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Note by thesecretariat

1. Paragraph 8 ofrticle 8 of the Minamata Convemth on Mercury on emissiongprovidesthat

the Conference of the Parties shatlits first meetingadopt guidance on best available techniques

and on best environmental practices, taking into account any differences between new and existing
sources and the need to minimize croeslia effets and on support for parties in implementing the
measures set out in paragraph 5, in particular in determining goals and in setting emission limit values

2. At its seventhsession, the intergovernmental negotiating committee to prepare a global legally
binding instrument on mercury considered the dyafttance prepared by the group of technical
experts and presented to the committea eeport of the group of technical experts on the
development of guidance required under article 8 of the ConvetdBR(DTIE)/Hg/INC.7/6,
UNEP(DTIE)/Hg/INC.7/6/Add.1 and UNEP(DTIE)/Hg/INC.7/6/Ad{.2t wasagreed thathe draft
guidanceset outin documentUNEP(DTIE)/Hg/INC.7/6.Add.lasamendednd set ouin annexlll to
the report of the intergovernmental negotiatiognmittee to prepare a global legally binding
instrument on mercury on the work of its seventh ses§idEP(DTIE)/Hg/INC.722/Rev.]) and the
draft guidancen support for parties iimplementingthe measures set out in paragrdpbf article 8,
in particdar in determining goals and in setting emission limit values
(UNEP(DTIE)/Hg/INC.7/6/Add.2, would besubmittedto the Conference of the Partis adoption
at itsfirst meeting. A draft decision for the adoption of thedanceis provided asnnexl to the
presennote theguidance on best available techniques and best environment practicesaded as
annexll; andthe guidance on implementing the measures set out in pardgodticle 8 is
presented imnnexlll .

Suggested action by the Coeience of the Parties

1. The Conferencef the Partiesnay wish to formally adopt the guidanegh regard to
paragraph 8 odirticle8 as put forward by the intergovernmental negotiating committee.

K1703433

* UNEP/MC/COP.1/1.
' The guidance set out the annexebas been reproduced without formal editing.

050717
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Annex |

Draft decision MC-1/[X X]: Guidance in relation to mercury
emissions

The Conference of the Parties,

Recognizinghe importance of theontrol of mercury emissions in achieving the
objective of the Conventign

Decidesto adopt the guidanagith regard to article, particularlyits paragraph$ (a)
and (b) onbest available techniques and on best environmental practices, taking into account
any differences between new and existing sources and the need to minimizeedass
effects and on support for parties in implementing theasures set out in paragraph 5, in
particular in determining goals and in setting emission limit valagput forward by the
intergovernmental negotiating committee.
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Annex I

Draft guidance on best available techniques and best environmental
practices taking into account any difference between new and
existing sources and the need to minimize crossedia effects
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| ntroducti on
11 Purpose of document

This document presents guidance related to best available techniques (BAT) and best environmental practices (BEP)
to assist parties in fulfilling their obligations under Article 8 of the Minamata Convention on Mercury (hereinafter
referred taotas ndgdnemdonadlieg and, where feasible, reducing emissions of mercury and
mercury compounds to the atmosphieoent hpeint sources falling within the source categories listed in Annex D to

the ConventionThe guidance has been prepanad adopted as required by Article 8: it does not establish mandatory
requirements, nor does it attempt to add to, nor subtractdomp ar t yés obl i gations wunder
Article 8 requires parties to take the guidance into account, gudee the Conference of the Parties to keep it under
review, and update it as appropriate, in order to reflect circumstances not currently fully covered in the.guidance

In determining BAT, each party will take account of its national circumstancesardacce with the definition of

BAT set out in paragraph 2 (b) of Article 2, which explicitly takes into account economic and technical considerations
for a given party or a given facility within its territory. It is recognized that some of the contralimeaescribed in

the present guidance may not be available to all parties for technical or economic reasons. Financial support,
capacitybuilding, technology transfer and technical assistance are made available as set out in articles 13 and 14 of
the Conention.

12 Structure of the guidance

The guidance is arranged in seven chapters. The present introductory chapter includes general information on the
challenges of mercury and the provisions of the Convention, in particular those relevant to mercury emissions to air. It
also provides some ascutting information, including considerations in selecting and implementing BAT and BEP.

Chapter 2 provides general information on common emission control techniques generally applicable to all the source
categories covered by Article 8, and chapterd@sides information on common elements of monitoring mercury
emissions to the atmosphere from these sources.

Chapters 4, 5, 6 and 7 address the source categories listed in Annex D. Each source category is presented in an
individual chapter, although guidee on coafired power plants and coéited industrial boilers is presented in a
single chapter, given the similarities in the processes and applicable controls.

Appendix A contains information on some technologieswaatconsidered not to be stifficientmaturity to be
included in the body of the guidance but which may be of interest in the future.

Additional information, in the form of case studies, is also available as a separate document, although these case
studies do not form part of the fornglidance.

Chemical forms of mercury

Mercury is an element, but may be found in different chemical forms. The Convention deals with both elemental
mercury and compounds of mercury, but only where mercury and its compounds are anthropogenically emitted or
release&.lnorganic mercury compounds include oxides, sulfides or chlorides, for example. In this guidance,

Aimercuryo refers to both el emental mercury and mercur
form is meant. This is consistenith the scope of Article 8 on emissions, which addresses controlling and, where
feasible, reducing emissions of mercury and mercury <c

The chemical form of mercury emissions from the categories in Annexi@&\dgpending on source type and other
factors.Gaseous elemental mercury is the most common in anthropogenic emissions to the atmosphere (UNEP,
2013). Theemaining emissions are in the form of gaseous oxidized mercury or as mercury bound to emitted

particles. These forms have a shorter atmospheric lifetime than gaseous elemental mercury and are deposited to land
or water bodies more rapidly after theiraase (UNEP, Global Mercury Assessment, 2003). Elemental mercury in the
atmosphere can undergo transformation into oxidized mercury that is more readily deposited.

Mercury can also be found in organic compouindsr example methyl or ethyl mercury, whiahe the most toxic

forms. Organic compounds of mercury are not emitted by the sources covered by Article 8 of the Convention, but
elemental or oxidized mercury, once deposited, can be transformed under certain circumstances into organic
compounds by bactierin the environment.

2 See Convention text, article 1 and article 2
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Why are we concerned about mercury emissions

Mercury has been recognized as a chemical of global concern, owing to #af@eatmospheric transport, its
persistence in the environment, its ability to bioaccumulate in ecosyatehits significant negative effects on
human health and the environmént.

Mercury is toxic to the central and peripheral nervous systems at high concentrations, in both elemental and organic
forms, and inhaling mercury vapour can produce harmful eféecthe nervous, digestive and immune systems, lungs
and kidneys. Even at lower concentrations, organic compounds of mercury can affect developing organs, such as the
foetal nervous system. Mercury is also widely found in many ecosys$tefagated levelsdve been measured in

numerous freshwater and marine fish species throughout the world. Mercury is bioaccumulative, and is therefore
found in higher concentrations in organisms at the top of the food 4Clﬁial'ﬂamajority of human exposure occurs

through eang fish.

The most significant anthropogenic releases of mercury globally are through emissions to air, but mercury is also
releasedrom various sources directly to water and land. Once in the environment mercury persists and circulates
in various forms between air, water, sediments, soil and biota. Emissions and releases from virtually any local
source add to the global pool of mengthat is continuously mobilized, deposited on land and water, and
remobilized. Rivers and ocean currents are also media forréoge transport. Even countries with minimal

mercury releases, and areas remote from industrial activity, may be adveiegydafFor example, high

mercury levels are observed in the Arctiay from the sources of any significant releases.

Implementing measures to control or reduce mercury emissions can be expected to realize clear benefits in terms
of public health, and fathe environment. These benefits haveeannomic value. Quantified estimates have

been made in some countries and regions of the scale of these Bdnetfitss very difficult to make any global
estimate of the value of these benefits in monetamgdeNevertheless, their value is likely to be considerable.

Implementing measures to control mercury emissions will, however, usually involve some cost. There may be
either capital costs in installing control technologies, or increased costs in oparatingintaining facilities, or

both. The chapters on each of the source categories give examples of these costs for particular facilities, where
reliable information is available. The actual costs, however, are likely to depend on the specific circsno$tance

a facility; thus, the figures quoted should be taken only as a broad indication of the likely scale of costs. For any
particular case, specific information will need to be obtained for that particular facility. It is recognized that these
costs will generally fall to the operator of the specific facility, while the benefits described above accrue to
society in general.

Sources of mercury emissions covered by this

The Convention is concerned only with anthropogenic emissions and releaseswfy/rreaturally occurring sources,
such as volcanoes, are outside its scope), and Article 8 deals with five specific source categories that are listed in
Annex D to the Convention. The initial list contains efigdd power plants, codlred industrial ilers, smelting and
roasting processes used in the production offeaious metald,waste incineration facilities, and cement clinker
production facilities. Chapters 4, 5, 6 and 7 describe these processes in detail. Mercury may be emitted from these
souces if it is present in the fuels and raw materials used in the associated processes, or in the waste burned in
incineration plants.

Emissions to the atmosphere also arise from other sources not listed in AhrgeciDas artisanal and smatlale

gold mining, which is probably the biggest single source of emissions, or from industrial processes in which mercury
is used as part of the process, for example as a catalyst. Other articles of the Convention deal with these sources and
they are not covered lifle present guidance.

The 2013 UNEP Global Mercury Assessment provides estimates of anthropogenic mercury emissions to the
atmosphere. The categories used in that assessment do not, however, correspond exactly to those set out in Annex D.

Rel evantnsproofvitshheo Mi namata Convention

The Convention deals with all aspects of the life cycle of anthropogenic mercury, and its provisions need to be
considered as a whole.

3 Forexample, in the preamble to the Convention.

* Further information about the health effects of mercury may be found at:
http://www.who.int/mediacentre/factsheets/fs361/en.

> UNEP (2013) Global Mercury Assessment

®For example, K. Sundseth, J.M. Pacyna, E.G. PadynBelhaj and S. Astron(2010). Ecaomic benefits from
decreased mercury emissions: Projections for 20@arnal of Cleaner Productiori8: 386 394 .

"Fort hes e p u r-fpeorsrecsy s fimeotnal so refers to | ead, zinc, copg
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There are provisions on mercury supply sources and trade; medeg products and maagfuring processes

using mercury; artisanal and smatlale gold mining; emissions and releases; environmentally sound interim storage
of mercury; mercury wastes; and contaminated sites. There are also provisions on monitoring, inventories, reporting
by paties, information exchange, public information, awareness and education, research, development and
monitoring, and health aspects. There are also provisions relating to financial resources andalokogy

technical assistance and technology transfe

Article 2 of the Convention sets out the following definitions of mercury and mercury compounds, and of best
available techniques and best environmental practices:

A(bdBest available techniqueso6 meansprevehtarsle t ech
where that is not practicable, to reduce emissions and releases of mercury to air, water and land and the impact
of such emissions and releases on the environment as a whole, taking into account economic and technical
considerations for a giweParty or a given facility within the territory of that Party. In this context:

fd6Bestd® means most effective in achieving a hi
whole;

foAvail abled techni ques me avesfacilitywithimteesepritory 6f o f ¢
that Party, those techniques developed on a scale that allows implementation in a relevant industrial
sector under economically and technically viable conditions, taking into consideration the costs and
benefits, whetheor not those techniques are used or developed within the territory of that Party,
provided that they are accessible to the operator of the facility as determined by that Party; and

idTechni quesdé means technol ogi eiswhishsinstdllatiorsper at i
are designed, built, maintained, operated and decommissioned;

i(cdBest environment al practicesdé6 means the app
environmental control measures and strategies;

Ai(ddMer cur yd naenzemrwy (Hg(0p @GNS No. 74397-6);

i(edMercury compounddé means any substance consi
atoms of other chemical el ements that can be separ

Paragraphgi 6 of Article 8 of the Convention and its Annex D are reproduced below.
Article 8
Emissions

This Article concerns controlling and, where feasible, reducing emissions of mercury and mercury
compounds, often expressed é&reughineastrasitocongol cur y o,
emissions from the point sources falling within the source categories listed in Annex D.

For the purposes of this Article:
(a) AEmi ssionso means emissions of mercury o

(b) ifRel evant sasaurcefaling withtnaome ©f the source categories listed in
Annex D. A Party may, if it chooses, establish criteria to identify the sources covered within a source
category listed in Annex D so long as those criteria for any category include at Ipastcént of the
emissions from that category;

(c) iNew sourced means any relevant source w
construction or substantial modification of which is commenced at least one year after the date of:

0] Entry into force of this Corention for the Party concerned; or

(i) Entry into force for the Party concerned of an amendment to Annex D where
the source becomes subject to the provisions of this Convention only by virtue
of that amendment;

(d) iSubstanti al mo di f i c atelevam sourced¢hatmesultsmmoad i f i ¢
significant increase in emissions, excluding any change in emissions resulting frmodiogt
recovery. It shall be a matter for the Party to decide whether a modification is substantial or not;

(e) AExi sting snytwekws sourceehatissot a new source;

)] AEmMi ssion | imit valueo means a | imit on
mercury or mercury compounds, often expressed ¢



UNEP/MC/COP.1/7

A Party with relevant sourceshall take measures to control emissions and may prepare a national plan
setting out the measures to be taken to control emissions and its expected targets, goals and outcomes.
Any plan shall be submitted to the Conference of the Parties within fourofghes date of entry into

force of the Convention for that Party. If a Party develops an implementation plan in accordance with
Article 20, the Party may include in it the plan prepared pursuant to this paragraph.

