.24.

Discussion of technology profile: Particular attention should be
given to the comments in table note ‘b When considering Hg
reduction efficiencies for combinations of acid plant removal
(assumed 90%) and APCDs, the AP reduction efficiency
applies to the remaining Hg that is not removed by the APCDs.
Therefore the removal efficiency of an efficient basic particle
matter + wet gas control configuration in combination with
an acid plant is 50% plus 90% of the remaining 50% = effective
95% reduction; similarly the removal efficiency of an efficient
particle matter + wet gas control + Hg-specific control
configuration in combination with an acid plant is 98% plus
90% of the remaining 2% = effective 99.8% reduction.

The following literature sources were studied: Hylander and
Herbert (2008), BREF (2009), Kim et al. (2010a), Li et al.
(2010), Boliden (2015), UNEP (2015), Wu (2016a), BAT/
BEP (2017), UN Environment 2017b), national information
provided by South Africa, Botswana, Namibia, Zambia,
Australia, and Republic of Korea; Maag, pers. comm.; Wang,
pers. comm., Euripidou, pers. comm.

Comparison with UNEP Toolkit factors: The default factor used
(96.0 g/t Cu produced) is 11% lower than the default factor
in the UNEP Toolkit (107.5 g/t Cu produced).

Potential for double counting: UNEP Toolkit EFs are derived
based on analysis of Hg concentrations in ores, metal
concentrates and reject materials. Country-specific EFs are
derived based on the same principle. Fuels are not included
so there should be no double counting.

Emissions estimates are calculated separately for each (non-
ferrous) metal. In cases where large parts of the production
are associated with co-production of several metals from the
same concentrate/ore, there may be an over-estimation of the
summed emissions for the non-ferrous metal sector.

Comparison with 2010 inventory factors: The default unabated
EF applied in calculations for 2010 (107 g Hg/t Cu produced) is
higher than the default unabated EF used in the current inventory
(96 g/t Cu produced). This is due to the updates in Hg content
of the concentrates and distribution factor (both are lower in
this inventory than in calculations for 2010), based on the latest
available national data as well as information in the literature.

Acid plants decrease Hg emissions significantly, and are often
combined with Hg-specific abatement measures that decrease
Hg emissions even more. Applying abatement technology
(especially acid plants) to the UEF of 96 g/t would correspond
to an abated EF of around 1-10 g/t; however under the current
work this assumption is not applied to all production in all
countries as some countries still have artisanal production
where abatement factors are considerably lower.

Gaps/needs to improve factors and profiles: (1) Information
on the Hg and metal content of concentrates processed in
different countries, including details of co-production of
non-ferrous metals. (2) Information base for assumptions
regarding technology profiles, especially detailed information
on the amount of production in different countries that is
associated with facilities with integrated acid plants as opposed
to artisanal production or production at larger facilities with
no integrated acid plant.
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Table A3.6.22 Unabated emission factors applied for non-ferrous metal production: copper.

Unabated emission factor (UEF) Source Notes/adjustments to reported data
Low Intermediate High Units
Generic 1.9 96.1 748 g/t Cu  Hylander and Herbert (2008), Expert evaluation; intermediate based
default produced BREF (2009), UN Environment  on 26 g/t in concentrate (low/high
(primary  (2017b), OUTOTEC, country- based on 1 and 100 g/t in concentrate,
production) specific data respectively)
Country-specific
Australia 2.0 71.6 449 g/tCu  Hylander and Herbert (2008), National data: 38% copper in
produced BREF (2009), Nelson et al. (2009) concentrate
(primary
Canada 4.5 8.5 17.2 production) BREF (2009), UN Environment  National data: 2.3 Hg/t concentrate
(2017b), OUTOTEC
China 6.4 16.1 245 Wu (2012, 2016a), Zhang et al. National data: 3.7 Hg/t concentrate,
(2012a) concentrate/copper ratio of 4.6
India 4.5 8.5 17.2 BREF (2009), Kumari (2011), National data: 2.3 Hg/t concentrate
OUTOTEC
Sweden 4.5 116.8 449 Boliden (2015), UN National data: 24% copper in
Environment (2017b) concentrate, 91% recovery rate,

concentrate/copper ratio of 4.7

Zambia 4.5 52 6.2 BREF (2009), Kribek et al. (2010) National data: 1.13 g Hg/t concentrate,
23% copper in concentrate

Table A3.6.23 Comparative emission factors for non-ferrous metal production: copper.

Emission factor (EF) Source Notes/adjustments to reported data
Low  Intermediate  High Units
Unabated EF
UNEP Toolkit- 1 30 300 g/t UN Environment (2017b)  Default input factor (Hg content of
based unabated concentrate concentrate) 1-100 g/t; DF=1
input to air used
2.1 107.5 716.8 g/t Cu  UN Environment (2017b) Default input factor (Hg content of
produced concentrate) 1-100 g/t; DF=1
2010 inventory 2 107 717 g/tCu  AMAP/UNEP (2013) Default input factor (Hg content of
produced concentrate) 1-100 g/t; concentrate/Cu ratio
2.8-3.3; DF=1.
Abated EF
EMEP/EEA 0.021 0.031 0.052 g/t Cu EMEP/EEA (2016) Abatement not specified
produced
UNEP Toolkit 1.9 96.8 645.1 g/tCu  UN Environment (2017b)  Default input factor 2.1-716.8 g/t. No filters
abated input to air produced or only coarse, dry PM retention. DF=0.9
1.0 52.7 351.2 g/tCu  UN Environment (2017b)  Default input factor 2.1-716.8 g/t.
produced Wet gas cleaning. DF=0.49
0.2 10.8 71.7 g/tCu  UN Environment (2017b)  Default input factor 2.1-716.8 g/t.
produced Wet gas cleaning and acid plant. DF=0.1
0.04 22 14.3 g/tCu  UN Environment (2017b)  Default input factor 2.1-716.8 g/t. Wet gas
produced cleaning, acid plant and Hg specific filter.

DF=0.02
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Table A3.6.24 Technology profile applied for non-ferrous metal production: copper.

Abbreviations. AP: acid plant; DC: dust collector; DCDA: double contact and double absorption tower; ESD: electrostatic demister; ESP: electrostatic
precipitator; (W/D) FGD: (wet/dry) flue gas desulfurization; FGS: flue gas scrubber; HgX: Hg-specific abatement technologies; WGC: wet gas cleaning.

Technology profile Reduction efficiency, % Degree of application, % Source
Country group
Low Intermediate High 1 2 3 4 5
Default
Level 0: None or simple particle 0 25 5 10 Hylander and Herbert (2008),
filters : BREF (2009), Kim et al. (2010a), Li
etal. (2010), UNEP (2015)
Level 1: Simple APC: particle 10
control® only
Level 2: Basic APC: particle control
LWoe 50 25 5
Level 3: Efficient APC: particle
control + WGC + AP® % 20095 %090
Level 4: Very efficient APC: particle
control + WGC + HgX® + AP 998 100 80
Country-specific
Australia
Level 4 99.8 100 National information
Botswana
Simple APC - particle control only 10 100 Euripidou, pers. comm
China
DC+FGS+ESD+DCDA 97 52.5 Wu (2016a), Wang, pers. comm.
DC+FGS+ESD+DCDA+DFGD 98.5 28.5
DC+FGS+ESD+DCDA+WEFGD 99.0 19.0
Namibia, South Africa
Level 1: Simple APC: particle 10 15 Euripidou, pers. comm
control only
Level 2: Basic APC: particle control 50 25
+WGC
Level 3: Efficient APC: particle 95 60
control + WGC + AP®
Republic of Korea
ESP-Venturi Scrubber-ESP-Boliden 99.9 100 Kim et al. (2010a), and national
Norzink-DCDA information
Sweden
ESP + scrubber + Boliden/Norzink 99.7 100 Boliden (2015), BAT/BEP (2017)
+ DCDA
Zambia
Level 1: Simple APC: particle 10 15 Euripidou, pers. comm
control only
Level 2: Basic APC: particle control 50 25
+WGC
Level 3: Efficient APC: particle 95 60
control + WGC + AP®

¢ Particle control = cyclones and ESP, * integrated acid plant (AP) downstream of APCDs is assumed to remove 90% of the remaining Hg from gas
flow; © Hg-specific abatement technologies (HgX) can be the following processes and equipment types: Boliden/Norzink process, Outokumpu process,
Bolchem, Sodium thiocyanate process, activated carbon filter/Lurgi process, Tinfos/Miltec process, selenium scrubber or filter, lead sulfide process, Hg
reclaiming tower. Average removal efficiency of Hg-specific abatement technologies is assumed to be 98%.
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A3.6.9 Non-ferrous metal production: lead (Pb)

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning primary lead production (and in
some cases total lead production where primary production
is not separately distinguished).

Applied UEFs: These are shown in Table A3.6.25.
Comparative EFs: These are shown in Table A3.6.26.

Discussion of EFs: Information on mass balances for non-
ferrous metal production and Hg content of ores and
concentrates produced and used in different countries is
sparse. National data on consumption of raw materials and/or
Hg content was used instead of generic values where available.

The following literature sources were studied: Hylander and
Herbert (2008), BREF (2009), Kumari (2011), Wu (2012,
2016a), Zhang et al. (2012a), Joint Research Centre (2014),
EMEP/EEA (2016), Hui et al. (2017), UN Environment
(2017b), COWI, OUTOTEC, national information provided
by Brazil; Hylander, pers. comm.; Maag, pers. comm.

Basic assumptions during calculations of UEF: (1) Initial
oxidation stage (roasting or sintering of concentrate) is
considered to be a major source of Hg emissions. (2) Mining
and concentrating processes are not considered due to
lack of data. Inputs from these processes are considered as
insignificant because they do not involve thermal processes. (3)
Fuels can be a source of minor Hg inputs (UN Environment,
2017b) but these inputs are considered insignificant compared
to inputs from metal ores. Eventual Hg emissions from fuels in
the non-ferrous metals production are allocated to a separate
activity under ‘industrial stationary combustion emissions.
(4) An integrated acid plant is considered as a part of an
applied technology profile.

Metal contents, recovery rates, concentrate/metal ratios:

o Lead content of concentrates: 35-90%, intermediate value
50% (BREF, 2009)

o Mercury content of concentrates: 2-62.2 g/t, intermediate
value 30 g/t (Hylander and Herbert, 2008; Kumari, 2011;
Wu, 2012, 2016a; Zhang et al., 2012a; UN Environment,
2017b)

« Rate of lead recovery from concentrates: 80% (Paragraph
29 study (UNEP, 2010a) response from Brazil)

o Concentrate/lead ratios: 1.4-3.6, intermediate value 2.5
(COWI, OUTOTEC, Zhang et al., 2012a).

For all UEFs, distribution factor = 0.97. 3% of the total Hg
input is assumed to be bound in smelting slag (Hui et al.,
2017). Other pathways are assumed to refer to treatment
of residues from abatement equipment (UN Environment,
2017b; Maag, pers. comm.).

Applied technology profile: This is shown in Table A3.6.27.

Discussion of technology profile: Particular attention should
be given to the comments in table note ‘b. When considering
Hg reduction efficiencies for combinations of acid plant
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removal (assumed 90%) and APCDs, the AP reduction
efficiency applies to the remaining Hg that is not removed by
the APCDs. Therefore the removal efficiency of an efficient
basic particle matter + wet gas control configuration in
combination with an acid plant is 50% plus 90% of the
remaining 50% = effective 95% reduction; similarly the
removal efficiency of an efficient particle matter + wet gas
control + Hg-specific control configuration in combination
with an acid plant is 98% plus 90% of the remaining 2% =
effective 99.8% reduction.

The following literature sources were studied: Hylander and
Herbert (2008), BREF (2009), Kim et al. (2010a); Li et al.
(2010), Boliden (2015), UNEP (2015), Wu (2016a), BAT/
BEP (2017), UN Environment (2017b), national information
provided by Republic of Korea; Maag, pers. comm.; Wang,
pers. comm., Seo, pers. comm.

Comparison with UNEP Toolkit factors: The default factor
used (73.1 g/t Pb produced) is slightly lower than the default
factor in the UNEP Toolkit (75 g/t Pb produced).

Potential for double counting: The UNEP Toolkit EFs are
derived based on analysis of Hg concentrations in ores, metal
concentrates and reject materials. Country-specific EFs are
derived based on the same principle. Fuels are not included
so there should be no double counting.

Emissions estimates are calculated separately for each (non-
ferrous) metal. In cases where large parts of the production
are associated with co-production of several metals from the
same concentrate/ore, there may be an over-estimation of the
summed emissions for the non-ferrous metal sector.

Comparison with 2010 inventory factors: The default unabated
EF applied in calculations for 2010 (75 g Hg/t Pb produced) is
slightly lower than the default unabated EF used in the current
inventory (73.1 g/t Pb produced). This is due to the updated
distribution factor (lower in this inventory than in calculations
for 2010).

Acid plants decrease Hg emissions significantly, and are often
combined with Hg-specific abatement measures that decrease
Hg emissions even more. Applying abatement technology
(especially acid plants) to the UEF of 73.1 g/t would
correspond to an abated EF of around 1-7 g/t; however
under the current work this assumption is not applied to
all production in all countries because some countries still
have artisanal production where abatement factors are
considerably lower.

Gaps/needs to improve factors and profiles: (1) Information
on the Hg and metal content of concentrates processed in
different countries, including details of co-production of
non-ferrous metals. (2) Information base for assumptions
regarding technology profiles, especially detailed information
on the amount of production in different countries that is
associated with facilities with integrated acid plants as
opposed to artisanal production or production at larger
facilities with no integrated acid plant.
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Unabated emission factor (UEF) Source Notes/adjustments to reported
data
Low Intermediate High Units
Generic default 2.7 73.1 216 g/t Pb Hylander and Herbert Expert evaluation; intermediate
produced  (2008), BREF (2009), based on 30 g/t in concentrate
(primary ~ UN Environment (low/high based on 2 and 62 g/t
production) (2017b), OUTOTEC; in concentrate, respectively)

country-specific data

Bulgaria, Dem. Rep. Korea, 10.1 18.3 26.1 Based on 7.5 g/t in concentrate

Romania, Morocco, Myanmar,

Russia, Serbia and Montenegro

Argentina, Bolivia, Iran, 8.4 15.1 21.6 Based on 6.2 g/t in concentrate

Mexico, Peru

Belgium, Italy, France, 6.8 12.2 17.4 Based on 5 g/t in concentrate

Germany, Japan, Republic of

Korea, Poland, Sweden, United

Kingdom, United States

Country-specific

Australia 4.3 7.7 11.0 BREF (2009), Wu et al. National data: 3.2 Hg/t
(2012), OUTOTEC concentrate

Canada 3.7 6.6 9.4 BREF (2009), UN National data: 2.7 Hg/t
Environment (2017b), concentrate
OUTOTEC

China 8.3 443 102 Wu et al. (2012, 2016a), National data: 27.1 Hg/t
Zhang et al. (2012a) concentrate, concentrate/lead

ratio of 1.7

India 2.7 10.8 21.6 BREF (2009), Kumari  National data: 4.5 Hg/t
(2011), OUTOTEC concentrate

Kazakhstan 4.3 7.7 11.0 BREF (2009), Wu et al. National data: 3.2 Hg/t

(2012), OUTOTEC

concentrate

Table A3.6.26 Comparative emission factors for non-ferrous metal production: lead.

Emission factor (EF) Source Notes/adjustments to reported data
Low  Intermediate  High Units
Unabated EF
UNEP Toolkit-based 2 30 60 g/t UN Environment (2017b)  Default input factor (Hg content of
unabated input to air concentrate concentrate) 2-60 g/t; DF=1
used
2.8 75 214.3 g/t Pb UN Environment (2017b) ~ Default input factor (Hg content of
produced concentrate) 2-60 g/t; DF=1.
2010 inventory 3 75 214 g/tPb  AMAP/UNEP (2013) Default input factor (Hg content of
produced concentrate) 2-60 g/t; concentrate/Pb
ratio 2.5-3.3; DF=1.
EMEP/EEA 0.8 1 1.2 g/tPb  EMEP/EEA (2016)
produced
Abated EF
EMEP/EEA 0.2 0.3 0.4 g/tPb  EMEP/EEA (2016) 2015 technology level
produced
UNEP Toolkit 2.52 67.5 192.9 g/tPb  UN Environment (2017b) Default input factor 2.8-214.3 g/t. No
abated input to air produced filters or only coarse, dry PM retention.
DF=0.9
1.37 36.8 105 g/tPb  UN Environment (2017b) ~ Default input factor 2.8-214.3 g/t. Wet gas
produced cleaning. DF= 0.49
0.28 7.5 214 g/tPb  UN Environment (2017b)  Default input factor 2.8-214.3 g/t. Wet gas
produced cleaning and acid plant. DF=0.1
0.06 1.5 4.3 g/tPb  UN Environment (2017b) Default input factor 2.8-214.3 g/t. Wet gas
produced cleaning, acid plant and Hg specific filter.

DF=0.02
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Table A3.6.27 Technology profile applied for non-ferrous metal production: lead.
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Abbreviations. AP: acid plant; DC: dust collector; DCDA: double contact and double absorption tower; DOWA filter: lead" sulfide process, a dry media
technique; ESD: electrostatic demister; ESP: electrostatic precipitator; FGS: flue gas scrubber; HgX: Hg-specific abatement technologies; SCSA: single
contact and single absorption tower; WGC: wet gas cleaning.

Technology profile Reduction efficiency, % Degree of application, % Source
Country group
Low Intermediate High 1 2 3 4 5
Default
Level 0: None or simple 0 25 5 10 Hylander and Herbert (2008), BREF
particle filters : (2009), Kim et al. (2010a), Li et al.
(2010), UNEP, (2015)
Level 1: Simple APC: particle 10
control® only
Level 2: Basic APC: particle
control + WGC 50 2505
Level 3: Efficient APC: particle
control + WGC + AP® % 20095 90 %0
Level 4: Very efficient APC:
particle control + WGC + 99.8 100 80
HgXe + AP
Country-specific
China
None 0 5.7 Wau et al. (2016a), Wang, pers. comm.
DC 12 6.2
DC+FGS 41 12.6
DC+FGS+ESD+SCSA 87 16.1
DC+FGS+ESD+DCDA 97 59.4
Republic of Korea
ESP-Venturi Scrubber-ESP- 99.9 100 Seo, pers. comm.
Boliden Norzink-DCDA
Sweden
ESP + DOWA filter + DCDA 99.7 100 Boliden (2015), BAT/BEP (2017)

“Particle control = cyclones and ESP, " integrated acid plant (AP) downstream of APCDs is assumed to remove 90% of the remaining Hg from gas flow;
< Hg-specific abatement technologies (HgX) can be the following processes and equipment types: Boliden/Norzink process, Outokumpu process, Bolchem,
sodium thiocyanate process, activated carbon filter/Lurgi process, Tinfos/Miltec process, selenium scrubber or filter, lead sulfide process, Hg reclaiming
tower. Average removal efficiency of Hg-specific abatement technologies is assumed to be 98%.
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A3.6.10 Non-ferrous metal production: zinc (Zn)

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning primary zinc production (and in
some cases total production where primary production is
not separately distinguished).

Applied UEFs: These are shown in Table A3.6.28.
Comparative EFs: These are shown in Table A3.6.29.

Discussion of EFs: Information on mass balances for non-
ferrous metal production and Hg content of ores and
concentrates produced and used in different countries is
sparse. National data on consumption of raw materials and/or
Hg content was used instead of generic values where available.

The following literature sources were studied: Hylander and
Herbert (2008), BREF (2009), Kim et al. (2010a), Li et al.
(2010), Wang et al. (2010a), Kumari (2011), Wu et al. (2012,
2016a), Zhang et al. (2012a), Joint Research Centre (2014),
EMEP/EEA (2016), Hui et al. (2017), UN Environment, 2017b,
OUTOTEC, Paragraph 29 study (UNEP, 2010a) answer from
Brazil, Hylander, pers. comm.; Maag, pers. comm.

Basic assumptions during calculations of UEF: (1) Initial
oxidation stage (roasting or sintering of concentrate) is
considered to be a major source of Hg emissions. (2) Mining
and concentrating processes are not considered due to
lack of data. Inputs from these processes are considered as
insignificant because they do not involve thermal processes. (3)
Fuels can be a source of minor Hg inputs (UN Environment,
2017b) but these inputs are considered insignificant compared
to inputs from metal ores. Eventual Hg emissions from fuels
in non-ferrous metals production are allocated to a separate
activity under ‘industrial stationary combustion emissions.
(4) An integrated acid plant is considered as a part of the
applied technology profile.

Metal contents, recovery rates, concentrate/metal ratios:

« Zinc content of concentrates: 33-60%, intermediate value
46% (Paragraph 29 study (UNEP, 2010a) answer from
Brazil; BREF, 2009; Li et al., 2010)

» Mercury content of concentrates: 1-147 g/t, intermediate
value 64 g/t (Hylander and Herbert, 2008; Kumari,
2011; Wu et al,, 2012, 2016a; Zhang et al., 2012a; UN
Environment, 2017b)

« Rate of Zn recovery from concentrates: 95-97% (Li et al,
2010)

» Concentrate/zinc ratios: 1.7-3.2, intermediate value 2.3
(Wang et al., 2010a; Zhang et al., 2012a; OUTOTEC).

For all UEFs, distribution factor = 0.9. 1-17% of the total Hg
input is assumed to be bound in smelting slag (Hui et al., 2017)
- the current work uses 10% as a weighted average over the
two main processes — hydrometallurgical (more widely used,
with an estimated share of Hg input bound in slag of 17%)
and pyrometallurgical (share of Hg input bound in slag of
0.5-2.3%). Other pathways are assumed to refer to treatment
of residues from abatement equipment (UN Environment,
2017b; Maag, pers. comm.).

Applied technology profile: This is shown in Table A3.6.30.

Discussion of technology profile: Particular attention should be
given to the comments in table note ‘b When considering Hg
reduction efficiencies for combinations of acid plant removal
(assumed 90%) and APCDs, the AP reduction efficiency
applies to the remaining Hg that is not removed by the APCDs.
Therefore the removal efficiency of an efficient basic particle
matter + wet gas control configuration in combination with
an acid plant is 50% plus 90% of the remaining 50% = effective
95% reduction; similarly the removal efficiency of an efficient
particle matter + wet gas control + Hg-specific control
configuration in combination with an acid plant is 98% plus
90% of the remaining 2% = effective 99.8% reduction.

The following literature sources were studied: Hylander and
Herbert (2008), BREF (2009), Kim et al. (2010a), Li et al.
(2010), UNEP (2015), UN Environment (2017b), Wu et al.
(2016a), Maag, pers. comm.; Wang, pers. comm.; Euripidou,
pers. comm.

Comparison with UNEP Toolkit factors: The default factor used
(130.8 g/t Zn produced) is 6% higher than the default factor
in the UNEP Toolkit (123.3 g/t Zn produced).

Potential for double counting: The UNEP Toolkit EFs are
derived based on analysis of Hg concentrations in ores, metal
concentrates and reject materials. Country-specific EFs are
derived based on the same principle. Fuels are not included
so there should be no double counting.

Emissions estimates are calculated separately for each (non-
ferrous) metal. In cases where large parts of the production
are associated with co-production of several metals from the
same concentrate/ore, there may be an over-estimation of the
summed emissions for the non-ferrous metal sector.

Comparison with 2010 inventory factors: The default unabated
EF applied in calculations for 2010 (123 g/t Zn produced) is
lower than the default unabated EF used in the current inventory
(130.8 g/t Zn produced). This is due to the updated metal
content of the concentrates which is lower in this inventory
than in calculations for 2010 (46% and 55%, respectively).

Acid plants decrease Hg emissions significantly, and are often
combined with Hg-specific abatement measures that decrease
Hg emissions even more. Applying abatement technology
(especially acid plants) to the UEF of 130.8 g/t would
correspond to an abated EF of around 1-13 g/t; however,
under the current work this assumption is not applied to
all production in all countries because some countries still
have artisanal production where abatement factors are
considerably lower.

Gaps/needs to improve factors and profiles: (1) Information
on the Hg and metal content of concentrates processed in
different countries, including details of co-production of
non-ferrous metals. (2) Information base for assumptions
regarding technology profiles, especially detailed information
on the amount of production in different countries that
is associated with facilities with integrated acid plants as
opposed to artisanal production or production at larger
facilities with no integrated acid plant.
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Table A3.6.28 Unabated emission factors applied for non-ferrous metal production: zinc.

Unabated emission factor (UEF) Source Notes/adjustments to reported data
Low  Intermediate  High Units
Generic 1.6 130.8 422 g/tZn  Hylander and Herbert (2008), BREF  Expert evaluation; intermediate based on
default produced  (2009), UN Environment (2017b), 64 g/t in concentrate (low/high based on
(primary  OUTOTEG; country-specific data 1 and 147 g/t in concentrate, respectively)
production)
Country-specific
Australia 74.5 127.3 256 g/t Zn BREF (2009), UN Environment National data: 62.3 Hg/t concentrate
produced (2017b), OUTOTEC
‘ (primary . o
Brazil 2.3 146.6 340 production) BREF (2009), Paragraph 29 study National data: 41% zinc in concentrate
(UNEP, 2010a) answer from Brazil,
UN Environment (2017b)
Canada 17.1 27.6 353 BREF (2009), UN Environment National data: 13.5 Hg/t concentrate
(2017b), OUTOTEC
China 1.8 159.7 737 Wang et al. (2010a), Wu et al. (2012,  National data: 77.5 Hg/t concentrate,
2016a), Zhang et al. (2012a), concentrate/zinc ratio of 2.4, DF=0.86
Hui et al. (2017)
Germany 9.3 299.1 422 BREF (2009), UN Environment National data: 146.4 Hg/t concentrate
(2017b), OUTOTEC
India 17.1 51.2 422 BREF (2009), Kumari (2011), National data: 25 Hg/t concentrate
OUTOTEC
Namibia 1.7 110.2 253 BREF (2009), UN Environment National data: 55% zinc in concentrate;
(2017b), NAM Zn, 95% recovery rate
Norway 1.6 122.6 422 BREF (2009), UN Environment National data: 60 Hg/t concentrate
(2017b), OUTOTEC
Peru 1.6 74.8 422 BREF (2009), UN Environment National data: 37 Hg/t concentrate
(2017b), OUTOTEC
Russia 1.6 155.3 353 BREF (2009), UN Environment National data: 76 Hg/t concentrate
(2017b), OUTOTEC
Spain 66.7 162.4 422 BREF (2009), UN Environment National data: 79.5 Hg/t concentrate
(2017b), OUTOTEC
USA 1.6 33.9 60.3 BREF (2009), UN Environment National data: 17 Hg/t concentrate

(2017b), OUTOTEC

Table A3.6.29 Comparative emission factors for non-ferrous metal production: zinc.

Emission factor (EF) Source Notes/adjustments to reported data
Low  Intermediate  High Units
Unabated EF
UNEP Toolkit- 5 65 130 g/t UN Environment (2017b) Default input factor (Hg content of
based unabated concentrate concentrate) 5-130 g/t; DF=1.
input to air used
8.6 123.3 342.1 g/tZn  UN Environment (2017b) Default input factor (Hg content of
produced concentrate) 5-130 g/t; DF=1.
2010 inventory 9 123 342 g/tZn  AMAP/UNEP (2013) Default input factor (Hg content of
produced concentrate) 5-130 g/t;
concentrate/Zn ratio 2.0-2.2; DF=1.
EMEP/EEA 2 5 8 g/tZn EMEP/EEA (2016)
produced
Abated EF
EMEP/EEA 20.1 50.6 81.5 g/tZn  EMEP/EEA (2016) Abatement not specified
produced
UNEP Toolkit 7.7 111.0 307.9 g/tZn  UN Environment (2017b) Default input factor 8.6-342.1 g/t. No filters
abated input produced or only coarse, dry PM retention. DF=0.9
to air
4.2 60.4 167.6 g/tZn  UN Environment (2017b) Default input factor 8.6-342.1 g/t. Wet gas
produced cleaning. DF=0.49
0.9 12.3 34.2 g/tZn  UN Environment (2017b) Default input factor 8.6-342.1 g/t. Wet gas
produced cleaning and acid plant. DF=0.1
0.2 2.5 6.8 g/tZn  UN Environment (2017b) Default input 8.6-342.1 g/t. Wet gas cleaning,
produced acid plant and Hg specific filter. DF=0.02
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Table A3.6.30 Technology profile applied for non-ferrous metal production: zinc.

Abbreviations. AP: acid plant; DC: dust collector; DCDA: double contact and double absorption tower; ESD: electrostatic demister; ESP: electrostatic
precipitator; (D/W) FGD: (dry/wet) flue gas desulfurization; FGS: flue gas scrubber; HgX: Hg-specific abatement technologies; SCSA: single contact and
single absorption tower; WGC: wet gas cleaning.

Technology profile Reduction efficiency, % Degree of application, % Source
Country group
Low Intermediate High 1 2 3 4 5
Default
Level 0: None or simple particle filters 0 25 5 10  Hylander and Herbert
(2008), BREF (2009),
Level 1: Simple APC: particle control* only 10 Kim et al. (2010a),
Li et al. (2010),
Level 2: Basic APC: particle control + 50 25 5 UNEP (2015)
WGC ’
Level 3: Efficient APC: particle control +
WGC + AP 95 20 95 9 90
Level 4: Very efficient APC: particle control
+WGC + HgX* + AP 998 10080
Country-specific
Algeria
Level 1: Simple APC: particle control only 10 15  Euripidou, pers. comm.
Level 2: Basic APC: particle control + 50 25
WGC
Level 3: Efficient APC: particle control + 95 60
WGC + AP®
China
DC+FGS 41 0.2 Wu et al. (2016a),
Wang, pers. comm.
DC+FGS+ESD+SCSA 87 0.2
DC+FGS+ESD+DCDA 97.4 49.5
DC+FGS+ESD+DCDA+DFGD 98.5 20
DC+FGS+ESD+DCDA+WEGD 99.0 20
DC+FGS+ESD+SMR+DCDA 99.2 10.1
Namibia
Level 1: Simple APC: particle control only 10 15 Euripidou, pers. comm.
Level 2: Basic APC: particle control + 50 25
WGC
Level 3: Efficient APC: particle control + 95 60
WGC + AP®
Republic of Korea
ESP-Venturi Scrubber-ESP-Boliden/ 99.9 100 Kim et al. (2010a),
Norzink-DCDA national information

* Particle control = cyclones and ESP, ® integrated acid plant (AP) downstream of APCDs is assumed to remove 90% of the remaining Hg from gas flow;
< Hg-specific abatement technologies (HgX) can be the following processes and equipment types: Boliden/Norzink process, Outokumpu process, Bolchem,
sodium thiocyanate process, activated carbon filter/Lurgi process, Tinfos/Miltec process, selenium scrubber or filter, lead sulfide process, Hg reclaiming
tower. Average removal efficiency of Hg-specific abatement technologies is assumed to be 98%.
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A3.6.11 Non-ferrous metal production: mercury (Hg) dedicated production from cinnabar ore

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied
to activity data concerning primary Hg production from
cinnabar ore; restricted to countries with primary mine
production.

Applied UEFs: These are shown in Table A3.6.31.
Comparative EFs: These are shown in Table A3.6.32.

Discussion of EFs: In the absence of any additional/new
national information, the UNEP Toolkit factors were adopted
in this work.

The following literature sources were studied: BREF (2009)
Joint Research Centre (2014), UN Environment (2017b),
national information provided by Mexico.

Basic assumptions during calculations of UEF: (1) Mining and
concentrating processes are not considered due to lack of
data. (2) Eventual Hg emissions from fuels in the non-ferrous
metals production are allocated to a separate activity under
‘industrial stationary combustion emissions’ (see E-Annex,
Section A3.5.6).

For all EFs, distribution factor = 0.25 (as in the UNEP Toolkit,
applied to total Hg release during the process).

Applied technology profile: This is shown in Table A3.6.33.

Discussion of technology profile: Minimal abatement in the
form of basic particle matter control was assumed; production
occurs in Group 3,4 and 5 countries only.

Comparison with UNEP Toolkit factors: The default factor
used (7500 g/t Hg produced) is the same as the factor in the
UNEP Toolkit.

Potential for double counting: The UNEP Toolkit EF, used as a
generic value also in this work;, is derived based on analysis of
Hg concentrations in ore, concentrates and reject materials.
The same principle was applied to country-specific EFs. Fuels
are not included so there is no risk of double counting.

Comparison with 2010 inventory factors: The same unabated
emission factor is used as in the calculations for 2010.

Gaps/needs to improve factors and profiles: Information base
for assumptions regarding technology profiles.

Table A3.6.31 Unabated emission factors applied for non-ferrous metal production: mercury (dedicated production from cinnabar ore).

Unabated emission factor (UEF) Source Notes/adjustments to reported data
Low Intermediate High Units
Generic default 7500 g/t Hg UN Environment (2017b)  The UNEP Toolkit factor has been adopted
produced

Table A3.6.32 Comparative emission factors for non-ferrous metal production: mercury (dedicated production from cinnabar ore).

Emission factor (EF) Source Notes/adjustments to reported data
Low  Intermediate  High Units
Unabated EF

UNEP Toolkit 5000 7500 10000 g/t Hg UN Environment  DF=0.25, total Hg released = 20-40 kg/t Hg produced.

unabated input produced  (2017b) DF applies here to Hg releases, not total Hg input

to air (1020-1040 kg/t Hg produced). Since no information
on control systems is found, the UNEP Toolkit EF is
considered as unabated.

2010 inventory 7500 g/t Hg AMAP/UNEP The UNEP Toolkit factor has been adopted

produced  (2013)

Table A3.6.33 Technology profile applied for non-ferrous metal production: mercury (dedicated production from cinnabar ore).

Technology profile Reduction efficiency, % Degree of application, % Source
Country group
Low Intermediate High 1 2 3 4 5

Default

Level 1: None or simple particle filters 10 10 100 100 100 Expert estimate
Country-specific

Mexico

Particle control only 40 100 National information
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A3.6.12 Non-ferrous metal production: aluminum (Al) and alumina production from

bauxite ore

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning primary Al and alumina production
from bauxite.

Applied EFs: These are shown in Table A3.6.34.
Comparative EFs: These are shown in Table A3.6.35.

Discussion of EFs: National data on material consumption
and/or Hg contents was used instead of generic values
wherever possible.

The following literature sources were studied: BREF (2009),
Joint Research Centre (2014), Nelson et al. (2009), UN
Environment (2017b), national comments from China.

Basic assumptions during calculations of UEF:

o Emissions from Al production assume: (1) production of
alumina from bauxite, (2) production of aluminum from
locally produced alumina, and (3) production of aluminum
from imported alumina

 Digestion of bauxite is considered to be a major source
of Hg emissions

o Fuels can be a source of significant Hg inputs but these
inputs are not included in the EFs. Eventual Hg emissions
from fuels in the non-ferrous metals production are
allocated to a separate activity under ‘industrial stationary
combustion emissions.

o Metal contents and ratios: Bauxite/alumina ratio -
2.0-2.5, intermediate value 2.3 (Nelson et al., 2009;
BREF, 2009); Alumina/aluminum ratio - 1.6-2.5,
intermediate value 1.9 (BREF, 2009); Mercury content
of bauxite - 0.07-1.00 g/t, intermediate value 0.49 g/t
(UN Environment, 2017b).

Distribution factor = 0.15 (as in the UNEP Toolkit, applied
to total Hg release during the process).

Since Al is produced from alumina, which is traded
internationally, three different emission factors have been
developed:

o The EF for production of Al from bauxite - applied to
major bauxite-producing countries that also produce
aluminum

o The EF for production of Al from alumina - applied to
major aluminum-producing countries that are not bauxite-
producers (production from imported alumina)

o The EF for production of alumina for export — applied
to major bauxite-producing countries that also produce
alumina but not aluminum.

Applied technology profile. This is shown in Table A3.6.36.

Discussion of technology profile: The following literature
sources were studied: BREF (2009), Nelson et al. (2009), UNEP
(2011b, 2015), national information provided by China.

Comparison with UNEP Toolkit factors: The default factor
used (0.31 g/t Al produced) is a (rounded) equivalent to the
default factors from the UNEP Toolkit (with adjustment for
the application to Al production activity data rather than
bauxite ore used).

Potential for double counting: The UNEP Toolkit EFs are
derived based on analysis of Hg concentrations in bauxite ore.
Country-specific EFs are derived based on the same principle.
Fuels are not included so there should be no potential for
double counting.

Comparison with 2010 inventory factors: The default unabated
EF applied in calculations for 2010 (0.32 g Hg/t Al produced)
is slightly higher than the default unabated EF used in the
current inventory (0.31 g/t Cu produced). This is due to the
update in bauxite/alumina ratio, based on the latest available
information in the literature.

Gaps/needs to improve factors and profiles: (1) Information on
the basis for national production of Al (alumina vs. bauxite). (2)
Information base for assumptions regarding technology profiles.
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Table A3.6.34 Unabated emission factors applied for non-ferrous metal production: aluminum and alumina production from bauxite ore.

Unabated emission factor (UEF) Source Notes/adjustments to
reported data
Low  Intermediate  High Units
Generic default
Applied to major bauxite- 0.03 0.31 0.9 g/t Al Expert evaluation based on
producing countries produced BREF (2009), Nelson et al.
(2009), UNEP (2015), and
Applied to Al-producing countries 0.05 country-specific data
without major bauxite production
Applied to major bauxite- 0.26 g/t Al
producing countries without Al- produced
production (alumina for export)
0.14 g/t alumina
produced
Country-specific
Australia 0.04 0.05 0.06 BREF (2009), Nelson (2009), National data:

UN Environment (2017b) ~ 0.07 g Hg/t bauxite,
2.5 t bauxite/ t alumina

China 0.03 0.28 0.8 UN Environment (2017b),  National data:
national information 2.0 t bauxite/ t alumina
Sub-Saharan African countries 0.10 0.13 0.2 BREF (2009), UN National data:
Environment (2017b) 0.2 g Hg/t bauxite

Table A3.6.35 Comparative emission factors for non-ferrous metal production: aluminum and alumina production from bauxite ore.

Emission factor (EF) Source Notes/adjustments to reported data
Low Intermediate High Units
Unabated EF
0.01 0.08 0.15 g/tbauxite  UN Environment (2017b) Default input factor (Hg content of bauxite)
used 0.07-1 g/t; DF to air = 0.15.
0.04 0.32 0.70 g/t Al BREF (2009), Nelson et al. (2009), UNEP TK numbers are adjusted using
produced  UN Environment (2017b), bauxite/aluminum ratio ~3.8-4.7 (2-2.46 t

and country-specific data bauxite/t alumina) x 1.9 t alumina/t Al

Table A3.6.36 Technology profile applied for non-ferrous metal production: aluminum and alumina production from bauxite ore.

Abbreviations. ESP: electrostatic precipitator; FF: fabric filter; WS: wet scrubber.

Technology profile Reduction efficiency, % Degree of application, % Source
Country group
Low Intermediate High 1 2 3 4 5
Default
Level 0: None 0 100 100  Nelson et al. (2009),

UNEP (2011b)
Level 1: Particle control 50 100 100
(cyclones+ ESP/FF) + WS

Level 2: particle control (cyclones+ ESP/FF) 75 100
+ WS + Hg collection/reduction

Country-specific
China
Cyclone + ESP/FF 60 10 Wang, pers. comm.

Particle control + Desulfurization towers 65 90
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A3.6.13 Large-scale gold production

Basis for 2015 emission estimates: UEFs applied to activity
data concerning mine production of gold in tonnes. Activity
is the production of gold from large-scale mine production
(and does not include ASGM production).

Applied EFs: These are shown in Table A3.6.37.
Comparative EFs: These are shown in Table A3.6.38.
Discussion of EFs: -

The following literature sources were studied: Hui et al.
(2017), Yang et al. (2016), UNEP (2010a), BAT/BEP (2017),
UN Environment (2017b), Nelson, pers. comm.

Basic assumptions during calculations of UEF:
The UEF depends on:

o Amount of Au in ore (which determines the ratio of tonnes
of ore needed to produce a tonne of gold)

o Mercury content of ores

o Distribution factor to air (proportion of Hg that is released
to air).

The first two at least are likely to vary considerably from
mine to mine; however, as it was not possible in this work to
consider emissions estimates on a mine-by-mine basis, a generic
average UEF was applied with the following assumptions:

Amount of gold in ore = a (generic) value of 4 g Au/t ore
was assumed, yielding a ratio of 250,000 tonnes ore for one
tonne of gold. Figure A3.6.1 illustrates the development of
exploited Au-ore grade in previous years, which in itself
can be expected to have resulted in considerable changes
in factors applicable to Hg releases from large-scale gold
production. Generally, Hg releases would be expected to
increase if the Au-content decreases and the Hg-content
of the ore remains the same — which is not necessarily the
case — due to the increased amount of ore mined for a given
production of gold.

Mercury content of ore: 5.5 g Hg/t Au ore was used in the
current global inventory calculations. For comparison, the
UNEP Toolkit quotes a range of 10-100 g/t ore; UNEP
Paragraph-29 (UNEP, 2010a) reported values of 0.1-100 g/t
ore, and US Paragraph-29 sources (UNEP, 2010a) reported
values of 0.1-30 g/t ore.

Distribution factor to air = 0.04 was used, adopted from the
UNEP Toolkit (UN Environment, 2017b). A major part of
the total Hg input (over 90%) is often released to land on-
site, presumably without entering the roasting stage. On this
basis, the (unabated) EF is = 5.5 x 250,000 x 0.04 = 55,000 g
Hg emitted/tonne gold produced.

Applied technology profile: This is shown in Table A3.6.39.

Discussion of technology profile: According to BAT/BEP
(2017) and information obtained from Australia (Nelson,
pers. comm.) and China (Hui et al., 2017; Yang et al., 2016),
it is not unusual to use highly efficient APCDs in large-scale
gold production. BAT/BEP (2017) reports that removal

3-77

efficiency of APCDs on roasters — including acid plants and
upstream abatement such as a sulfur-impregnated activate
carbon filter (the most common and proven technology in
this sector) — can be higher than 99%. The Jerritt process used
at some facilities in North America has a removal efficiency
of 99.97% (BAT/BEP, 2017). According to Hui et al. (2017),
all large-scale gold production in China is covered by APCDs
that remove 97-99% of Hg from the flue gas. In Australia,
the new production technology launched in 2015 is claimed
to reduce Hg emissions from large-scale gold production
by 90% (Nelson, pers. comm.) In the current inventory, it
has been assumed that the most efficient APCDs, applied
mainly in technology Group 1 countries, remove 99% of Hg.
These can include a sulfur-impregnated activated carbon
filter, Boliden/Norzink process or Jerritt process with an acid
plant downstream. Australia and China are assigned country-
specific technology profiles.

Comparison with UNEP Toolkit factors: The UEF used in this
work is about three-fold lower than the UNEP Toolkit default
factor - 150 kg Hg/t gold (assuming 3750 kg/gold produced
and DF = 0.04). In the current inventory, the Hg content of
ore is assumed to be 5.5 g/t while in the UNEP Toolkit a value
of 15 g Hg/t ore is used.

Potential for double counting: UEFs are derived from the Hg
and gold content of ores. Fuels consumed at gold production
plants are not included so there is no risk of double counting.

Comparison with 2010 inventory factors: The default
factor used in the current inventory is the same as used in
calculations for 2010.

Gaps/needs to improve factors and profiles: (1) Relevant
information on Hg and Au content of ores and concentrates
processed in different countries, including the distribution
of these factors for individual mines/processing facilities.
(2) Information on APCDs employed at large-scale gold
production facilities.

Gold ore grade, g/t Au
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Figure A3.6.1. Changes in gold ore grade over time in different countries.
Source: after Giurco et al., 2010.
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Table A3.6.37 Emission factors applied for large-scale gold production.

Unabated emission factor (UEF) Source Notes/adjustments to reported data
Low Intermediate High Units
Generic 55,000 g/t (mine) ~ UN Environment 4 g Au/t ore; 5.5 g Hg/tonne Au ore;
default Au produced (2017b) DF=0.04 (applied to Hg in ores)
Country-specific
Australia 12,000 g/t (mine)  Nelson, pers.comm. Expert estimate based on national data:
Au produced 1.24 g Hg/t Au ore
China 26,000 g/t (mine)  Yangetal. (2016) National data: 0.73 g Hg/t Au concentrate,
Au produced 0.004% Au in Au concentrate, 70% recovery

rate, DF=0.89 (applied to Hg in concentrated
Au, including roasting and cyanidation stages)

Table A3.6.38 Comparative emission factors (EFs) for large-scale gold production.

Emission factor Source Notes/adjustments to reported data
Low Intermediate High Units
Unabated EF
UNEP Toolkit 10 150 300 g/toreused UN Environment Default input factor 15 (1-30) g/t ore used,
input to air (extracted)  (2017b) or 3750 (250-7500) kg/t gold produced;
DF to air = 0.04.
2010 inventory 55000 g/t (mine) ~ AMAP/UNEP (2013)

Au produced

Table A3.6.39 Technology profile applied for large-scale gold production.

Abbreviations. AP: acid plant; HgX: Hg-specific abatement technologies; WGC: wet gas cleaning.

Technology profile Reduction efficiency, % Degree of application, %  Source
Country group
Low Intermediate High 1 2 3 4 5
Default
Level 0: None or simple particle filters 0 100  Expert estimate based on
Hui et al. (2017), Yang et al.
Level 1: Simple APC: particle control® only 10 100 (2016), BAT/BEP (2017),
Nelson, pers. comm.
Level 2: Basic APC: simple particle control 25 30
+WGC
Level 3: Medium-efficiency APC: more 40 30 20
efficient particle control + WGC
Level 4: Efficient APC: particle control + 95 30 20
WGC + less efficient HgX + AP®
Level 5: Very efficient APC: particle control 99 20
+ WGC + more efficient HgX + AP
Country-specific
Australia
No control 0 50 Nelson, pers. comm.
Ultra-fine grinding mill 90 50
China
Single-phase roasting +APC 97 30 Hui et al. (2017),
Yang et al. (2016)
Dual-phase roasting +APC 98 13
Production with cyanidation+ APC 99 57

*Particle control = cyclones and ESP; ® Hg-specific abatement technologies (HgX) can be the following processes and equipment types: Boliden/Norzink
process, sulfur-impregnated active carbon filter, Jerritt process. Average removal efficiency of Hg-specific abatement technologies combined with an
integrated acid plant (AP) downstream of APCDs is assumed to be 95% for less efficient technologies and 99% for more efficient technologies.
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A3.6.14 Cement production

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning production of cement.

Applied UEFs: These are shown in Table A3.6.40.
Comparative EFs: These are shown in Table A3.6.41.

Discussion of EFs: During compilation of unabated country-
specific EFs, an effort was made to use as much national data
as possible. Most of the countries do not have complete mass
balances but national data on material consumption and/or Hg
contents was used instead of generic values wherever possible.

The following literature sources were studied: CSI (2005),
CEMBUREAU (2010), Mlakar et al. (2010), UNEP (2010a:
report and answers to the questionnaire by Barbados, Brazil,
Cyprus, Iceland, USA; 2017), Fukuda et al. (2011), Won and
Lee (2012), Burger Chakraborty et al. (2013), Schorcht et al.
(2013), GNR (2014), Wang et al. (2014a, 2016d), Cementa
(2015), VDZ (2015), Zhang et al. (2015b), BAT/BEP (2017),
national comments and personal communication (Maioli,
Seo, Soldrzano, Suzuki).

Basic assumptions during calculations of UEF: (1) Only the
clinker formation stage is considered; subsequent mixing stage is
assumed to make insignificant input to Hg emissions compared
to the thermal processes according to UN Environment (2017b),
with the exception of fly ash addition during mixing which is
not accounted for. (2) Clinker is assumed to be produced within
a country; eventual import-export of clinker is not accounted
for, which might result in over- or underestimations of country-
specific emissions from cement production. (3) Recycling of
filter materials on-site is not considered for the UEF since
recycling is only possible if abatement is present.

Raw materials - input to the raw mill - are assumed to be a
mixture of limestone with other, often more Hg-rich materials
(clay, shale, fly ash, iron oxide). Significant amount of raw
materials other than limestone can result in different input
and emission factors. For countries that provided data on
country-specific raw material consumption, these data were
used in calculations.

Range of Hg content of raw materials:

» Total raw mix: 001-0.46 g/t, intermediate value -
0.09 g/t (CSI, 2005; Mlakar et al., 2010; UNEP, 2010a
2017; Fukuda et al.,, 2011; Won and Lee, 2012; Burger
Chakraborty et al., 2013; Schorcht et al., 2013; Wang et al.,
2014a, 2016d; Cementa, 2015; Zhang et al., 2015b, Seo,
pers. comm., Suzuki, pers. comm.)

 Limestone: 0.001-0.46 g/t, intermediate value — 0.04 g/t (CSI,
2005; Mlakar et al.,2010; UNEP, 2010a, 2017; Fukuda et al.,
2011; Won and Lee, 2012; Burger Chakraborty et al., 2013;
Schorcht et al., 2013; Wang et al., 2014a, 2016d; Zhang et al.,
2015b; Seo, pers. comm., Suzuki, pers. comm.)

» Clay: 0.001-0.45 g/t, intermediate value 0.08 g/t
(CEMBUREAU, 2010; Won and Lee, 2012; Schorcht et al.,
2013; Wang et al. 2014a; UN Environment, 2017b; Suzuki,
pers. comm.)
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o Shale: 0.002-0.44 g/t, intermediate value 0.05 g/t
(CEMBUREAU, 2010; Wang et al., 2014a; UN Environment,
2017b)

o Iron oxide: 0-0.68 g/t, intermediate value 0.24 g/t
(CEMBUREAU, 2010; Wang et al., 2014a)

o Fly ash: 0.03-0.39 g/t, intermediate value 0.14 g/t (Won
and Lee, 2012).

Fuel combustion in the cement industry is accounted for in
Section A3.6.14a, except for co-incinerated waste. Fossil fuels
are therefore excluded from the UEE Characteristics of co-
incinerated waste (also called alternative fuels when referring
to co-incineration in cement kilns):

o Calorific value - 22.9 MJ/kg, which is calculated as a
weighted average over most widespread alternative fuels
in Europe (according to Schorcht et al., 2013).

o Mercury content: 0.006-0.57 g/t, intermediate value -
0.24 g/t (CEMBUREAU, 2010; Mlakar et al., 2010; Won
and Lee, 2012; Schorcht et al., 2013; Cementa, 2015).

Instead of using one world-wide UEF default, in this work
either country-specific UEFs or regional UEF defaults were
applied based on specific values of parameters as summarized
in Table A3.6.42.

For all EFs, distribution factor = 0.95 (BAT/BEP, 2017); 5% of
the Hg input is assumed to be bound in clinker.

Applied technology profile: This is shown in Table A3.6.43.

Discussion of technology profile: For countries with data on
dust recycling back to the cement kiln, removal efficiencies
are assumed to be 50% lower than generic or country-
specific values for the same types of technologies based
on APC outlet/inlet ratios of Hg concentrations or flows.
This is because dust recycling results in an increased part
of the Hg ultimately emitted to the air (BAT/BEP, 2017;
UN Environment, 2017b) even though in this case removal
efficiency cannot be defined as outlet to inlet ratio. The
value 50% is based on distribution factors presented in the
UNEP Toolkit for cases with and without dust recycling
(particle control only).

The following literature sources were studied: Theloke et al.
(2008), US EPA (2008), Nelson et al. (2009), Pudasainee et al.
(2009a), BREF (2010), CEMBUREAU (2010), NESHAP (2010),
Senior (2010), UNEP (2010a: report and answers to the
questionnaire, 2011b), Schorcht et al. (2013); UN Environment
(2017b), national comments and pers. comms. (Hagstrom,
Maioli, Solérzano, Suzuki, Seo, Hoenig, Euripidou).

Comparison with UNEP Toolkit factors: The range of
(central) regional default factors used in this inventory is
0.092-0.113 g Hg/t cement. This is higher than the UNEP
Toolkit default unabated factor for cement production
without waste co-incineration (0.088 g Hg/t cement) and
lower than the UNEP Toolkit default unabated factor for
production facilities with waste co-incineration (0.120 g
Hg/t cement).
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Potential for double counting: Generic EFs for cement
production include waste co-incineration but not coal,
petroleum coke or oil, which are accounted for in a separate
sector, such that there should be no double counting. Country-
specific EFs are derived using the same principle. However,
in cases when the reported data are used, these can include
use of coal and oil so there is a possibility of double counting
for these countries.

Comparison with 2010 inventory factors: The default unabated
factors applied when calculating emissions in 2010 are
0.087 g Hg/t cement without waste co-incineration and
0.118 g/t cement with waste co-incineration (assuming 12%

Table A3.6.40 Unabated emission factors applied for cement production.

Technical Background Report to the Global Mercury Assessment 2018

thermal substitution by waste). In the current inventory, no
single world-average emission factor was derived but several
regional emission factors were derived instead, varying
from 0.092 g Hg/t cement to 0.113 g Hg/t cement. All such
emission factors include waste co-incineration — from 1%
in CIS countries to 27% in the EU-27. The default values are
lower than those used for 2010 mainly due to the revised Hg
contents of raw materials and especially waste (0.32 g Hg/t
waste is used for 2010, which is 33% higher than 0.24 g/t waste
used now), calorific value of waste, and clinker/cement ratios.

Gaps/needs to improve factors and profiles: Information base
for assumptions regarding technology profiles.

UN Environment (2017b)

Unabated emission factor (UEF) Source Notes/adjustments to reported data
Low Intermediate High  Units
Generic default
North America  0.001 0.111 0.855 g/t Based on Schorcht et al. 2013, GNR 2014, UN
cement Environment (2017b), and country-specific

Central 0.001 0.106 0.789 data. Waste co-incineration is included

America

South America  0.001 0.092 0.659

Oceania 0.001 0.109 0.775

Middle East 0.001 0.113 0.788

CIS 0.001 0.112 0.762

Asia 0.001 0.109 0.775

Africa 0.001 0.105 0.733

EU-27 0.001 0.110 0.921

Country-specific
Algeria 0.001 0.099 0.688 g/t Schorcht et al. (2013), GNR (2014), National data: 3.52 MJ/kg clinker, 3% waste,
cement UN Environment (2017b) CC ratio =0.70

Australia 0.001 0.110 0.783 CSI (2005), Schorcht et al. (2013), National data: 6% waste
GNR (2014), UN Environment (2017b)

Austria 0.001 0.114 1.178 Schorcht et al. (2013), GNR (2014), National data: 3.72 MJ/kg clinker, 63% waste,
UN Environment (2017b) CC ratio = 0.70

Barbados 0.002 0.071 0.813 UNEP (2010a) Schorcht et al. (2013), 1.81 t limestone + 0.43 t shale /t clinker
GNR (2014), UN Environment (2017b)

Belarus 0.006 0.109 0.285 Schorcht et al. (2013), GNR (2014), National data: 0.088 g Hg/t raw mix
UN Environment (2017b)

Belgium 0.001 0.112 0.989 Schorcht et al. (2013), GNR (2014), National data: 35% waste
UN Environment (2017b)

Brazil 0.027 0.029 0.105 UNEP (2010a), Schorcht et al. (2013), ~ 2.09 t raw mix (0.02 g Hg/t) /t clinker
GNR (2014), UN Environment (2017b),
Maioli, pers. comm.

Canada 0.001 0.023 0.700 Schorcht et al. (2013), GNR (2014), National data: 3.81 MJ/kg clinker, 10% waste,
UN Environment (2017b) CCratio = 0.77,0.02 g Hg/t raw mix

China 0.013 0.071 0.885 Schorcht et al. (2013), GNR (2014), 1.5 t limestone + 1.2 t iron oxide/t clinker
Wang et al. (2014a), Zhang et al.
(2015b), UN Environment (2017b)

Cyprus 0.001 0.071 0.602 UNEP (2010a), Schorcht et al. (2013), 1.4 t limestone + 0.44 t clay + 0.01 t iron oxide
GNR (2014), UN Environment (2017b) + 0.02 t waste/t clinker

Czech Republic  0.001 0.117 1.061 Schorcht et al. (2013), GNR (2014), National data: 3.72 MJ/kg clinker, 39% waste,
UN Environment (2017b) CC ratio = 0.76

Denmark 0.011 0.024 0.419 Schorcht et al. (2013), GNR (2014), National data: 47% waste, 0.01 g Hg/t raw mix
UN Environment (2017b)

Egypt 0.001 0.122 0.848 Schorcht et al. (2013), GNR (2014), National data: 4.00 MJ/kg clinker, 3% waste,

CC ratio = 0.87



Chapter 3 - Global emissions of mercury to the atmosphere from anthropogenic sources

Table A3.6.40 continued
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Unabated emission factor (UEF) Source Notes/adjustments to reported data
Low Intermediate High  Units
Estonia 0.001 0.111 0.955 Schorcht et al. (2013), GNR (2014), National data: 31% waste
UN Environment (2017b)
Finland 0.001 0.115 1.093 Schorcht et al. (2013), GNR (2014), National data: 47% waste
UN Environment (2017b)
France 0.001 0.109 0.890 Schorcht et al. (2013), GNR (2014), National data: 3.95 MJ/kg clinker, 24% waste,
UN Environment (2017b) CCratio =0.73
Germany 0.006 0.052 0.222 Schorcht et al. (2013), GNR (2014), 3.78 MJ/kg clinker, 45% waste, CC ratio =
VDZ (2015), UN Environment (2017b) 0.70; 1.59 t limestone (0.03 g Hg/t) + 0.05 t
clay (0.08 g Hg/t) + 0.05 t fly ash (0.08 g Hg/t)
+0.01 tiron ore (0.04 g Hg/t) /t clinker
Greece 0.001 0.103 0.714 Schorcht et al. (2013), GNR (2014), National data: 3% waste
UN Environment (2017b)
Greenland 0.001 0.111 0.855 Schorcht et al. (2013), GNR (2014), National data: 3.81 MJ/kg clinker, 15% waste,
UN Environment (2017b) CC ratio = 0.77
Hungary 0.001 0.111 0.955 Schorcht et al. (2013), GNR (2014), National data: 31% waste
UN Environment (2017b)
Iceland 0.001 0.114 0.778 UNEP (2010a), Schorcht et al. (2013),  National data: 3.75 M]J/kg clinker, 27% waste,
GNR (2014), UN Environment (2017b) CC ratio = 0.73, 1.7 t raw mix/ t clinker
India 0.048 0.124 0.200 Burger Chakraborty et al. (2013), GNR  National data: total input 0.187 g Hg/t clinker,
(2014), UN Environment (2017b) CC ratio = 0.70
Ireland 0.001 0.115 1.093 Schorcht et al. (2013), GNR (2014), National data: 47% waste
UN Environment (2017b)
Italy 0.001 0.108 0.817 Schorcht et al. (2013), GNR (2014), National data: 3.58 MJ/kg clinker, 12% waste,
UN Environment (2017b) CC ratio = 0.75
Japan 0.088 0.088 0.088 GNR (2014), Suzuki, pers. comm. Country-specific mix and Hg content.
Fossil fuels excluded. CC ratio = 0.76
Latvia 0.001 0.111 0.955 Schorcht et al. (2013), GNR (2014), National data: 3.75 MJ/kg clinker, 31% waste,
UN Environment (2017b) CC ratio = 0.73
Luxemburg 0.001 0.112 0.989 Schorcht et al. (2013), GNR (2014), National data: 35% waste
UN Environment (2017b)
Mexico 0.001 0.040 0.440 Schorcht et al. (2013), GNR (2014), 1.29 t limestone + 0.002 t waste/t clinker
UN Environment (2017b), Solérzano,
pers. comm.
Morocco 0.001 0.099 0.688 Schorcht et al. (2013), GNR (2014), National data: 3.52 MJ/kg clinker, 3% waste,
UN Environment (2017b) CC ratio = 0.70
Netherlands 0.001 0.112 0.989 Schorcht et al. (2013), GNR (2014), National data: 35% waste
UN Environment (2017b)
Norway 0.001 0.115 1.093 Schorcht et al. (2013), GNR (2014), National data: 47% waste
UN Environment (2017b)
Philippines 0.001 0.112 0.834 Schorcht et al. (2013), GNR (2014), National data: 3.53 MJ/kg clinker, 10% waste,
UN Environment (2017b) CC ratio = 0.79
Poland 0.001 0.114 1.003 Schorcht et al. (2013), GNR (2014), National data: 3.82 MJ/kg clinker, 35% waste,
UN Environment (2017b) CC ratio = 0.74
Portugal 0.001 0.103 0.714 Schorcht et al. (2013), GNR (2014), National data: 3% waste
UN Environment (2017b)
Republic of 0.006 0.071 0.108 Won and Lee (2012); GNR (2014), 1.43 t limestone (0.06 g Hg/t) + 0.08 t clay
Korea Seo, pers. comm. (0.01 g Hg/t) +0.04 t fly ash (0.14 g Hg/t) +
0.04 t silica stone (0.01 g Hg/t) /t clinker;
CC ratio = 0.76
Romania 0.001 0.103 0.714 Schorcht et al. (2013), GNR (2014), National data: 3% waste
UN Environment (2017b)
Russia 0.038 0.039 0.057 Schorcht et al. (2013), GNR (2014), National data: 4.59 MJ/kg clinker, 1% waste,
UN Environment (2017b) CCratio = 0.81,0.03 g Hg/t raw mix
Slovenia 0.018 0.022 0.043 Mlakar et al. (2010), Schorcht et al. National data: 0.02 g Hg/t raw mix, 0.13 g
(2013), GNR (2014), Hg/t waste, 3% waste
UN Environment (2017b)
Spain 0.001 0.110 0.852 Schorcht et al. (2013), GNR (2014), National data: 3.70 MJ/kg clinker, 15% waste,
UN Environment (2017b) CC ratio = 0.76
Sweden 0.002 0.052 0.096 Schorcht et al. (2013), GNR (2014), National data: 3.75 MJ/kg clinker, CC ratio

Cementa (2015), UN Environment
(2017b)

=0.92; 1.64 t raw mix (0.03 g Hg/t) + 0.09 t
waste (0.12 g Hg/t) /t clinker
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Table A3.6.40 continued
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Unabated emission factor (UEF) Source Notes/adjustments to reported data
Low Intermediate High  Units

Switzerland 0.023 0.041 0.456 Schorcht et al. (2013), GNR (2014), National data: 48% waste, 0.03 g Hg/t raw mix
UN Environment (2017b)

Thailand 0.001 0.115 0.810 Schorcht et al. (2013), GNR (2014), National data: 3.30 MJ/kg clinker, 5% waste,
UN Environment (2017b) CC ratio = 0.81

Tunisia 0.001 0.099 0.688 Schorcht et al. (2013), GNR (2014), National data: 3.52 MJ/kg clinker, 3% waste,
UN Environment (2017b) CC ratio = 0.70

Turkey 0.001 0.119 0.829 Schorcht et al. (2013), GNR (2014), National data: 3.43 MJ/kg clinker, 3% waste,
UN Environment (2017b) CC ratio = 0.85

UK 0.001 0.105 0.878 Schorcht et al. (2013), GNR (2014), National data: 3.83 MJ/kg clinker, 26% waste,
UN Environment (2017b) CC ratio = 0.70

USA 0.001 0.055 0.564 UNEP (2010a), Schorcht et al. (2013),  3.87 MJ/kg clinker, 12% waste, CC ratio =

GNR (2014), UN Environment (2017b) 0.84, 1.42 t limestone (0.04 g Hg/t) /t clinker

Table A3.6.41 Comparative emission factors for cement production.