For its new sources, each Party shall negthe use of best available techniques and best

environmental practices to control and, where feasible, reduce emissions, as soon as practicable but no
later than five years after the date of entry into force of the Convention for that Party. A Partgemay
emission limit values that are consistent with the application of best available techniques.

For its existing sources, each Party shall include in any national plan, and shall implement, one or
more of the following measures, taking into accountatisomal circumstances, and the economic and
technical feasibility and affordability of the measures, as soon as practicable but no more than ten
years after the date of entry into force of the Convention for it:

(@) A quantified goal for controlling andyhere feasible, reducing emissions from relevant
sources;

(b) Emission limit values for controlling and, where feasible, reducing emissions from
relevant sources;

(c) The use of best available techniques and best environmental practices to control
emissions fromelevant sources;

(d) A multi-pollutant control strategy that would deliverlaenefits for control of mercury
emissions;

(e) Alternative measures to reduce emissions from relevant sources.

Parties may apply the same measures to all relevant existing souncag adopt different measures
in respect of different source categories. The objective shall be for those measures applied by a Party
to achieve reasonable progress in reducing emissions over time.

Annex D

List of point sources of emissions of mercury andhercury compounds to the atmosphere
Point source category:
Coalfired power plants;
Coalfired industrial boilers;
Smelting and roasting processes used in the production eenamus metals; 1/
Waste incineration facilities;

Cement clinkeproduction facilities.

1/ For the purpofsermwmduds hinst &Alnsi@ xr, efiemosn to | ea
industrial gold.
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Considerations in selecting and I mplementing

The definition ofueBSlesth a&Availcderl & toéchmieq Convention,
the basis for the determination by a party of BAT for a facility within its territory.

The use of BAT to control and, where feasible, to reduce emissions is required for neag ssulefined in

paragraph 2 (c) of Article 8 and is one of several measures which a party may use for existing sources, as defined in
paragraph 2 (e) of Article 8. A party may apply the same measures to all relevant existing sources or may adopt
differentmeasures in respect of different source categories. The present section is intended to support parties in
selecting and implementing BAT.

The process for selecting and implementing BAT could be expected to include the following general steps.

1 Step 1: establish information about the source, or source category. This may include, but not be limited to,
information on the processes, input materials, feedstocks or fuels, and on the actual or expected activity
levels, including throughput. Other re@nt information could include the expected life of the facility, which
is likely to be of particular relevance when an existing facility is being considered, and any requirements or
plans for controlling other pollutants.

1 Step 2: identify the full rangef options of emission control techniques and combinations thereof which are
relevant for the source under consideration, including the techniques described in the chapters of this
guidance on common techniques and on specific source categories.

1 Step 3: among these, identify technically viable control options, giving consideration to techniques applicable
to the type of facility within the sector, and also to any physical limitations which may influence the choice
of certain techniques.

1 Step 4: from theseselect the control technique options which are the most effective for the control and,
where feasible, reduction of emissions of mercury, taking into account the performance levels mentioned in
this guidance, and for the achievement of a high genermll déyprotection of human health and the
environment as a whole.

1 Step 5: determine which of these options can be implemented under economically and technically viable
conditions, taking into consideration costs and benefits and whether they are actrefiséhtgperator of the
facility as determined by the party concerned. Note that the options selected may differ for new and existing
facilities. The need should also be taken into account for sound maintenance and operational control of the
techniques, sas to maintain the achieved performance over time.

Performance | evel s

The individual chapters on each of the source categories include information about the performance levels which have
been achieved in facilities operating the control techniques deddritihose chapters, where such information is

available. This information is not intended to be interpreted as recommendations for emission limit values (ELVS). An
ffemi ssion | imit valueodo is defined i pongedratiangmaasph 2 ( f)
emi ssion rate of mercury or mercury compounds, of ten
Paragraph 4 of that Article provides that a party may control and, where feasible, reduce emissions from new sources
by setting ELVs that are consistent with the application of BAT. Paragraph 5 of the Article includes ELVs in the list

of measures, one or more of which parties may select for application to their existing sources. If a party chooses to use
ELVs, it should cosider similar factors to those described in the previous section in relation to the selection and
implementation 0BAT.

Guidance on how parties may choose to determine goals and set ELVs for existing sources under the Convention may
befoundinss epar at e d o c Guidantea on support for Pdrtiesdrn impfementing the measures set out in
paragraph 5, in particular in determining goals and in setting emission limitealuési n pr epar ati ons a
2015).

Best environment al practice
The Convention defines fAbest environment al practices?o
environmental control measures and strategieso.

Good maintenance of facilities and measurement equipment are important to the effecétieropecontrol and
monitoring techniques. Wettained operators, who are aware of the need to pay attention to the processes, are
indispensable to ensuring good performance. Careful planning and commitment from all levels within the
organization operatg the facility will also help to maintain performance, as will administrative controls and other
facility management practices.

Information on BEP specific to each source category is provided in the respective chapters on those source categories.
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Cromesdi a effects

Mercury emissions from the source categories listed in Annex D can be controlled or reduced using the techniques
described in this guidance. Information on croslia effects relevant to each source category is provided in the
respective chaters on those source categories. The mercury that is removed from flue gases will appear élsewhere

for example, in solid phases such as fly ash or bottom ash, or in liquid etigoitdmixed phases such as sludge.

Because mercury may be more concaett in these materials than in input materials, care should be taken to avoid

the potential for mercury release through leaching, or aras$ia transfers of mercury and other constituents of

concern resulting from the disposal of such residues, or fiemuse as components in other processes. In defining
BAT/BEP at the national level, regulators should take into account these factors. Other articles of the Convention may
be relevant, in particular Article 11, on mercury wastes.

Mul-gaol | ut ante cchonn tqrucels

There are techniques that may be used to control the emissions of a range of pollutants, such as particulate matter,
organic pollutants, SOx and NOx, and heavy metals, including mercury. Consideration should be given to the
advantages of usingchniques capable of controlling several pollutants simultaneously to deliver mercury
co-benefits. In assessing these techniques, factors such as efficiency of mercury control, control of other pollutants,
and any potential adverse consequences, sugtased efficiency within the overall system or crosdia effects,

should also be considered.

The use of a mulpollutant control strategy that can deliverlmenefits for the control of mercury emissions is
included in paragraph 5 of Article 8 as ation for managing emissions from existing sources.

Ot her international agreements

Parties to the Convention may also be parties to other relevant global or regional multilateral environmental
agreements that may need to be considered alongside the Man@oratention.

For example, the provisions of the Stockholm Convention on Persistent Organic Pollutants cover many of the same
source categories as those listed in Annex D of the Minamata Convention, and countries which are parties to both
conventions wiltherefore need to ensure that they also take account of any relevant provisions of that Cohvention.

Two relevant agreements to which some parties to the Minamata Convention may also be parties are the Basel
Convention on the Control of Transboundary Mments of Hazardous Wastes and Their Disposal, and the
Convention on Longange Transboundary Air Pollution adopted within the framework of the United Nations
Economic Commission for Europe.

Basel Convention on the Cont rtbalz aorfd oTu sa nW§absot uensd aar nyd M ohveel

The goal of the Basel Convention is to protect human health and the environment from the adverse effects resulting
from the generation, management, transboundary movements and disposal of hazardous and other wastes.

The implementation of measures to control and reduce mercury emissions can generate wastes that may be hazardou:s
The handling of these wastes is covered under Article 11 of the Minamata Convention, paragraph 3 of which requires
parties to manage mercury wesin an environmentally sound manner, taking into account the obligations and
guidelines under the Basel Convention, and, for parties to the Basel Convention, not to transport mercury wastes
across international boundaries except for the purpose obenvintally sound disposal in conformity with that

Article and with the Basel Convention. The technical guidelines developed under the Basel Convention on waste
management are relevant to the management of sludge and other wastes resulting from thaf oagteuey from

relevant sources, and could be valuable in minimizing or preventingmedia effects which may result from poor
management of such wastes.

Conventi onaogeLdngnsboundary Air Pollution

The aim of the Convention on Lowtignge Trasboundary Air Pollution is to limit and, as far as possible, gradually

reduce and prevent air pollution, including leragnge transboundary air pollution, caused by a range of pollutants.

Under the Convention, the Protocol on Heavy Metals was adopte®@@id ®arhus, Denmark, and entered into force

in 2003. It targets three metals: cadmium, lead and mercury. The stationary source categories covered by the Protocol
include the relevant sources listed in Annex D to the Minamata Convention.

One of the basiobligations assumed by parties to the Protocol on Heavy Metals is to reduce their emissions for these
three metals below their levels in 1990 (or an alternative year between 1985 and 1995). The Protocol aims to reduce

8 Detailed guidance on the use of BAT/BEP tcetthe requirements of that Convention may be found at
http://chm.pops.int/Implementation/BATandBEP/Overview/tabid/371/Default.aspx.

® The technical guidelines are available at
http://www.basel.int/Implementation/Publications/TechnicalGuidelines/tabid/R&&ult.aspx.

10
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emissions of cadmium, lead and meycfiom industrial sources (iron and steel industry,-femous metal industry,

cement manufacturing, glass manufacturing, chlkali industry), combustion processes (power generation,

industrial boilers) and waste incineration. It lays down stringemit lialues for emissions from stationary sources and
suggests BAT for these sources. The Protocol was amended in 2012 to introduce flexibilities to facilitate the accession
of new parties, notably countries in Eastern Europe, the Caucasus and Centralghsitance document on BAT for
controlling emissions of heavy metals from the source categories covered by the Protocol was also adopted in 2012.

UNEP Gl obal Mercury Partnership

The UNEP Governing Council has called for partnerships between governmeémthar stakeholders as a means of
reducing risks to human health and the environment from the release of mercury and its compounds to the
environment The overall goal of the resulting Global Mercury Partnership is to protect human health and the global
environment from the release of mercury and its compounds by minimizing and, where feasible, ultimately
eliminating global, anthropogenic mercury relesito air, water and land.

The Partnership currently haght identified priorities for actiofor partnership areas), of which four are particylarl
relevant to the present guidance: mercury control from coal combustion; mercury waste management; mercury supply
and storage; and mercury reduction from the cement industry.

Experience gained within these partnership areas, together with relevantcguidaeloped within the partnership,
has beeronsidered in the development of the present BAT/BEP guidelines.

Further information may be found at:
http://www.unep.org/chemicalsandwaste/Mercury/GlobalMercuryPartnership/tabid/1253/Default.aspx

% UNEP Governing Council decision 23/9.

11
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Chapter Il

Common techniques

Common techniques for emission reduction

This chapter provides general information on control techniques which are applicable across all the point source
categories listed in Annex D. Additional information specifically relevant to tigidual sectors may be found in
the chapter pertaining to the sector in question.

In order to consider all possible options relevant to the sector of interest, it is necessary to consider both the common
techniques described in this section and the paechniques described for each sector.

Particlebound emissions of mercury can be captured to a varying extent bgleasing devices. Most of the
dustcleaning techniques are generally applied in all sectors. The degree of mercury control depleadbemical

state and form of the mercury, e.g., whether oxidized or elemental. Elemental mercury is mostly not captured in
dustcleaning devices: the mercurgmoval efficiency of these devices can be enhanced by oxidizing the gaseous
mercury. The mdscommonly used techniques for dust abatement are bag filters and electrostatic precipitators (ESP).

A common technique across sectors for specific mercury removal is to use activated carbon, either injected into the
flue-gas stream or in a filter bed. Traprove the removal efficiency of the activated carbon oxidizing agents can be
used (e.g. injected in the fligas stream or adsorbed on the activated carbon).

Fabric filters

Bag filters (fabric filters, textile filters) use filtration to separate dastigulates from gases. They represent one of

the most efficient and caosfffective types of dust collectors available and can achieve a collection efficiency of more
than 99.99 per cent for very fine particulates. Gases enter the filter device andqags fhibric bags. The bags can

be made of different materials (e.g., woven or felted cotton, synthetic offileesmaterial) depending on the
properties of the flugas.

To improve the ability to filter dust and enhance the life the filter materidtés coated. The most common material
is chemically inert limestone (calcium carbonate). It increases the efficiency of dust collection via formation of a
so-called filter cake. A filter cake improves the trapping of fine particulates and providestjpmotaf the filter

material itself from moisture or abrasive particles. Without acpi the filter material allows fine particulates to
bleed through the bag filter system, especially during-gfarais the bag can only do part of the filtration leg\the
finer parts to the filter enhancer filter cake.

Gaseous mercury will mainly pass through a bag filter. To make the process more efficient, therefore, gaseous
mercury should be converted as far as possible into its oxidized form, which can binittespd he efficiency of

the bag filter can be increased with different measures, e.g., coupling with dry afrgesarbent injection (spray
drying), and providing additional filtration and a reactive surface on the filter cake.

Electrostatic precipators

Electrostatic precipitators (ESPs) use electrostatic forces to separate dust particles from exhaust gaseldEme dust
gases flow through the passage formed by the discharge and collecting electrodes. The airborne particles receive a
negative chaye as they pass through the ionized field between the electrodes. These charged particles are attracted to
a grounded or positively charged electrode and adhere to it. The material collected on the electrodes is removed by
rapping or vibrating the collecty electrodes, either continuously or at predetermined intervals. Precipitators can

usually be cleaned without interrupting the airflow.