Emission factor (EF)

Source

Low Intermediate High Units

Notes/adjustments to reported data

Unabated EF

UNEP Toolkit unabated
input to air, no waste
co-incineration

UNEP Toolkit unabated
input to air, waste
co-incineration

2010 inventory, no waste
co-incineration

2010 inventory, waste
co-incineration

Abated EF

UNEP Toolkit abated
input to air, with waste
co-incineration and no
filter dust recycling

UNEP Toolkit abated
input to air, with waste
co-incineration and filter
dust recycling

CEMBUREAU

0.003

0.048

0.003

0.05

0.029

0.019

0.010

0.002

0.034

0.029

0.024

0.002

0.088

0.12

0.087

0.118

0.072

0.048

0.024

0.005

0.084

0.072

0.060

0.005

0.035

0.4

0.8

0.4

0.8

0.48

0.56

0.48

0.40

g/t
cement

UN Environment (2017b)

UN Environment (2017b)

AMAP/UNEP (2013)

AMAP/UNEP (2013)

g/t UN Environment (2017b)

cement

UN Environment (2017b)

CEMBUREAU (2010)

Default input factor 0.004-0.5 g/t; DF to air = 0.8

Default input factor 0.06-1 g/t; DF to air = 0.8.
Percentage of co-incinerated waste not specified

BREF-based mass-balance and expert evaluations
with consideration to national data; DF to air = 0.8

BREF-based mass-balance and expert evaluations
with consideration to national data; DF to air = 0.8.
Percentage of co-incinerated waste - 12%

Default input factor 0.08-0.8 g/t. Simple particle
control (ESP/PS/FF). DF=0.6

Default input factor 0.08-0.8 g/t. Optimized particle
control (FF-SNCR /FF+WS /ESP+GFD /optimized
FF). DF=0.4

Default input factor 0.08-0.8 g/t. Efficient Hg
pollution control (FF+DS / ESP+DS / ESP+WS /
ESP+SNCR). DF=0.2

Default input factor 0.08-0.8 g/t. Very efficient Hg
pollution control (wet FGD +ACI / FF +scrubber
+SNCR). DF=0.04

Default input factor 0.08-0.8 g/t. Simple particle
control (ESP/PS/FF). DF=0.7

Default input factor 0.08-0.8 g/t. Optimized particle
control (FF-SNCR /FF+WS /ESP+GFD /optimized
FF). DF=0.6

Default input factor 0.08-0.8 g/t. Efficient Hg
pollution control (FF+DS / ESP+DS / ESP+WS /
ESP+SNCR). DF=0.5

Default input factor 0.08-0.8 g/t. Very efficient Hg
pollution control (wet FGD +ACI / FF +scrubber
+SNCR). DF=0.04
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Table A3.6.42 Parameters for calculation of regional UEF for cement production (GNR, 2014).

Region Thermal energy demand, MJ/kg Fuel substitution by waste, % of Clinker/cement ratio (CC ratio), t/t
clinker thermal energy
North America 3.81 15 0.77
Central America 3.67 11 0.74
South America 3.65 6 0.65
Oceania 3.36 5 0.78
Middle East 3.43 3 0.81
CIS 4.59 1 0.81
Asia 3.36 5 0.78
Africa 3.78 3 0.75
EU-27 3.75 27 0.73

Table A3.6.43 Technology profile applied for cement production.

Abbreviations. ACI: activated carbon injection; DS: dry scrubber; ESP: electrostatic precipitator; (D/W) FGD: (dry/wet) flue gas desulfurization;
FF: fabric filter; PS: particle scrubber; SNCR: selective non-catalytic reduction; WS: wet scrubber.

Technology profile Reduction efficiency, % Degree of application, %  Source
Country group
Low Intermediate High 1 2 3 4 5
Default
Level 0: None 0 20 50 100 USEPA (2008),

Theloke et al. (2008),

Level 1: Particulate matter simple APC: Pudasainee et al. (2009a),

FE/ESP/PS 25 80 80 80 30 BREF (2010),
CEMBUREAU (2010),

Level 2: Particulate matter optimized/ NESHAP (2010);
combination APC: FF+SNCR/FF+WS/ 55 15 20 Senior (2010),
ESP+FGD/optimized FF UNEP (20104, 2011b)
Level 3: Efficient APC: 75 4
FF+DS/ESP+DS/ESP+WS/ESP+SNCR
Level 4: Very efficient APC: 95 1
WEGD + /ACI / FF + scrubber+ SNCR

Country-specific

Australia
ESP 5 50 Nelson et al. (2009)
FF 78 50

Brazil
PM: ESP or PS 25 50 Maioli, pers. comm.
PM: FF or other efficient particle control 25 50

Canada
Level 1: Particulate matter simple APC: 25 10 UNEP (2010a)
FF/ESP/PS
Level 2: Particulate matter optimized/ 55 70
combination APC: FF+SNCR/FF+WS/
ESP+FGD/optimized FF
Level 3: Efficient APC: 75 20

FF+DS/ESP+DS/ESP+WS/ESP+SNCR
China, Hong Kong

Dust removal - FF/ESP 40 100 UNEP (2010a)
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Table A3.6.43 continued
Technology profile Reduction efficiency, % Degree of application, %  Source
Country group
Low Intermediate High 1 2 3 4 5
EU28 (if not separately listed) + Norway, Iceland and Switzerland
Level 1: Particulate matter simple APC: 25 39 Group 1 default adjusted to
FF/ESP/PS reflect increased controls
due to regulation associated
Level 2: Particulate matter optimized/ 55 30 with increased use of co-
combination APC: FF+SNCR/FF+WS$/ incineration of waste
ESP+FGD/optimized FF
Level 3: Efficient APC: FF+DS/ESP+DS/ 75 30
ESP+WS/ESP+SNCR
Level 4: Very efficient APC: WFGD + /ACI 95 1
/ FF + scrubber+ SNCR
Germany
Level 2: Particulate matter optimized/ 55 75 Hoenig, pers. comm.
combination APC: FF+SNCR/FF+WS$/
ESP+FGD/optimized FF
Level 3: Efficient APC: FF+DS/ESP+DS/ 75 25
ESP+WS/ESP+SNCR
India
Uncontrolled 0 1 UNEP (2010a)
ESP 25 99
Japan
Particulate matter simple APC: FF/ESP/PS 25 80 Suzuki, pers. comm.
Particulate matter optimized/ combination 55 15
APC: FF+SNCR/FF+WS/ESP+FGD/
optimized FF
Efficient APC: FF+DS/ESP+DS/ESP+WS/ 75 4
ESP+SNCR
Very efficient APC: WEGD + /ACI / FF + 95 1
scrubber+ SNCR
Republic of Korea
Spray tower + particle control (FF) 60.5 100 Seo, pers comm.
Mexico
Particle control: FE, ESP, cyclones 25 100 Solérzano, pers. comm.
South Africa
FF + ESP 30 100 Euripidou, pers. comm.
Sweden
FF + SNCR 55 28 Hagstrom, pers. comm.
FF + scrubber+ SNCR 75 72
UK
Particulate matter control 25 26 UNEP (2010a)
FF + SNCR 50 27
ESP + WS 55 8

ESP + DS 73 39
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A3.6.14a Fossil fuel combustion in cement production

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning amount of hard coal, brown coal and
petroleum coke combustion in the cement sector.

Applied EFs: EFs for petroleum coke are shown in
Table A3.6.44. EFs for hard coal are shown in Table A3.6.1
and for brown coal in Table A3.6.4.

Comparative EFs: For hard coal and brown coal, the same
emission factors are used as in the more general coal combustion
sector (see Sections A3.6.1 and A3.6.2). For petroleum coke
combustion, comparative EFs are shown in Table A3.6.45. DF
to air is assumed to be 1 for unabated emissions.

Discussion of EFs: During the compilation of unabated
country-specific EFs, an effort was made to use as much
national data as possible.

The following literature sources were studied: CEMBUREAU
(2010), Mlakar et al. (2010), Fukuda et al. (2011), Schorcht et al.
(2013), Cementa (2015), UN Environment (2017b).

Basic assumptions during calculations of UEF: Same as for
UEF in the more general coal combustion sector (see Sections
A3.6.1 and A3.6.2).

Applied technology profile: Default and country-specific
technology profiles are harmonized with the technology
profiles in the cement production sector (Section A3.6.14).

Discussion of technology profile: Process-related emissions
(originating in raw materials) and energy-related emissions
(originating in fuels) are usually treated in the same abatement
system at cement facilities.

Comparison with UNEP Toolkit factors: The default input
factor for unspecified petroleum coke combustion in the
UNEP Toolkit (0.02 g Hg/t oil product) is about half the
emission factors used in this work.

Potential for double counting: UEFs are derived from
analysis of Hg concentration of coal and petroleum coke
combusted at cement producing facilities. Combustion in
cement production is intentionally separated from other
fuel combustion and is not accounted for in other sectors
so there is no risk of double counting.

Comparison with 2010 inventory factors: Emissions from coal
combustion in cement production were allocated to the coal
combustion sector in the 2010 inventory. Emissions from
petroleum coke combustion were included in the emission
factors for cement production in the 2010 inventory.

Gaps/needs to improve factors and profiles: Additional
information on Hg content of hard coal, brown coal and
petroleum coke in different countries.

Table A3.6.44 Unabated emission factors applied for petroleum coke combustion in cement production.

Unabated emission factor (UEF) Source Notes/adjustments to reported data
Low  Intermediate  High Units
Generic 0.010 0.040 0.370 g/t CEMBUREAU (2010), Fukuda et al. Expert estimate based on available
default petroleum  (2011), Schorcht et al. (2013), Cementa  data. Default input factor 0.01-0.37
coke (2015), UN Environment (2017b) g/t. DF=1
Country-specific
Slovenia 0.058 0.214 0.370 CEMBUREAU (2010), Mlakar et al. National data: 0.214 g Hg/t petroleum
(2010), Schorcht et al. (2013), UN coke
Environment (2017b)
USA 0.010 0.050 0.250 CEMBUREAU (2010), Schorcht etal. ~ National data: 0.05 g Hg/t petroleum

(2013), UN Environment (2017b) coke

Table A3.6.45 Comparative emission factors for petroleum coke combustion.

Emission factor (EF) Source Notes/adjustments to reported data
Low Intermediate High Units
Unabated EF
UNEP Toolkit-based 0.01 0.02 0.1 g/t petroleum UN Environment (2017b)  Default input factor (Hg content of
unabated input to air coke petroleum coke) 0.01-0.1 g/t; DF=1
Abated EF
EMEP/EEA 0.01 0.049 0.24 g/tclinker EMEP/EEA (2016) Industrial combustion. Abatement

not specified
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A3.6.15 Oil refining

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning amount of crude oil refined.

Applied EFs: These are shown in Table A3.6.46.
Comparative EFs. These are shown in Table A3.6.47.

Discussion of EFs: Regional and global UEFs are based on
weighted averages derived from national UEFs. The values
used for regional/global Hg content of crude oils are generally
similar to those suggested by IPIECA (2012). The 2015 inventory
continues to use a value of 25% as the factor for emissions to air
is higher than that suggested by IPIECA (8%, based on studies
at five San Francisco Bay refineries, McGuire et al., 2009) but
consistent with values given by UNEP (2011b; provided by
Petroleum Association of Japan for Japanese refineries, and
reported by US-EPA (Wilhelm, 2001) cited by IKIMP (2012)).

The application of the 25% value is one of the main factors
in discrepancies between current GMA estimates and
estimates made by IPIECA in comments to the GMA 2013
and information conveyed by R. Cox (pers. comm.) during
preparation of the 2015 inventory. Lack of new measurement
data from a more representative range of refineries continues
to be an obstacle to resolving this question.

The following literature sources were studied: Wilhelm et al.
(2007), EMEP/EEA (2009), UNEP (2011b), BREF (2012),
IKIMP (2012), IPIECA (2012), Petroleum Association of
Japan, pers. comm.

Basic assumptions during calculations of UEF: (1) UEFs are
based on information concerning Hg content of crude oils
produced in different countries (mainly from Wilhelm et al.,
2007 and Petroleum Association of Japan, pers. comm.;

Table A3.6.46 Unabated emission factors (UEFs) applied for oil refining.

Technical Background Report to the Global Mercury Assessment 2018

and assume that 25% of the Hg in refined oil is emitted to
air (UNEP, 20011b; IKIMP, 2012) (2) Where a country’s
production exceeds its consumption, it is assumed that
the refined oil is from national sources. Where national
consumption exceeds production (or there is no national
production) assumptions are made regarding the proportions
of the refined oil that are obtained from different (national,
regional and global) sources, and use is made of national,
regional and global UEFs accordingly (3) The oil extraction
stage and transport prior to refining is not included although
these activities can potentially give rise to significant releases
of Hg (UNEP,2011b) (4) Combustion of fuels in oil refineries
is accounted for separately as stationary combustion.

Applied technology profile: This is shown in Table A3.6.48.

Discussion of technology profile: It was assumed that APCDs
are either absent at oil refineries, or are inefficient at reducing
Hg emissions to air from this source.

Comparison with UNEP Toolkit factors: The default factor
used (0.0034 g/t crude oil refined) is significantly lower than
the UNEP Toolkit default factor of 0.038 g/t crude oil refined.

Potential for double counting: UEFs are derived from analysis
of Hg concentration of (refined) crude oil. Fuels consumed
at oil refineries are not included so there is no risk of double
counting.

Comparison with 2005 inventory factors: Emissions from oil
refining were not included in the 2005 inventory.

Gaps/needs to improve factors and profiles: Additional
information on Hg content of oil from different sources
(countries and fields), and on the volumes, sources and Hg
content of the oil refined in different countries/refineries.

Unabated emission factor

Low Intermediate  High

Source/Notes (adjustments to reported data)
Units

Generic default factor Not used
Algeria 0.003325
Angola 0.0004

Argentina 0.004025
Australia 0.001191
Austria 0.001806
Azerbaijan 0.00025

Bahrain 0.000368
Bangladesh 0.001806
Belarus 0.001131
Belgium 0.001806
Brazil 0.000966
Brunei Darussalam 0.00065

Bulgaria 0.001806
Canada 0.001081
Chile 0.000966
China 0.005066
Columbia 0.00085

g/t crude oil refined Weighted average of national estimates and their

proportional contribution to global supply.

g/t crude oil refined Wilhelm et al., 2007; Petroleum Association of Japan,

pers. comm., UNEP, 2011b; IKIMP, 2012; Cox, pers.
comm.
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Table A3.6.46 continued
Unabated emission factor Source/Notes (adjustments to reported data)

Intermediate Units
Congo 0.000843
Croatia 0.001131
Cuba 0.000835 g/t crude oil refined
Czech Republic 0.001806
Denmark 0.000437
Dominican Republic 0.000835
Ecuador 0.000966
Egypt 0.001928
Finland 0.001806
France 0.001806
Gabon 0.00025
Germany 0.001806
Ghana 0.000843
Greece 0.001806
Hungary 0.001806
India 0.014716
Indonesia 0.012973
Iran 0.000525
Iraq 0.000175
Ireland 0.001806
Israel 0.000368
Italy 0.001806
Ivory Coast 0.000075
Jamaica 0.000835
Japan 0.00739
Jordan 0.000368
Kazakhstan 0.001131
Kenya 0.000843
Korea- Rep. of 0.00739
Kuwait 0.00025
Kyrgystan 0.001131
Libya 0.001928
Malaysia 0.009425
Mexico 0.0009
Morocco 0.001928
Myanmar 0.012973
Netherlands 0.001806
New Zealand 0.000521
Nicaragua 0.000835
Nigeria 0.00075
Norway 0.004875
Oman 0.000375
Pakistan 0.001806
Peru 0.000966
Philippines 0.012973
Poland 0.001806
Portugal 0.001806
Qatar 0.0005
Romania 0.001806
Russia 0.000775
Saudi Arabia 0.000375
Senegal 0.000843
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Table A3.6.46 continued
Unabated emission factor Source/Notes (adjustments to reported data)
Low Intermediate  High Units
Singapore 0.012973
Slovakia 0.001806
South Korea 0.012973 g/t crude oil refined
Spain 0.001806
Sri Lanka 0.001806
Sudan 0.0085
Sweden 0.001806
Switzerland 0.001131
Syrian Arab Rep. 0.000368
Taiwan 0.012973
Tajikistan 0.001131
Thailand 0.012973
Trinidad and Tobago 0.000835
Tunisia 0.001928
Turkey 0.000368
Turkmenistan 0.001131
Ukraine 0.001131
United Arab Emirates 0.000425
United Kingdom 0.001806
United States 0.001294
Uruguay 0.000966
Uzbekistan 0.001131
Venezuela 0.00105
Vietnam 0.016625
Yemen 0.000368
Central America and the Caribbean 0.000845 g/t crude oil refined Weighted average based on national estimates and
. their proportional contribution to global supply for
East and Southeast Asia 0.013 countries within region.
Europe 0.00113
South America 0.000966
South Asia 0.0276
Sub-Saharan Africa 0.000843
Table A3.6.47 Comparative emission factors for oil refining.
Emission factor (EF) Source Notes/adjustments to reported data
Low Intermediate  High Units

Unabated EF

UNEP Toolkit input to air ~ 0.001 0.038 0.075 g/tcrude  UNEP (2011b)  Default input factor (Hg content of crude oil)

oil refined 5-300 mg/t (mean value 55 mg/t); DF to air = 0.25

UEF based on BREF Hg 0.008 0.016 0.025 g/tcrude UNEP (2011b), Input factor (Hg content of crude oil) 30-100 mg/t

concentrations oil refined BREF (2012b)  (BREF range); DF to air = 0.25 (UNEP, 2011b)
Abated EF

EMEP/EEA 0.002 0.0051 0.015 g/tcrude EMEP/EEA Abatement not specified

oil refined (2009)
Table A3.6.48 Technology profile applied for oil refining.
Technology profile Reduction efficiency, % Degree of application, % Source
Country group
Low Intermediate High 1 2 3 4 5

Default

None 0 100 100 100 100 100
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A3.6.16 Chlor-alkali industry

Basis for 2015 emission estimates: UEFs and technology
employed to reduce emissions from this sector, applied to
activity data concerning chlorine (Cl,) production capacity
(or production where available) using Hg-cell technology
are the same as in the GMA 2013 (AMAP/UNEP, 2013).

Activity data have been updated where available, in particular
for European countries based on 2015 data from OSPAR
(2015, 2016) and Euro Chlor (2017) sources, and for some
other countries including India from national reports on the
closure or conversion of production plants using mercury-
cell technology. For a number of other countries, however,
updated activity data are lacking and older data were applied.

Applied UEFs: These are shown in Table A3.6.49.
Comparative EFs: These are shown in Table A3.6.50.

Discussion of EFs: The following sources were studied:
OSPAR (2011), UNEP (2011b), national information received
from: Argentina, Brazil, India (Corporate Responsibility for
Environmental Protection (CREP) Charter); Romania, and
LRTAP sources.

OSPAR (2015) reported ranges of Hg emissions in 2014
of 0.125-1.15 g/t Cl,. Approximately 10 plants reporting
emissions to OSPAR in 2010 were shut-down or converted
(or partially converted) to membrane technology production.
Of the 19 plants still reporting mercury emissions, only
two still report emissions >1 g/t (compared to five plants
in 2007 and 17 plants in 2005) and most plants emitting
around 0.5 g/t.

Applied technology profile: This is shown in Table A3.6.51.

Discussion of technology profile: The EC Reference Document
on Best Available Techniques in the Chlor-alkali Industry

identifies the Hg-free membrane process as BAT. In as far
as chlor-alkali production based on Hg-cell technology is
concerned; much of the abatement potential lies in applying
best practices and good management of operations. As
such, technological abatement is represented as BAP in the
technology profile, with reduction effectiveness based on
reported national data largely for the OSPAR region. For
India, information was used describing application within
the chlor-alkali industry in India of the CREP Charter which
incorporates: complete recycling of Hg-bearing effluent;
treatment of cell-room ventilation gas; reduction of Hg in
hydrogen gas; installation of a salt washery unit; installation
of Hg distillation units; brine sludge treatment and disposal
in secured landfill.

Comparison with UNEP Toolkit factors: In this work,
the applied UEFs were based on the low-intermediate
ranges of the UNEP Toolkit (UNEP, 2011b) default factors
reflecting trends in reductions in Hg consumption in the
chlor-alkali industry in recent years; this also converged
estimates towards recently reported national emissions
estimates for some countries. Recent research, however,
indicates that commonly applied emission estimation
approaches do not always include (potentially significant)
fugitive emissions.

Potential for double counting: There is no identified
potential double counting associated with estimates for
the chlor-alkali sector.

Gaps/needs to improve factors and profiles: Information
on potential Hg releases associated with non-standard
operating conditions (accidental releases) in developed
countries, and improvements in applied technology and
BAP in other countries.
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Table A3.6.49 Unabated emission factors applied for the chlor-alkali industry.

Unabated emission factor (UEF)

Notes/adjustments to reported data

Low  Intermediate  High Units
Generic default 20 g/t Cl, UNEP (2011b) UNEP Toolkit low-intermediate
capacity (unaccounted consumption considered
released)
Country-specific
Argentina 3.75 10 21.6 g/t Cl, National comments (5.8 g/t):
production Intermediate: 57.88 g/t Cl, produced

(DF=0.1); 15% of production
High: 215.97 g/t CL, produced (DF=0.1);
3.3 % of production;
Low: 15.34 g/t Cl, produced (DF=0.245);
82% of production

Brazil 10

Italy 20 g/tCl,  OSPAR(2011) Based on OSPAR (2011)

capacity

Sweden 0.5 OSPAR (2011) Based on OSPAR (2011)

OSPAR countries (Belgium, Finland, 2.5 OSPAR (2011) Based on OSPAR (2011) and UNEP

France, Germany, Spain, Switzerland) Toolkit (with assumed on-/off-site

excluding the UK storage/recycling/ dumping)

Other Group 1 and 2 countries 5 UNEP (2011b) UNEP Toolkit low (with assumed on-/
off-site storage/recycling/ dumping)

Group 3 countries 10 UNEP (2011b) UNEP Toolkit low-intermediate

(with assumed on-/off-site storage/
recycling/ dumping)

Table A3.6.50 Comparative emission factors for the chlor-alkali industry.

Emission factor (EF) Source Notes/adjustments to reported data
Low Intermediate  High Units
Unabated EF
5 42 80 g/t Cl, UNEP For production using Hg-cell technology; 0.2 of total release is to air

produced  (2011b) (unaccounted consumption considered released)

2.5 21 40 g/t Cl, UNEP For production using Hg-cell technology; 0.1 of total release is to air (with
produced  (2011b) assumed on-/off-site storage/recycling/ dumping)

22 18.6 355  g/tNaOH  UNEP For production using Hg-cell technology (with assumed on-/off-site
produced  (2011b) storage/recycling/ dumping). For conversion between a Cl,-basis and an

NaOH basis, the following factor can be used: g/t NaOH = g/t CL,/1.128
(based on European Commission, 2001b cited in UNEP, 2011b)

Table A3.6.51 Technology profile applied for the chlor-alkali industry.

Abbreviation. BEP: best environmental practices.

Technology profile Reduction efficiency, % Degree of application, % Source
Country group
Low Intermediate High 1 2 4 5

Default

Level 0: None 0 100 100

Level 1: advanced BEP 50 100 100
Country-specific

India 50 100
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A3.6.17 Vinyl chloride monomer (VCM) production and recycling of mercury catalyst

Basis for 2015 emission estimates: National information
and information from literature, in combination with Hg
consumption data for vinyl chloride monomer (VCM)
production by world region from UN Environment (2017b).

Applied UEFs: These are shown in Table A3.6.52.
Comparative EFs: These are shown in Table A3.6.53.
Discussion of EFs: The EFs used are country-specific.

Applied output distribution factors: These are shown in
Table A3.6.54.

Discussion of output distribution factors: The distribution
factors to air from VCM production as well as the fractions
of catalyst Hg that goes to recycling are based on country-
specific data. The distribution factor for Hg to air from

Table A3.6.52 Unabated emission factors applied for VCM production

recycling of spent catalyst is based on Lin et al. (2016), and
applied to all countries.

Comparison with UNEP Toolkit factors: In the UNEP
Toolkit (UN Environment, 2017b) the default factor is
120 (100-140) g Hg/t VCM produced. The default output
distribution factor to air is 0.02 from VCM production and
0.6 to ‘sector specific treatment’

Gaps/needs to improve factors and profiles: Up to date national
information in general, but especially regarding recycling
practices, and the extent of the use of low-Hg catalyst in
Chinese industry. According to current estimates recycling
of the Hg chloride catalyst contributes more to air emissions
than the actual VCM production.

Unabated emission factor (UEF) Source Notes/adjustments to reported data
Low Average High Unit
VCM production
Country-specific
China 49 86.9 97 gHg/t VCM  Lin etal. (2016), UNIDO  Average from UNIDO (2016), low and
produced  (2016) high values from Lin et al. (2016)
India* n.a.
Russian Federation 96.07 National information

*Emission estimate for India based on estimated consumption of Hg in catalyst in South Asia region from UN Environment (2017a).

Table A3.6.53 Comparative emission factors for VCM production.

Unabated emission factor (UEF) Source Notes/adjustments to reported
Low Intermediate High Units data
VCM production 100 120 140 gHg/t VCM  UN Environment (2017b) UN Environment (2017b)
produced Toolkit default input factor
Table A3.6.54 Applied output distribution factors.
Hg output distribution factors Source Notes/adjustments to reported data

Units

Factor to air from VCM production

China 0.01 Fraction of
catalyst Hg

India 0.005

Russian Federation 0.02

To recycling of catalyst

China 0.75 Fraction of

. catalyst Hg to
India 0.5 recycling
Russian Federation 0.6

Factor to air from recycling

Default 0.05

Lin et al. (2016)

Wang?, pers. comm.
Burger Chakraborty et al. (2013)

National information

Russia: assumption that amount to sector
specific treatment = recycling

Burger Chakraborty et al. (2013)

National information

Lin et al. (2016)

* Information based on: Mercury Emission and Release Inventory of Chinese Key Mercury-Involved Industries in 2014 from the preliminary assessment

project of the Minamata Convention in China (unpublished).
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A3.7 Methodology for calculating uncertainty ranges

For the majority of the estimates presented in this report,
country-sector emission estimates were derived using the
general equation:

Emission = Activity x UEF x (1 - Abatement)

where Activity represents the amount of, for example, product
produced or fuel/raw material consumed, UEF is the associated
(unabated) emission factor, and Abatement represents the
proportion of the emission that is avoided, for example by the
application of air pollution control devices.

Each of the three terms Activity, UEF and Abatement have
associated uncertainties (represented in the current work by
high and low bound values for the factor concerned), which
combine to generate an overall (uncertainty) range for the
estimated emission value.

In general, uncertainties associated with UEFs and
Abatement are likely to contribute more to uncertainty in the
overall emission estimates than those associated with Activity
data. This is particularly the case for sectors such as non-ferrous
metal production where the metal and mercury (Hg) content
of ores can vary widely but information on these values for
different countries and regions is very limited compared with
production statistics. The EMEP/EEA (2009) air pollutant
emission inventory guidebook assigns uncertainties associated
with activity data (not specific to Hg) of the order of £5-10%.

Evaluation of uncertainties associated with (emission
factor-based) estimates depends on the procedures involved.
For estimates based on a small number of measurements at
representative facilities or engineering calculations based on
assumptions alone — which between them cover most Hg
emissions estimates — the uncertainties are typically considered
to be of the order of £50% to + an order of magnitude.

Three approaches to calculating, and combining, the
uncertainties associated with country-sector based emission
estimates were compared:

(i) Approach applied in the GMA 2013

A relatively crude (and intentionally conservative) approach
was adopted to provide some quantification of the scale of
uncertainties in the estimates presented in the GMA 2013
(see Table A3.7.1).

Of the three major components contributing to the
uncertainties associated with the emission estimates, only those
associated with Activity data and UEFs were addressed, by
introducing into the emission calculations, respectively, the ‘high’
and ‘low’ bound values for each of these factors. The high and
low bound values were established as described in Table A3.7.1.
Uncertainties associated with Abatement were not considered.

For emissions based on Hg consumption in intentional use
sectors, and associated waste handling, upper and lower range
estimates were produced using the respective upper and lower
ranges of the Hg consumption data. These however do not reflect
the considerable uncertainties associated with the assumptions
made regarding Hg flow in waste streams and associated emission
factors. Consequently, uncertainties in estimates associated
with these sectors were assigned at + a factor of 3. Uncertainties
associated with the assumptions regarding assignment of

countries to particular ‘country groupings for applied technology
or waste handling procedures were not taken into account.

Uncertainty ranges for combined country-sector estimates
(e.g., global, regional or sectoral totals) were established by
simply summing high/low range values to obtain a maximum
and minimum range value for the aggregated emissions.

(ii) Introducing uncertainty associated with air pollution
control technology assumptions

In a modified version of the GMA 2013 approach, an attempt
was made to introduce uncertainties associated with Abatement.
High range emissions estimates were established using the high
Activity and UEF bounds (as described in (i)’) together with
a low bound for Abatement; and conversely for the low bound
emission estimate.

The high and low bounds for Abatement were established
by considering ‘average reduction efficiency’ under various
technology profiles, defined as the sum of the (weighted)
abatement. The calculation of the average reduction efficiency
for iron and steel production in country group 1 (48.7%) is
illustrated in Table A3.7.2. The average reduction efficiency
may also be derived by dividing the emission estimate by the
activity data set and the unabated emission factor.

Uncertainty associated with the removal efficiency was then
categorized into four different profiles, based on the average
removal efficiency for that particular activity, see Table A3.7.3.
It should be noted that this approach was only applied for
‘by-product’ sectors; no uncertainty on the removal efficiency
was applied in the case of estimated emissions from ASGM or
intentional-use waste streams.

As with approach (i)} uncertainty ranges for combined
country-sector estimates (e.g., global, regional or sectoral totals)
were established by summing high/low range values to obtain a
maximum and minimum range value for the aggregated emissions.

(iii) Employing the propagation of errors method to
evaluate uncertainties associated with aggregated estimates

Error propagation is a method for combining uncertainties
associated with individual estimates when these are aggregated.
In the current assessment, an approach based on the procedure
recommended in the IPCC guidelines for calculating the
uncertainty for greenhouse gas emissions (Frey et al., 2006)
was used to determine uncertainty ranges associated with
aggregated inventory emissions estimates (i.e., regional, sectoral
and global emission totals).

The combined uncertainty for one activity (i.e., a national-
sector/activity emission estimate) is calculated according the
following equation:

— 2 2 2
Ucombinea= _|Uip + Usr + Uggr
where:

Uip:  Uncertainty associated with the activity data, see
Table A3.7.1

Uver: Uncertainty associated with the unabated emissions
factor, see Table A3.7.1

Urr:  Uncertainty associated with the average reduction
efficiency, see Table A3.7.3
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Table A3.7.1 Procedures adopted for calculating low/high range emissions estimates.

Lower range estimate Upper range estimate Source
Activity data derived from IEA/official ~ OECD 0.95 x Activity data 1.05 x Activity data Modified after
national sources countries EMEP/EEA, 2009
Non-OECD 0.90 x Activity data 1.10 x Activity data Modified after
countries EMEP/EEA, 2009
Activity data derived from other sources 0.70 x Activity data 1.30 x Activity data Based on
AMAP/UNEP 2008
Unabated EFs All countries 0.7 x UEF* for coal sectors; 1.3 x UEF* for coal sectors; Assumptions applied
0.5 x UEF* or 0.25 x UEF 1.5 x UEF* or 1.75 x UEF in the GMA 2013
for all other sectors for all other sectors
Emissions estimates for intentional-use 0.3 x mid-range estimate 3 x mid-range estimate
waste stream emissions and emissions
from cremations
Emissions estimates for ASGM Mid-range estimate minus Mid-range estimate plus
15-100% depending on 15-100% depending on
country country
*UEF - as tabulated in this E-Annex, Section A3.6.
Table A3.7.2 Default technology profile applied for pig iron and steel production for country group 1.
Technology Emission reduction Degree of application, % Weighted reduction
efficiency, % efficiency, %
Standard APC: ESP/CYC/FGD (sinter plant) 20 30 6
Efficient APC: ESP+FGD/ACT/ESP+ACT (sinter plant) 55 60 33
Very efficient APC: ESP+ACT/RAC (sinter plant) 97 10 9.7
Average reduction efficiency 48.7

Abbreviations. ACP: air pollution control; ACT: activated carbon tower; CYC: cyclone; ESP: electrostatic precipitator; FGD: flue gas desulfurization;
RAC: regenerative activated carbon process.

Table A3.7.3 Procedures adopted for calculating low/high range technology profiles.

Abatement profile Average reduction Upper range estimate Lower range estimate Source
efficiency range, %
Low 0-30 0 reduction 1.4 x Average reduction Assumptions applied
efficiency in this work
Medium 30-50 0.8 x Average reduction 1.2 x Average reduction Assumptions applied
efficiency efficiency in this work
High 50-85 0.9 x Average reduction 1.1 x Average reduction Assumptions applied
efficiency efficiency in this work
Very high 85-100 0.95 x Average reduction 1.05 x Average reduction Assumptions applied

efficiency

efficiency (with a maximum

bound of 99.99%)

in this work

The maximum (i.e., quantitatively largest) uncertainty
derived using the assumptions quantified in Tables A3.7.2 and
A3.7.3 were employed. Uncertainties associated with Activity
data and Abatement (technology profiles) were assumed to be
symmetrically distributed around the mean. However, this was
not always the case for Abatement, as cut-offs were applied to
the bound values for technology profiles to eliminate cases
where the (average) Hg removal efficiency would exceed 100%
or be lower than 0%.

Since the unabated emission factor is dependent on the Hg
content of the fuel/raw material, UEFs were assumed to be log-
normally distributed. This reflects common properties of such
materials; see for example Wu et al. (2010) for the Hg content of
coal, Hylander and Herbert (2008) for the Hg content of non-
ferrous metal ores, and Section A3.6.15 for the Hg content of
crude oils. The uncertainty around the UEF was thus assigned
to a high and a low range uncertainty using the geometric mean
and geometric standard deviation. Although this is different
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to the assumptions made in approaches ‘(i) and ‘(ii)}, the low
and high bounds in Table A3.7.1 are still used to derive an
asymmetric distribution with ‘comparable spread.

The geometric mean is calculated by the following equation:

In (1+ (%)2)
2

= e
where:

U Geometric mean

w:  Arithmetic mean, the unabated emission factor used

in this study
Uver: 'The maximal uncertainty for the unabated emission
factor

The geometric standard deviation is calculated by the
following equation:
2
o= In (1+(%)
where:
0,  Geometric standard deviation

The high and low uncertainty for the unabated emission
factor is derived using two logarithmic transformations:

eln(pg) -1.96- ln(ag)_ ‘l/l
Uueglon = *100
“
In(ug) +1.96 - In(ag) _
e\ & [,{
Uuernign = 7“1 -100

The following equation is used for combining the
uncertainty:

Ututal :j (eel ) Ucombined,1)2 + (eeZ 'Ucombined,2>2 Feee (een 'Ucumbined,n)z
EE EE EE

where:
ee:  Emission estimate for one activity in one country
EE: Emission estimate for the combined inventory. In
this study the combined inventory is calculated at a
global, sector and subcontinent level

The IPCC guidelines are primarily developed for calculating
uncertainties associated with greenhouse gas emission estimates.
Uncertainties associated with, for example, anthropogenic
carbon dioxide emission factors are relatively small compared
with those for Hg. The results of applying the error propagation
method to Hg emissions may therefore be weak in some
cases. Underestimation or overestimation of the uncertainties
may also be a consequence where: (1) distributions are not
distributed symmetrically around the mean or (2) correlations
exist between the activity data, the technology profiles and the
unabated emission factor.

Notwithstanding these limitations, the uncertainty
estimates obtained using the propagation of errors approach
are considered to better represent the scale of the uncertainties
for aggregated inventory estimates than those achieved by
simply summing uncertainties for individual (country-sector)
emission estimates.

Technical Background Report to the Global Mercury Assessment 2018
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A3.8 Activity data and sources used to prepare estimates of 2015
mercury emissions to air

Country Country name Sector code Activity code Activity amount Units Year  Source

code

AFG Afghanistan BIO PSB - DR 106086.7325 1] 2015 IEA (2017)
BIO PSB - IND 4618.211542 T 2015 IEA (2017)
CEM CEM 102 kt 2014  USGS (2017a)
NEMP-AU GP-L 40 kg 2015  USGS (2017b)
OR CO-OR 468.7363233 kt 2015 IEA (2017)
SC-DR-gas NG-DR 2356.390576 TJ 2015 1EA (2017)*
SC-DR-oil CO-HF-DR 29.15584786 kt 2015 1EA (2017)*
SC-DR-oil CO-LF-DR 746.4644638 kt 2015 IEA (2017)*
SC-IND-coal BC-IND-OTH 8.971030111 kt 2015 1EA (2017)*
SC-IND-coal HC-IND-OTH 630.5886582 kt 2015 IEA (2017)
SC-IND-oil CO-HEF-IND 63.91858954 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 69.89927628 kt 2015 1EA (2017)*
SC-PP-coal HC-B-PP 165.964057 kt 2015 IEA (2017)
SC-PP-gas NG-PP 2572.442884 T] 2015 IEA (2017)
SC-PP-oil CO-HF-PP 329.3115636 kt 2015 1EA (2017)*
SC-PP-oil CO-LF-PP 430.6094453 kt 2015 IEA (2017)

ALB Albania BIO PSB - DR 8136 TJ 2015 1EA (2017)
BIO PSB - IND 419 TJ 2015 1EA (2017)
CEM CEM 2200 kt 2014 USGS (2017a)
CEM PC-CEM 47 kt 2015 IEA (2017)
OR CO-OR 276 kt 2015 IEA (2017)
SC-DR-coal HC-DR 5 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 737 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 196 kt 2015 IEA (2017)
SC-IND-gas NG-IND 519 TJ 2015 1EA (2017)
SC-IND-oil CO-HF-IND 1 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 7 kt 2015 1EA (2017)
SC-PP-gas NG-PP 754 TJ 2015 1EA (2017)
SSC SP-S 560 kt 2014  World Steel Association (2015)

DZA Algeria BIO PSB - DR 84 1] 2015 1EA (2017)
BIO PSB - IND 167 1] 2015 1EA (2017)
CEM CEM 21000 kt 2014  USGS (2017a)
CSP CSP-C 14 kt 2010 UNEP (2011e)
NFMP ZN-P 15000 t 2015 USGS (2017b)
NEMP-AU GP-L 200 kg 2015 USGS (2017b)
OR CO-OR 25106 kt 2015 IEA (2017)
PISP PIP 360 kt 2014 USGS (2017a)
SC-DR-gas NG-DR 380873 T 2015 1EA (2017)
SC-DR-oil CO-DR 6 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 9525 kt 2015 1EA (2017)
SC-IND-gas NG-IND 159685 T] 2015 1EA (2017)
SC-IND-oil CO-LF-IND 672 kt 2015 IEA (2017)
SC-PP-gas NG-PP 897524 T 2015 1EA (2017)
SC-PP-oil CO-LF-PP 421 kt 2015 1IEA (2017)

(

SC-PP-oil CO-PP 608 kt 2015 IEA (2017)



3-96 Technical Background Report to the Global Mercury Assessment 2018

Country Country name Sector code Activity code Activity amount Units Year  Source

code

AGO Angola BIO PSB - DR 185757 TJ 2015 1EA (2017)
BIO PSB - IND 5395 T 2015 IEA (2017)
CEM CEM 2500 kt 2014  USGS (2017a)
CSP CSP-C 10 kt 2010 UNEP (2011e)
OR CO-OR 2647 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 2825 kt 2015 IEA (2017)
SC-IND-gas NG-IND 29260 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 39 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 136 kt 2015 IEA (2017)
SC-PP-oil CO-HF-PP 42 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 1136 kt 2015 1EA (2017)

ATG Antigua BIO PSB - DR 96.11011345 TJ 2015 IEA (2017)*
BIO PSB - IND 386.7109149 TJ 2015 IEA (2017)*
BIO PSB - PP 126.9070198 TJ 2015 1EA (2017)*
OR CO-OR 47.13967581 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 9.885696476 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 23.47244188 TJ 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 2.094014525 kt 2015 1EA (2017)*
SC-DR-oil CO-LF-DR 50.20765058 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 1.071356268 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 6.330741586 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 3.603652903 kt 2015 1EA (2017)*
SC-PP-gas NG-PP 1498.778721 TJ 2015 1EA (2017)*
SC-PP-oil CO-HEF-PP 76.50457717 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 56.2949021 kt 2015 IEA (2017)*

ARG Argentina BIO PSB - DR 10561 TJ 2015 IEA (2017)
BIO PSB - IND 34928 TJ 2015 1EA (2017)
BIO PSB - PP 30121 TJ 2015 1EA (2017)
CEM CEM 11408 kt 2014 USGS (2017a)
CSp CSp-P 100 kt 2015 UNEP (2013)
NFMP AL-P 440 kt 2015 USGS (2017b)
NFMP PB-P 8000 t 2015 USGS (2017b)
NFMP ZN-P 30000 t 2015 USGS (2017b)
NFMP-AU GP-L 64000 kg 2015 USGS (2017b)
NFMP-HG HG-P 25 t 2015  USGS (2017b)
OR CO-OR 26695 kt 2015 IEA (2017)
PISP PIP 2766 kt 2014 USGS (2017a)
SC-DR-gas NG-DR 615023 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 241 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 10009 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 7 kt 2015 IEA (2017)
SC-IND-gas NG-IND 336216 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 177 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 111 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 908 kt 2015 1EA (2017)
SC-PP-gas NG-PP 986403 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 3435 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 1952 kt 2015 1EA (2017)
SC-PP-oil CO-PP 91 kt 2015 1EA (2017)

SSC SP-S 2740 kt 2014  World Steel Association (2015)
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Country Country name Sector code Activity code Activity amount Units Year  Source

code

ARM Armenia BIO PSB - DR 7965 T 2015 IEA (2017)
BIO PSB - IND 1 T 2015 IEA (2017)
CEM CEM 427 kt 2014 USGS (2017a)
NFMP CU-P 11600 t 2015  USGS (2017b)
NFMP-AU GP-L 5500 kg 2015  USGS (2017b)
SC-DR-gas NG-DR 43451 T] 2015 IEA (2017)
SC-DR-oil CO-LF-DR 128 kt 2015 IEA (2017)
SC-IND-gas NG-IND 7995 T] 2015 IEA (2017)
SC-IND-oil CO-LF-IND 1 kt 2015 1EA (2017)
SC-PP-gas NG-PP 25295 TJ 2015 IEA (2017)

ABW Aruba BIO PSB - DR 116.6201755 TJ 2015 IEA (2017)*
BIO PSB - IND 503.0365589 T 2015 1EA (2017)*
BIO PSB - PP 165.0816361 T 2015 IEA (2017)*
OR CO-OR 61.3196561 kt 2015 1EA (2017)*
SC-DR-coal HC-DR 12.85939069 kt 2015 1EA (2017)*
SC-DR-gas NG-DR 30.53313454 TJ 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 2.723910343 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 65.31050148 kt 2015 1EA (2017)*
SC-IND-gas NG-IND 1.393628548 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 8.235077781 kt 2015 1EA (2017)*
SC-IND-oil CO-LF-IND 4.68765966 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 1949.622991 TJ 2015 IEA (2017)*
SC-PP-oil CO-HEF-PP 99.51774765 kt 2015 IEA (2017)*
SC-PP-oil CO-LE-PP 73.2288455 kt 2015 IEA (2017)*

AUS Australia BIO PSB - DR 50117 T 2015 IEA (2017)

(and Christmasls) g PSB - IND 115318 T) 2015 1IEA (2017)

BIO PSB - PP 20555 T 2015 IEA (2017)
CEM CEM 9000 kt 2014 USGS (2017a)
NEMP AL-P 1645 kt 2015 USGS (2017b)
NFMP CU-P 442000 t 2015  USGS (2017b)
NFMP PB-P 182000 t 2015 USGS (2017b)
NFMP ZN-P 489594 t 2015  USGS (2017b)
NFMP-AU GP-L 277800 kg 2015 USGS (2017b)
OR CO-OR 22850 kt 2015 1EA (2017)
PISP PIP 3282 kt 2014 USGS (2017a)
SC-DR-coal BC-DR 14 kt 2015 1EA (2017)
SC-DR-coal HC-DR 5 kt 2015 IEA (2017)
SC-DR-gas NG-DR 232516 TJ 2015 1EA (2017)
SC-DR-oil CO-HF-DR 58 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 15378 kt 2015 1EA (2017)
SC-IND-coal BC-IND-CEM 414 kt 2015 1EA (2017)
SC-IND-coal BC-IND-NFM 1615 kt 2015 1EA (2017)
SC-IND-coal BC-IND-OTH 202 kt 2015 1EA (2017)
SC-IND-coal HC-IND-CEM 337 kt 2015 1EA (2017)
SC-IND-coal HC-IND-NFM 432 kt 2015 1EA (2017)
SC-IND-coal HC-IND-OTH 595 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 51 kt 2015 1EA (2017)
SC-IND-gas NG-IND 358622 TJ 2015 1EA (2017)
SC-IND-oil CO-HF-IND 242 kt 2015 1EA (2017)
SC-IND-oil CO-IND 15 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 2945 kt 2015 1EA (2017)
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Country Country name Sector code Activity code Activity amount Units Year  Source

code
SC-PP-coal BC-L-PP 64847 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 20531 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 23625 kt 2015 1EA (2017)
SC-PP-gas NG-PP 887922 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 224 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 3387 kt 2015 IEA (2017)
SC-PP-oil CO-PP 53 kt 2015 1EA (2017)
SSC SP-S 1034 kt 2014  World Steel Association (2015)

AUT Austria BIO PSB - DR 76425 TJ 2015 IEA (2017)
BIO PSB - IND 45057 T 2015 IEA (2017)
BIO PSB - PP 69890 TJ 2015 IEA (2017)
CEM CEM 4400 kt 2014 USGS (2017a)
CEM PC-CEM 48 kt 2015 IEA (2017)
OR CO-OR 8881 kt 2015 IEA (2017)
PISP PIP 6029 kt 2014 USGS (2017a)
SC-DR-coal BC-DR 2 kt 2015 IEA (2017)
SC-DR-coal HC-DR 7 kt 2015 1EA (2017)
SC-DR-gas NG-DR 85850 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 30 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 6797 kt 2015 1EA (2017)
SC-IND-coal BC-IND-CEM 91 kt 2015 1EA (2017)
SC-IND-coal HC-IND-CEM 29 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 130 kt 2015 1EA (2017)
SC-IND-gas NG-IND 116443 TJ 2015 1EA (2017)
SC-IND-oil CO-HF-IND 123 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 358 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 966 kt 2015 1EA (2017)
SC-PP-gas NG-PP 100856 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 288 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 4 kt 2015 1EA (2017)
SSC SP-S 691 kt 2014  World Steel Association (2015)

AZE Azerbaijan BIO PSB - DR 3020 TJ 2015 IEA (2017)
BIO PSB - IND 11 TJ 2015 1EA (2017)
CEM CEM 2867 kt 2014 USGS (2017a)
CSP CSP-C 145 kt 2010 UNEP (2011e)
NEFMP AL-P 50 kt 2015 USGS (2017b)
NFMP-AU GP-L 2229 kg 2015  USGS (2017b)
OR CO-OR 6215 kt 2015 IEA (2017)
SC-DR-gas NG-DR 118375 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 3 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 1082 kt 2015 IEA (2017)
SC-IND-gas NG-IND 42204 T] 2015 IEA (2017)
SC-IND-oil CO-HE-IND 13 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 50 kt 2015 IEA (2017)
SC-PP-gas NG-PP 239641 T] 2015 IEA (2017)
SC-PP-oil CO-HF-PP 389 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 5 kt 2015 1EA (2017)

SSC SP-S 180 kt 2014  World Steel Association (2015)
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Country Country name Sector code Activity code Activity amount Units Year  Source

code

BHS Bahamas BIO PSB - DR 337.4989668 TJ 2015 IEA (2017)*
BIO PSB - IND 1450.034468 TJ 2015 IEA (2017)*
BIO PSB - PP 475.858182 TJ 2015 IEA (2017)*
OR CO-OR 176.7577591 kt 2015 1EA (2017)*
SC-DR-coal HC-DR 37.06800113 kt 2015 1EA (2017)*
SC-DR-gas NG-DR 88.01367757 TJ 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 7.851842604 kt 2015 1EA (2017)*
SC-DR-oil CO-LF-DR 188.2616215 kt 2015 1EA (2017)*
SC-IND-gas NG-IND 4.017221798 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 23.7381288 kt 2015 1EA (2017)*
SC-IND-oil CO-LF-IND 13.51247332 kt 2015 1EA (2017)*
SC-PP-gas NG-PP 5619.910694 TJ 2015 IEA (2017)*
SC-PP-oil CO-HEF-PP 286.8661565 kt 2015 1EA (2017)*
SC-PP-oil CO-LE-PP 211.0867454 kt 2015 1EA (2017)*

BHR Bahrain CEM CEM 1500 kt 2014 USGS (2017a)
NFMP AL-P 960.643 kt 2015 USGS (2017b)
OR CO-OR 13356 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 322 kt 2015 IEA (2017)
SC-IND-gas NG-IND 41447 T] 2015 IEA (2017)
SC-PP-gas NG-PP 467228 T] 2015 IEA (2017)
SC-PP-oil CO-HF-PP 4 kt 2015 IEA (2017)

BGD Bangladesh BIO PSB - DR 380136 T] 2015 IEA (2017)
CEM CEM 17000 kt 2014 USGS (2017a)
OR CO-OR 1209 kt 2015 IEA (2017)
SC-DR-gas NG-DR 187182 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 2759 kt 2015 1EA (2017)
SC-IND-coal BC-IND-OTH 32 kt 2015 1EA (2017)
SC-IND-coal HC-IND-CEM 3978 kt 2015 1EA (2017)
SC-IND-gas NG-IND 162597 TJ 2015 1EA (2017)
SC-IND-oil CO-HF-IND 13 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 199 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 546 kt 2015 1EA (2017)
SC-PP-gas NG-PP 556783 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 923 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 470 kt 2015 1EA (2017)
SSC SP-S 90 kt 2014  World Steel Association (2015)

BRB Barbados BIO PSB - DR 302.1548251 TJ 2015 IEA (2017)
BIO PSB - IND 855.1512978 T 2015 IEA (2017)*
BIO PSB - PP 280.63522 T 2015 IEA (2017)*
CEM CEM 160 kt 2014  USGS (2017a)
OR CO-OR 104.2420925 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 21.86068675 kt 2015 TEA (2017)*
SC-DR-gas NG-DR 51.90567001 T 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 4.630588818 kt 2015 TEA (2017)*
SC-DR-oil CO-LF-DR 111.0264435 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 2.369138465 T 2015 TEA (2017)*
SC-IND-oil CO-HEF-IND 13.99945457 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 7.968920292 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 3314.317025 T 2015 IEA (2017)*
SC-PP-oil CO-HE-PP 169.178024 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 124.4874575 kt 2015 IEA (2017)*
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Country Country name Sector code Activity code Activity amount Units Year  Source

code

BLR Belarus BIO PSB - DR 23529 TJ 2015 IEA (2017)
BIO PSB - IND 2136 TJ 2015 IEA (2017)
BIO PSB - PP 29984 TJ 2015 IEA (2017)
CEM CEM 5618 kt 2014 USGS (2017a)
OR CO-OR 23003 kt 2015 IEA (2017)
SC-DR-coal HC-DR 11 kt 2015 IEA (2017)
SC-DR-gas NG-DR 95481 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 10 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 2584 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 633 kt 2015 IEA (2017)
SC-IND-gas NG-IND 43299 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 22 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 118 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 2 kt 2015 IEA (2017)
SC-PP-gas NG-PP 530949 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 490 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 17 kt 2015 IEA (2017)
SSC SP-S 2513 kt 2014  World Steel Association (2015)

BEL Belgium BIO PSB - DR 22916 T 2015 IEA (2017)
BIO PSB - IND 26672 TJ 2015 IEA (2017)
BIO PSB - PP 31708 TJ 2015 IEA (2017)
CEM CEM 6100 kt 2014 USGS (2017a)
CEM PC-CEM 25 kt 2015 IEA (2017)
CSP CSP-C 315 kt 2015 OSPAR (2016)
NFMP ZN-P 260000 t 2015 USGS (2017b)
OR CO-OR 32051 kt 2015 IEA (2017)
PISP PIP 4388 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 120 kt 2015 IEA (2017)
SC-DR-gas NG-DR 239014 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 1 kt 2015 IEA (2017)
SC-DR-oil CO-LEF-DR 10638 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 235 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 70 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 77 kt 2015 IEA (2017)
SC-IND-gas NG-IND 173874 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 56 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 241 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 775 kt 2015 IEA (2017)
SC-PP-gas NG-PP 186523 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 32 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 6 kt 2015 IEA (2017)
SSC SP-S 2379 kt 2014  World Steel Association (2015)

BLZ Belize BIO PSB - DR 361.1761002 TJ 2015 IEA (2017)*
BIO PSB - IND 517.253726 TJ 2015 IEA (2017)*
BIO PSB - PP 169.7472875 TJ 2015 IEA (2017)*
OR CO-OR 63.05271462 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 13.22283168 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 31.3960831 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 2.800895381 kt 2015 IEA (2017)*
SC-DR-oil CO-LE-DR 67.15635203 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 1.433016241 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 8.467823244 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 4.820145539 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 2004.724584 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 102.330387 kt 2015 IEA (2017)*

SC-PP-oil CO-LF-PP 75.29848977 kt 2015 IEA (2017)*
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Country Country name Sector code Activity code Activity amount Units Year  Source

code

BEN Benin BIO PSB - DR 60207 TJ 2015 IEA (2017)
BIO PSB - IND 377 T] 2015 IEA (2017)
CEM CEM 1396 kt 2014  USGS (2017a)
SC-DR-oil CO-LF-DR 669 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 41 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 25 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 41 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 72 kt 2015 IEA (2017)

BMU  Bermuda BIO PSB - DR 72.98612579 TJ 2015 IEA (2017)
BIO PSB - IND 1066.415553 TJ 2015 IEA (2017)*
BIO PSB - PP 349.9658648 TJ 2015 IEA (2017)*
OR CO-OR 129.994995 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 27.2613471 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 64.72891282 TJ 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 5.774571061 kt 2015 IEA (2017)*
SC-DR-oil CO-LE-DR 138.4554131 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 2.954431706 T 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 17.45800553 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 9.937633919 kt 2015 1EA (2017)*
SC-PP-gas NG-PP 4133.115664 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 210.9732822 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 155.2419569 kt 2015 IEA (2017)*

BTN Bhutan BIO PSB - DR 2416.992257 TJ 2015 IEA (2017)*
BIO PSB - IND 454.0966101 TJ 2015 IEA (2017)*
CEM CEM 690 kt 2014  USGS (2017a)
OR CO-OR 46.08961142 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 231.6976957 T 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 2.866817935 kt 2015 IEA (2017)*
SC-DR-oil CO-LEF-DR 73.39788995 kt 2015 1EA (2017)*
SC-IND-coal BC-IND-OTH 0.882097826 kt 2015 1EA (2017)*
SC-IND-coal HC-IND-OTH 62.00412636 kt 2015 1EA (2017)*
SC-IND-oil CO-HE-IND 6.284947011 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 6.873012229 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 16.31880978 kt 2015 1EA (2017)*
SC-PP-gas NG-PP 252.9415516 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 32.38034103 kt 2015 1EA (2017)*
SC-PP-oil CO-LF-PP 42.34069566 kt 2015 IEA (2017)*

BOL Bolivia BIO PSB - DR 18647 TJ 2015 1EA (2017)
BIO PSB - IND 20567 T 2015 1EA (2017)
BIO PSB - PP 4611 TJ 2015 IEA (2017)
CEM CEM 3500 kt 2014 USGS (2017a)
NFMP-AU GP-L 12170 kg 2015  USGS (2017b)
OR CO-OR 2943 kt 2015 IEA (2017)
SC-DR-gas NG-DR 30086 T] 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1425 kt 2015 IEA (2017)
SC-IND-gas NG-IND 31751 TJ 2015 1EA (2017)
SC-IND-oil CO-LF-IND 88 kt 2015 1EA (2017)
SC-PP-gas NG-PP 74155 TJ 2015 IEA (2017)
SC-PP-oil CO-LF-PP 57 kt 2015 1EA (2017)
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BIH Bosnia-Herzegovina BIO PSB - DR 56406 TJ 2015 IEA (2017)
BIO PSB - IND 1532 Ty 2015 IEA (2017)
BIO PSB - PP 128 TJ 2015 IEA (2017)
CEM CEM 840 kt 2014 USGS (2017a)
CEM PC-CEM 3 kt 2015 IEA (2017)
NEMP AL-P 100 kt 2015 USGS (2017b)
OR CO-OR 926 kt 2015 IEA (2017)
PISP PIP 860 kt 2014 USGS (2017a)
SC-DR-coal BC-DR 641 kt 2015 IEA (2017)
SC-DR-gas NG-DR 2754 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 3 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 873 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 68 kt 2015 IEA (2017)
SC-IND-coal BC-IND-NFM 163 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 36 kt 2015 IEA (2017)
SC-IND-gas NG-IND 3378 T] 2015 IEA (2017)
SC-IND-oil CO-HF-IND 20 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 65 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 5151 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 5759 kt 2015 IEA (2017)
SC-PP-gas NG-PP 2056 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 114 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 48 kt 2015 IEA (2017)

BWA Botswana BIO PSB - DR 23156 TJ 2015 IEA (2017)
CEM CEM 370 kt 2014 USGS (2017a)
NFMP CU-P 13900 t 2015 USGS (2017b)
NEMP-AU GP-L 756 kg 2015 USGS (2017b)
SC-DR-coal HC-DR 7 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 367 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 75 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 11 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 158 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 1657 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 36 kt 2015 IEA (2017)

BRA Brazil BIO PSB - DR 386923 TJ 2015 IEA (2017)
BIO PSB - IND 1242148 TJ 2015 IEA (2017)
BIO PSB - PP 913298 TJ 2015 IEA (2017)
CEM CEM 71254 kt 2015 National information
CEM PC-CEM 4366 kt 2015 IEA (2017)
CSP CSP-P 221.3 kt 2015 National information
NFMP AL-P 772.2 kt 2015 USGS (2017b)
NEMP CU-P 156000 t 2015 USGS (2017b)
NEMP ZN-P 230000 t 2015 USGS (2017b)
NFMP-AU GP-L 73.09 t 2015 National information
OR CO-OR 98480.796 kt 2015 National information
PISP PIP 27803.302 kt 2015 National information
SC-DR-gas NG-DR 123097 Ty 2015 IEA (2017)
SC-DR-oil CO-HF-DR 809 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 41833 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 156 kt 2015 IEA (2017)

SC-IND-coal BC-IND-OTH 1483 kt 2015 IEA (2017)
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SC-IND-coal HC-IND-CEM 114 kt 2015 IEA (2017)
SC-IND-coal HC-IND-NFM 1209 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 398 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 3727 kt 2015 1EA (2017)
SC-IND-gas NG-IND 438042 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 2304 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 1108 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 2700 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 3081 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 4131 kt 2015 IEA (2017)
SC-PP-gas NG-PP 957940 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 3716 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 3733 kt 2015 IEA (2017)
SSC SP-S 7877 kt 2014  World Steel Association (2015)

VGB British Virgin Islands BIO PSB - DR 34.78371776 TJ 2015 IEA (2017)*
BIO PSB - IND 250.8543886 T] 2015 IEA (2017)*
BIO PSB - PP 82.32294883 TJ 2015 IEA (2017)
OR CO-OR 30.57890041 kt 2015 IEA (2017)
SC-DR-coal HC-DR 6.41272395 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 15.22627066 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 1.358360245 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 32.56905612 kt 2015 IEA (2017)
SC-IND-gas NG-IND 0.694975009 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 4.10667051 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 2.337643213 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 972.2384483 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 49.62753362 kt 2015 1EA (2017)*
SC-PP-oil CO-LF-PP 36.51777776 kt 2015 IEA (2017)*

BRN Brunei Darussalam CEM CEM 350 kt 2014 USGS (2017a)
OR CO-OR 348 kt 2015 IEA (2017)
SC-DR-gas NG-DR 736 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 164 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 119 kt 2015 1EA (2017)
SC-PP-gas NG-PP 79669 TJ 2015 IEA (2017)
SC-PP-oil CO-LF-PP 11 kt 2015 IEA (2017)

BGR Bulgaria BIO PSB - DR 30961 T] 2015 IEA (2017)
BIO PSB - IND 10572 TJ 2015 IEA (2017)
BIO PSB - PP 1603 T] 2015 IEA (2017)
CEM CEM 1850 kt 2014 USGS (2017a)
CEM PC-CEM 112 kt 2015 IEA (2017)
NEMP CU-P 302000 t 2015 USGS (2017b)
NFMP PB-T 90000 t 2015 USGS (2017b)
NEMP ZN-P 75100 t 2015 USGS (2017b)
NFMP-AU GP-L 7300 kg 2015 USGS (2017b)
OR CO-OR 6037 kt 2015 IEA (2017)
SC-DR-coal BC-DR 93 kt 2015 IEA (2017)
SC-DR-coal HC-DR 155 kt 2015 IEA (2017)
SC-DR-gas NG-DR 18365 T 2015 IEA (2017)
SC-DR-oil CO-HF-DR 20 kt 2015 IEA (2017)
SC-DR-oil CO-LE-DR 1937 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 12 kt 2015 IEA (2017)
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SC-IND-coal BC-IND-OTH 3 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 103 kt 2015 1EA (2017)
SC-IND-coal HC-IND-OTH 150 kt 2015 1EA (2017)
SC-IND-gas NG-IND 42746 T 2015 1EA (2017)
SC-IND-oil CO-HF-IND 29 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 45 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 33410 kt 2015 IEA (2017)
SC-PP-coal HC-A-PP 50 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 595 kt 2015 IEA (2017)
SC-PP-gas NG-PP 40675 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 39 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 2 kt 2015 1EA (2017)
SSC SP-S 612 kt 2014  World Steel Association (2015)