The main factors affecting the collection efficiency of electrostatic precipitators are electrical resistivity iafel part
size distribution. Other influencing factors are temperature -fite of the fluegas, moisture content, conditioning
agents in the gas stream or an increased collection surface.

A wet ESP operates with water vapeaaturated air streams (100 pent relative humidity). Wet ESPs are

commonly used to remove liquid droplets such as sulfuric acid mist from industrial process gas streams. A wet ESP is
also commonly used where the gases are high in moisture content, contain combustible partibalsgyanticles

that are sticky in nature.

Wet scrubbers

There are two different types of wet scrubbers used, one primarily-fustang and the other for the removal of
acidic gaseous compounds.
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In wet dedusting scrubbers, the scrubbing liquid (usualiter) comes into contact with a gas stream containing dust
particles. Vigorous contact of the gas and liquid streams yields high dust removal efficiency. Humidification leads to
the agglomeration of fine particles, facilitating their collection. Exampiasich scrubbers are Venturi scrubbers,
Theissen scrubbers or Radial Flow scrubbers. The dust removal efficiency of these units can be higher than 98 per
cent, but the final concentration of dust is relatively high (over 5 mg/Nm3).

Wet scrubbers dedicatenainly to the removal of acidic gaseous compounds (often of the spray tower type) remove
such pollutants as SCHCI and HF. A liquor is used to absorb the compounds. They often clean the gas which has
been already ddusted.

The fdcl ean e dtbtypgsaotsersbbefsmarmallylpass through a mist eliminator to remove water droplets
from the gas stream. The water from the scrubber system is either cleaned and discharged, or recycled to the scrubber

Elemental mercury absorption can be improvedheyaddition of sulfur compounds or activated carbon to the
scrubber liquor (Miller et al., 2014).

Precipitation is another measure often used to remove oxidized mercury in scrubbing waters. Sulfur compounds can
serve as a flocculation agent, added tosttrebbing water to convert soluble mercury efficiently into an insoluble
compound. In order to bind the mercury directly after its conversion in the liquid phase, another possibility is to add
activated carbon to the scrubbing water (Bittig, 2014).

Re-emission of mercury can occur when reducing compounds such as sulfite are present in the scrubbing water. In
this case, mercury can be converted back to elemental mercury-amitted (Keiser, et al., 2014). This can be

avoided by ensuring the presence afsiavith which mercury can react to form compounds, such as fluoride, chloride,
bromide or iodide.

Summary of dust cleaning devices
Table 1 provides information on the performances of-digstning devices
Table 1

Performance of dustleaning deviceexpressed as hourly average dust concentrations

Dust concentrations after cleaning (mg/n)
Fabric filters <1i5
Fabric filters, membrane type <1
Dry electrostatic precipitators <5715
Wet electrostatic precipitators <1i5
High-efficiency dust scrubbers <20

Source: extracted from the Guidance document on best available techniques for controlling emissions of heavy metals
and their compounds from the source categories listed in Annex Il to the Protocol on Heavy Metals
(ECE/EB.AIR/116,2013)*

Sorbents and oxidizing agents

Activated carbon is an effective sorbent for mercury capture from flue gas. The activated carbon can be injected into
the flue gas upstream of dudeaning devices, bag filters or ESPs, or the flue gas can be destrithmbughout a

carbon filter bed. The effectiveness of activated carbon for mercury control is tempedegiarelent. Specifically,

the mercury capture or removal capacity of a particular sorbent typically increases as the flue gas temperature
decreasedlhe flue gas temperature is primarily determined by plant design and operating factors. Depending on plant
specifics, such as flue gas constituents and operation of the dust control device, mercury removal is relatively
effective at temperatures below 175 with standard activated carbon. Special high temperature activated carbon
sorbents exist for capture of mercury above 175 °C and generally up to 350 °C.

All activated carbons are combustible and, under certain conditionsigaitethle, and explosive. The fire and

explosion risk is dependent on the combustion and explosion characteristics of the pulverized product, and also on the
process and plant condibs. Quality activated carbon is highly processed and poses a lower risk of fire and explosion
than low quality carbon. Partially activated carbons can pose a high risk, however, and may require special handling.
The adsorbent should be selected carefully used with proper handling guidance, including fire and explosion
preventing equipment, (e.g., avoidance of-lelocity air flows through beds, avoidance of laxgdume deposits in

the process by continuous and monitored discharge from the hoppeddire risks, and good housekeeping for

spill cleanup). Dilution of carbon with inert material can suppress the potential for explosion. In applications where

" Note there is an issue with oxygen levels used as a proxy for the amount of dilution occurring, and further
investigation should be done.
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activated carbon is added to gas streams which have little process dust it may be adwatdddend carbon with
non-combustible sorbents (Licata et al., 2007; Derenne et al., 2008)

Mercury capture can be enhanced by adding oxidizing agents (i.e., halogens) to the flue gas or by using activated
carbon impregnated with halogens or sulfur. Bhieghniques are described in more detail in the sector chapters.
There is a potential risk that dioxins and furans could appear as a result, particularly iptbdunys, e.g., in the

ashes and sludges. This should be taken into account.

Activated carlon waste should be handled in accordance with Article 11 (Mercury wastes) and in accordance with any
applicable national regulations.

Table 2 shows the minimum expected performances of activated carbon techniques for mercury removal.
Table 2

Minimum expeted performances of activated carbon techniques for mercury removal expressed as hourly average
mercury concentrations

Mercury content after cleaning (mg/nt)
Carbon filter <0.01
Sulfur-impregnated carbon filter <0.01
Carbon injection + dust separator <0.05
Injection ofbrominated activated Carbon+ dust separator 0.001

Source: extracted from the Guidance document on best available techniques for controlling emissions of heavy metals
and their compounds from the source categories listed in annexhé Protocol on Heavy Metals (ECE/EB.AIR/116,
2013)

The degree of mercury control in table 2 is largely dependent on the chemical state andliermestury (e.g.,
whether oxidized or particlbound), and on the initial concentration. The application of these measures depends on
the specific processes and is most relevant when concentrations of mercury in the flue gas are high. Examples of
performance levels of single techniques or combinations of techniques are given in the sector documents.
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Chapter Il

Monitoring
Mercury emissions monitoring

1 Introduction

Emissions monitoring is a key component in enabling a party to evaluate the performgnecmeésures that it has
applied. This chapter therefore describes general emissions monitoring techniques that a party may consider. In
addition, emissions monitoring techniques specific to the point source categories listed in Annex D are addressed in
the relevant chapters of this guidance. Article 8 does not include specific obligations on emissions monitoring. In its
paragraph 6, however, the Article does require that the measures applied by a party achieve reasonable progress in
reducing emissions ovéime. In addition, paragraph 11 requires that each party report (pursuant to Article 21) on the
effectiveness of the measures that it has taken in controlling and, where feasible, reducing emissions of mercury and
mercury compounds from the point sour€aBng within the source categories listed in Annex D.

The preparation of the guidance has drawn on relevant experience at the national and regional levels. Some such
experience has been referenced for information purposes. The referencing of sudtimfoimmo way prejudices

the autonomy of the Conference of the PaAnydiseussiomof a p a
costsis based on information at the time of preparation of the guidance document. It is noted that cosected &xp

change over time.

2 Overview

Monitoring of mercury emissions is an essential part of overall BAT and BEP implementation for controlling mercury
emissions to the environmeauihd for maintaining high operating efficiency of the abatement technicpaels

Monitoring of mercury emissions should be conducted according to overall best practices using approved or accepted
methods. Representative, reliable and timely data obtained from mercury emissions monitoring are needed to evaluate
and ensure the &fttiveness of the mercury emission control techniques in use at a facility.

All relevant sources of mercury emissions should undertake mercury emission monitoring. While the techniques are
listed in this introduction, each relevant source may have plaricapplicable monitoring techniques and practices,
which are referenced in the individual chapters of this guidance.

21 General steps in conducting mercury emissi

The first stepgn conducting mercury emissions monitoring is to establisbriopnance baseline, either by taking

direct measurements of the mercury concentrations in the gas streams or using indirect measurements to estimate
facility emissions. Subsequently, more measurements are taken at specific time intervals (e.g., &bilynmetly)

to characterize the mercury concentration in the gas or the mercury emissions at that point in time. Monitoring is then
conducted by compiling and analysing the emissions measurement data to observe trends in emissions and operating
performarce. Should the measurement data indicate any areas of concern, such as increasing mercury concentrations
over time or peaks of mercury emissions associated with certain plant operations, swift action should be taken by the
facility to rectify the situation

22 Considerations in selecting a measurement

The selection of a measurement or monitoring approach should begin with consideration of the intended outcomes.
Periodic shorterm measurements, conducted over a brief time period, sweted®ur or one day, may be conducted

to provide quick feedback for process optimization. L-tergn measurements, such as cs@reral months or a year,

using permanently installed equipment on a seonitinuous basisnay be desirable for emission invent reporting.
Continuous emission monitoring which is currently being implemented in some countries may be used to control the
process if mercury emissions are highly variable, for example owing to rapidly changing nesncteqtsn the feed
materials.

In addition,site-specific characteristics need to be taken into account when selecting the most appropriate monitoring
method and planning for the sampling campaign. Depending on the process, mercury may be present-as particle
bound mercury, gaseous elental mercury (HY or in the ionized gaseous forms, Hg(l) or Hg(ll) or in combinations

of these forms. The partitioning may even vary significantly among facilities conducting similar processes. For some
processes, it may be useful to measure thesedditfenercury species individually, for example, to inform decisions

on effective control technologies or to conduct risk assessments.
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The sampling point should be easily accessible, meet occupational health and safety requirements, meet regulatory
requiremats, and allow for the retrieval of representative samples. Ideally, the same sampling points should be used
for subsequent sampling campaigns to provide comparability between results. To prevent dilution of the samples and
avoid false low results, ambieair should not infiltrate the sampling points. Preferably, the gas velocity flow profile

should be considered when identifying the sample location to avoid areas of flow disturbance, which would affect the
representativeness of the samjletailed infornation on the design and installation of measurement points is

available in the European guideline EN 15259:2087A i r  @/Aeaslrément of stationary source emissions
Requirements for measurement sections and sites and for the measurement obgeativegph d r eport 6. T
is applicable to continuous as well as discontinuous measurements.

To provide representative data, the sample timing, duration and frequency should be determined by considering
various parameters, including the measurement@mtoring method used, measurement location, the facility

operating conditions, sispecific process variations, and requirements to show compliance under the applicable
regulatory process. Samples should be taken at conditions representative ofaditityabperations. If the

emissions are highly variable, or emissions are from a batch process, longer sample duration should be used or more
samples collected (e.g., samples taken across the entire batch) to provide a reliable average measurmgiitéort. In, a

low concentrations of mercury in the sample stream may necessitate longer duration to provide a total sample mass
above the method detection limit. Furthermore, periodic composite sairfplesxample, over half an hour, 12 hours

or 24 hourd provide more representative results compared to random grab samples.

Mercury emissions can vary significantly within a single facility over time or among facilities conducting similar
processes, because of variable mercury content in the materials eritenimgdess. Mercury concentrations can

change rapidly in the fuel, raw materials or other inputs, such as waste. During the emissions measurement procedure,
the mercury content in the process inputs should also be documented to assist with qualityea¥®§heanc

conducting sampling, care must be taken, as far as possible, to ensure that the process is operating at representative
conditions, mercury concentrations in the input streams are representative of normal feeds, and that fugitive emissions
are minimzed. If the operating conditions are not typical, extrapolation of the sampling data may provide results with

a large margin of error.

Operating conditions should be documented throughout the sampling campaign. Specific parameters, such as the
volumetricgas flowrate, gas temperature, water vapour content of the gas, static pressure of the gas duct, and
atmospheric pressuféshould be accurately recorded to allow for conversion of the measured mercury concentrations
to standard reference conditions @ 21 atm, measured or reference oxygen content and on a dry gas basis). The
quantity of mercury emitted over time can be determined by multiplying the mercury concentration in the exhaust gas
by the stack volumetric gas flemate, as follows:

For example:
Eg=Cgx Fx T
Where:
Eng = Annual emissions of mercury (kgly)
Cug = Mercury concentration in the gas stream (Ky/m
F = volumetric flowrate of the gas stream )
T = operating time per year (h/y)

Most direct emissions monitoring methods rely ampling at a point source, such as a stack. Measurement of diffuse
emissions, including fugitive emissions, is normally not practised and methodologies that do exist for measuring
diffuse emissions typically produce results with high uncertainty. Thekpiild be noted that emissions monitoring
results from point sources may not provide complete data on the total mercury emissions from a facility.

Monitoring method selection should be based on various criteria, such as site characteristics, proéess specif
measurement certainty, cost considerations, regulatory requirements and maintenance requirements. To compare the
facilityds mercury emissions over time, consistent sa

12 European Committee for StandardizatibnE N 1 5 2 5A% qualily® Measurement of stationary source
emissions Requirements for measurement sections and sites and for the measurement objective, plan and

r e p ol8 August 2007.
http://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT:22623&cs=106F3444821A456 A90F21590F3
BFF8582

13 EU IPPCB, NFM BREF Draft, February 2013, p. 67.
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23 Direct measur ement met hods

Direct measurement methods are generally considered as the most reliable techniques for mercury emissions
monitoring. When correctly conducted, these methods can provide representative, reliable data conducive to the more
precise measur e mdmdrcurgdmissiondf. aci | i t yds actua

231 Shotrdrm measurements
23111 mpinger sampling

Impinger sampling of mercury emissions from a stationary source is conducted by manually collecting a sample of
exhaust gas from an outlet such as a stack or duct with an isokinetic sampling system, whereby the sample gas stream
that is extracted is of theame velocity as the main stream. The isokinetic sampling accounts for changes in gas
flow-rate and for some particulate loading in the gas. This method is not suitable, however, for gases with heavy
particulate loading.