BFA Burkina Faso BIO PSB - DR 172942.8463 T] 2015 IEA (2017)*
BIO PSB - IND 4460.436244 TJ 2015 IEA (2017)*
BIO PSB - PP 1595.745004 TJ 2015 IEA (2017)*
CEM CEM 403 kt 2014 USGS (2017a)
NFMP-AU GP-L 36210 kg 2015 USGS (2017b)
SC-DR-coal HC-DR 7.252601469 kt 2015 1EA (2017)*
SC-DR-oil CO-LF-DR 243.3075112 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 7.51162295 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 2.417533823 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 44.29267325 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 12.17400961 kt 2015 1EA (2017)*
SC-IND-oil CO-LF-IND 42.39318239 kt 2015 1EA (2017)*
SC-PP-coal HC-B-PP 63.54660334 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 1672.847065 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 57.58910928 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 119.1498813 kt 2015 IEA (2017)*

BDI Burundi BIO PSB - DR 98131.76638 T 2015 1EA (2017)*
BIO PSB - IND 1191.037445 TJ 2015 IEA (2017)*
BIO PSB - PP 426.1000379 TJ 2015 IEA (2017)*
CEM CEM 70 kt 2014 USGS (2017a)
NFMP-AU GP-L 500 kg 2015  USGS (2017b)
SC-DR-coal HC-DR 1.936608764 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 64.96861307 kt 2015 1EA (2017)*
SC-IND-coal HC-IND-OTH 2.005773363 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 0.645536255 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 11.82714638 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 3.25073614 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 11.31993933 kt 2015 1EA (2017)*
SC-PP-coal HC-B-PP 16.96838155 kt 2015 1EA (2017)*
SC-PP-gas NG-PP 446.6880335 TJ 2015 IEA (2017)*
SC-PP-oil CO-HEF-PP 15.37759578 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 31.81571541 kt 2015 IEA (2017)*

KHM Cambodia BIO PSB - DR 88123 TJ 2015 IEA (2017)
BIO PSB - IND 37089 TJ 2015 1EA (2017)
BIO PSB - PP 545 TJ 2015 1EA (2017)
CEM CEM 1400 kt 2014 USGS (2017a)

SC-DR-oil CO-LE-DR 1029 kt 2015 IEA (2017)
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SC-IND-coal BC-IND-CEM 27 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 26 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 29 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 1208 kt 2015 1EA (2017)
SC-PP-oil CO-HF-PP 45 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 15 kt 2015 IEA (2017)

CMR Cameroon BIO PSB - DR 197640 T] 2015 IEA (2017)
BIO PSB - PP 717 T] 2015 IEA (2017)
CEM CEM 1300 kt 2014 USGS (2017a)
NFMP AL-P 90 kt 2015  USGS (2017b)
NFMP-AU GP-L 1500 kg 2015 USGS (2017b)
OR CO-OR 1793 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 630 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 113 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 8 kt 2015 1EA (2017)
SC-PP-gas NG-PP 10984 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 94 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 210 kt 2015 IEA (2017)

CAN Canada BIO PSB - DR 125680 TJ 2015 IEA (2017)
BIO PSB - IND 236905 TJ 2015 IEA (2017)
BIO PSB - PP 110778 TJ 2015 1EA (2017)
CEM CEM 11879 kt 2014 USGS (2017a)
CEM PC-CEM 452 kt 2015 1EA (2017)
NFMP AL-P 2880.035 kt 2015 USGS (2017b)
NFMP CU-P 280000 t 2015 USGS (2017b)
NEMP PB-P 128000 t 2015  USGS (2017b)
NEMP ZN-P 683118 t 2015 USGS (2017b)
NFMP-AU GP-L 152747 kg 2015 USGS (2017b)
OR CO-OR 65871 kt 2015 1EA (2017)
PISP PIP 6728 kt 2014 USGS (2017a)
SC-DR-coal BC-DR 19 kt 2015 IEA (2017)
SC-DR-gas NG-DR 1403184 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 1001 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 23337 kt 2015 1EA (2017)
SC-IND-coal BC-IND-CEM 413 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 217 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 413 kt 2015 IEA (2017)
SC-IND-coal HC-IND-NFM 298 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 279 kt 2015 IEA (2017)
SC-IND-gas NG-IND 661611 TJ 2015 1EA (2017)
SC-IND-oil CO-HF-IND 614 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 2811 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 8847 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 24479 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 2899 kt 2015 1EA (2017)
SC-PP-gas NG-PP 2136026 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 800 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 1948 kt 2015 IEA (2017)
SSC SP-S 5007 kt 2014  World Steel Association (2015)
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CPV Cape Verde BIO PSB - DR 4987.7007 TJ 2015 IEA (2017)*
BIO PSB - IND 491.8577893 TJ 2015 IEA (2017)*
BIO PSB - PP 175.9647638 TJ 2015 IEA (2017)*
SC-DR-coal HC-DR 0.799753282 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 26.82981843 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 0.828315899 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 0.266584427 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 4.884207543 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 1.342443009 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 4.67474835 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 7.007362089 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 184.4669028 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 6.350421893 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 13.13880392 kt 2015 IEA (2017)*

CYM Cayman Islands BIO PSB - DR 58.32152499 T] 2015 IEA (2017)*
BIO PSB - IND 435.5202162 TJ 2015 IEA (2017)*
BIO PSB - PP 142.9247807 TJ 2015 IEA (2017)*
OR CO-OR 53.08948109 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 11.13343457 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 26.43505153 TJ 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 2.358313726 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 56.54468492 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 1.206579116 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 7.129785683 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 4.058493389 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 1687.949338 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 86.16071776 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 63.40024808 kt 2015 IEA (2017)*

CAF Central African BIO PSB - DR 49252.24837 TJ 2015 IEA (2017)*

Republic BIO PSB - IND 448.3354948 T) 2015 IEA (2017)f

BIO PSB - PP 160.3944294 TJ 2015 IEA (2017)
SC-DR-coal HC-DR 0.728986693 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 24.45576788 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 0.755021932 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 0.242995564 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 4.452025877 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 1.223656235 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 4.261100791 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 6.38731198 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 168.1442522 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 5.788501482 kt 2015 IEA (2017)*
SC-PP-oil CO-LE-PP 11.97620996 kt 2015 IEA (2017)*

TCD Chad BIO PSB - DR 106254.5147 TJ 2015 IEA (2017)*
BIO PSB - IND 4191.278814 TJ 2015 IEA (2017)*
BIO PSB - PP 1499.452489 TJ 2015 IEA (2017)*
CEM CEM 200 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 6.814955583 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 228.6255337 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 7.058346854 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 2.271651861 TJ 2015 IEA (2017)
SC-IND-oil CO-HEF-IND 41.61990731 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 11.43938973 kt 2015 IEA (2017)*
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SC-IND-oil CO-LF-IND 39.83503799 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 59.71199178 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 1571.901957 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 54.11399255 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 111.9599846 kt 2015 IEA (2017)*

CHL Chile BIO PSB - DR 69396 TJ 2015 IEA (2017)
BIO PSB - IND 81345 TJ 2015 IEA (2017)
BIO PSB - PP 149448 TJ 2015 IEA (2017)
CEM CEM 5000 kt 2014 USGS (2017a)
CEM PC-CEM 288 kt 2015 IEA (2017)
NEMP CU-P 1496200 t 2015 USGS (2017b)
NEMP-AU GP-L 42501 kg 2015 USGS (2017b)
OR CO-OR 8502 kt 2015 IEA (2017)
PISP PIP 584 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 5 kt 2015 1EA (2017)
SC-DR-gas NG-DR 28187 TJ 2015 1EA (2017)
SC-DR-oil CO-HF-DR 275 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 4536 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 1 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 393 kt 2015 IEA (2017)
SC-IND-gas NG-IND 35858 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 486 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 2772 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 11179 kt 2015 IEA (2017)
SC-PP-gas NG-PP 100203 Ty 2015 IEA (2017)
SC-PP-oil CO-HE-PP 153 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 502 kt 2015 IEA (2017)
SSC SP-S 382 kt 2014  World Steel Association (2015)

CHN China (and Hong BIO PSB - DR 3377056 TJ 2015 IEA (2017)

i%r;%;tfe{‘; Eeporte 4  BIO PSB - PP 777971 TJ 2015 IEA (2017)

CEM CEM 2492000 kt 2014 USGS (2017a)
CSP CSP-C 81 kt 2010 UNEP (2011e)
NFMP AL-P 31400 kt 2015 USGS (2017b)
NEMP CU-P 5500000 t 2015 USGS (2017b)
NEMP PB-P 2850000 t 2015 USGS (2017b)
NEMP ZN-T 6100000 t 2015 USGS (2017b)
NFMP-AU GP-L 450000 kg 2015 USGS (2017b)
NEMP-HG HG-P 1200 t 2015 National information
OR CO-OR 531992 kt 2015 IEA (2017)
PISP PIP 711600 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 198964 kt 2015 IEA (2017)
SC-DR-gas NG-DR 2649321 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 5978 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 152155 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 297537 kt 2015 IEA (2017)
SC-IND-coal HC-IND-NFM 19701 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 262489 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 102091 kt 2015 IEA (2017)
SC-IND-gas NG-IND 1791798 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 3808 kt 2015 IEA (2017)
SC-IND-oil CO-IND 2066 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 17239 kt 2015 IEA (2017)
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SC-PP-coal HC-B-PP 2118802 kt 2015 IEA (2017)
SC-PP-gas NG-PP 2468684 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 3318 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 2967 kt 2015 IEA (2017)
SC-PP-oil CO-PP 4596 kt 2015 IEA (2017)
SSC SP-S 49938 kt 2014 World Steel Association (2015)
VCM VCM-P 1217000 kg 2015 National information
VCM VCM-R 912750 kg 2015 Linetal. (2016)

COL Colombia BIO PSB - DR 84450 TJ 2015 IEA (2017)
BIO PSB - IND 30874 T] 2015 IEA (2017)
BIO PSB - PP 23179 TJ 2015 IEA (2017)
CEM CEM 12384 kt 2014 USGS (2017a)
CSp CSP-C 22 kt 2010 UNEP (2011e)
NFMP-AU GP-L 59202 kg 2015 USGS (2017b)
OR CO-OR 14038 kt 2015 IEA (2017)
PISP PIP 234 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 114 kt 2015 IEA (2017)
SC-DR-gas NG-DR 86364 T 2015 IEA (2017)
SC-DR-oil CO-HF-DR 18 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 5967 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 563 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 608 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 259 kt 2015 IEA (2017)
SC-IND-gas NG-IND 113481 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 63 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 226 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 2994 kt 2015 IEA (2017)
SC-PP-gas NG-PP 180586 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 44 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 67 kt 2015 IEA (2017)
SC-PP-oil CO-PP 228 kt 2015 IEA (2017)
SSC SP-S 910 kt 2014  World Steel Association (2015)

COM  Comoros BIO PSB - DR 7134.248247 TJ 2015 IEA (2017)
BIO PSB - IND 162.3548581 TJ 2015 IEA (2017)*
BIO PSB - PP 58.0833218 TJ 2015 IEA (2017)*
SC-DR-coal HC-DR 0.263986529 kt 2015 IEA (2017)*
SC-DR-oil CO-LE-DR 8.856119513 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 0.273414619 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 8.80E-02 TJ 2015 IEA (2017)*
SC-IND-oil CO-HEF-IND 1.612203446 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 0.443120245 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 1.543064117 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 2.313024827 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 60.88975002 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 2.096178749 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 4.33692155 kt 2015 IEA (2017)*

COG Congo BIO PSB - DR 45126 TJ 2015 IEA (2017)
CEM CEM 460 kt 2014 USGS (2017a)
NFMP-AU GP-L 150 kg 2015 USGS (2017b)
OR CO-OR 804 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 454 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 24 kt 2015 IEA (2017)

SC-PP-gas NG-PP 9410 TJ 2015 1EA (2017)
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COK Cook Islands BIO PSB - DR 32.04981922 TJ 2015 IEA (2017)
BIO PSB - IND 9.032123015 TJ 2015 IEA (2017)
OR CO-OR 0.916736727 kt 2015 IEA (2017)
SC-DR-gas NG-DR 4.608539335 TJ 2015 1EA (2017)
SC-DR-oil CO-HF-DR 5.70E-02 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1.459906893 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 0.017545201 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 1.233281386 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 0.125009554 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 0.136706354 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 0.32458621 kt 2015 IEA (2017)
SC-PP-gas NG-PP 5.031086248 T] 2015 IEA (2017)
SC-PP-oil CO-HF-PP 0.644055069 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 0.842169625 kt 2015 1EA (2017)

CRI Costa Rica BIO PSB - DR 6233 TJ 2015 1EA (2017)
BIO PSB - IND 18870 TJ 2015 1EA (2017)
BIO PSB - PP 1314 TJ 2015 1EA (2017)
CEM CEM 1500 kt 2014 USGS (2017a)
NFMP-AU GP-L 400 kg 2015 USGS (2017b)
SC-DR-oil CO-HF-DR 5 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 896 kt 2015 1EA (2017)
SC-IND-coal HC-IND-CEM 1 kt 2015 1EA (2017)
SC-IND-oil CO-HF-IND 99 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 59 kt 2015 1EA (2017)
SC-PP-oil CO-HF-PP 32 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 1 kt 2015 IEA (2017)

HRV Croatia BIO PSB - DR 48644 TJ 2015 IEA (2017)
BIO PSB - IND 1272 TJ 2015 IEA (2017)
BIO PSB - PP 2189 T 2015 1EA (2017)
CEM CEM 2345 kt 2014 USGS (2017a)
CEM PC-CEM 167 kt 2015 1EA (2017)
OR CO-OR 2863 kt 2015 IEA (2017)
SC-DR-coal BC-DR 8 kt 2015 1EA (2017)
SC-DR-gas NG-DR 29610 TJ 2015 1EA (2017)
SC-DR-oil CO-HF-DR 9 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1590 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 3 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 26 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 75 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 3 kt 2015 IEA (2017)
SC-IND-gas NG-IND 15851 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 23 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 113 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 8 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 873 kt 2015 1EA (2017)
SC-PP-gas NG-PP 27706 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 185 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 6 kt 2015 IEA (2017)
SSC SP-S 167 kt 2014  World Steel Association (2015)
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CUB Cuba BIO PSB - DR 2426 TJ 2015 IEA (2017)
BIO PSB - IND 42083 TJ 2015 IEA (2017)
BIO PSB - PP 13051 TJ 2015 IEA (2017)
CEM CEM 1580 kt 2014 USGS (2017a)
CSp CSpP-C 7 kt 2010 UNEP (2011e)
OR CO-OR 5239 kt 2015 IEA (2017)
SC-DR-gas NG-DR 2437 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 562 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 632 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 3 kt 2015 IEA (2017)
SC-IND-gas NG-IND 14730 TJ 2015 IEA (2017)
SC-IND-oil CO-HEF-IND 1199 kt 2015 IEA (2017)
SC-IND-oil CO-IND 851 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 401 kt 2015 IEA (2017)
SC-PP-gas NG-PP 29500 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 1608 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 463 kt 2015 IEA (2017)
SC-PP-oil CO-PP 2440 kt 2015 IEA (2017)
SSC SP-S 256 kt 2014  World Steel Association (2015)

CUW Curagao OR CO-OR 9232 kt 2015 IEA (2017)
SC-DR-oil CO-LE-DR 272 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 127 kt 2015 IEA (2017)
SC-PP-oil CO-HF-PP 277 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 16 kt 2015 IEA (2017)

CYP Cyprus BIO PSB - DR 161 TJ 2015 IEA (2017)
BIO PSB - IND 154 T 2015 IEA (2017)
CEM CEM 735 kt 2014 USGS (2017a)
CEM PC-CEM 128 kt 2015 IEA (2017)
SC-DR-oil CO-HE-DR 3 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 355 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 6 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 22 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 10 kt 2015 IEA (2017)
SC-PP-oil CO-HE-PP 858 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 91 kt 2015 IEA (2017)

CZE Czech Republic BIO PSB - DR 74423 TJ 2015 IEA (2017)
BIO PSB - IND 19831 TJ 2015 IEA (2017)
BIO PSB - PP 26065 TJ 2015 IEA (2017)
CEM CEM 3691 kt 2014 USGS (2017a)
OR CO-OR 7223 kt 2015 IEA (2017)
PISP PIP 4152 kt 2014 USGS (2017a)
SC-DR-coal BC-DR 1483 kt 2015 IEA (2017)
SC-DR-coal HC-DR 349 kt 2015 IEA (2017)
SC-DR-gas NG-DR 137047 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 12 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 4222 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 14 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 746 kt 2015 IEA (2017)
SC-IND-coal BC-IND-PIP 16 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 164 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 69 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 60 kt 2015 IEA (2017)

SC-IND-gas NG-IND 96678 TJ 2015 IEA (2017)
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SC-IND-oil CO-HEF-IND 17 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 58 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 34218 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 3612 kt 2015 IEA (2017)
SC-PP-gas NG-PP 58020 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 23 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 20 kt 2015 IEA (2017)
SSC SP-S 354 kt 2014  World Steel Association (2015)

COD Dem. Rep. of Congo BIO PSB - DR 587094 TJ 2015 IEA (2017)

(Zaire) BIO PSB - IND 128213 T) 2015 IEA(2017)

BIO PSB - PP 3014 TJ 2015 IEA (2017)
CEM CEM 330 kt 2014 USGS (2017a)
NFMP-AU GP-L 37000 kg 2015 USGS (2017b)
SC-DR-oil CO-LF-DR 538 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 16 kt 2015 IEA (2017)
SC-PP-gas NG-PP 46 TJ 2015 IEA (2017)
SC-PP-oil CO-LF-PP 3 kt 2015 IEA (2017)
SSC SP-S 30 kt 2014  World Steel Association (2015)

DNK Denmark BIO PSB - DR 43549 TJ 2015 IEA (2017)
BIO PSB - IND 4553 TJ 2015 IEA (2017)
BIO PSB - PP 57903 TJ 2015 IEA (2017)
CEM CEM 1876 kt 2014 USGS (2017a)
CEM PC-CEM 209 kt 2015 IEA (2017)
OR CO-OR 7336 kt 2015 IEA (2017)
SC-DR-coal HC-DR 31 kt 2015 IEA (2017)
SC-DR-gas NG-DR 37308 T] 2015 IEA (2017)
SC-DR-oil CO-HF-DR 5 kt 2015 IEA (2017)
SC-DR-oil CO-LE-DR 3076 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 81 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 69 kt 2015 IEA (2017)
SC-IND-gas NG-IND 30298 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 43 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 169 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 2966 kt 2015 IEA (2017)
SC-PP-gas NG-PP 65015 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 56 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 23 kt 2015 IEA (2017)

DJI Djibouti BIO PSB - DR 7566.822641 TJ 2015 IEA (2017)
BIO PSB - IND 367.3578674 TJ 2015 IEA (2017)*
BIO PSB - PP 131.4242486 T] 2015 IEA (2017)*
CEM CEM 350 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 0.597318303 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 20.03860689 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 0.6186511 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 0.199106101 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 3.647908209 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 1.002641437 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 3.491467701 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 5.233646085 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 137.774311 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 4.742991765 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 9.813086409 kt 2015 IEA (2017)*
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DMA Dominica BIO PSB - DR 76.53270501 TJ 2015 1EA (2017)*
BIO PSB - IND 139.6163174 TJ 2015 IEA (2017)*
BIO PSB - PP 45.81792256 TJ 2015 IEA (2017)*
OR CO-OR 17.01909019 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 3.569086063 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 8.474381686 TJ 2015 1EA (2017)*
SC-DR-oil CO-HF-DR 0.756013304 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 18.12673759 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 0.386797504 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 2.285621617 kt 2015 1EA (2017)*
SC-IND-oil CO-LF-IND 1.301046151 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 541.1121269 TJ 2015 IEA (2017)*
SC-PP-oil CO-HEF-PP 27.62085815 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 20.32445068 kt 2015 IEA (2017)*

DOM Dominican Republic BIO PSB - DR 17567 TJ 2015 IEA (2017)
BIO PSB - IND 9727 TJ 2015 IEA (2017)
BIO PSB - PP 650 TJ 2015 IEA (2017)
CEM CEM 4800 kt 2014 USGS (2017a)
NFMP-AU GP-L 30816 kg 2015 USGS (2017b)
OR CO-OR 841 kt 2015 IEA (2017)
SC-DR-gas NG-DR 933 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 627 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 108 kt 2015 1EA (2017)
SC-IND-coal HC-IND-OTH 3 kt 2015 1EA (2017)
SC-IND-gas NG-IND 3819 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 107 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 99 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 946 kt 2015 IEA (2017)
SC-PP-gas NG-PP 36589 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 1585 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 624 kt 2015 IEA (2017)

ECU Ecuador BIO PSB - DR 8913 T] 2015 IEA (2017)
BIO PSB - IND 15300 TJ 2015 IEA (2017)
BIO PSB - PP 11464 T 2015 IEA (2017)
CEM CEM 6600 kt 2014 USGS (2017a)
NEFMP-AU GP-L 7112 kg 2015  USGS (2017b)
OR CO-OR 6742 kt 2015 IEA (2017)
SC-DR-gas NG-DR 13 T] 2015 IEA (2017)
SC-DR-oil CO-HF-DR 30 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 3147 kt 2015 1EA (2017)
SC-IND-gas NG-IND 575 TJ 2015 1EA (2017)
SC-IND-oil CO-HF-IND 267 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 917 kt 2015 1EA (2017)
SC-PP-gas NG-PP 25310 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 1579 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 826 kt 2015 IEA (2017)
SC-PP-oil CO-PP 353 kt 2015 IEA (2017)

SSC SP-S 667 kt 2014  World Steel Association (2015)
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EGY Egypt BIO PSB - DR 73259 TJ 2015 IEA (2017)
CEM CEM 49000 kt 2014 USGS (2017a)
NEMP AL-P 300 kt 2015 USGS (2017b)
NEMP-AU GP-L 13700 kg 2015 USGS (2017b)
OR CO-OR 26087 kt 2015 IEA (2017)
PISP PIP 550 kt 2014 USGS (2017a)
SC-DR-gas NG-DR 86491 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 340 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 9939 kt 2015 IEA (2017)
SC-IND-gas NG-IND 198522 T] 2015 IEA (2017)
SC-IND-oil CO-HF-IND 2100 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 2584 kt 2015 IEA (2017)
SC-PP-gas NG-PP 1243874 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 9079 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 1818 kt 2015 IEA (2017)
SSC SP-S 5970 kt 2014  World Steel Association (2015)

SLV El Salvador BIO PSB - DR 11133 T 2015 IEA (2017)
BIO PSB - IND 933 TJ 2015 IEA (2017)
BIO PSB - PP 11522 TJ 2015 IEA (2017)
CEM CEM 1000 kt 2014 USGS (2017a)
SC-DR-oil CO-HF-DR 28 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 508 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 22 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 156 kt 2015 IEA (2017)
SC-PP-oil CO-HF-PP 511 kt 2015 IEA (2017)
SSC SP-S 121 kt 2014 World Steel Association (2015)

GNQ Equatorial Guinea BIO PSB - DR 6766.761441 TJ 2015 IEA (2017)*
BIO PSB - IND 3264.628729 TJ 2015 IEA (2017)*
BIO PSB - PP 1167.938448 TJ 2015 IEA (2017)
SC-DR-coal HC-DR 5.308236643 kt 2015 1EA (2017)*
SC-DR-oil CO-LF-DR 178.0787007 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 5.497816523 kt 2015 IEA (2017)
SC-IND-gas NG-IND 1769412214 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 32.4181595 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 8.910254365 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 31.02790704 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 46.51026392 kt 2015 IEA (2017)
SC-PP-gas NG-PP 1224.370059 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 42.14992668 kt 2015 1EA (2017)*
SC-PP-oil CO-LE-PP 87.20674485 kt 2015 IEA (2017)*

ERI Eritrea BIO PSB - DR 14091 TJ 2015 IEA (2017)
CEM CEM 300 kt 2014 USGS (2017a)
NFMP-AU GP-L 1390 kg 2015 USGS (2017b)
SC-DR-oil CO-HF-DR 1 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 47 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 5 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 1 kt 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 73 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 38 kt 2015 IEA (2017)
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EST Estonia BIO PSB - DR 15703 TJ 2015 IEA (2017)
BIO PSB - IND 4260 TJ 2015 IEA (2017)
BIO PSB - PP 14594 TJ 2015 IEA (2017)
CEM CEM 447 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 4 kt 2015 IEA (2017)
SC-DR-gas NG-DR 5960 TJ 2015 IEA (2017)
SC-DR-oil CO-HEF-DR 7 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 632 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 22 kt 2015 IEA (2017)
SC-IND-gas NG-IND 4387 TJ 2015 1EA (2017)
SC-IND-oil CO-HEF-IND 13 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 50 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 3 kt 2015 IEA (2017)
SC-PP-gas NG-PP 7817 ) 2015 1EA (2017)
SC-PP-oil CO-HEF-PP 41 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 15 kt 2015 IEA (2017)

ETH Ethiopia BIO PSB - DR 1351776 T] 2015 IEA (2017)
CEM CEM 5400 kt 2014 USGS (2017a)
CEM PC-CEM 211 kt 2015 IEA (2017)
NFMP-AU GP-L 9200 kg 2015 USGS (2017b)
SC-DR-oil CO-LE-DR 1466 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 411 kt 2015 IEA (2017)
SC-IND-oil CO-HE-IND 67 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 454 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 1 kt 2015 IEA (2017)

FLK Falkland Ts. BIO PSB - DR 3.49459184 TJ 2015 IEA (2017)*

(Malvinas) BIO PSB - IND 33.00741857 TJ 2015 IEA (2017)°

BIO PSB - PP 10.83205299 TJ 2015 IEA (2017)*
OR CO-OR 4.023571486 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 0.843786169 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 2.003472579 TJ 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 0.178733031 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 4.285436159 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 9.14E-02 T] 2015 IEA (2017)*
SC-IND-oil CO-HEF-IND 0.540355675 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 0.307587076 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 127.9271277 TJ 2015 IEA (2017)*
SC-PP-oil CO-HEF-PP 6.529990501 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 4.805008923 kt 2015 IEA (2017)*

FJI Fiji BIO PSB - DR 2962.568922 T 2015 IEA (2017)*
BIO PSB - IND 610.8999933 TJ 2015 IEA (2017)*
CEM CEM 190 kt 2014 USGS (2017a)
NEMP-AU GP-L 1360 kg 2015 USGS (2017b)
OR CO-OR 62.00474234 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 311.704861 TJ 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 3.856754308 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 98.7427994 kt 2015 IEA (2017)*
SC-IND-coal BC-IND-OTH 1.186693633 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 83.4146733 kt 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 8.455192137 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 9.246321226 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 21.95383222 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 340.2843993 TJ 2015 IEA (2017)*
SC-PP-oil CO-HE-PP 43.56154545 kt 2015 IEA (2017)*

SC-PP-oil CO-LE-PP 56.9612944 kt 2015 IEA (2017)*
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FIN Finland BIO PSB - DR 59248 TJ 2015 IEA (2017)
BIO PSB - IND 142825 TJ 2015 IEA (2017)
BIO PSB - PP 129806 T] 2015 IEA (2017)
CEM CEM 1250 kt 2014 USGS (2017a)
CEM PC-CEM 52 kt 2015 IEA (2017)
NEMP CU-P 175000 t 2015 USGS (2017b)
NEMP ZN-P 305717 t 2015 USGS (2017b)
NFMP-AU GP-L 9300 kg 2015 USGS (2017b)
OR CO-OR 9809 kt 2015 IEA (2017)
PISP PIP 12000 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 4 kt 2015 IEA (2017)
SC-DR-gas NG-DR 2877 TJ 2015 IEA (2017)
SC-DR-oil CO-HEF-DR 60 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 3058 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 52 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 68 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 6 kt 2015 IEA (2017)
SC-IND-gas NG-IND 25726 TJ 2015 IEA (2017)
SC-IND-oil CO-HEF-IND 183 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 461 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 2394 kt 2015 IEA (2017)
SC-PP-gas NG-PP 63193 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 254 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 23 kt 2015 IEA (2017)
SSC SP-S 1265 kt 2014  World Steel Association (2015)

FRA France BIO PSB - DR 289123 TJ 2015 IEA (2017)
BIO PSB - IND 54784 T] 2015 IEA (2017)
BIO PSB - PP 60585 TJ 2015 IEA (2017)
CEM CEM 17000 kt 2014 USGS (2017a)
CEM PC-CEM 599 kt 2015 IEA (2017)
CSp CSP-C 278.54 kt 2015 OSPAR (2016)
NFMP AL-P 420 kt 2015 USGS (2017b)
NFMP ZN-P 169000 t 2015 USGS (2017b)
OR CO-OR 57342 kt 2015 IEA (2017)
PISP PIP 10866 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 92 kt 2015 IEA (2017)
SC-DR-gas NG-DR 773999 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 80 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 41923 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 26 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 95 kt 2015 IEA (2017)
SC-IND-coal BC-IND-PIP 2 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 336 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 886 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 889 kt 2015 IEA (2017)
SC-IND-gas NG-IND 478575 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 514 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 918 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 3946 kt 2015 IEA (2017)
SC-PP-gas NG-PP 288458 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 390 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 90 kt 2015 IEA (2017)
SSC SP-S 5498 kt 2014  World Steel Association (2015)
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GUF French Guiana BIO PSB - DR 260.0502441 TJ 2015 IEA (2017)*
CEM CEM 86 kt 2014 USGS (2017a)
NFMP-AU GP-L 1200 kg 2015 USGS (2017b)
PYF French Polynesia BIO PSB - DR 920.9778454 TJ 2015 IEA (2017)*
BIO PSB - IND 550.7428134 TJ 2015 IEA (2017)
OR CO-OR 55.89894682 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 281.0103355 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 3.476967984 kt 2015 IEA (2017)*
SC-DR-oil CO-LEF-DR 89.0192957 kt 2015 IEA (2017)*
SC-IND-coal BC-IND-OTH 1.069836303 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 75.20057679 kt 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 7.622583658 kt 2015 1EA (2017)*
SC-IND-oil CO-LF-IND 8.335807859 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 19.7919716 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 306.7755598 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 39.27190762 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 51.35214254 kt 2015 IEA (2017)*
GAB Gabon BIO PSB - DR 43468 TJ 2015 1EA (2017)
BIO PSB - IND 115821 TJ 2015 IEA (2017)
BIO PSB - PP 306 TJ 2015 1EA (2017)
CEM CEM 170 kt 2014 USGS (2017a)
OR CO-OR 802 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 228 kt 2015 1EA (2017)
SC-IND-gas NG-IND 114 T 2015 1EA (2017)
SC-IND-oil CO-HEF-IND 67 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 284 kt 2015 IEA (2017)
SC-PP-gas NG-PP 14154 TJ 2015 IEA (2017)
SC-PP-oil CO-LF-PP 64 kt 2015 IEA (2017)
GMB Gambia BIO PSB - DR 17975.21865 T] 2015 1EA (2017)*
BIO PSB - IND 436.3349256 TJ 2015 1EA (2017)*
BIO PSB - PP 156.1011613 TJ 2015 1EA (2017)*
SC-DR-coal HC-DR 0.70947395 kt 2015 1EA (2017)*
SC-DR-oil CO-LF-DR 23.80116181 kt 2015 1EA (2017)*
SC-IND-coal HC-IND-OTH 0.734812306 kt 2015 1EA (2017)*
SC-IND-gas NG-IND 0.236491317 TJ 2015 1EA (2017)*
SC-IND-oil CO-HF-IND 4.332858769 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 1.190902703 kt 2015 1EA (2017)*
SC-IND-oil CO-LF-IND 4.147044163 kt 2015 1EA (2017)*
SC-PP-coal HC-B-PP 6.216343185 kt 2015 1EA (2017)*
SC-PP-gas NG-PP 163.6435451 TJ 2015 1EA (2017)*
SC-PP-oil CO-HE-PP 5.633561011 kt 2015 1EA (2017)*
SC-PP-oil CO-LF-PP 11.65564347 kt 2015 1EA (2017)*
GEO Georgia BIO PSB - DR 16637 TJ 2015 1EA (2017)
BIO PSB - IND 35 TJ 2015 1EA (2017)
CEM CEM 1626 kt 2014 USGS (2017a)
NFMP-AU GP-L 3600 kg 2015 USGS (2017b)
OR CO-OR 14 kt 2015 1EA (2017)
SC-DR-coal BC-DR 3 kt 2015 1EA (2017)
SC-DR-coal HC-DR 1 kt 2015 1EA (2017)
SC-DR-gas NG-DR 48414 T 2015 1EA (2017)
(2017)