The method requires the use ofiaticate sampling train to recover mercury from the gas stream into a solution that
is then sent for laboratory analysis. While this method allows for good accuracy in mercury concentration
measurement, it requires continuous attendance during the sgmetiod. An advantage of this method is that
recovery is possible for both mercury in gaseous form and mercury bound to particulate matter. Because of the
complexity of this procedure, source testing tends to be performed only periodically (e.g., owice per year). In
general, facilities engage specialized source testing consultants to conduct the sampling and analysis.

A probe and sample nozzle are inserted into the outlet gas stream to extract a representative sample over a set time
period. Sincempinger sampling is typically done only a few times per year at most, sampling should be conducted
when the process is operating at steady state to allow for extrapolation of the data over an operating year. Operating
conditions should be documented befaturing and after the sampling campaigrthe United States, the general

practice is to take three impinger samples, each several hours in length under typical operating conditions, and to
calculate the average of the results for the final concentrasitue. Careful impinger preparation and gustdling

of solutions is critical for the success of impinger methods. Measurement errors are often related to the loss of
mercury from the solutions. It is therefore essential to avoid any loss of the semntpig will cause the test results to

be misleadingly low.

As this is not a continuous emission monitoring method, the results obtained would not provide data on mercury
emissions during irregular events, such as wide production swings, procespsfsititdowns or upsets. It should

be noted that mercury emissions generated during such events could be significantly higher or lower than during
normal operating circumstances.

Even under normal, steadyate conditions, however, there could be signifiganiability in the mercury volumes

being emitted when the mercury content in fuels or feedstocks fluctuates over short periods. In particular, for waste
incineration and cement facilities using waste fuels, the mercury content entering the systeityangache
unpredictable. Similarly, in the neerrous metals sector, mercury in furnace feeds may change rapidly depending on
the concentrates being processed. In such cases, results from intermittent impinger sampling may not provide
representative datahen extrapolated over a long period of time (e.g., annual averages). Thus, increasing the
sampling frequency (e.g., to three measurements per year over many years) can provide a better understanding of
actual source emissions over time.

To obtain maximm value for investment, mercury emissions source testing should be conducted during broader
sampling campaigns for air pollutants such as particulate matter, NQxaisDVOC. The addition of mercury

testing when conducting these broader air pollutanpagicampaigns may increase the operating costs of a facility.
Actual costs will depend on various factors, such as sample method, sampling frequency, support services, analytical
methods and site preparation.

Existing reference methods:

1 Method EN 13211@01/AC: 2005 Air quality i Stationary source emissiongvianual method of determination
of the concentration of total mercufy

This is the reference method in Europe for the measurement of total mercury. The method is applicable for the
concentration rage of total mercury from 0.001 to 0.5 mg/m exhaust gases. The procedure is a manual method of
determining the concentration of total mercury using an acid aqueous solution of potassium permanganate or

14 European Committee for StandardizatibnE N 1 3 2 1 1 :0@50A0r fjualilyiCSta2ionary source

emissions Ma n u a | met hod of determinat i o,5FkelhruatyRO85. concentr a
http://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG_1D:25042,6245&cs=19B884B499
893080A731C45504F6F2FB2
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potassium dichromate for the sampling of vappliesse mercury, together with a filter paper for the collection of
particlebound mercury. The sampling time should be between 30 minutes and two hours.

US EPA Method 29 Metals Emissions from Stationary Sourtes

In this method, particulate emissions aekinetically collected in the probe and on a heated filter, and gaseous
emissions are then collected in an aqueous acidic solution of hydrogen peroxide (analysed for all metals including
mercury) and an aqueous acidic solution of potassium permangameteséal only for mercury). The recovered
samples are digested, and appropriate fractions are analysed for mercury by cold vapour atomic absorption
spectroscopy (also referred to as CVAAS) and for various other metals using inductively coupleehpdasma
spectroscopy (also referred to as H¥IS). This method is suitable for measurement of mercury concentrations
ranging from approximately 0.2 to 16@/m°. Since this method collects oxidized mercury in the hydrogen peroxide
solution, it is appropriate for ¢hdetermination of mercury speciation.

US EPA SW846 Method 0060 Determination of Metals in Stack Emissidhs

This method is used to determine the concentration of metals in stack emissions from hazardous waste incinerators
and similar combustion procsss. In this method, a sample is withdrawn from the flue gas stream isokinetically

through a probe and filter system. Particulate emissions are collected in the probe and on a heated filter and gaseous
emissions are collected in a series of chilled impisigevo impingers are empty, two impingers contain an aqueous
solution of dilute nitric acid combined with dilute hydrogen peroxide, two other impingers contain acidic potassium
permanganate solution, and the last impinger contains a desiccant.

The recoveed samples are digested, and appropriate fractions are analysed for mercury by CVAAS. Remaining
fractions may be analysed for various other metals by inductively coupled pdésmi emission spectrometry
(ICP-AES), flame atomic absorption spectrometrizAR), or ICP-MS.

Method ASTM D678402 (Reapproved 2008)Standard Test Method for Elemental, Oxidized, Parddeind and
Total Mercury in Flue Gas Generated from Ghiad Stationary Sources (Ontario Hydro Methidd)

In this method a sample is withdradom the flue gas stream isokinetically through a probe and filter system,
maintained at 120 °C or the flue gas temperature (whichever is greater), followed by a series of impingers in an ice
bath. Particldoound mercury is collected in the front halftbé sampling train. Oxidized mercury is collected in
impingers containing a chilled aqueous potassium chloride solution.

Elemental mercury is collected in subsequent impingers (one impinger containing chilled aqueous acidic solution of
hydrogen peroxideral three impingers containing chilled aqueous solutions of potassium permanganate). Samples
are recovered, digested, and then analysed for mercury using CVAAS or cold vapour atomic fluorescence
spectroscopy (CVAFS). The scope of the method applies todetdion of elemental, oxidized, partid®und and

total mercury emissions from cefiled stationary sources with concentrations ranging from approximately 0.2 to 100
3

mg/m”,

1 JIS K0222 (Article 4(1) Methods for determination of mercury in stack gas @bsiorption and cold vapour
atomic absorption methotf)

This reference method from Japan meastots vapour phase mercury in the sample gas. In this method, vapour
phase mercury is collected am aqueous acidic solution of potassium permangdnatdimiting isokinetic

sampling) The dust containing the partiel®und mercury in the stack gas is isokinetically collected on the filter in
accordance with reference method JIS z8808:2fisMet hods of measuring dihest conc
recmvered samples are digested, and appropriate fractions are analysed for mecaldy/apour atomic absorption
spectrometry

15USEPA,ﬁMet hoMet2®l s Emi ssions f.rom Stationary Sourceso
http://www.epa.gov/ttn/emc/methods/method29.html

YUSEPAAMet hodDOOD&OmMi nati on of Metals from Stack Emiss
http://www.epa.gov/wastes/hazard/testmethods/sw846/pdfs/0060.pdf.

" American Society for Testing and Materials (ASTMBtandard Test Method for Elemental, Oxidized,
Particle-Bound and Total Mercury in Flue Gas Generated from @edd Stationary Sources (Ontario Hydro
Me t h p2608.Bttp://www.astm.org/Standards/D&¥.htm

18.JapaneseStandardsAssociatr”tl)n], |' S K0222; 1997; Met hods for ,deter mi n
20 August1997.

19 Japanese Standards Associatiod, | S Z8808: 2013: Methods of measuring
20 August2013.
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23.12 Sorbent trap sampling

Sorbent traps provide an average mercury concentration measurement over a sampling period, similar to the impinger
methods. In addition, sorbent traps provide more stable mercury retention and a simpler sampling protocol, which
allows for unattended opera of the sampling over extended periods.

Sorbent traps are used to measure mercury emissions from point sources with low particulate matter concentrations. Ir
general, samples are taken at a location following a particulate control device.

Typically, duplicate samples are extracted in parallel using probes inserted into the gas stream. The probes contain
sorbent traps, which accumulate mercury from the gas. The sorbent material used is mainly halogenated carbon.
Standard sorbent trapse intended to nasure gaseous mercury but, because of the operation of the sampling method,
particulates containing mercury can be drawn into the sorbent traps. This particulate is analysed and the measured
amount is added to the carbon bed amounts to form the totalnneetue. However, the sorbent trap method does

not collect particulates isokinetically so it is not an accurate method for measuring {ietiote mercury.

Nevertheless, because the facilities concerned would be expected to run efficient particidateomati devices,

there should be minimal amounts of partibleund mercury in the gas stream.

At the end of the sampling period, the sorbent traps are manually replaced, and the used traps are analysed for
mercury contentf results of the sorbent tebanalyses agree within a specified range, then the two results are

averaged for the final valuAnalytical methods for mercury content include traditional wet chemical methods or

small thermal desorption systems, which can provide immediate resultsticdadvantage of this method is that

operating personnel can be quickly trained to conduct the sampling. Another advantage is that the results from thermal
desorption analysis may be known while the tester is still in the field. This is useful foeemgintests with varying
conditions, or for mercury monitor relative accuracy test audits.

Sorbent traps provide good sensitivity and accuracy for mercury across a wide range of concentrations. It is necessary,
however, to know the expected minimum andimeum concentrations in the flue gas so that the correct sorbent trap

and sampling time can be selected. For instance, if the concentration is too large or the sampling time too long, the
mercury absorption capacity of the sorbent trap could be exceeddisdvEnt would cause an undeporting of the

actual mercury concentration. On the other hand, a short sampling time of flue gas with very low concentrations of
mercury can result in too little mercury captured in the traps, which would negativelytedffeanalysis accuracy.

Existing reference methods:

1 US EPA Method 30B Determination of Total Vapor Phase Mercury Emissions from Eaald Combustion

Sources Using Carbon Sorbent Tr&bs
This method is a procedure for measuring total vapour phase meroigsions from codired combustion sources
using sorbent trap sampling and an extractive or thermal analytical technique. This method is intended for use only
under relatively low particulate conditions (e.g., sampling after all pollution control d¢viethod 30B is a
reference method for relative accuracy test audits (RATAS) of vapour phase mercury CEMS and sorbent trap
monitoring systems installed at cdakd boilers and is also appropriate for mercury emissions testing at such boilers.
In casesvhere significant amounts of partid®und mercury may be present, an isokinetic sampling method for
mercury should be used.

1 JIS KO222Article 4(2)7 Methods for determination of mercury in stack gas (Gold amalgamation and cold
vapour atomic absorption @thod§*

This reference method from Japasesa sorbent containing gold and measures vapour phase elemental meréury (Hg
concentration in stack gas. After the sample gas is washed by water and vapour phase oxidizedHg&iduarthe
sample gas ieemoved, vapour phase mercury in the sample gas is trapped by the sorbent as gold amalgam. The
sorbent is heated and vaporized mercury is measured by cold vapour atomic absorption spectrometry.

2313 I nstrument al testing

Instrumental testing can be used for $tterm measurements of vapour phase mercury concentrations in gas. In this
method, a gas sample is continuously extracted and conveyed to a mobile analyser which measures elemental and
oxidized mercuryHg® and HG"), either separately or simultaneouslfeTmobile analyser uses a measurement
technigue similar to that used in continuous emissions monitoring (see section 2.4 below).

1 US EPA Method 30A Determination of Total Vapour Phase Mercury Emissions from Stationary Sources
(Instrumental Analyser Procede)

20Us EPA Method 30Bhttp://www.epa.gov/ttn/emc/promgate/Meth30B.pdf

21JapaneseStandardsAssociat"mm], I'S K0222;1997; Met hods for ,deter mi n.
20 August1997.

22 US EPA Method 30Ahttp://www.epa.gov/tthemc01/promgate/Meth30A.pdf
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Method 30A is a procedure for measuring total vapour phase mercury emissions from stationary sources using an
instrumental analyser. This method is particularly appropriate for performing emissions testing and for conducting
RATAs of mercury continous emissions monitoring systems and sorbent trap monitoring systemsfaiecbal
combustion sources. Quality assurance and quality control requirements are included.

232 Lontger m measurements
2321 Sorbent trap monitoring systems

Sorbent trap monitoring systerage used to monitor mercury emissions from point sources with low particulate

matter concentrations. These systems are permanently installed at a suitable sampling point, using sorbent traps to
provide consistent, representative samples. In contrast tséhef sorbent traps for shaerm measurements over

brief periods, sorbent trap monitoring systems are operated on a continuous basis over set time periods, which may
range between 24 and 168 hotirer even 14 days for samples of low mercury concdntrafs with other

extractive methods, the location of the sample point should be carefully chosen to provide representative and useful
data.

The cost of installing a sorbent trap monitoring system is estimated at about $150,000. Using United Stedes data f
2010, annual operating costs for the sorbent trap monitoring system fdiredalower plants range between
$26,000 and $36,000 and annual labour costs for operation between $21,000 and$36,000.

Existing reference methods:

1 US EPA PSL2b (Performanc&pecification 12b) Specifications and Test Procedures for Monitoring Total
Vapour Phase Mercury Emissions from Stationary Sources Using a Sorbent Trap Monitoring System

This performance specification is used to establish performance benchmarks toresaluate the acceptability of,
sorbent trap monitoring systems used to monitor total vaplase mercury emissions in stationary source flue gas
streams. This method is appropriate for ldegn mercury measurements up to a sampling time of 14 daysdér to
monitor low levels of mercury emissions.

24 Continuous measurements
241 Continuous emission monitoring systems (CEMS)

Continuous emission monitoring systems (CEMS) are used to monitor gaseous emissions from point sources over
long durations. Thisnonitoring method does not measure particulate mercury. With this automated method,
representative samples are taken continuously or at set time intervals using a probe inserted into the gas stream.
CEMS are therefore useful for uninterrupted monitoringnefcury emissions, which can be variable over short time
intervals because of changing mercury concentrations in raw materials, fuels or réagestample, CEMS would

be useful during the emcineration of waste material as fuel because of the sapidinging mercury content in the
waste Regulatory monitoring and reporting requirements have led to the growing use of this method in the United
States and the European Union among certain sources over the last 1@darthe cost of installation an

operation may be high compared to other methG&$/S provide the greatest data quantity, generatingtirael
information over various types of operations and process fluctuations.

The location of the sample point should be carefully chosen to preyidesentative and useful data. In a complex

facility with multiple outlets potentially emitting mercury, the cost of installing CEMS on each outlet may be very

high. Using United States data from 20ft& general cost of installing a new mercury CEMS ¢oatfired power

plant is estimated at about $500,000, of which $200,000 is for the system, includigp steaining and calibration

systems, and between $200,000 and $300,000 for site prep&ratinawer systems, where daily calibrations are not
required costs are much lower. Recent information from a provider of mercury measurement equipment in the
European Union indicates a cost of approximately 0150
infrastructure and installation, setirig, calibration and validatiof.

At facilities with multiple stacks and where CEMS would be technically and economically viable, and also
informative, the CEMS should be located on the outlet emitting the bulk or largest mass of mercury emissions at the

23 Us EPA Performance Specification 12B, p.i@p://www.epa.gov/ti/emc/perfspec.html

4 Amar, P., C. Senior, R. Afonso and J. Staudt (2010). NESCAUM Répbre c hnol ogi es for Con
Measurement of Mercury Emissions fromCbal r ed Power Pl ants in the United
July 2010, pp. 222. http://www.nescaum.org/activities/majogports

%5 Us EPA Performance Specification 128tp://www.epa.gov/ttn/emc/perfspec.html

%6 Amar, P.,C. Senior, R. Afonso and J. Staudt (2010). NESCAUM Reapaite c hnol ogi es for Con
Measurement of Mercury Emissions fromCbal r ed Power Pl ants in the United
July 2010, pp. 27. http://www.nescaum.org/activities/majoeports

%" Gerter, F., and A.G. Sick, Germany, personal communication. September 2015.
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facility. While in such cases the CEMS would not provide information from all gas outlets, the resulting data may
provide a useful regime indication of process performance trends and mercury control efficiency.

For mercury CEMS, the extracted samplélisred to remove particulate matter and the resulting vaporous sample is
routed to a mercury analyser. In general, CEMS analysers should be kept under steady temperature control to avoid
instrument errors and drift in the results. It should be notddhbae analysers detect mercury only in the vapour

phase (Hgand Hg"), and any particksound mercury in the sample would be trapped by the filter. As, however, the
facilities concerned should be operating with efficient particulate matter controedethere should not be

significant concentrations of particulate matter in the final stack emissions and, consequently, littleljmanidle

mercury in the final gas stream. CEMS can be used for sampling of dry flue gas or water saturated flueagms, such
after a wet scrubber. CEMS used to monitor watgtrated gas require a special fixed filter probe, however, to avoid
blockage from condensation of water. It should be noted that some CEMSs could also experience interference from
other substances in tigas stream.

Mercury CEMS directly measure elemental mercury’jtg@s using either cold vapour atomic adsorption (CVAA) or
cold vapour atomic fluorescence (CVAF). Accordingly, gaseous oxidized mercufi) (Rithe sample gas must be
reduced to HYbeforeit can be measured. This process is referred to as sample gas conversion. The reduction occurs
when passing the sample gas either through a high temperature, thermal reduction cell or through an impinger
containing a reducing chemical, such as tin chéarid

CEMS can be used to provide mercury emissions data continuously, or over set time periods, sutioasyhaif

hourly. Notably, data from the CEMS can be relayed on a continuous basis to the process control system through a
feedback loop to indicatrealtime operating trends for process control and assist in maintaining peak operating
efficiency.

The CEMS must be correctly calibrated to ensure data accuracy. This is achieved by comparing readings with samples
taken simultaneously from the same péing point that are then analysed by relevant manual saéest@g methods.

Some calibration gas standards may be available and, if so, may be used to calibrate the instrument directly. Regular
maintenance and quality control procedures should be cadjuwd per the relevant authority or manufacturer
specifications, to minimize data drift.

Existing reference methods:

1 US EPA PSl2a (Performance Specification 12appecifications and Test Procedures for Total Vapour Phase
Mercury Continuous Emissidlonitoring Systems in Stationary SourCes

This performance specification is used for evaluating the acceptability of total vapour phase mercury CEMS installed

at stationary sources at the time of, or soon after, installation and whenever specifiectgslatry requirements.

The CEMS measures tot al ®oheapocrpmaye merounycregardlesseof spesiationj amd € g / n
records the results at standard conditions on a wet or dry basis. This method does not measure mercury bound to
particulae matter.

1 EN 14884:2005 Air qualityi Stationary source emissiondetermination of total mercury: Automated

measuring systerfis
This European standard describes the quality assurance procedures related to CEMS for the determination of total
mercury in flue gas, in order to meet the uncertainty requirements on measured values specified by regulations,
national legislation or otheequirements. The standard is in line with the general standard on quality assurance on
CEMS (EN 14181:2014 Stationary source emissionguality assurance of automated measuring systgms

Standard EN 14181:201¢ designed to be used after the CEMSpgesssed a suitability test (QAL&sdefined in EN
15267") demonstrang thatit is suitable for the intended purpose before installation onEit#4181:2014lescribes

8 Us EPA Performance Specification 1Z#tp://www.epa.gov/ttn/emc/perfspec.html
29 European Committee for StandardizatibnE N 1 4 8 8 4 : 2 0 D Stationdry sourcq enmaskiang y

Determination of total mer,28INoyembea2005.0 mat ed measuring
http://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT:22225&¢cs=1D527AD08718E6354287EA554
A53ADF26.

%0 European Committee for Standesation,i EN 1418 1: 2014: St atQualityassuanceaur c e
aut omat ed me a 4QctoberP014.y st e ms 0
http://standeds.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT:33416&cs=1D563C09742AECB59945D4E1
D645A5DCRB

3LEN 152671 Air qualityi Certification of automated measuring systénf&art 1: General principles, EN

152672: Air qualityi Certification of automate measurisgstemd Part 2: Initial assessment of the AMS
manufacturerés quality management system and post ce
1526%3: Air quality i Certification of automated measuring systénfart 3: Performance critarand test

procedures for automated measuring systems for monitoring emissions from stationary sources.
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the quality assurance procedures needed to ensure that a CEMS is capable of reagticeytidinty requiremesbn
measured values, whictrespecified inEuropeariJnion or national legislation.

1 Method EN 13211:2001/AC: 2005%Air quality i Stationary source emissiongvianual method of determination

of the concentration of total mercify
This European standaspecifies a manual reference method for the determination of the mass concentration of
mercury in exhaust gases from ducts and stacks. This is the reference method for comparative measurements for
calibrating mercury CEMS. This meti has been previously listed in section 1.1.2.1.1 on impinger sampling.

AJIS K0222(Article 4(3)1 Methods for determination of mercury in stack gas (Continuous monitoring m&thod)

This reference method from Japan directly meagotasvapour phase maury from stationary sources on a
continuous basis using cold vapour atomic absorption spectrormethys methodyapour phasexidized mercury
(Hg*" in the sample gas reduced to elemental mercury (Jipy passing the sample gas through tin chloride.

25 I ndirect measur ement met hods

The indirect measurement methods described below are helpful in estimating mercury emissions from a process or
facility. In general, most indirect measurement methods are natiyigonsidered to be as reliable and accurate as

direct measurement techniques for mercury emissions monitoring. In contrast to direct measurement methods, indirect
measurement methods provide no information on mercury concentrations in stack gas¢emigsion rates. When
conducted according to proper test procedures, the direct measurement methods previously listed would provide more
representative mercury emissions data than most indirect measurement methods. Nevertheless, these non
measurement gimeering methods are useful as investigative and screening tools for the monitoring of general

process performance and estimation of mercury abatement efficiency. For reporting purposes, these indirect
measurement methods may be used to provide a gestirabte of facilitylevel emissions if direct measurement

methods are not available or applicable.

251 Mass bal ance

Mass balance is conducted by applying the law of mass conservation to a system (e.qg., facility, process or piece of
equipment). In such a systeany mercury entering the process in the feedstock, additives, or fuel must exit via the
products, byproducts, waste or emissions and releases. Mercury emissions and releases are therefore determined fromr
the differences in input, output, accumulationl @epletion. The general equation for a mass balarite is:

Min = Mout+ Maccumulated/depleted

Where:
M;, = mass of mercury entering the facility in the feedstock, fuel, additives, etc.

Moyt = mass of mercury leaving the facility in finished products, byproducts, wastes and emissions and
releases

(Mout= Mproduct+ Mby»product"' Mwaste+ Memissions+ Mreleasel
M accumulatedideplete Mass of mercury accumulated or depleted within the tiacili

To calculate mercury emissions in a system using a mass balance, the mercury concentrations andnatassolow
all other streams (e.g., products;fmpducts, effluents, sludges) should be tracked and recorded over a specified
period. Mercury massata would be calculated by multiplying the mercury concentration by the stream mass
flow-rate and the time period (e.g., one year). An advantage of using the mass balance method is that mercury
emissions can be estimated for both point and diffuse sofincasding fugitive emissions), if a party wishes to
estimate emissions from nguoint sources as well.

In a system with multiple emission sources and limited data from outlet stacks or ducts, the mass balance approach
may provide useful and representatinformation on mercury flows over a long period, such as a year. In processes
where the emissions could vary greatly over time, results from a complete annual mass balance may provide more

3 European Committee for StandardizatibBnE N 132 1 1: 200 1/ A CStaflodadysourcédemissiogsu a | i t
- Manual method of determination ofthecentt r at i on o fFelruary ¥5/200Bier cur y O
http://standards.cen.eu/dyn/www/f?p=204:110:0::::FSP_PROJECT,FSP_ORG042;6245&cs=19B884B499
893080A731C45504F6F2FB2

33JapaneseStandardsAssociatFora], |' S K0222; 1997; Met hods for ,deter mi n
20 August1997.

3 Environment Canad@, Gui de for Reporting to theNRMRYRM2andal Pol | t
2013, Canadian Environment al,20R3 m 18bttpst//iwomec.ge.calinfp 1999 ( (
npri/default.asp?lang=En&n=28C24112
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representative emissions data than punctual direct measuresuetitgs an annual stack test. For example, cement
facilities in the European Union have come up against uncertain readings using direct measurement methods due to
high uncertainty in emissions volume measurement at the stack. For these facilitiesthaseass balance method

has reduced the relative uncertainty in the estimation of mercury emissions, by comparison with direct measurement
methods.

Accurate, representative measurements of mercury content in variable fuels or feed materials may, lowever, b
difficult to achieve. In addition, in cases where internal mercury loads are recycled in the process (e.qg., in stockpiles,
intermediate products, sludges), care should be taken to account for mercury in these streams. In complex processes
with multiple input and output flows, or where data are estimated, it may be difficult to come up with definitive

figures for the mass balance.

252 Predictive emissions monitoring systems (PEMS)

Predictive emissions monitoring systems (PEMS), also referred to as paranogtiticrimg, operate by developing
correlations between process operating parameters and mercury emissions rates using the continuous monitoring of
surrogate parameters, emission factors and source tegtisgnethod can be useful in providing an indicatid

mercury control efficiency on a retime basisNo ongoing mercury sampling is actually conducted in this method. In
modern facilities, parameters such as fuel usage, furnace temperature, gas pressurerateddteviypically

monitored on a controus basis using process control systems to ensure operational efficiency. While these types of
indicators may be a useful starting point, the selection of relevant parameters and their corresponding correlations to
mercury emission rates would likely beigue to the process or facility.

In certain types of processes where there is little variability in the mercury content of the feedstock, fuel and other
input streams, PEMS may offer a useful means of providing an indication of mercury emissiorFmeagample,

some facilities in the industrial gold sector in the United States monitor the operating efficiency of their mercury
chloride scrubbers, tracking the scrubber inlet solution pressure, inlet gas temperature and mercury(ll) chloride
concentrationn the solution exiting the scrubber.