SC-DR-oil CO-HF-DR 1 kt 2015 IEA (2017
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SC-DR-oil CO-LF-DR 526 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 300 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 117 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 3 kt 2015 1EA (2017)
SC-IND-gas NG-IND 4464 TJ 2015 IEA (2017)
SC-IND-oil CO-LF-IND 79 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 1 kt 2015 IEA (2017)
SC-PP-gas NG-PP 25252 TJ 2015 IEA (2017)

DEU Germany BIO PSB - DR 272666 T] 2015 IEA (2017)
BIO PSB - IND 90388 T] 2015 IEA (2017)
BIO PSB - PP 141939 TJ 2015 IEA (2017)
CEM CEM 32099 kt 2014 USGS (2017a)
CEM PC-CEM 102 kt 2015 IEA (2017)
CSP CSP-C 484.543 kt 2015 OSPAR (2016)
NFMP AL-P 530 kt 2015 USGS (2017b)
NEMP CU-P 338300 t 2015 USGS (2017b)
NEFMP PB-P 130000 t 2015 USGS (2017b)
NFMP ZN-T 169000 t 2015 USGS (2017b)
OR CO-OR 93344 kt 2015 IEA (2017)
PISP PIP 27379 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 472 kt 2015 IEA (2017)
SC-DR-gas NG-DR 1423599 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 49464 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 526 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 437 kt 2015 IEA (2017)
SC-IND-coal HC-IND-NFM 27 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 1451 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 1083 kt 2015 IEA (2017)
SC-IND-gas NG-IND 869941 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 1471 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 734 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 162623 kt 2015 IEA (2017)
SC-PP-coal HC-A-PP 2287 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 39167 kt 2015 IEA (2017)
SC-PP-gas NG-PP 720716 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 1020 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 307 kt 2015 IEA (2017)
SSC SP-S 13062 kt 2014 World Steel Association (2015)

GHA Ghana BIO PSB - DR 48995 TJ 2015 IEA (2017)
BIO PSB - IND 16947 TJ 2015 IEA (2017)
CEM CEM 3000 kt 2014 USGS (2017a)
NFMP AL-P 40 kt 2015 USGS (2017b)
NFMP-AU GP-L 88000 kg 2015 USGS (2017b)
OR CO-OR 110 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1397 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 13 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 506 kt 2015 IEA (2017)
SC-PP-gas NG-PP 49495 T 2015 IEA (2017)
SC-PP-oil CO-HF-PP 2 kt 2015 IEA (2017)
SC-PP-oil CO-PP 249 kt 2015 IEA (2017)
SSC SP-S 25 kt 2014  World Steel Association (2015)
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GIB Gibraltar SC-DR-oil CO-LF-DR 99 kt 2015 IEA (2017)
SC-PP-oil CO-HF-PP 51 kt 2015 IEA (2017)

GRC Greece BIO PSB - DR 34751 TJ 2015 IEA (2017)
BIO PSB - IND 7551 TJ 2015 IEA (2017)
BIO PSB - PP 4 TJ 2015 IEA (2017)
CEM CEM 5128 kt 2014 USGS (2017a)
CEM PC-CEM 731 kt 2015 IEA (2017)
NFMP AL-P 170 kt 2015 USGS (2017b)
NFMP-AU GP-L 500 kg 2015 USGS (2017b)
OR CO-OR 21695 kt 2015 IEA (2017)
SC-DR-coal BC-DR 51 kt 2015 IEA (2017)
SC-DR-gas NG-DR 25003 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 331 kt 2015 IEA (2017)
SC-DR-oil CO-LE-DR 3745 kt 2015 IEA (2017)
SC-IND-coal BC-IND-NFM 193 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 81 kt 2015 IEA (2017)
SC-IND-coal HC-IND-NFM 200 kt 2015 IEA (2017)
SC-IND-gas NG-IND 20068 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 193 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 207 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 44023 kt 2015 IEA (2017)
SC-PP-gas NG-PP 61818 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 1405 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 259 kt 2015 IEA (2017)
SSC SP-S 1022 kt 2014  World Steel Association (2015)

GRD Grenada BIO PSB - DR 115.093826 TJ 2015 IEA (2017)*
BIO PSB - IND 257.0565415 TJ 2015 IEA (2017)*
BIO PSB - PP 84.35831094 TJ 2015 IEA (2017)*
OR CO-OR 31.33493668 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 6.571272879 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 15.60272674 TJ 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 1.391944501 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 33.37429723 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 0.712157652 TJ 2015 IEA (2017)*
SC-IND-oil CO-HEF-IND 4.208204307 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 2.395439374 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 996.2761842 T 2015 IEA (2017)*
SC-PP-oil CO-HEF-PP 50.8545305 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 37.42064753 kt 2015 IEA (2017)*

GLP Guadeloupe BIO PSB - DR 418.1022838 TJ 2015 IEA (2017)*
CEM CEM 300 kt 2014 USGS (2017a)

GTM  Guatemala BIO PSB - DR 251501 TJ 2015 IEA (2017)
BIO PSB - PP 55237 TJ 2015 IEA (2017)
CEM CEM 3500 kt 2014 USGS (2017a)
NFMP-AU GP-L 5600 kg 2015 USGS (2017b)
OR CO-OR 63 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1056 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 228 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 121 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 1528 kt 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 311 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 41 kt 2015 IEA (2017)

SSC SP-S 395 kt 2014  World Steel Association (2015)
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GIN Guinea BIO PSB - DR 107612.9589 TJ 2015 IEA (2017)
BIO PSB - IND 1959.167785 TJ 2015 IEA (2017)*
BIO PSB - PP 700.9027893 TJ 2015 IEA (2017)*
CEM CEM 500 kt 2014 USGS (2017a)
NFMP-AU GP-L 17000 kg 2015 USGS (2017b)
SC-DR-coal HC-DR 3.18557701 kt 2015 IEA (2017)*
SC-DR-oil CO-LE-DR 106.868524 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 3.299347618 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 1.061859003 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 19.45477388 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 5.347218553 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 18.6204561 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 2791172237 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 734.7685068 T] 2015 IEA (2017)*
SC-PP-oil CO-HEF-PP 25.2949984 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 52.33447945 kt 2015 IEA (2017)*

GNB Guinea-Bissau BIO PSB - DR 15768.73571 TJ 2015 IEA (2017)*
BIO PSB - IND 358.8508222 TJ 2015 IEA (2017)*
BIO PSB - PP 128.3808075 TJ 2015 IEA (2017)*
SC-DR-coal HC-DR 0.583485977 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 19.57456528 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 0.604324762 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 0.194495326 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 3.563432217 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 0.97942289 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 3.410614461 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 5.112448561 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 134.5838191 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 4.633156508 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 9.585841052 kt 2015 IEA (2017)*

GUY Guyana BIO PSB - DR 764.4453441 TJ 2015 IEA (2017)*
BIO PSB - IND 977.4916149 TJ 2015 IEA (2017)*
BIO PSB - PP 320.7836731 T] 2015 IEA (2017)*
CEM CEM 2 kt 2014 USGS (2017a)
NFMP-AU GP-L 14029 kg 2015 USGS (2017b)
OR CO-OR 119.1552554 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 2498813724 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 59.33143916 TJ 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 5.293053701 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 126.9101946 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 2.708073987 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 16.00225537 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 9.108976137 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 3788.472413 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 193.3811015 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 142.2969786 kt 2015 IEA (2017)*

HTI Haiti BIO PSB - DR 61824 TJ 2015 IEA (2017)
BIO PSB - IND 3369 TJ 2015 IEA (2017)
CEM CEM 300 kt 2014 USGS (2017a)
SC-DR-oil CO-LE-DR 232 kt 2015 [EA (2017)
SC-IND-oil CO-HF-IND 10 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 175 kt 2015 IEA (2017)
SC-PP-oil CO-HF-PP 109 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 189 kt 2015 IEA (2017)
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HND Honduras BIO PSB - DR 84987 TJ 2015 1EA (2017)
BIO PSB - IND 5383 TJ 2015 1EA (2017)
BIO PSB - PP 11304 TJ 2015 IEA (2017)
CEM CEM 1700 kt 2014  USGS (2017a)
NFMP-AU GP-L 2598 kg 2015 USGS (2017b)
SC-DR-oil CO-HF-DR 37 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 617 kt 2015 1EA (2017)
SC-IND-coal HC-IND-OTH 77 kt 2015 1EA (2017)
SC-IND-oil CO-HF-IND 86 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 259 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 36 kt 2015 IEA (2017)
SC-PP-oil CO-HF-PP 1048 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 35 kt 2015 IEA (2017)

HKG Hong Kong BIO PSB - DR 2284 T 2015 IEA (2017)

(if separately reported) — p, CEM 1900 kt 2014 USGS (2017a)

SC-DR-gas NG-DR 26754 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1552 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 2042 kt 2015 IEA (2017)
SC-IND-gas NG-IND 1649 TJ 2015 1EA (2017)
SC-IND-oil CO-LF-IND 623 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 9142 kt 2015 1EA (2017)
SC-PP-gas NG-PP 107828 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 43 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 12 kt 2015 1EA (2017)

HUN Hungary BIO PSB - DR 75550 TJ 2015 1EA (2017)
BIO PSB - IND 4826 TJ 2015 1EA (2017)
BIO PSB - PP 23494 TJ 2015 IEA (2017)
CEM CEM 2100 kt 2014 USGS (2017a)
CEM PC-CEM 94 kt 2015 1EA (2017)
CSP CSP-C 131 kt 2015 UNEP (2013)
NFMP AL-P 50 kt 2015 USGS (2017b)
OR CO-OR 6477 kt 2015 IEA (2017)
PISP PIP 801 kt 2014 USGS (2017a)
SC-DR-coal BC-DR 380 kt 2015 1EA (2017)
SC-DR-coal HC-DR 24 kt 2015 1EA (2017)
SC-DR-gas NG-DR 187417 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 6 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 2892 kt 2015 1EA (2017)
SC-IND-coal BC-IND-CEM 40 kt 2015 1EA (2017)
SC-IND-coal BC-IND-OTH 12 kt 2015 1EA (2017)
SC-IND-coal HC-IND-CEM 18 kt 2015 IEA (2017)
SC-IND-gas NG-IND 58161 T 2015 1EA (2017)
SC-IND-oil CO-HEF-IND 3 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 159 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 8822 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 69 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 14 kt 2015 IEA (2017)
SC-PP-gas NG-PP 80319 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 38 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 12 kt 2015 1EA (2017)

SSC SP-S 178 kt 2014  World Steel Association (2015)
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ISL Iceland NEMP AL-P 800 kt 2015 USGS (2017b)
SC-DR-oil CO-HF-DR 61 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 289 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 116 kt 2015 IEA (2017)
SC-IND-oil CO-HEF-IND 3 kt 2015 TEA (2017)
SC-IND-oil CO-LF-IND 30 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 1 kt 2015 IEA (2017)

IND India BIO PSB - DR 5993873 TJ 2015 IEA (2017)
BIO PSB - IND 1309246 TJ 2015 IEA (2017)
BIO PSB - PP 573072 TJ 2015 IEA (2017)
CEM CEM 275000 kt 2014 USGS (2017a)
CEM PC-CEM 19297 kt 2015 IEA (2017)
NFMP AL-P 2355 kt 2015  USGS (2017b)
NFMP CU-P 790000 t 2015  USGS (2017b)
NFMP PB-P 143000 t 2015 USGS (2017b)
NFMP ZN-T 821617 t 2015 USGS (2017b)
NFMP-AU GP-L 1400 kg 2015  USGS (2017b)
OR CO-OR 232865 kt 2015 IEA (2017)
PISP PIP 55166 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 28528 kt 2015 1EA (2017)
SC-DR-gas NG-DR 181509 TJ 2015 1EA (2017)
SC-DR-oil CO-HF-DR 2068 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 63375 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 617 kt 2015 IEA (2017)
SC-IND-coal BC-IND-NFM 1020 kt 2015 1EA (2017)
SC-IND-coal BC-IND-OTH 2385 kt 2015 1EA (2017)
SC-IND-coal BC-IND-PIP 12 kt 2015 1EA (2017)
SC-IND-coal HC-IND-CEM 33953 kt 2015 1EA (2017)
SC-IND-coal HC-IND-NFM 440 kt 2015 1EA (2017)
SC-IND-coal HC-IND-OTH 44358 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 67204 kt 2015 IEA (2017)
SC-IND-gas NG-IND 216952 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 3604 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 3968 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 37574 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 79441 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 489196 kt 2015 IEA (2017)
SC-PP-gas NG-PP 664259 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 481 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 7079 kt 2015 IEA (2017)
SSC SP-S 50211 kt 2014  World Steel Association (2015)
VCM VCM-P 5000 kg 2015 National information
VCM VCM-R 2500 kg 2015 Linetal. (2016)
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IDN Indonesia BIO PSB - DR 1996913 TJ 2015 1EA (2017)
BIO PSB - IND 274252 TJ 2015 1EA (2017)
BIO PSB - PP 8298 TJ 2015 IEA (2017)
CEM CEM 58000 kt 2014 USGS (2017a)
CSp CSP-C 25 kt 2010 UNEP (2011e)
NFMP AL-P 250 kt 2015 USGS (2017b)
NFMP CU-P 199700 t 2015 USGS (2017b)
NFMP-AU GP-L 61500 kg 2015 USGS (2017b)
NFEMP-HG HG-P 450 t 2015 UN Environment (2017a)
OR CO-OR 40551 kt 2015 IEA (2017)
SC-DR-gas NG-DR 11504 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 104 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 16840 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 7180 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 9142 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 399 kt 2015 IEA (2017)
SC-IND-gas NG-IND 589875 T 2015 IEA (2017)
SC-IND-oil CO-HF-IND 576 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 2897 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 70080 kt 2015 IEA (2017)
SC-PP-gas NG-PP 940498 TJ 2015 1EA (2017)
SC-PP-oil CO-HF-PP 2277 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 3883 kt 2015 1EA (2017)
SSC SP-S 4428 kt 2014  World Steel Association (2015)

IRN Iran BIO PSB - DR 20933 T] 2015 IEA (2017)
CEM CEM 66000 kt 2014 USGS (2017a)
CSP CSP-C 332 kt 2010 UNEP (2011e)
NFMP AL-P 350 kt 2015  USGS (2017b)
NFMP CU-P 155000 t 2015 USGS (2017b)
NFMP PB-P 16000 t 2015  USGS (2017b)
NFMP ZN-P 140000 t 2015 USGS (2017b)
NEMP-AU GP-L 3000 kg 2015 USGS (2017b)
OR CO-OR 83034 kt 2015 IEA (2017)
PISP PIP 2782 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 14 kt 2015 IEA (2017)
SC-DR-gas NG-DR 2480773 T 2015 1EA (2017)
SC-DR-oil CO-HF-DR 4679 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 18753 kt 2015 1EA (2017)
SC-IND-coal HC-IND-OTH 242 kt 2015 IEA (2017)
SC-IND-gas NG-IND 1493841 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 1409 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 1992 kt 2015 IEA (2017)
SC-PP-gas NG-PP 2809650 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 6837 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 5252 kt 2015 IEA (2017)

SSC SP-S 13607 kt 2014 World Steel Association (2015)
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TIRQ Iraq BIO PSB - DR 285 T 2015 IEA (2017)
CEM CEM 13000 kt 2014  USGS (2017a)
CSp CSP-C 68 kt 2010 UNEP (2011e)
OR CO-OR 20330 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 3543 kt 2015 IEA (2017)
SC-IND-gas NG-IND 46348 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 212 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 1771 kt 2015 IEA (2017)
SC-PP-gas NG-PP 207313 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 5861 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 8366 kt 2015 IEA (2017)
SC-PP-oil CO-PP 10797 kt 2015 IEA (2017)

IRL Ireland BIO PSB - DR 2054 TJ 2015 IEA (2017)
BIO PSB - IND 6031 TJ 2015 1EA (2017)
BIO PSB - PP 1804 TJ 2015 1EA (2017)
CEM CEM 2000 kt 2014 USGS (2017a)
CEM PC-CEM 163 kt 2015 1EA (2017)
NFEMP AL-P 1983 kt 2015 USGS (2017b)
OR CO-OR 3366 kt 2015 IEA (2017)
SC-DR-coal HC-DR 267 kt 2015 IEA (2017)
SC-DR-gas NG-DR 44305 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 3138 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 126 kt 2015 1EA (2017)
SC-IND-coal HC-IND-OTH 33 kt 2015 1EA (2017)
SC-IND-gas NG-IND 35622 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 50 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 139 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 1886 kt 2015 1EA (2017)
SC-PP-gas NG-PP 88178 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 60 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 18 kt 2015 IEA (2017)

ISR Israel BIO PSB - DR 183 TJ 2015 IEA (2017)
CEM CEM 6603 kt 2014  USGS (2017a)
Csp CSp-C 33 kt 2010 UNEP (2011e)
OR CO-OR 11546 kt 2015 1EA (2017)
SC-DR-gas NG-DR 3112 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 9 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 2528 kt 2015 IEA (2017)
SC-IND-gas NG-IND 23105 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 261 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 10665 kt 2015 IEA (2017)
SC-PP-gas NG-PP 306331 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 20 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 94 kt 2015 1EA (2017)
SSC SP-S 300 kt 2014  World Steel Association (2015)
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ITA Italy BIO PSB - DR 269476 TJ 2015 1EA (2017)
BIO PSB - IND 15235 TJ 2015 IEA (2017)
BIO PSB - PP 73818 TJ 2015 1EA (2017)
CEM CEM 21400 kt 2014 USGS (2017a)
CEM PC-CEM 1808 kt 2015 IEA (2017)
NFMP PB-P 50000 t 2015 USGS (2017b)
NFMP ZN-P 139200 t 2015 USGS (2017b)
OR CO-OR 67092 kt 2015 1EA (2017)
PISP PIP 6371 kt 2014 USGS (2017a)
SC-DR-gas NG-DR 1149535 TJ 2015 1EA (2017)
SC-DR-oil CO-HF-DR 410 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 25166 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 3 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 224 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 159 kt 2015 IEA (2017)
SC-IND-gas NG-IND 384873 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 796 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 401 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 445 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 15869 kt 2015 IEA (2017)
SC-PP-gas NG-PP 999353 T 2015 IEA (2017)
SC-PP-oil CO-HF-PP 1154 kt 2015 1EA (2017)
SC-PP-oil CO-LEF-PP 105 kt 2015 1EA (2017)
SSC SP-S 17200 kt 2014 World Steel Association (2015)

CIV Ivory Coast BIO PSB - DR 132382 TJ 2015 IEA (2017)
BIO PSB - PP 1885 T] 2015 IEA (2017)
CEM CEM 2600 kt 2014 USGS (2017a)
NFMP-AU GP-L 26000 kg 2015 USGS (2017b)
OR CO-OR 3186 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 787 kt 2015 1EA (2017)
SC-IND-gas NG-IND 11633 TJ 2015 1EA (2017)
SC-IND-oil CO-HF-IND 29 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 196 kt 2015 1EA (2017)
SC-PP-gas NG-PP 67526 T 2015 1EA (2017)
SC-PP-oil CO-HEF-PP 152 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 3 kt 2015 1EA (2017)

JAM Jamaica BIO PSB - DR 1849 TJ 2015 IEA (2017)
BIO PSB - IND 3608 T 2015 1EA (2017)
BIO PSB - PP 3377 T 2015 1EA (2017)
CEM CEM 830 kt 2014 USGS (2017a)
NFMP AL-P 1865 kt 2015 USGS (2017b)
OR CO-OR 1218 kt 2015 IEA (2017)
SC-DR-oil CO-HF-DR 7 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 172 kt 2015 1EA (2017)
SC-IND-coal HC-IND-CEM 97 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 586 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 33 kt 2015 IEA (2017)
SC-PP-oil CO-HF-PP 667 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 181 kt 2015 IEA (2017)
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JPN Japan BIO PSB - DR 472 T 2015 IEA (2017)
BIO PSB - IND 96748 T 2015 1EA (2017)
BIO PSB - PP 276103 TJ 2015 IEA (2017)
CEM CEM 57913 kt 2014 USGS (2017a)
CEM PC-CEM 700 kt 2015 IEA (2017)
NFMP AL-P 30 kt 2015 USGS (2017b)
NFMP CU-P 1176600 t 2015 USGS (2017b)
NFMP PB-P 85000 t 2015 USGS (2017b)
NFMP ZN-T 566619 t 2015 USGS (2017b)
NFMP-AU GP-L 7700 kg 2015  USGS (2017b)
OR CO-OR 154011 kt 2015 IEA (2017)
PISP PIP 83872 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 2 kt 2015 IEA (2017)
SC-DR-gas NG-DR 838834 T] 2015 IEA (2017)
SC-DR-oil CO-HF-DR 2188 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 29456 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 5904 kt 2015 IEA (2017)
SC-IND-coal HC-IND-NFM 57 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 6810 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 3037 kt 2015 IEA (2017)
SC-IND-gas NG-IND 517970 T 2015 IEA (2017)
SC-IND-oil CO-HF-IND 2016 kt 2015 1EA (2017)
SC-IND-oil CO-IND 23 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 6695 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 105420 kt 2015 1EA (2017)
SC-PP-gas NG-PP 3540529 TJ 2015 1EA (2017)
SC-PP-oil CO-HE-PP 10744 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 1371 kt 2015 1EA (2017)
SC-PP-oil CO-PP 4875 kt 2015 1EA (2017)
SSC SP-S 25679 kt 2014 World Steel Association (2015)

JOR Jordan BIO PSB - DR 154 T 2015 1EA (2017)
CEM CEM 4500 kt 2014 USGS (2017a)
CEM PC-CEM 199 kt 2015 IEA (2017)
OR CO-OR 3314 kt 2015 IEA (2017)
SC-DR-oil CO-HF-DR 1 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1465 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 253 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 148 kt 2015 IEA (2017)
SC-PP-gas NG-PP 90441 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 1735 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 564 kt 2015 IEA (2017)
SSC SP-S 150 kt 2014  World Steel Association (2015)
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KAZ Kazakhstan BIO PSB - DR 2935 TJ 2015 IEA (2017)
CEM CEM 7977 kt 2014 USGS (2017a)
NFMP AL-P 200 kt 2015  USGS (2017b)
NFMP CU-p 307400 t 2015 USGS (2017b)
NFMP PB-T 126000 t 2015 USGS (2017b)
NFMP ZN-T 324340 t 2015 USGS (2017b)
NFMP-AU GP-L 63614 kg 2015 USGS (2017b)
OR CO-OR 14610 kt 2015 IEA (2017)
PISP PIP 3185 kt 2014 USGS (2017a)
SC-DR-coal BC-DR 506 kt 2015 IEA (2017)
SC-DR-coal HC-DR 6003 kt 2015 IEA (2017)
SC-DR-gas NG-DR 51397 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 490 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 2774 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 36 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 2089 kt 2015 IEA (2017)
SC-IND-coal HC-IND-NFM 2258 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 1306 kt 2015 1EA (2017)
SC-IND-coal HC-IND-PIP 2317 kt 2015 1EA (2017)
SC-IND-gas NG-IND 83101 TJ 2015 1EA (2017)
SC-IND-oil CO-HF-IND 1085 kt 2015 1EA (2017)
SC-IND-oil CO-IND 488 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 1737 kt 2015 1EA (2017)
SC-PP-coal BC-L-PP 42 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 42421 kt 2015 IEA (2017)
SC-PP-gas NG-PP 1092543 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 457 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 225 kt 2015 1EA (2017)
SC-PP-oil CO-PP 888 kt 2015 1EA (2017)
SSC SP-S 155 kt 2014  World Steel Association (2015)

KEN Kenya BIO PSB - DR 339597 TJ 2015 1EA (2017)
BIO PSB - PP 1464 TJ 2015 1EA (2017)
CEM CEM 5583 kt 2014 USGS (2017a)
NFMP-AU GP-L 300 kg 2015 USGS (2017b)
OR CO-OR 698 kt 2015 1EA (2017)
SC-DR-oil CO-HF-DR 14 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 1467 kt 2015 1EA (2017)
SC-IND-coal HC-IND-CEM 566 kt 2015 1EA (2017)
SC-IND-oil CO-HEF-IND 75 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 448 kt 2015 1EA (2017)
SC-PP-oil CO-HEF-PP 186 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 167 kt 2015 IEA (2017)
SSC SP-S 20 kt 2014 World Steel Association (2015)

KIR Kiribati BIO PSB - DR 344.3808131 T 2015 IEA (2017)°
BIO PSB - IND 14.20268976 TJ 2015 1EA (2017)*
OR CO-OR 1.44153565 kt 2015 1EA (2017)*
SC-DR-gas NG-DR 7.24676295 TJ 2015 1EA (2017)*
SC-DR-oil CO-HF-DR 8.97E-02 kt 2015 1EA (2017)*
SC-DR-oil CO-LF-DR 2.295651271 kt 2015 1EA (2017)*
SC-IND-coal BC-IND-OTH 2.76E-02 kt 2015 1EA (2017)*

SC-IND-coal HC-IND-OTH 1.939290783 kt 2015 IEA (2017)*
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SC-IND-oil CO-HF-IND 0.196573043 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 0.214965843 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 0.510400182 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 7.911202827 Ty 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 1.012753515 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 1.324281554 kt 2015 IEA (2017)*

PRK Korea — Dem. Rep. BIO PSB - DR 32670 TJ 2015 IEA (2017)
CEM CEM 7200 kt 2014 USGS (2017a)
CSP CSP-C 25 kt 2010 UNEP (2011e)
NEMP CU-T 12000 t 2015 USGS (2017b)
NEMP PB-T 3000 t 2015 USGS (2017b)
NEMP ZN-T 20000 t 2015 USGS (2017b)
OR CO-OR 532 kt 2015 IEA (2017)
PISP PIP 900 kt 2014 USGS (2017a)
SC-DR-coal BC-DR 851 kt 2015 IEA (2017)
SC-DR-coal HC-DR 1068 kt 2015 IEA (2017)
SC-DR-oil CO-LEF-DR 252 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 1442 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 4132 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 93 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 237 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 850 kt 2015 IEA (2017)
SC-PP-oil CO-HE-PP 380 kt 2015 IEA (2017)

KOR Korea - Rep. of BIO PSB - DR 43038 TJ 2015 IEA (2017)
BIO PSB - IND 24414 TJ 2015 IEA (2017)
BIO PSB - PP 11243 Ty 2015 IEA (2017)
CEM CEM 44815934 t 2015 National information
CEM PC-CEM 57 kt 2015 IEA (2017)
NEMP CU-P 510000 t 2015 USGS (2017b)
NEMP PB-P 291000 t 2015 USGS (2017b)
NEMP ZN-P 930180 t 2015 National information
NFMP-AU GP-L 300 kg 2015 USGS (2017b)
OR CO-OR 130945 kt 2015 National information
PISP PIP 47345000 t 2015 National information
SC-DR-gas NG-DR 608957 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 459 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 20050 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 4650 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 955 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 1431 kt 2015 IEA (2017)
SC-IND-gas NG-IND 344869 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 1261 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 1264 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 6824 kt 2015 IEA (2017)
SC-PP-coal HC-A-PP 2273 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 80653 kt 2015 IEA (2017)
SC-PP-gas NG-PP 895074 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 3299 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 111 kt 2015 IEA (2017)
SC-PP-oil CO-PP 1 kt 2015 IEA (2017)
SSC SP-S 24197 kt 2014  World Steel Association (2015)
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XKX Kosovo BIO PSB - DR 10527 TJ 2015 1EA (2017)
BIO PSB - IND 502 TJ 2015 1EA (2017)
CEM CEM 630 kt 2014  USGS (2017a)
CEM PC-CEM 79 kt 2015 IEA (2017)
SC-DR-coal BC-DR 156 kt 2015 IEA (2017)
SC-DR-oil CO-HF-DR 9 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 344 kt 2015 1EA (2017)
SC-IND-coal BC-IND-OTH 12 kt 2015 1EA (2017)
SC-IND-coal BC-IND-PIP 54 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 12 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 20 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 39 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 8143 kt 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 4 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 2 kt 2015 IEA (2017)

KWT Kuwait CEM CEM 3800 kt 2014 USGS (2017a)
OR CO-OR 43661 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 1256 kt 2015 IEA (2017)
SC-IND-gas NG-IND 261902 TJ 2015 IEA (2017)
SC-IND-oil CO-LF-IND 837 kt 2015 IEA (2017)
SC-PP-gas NG-PP 532640 TJ 2015 1EA (2017)
SC-PP-oil CO-HF-PP 5862 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 1450 kt 2015 1EA (2017)
SC-PP-oil CO-PP 1693 kt 2015 1EA (2017)

KGz Kyrgystan BIO PSB - DR 121 T] 2015 1EA (2017)
CEM CEM 1727 kt 2014  USGS (2017a)
NFMP-AU GP-L 17000 kg 2015 USGS (2017b)
NFMP-HG HG-P 40 t 2015  USGS (2017b)
OR CO-OR 323 kt 2015 1EA (2017)
SC-DR-coal BC-DR 543 kt 2015 1EA (2017)
SC-DR-coal HC-DR 167 kt 2015 1EA (2017)
SC-DR-gas NG-DR 4579 TJ 2015 1EA (2017)
SC-DR-oil CO-HF-DR 13 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 481 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 99 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 4 kt 2015 1EA (2017)
SC-IND-coal HC-IND-CEM 364 kt 2015 1EA (2017)
SC-IND-coal HC-IND-OTH 8 kt 2015 1EA (2017)
SC-IND-gas NG-IND 909 T 2015 1EA (2017)
SC-IND-oil CO-HF-IND 242 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 39 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 452 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 973 kt 2015 IEA (2017)
SC-PP-gas NG-PP 4510 T 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 28 kt 2015 IEA (2017)

)

SC-PP-oil CO-LE-PP 16 kt 2015 IEA (2017
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LAO Lao Peoples Dem. Rep.  BIO PSB - DR 22516.13496 TJ 2015 IEA (2017)
BIO PSB - IND 2734.191073 TJ 2015 IEA (2017)
CEM CEM 2400 kt 2014 USGS (2017a)
NFEMP-AU GP-L 6893 kg 2015 USGS (2017b)
OR CO-OR 277.5132016 kt 2015 IEA (2017)
SC-DR-gas NG-DR 1395.090289 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 17.2615867 kt 2015 IEA (2017)
SC-DR-oil CO-LEF-DR 441.94088 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 5.311257446 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 373.337138 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 37.84270931 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 41.3835476 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 98.25826276 kt 2015 IEA (2017)
SC-PP-gas NG-PP 1523.003073 T] 2015 IEA (2017)
SC-PP-oil CO-HE-PP 194.9674088 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 254.9403574 kt 2015 IEA (2017)