PEMS may not, however, be a reliable method of mercury emissions monitoring in applications where mercury
content in fuels or feedstocks can vary significantly over short periods. For example, in waste incinedatenen
facilities using waste fuels, the mercury content entering the system or facility is generally unpredictabldiredcoal
power plants, mercury emissions can vary in response to changes in the mercury content of the coal. Similarly, in the
nonferrous metals sector, mercury in furnace feeds can change rapidly depending on the concentrates being
processed. In addition, mercury emissions can vary in many processes because of temperature fluctuations and
changes in mercury speciation. As a resh#,éstablishment of correlations between surrogate parameters and

mercury emissions may not produce representative results. If PEMS are considered, thorough analysis should first be
carried out to determine the uncertainty of the method on abgasase khsisand they should be regularly compared

to a reference test method. When a sufficient, comprehensive pool of reference data can be collected to provide a
substantial base to develop the PEMS algorithm, the data quality provided by the PEMS wouldtaeel éape

improve.

253 Emi ssion factors

While the use of emission factors is not a monitoring method per se, this engineering technique can be used to provide
a useful general estimate of mercury emissions from a system or facility.

Emission factors are usedpoovide an estimate of the quantity of emissions released from a source based on typical
levels of emissions from that activity. For mercury, emission factors could be expressed as the mass of mercury
emitted divided by: the mass or volume of input matedasumed; or the mass or volume of output material
generated.

Site-specific emission factors, developed by facilities on the basis of actual emissions testing data and source activity
information, are expected to provide more accurate estimates tharalyg@ublished emission factors. Ségecific

emission factors would need to be established by testing during periods of normal operation, with a view to providing
a better representation of the average mercury emissions rate from the particularqrrfzagiity. If site-specific
measurement data become available, calculations based on those measured values would be preferred to the use of
general published factors.

Where sitespecific emission factors are unavailable, published emission factors raagdéo provide a rough

emissions estimate. Published emission factors may be available for the overall process or for the particular mercury
control device. It should be noted, however, that such general emission factors provide highly uncertain emission
estimates.

That said, in processes where there may be variability in the mercury content of fuels or feedstocks, emission factors
may not provide reliable estimates of mercury emissions. For example, in waste incineration or cement manufacturing
using wate fuels, mercury content in the fuel can vary significantly within short periods.
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The general equation for estimating mercury emissions using an emissions factor is:
Eng = BQ x CERgo0r
Eng = BQ x ERyg % (1007 CE.g)/100
Where:
Eng = Emission of mercury (kg or other unit of mass)
BQ = Activity rate or base quantity (base quantity unit)

CERy4 = Controlled emission factors of mercury (kg/BQ) [dependent on any emission control devices
installed]

EFR4y = Uncontrolled emission factors nfercury (kg/BQ)
CEyq = Overall emission control efficiency of mercury (per cent)

254 Engineering estimates

General estimates of mercury emissions can also be obtained using engineering principles, knowledge of the relevant
chemical and physical processes, aaion of related chemical and physical laws, and familiarity withsptific
characteristics.

For example, annual mercury emissions from fuel use can be estimated as follows:
Eng=Qex % HgxT
Where:
Eng = Annual emissions of mercury (kgly)
Qr = Rée of fuel use (kg/h)
% Hg = per cent of mercury in fuel, by weight
T = operating time (h/y)

Engineering estimates should only be considered as rapid general approximations with a high level of uncertainty. In
order to improve accuracy, results from engiireg estimates should be compared periodically with data obtained

from direct measurement methods. Where gitecific information becomes available, those data are expected to
provide more useful information and would be preferred in terms of undersgieenctual source emission rates.
Engineering estimates are the last resort where no emissions data or emission factors are available.

255 Emi ssions reporting
Emissions reporting is an essential part of the emissions monitoring cycle at the facility level.

Where compliance with a legal or regulatory measure must be demonstrated, the operator is generally responsible for
reporting monitoring results to the competent authority. In addition, faé#gl data constitute an essential

component of national emissig inventories that are compiled using a bottgrapproach. Even where emissions
reporting is not explicitly required, it is considered a best practice to share data voluntarily with authorities and the
public concerned.

Reporting of emissions monitoririgvolves summarizing and presenting the monitoring results and related

information, such as quality assurance and quality control methods, in an effective way, according to the needs of the
intended audience. The report should be clear, transparent@mdtac Results should be presented in a useful,
informative format.

Mercury emissions should be expressed in one or more of the following ways: mercury concentration in the outlet
gas; mass of mercury emitted per amount of product produced (emissial; fantomass of mercury emissions over
a given time period (e.g., per day or per year).

Quality considerations regarding sampling, analysis and the results should be discussed in the report. In addition, the
measurement results should be provided in mddthat would enable the correlation of mercury emissions with
process operating parameters.

Clarity should be provided on the method used (stgndards used for sampling and analysis) and conditions
encountered during data collection, such as: process conditions; production rate during sampling; occurrences or
malfunctions during sampling in the production process or the abatement systenesjaiahsg in the input material.

24



UNEP/MC/COP.1/7

Chapter IV

Coal-fired power plants and coalfired industrial boilers

Guidance on Best Available Techniques and Best Environmental Practices to Control
Mercury Emissions from Coatfired Power Plants and Coalfired Industria | Boilers

Summary

Coaltfired power plants and coéited industrial boilers constitute a large and important source of atmospheric
mercury emissions. In 2010, coal burning was responsible for the emission of some 475 tons of mercury worldwide,
the majorityof which was from power generation and industrial boiler use (UNEP, 2013a). This represents about 40
per cent of the total global anthropogenic emissions. Coals used for combustion throughout the world contain trace
amounts of mercury that, when uncond| are emitted into the atmosphere.

This chapter provides guidance on best available techniques (BAT) and best environmental practices (BEP) for
controlling and, where feasible, reducing mercury emissions frordficedlpower plants and coéifed indudrial
boilers, which are covered by Annex D of the Convention.

Most coalfired power plants are large electricjpyoducing plants; some also supply heat. Industrial boilers provide
heat or process steam to meet the needs of the facility where thetaltedns

Mercury emissions from codired combustion plants are affected by a number of variables, including mercury
concentration and speciation in coal; coal type and composition; type of combustion technology; and control
efficiency of existing pollutin control systems. Mercury emission control technologies are generally similar for all
coalkfired boilers, however, regardless of their application at power plants or industrial facilities.

Air pollution control systems are already widely used in a nurabeountries to reduce emissions of traditional air
pollutants other than mercury, such as particulate matter, oxides of nitrogen, and sulfur dioxide. Even when not
primarily designed for mercury capture, these systems provide thenedit of reducingnercury emissions, as they

are able to capture some of the mercury in the flue gases. Dedicated mercury control techniques have been developed
and are being applied in a number of countries to provide additional mercury control in cases vole@efito

techniques are not able to provide sufficient and reliable mercury reductions.

This chapter discusses a variety of BAT used for mercury control and provides indicative information on their
emission performance and estimated costs. It also describes importgyonents of BEP for the operation of

coalkfired facilities. Finally, it presents selected emerging mercury emission control techniques and discusses mercury
emission monitoring in the specific context of ciegd plants.
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List of acronyms and abbreviations

APCS Air pollution control system
BAT Best available technique
BEP Best environmental practice
COP Conference of parties

ESP Electrostatic precipitator

FF Fabric filter

FGD Flue gas desulfurization

ID Induced draft

o&M Operation and maintenance
PAC Powdered activated carbon
PC Pulverized coal

PM Particulate matter (sometimes called dust)
SCR Selective catalytic reduction
UBC Unburned carbon
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1 I ntroducti on

This section provides guidance on besgilable techniques (BAT) and best environmental practices (BEP) for
controlling and, where feasible, reducing mercury emissions frordficedlpower plants and coéited industrial
boilers, which are covered by Annex D of the Convention.

Coaltfired power plants and codired industrial boilers are a large source of local, regional, and global atmospheric
mercury emissions, emitting over 470 metric tons of mercury worldwide (UNEP, 2013a). Coals used for combustion
throughout the world contain trace anmmds of mercury that, when uncontrolled, are emitted (along with other
pollutants) during the combustion process.

Most coalfired power plants are large electricjpyoducing plants; some also supply heat (combined heat and power
plants, district heatinggtc.). Industrial boilers provide the heat or process steam necessary for local production at a
facility where they are installed. Boilers in cdiméd power plants typically consume more coal than the majority of
coalkfired industrial boilers, with a pehtial increase in mercury emissions. However, the number of industrial boilers
is usually larger than the number of power plants. Another difference is thdiredgbower plant boilers are mostly
single fuel, while coafired industrial boilers are afh designed for and use a more diverse mix of fuels (e.g., fuel
by-products, waste, wood) in addition to coal (Amar et al., 2008).

From the standpoint of their technical feasibility, the same technologies can be used for controlling mercury emissions
from all coaklired boilers, whatever their function. In a number of countries, power plants and large industrial boilers
are already equipped with air pollution control systems (APCSs) as a result of air pollution policies. Even when not
designed for mercurgapture, these APCSs are capable of capturing some of the mercury output from combustion

with the direct effect of reducing the release of mercury to the atmosphere-{hkesomercury cdoenefit of

APCSs). Smaller codlired industrial boilers, on thether hand, are often not equipped with efficient emission control
devices, and this will affect the consideration of how to address mercury emissions from these plants.

Several factors affect the amount of mercury that might be emitted by similar lplaniisg comparable amounts of
coal. These factors include:

1 Mercury concentration in coal

1 Coal type and composition

1 Type of combustion technology

1 Presence and mercury removal efficiency of an APCS

The above factors will be considered in the remainder sfdbtument in greater detail in the context of BAT/BEP
determination.
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Processes -fuisreedd ipnoweoral-pl naetdsi adds t ot
boilers, including consideration of
mercury in the process

11 Coal properties

Coal is a complex energy resource that can vary greatly in its composition, even within the same seam. The quality of
coal is determined by its composition and energy content. Ranking of coal is based on the degree of transformation of
the original plant raterial to carbon. The American Society for Testing and Materials (ASTM) defines four basic

types of coal: lignite, subbituminous, bituminous, and anthracite (ASTM D388). In some countries lignite and
subbituminous coal ar e toarsmed dii mmdvar aca aled ,c oard d fAthiatr Wn
nomenclature will be used throughout this document.

Lignite typically contains 2635 per cent fixed carbon (w/w) and has the lowest energy content (below 19.26 MJ/kg
gross calorific value). It is generally uktor electricity generation or district heating in the vicinity of the mines.

Subbituminous coaltypically contains 3645 per cent fixed carbon (w/w) and has a heating value between 19.26 and
26.80 MJ/kg gross calorific value. It is widely used for eleityr generation, and also in industrial boilers.

Bituminous coal contains 4586 per cent fixed carbon (w/w) and has a heating value between 26.80 and 32.66 MJ/kg
gross calorific value. Like subbituminous coal, it is widely used to generate electricity iaddstrial boilers.

Anthracite contains a very large amount of fixed carbon, as high 888per cent (w/w). It is the hardest coal and
gives off the greatest amount of heat when burned (more than 32.66 kJ/kg gross calorific value). It is thBomibst dif
coal fuel to burn, however, owing to its low volatile content.

Figurel presents typical use of different typescofl (WCA, 2014). As shown ithatFigurel, combined bituminous
and subbituminous coals used in electrigjgnerating power plants and in industrial brslare estimated to
constitute over 80 per cent of known coal reserves worldwide.

Carbon content or energy content of coal

Water content of coal
g Brown coal Hard coal
E 47%
(7]
@ Lignite Sub-bituminous Bituminous Anthracite
° 17% 30% 52% 1%
s | : - e :
; ; Coking
..6 : : Used in boiler Eaiil :
2 : .
= | Steam coal I '
1 ] I I

¥ ¥ v v ¥
(7] Electricity Electricity generation Steel “no fumes”
% generation Cement plants manufacturing  domestic and
=S Industrial boilers industrial uses

Figure 1. Use of different ranks of coal (WCA 2014)

Mercury content is a key parameter affecting the amount of uncontrolled mercury enfiasilei., adopted from
Tewalt et al. (2010), presents publicly available data on the mercury content of coal.
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Table 1

Mercurycontent in coals (mg/kg)

Country Coal type Average of all samples Range Reference
Australia Bituminous 0.075 0.01:0.31 Nelson, 2007; Tewalt et al., 2010
Argentina Bituminous 0.19 0.020.96 (8) Finkelman, 2004; Tewalt et al., 201C
Botswana Bituminous 0.10 0.040.15 (28) Finkelman, 2004; Tewalt et al., 201C
Brazil Sl?li)tgirtnulr?w?:sus %230 88282}1 gg; Finkelman, 2004; Tewalt et al., 201(
Canada 0.058 0.0330.12 (12) Tewalt et al., 2010
00m  oomoosry  TewAkets2ow
China Bituminous/Subbituminou: 0.17 0.01-2.248 (482) Zhang et al., 2012; UNEP, 2011
Colombia Subbituminous 0.069 >0.020.17 (16) Finkelman, 2004
Czech Rep. 'Lign.ite 0.338 <0.030.79(16) Finkelman, 2003
Bituminous 0.126 0.030.38 (21) Tewalt et al., 2010
Egypt Bituminous 0.12 0.020.37 (24) Tewalt et al., 2010
France Bituminous 0.044 0.030.071 (3) Tewalt et al., 2010
Germany Bitl{mi.nous 005 0.7-1.4 Pirrone et al., 2001
Lignite Max: 0.09 MUNLV 2005
Bituminous 0.354 0.0911.2 (5)
Hungary Subbituminous 0.138 0.040.31 (19) Tewalt et al., 2010
Lignite 0.242 0.0750.44 (12)
India B'tt:g:]'ir:g”s 8:;3? g g):é%i)z(sgg) Tewalt et al., 2010;UNEP, 2014
indonesia Lignite 0.11 0.020.19 (8) Finkelman, 2003; Tewalt et al., 201C
Subbituminous 0.03 0.01-0.05 (78) US EPA, 2002
Iran Bituminous 0.168 0.020.73 (57) Tewalt et al., 2010
Japan Bituminous 0.0454 0.01-0.21 (86) Ito et al., 2004
Kazakhstan Bituminous 0.08 <0.030.14(15) Tewalt et al., 2010
ovzedent SR S0 SN ot
Mongolia Bituminous 0.097 0.020.22 (36) Tewalt et al., 2010
Peru Anthract+Bituminous 0.27 0.040.63 (15) Finkelman, 2004
Philippines Subbituminous 0.04 <0.040.1 Finkelman, 2004
Poland Bituminous 0.085 0.0130.163 Bojkowska et al., 2001
Romania Lignite+Subbituminous 0.21 0.07-0.46 (11) Finkelman, 2004
_ Bituminous/ UNEP, 2013b
Russia Subbituminous 012 <0.020.25 (23) Romanov et al., 2012
Slovak Rep. Bitl{mi'nous 0.08 0.030.13 (7) Finkelman, 2004
Lignite 0.057 0.0320.14 (8) Tewalt et al., 2010
South Africa 0.157 0.0230.1 (40) Leaner et al., 2009; Tewalt et al., 201
Tanzania Bituminous 0.12 0.030.22 (75) Finkelman, 2004
Thailand Lignite 0.137 0.020.6 (23) Tewalt et al., 2010
Turkey Lignite 0.12 0.03-0.66 (149) Tewalt et al., 2010
United Kingdom Bituminous 0.216 0.0120.6 (84) Tewalt et al., 2010
Subbituminous 0.1 0.01-8.0 (640) US EPA, 1997
USA Lignite 0.15 0.031.0 (183) US EPA, 1997
Bituminous 0.21 <0.01:3.3 (3527) US EPA, 1997
Anthracite 0.23 0.160.30 (52) US EPA, 1997
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Country Coal type Average of all samples Range Reference
Vietnam Anthracite 0.348 <0.020-34 (6) Tewalt et al., 2010
Zambia Bituminous 0.6 <0.033.6 (14) Tewalt et al., 2010

Zimbabwe Bituminous 0.08 <0.030.15 (6) Tewalt et al., 2010

Note: Caution should be used when interpreting the alm&reuryconcentration information, as populations of coal samples for

different countries vary widely. In addition, information is not universaligilableto indicate whether the reportedncentrations

of mercuryarebasedon dry coal or aseceived coaligures. Theselata may not be representativecofl from theasburned

standpoint The number in parentheses in the 6ranged column refl

Mercury transformations during combustior
The principal combustible constituents of cas elemental carbon and hydrogen, and their compounds.

The physical and chemical transformations that mercury undergoes during coal combustion, and subsequently in the
resulting flue gas, are shown schematicallfFigure2 (Galbreath and Zygarlicke, 2000). Mercury is associated

primarily with the inorganic mineral components of coal, although an association with the organic components of coal
as orgapn-mercuric compounds has been suggested (Swaine, 1990; Groen and Craig, 1994; Finkelman, 1994).
Accordingly, pyrite (Feg is the dominant mineral host for mercury in coal. In rare cases with anomalous mercury
enrichment, cinnabar (HgS) may also be pre@¢olker et al. 2006; Kolker, 2012 and references therein). As the

mineral (and possibly orgafmoercuric) hosts of mercury decompose during combustion (>1400 °C), mercury evolves
as elemental mercury (g The mode of occurrence of mercury in coal dodsaffect this initial combustion
transformation mechanism.

Hg(g)
Catalytic
Oxidation
e, @b -"‘@t 24+
2250 Hox(@)

[N ?:c@.
Chlorination

HgCla(g) d HgCl,(g)

Hg(p) Species

» . HgCl,
0 i SO O
Hg(q) Sorption IR HgO
( ‘@ 5@ HISO
¢! i HgS

¢
Ash
nguue# FOrmation

Va?or z

_ Sﬁ

Coal Combustion Postcombustion

Figure 2. Potential mercury transformations during combustion and postcombustion (Galbreath and
Zygarlicke, 2000)

Mercury emissions from codired boilers can belassified into three main forms: gaseous elemental mercufy,(Hg
gaseous oxidized mercury (Y and particulatdound mercury (Hg which may be elemental or oxidized mercury.
The relative amounts of these three main forms of mercury in the flueagastbe secalled mercury speciation.

Mercury bromination or chlorination is assumed to be the dominant mechanism of mercury chemical transformation
affecting the speciation of mercury. Other potential mechanisms involve mercury interactions with elgh parti
surfaces where reactive chemical species, catalysts, and active sorption sites are available to convert elemental to
oxidized mercury, and also elemental and oxidized mercury to partibdated mercury (Galbreath and Zygarlicke,
2000).

Gas phase oxation occurs primarily via chlorine species originally present in the coal, as the gases cool down
through the air preheater and air pollution control devices. The extent of gas phase mercury oxidation is highly
dependent upon the coal rank, the concentraif chlorine present in the coal, and the operating conditions of the
boiler (e.g., aito-fuel ratio and temperature). For example, a study of mercury speciation measurements from 14
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different coal combustion systems reported from 30 to 95 per catizedimercury upstream of the air pollution
control devices (Prestbo and Bloom, 1995). A literature survey reveals that mercury oxidation falls primarily in the
range of 4580 per cent, with the oxidized form of mercury mostly being mercury chloride (Setrat, 2004).

Different combustion or firing methods of coal are used in power plants and industrial boilers. These methods include:

1 Suspension firing of pulverized coal (pulverized coal firing)

9  Stoker firing (i.e., firing on a slowly moving or fixedaje)

9 Fluidized bed firing (in either a bubbling type or a circulating fluidized bed)
1 Cyclone firing of crushed coal

Most large steam generation at power plants is produced through the pulveriziéhcpdh a pulverized coal

boiler, finely ground coak pulverized to a fine powder and blown directly to individual burners where it is mixed
with preheated combustion air and combusted in a flame. The heat energy from the combustion process is used to
produce steam, which drives a turbigenerator set tproduce electricity. Field tests indicate that the speciation

profile varies considerably among the tested pulverized coal boilers (Wang et al., 2010).

Stoker firing is still in use in some parts of the world, mostly in smaller boilers. In stoker figatgd air passes

upward through apertures in the grate. Dampers are positioned ingratiezones in order to achieve proper biasing

of the airflow. Ovetfire combustion (air added above the grate) adds turbulence to gases coming from the grate and
suppies the required air for the portion of fuel that burns in suspension. In general, stokers produce less particulate
matter (PM) per unit of fuel fired, and coarser particulates compared with pulverizditiogabecause combustion

takes place in a quseent fuel bed without significant ash caoyer into the exhaust gases.

Fluidized bed firing is particularly useful for handling l@rade coals (no need for drying). In a fluidized bed

combustor of the bubblinbed type, coal particle size and vertiaalvelocity are regulated to establish a discrete

horizontal plane that divides the active bed from the entrdioedopen furnace above. The basic mechanism for the
control of bed temperature and heat transfer to the walls of the combustor, andnorenged heating surface in the

bed of a fluidizeebed boiler, is the variation in the total solids inventory. The temperature in a flulokzed

combustor is controllable in a narrow range-$ite measurement of mercury concentrations from a circulating
fluidized bed boiler shows that particulate mercury i :
al., 2010).

In cyclone firing, crushed (but not pulverized) coal is burned in a swirling combustion chamber at high temperatures,
making a liquid slag out of most of the mineral matter in the coal. The hot gases then enter the furnace where they
radiate heat to the foace walls and convect heat to generated steam, which drives a turbine generator set to produce
electricity. Cyclone boilers generate less fly ash per unit coal burned than pulverized coal boilers, because most of the
mineral matter in a cyclone boilerdmmes a liquid slag that is collected from the bottom of the cyclonic combustion
chamber.
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Menu of mercury emission reduction tec

This section describes mercury emission reduction approaches and control technologies that could be considered for
thedetermination of BAT by a given party or facility (see section 5 below). They include coal treatrieahetid
mercury removal, and technologies dedicated to the removal of mercury.

Coal washing

Coal washing reduces ash content and improves its heating, thus increasing boiler efficiency (Satyamurty,

2007). Coal washing, while primarily targeting the minimization of ash and sulfur content of coal, can also decrease
the mercury content of coal, and this is already done in some cases. Raw coas coimtaial impurities such as rock

and clay that are referred to as ash. Where appropriate, this raw coal should be processed (or cleaned) to reduce the
ash content, to increase the heating value, and to reduce the particulate matter (PM), sulfur giady potercury

content to ultimately lower emissions when the coal is burned in the boiler. In addition, the removal of mineral
impurities also reduces operation and maintenance costs and slows the deterioration of the boiler system. It should be
noted, lowever, that most lignite and brown coals are not amenable to conventional coal washing (Institution of
Chemical Engineers, 1997).

Conventional coal washing methods may also remove some of the mercury associated with the incombustible mineral
materials. Havever, they will typically not remove the mercury associated with the organic carbon structure of the

coal (USEPA, 2002). One review quotes test data for 26 bituminous coal samples from the United States with a wide
range in the amount of mercury removsdcbal washing (USEPA, 1997). This trend was confirmed by another study
(USGS, 2014), which concluded that coal washing was effective in reducing the concentrations-espydiated

elements such as mercury. Yet another study reported average meduatjon on an energy basis of 37 per cent
(TooleO6 Ne i | et al ., 1999).

The variation in mercury reductions quoted above might be a function of the type of process used to wash a given
coal, the coal rank, and the nature of mercury in the coal matrixmmary, removal of some of the mercury from

coal is feasible when conventional coal washing methods are used. The effectiveness of mercury removal during
conventional coal washing, however, varies widely depending on the source of the coal and onetlué thegtur

mercury within it.

Crossmedia effects of coal washing

Coal washing generates waste slurry which contains mercury. There is potential soil or groundwater contamination if
coal washing slurry is not safely managed

Contribution of mAPCB8syi nemevmb of

The APCSs installed primarily for control of Oy, or particulate matter (PM) remove mercury from the flue gas.
This is called the ctenefit mercury removal. Goeenefit mercury removal by nemercury air pollution control

equipment isnost often accomplished in two fundamental modes: removal of oxidized mercury in a wet flue gas
desulfurization (wet FGD) scrubber and removal of-Bdind mercury in a PM control device, such as an

electrostatic precipitator (ESP) or fabric filter (FF).-kenefit removal of mercury can also be accomplished in spray
dryer absorbers. Depending on the configuration of pollution control equipment, varying amounts of mercury removal
could be accomplished. An overview of the magnitude dfeaefit mercury remal for different configurations of

existing APCSs is provided ihable2 (Srivastava et al., 2006; EIPPCB, 2013). It should be noted that -theneit

removal as shown ifiable2 will vary depending on coal properties and operational parameters of the APCS.

Table 2

Overviewof co-benefit mercury removal in APCSs

Existing control equipment Qualitative mercury capture

ESPc only Good capture of particulateound; better capture for high chlorine coals than low rank coals.
ESPh only Low capture

FF only Good capture adxidized mercury

Generally, good capture for high chlorine coals thanks to presence of soluble oxidized merc
ESPc + wet FGD the flue gas. Relatively poor capture for low rank coals. Elemental mereemyission may
decrease the amount of-benefit

Generally, good capture for high chlorine coals thanks to presence of soluble oxidized merc
ESPh + wet FGD the flue gas. Relatively poor capture for low rank coals. Elemental meregmission may
decrease the amount ofbenefit.

Gererally good capture for high chlorine coals; les®enefit capture expected for low rank

SDA + FF
coals.

FF +Wet FGD Generally, good capture for high chlorine coals thanks to presence of soluble oxidized merc
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the flue gas. Relatively poor capture for lmamk coals. Elemental mercuryeeission may
decrease the amount of-benefit. Elemental mercury may be oxidized across the FF and cag
in the wet scrubber.

Good capture of particulateound mercury, better capture for high chlorine cthela low rank
coals

SCR + ESPh Low capture

Good capture for high chlorine coals thanks to increased amount of soluble oxidized mercu
the flue gas which is promoted by the SCR. Improved capture for low rank coals thanksto ¢
amount of soluble oxidized mercury in the flue gas. Elemental merearyission may decrease
the amount of cdenefit. Good capture of particuldieund mercury.

SCR + ESPc

SCR + ESPc + wet FGD

SCR + HEX + LLFESP + Very high capture for high chlorine coals thankstweased amount of soluble oxidized mercu

wet FGD in the flue gas which is promoted by the SCR. Improved capture for low rank coals thanks t
greater amount of soluble oxidized mercury in the flue gas. Elemental meremnjssion may
decrease the amount ofbenefit. Combination of heat exchanger and-low temperature ESP
enhances capture of particulate and vapour phase mercury.

Generally good capture for high chlorine coals, less for low rank coals. SCR enhances capi
SCR + SDA + FF oxidizing elemerdl mercury to oxidized mercury form, given availability of chlorine in the flue
gas.

Good capture for high chlorine coals thanks to increased amount of soluble oxidized mercu
the flue gas which is promoted by the SCR. Improved capture for low rank coals thanks to ¢
amount of soluble oxidized mercury in the flue gas. Elementalumereemission may decrease
the amount of chenefit.