LVA Latvia BIO PSB - DR 22947 T] 2015 IEA (2017)
BIO PSB - IND 14992 T 2015 IEA (2017)
BIO PSB - PP 14053 TJ 2015 IEA (2017)
CEM CEM 1200 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 32 kt 2015 IEA (2017)
SC-DR-gas NG-DR 9115 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 904 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 40 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 2 kt 2015 IEA (2017)
SC-IND-gas NG-IND 5610 TJ 2015 IEA (2017)
SC-IND-oil CO-LF-IND 36 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 7 kt 2015 IEA (2017)
SC-PP-gas NG-PP 35997 TJ 2015 IEA (2017)
SC-PP-oil CO-LF-PP 7 kt 2015 IEA (2017)

LBN Lebanon BIO PSB - DR 4091 TJ 2015 IEA (2017)
CEM CEM 5517 kt 2014 USGS (2017a)
SC-DR-oil CO-LE-DR 748 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 253 kt 2015 1EA (2017)
SC-IND-oil CO-HF-IND 141 kt 2015 1EA (2017)
SC-PP-oil CO-HF-PP 1334 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 2617 kt 2015 IEA (2017)

LSO Lesotho BIO PSB - DR 17792.44357 TJ 2015 IEA (2017)
BIO PSB - IND 809.809121 TJ 2015 IEA (2017)
BIO PSB - PP 289.713559 TJ 2015 IEA (2017)
SC-DR-coal HC-DR 1.31673731 kt 2015 IEA (2017)
SC-DR-oil CO-LE-DR 44.17340165 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 1.363763642 kt 2015 IEA (2017)
SC-IND-gas NG-IND 0.438912437 T] 2015 IEA (2017)
SC-IND-oil CO-HF-IND 8.041502856 kt 2015 IEA (2017)
SC-IND-oil CO-IND 2.210237627 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 7.696643085 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 11.5371269 kt 2015 IEA (2017)
SC-PP-gas NG-PP 303.7117307 T] 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 10.45552126 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 21.63211295 kt 2015 IEA (2017)
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LBR Liberia BIO PSB - DR 38327.82882 TJ 2015 IEA (2017)
BIO PSB - IND 523.3383248 TJ 2015 IEA (2017)
BIO PSB - PP 187.2270943 TJ 2015 IEA (2017)
CEM CEM 295 kt 2014 USGS (2017a)
NFMP-AU GP-L 883 kg 2015 USGS (2017b)
SC-DR-coal HC-DR 0.850940154 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 28.54701611 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 0.881330874 kt 2015 IEA (2017)
SC-IND-gas NG-IND 0.283646718 TJ 2015 IEA (2017)
SC-IND-oil CO-HEF-IND 5.196813082 kt 2015 IEA (2017)
SC-IND-oil CO-IND 1.42836383 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 4.973947804 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 7.455856586 kt 2015 IEA (2017)
SC-PP-gas NG-PP 196.2733986 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 6.756870031 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 13.9797311 kt 2015 IEA (2017)

LBY Libyan Arab Jamah BIO PSB - DR 6352 T] 2015 IEA (2017)
CEM CEM 2000 kt 2014 USGS (2017a)
CSpP CSP-C 45 kt 2010 UNEP (2011e)
OR CO-OR 4368 kt 2015 IEA (2017)
SC-DR-oil CO-LE-DR 1947 kt 2015 IEA (2017)
SC-IND-gas NG-IND 2130 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 253 kt 2015 IEA (2017)
SC-PP-gas NG-PP 218638 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 1113 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 3327 kt 2015 IEA (2017)
SSC SP-S 712 kt 2014  World Steel Association (2015)

LTU Lithuania BIO PSB - DR 22351 TJ 2015 IEA (2017)
BIO PSB - IND 3598 TJ 2015 IEA (2017)
BIO PSB - PP 24402 TJ 2015 IEA (2017)
CEM CEM 903 kt 2014 USGS (2017a)
OR CO-OR 8486 kt 2015 IEA (2017)
SC-DR-coal HC-DR 104 kt 2015 IEA (2017)
SC-DR-gas NG-DR 10926 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1336 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 141 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 3 kt 2015 IEA (2017)
SC-IND-gas NG-IND 13215 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 10 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 20 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 4 kt 2015 IEA (2017)
SC-PP-gas NG-PP 28225 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 116 kt 2015 1EA (2017)
SC-PP-oil CO-LE-PP 5 kt 2015 IEA (2017)

LUX Luxembourg BIO PSB - DR 866 TJ 2015 IEA (2017)
BIO PSB - IND 1025 TJ 2015 IEA (2017)
BIO PSB - PP 785 T] 2015 IEA (2017)
CEM CEM 1100 kt 2014 USGS (2017a)
SC-DR-gas NG-DR 15034 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1803 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 62 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 11 kt 2015 IEA (2017)
SC-IND-gas NG-IND 13024 T 2015 IEA (2017)
SC-IND-oil CO-LEF-IND 13 kt 2015 IEA (2017)

SC-PP-gas NG-PP 7936 TJ 2015 IEA (2017)



Chapter 3 - Global emissions of mercury to the atmosphere from anthropogenic sources

3-131

Country Country name Sector code Activity code Activity amount Units Year  Source
code
SC-PP-oil CO-LF-PP 1 kt 2015 IEA (2017)
SSC SP-S 2193 kt 2014  World Steel Association (2015)
MKD Macedonia BIO PSB - DR 9762 T] 2015 IEA (2017)
BIO PSB - IND 241 TJ 2015 IEA (2017)
BIO PSB - PP 2 TJ 2015 IEA (2017)
CEM CEM 687 kt 2014 USGS (2017a)
CEM PC-CEM 57 kt 2015 IEA (2017)
SC-DR-coal BC-DR 10 kt 2015 IEA (2017)
SC-DR-gas NG-DR 261 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 13 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 498 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 1 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 7 kt 2015 IEA (2017)
SC-IND-coal BC-IND-PIP 190 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 12 kt 2015 IEA (2017)
SC-IND-gas NG-IND 1195 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 53 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 44 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 5833 kt 2015 IEA (2017)
SC-PP-gas NG-PP 3720 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 39 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 2 kt 2015 IEA (2017)
SSC SP-S 188 kt 2014  World Steel Association (2015)
MDG Madagascar BIO PSB - DR 217531.2242 TJ 2015 IEA (2017)*
BIO PSB - IND 4950.38157 TJ 2015 IEA (2017)*
BIO PSB - PP 1771.025574 TJ 2015 IEA (2017)*
CEM CEM 240 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 8.049245115 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 270.0330087 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 8.336718155 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 2.683081705 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 49.15788981 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 13.51123287 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 47.04975418 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 70.5267191 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 1856.596715 TJ 2015 IEA (2017)*
SC-PP-oil CO-HEF-PP 63.91483919 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 132.2375983 kt 2015 IEA (2017)*
MWI  Malawi BIO PSB - DR 164109.3051 TJ 2015 IEA (2017)
BIO PSB - IND 2738.745669 TJ 2015 IEA (2017)*
BIO PSB - PP 979.8009611 TJ 2015 IEA (2017)*
CEM CEM 450 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 4.453158789 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 149.3928746 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 4.612200174 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 1.484386263 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 27.19607689 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 7.47494511 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 26.0297734 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 39.0181532 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 1027.14228 T] 2015 IEA (2017)*
SC-PP-oil CO-HEF-PP 35.36020134 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 73.15903725 kt 2015 IEA (2017)*
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MYS Malaysia BIO PSB - DR 25374 TJ 2015 IEA (2017)
BIO PSB - PP 9878 TJ 2015 1EA (2017)
CEM CEM 22000 kt 2014 USGS (2017a)
NEMP AL-P 440 kt 2015 USGS (2017b)
NFMP-AU GP-L 4732 kg 2015 USGS (2017b)
OR CO-OR 23745 kt 2015 IEA (2017)
SC-DR-gas NG-DR 13398 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 208 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 7873 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 2821 kt 2015 IEA (2017)
SC-IND-gas NG-IND 223653 TJ 2015 1EA (2017)
SC-IND-oil CO-HEF-IND 495 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 1366 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 24789 kt 2015 IEA (2017)
SC-PP-gas NG-PP 1160350 T] 2015 IEA (2017)
SC-PP-oil CO-HF-PP 119 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 325 kt 2015 IEA (2017)
SC-PP-oil CO-PP 383 kt 2015 1EA (2017)
SSC SP-S 4316 kt 2014  World Steel Association (2015)

MDV Maldives BIO PSB - DR 1281.122948 T] 2015 IEA (2017)
BIO PSB - IND 437.3571462 T 2015 1EA (2017)*
OR CO-OR 44.39059986 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 223.1565722 TJ 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 2.761137791 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 70.69220728 kt 2015 IEA (2017)*
SC-IND-coal BC-IND-OTH 0.849580859 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 59.71845452 kt 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 6.053263618 kt 2015 1EA (2017)*
SC-IND-oil CO-LF-IND 6.619650857 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 15.71724589 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 243.6173112 TJ 2015 1EA (2017)*
SC-PP-oil CO-HEF-PP 31.18669735 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 40.77988122 kt 2015 IEA (2017)*

MLI Mali BIO PSB - DR 154890.5183 T 2015 1EA (2017)*
BIO PSB - IND 5169.795047 TJ 2015 IEA (2017)*
BIO PSB - PP 1849.521923 TJ 2015 IEA (2017)*
NFMP-AU GP-L 41186 kg 2015 USGS (2017b)
SC-DR-coal HC-DR 8.40600809 kt 2015 1EA (2017)*
SC-DR-oil CO-LF-DR 282.0015571 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 8.706222665 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 2.802002697 TJ 2015 1EA (2017)*
SC-IND-oil CO-HF-IND 51.33669226 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 14.11008501 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 49.13511872 kt 2015 1EA (2017)*
SC-PP-coal HC-B-PP 73.65264231 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 1938.885795 TJ 2015 IEA (2017)*
SC-PP-oil CO-HE-PP 66.7477071 kt 2015 1EA (2017)*

SC-PP-oil CO-LF-PP 138.0987043 kt 2015 IEA (2017)*
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MLT Malta BIO PSB - DR 48 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 6 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 142 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 4 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 4 kt 2015 IEA (2017)
SC-PP-oil CO-HF-PP 254 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 20 kt 2015 IEA (2017)

MTQ Martinique BIO PSB - DR 400.8757448 TJ 2015 IEA (2017)*
CEM CEM 150 kt 2014 USGS (2017a)

MRT Mauritania BIO PSB - DR 32856.23274 TJ 2015 IEA (2017)
BIO PSB - IND 2193.290992 TJ 2015 IEA (2017)*
BIO PSB - PP 784.6616231 TJ 2015 IEA (2017)*
CEM CEM 770 kt 2014 USGS (2017a)
NFMP-AU GP-L 8800 kg 2015 USGS (2017b)
SC-DR-coal HC-DR 3.566257783 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 119.6394575 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 3.693624132 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 1.188752594 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 21.77964574 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 5.986218421 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 20.84562585 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 31.24721105 kt 2015 IEA (2017)
SC-PP-gas NG-PP 822.5743397 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 28.31778501 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 58.58852071 kt 2015 IEA (2017)*

MUS Mauritius BIO PSB - DR 217 TJ 2015 IEA (2017)
BIO PSB - IND 1345 TJ 2015 IEA (2017)
BIO PSB - PP 8309 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 3 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 171 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 36 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 37 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 37 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 684 kt 2015 IEA (2017)
SC-PP-oil CO-HF-PP 230 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 1 kt 2015 IEA (2017)

MEX Mexico BIO PSB - DR 252840 T 2015 IEA (2017)
BIO PSB - IND 37150 T] 2015 IEA (2017)
BIO PSB - PP 68740 T] 2015 IEA (2017)
CEM CEM 35000 kt 2014 USGS (2017a)
CEM PC-CEM 3789 kt 2015 IEA (2017)
CSP CSP-C 120 kt 2015 UNEP (2013)
NFMP CU-P 256000 t 2015 USGS (2017b)
NFMP PB-P 116000 t 2015 USGS (2017b)
NEMP ZN-P 326642 t 2015 USGS (2017b)
NEMP-AU GP-L 134759 kg 2015 USGS (2017b)
NFEMP-HG HG-P 300 t 2015 USGS (2017b)
OR CO-OR 59485 kt 2015 IEA (2017)
PISP PIP 5116 kt 2014 USGS (2017a)
SC-DR-gas NG-DR 49021 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 25 kt 2015 IEA (2017)
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SC-DR-oil CO-LE-DR 17054 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 330 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 2535 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 89 kt 2015 IEA (2017)
SC-IND-gas NG-IND 576685 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 536 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 1601 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 10386 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 5328 kt 2015 IEA (2017)
SC-PP-gas NG-PP 2231293 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 7572 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 1219 kt 2015 IEA (2017)
SSC SP-S 13311 kt 2014  World Steel Association (2015)
MNG Mongolia BIO PSB - DR 3169 TJ 2015 IEA (2017)
CEM CEM 411 kt 2014 USGS (2017a)
NFMP-AU GP-L 14556 kg 2015 USGS (2017b)
SC-DR-coal BC-DR 493 kt 2015 IEA (2017)
SC-DR-coal HC-DR 409 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 232 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 35 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 23 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 349 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 5259 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 1429 kt 2015 IEA (2017)
SC-PP-oil CO-HE-PP 3 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 74 kt 2015 IEA (2017)
SSC SP-S 45 kt 2014  World Steel Association (2015)
MSR Monserrat BIO PSB - DR 5.449317415 TJ 2015 IEA (2017)*
BIO PSB - IND 7.897076929 TJ 2015 IEA (2017)*
BIO PSB - PP 2.591585755 T] 2015 IEA (2017)*
OR CO-OR 0.962645821 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 0.201877171 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 0.479333973 T 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 4.28E-02 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 1.025297357 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 2.19E-02 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 0.129280947 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 7.36E-02 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 30.60676699 TJ 2015 IEA (2017)*
SC-PP-oil CO-HEF-PP 1.562310522 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 1.14960596 kt 2015 IEA (2017)*
MNE Montenegro BIO PSB - DR 6688 T] 2015 IEA (2017)
BIO PSB - IND 396 TJ 2015 IEA (2017)
NFMP AL-P 40 kt 2015 USGS (2017b)
SC-DR-coal BC-DR 22 kt 2015 IEA (2017)
SC-DR-oil CO-HF-DR 2 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 148 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 6 kt 2015 IEA (2017)
SC-IND-coal BC-IND-PIP 24 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 3 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 36 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 1668 kt 2015 IEA (2017)

SSC SP-S 140 kt 2014  World Steel Association (2015)
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MAR Morocco BIO PSB - DR 51091 TJ 2015 IEA (2017)
BIO PSB - IND 1269 TJ 2015 IEA (2017)
CEM CEM 15710 kt 2014 USGS (2017a)
CEM PC-CEM 1222 kt 2015 IEA (2017)
CSp CSP-C 8 kt 2010 UNEP (2011e)
NFMP-AU GP-L 500 kg 2015 USGS (2017b)
NFMP-HG HG-P 5 t 2015 USGS (2017b)
OR CO-OR 2623 kt 2015 IEA (2017)
PISP PIP 15 kt 2014 USGS (2017a)
SC-DR-oil CO-HF-DR 1 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 5054 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 2 kt 2015 IEA (2017)
SC-IND-coal HC-IND-NFM 15 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 10 kt 2015 IEA (2017)
SC-IND-gas NG-IND 3097 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 693 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 222 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 6707 kt 2015 IEA (2017)
SC-PP-gas NG-PP 43985 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 714 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 10 kt 2015 IEA (2017)
SSC SP-S 501 kt 2014  World Steel Association (2015)

MOZ Mozambique BIO PSB - DR 268809 TJ 2015 IEA (2017)
BIO PSB - IND 37888 TJ 2015 IEA (2017)
CEM CEM 1502 kt 2014 USGS (2017a)
NFMP AL-P 558 kt 2015 USGS (2017b)
NFMP-AU GP-L 250 kg 2015 USGS (2017b)
SC-DR-gas NG-DR 146 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 599 kt 2015 IEA (2017)
SC-IND-gas NG-IND 6252 TJ 2015 IEA (2017)
SC-IND-oil CO-LF-IND 136 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 14 kt 2015 IEA (2017)
SC-PP-gas NG-PP 23936 TJ 2015 IEA (2017)
SC-PP-oil CO-LE-PP 25 kt 2015 IEA (2017)

MMR Myanmar BIO PSB - DR 407625 TJ 2015 IEA (2017)
BIO PSB - IND 13197 TJ 2015 IEA (2017)
CEM CEM 1317 kt 2014 USGS (2017a)
CSp CSp-C 7 kt 2010 UNEP (2011e)
NFMP PB-P 2000 t 2015 USGS (2017b)
NFMP-AU GP-L 1692 kg 2015 USGS (2017b)
OR CO-OR 637 kt 2015 IEA (2017)
PISP PIP 1.5 kt 2014 USGS (2017a)
SC-DR-coal BC-DR 54 kt 2015 IEA (2017)
SC-DR-gas NG-DR 9028 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 34 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1337 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 517 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 67 kt 2015 IEA (2017)
SC-IND-gas NG-IND 17584 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 31 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 775 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 113 kt 2015 IEA (2017)
SC-PP-gas NG-PP 103754 TJ 2015 IEA (2017)
SC-PP-oil CO-LF-PP 34 kt 2015 IEA (2017)
SSC SP-S 35 kt 2014  World Steel Association (2015)
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NAM Namibia BIO PSB - DR 4030 TJ 2015 IEA (2017)
BIO PSB - IND 1173 TJ 2015 IEA (2017)
CEM CEM 731 kt 2014 USGS (2017a)
NFMP CU-P 49000 t 2015 USGS (2017b)
NFMP ZN-P 72000 t 2015 USGS (2017b)
NFMP-AU GP-L 6105 kg 2015 USGS (2017b)
SC-DR-oil CO-HF-DR 16 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 676 kt 2015 1EA (2017)
SC-IND-oil CO-HEF-IND 2 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 88 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 4 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 9 kt 2015 IEA (2017)

NPL Nepal BIO PSB - DR 383914 TJ 2015 IEA (2017)
BIO PSB - IND 2447 T] 2015 IEA (2017)
CEM CEM 3100 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 4 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 610 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 925 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 9 kt 2015 IEA (2017)

NLD Netherlands BIO PSB - DR 21963 T 2015 1EA (2017)
BIO PSB - IND 5384 TJ 2015 1EA (2017)
BIO PSB - PP 22006 TJ 2015 IEA (2017)
CEM CEM 2000 kt 2014 USGS (2017a)
NEMP AL-P 75 kt 2015  USGS (2017b)
NEMP ZN-P 291000 t 2015  USGS (2017b)
OR CO-OR 52787 kt 2015 1EA (2017)
PISP PIP 5868 kt 2014 USGS (2017a)
SC-DR-gas NG-DR 560230 T] 2015 IEA (2017)
SC-DR-oil CO-HF-DR 24 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 6455 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 27 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 14 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 33 kt 2015 IEA (2017)
SC-IND-gas NG-IND 217366 T 2015 1EA (2017)
SC-IND-oil CO-HF-IND 5 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 414 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 13476 kt 2015 1EA (2017)
SC-PP-gas NG-PP 454342 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 7 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 22 kt 2015 1EA (2017)
SSC SP-S 125 kt 2014 World Steel Association (2015)

NCL New Caledonia BIO PSB - DR 884.8558292 T 2015 IEA (2017)°
BIO PSB - IND 786.6171126 TJ 2015 IEA (2017)*
CEM CEM 106 kt 2014 USGS (2017a)
OR CO-OR 79.83956773 kt 2015 1EA (2017)*
SC-DR-gas NG-DR 401.3625478 TJ 2015 1EA (2017)*
SC-DR-oil CO-HF-DR 4.966097514 kt 2015 1EA (2017)*
SC-DR-oil CO-LF-DR 127.1448299 kt 2015 1EA (2017)*
SC-IND-coal BC-IND-OTH 1.528030004 kt 2015 1EA (2017)*

SC-IND-coal HC-IND-OTH 107.4077757 kt 2015 IEA (2017)*
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SC-IND-oil CO-HF-IND 10.88721378 kt 2015 1EA (2017)*
SC-IND-oil CO-LF-IND 11.90590045 kt 2015 1EA (2017)*
SC-PP-coal HC-B-PP 28.26855508 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 438.1626037 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 56.09143474 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 73.34544021 kt 2015 1EA (2017)*

NZL New Zealand BIO PSB - DR 6517 T 2015 IEA (2017)
BIO PSB - IND 35973 T 2015 1EA (2017)
BIO PSB - PP 3787 T 2015 IEA (2017)
CEM CEM 1100 kt 2014 USGS (2017a)
NFMP AL-P 333 kt 2015 USGS (2017b)
NFMP-AU GP-L 11600 kg 2015 USGS (2017b)
OR CO-OR 5428 kt 2015 IEA (2017)
PISP PIP 670 kt 2014  USGS (2017a)
SC-DR-coal BC-DR 169 kt 2015 1EA (2017)
SC-DR-gas NG-DR 17295 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 67 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 2480 kt 2015 1EA (2017)
SC-IND-coal BC-IND-NFM 3 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 895 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 116 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 9 kt 2015 1EA (2017)
SC-IND-gas NG-IND 57745 TJ 2015 1EA (2017)
SC-IND-oil CO-LF-IND 332 kt 2015 1EA (2017)
SC-PP-coal BC-L-PP 16 kt 2015 1EA (2017)
SC-PP-coal BC-S-PP 600 kt 2015 IEA (2017)
SC-PP-gas NG-PP 66138 T] 2015 IEA (2017)
SSC SP-S 264 kt 2014  World Steel Association (2015)

NIC Nicaragua BIO PSB - DR 40531 TJ 2015 1EA (2017)
BIO PSB - IND 2781 TJ 2015 1EA (2017)
BIO PSB - PP 19779 TJ 2015 IEA (2017)
CEM CEM 700 kt 2014  USGS (2017a)
NFMP-AU GP-L 8200 kg 2015 USGS (2017b)
OR CO-OR 729 kt 2015 IEA (2017)
SC-DR-oil CO-LE-DR 481 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 27 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 91 kt 2015 1EA (2017)
SC-PP-oil CO-HE-PP 498 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 15 kt 2015 IEA (2017)

NER Niger BIO PSB - DR 88279 T 2015 IEA (2017)
CEM CEM 21 kt 2014 USGS (2017a)
NFMP-AU GP-L 1209 kg 2015 USGS (2017b)
OR CO-OR 742 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 168 kt 2015 IEA (2017)
SC-IND-oil CO-HEF-IND 2 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 61 kt 2015 1EA (2017)
SC-PP-coal BC-L-PP 221 kt 2015 1EA (2017)
SC-PP-oil CO-HEF-PP 16 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 53 kt 2015 IEA (2017)
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NGA Nigeria BIO PSB - DR 4009489 TJ 2015 IEA (2017)
BIO PSB - IND 173369 TJ 2015 IEA (2017)
CEM CEM 20000 kt 2014 USGS (2017a)
NFMP-AU GP-L 7700 kg 2015 USGS (2017b)
OR CO-OR 1335 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 527 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 47 kt 2015 IEA (2017)
SC-IND-gas NG-IND 119044 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 451 kt 2015 IEA (2017)
SC-PP-gas NG-PP 469517 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 123 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 14 kt 2015 IEA (2017)
SSC SP-S 100 kt 2014  World Steel Association (2015)

NOR Norway BIO PSB - DR 22158 TJ 2015 IEA (2017)
BIO PSB - IND 10315 TJ 2015 IEA (2017)
BIO PSB - PP 6364 TJ 2015 IEA (2017)
CEM CEM 1700 kt 2014 USGS (2017a)
CEM PC-CEM 13 kt 2015 IEA (2017)
NFMP AL-P 1225 kt 2015 USGS (2017b)
NFMP ZN-P 162878 t 2015 USGS (2017b)
OR CO-OR 13430 kt 2015 IEA (2017)
PISP PIP 102 kt 2014 USGS (2017a)
SC-DR-gas NG-DR 7444 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 9 kt 2015 IEA (2017)
SC-DR-oil CO-LE-DR 3909 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 93 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 262 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 212 kt 2015 IEA (2017)
SC-IND-gas NG-IND 11965 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 6 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 306 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 26 kt 2015 IEA (2017)
SC-PP-gas NG-PP 202999 TJ 2015 IEA (2017)
SC-PP-oil CO-LF-PP 213 kt 2015 IEA (2017)
SSC SP-S 600 kt 2014  World Steel Association (2015)

OMN Oman CEM CEM 5000 kt 2014 USGS (2017a)
NFMP AL-P 377 kt 2015 USGS (2017b)
NFMP CU-P 12000 t 2015 USGS (2017b)
OR CO-OR 9212 kt 2015 IEA (2017)
SC-DR-gas NG-DR 7492 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1908 kt 2015 IEA (2017)
SC-IND-gas NG-IND 447010 TJ 2015 IEA (2017)
SC-IND-oil CO-LF-IND 417 kt 2015 IEA (2017)
SC-PP-gas NG-PP 454854 TJ 2015 IEA (2017)
SC-PP-oil CO-LF-PP 202 kt 2015 IEA (2017)
SSC SP-S 1500 kt 2014  World Steel Association (2015)

PAK Pakistan BIO PSB - DR 1187378 TJ 2015 IEA (2017)
BIO PSB - IND 149375 TJ 2015 IEA (2017)
CEM CEM 32000 kt 2014 USGS (2017a)
CSp CSp-C 33 kt 2010 UNEP (2011e)
NEMP CU-P 13000 t 2015 USGS (2017b)
OR CO-OR 12999 kt 2015 IEA (2017)

PISP PIP 216.5 kt 2014 USGS (2017a)
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SC-DR-gas NG-DR 395135 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 7 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 6769 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 1082 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 7390 kt 2015 IEA (2017)
SC-IND-gas NG-IND 305417 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 773 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 471 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 158 kt 2015 IEA (2017)
SC-PP-gas NG-PP 310856 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 9045 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 563 kt 2015 IEA (2017)
SSC SP-S 2280 kt 2014  World Steel Association (2015)
PLW Palau BIO PSB - DR 69.27621526 TJ 2015 IEA (2017)
BIO PSB - IND 23.96736273 TJ 2015 IEA (2017)
OR CO-OR 2.43262427 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 12.22907767 TJ 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 0.151311557 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 3.87396385 kt 2015 IEA (2017)*
SC-IND-coal BC-IND-OTH 4.66E-02 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 3.272597403 kt 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 0.331721491 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 0.36275976 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 0.861311943 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 13.35033511 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 1.709044643 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 2.23475531 kt 2015 IEA (2017)*
PAN Panama BIO PSB - DR 7053 T] 2015 IEA (2017)
BIO PSB - IND 3557 TJ 2015 IEA (2017)
BIO PSB - PP 2862 TJ 2015 IEA (2017)
CEM CEM 2188 kt 2014 USGS (2017a)
SC-DR-oil CO-LF-DR 670 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 31 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 433 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 339 kt 2015 IEA (2017)
SC-PP-oil CO-HF-PP 708 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 60 kt 2015 IEA (2017)
PNG Papua New Guinea BIO PSB - DR 21737.15625 TJ 2015 IEA (2017)*
BIO PSB - IND 1344.700727 TJ 2015 IEA (2017)
CEM CEM 200 kt 2014 USGS (2017a)
NFMP-AU GP-L 60046 kg 2015 USGS (2017b)
OR CO-OR 136.4835865 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 686.1184446 TJ 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 8.489409689 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 217.3506557 kt 2015 IEA (2017)*
SC-IND-coal BC-IND-OTH 2.612126058 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 183.6106942 kt 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 18.61139816 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 20.35281554 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 48.32433207 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 749.0271471 T] 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 95.88679405 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 125.3820508 kt 2015 IEA (2017)*
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PRY Paraguay BIO PSB - DR 28526 TJ 2015 IEA (2017)
BIO PSB - IND 45055 TJ 2015 IEA (2017)
CEM CEM 1000 kt 2014 USGS (2017a)
PISP PIP 71 kt 2014 USGS (2017a)
SC-DR-oil CO-LEF-DR 1202 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 46 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 1 kt 2015 IEA (2017)

PER Peru BIO PSB - DR 88672 TJ 2015 IEA (2017)
BIO PSB - IND 3 TJ 2015 IEA (2017)
BIO PSB - PP 11677 TJ 2015 IEA (2017)
CEM CEM 10676 kt 2014 USGS (2017a)
CSp CSP-C 76 kt 2010 UNEP (2011e)
NFMP CU-P 327900 t 2015 USGS (2017b)
NEMP ZN-P 335422 t 2015 USGS (2017b)
NEMP-AU GP-L 121431 kg 2015 USGS (2017b)
OR CO-OR 8802 kt 2015 IEA (2017)
SC-DR-coal HC-DR 4 kt 2015 IEA (2017)
SC-DR-gas NG-DR 39546 TJ 2015 IEA (2017)
SC-DR-oil CO-HEF-DR 177 kt 2015 IEA (2017)
SC-DR-oil CO-LE-DR 4164 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 857 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 138 kt 2015 IEA (2017)
SC-IND-gas NG-IND 49901 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 65 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 720 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 236 kt 2015 IEA (2017)
SC-PP-gas NG-PP 266090 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 236 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 120 kt 2015 IEA (2017)
SSC SP-S 1078 kt 2014  World Steel Association (2015)

PHL Philippines BIO PSB - DR 126895 TJ 2015 IEA (2017)
BIO PSB - IND 73847 TJ 2015 IEA (2017)
BIO PSB - PP 5390 TJ 2015 IEA (2017)
CEM CEM 22000 kt 2014 USGS (2017a)
CSp CSP-C 14 kt 2010 UNEP (2011e)
NFEMP CU-P 189000 t 2015 USGS (2017b)
NFMP-AU GP-L 20643 kg 2015 USGS (2017b)
OR CO-OR 10278 kt 2015 IEA (2017)
SC-DR-oil CO-HF-DR 330 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 6833 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 3356 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 447 kt 2015 IEA (2017)
SC-IND-coal BC-IND-PIP 412 kt 2015 IEA (2017)
SC-IND-gas NG-IND 2334 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 648 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 585 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 3961 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 13593 kt 2015 1EA (2017)
SC-PP-gas NG-PP 131431 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 1146 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 286 kt 2015 IEA (2017)
SC-PP-oil CO-PP 234 kt 2015 IEA (2017)

SSC SP-S 1196 kt 2014  World Steel Association (2015)
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POL Poland BIO PSB - DR 131096 TJ 2015 IEA (2017)
BIO PSB - IND 56853 TJ 2015 IEA (2017)
BIO PSB - PP 95657 TJ 2015 IEA (2017)
CEM CEM 15358 kt 2014 USGS (2017a)
NFMP CU-P 515000 t 2015 USGS (2017b)
NFMP PB-P 39000 t 2015 USGS (2017b)
NFMP ZN-P 140000 t 2015 USGS (2017b)
NFMP-AU GP-L 2703 kg 2015  USGS (2017b)
OR CO-OR 26140 kt 2015 IEA (2017)
PISP PIP 4637 kt 2014 USGS (2017a)
SC-DR-coal BC-DR 560 kt 2015 1EA (2017)
SC-DR-coal HC-DR 12151 kt 2015 1EA (2017)
SC-DR-gas NG-DR 244684 T] 2015 IEA (2017)
SC-DR-oil CO-HF-DR 10 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 11589 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 48 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 16 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 897 kt 2015 IEA (2017)
SC-IND-coal HC-IND-NFM 1 kt 2015 1EA (2017)
SC-IND-coal HC-IND-OTH 3629 kt 2015 1EA (2017)
SC-IND-coal HC-IND-PIP 32 kt 2015 1EA (2017)
SC-IND-gas NG-IND 150250 TJ 2015 1EA (2017)
SC-IND-oil CO-HF-IND 81 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 265 kt 2015 1EA (2017)
SC-PP-coal BC-L-PP 62421 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 42465 kt 2015 1EA (2017)
SC-PP-gas NG-PP 122747 T 2015 1EA (2017)
SC-PP-oil CO-HEF-PP 962 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 76 kt 2015 IEA (2017)
SSC SP-S 3492 kt 2014  World Steel Association (2015)

PRT Portugal BIO PSB - DR 32212 TJ 2015 IEA (2017)
BIO PSB - IND 39761 TJ 2015 IEA (2017)
BIO PSB - PP 25376 TJ 2015 1EA (2017)
CEM CEM 5500 kt 2014 USGS (2017a)
CEM PC-CEM 456 kt 2015 IEA (2017)
OR CO-OR 13847 kt 2015 1EA (2017)
PISP PIP 100 kt 2014 USGS (2017a)
SC-DR-gas NG-DR 23514 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 86 kt 2015 IEA (2017)
SC-DR-oil CO-LE-DR 4221 kt 2015 1EA (2017)
SC-IND-coal HC-IND-OTH 5 kt 2015 1EA (2017)
SC-IND-coal HC-IND-PIP 5 kt 2015 1EA (2017)
SC-IND-gas NG-IND 52913 T] 2015 IEA (2017)
SC-IND-oil CO-HF-IND 123 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 188 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 5494 kt 2015 IEA (2017)
SC-PP-gas NG-PP 103112 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 365 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 21 kt 2015 1EA (2017)
SSC SP-S 2070 kt 2014  World Steel Association (2015)
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QAT Qatar CEM CEM 6000 kt 2014 USGS (2017a)
NFMP AL-P 610 kt 2015 USGS (2017b)
OR CO-OR 3699 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 3294 kt 2015 1EA (2017)
SC-IND-gas NG-IND 239306 TJ 2015 IEA (2017)
SC-PP-gas NG-PP 1004423 TJ 2015 IEA (2017)
SSC SP-S 3019 kt 2014  World Steel Association (2015)

MDA Republic of Moldova BIO PSB - DR 12510 TJ 2015 IEA (2017)
BIO PSB - IND 62 T 2015 1EA (2017)
BIO PSB - PP 389 TJ 2015 IEA (2017)
CEM CEM 1300 kt 2014  USGS (2017a)
OR CO-OR 7 kt 2015 IEA (2017)
SC-DR-coal HC-DR 96 kt 2015 1EA (2017)
SC-DR-gas NG-DR 13947 T] 2015 IEA (2017)
SC-DR-oil CO-LF-DR 487 kt 2015 1EA (2017)
SC-IND-coal HC-IND-CEM 70 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 2 kt 2015 1EA (2017)
SC-IND-gas NG-IND 11497 TJ 2015 IEA (2017)
SC-IND-oil CO-HEF-IND 2 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 9 kt 2015 1EA (2017)
SC-PP-coal HC-A-PP 3 kt 2015 IEA (2017)
SC-PP-gas NG-PP 71214 TJ 2015 1EA (2017)
SC-PP-oil CO-HE-PP 7 kt 2015 IEA (2017)
SSC SP-S 351 kt 2014  World Steel Association (2015)

REU Reunion BIO PSB - DR 6796.340895 TJ 2015 IEA (2017)
BIO PSB - IND 494.9282048 TJ 2015 IEA (2017)
BIO PSB - PP 177.0632214 TJ 2015 IEA (2017)*
CEM CEM 400 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 0.804745731 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 26.99730321 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 0.83348665 kt 2015 1EA (2017)*
SC-IND-gas NG-IND 0.268248577 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 4.914697142 kt 2015 1EA (2017)*
SC-IND-oil CO-IND 1.350823191 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 4.703930403 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 7.051105451 kt 2015 1EA (2017)*
SC-PP-gas NG-PP 185.6184349 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 6.390064315 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 13.22082272 kt 2015 1EA (2017)*

ROU Romania BIO PSB - DR 128301 TJ 2015 1EA (2017)
BIO PSB - IND 10172 TJ 2015 IEA (2017)
BIO PSB - PP 7862 TJ 2015 1EA (2017)
CEM CEM 7900 kt 2014 USGS (2017a)
CEM PC-CEM 376 kt 2015 1EA (2017)
NFMP AL-P 271 kt 2015 USGS (2017b)
OR CO-OR 10352 kt 2015 IEA (2017)
PISP PIP 1631 kt 2014  USGS (2017a)
SC-DR-coal BC-DR 286 kt 2015 IEA (2017)

SC-DR-gas NG-DR 142444 TJ 2015 IEA (2017)
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SC-DR-oil CO-LF-DR 4045 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 239 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 248 kt 2015 IEA (2017)
SC-IND-coal BC-IND-PIP 364 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 2 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 108 kt 2015 IEA (2017)
SC-IND-gas NG-IND 104079 T] 2015 1EA (2017)
SC-IND-oil CO-HF-IND 7 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 311 kt 2015 1EA (2017)
SC-PP-coal BC-L-PP 26065 kt 2015 1EA (2017)
SC-PP-coal BC-S-PP 197 kt 2015 1EA (2017)
SC-PP-gas NG-PP 146307 TJ 2015 1EA (2017)
SC-PP-oil CO-HE-PP 49 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 72 kt 2015 IEA (2017)
SSC SP-S 1314 kt 2014  World Steel Association (2015)

RUS Russia BIO PSB - DR 82843 TJ 2015 IEA (2017)
BIO PSB - IND 2877 TJ 2015 1EA (2017)
BIO PSB - PP 30719 TJ 2015 1EA (2017)
CEM CEM 68545 kt 2014 USGS (2017a)
CSP CSP-C 379 kt 2015 UNEP (2013)
NFMP AL-P 3530 kt 2015  USGS (2017b)
NFMP CU-p 660000 t 2015 USGS (2017b)
NFMP PB-T 114000 t 2015 USGS (2017b)
NFMP ZN-T 229602 t 2015 USGS (2017b)
NFMP-AU GP-L 252000 kg 2015  USGS (2017b)
OR CO-OR 259786 kt 2015 1EA (2017)
PISP PIP 51474 kt 2014 USGS (2017a)
SC-DR-coal BC-DR 1126 kt 2015 IEA (2017)
SC-DR-coal HC-DR 5482 kt 2015 IEA (2017)
SC-DR-gas NG-DR 3387745 TJ 2015 IEA (2017)
SC-DR-oil CO-DR 68 kt 2015 IEA (2017)
SC-DR-oil CO-HF-DR 613 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 23591 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 14 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 114 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 1562 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 494 kt 2015 IEA (2017)
SC-IND-gas NG-IND 1651484 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 397 kt 2015 1EA (2017)
SC-IND-oil CO-IND 23 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 3437 kt 2015 1EA (2017)
SC-PP-coal BC-L-PP 70970 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 72817 kt 2015 IEA (2017)
SC-PP-gas NG-PP 10120992 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 7718 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 5190 kt 2015 IEA (2017)
SC-PP-oil CO-PP 674 kt 2015 IEA (2017)
SSC SP-S 21852 kt 2014  World Steel Association (2015)
VCM VCM-P 6196.515 kg 2016 National information
VCM VCM-R 3717.909 kg 2016 Linetal. (2016)
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RWA Rwanda BIO PSB - DR 115666.1982 TJ 2015 IEA (2017)*
BIO PSB - IND 3158.673802 TJ 2015 IEA (2017)*
BIO PSB - PP 1130.032504 TJ 2015 IEA (2017)*
CEM CEM 140 kt 2014 USGS (2017a)
NEMP-AU GP-L 319 kg 2015 USGS (2017b)
SC-DR-coal HC-DR 5.135955544 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 172.29908 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 5.319382527 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 1.711985181 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 31.36601421 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 8.621068234 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 30.020883 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 45.00075334 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 1184.632603 T 2015 IEA (2017)*
SC-PP-oil CO-HE-PP 40.78193271 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 84.37641251 kt 2015 IEA (2017)*

KNA Saint Kitts BIO PSB - DR 54.00033377 TJ 2015 IEA (2017)*
BIO PSB - IND 226.4836672 T 2015 IEA (2017)*
BIO PSB - PP 74.32520297 TJ 2015 IEA (2017)*
OR CO-OR 27.60813372 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 5.789722258 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 13.74702526 TJ 2015 IEA (2017)*
SC-DR-oil CO-HEF-DR 1.22639437 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 29.40494408 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 0.627457585 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 3.707703909 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 2.110539148 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 877.78464 TJ 2015 IEA (2017)*
SC-PP-oil CO-HE-PP 44.8061757 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 32.97004399 kt 2015 IEA (2017)*

LCA Saint Lucia BIO PSB - DR 170.4375137 TJ 2015 IEA (2017)*
BIO PSB - IND 339.9823639 T] 2015 IEA (2017)*
BIO PSB - PP 111.5720993 TJ 2015 IEA (2017)*
OR CO-OR 41.44351194 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 8.691149714 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 20.63612888 TJ 2015 IEA (2017)*
SC-DR-oil CO-HEF-DR 1.840982452 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 44.14076529 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 0.941897999 T 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 5.5657609 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 3.168202359 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 1317.672486 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 67.2600798 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 49.49245847 kt 2015 IEA (2017)*

VCT Saint Vincent and BIO PSB - DR 106.7061817 TJ 2015 IEA (2017)*

the Grenadines BIO PSB - IND 200.1186674 T) 2015 IBA (2017)

BIO PSB - PP 65.67299423 TJ 2015 IEA (2017)*
OR CO-OR 24.39426647 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 5.115739766 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 12.14673186 TJ 2015 IEA (2017)*

SC-DR-oil CO-HF-DR 1.083629606 kt 2015 IEA (2017)*
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SC-DR-oil CO-LF-DR 25.98190984 kt 2015 1EA (2017)*
SC-IND-gas NG-IND 0.554415147 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 3.276089505 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 1.864850949 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 775.60159 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 39.59028164 kt 2015 1EA (2017)*
SC-PP-oil CO-LE-PP 29.13199591 kt 2015 1EA (2017)*
WSM  Samoa BIO PSB - DR 644.2964929 TJ 2015 IEA (2017)
BIO PSB - IND 76.76234956 TJ 2015 IEA (2017)
OR CO-OR 7.791176556 kt 2015 1EA (2017)*
SC-DR-gas NG-DR 39.1671268 T 2015 IEA (2017)*
SC-DR-oil CO-HF-DR 0.484618637 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 12.40747973 kt 2015 IEA (2017)*
SC-IND-coal BC-IND-OTH 0.149113427 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 10.4814313 kt 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 1.062433167 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 1.161842118 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 2.758598398 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 42.75827517 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 5.473705379 kt 2015 IEA (2017)*
SC-PP-oil CO-LE-PP 7.157444491 kt 2015 IEA (2017)*
STP Sao Tome and Principe  BIO PSB - DR 1772.264227 TJ 2015 IEA (2017)*
BIO PSB - IND 86.04076475 TJ 2015 IEA (2017)
BIO PSB - PP 30.78154535 TJ 2015 IEA (2017)
SC-DR-coal HC-DR 0.139900974 kt 2015 1EA (2017)*
SC-DR-oil CO-LE-DR 4.693344594 kt 2015 1EA (2017)*
SC-IND-coal HC-IND-OTH 0.144897438 kt 2015 1EA (2017)*
SC-IND-gas NG-IND 4.66E-02 T 2015 IEA (2017)*
SC-IND-oil CO-HEF-IND 0.854395237 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 0.234833778 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 0.817754505 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 1.225799014 kt 2015 1EA (2017)*
SC-PP-gas NG-PP 32.26882594 TJ 2015 1EA (2017)*
SC-PP-oil CO-HF-PP 1.110880356 kt 2015 IEA (2017)*
SC-PP-oil CO-LE-PP 2.298373151 kt 2015 IEA (2017)*
SAU Saudi Arabia BIO PSB - DR 5 TJ 2015 IEA (2017)
CEM CEM 57223 kt 2014 USGS (2017a)
NFMP AL-P 682 kt 2015 USGS (2017b)
NFMP-AU GP-L 5100 kg 2015 USGS (2017b)
OR CO-OR 112225 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 20294 kt 2015 IEA (2017)
SC-IND-gas NG-IND 770165 T] 2015 IEA (2017)
SC-IND-oil CO-HF-IND 13907 kt 2015 IEA (2017)
SC-IND-oil CO-IND 5345 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 4160 kt 2015 1EA (2017)
SC-PP-gas NG-PP 2327141 TJ 2015 1EA (2017)
SC-PP-oil CO-HEF-PP 7900 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 13631 kt 2015 IEA (2017)
SC-PP-oil CO-PP 23260 kt 2015 IEA (2017)
SSC SP-S 6291 kt 2014  World Steel Association (2015)
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SEN Senegal BIO PSB - DR 30980 TJ 2015 IEA (2017)
BIO PSB - IND 1749 TJ 2015 IEA (2017)
BIO PSB - PP 1522 TJ 2015 IEA (2017)
CEM CEM 4899 kt 2014 USGS (2017a)
NFMP-AU GP-L 5670 kg 2015 USGS (2017b)
OR CO-OR 894 kt 2015 IEA (2017)
SC-DR-oil CO-LE-DR 666 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 389 kt 2015 IEA (2017)
SC-IND-oil CO-HF-IND 59 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 22 kt 2015 IEA (2017)
SC-PP-gas NG-PP 1688 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 599 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 152 kt 2015 IEA (2017)

SRB Serbia BIO PSB - DR 37651 TJ 2015 IEA (2017)
BIO PSB - IND 5484 TJ 2015 IEA (2017)
BIO PSB - PP 191 TJ 2015 IEA (2017)
CEM CEM 1605 kt 2014 USGS (2017a)
CEM PC-CEM 104 kt 2015 IEA (2017)
NEMP CU-P 43000 t 2015 USGS (2017b)
NFMP-AU GP-L 628 kg 2015 USGS (2017b)
OR CO-OR 2933 kt 2015 IEA (2017)
PISP PIP 550 kt 2014 USGS (2017a)
SC-DR-coal BC-DR 556 kt 2015 IEA (2017)
SC-DR-gas NG-DR 14489 TJ 2015 IEA (2017)
SC-DR-oil CO-HE-DR 44 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1416 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 103 kt 2015 IEA (2017)
SC-IND-coal BC-IND-NFM 6 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 203 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 84 kt 2015 IEA (2017)
SC-IND-coal HC-IND-NFM 11 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 11 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 14 kt 2015 IEA (2017)
SC-IND-gas NG-IND 20117 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 82 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 131 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 36969 kt 2015 IEA (2017)
SC-PP-gas NG-PP 35494 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 202 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 29 kt 2015 IEA (2017)

SCG Serbia and Montenegro CSP CSP-C 10 kt 2010 UNEP (2011e)

SYC Seychelles BIO PSB - DR 844.3573007 TJ 2015 IEA (2017)*
BIO PSB - IND 336.9052848 TJ 2015 IEA (2017)
BIO PSB - PP 120.5296737 TJ 2015 IEA (2017)*
SC-DR-coal HC-DR 0.547802867 kt 2015 IEA (2017)*
SC-DR-oil CO-LE-DR 18.3774819 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 0.567367255 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 0.182600956 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 3.345510368 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 0.919526241 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 3.202038188 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 4.799796551 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 126.3533399 TJ 2015 IEA (2017)*
SC-PP-oil CO-HE-PP 4.349815624 kt 2015 IEA (2017)*

SC-PP-oil CO-LF-PP 8.999618533 kt 2015 IEA (2017)*
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SLE Sierra Leone BIO PSB - DR 53706.14863 T] 2015 IEA (2017)*
BIO PSB - IND 1303.676402 TJ 2015 IEA (2017)
BIO PSB - PP 466.3972292 TJ 2015 IEA (2017)*
CEM CEM 336 kt 2014 USGS (2017a)
NFMP-AU GP-L 40 kg 2015 USGS (2017b)
SC-DR-coal HC-DR 2.119757994 kt 2015 IEA (2017)*
SC-DR-oil CO-LE-DR 71.11283366 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 2.195463637 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 0.706585998 TJ 2015 IEA (2017)*
SC-IND-oil CO-HEF-IND 12.94566489 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 3.558165205 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 12.39049018 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 18.57311766 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 488.9322754 TJ 2015 IEA (2017)*
SC-PP-oil CO-HEF-PP 16.83188788 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 34.82459562 kt 2015 IEA (2017)*

SGP Singapore BIO PSB - PP 2654 T] 2015 IEA (2017)
OR CO-OR 38275 kt 2015 IEA (2017)
SC-DR-gas NG-DR 7092 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1255 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 233 kt 2015 IEA (2017)
SC-IND-gas NG-IND 50656 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 886 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 216 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 415 kt 2015 IEA (2017)
SC-PP-gas NG-PP 380065 T 2015 IEA (2017)
SC-PP-oil CO-HF-PP 481 kt 2015 IEA (2017)
SSC SP-S 540 kt 2014  World Steel Association (2015)

SVK Slovakia BIO PSB - DR 1587 TJ 2015 IEA (2017)
BIO PSB - IND 17055 TJ 2015 IEA (2017)
BIO PSB - PP 18144 TJ 2015 IEA (2017)
CEM CEM 3319 kt 2014 USGS (2017a)
CEM PC-CEM 49 kt 2015 IEA (2017)
NFMP AL-P 171 kt 2015 USGS (2017b)
NFMP-AU GP-L 600 kg 2015 USGS (2017b)
OR CO-OR 5930 kt 2015 IEA (2017)
PISP PIP 3838 kt 2014 USGS (2017a)
SC-DR-coal BC-DR 89 kt 2015 IEA (2017)
SC-DR-coal HC-DR 103 kt 2015 IEA (2017)
SC-DR-gas NG-DR 78693 TJ 2015 IEA (2017)
SC-DR-oil CO-LE-DR 1331 kt 2015 IEA (2017)
SC-IND-coal BC-IND-CEM 11 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 45 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 54 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 349 kt 2015 IEA (2017)
SC-IND-gas NG-IND 36689 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 2 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 12 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 2451 kt 2015 IEA (2017)
SC-PP-coal HC-A-PP 40 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 454 kt 2015 IEA (2017)
SC-PP-gas NG-PP 35237 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 203 kt 2015 1EA (2017)
SSC SP-S 362 kt 2014  World Steel Association (2015)
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SVN Slovenia BIO PSB - DR 19396 TJ 2015 IEA (2017)
BIO PSB - IND 3126 TJ 2015 IEA (2017)
BIO PSB - PP 2187 TJ 2015 IEA (2017)
CEM CEM 1326 kt 2014 USGS (2017a)
CEM PC-CEM 30 kt 2015 IEA (2017)
NFMP AL-P 85 kt 2015 USGS (2017b)
SC-DR-gas NG-DR 7244 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 1510 kt 2015 IEA (2017)
SC-IND-coal BC-IND-OTH 57 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 1 kt 2015 IEA (2017)
SC-IND-coal HC-IND-NFM 2 kt 2015 IEA (2017)
SC-IND-gas NG-IND 18712 T] 2015 IEA (2017)
SC-IND-oil CO-HF-IND 3 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 45 kt 2015 IEA (2017)
SC-PP-coal BC-L-PP 3190 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 340 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 5 kt 2015 IEA (2017)
SC-PP-gas NG-PP 4714 TJ 2015 IEA (2017)
SC-PP-oil CO-LE-PP 8 kt 2015 IEA (2017)
SSC SP-S 615 kt 2014 World Steel Association (2015)

SLB Solomon Islands BIO PSB - DR 2027.853112 TJ 2015 IEA (2017)*
BIO PSB - IND 88.27734092 TJ 2015 IEA (2017)
OR CO-OR 8.959917889 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 45.04252183 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 0.557315467 kt 2015 IEA (2017)*
SC-DR-oil CO-LE-DR 14.26870496 kt 2015 IEA (2017)*
SC-IND-coal BC-IND-OTH 0.171481682 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 12.05373324 kt 2015 IEA (2017)*
SC-IND-oil CO-HE-IND 1.221806985 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 1.336128106 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 3.172411118 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 49.17237234 TJ 2015 IEA (2017)
SC-PP-oil CO-HF-PP 6.294806746 kt 2015 IEA (2017)*
SC-PP-oil CO-LE-PP 8.23112074 kt 2015 IEA (2017)*

SOM Somalia BIO PSB - DR 96981.69382 TJ 2015 IEA (2017)*
BIO PSB - IND 588.5394357 T 2015 IEA (2017)*
BIO PSB - PP 210.5531416 T 2015 IEA (2017)*
SC-DR-coal HC-DR 0.956956168 kt 2015 IEA (2017)*
SC-DR-oil CO-LF-DR 32.10360097 kt 2015 IEA (2017)*
SC-IND-coal HC-IND-OTH 0.991133174 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 0.318985389 TJ 2015 IEA (2017)*
SC-IND-oil CO-HF-IND 5.844268026 kt 2015 IEA (2017)*
SC-IND-oil CO-IND 1.606319282 kt 2015 IEA (2017)*
SC-IND-oil CO-LE-IND 5.593636649 kt 2015 IEA (2017)*
SC-PP-coal HC-B-PP 8.384758806 kt 2015 IEA (2017)*
SC-PP-gas NG-PP 220.7264971 TJ 2015 IEA (2017)
SC-PP-oil CO-HEF-PP 7.598687668 kt 2015 IEA (2017)*
SC-PP-oil CO-LF-PP 15.72142276 kt 2015 IEA (2017)*

ZAF South Africa BIO PSB - DR 355953 TJ 2015 IEA (2017)
BIO PSB - IND 83833 TJ 2015 IEA (2017)
BIO PSB - PP 4464 TJ 2015 IEA (2017)
CEM CEM 12070 kt 2014 USGS (2017a)

NFMP AL-P 695 kt 2015 USGS (2017b)
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code
NEMP CU-P 71800 t 2015 USGS (2017b)
NFMP-AU GP-L 144515 kg 2015 USGS (2017b)
OR CO-OR 20577 kt 2015 IEA (2017)
PISP PIP 4690 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 8684 kt 2015 IEA (2017)
SC-DR-gas NG-DR 79 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 34 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 9366 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 1519 kt 2015 IEA (2017)
SC-IND-coal HC-IND-NFM 2290 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 7629 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 2380 kt 2015 IEA (2017)
SC-IND-gas NG-IND 80993 TJ 2015 IEA (2017)
SC-IND-oil CO-HF-IND 572 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 1682 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 147899 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 44 kt 2015 IEA (2017)
SSC SP-S 2819 kt 2014  World Steel Association (2015)

SSD South Sudan BIO PSB - DR 6682 TJ 2015 IEA (2017)
BIO PSB - PP 16 TJ 2015 IEA (2017)
SC-DR-oil CO-LF-DR 180 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 2 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 88 kt 2015 IEA (2017)
SC-PP-oil CO-PP 23 kt 2015 IEA (2017)

ESP Spain BIO PSB - DR 110460 TJ 2015 IEA (2017)
BIO PSB - IND 53916 TJ 2015 IEA (2017)
BIO PSB - PP 50350 T] 2015 IEA (2017)
CEM CEM 14587 kt 2014 USGS (2017a)
CEM PC-CEM 1440 kt 2015 IEA (2017)
CSP CSP-C 574.882 kt 2015 OSPAR (2016)
NFMP AL-P 230 kt 2015 USGS (2017b)
NFMP CU-P 283000 t 2015 USGS (2017b)
NFMP ZN-P 491000 t 2015 USGS (2017b)
NFMP-AU GP-L 1800 kg 2015 USGS (2017b)
OR CO-OR 64933 kt 2015 IEA (2017)
PISP PIP 3958 kt 2014 USGS (2017a)
SC-DR-coal HC-DR 175 kt 2015 IEA (2017)
SC-DR-gas NG-DR 294115 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 161 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 25301 kt 2015 IEA (2017)
SC-IND-coal HC-IND-CEM 12 kt 2015 IEA (2017)
SC-IND-coal HC-IND-OTH 223 kt 2015 IEA (2017)
SC-IND-coal HC-IND-PIP 80 kt 2015 IEA (2017)
SC-IND-gas NG-IND 320912 T 2015 IEA (2017)
SC-IND-oil CO-HF-IND 373 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 1092 kt 2015 IEA (2017)
SC-PP-coal BC-S-PP 2298 kt 2015 IEA (2017)
SC-PP-coal HC-A-PP 2176 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 18214 kt 2015 IEA (2017)
SC-PP-gas NG-PP 501668 TJ 2015 IEA (2017)
SC-PP-oil CO-HE-PP 1873 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 842 kt 2015 IEA (2017)
SSC SP-S 10042 kt 2014  World Steel Association (2015)



3-150 Technical Background Report to the Global Mercury Assessment 2018

Country Country name Sector code Activity code Activity amount Units Year  Source

code

LKA Sri Lanka BIO PSB - DR 125215 TJ 2015 1EA (2017)
BIO PSB - IND 72725 TJ 2015 1EA (2017)
BIO PSB - PP 1574 TJ 2015 1EA (2017)
CEM CEM 1885 kt 2014 USGS (2017a)
OR CO-OR 1692 kt 2015 IEA (2017)
SC-DR-oil CO-HF-DR 40 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 1812 kt 2015 1EA (2017)
SC-IND-coal HC-IND-CEM 87 kt 2015 1EA (2017)
SC-IND-oil CO-HF-IND 684 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 109 kt 2015 IEA (2017)
SC-PP-coal HC-B-PP 1880 kt 2015 IEA (2017)
SC-PP-oil CO-HF-PP 290 kt 2015 IEA (2017)
SC-PP-oil CO-LF-PP 86 kt 2015 IEA (2017)
SSC SP-S 30 kt 2014  World Steel Association (2015)

SPM St. Pierre-Miquelon BIO PSB - DR 5.881852436 TJ 2015 IEA (2017)*
BIO PSB - IND 34.99813395 TJ 2015 IEA (2017)
BIO PSB - PP 11.48534656 TJ 2015 IEA (2017)
OR CO-OR 4266237711 kt 2015 IEA (2017)*
SC-DR-coal HC-DR 0.894675884 kt 2015 IEA (2017)*
SC-DR-gas NG-DR 2.124304315 TJ 2015 IEA (2017)
SC-DR-oil CO-HF-DR 0.189512626 kt 2015 1EA (2017)*
SC-DR-oil CO-LF-DR 4.543895744 kt 2015 IEA (2017)*
SC-IND-gas NG-IND 9.70E-02 TJ 2015 1EA (2017)*
SC-IND-oil CO-HF-IND 0.572945147 kt 2015 IEA (2017)*
SC-IND-oil CO-LF-IND 0.326138007 kt 2015 1EA (2017)*
SC-PP-gas NG-PP 135.6425599 TJ 2015 1EA (2017)*
SC-PP-oil CO-HE-PP 6.923821739 kt 2015 1EA (2017)*
SC-PP-oil CO-LF-PP 5.094804539 kt 2015 1EA (2017)*

SDN Sudan BIO PSB - DR 160650 TJ 2015 1EA (2017)
BIO PSB - IND 34217 TJ 2015 1EA (2017)
CEM CEM 3478 kt 2014 USGS (2017a)
NFMP-AU GP-L 8240 kg 2015 USGS (2017b)
OR CO-OR 4273 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 1713 kt 2015 1EA (2017)
SC-IND-oil CO-HEF-IND 70 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 113 kt 2015 1EA (2017)
SC-PP-oil CO-HE-PP 427 kt 2015 IEA (2017)
SC-PP-oil CO-LE-PP 393 kt 2015 IEA (2017)
SC-PP-oil CO-PP 472 kt 2015 IEA (2017)

SUR Suriname BIO PSB - DR 1028 T 2015 IEA (2017)
BIO PSB - IND 192 T] 2015 IEA (2017)
CEM CEM 130 kt 2014 USGS (20172)
NFMP AL-P 748 kt 2015 USGS (2017b)
NFMP-AU GP-L 30000 kg 2015  USGS (2017b)
OR CO-OR 431 kt 2015 IEA (2017)
SC-DR-oil CO-HF-DR 17 kt 2015 IEA (2017)
SC-DR-oil CO-LF-DR 162 kt 2015 IEA (2017)
SC-IND-oil CO-LF-IND 17 kt 2015 1EA (2017)
SC-PP-oil CO-HF-PP 274 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 17 kt 2015 1EA (2017)

SC-PP-oil CO-PP 3 kt 2015 IEA (2017)
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SWZ Swaziland BIO PSB - DR 13114.46844 TJ 2015 IEA (2017)*
BIO PSB - IND 1691.201792 TJ 2015 IEA (2017)*
BIO PSB - PP 605.0365172 TJ 2015 IEA (2017)*
SC-DR-coal HC-DR 2.749868383 kt 2015 1EA (2017)*
SC-DR-oil CO-LEF-DR 92.25153693 kt 2015 1EA (2017)*
SC-IND-coal HC-IND-OTH 2.848077968 kt 2015 1EA (2017)*
SC-IND-gas NG-IND 0.916622794 T 2015 1EA (2017)*
SC-IND-oil CO-HF-IND 16.79383905 kt 2015 1EA (2017)*
SC-IND-oil CO-IND 4.615850499 kt 2015 1EA (2017)*
SC-IND-oil CO-LF-IND 16.07363543 kt 2015 1EA (2017)*
SC-PP-coal HC-B-PP 24.09408488 kt 2015 1EA (2017)*
SC-PP-gas NG-PP 634.2702371 TJ 2015 IEA (2017)*
SC-PP-oil CO-HF-PP 21.83526442 kt 2015 1EA (2017)*
SC-PP-oil CO-LE-PP 45.17640914 kt 2015 1EA (2017)*

SWE Sweden BIO PSB - DR 45624 T 2015 1EA (2017)
BIO PSB - IND 179234 TJ 2015 IEA (2017)
BIO PSB - PP 157338 TJ 2015 IEA (2017)
CEM CEM 2500 kt 2014 USGS (2017a)
CSp CSP-C 120 kt 2015 OSPAR (2016)
NFMP AL-P 115 kt 2015 USGS (2017b)
NFMP CU-P 150000 t 2015 USGS (2017b)
NFMP PB-P 26000 t 2015 USGS (2017b)
OR CO-OR 19981 kt 2015 IEA (2017)
PISP PIP 3078 kt 2014 USGS (2017a)
SC-DR-gas NG-DR 7675 TJ 2015 1EA (2017)
SC-DR-oil CO-HF-DR 43 kt 2015 1EA (2017)
SC-DR-oil CO-LF-DR 4101 kt 2015 1EA (2017)
SC-IND-coal HC-IND-CEM 250 kt 2015 1EA (2017)
SC-IND-coal HC-IND-NFM 50 kt 2015 1EA (2017)
SC-IND-coal HC-IND-OTH 160 kt 2015 1EA (2017)
SC-IND-coal HC-IND-PIP 61 kt 2015 1EA (2017)
SC-IND-gas NG-IND 18768 TJ 2015 1EA (2017)
SC-IND-oil CO-HF-IND 220 kt 2015 1EA (2017)
SC-IND-oil CO-LF-IND 249 kt 2015 1EA (2017)
SC-PP-coal HC-B-PP 286 kt 2015 1EA (2017)
SC-PP-gas NG-PP 8677 TJ 2015 1EA (2017)
SC-PP-oil CO-HE-PP 71 kt 2015 1EA (2017)
SC-PP-oil CO-LF-PP 49 kt 2015 1EA (2017)
SSC SP-S 1443 kt 2014  World Steel Association (2015)

CHE Switzerland BIO PSB - D