SCR + ESPh + wet FGD

Good capture for high chlorine coals thanks to increased amount of soluble oxidized mercu
the flue gas which is promoted by the SCR. Improved capture for low rank coétstingneater
amount of soluble oxidized mercury in the flue gas. Elemental mereanission may decrease
the amount of ctenefit. Good capture of particuldieund mercury;

SCR + FF + wet FGD

Key:

ESP = electrostatic precipitator; ESPc = cold side ESP; ESPh = HEiS§itdé-F = fabric filter; SCR = selective catalytic reduction;
SDA = spray dryer absorber (dry scrubber); Wet FGD = wet flue gas desulfurization scrubber; HEX = heat exchdf§BALT
low-low temperature ESP

Low means less than 30 per cent control, lgigbd means more than 70 per cent control, moderate means 30 to 70 per cent control.
One of the APCS configurations presentedamble2 (SCR+ESPc+FGDis shown schematically in Figure 3 below

(Ito et al., 2006). For example, such a combination in Japan achieved an average mercury removal efficiency of 74 per
cent{ t o e t). @olbenefit tetlhi@us can, therefore control multiple air pollutantkydmg mercury.

to the Atmosphere

Flue Gas H

Coal-Fired ( \

i Selective Catalytic .
Boiler Ele ctrostatic bl FlueGas L

Reduction = —] AV B
Pre cipitation (ESP Desulfurization
— I\NI W\)/ -

Air Heater Stack
(AH)

*1: ESP includes ESPc, ESPh, Low Low Temp ESP.
*2: FGD includes Wet FGD andMoving bed of activated coke

Figure 3. Process diagram of a typical configuration of coafired power plants in Japan (Ito et al.,2006)
(revised)

High-level cabenefit removal of mercury can be achieved by combisélgctive catalyticeduction(SCR), cold
sideelectrostatic precipitatoESPc) andlue gas desulfurization scrubb@GD). The combination of these

techniques is quite typical at advanced doald power plants in some countries and is widely used, for example in
Japan, ashown in Figure 3. The combination of SCR, ESP and FGD as shown in these examples can achieve
removal efficiencies of 5®0 per cent for NQ, more than 99 per cent for PM, and 98 per cent for S along with
high-level mercury removal efficiencat onaverage? 4 per cent , wh iaf mercurg concéntrasioni n 1 .
in the flue gas in this example. Furthermore, the combination of SCRolewemperature ESP (LL-ESP), whose
operating temperature is @), and wet FGD can achieve mercury remeaffitiency of quite a high level, at on

averagl8 7 per cent, whi’ofmercueysantentstion imthedlue §8 foethys/specific case. The
LLT-ESP, which requires flue gas cooling, improves particulate control through reduced gasamiumeer ash

resistivity due to S@condensation and moisture adsorption to fly ash, and increases mercury adsorption on fly ash
due to lower flue gas temperature. It also avoids costs associated with flue gas reheat or wet stack retrofits. In cases
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wherereheating wet FGD exhaust is not needed, the recovered heat can be used in the boiler or steam turbine to
improve the efficiency of the unit, thus increasing net output (Nakayama et al, 2006, Iwatsuki et al 2008).

The mercury concentrationsfigure 4show a wide range. This is because these units include older or smaller units
which provide the higher concentrations. On the other htartéwo units with the moving bed of active coke (Peters,
2010), which is a dry FGD, show higher performance than #td=®D. The performance is higher than the
combination with the LLTESP and the wet FGD (CRIEPI and FEPC, 2012).
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Note ESP in SCE+ESP+FGD includes ESPh includes ESPh, ESPc arESPT
Operating temperature ESPh 3@00°C, ESPc 130180°C, LLT-ESP 90100°C

Figure 4. Mercury concentrations in flue gas from coalfired power plants with SCR+ESP+FGD and
SCR+LLT-ESP+FGD

Table 3 summarizes the mercury removal efficiencies of APCDs for coal combustion plants in China. It shows that, in
some cases, the combinatiohESP and wet FGD achieves mercury removal efficiencies of up to 88 per cent. The
combination of SCR, ESP and wet FGD, which is widely used in Chineséiresbpower plants, can accomplish a

higher mercury removal efficiency, for example, of up to 86gent. High mercury removal efficiencies are also
observed for the combination of SCR, FF and wet FGD.

Table 3
Mercury removal efficiency by typical APCD combinatidnChina (in percentages) (Zhang et al., 2015)

APCD combination Mean Min Max StandardDeviation Number of tests

Wet PMScurbber 23 7 59 18 8

ESPc 29 1 83 19 64

FF 67 9 92 30 10
ESPcwFGD 62 13 88 22 19
FF+wFGD 86 77 97 10 3
SCR+ESPwFGD 69 36 95 24 4
SCR+FFwWFGD 93 86 99 9 2
ESPc+CFBFGD+FF 68 68 68 1

Table4 below shows measurement values of mercury emissions for differerfiredgdowerplants, achieved
through cebenefits for pollution controls. Theelected examples in thisbleshow that cebenefit control techniques
in some cases achieve low mercuoyncentrationsn theflue gas
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Table 4
Emissionlevels achieved witlto-benefittechniquegdata compiled by ZMWG, 2015)

Plant Coal type  Emission levefug/Nmj (normalized  Boiler size Flue gas treatment
to 6 % Q-content) (MWth) technique

Federico IIi Brindisi, Italy hard coal 0.69 1,700 ESP+SCR+wWFGD
Torrevaldaliga Nordltaly hard coal 0.99 1,420 FF+SCR+wFGD

; ; ; hard coal
Impianto termoelettrico di 08 431 FE+SCR+WEGD
Fusina Italy
Heyden Germany hard coal 0.5 2,150 ESP+SCR+wFGD

. hard coal FF+SCR+wFGD

FHKW Mellach Austria 05 543 W
Brindisi BR Il & BR II, Italy hard coal 0.5 857 ESP+SCR
Krefeld, Currenta hard coal
Germanyindustrial boiler) 0.2 105 FF
Salem HarboytUSA hard coal 0.20.4 300 ESP
Power plant TusimigeCzech lignite 2.6 890 ESP+wFGD
Neurath, A and FGermany lignite 3.0 855 ESP+wFGD
Teplarna TabqrCzech lignite 3.3 199 ESP

Note: all values are based on periodic samples except for Salem Harbour, which is based on continuous
emissions monitoring. Data are for the year 2010.

Particulate matter control devices
Two major types of PM control devices include ESPs and FFs. Wet PM scrubbers are also usdileat bodérs.
Electrostatic precipitators (ESPs)

ESPs are typically designed to achieve greater than 99 per certlRbtion efficiencies, subject to various factors
presented in the introductory section. The PM collection efficiency of an ESP is also a function of the sulfur content
of coal, which affects the resistivity of fly ash. Coal that contains a moeteratgh amount of sulfur produces an

easily collected fly ash. Lower sulfur coal produces a higher resistivity fly ash that is more difficult to collect.
Resistivity of the fly ash can be changed by decreasing the temperature in the ESP or by conditipaitiglése
upstream of the ESP with sulfur trioxide (§Gsulfuric acid (HSO,), water, sodium, or ammonia (NH

For a given coal fly ash, the effectiveness of PM collection efficiency by an ESP is a function of particle size.
Particles larger than aboltuni 8 um are typically collected with efficiencies from 95 to 99.9 per cent. However,
particles near the 0.3 um size are in a poor charging region that reduces collection efficiei©ptpeBent
(Lawless, 1996).

An ESP can be used at one of tlwoations in a boiler system:thesoa | | ed i fieol ESP (ESHEHepd anc
ESP (ESPh). An ESPc is installed downstream of the air heater (flue gas temperature between 130 °C and 180 °C). An
ESPh is installed upstream of the air heater (flue gasaeatyye between 300 °C and 400 °C) and makes it possible

to take advantage of the lower-fgh resistivity at higher temperatures. This is particularly important for units

burning lowsulfur coal, resulting in fly ash with higher electrical resistivitpeTwet ESP is a new type of ESP,

which has higher removal efficiency for fine particles (Altman et al., 2001; Staehle et al., 2003). Howssiter, on
measurements have not yet been conducted for mercury removal inside a wet ESP.

Varying levels of mercuryamoval have been observed for ESPs. The level of mercury removal depends on whether it
is an ESPc or ESPh installation, the type of coal burned, the type of boiler, and other factors such as sulfur content in
coal and the level of unburned carbon in tiyeah. An ESPh is generally much less effective than an ESPc at

removing mercury. For example, while the average reported mercury removal for an ESP operating on bituminous
coal was about 30 per cent, the range of measured removals varied from O tdgherutéht (US EPA, 2001). The

range of measured mercury removals, especially for the ESP, may be an indicator of the potential for improvement of
mercury capture resulting from the increased efficiency of a PM collector. It is important to understlid the
collection performance of a device since this in turn

Fundamental modelling of mercury removal in ESPs indicates thattnaas$er limitations, even under idealized
conditions, may restriche potential for mercury capture by PM collected on electrodes in an ESP (Clack, 2006 and
Clack, 2009). ESPs remove only Hg the process of collecting PM. Hig preferentially bound to unburned carbon
(UBC). The mercury adsorption capacity of inorganéctions (fly ash) is typically low compared to the UBC present
in fly ash. A relationship between the amount of UBC and mercury removal across ESPc has been observed for

37



UNEP/MC/COP.1/7

bituminous coal fly ash (Senior and Johnson, 2008). This behaviour is sh&wuia 5 which shows the percentage
capture (percentage of mercury incoming to the ESP) as a function of the amount of UBC. In figure 5, UBC is
expresseas the measured loss on ignition (LOI). As can be seen, mercury capture of between 20 and 40 per cent was
found in an ESP capturing fly ash containing about 5 per cent UBC. With higher UBC content, mercury capture of as
much as 80 per cent could be sdikely a function of the halogens present (Vosteen et al., 2003).

100%

% Y & De Vito, etal.
B Sjostrometal.
N 80% / a PlantC
7] ® PlantD
g ° / X PlantE
< 60% ——Fitto PC/CESP data
g 40% .
& I Stoker
:I? 20%
®
o
& {' Hotos ESP Cyclone
0% T T T .
0% 10% 20% 30% 40% 50%
LOI %
Figure 5. Mercury removal by ESP as a function of the amount of unburned carbon (LOI%) in fly ash

(Senior and Johnson, 2008)

In addition to the amount of UBC, the properties of UBC sucudace area, particle size, porosity, and chemical
composition may also affect the amount of mercury captured in an ESP (Lu et al., 2007). This study found that while
UBC content in fly ash decreased with decreasing particle size, the mercury cohiB@ génerally increased with
decreasing particle size. In addition, the particle size of UBC was found to be the major factor affecting mercury
adsorption. Thus, increased efficiency of an ESP and the resultant increase in the capture of fine flyreskB f

will likely cause a decrease in mercury emissions. It should be noted, however, that most of the mass of UBC is in
very large particles.

Other important factors governing the amount of mercury that is captured in fly ash (and subsequently removed f
the flue gas) are the type of ESP used (e.g. ESPc or ESPh), the useaefeéSitie gas conditioning agent, and the

type of coal. Typically, higher mercury capture is observed in ESPs installed on boilers burning coals with higher
halogen contents amtoducing higher levels of UBC in the flue gas. Both of these parameters promote the formation
of oxidized mercury and PMound mercury, which are easier to capture in the ESP than elemental mercury. It
follows that, if the performance of the ESP canrbprbved, an additional amount of mercury could be removed from
the flue gas. The amount of this additionally removed mercury would be a function of the amount of additional PM
removed by the ESP. Lewost approaches such as accurate alignment of plajestraent of rapping pattern,
elimination of inleakages, among other approaches, can be used to improve the PM collection efficiency of ESPs
(Zykov et al., 2004; Deye and Layman, 2008). Low temperatures in the control device system (below 150 °C) also
enhance mercury control and LEESP has been practiced in Japan to achieve higher removal efficiency of dust and
mercury (CRIEPI and FEPC, 2012).

It should be noted that the positive effects ok 8@ particulate capture may be partially offset by the conipetitf
SO, with mercury for adsorption on the fly ash.

Fabric filters (FFs)
FFs provide higher removal efficiency of fine particles in comparison to ESPs, in particular submicron particles.

Higher removals of mercury are generally observed in FFs tHaBHs. FFs are more effective in removing fine PM

(most importantly, submicron PM) than ESPs, and they tend to remove more of-gfeagasmercury than ESPs. In

addition to longer contact time, better contact is provided in a FF (gas penetrates thediltgr ttake) than in an

ESP (gas passes over the surface of the cake). The result is that gaseous elemental mercury is more likely to be
oxidized and transformed into a form that can be captured when a FF is used. For example, a study comparing the
captue of mercury in ESPs and FFs in cfiedd power plants in China revealed between 1 and 83 per cent capture in
ESPs and between 9 and 92 per cent capture in FFs (Zhang et al., 2015). The average mercury removal efficiencies fo
ESPs and FFs in Chinese bdised power plants are 29 per cent and 67 per cent, respectively (Zhang et al., 2015).
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FFs can also be integrated with ESPs to becomeRESPwhich are employed in China to an extent comparable to
FFs. The mercury removal efficiency of EEPs is betwee that of ESPs and FFs. An average of 43 per cent of
mercury removal can be achieved with ESFRs (Zhang, 2015).

We t PM scrubbers

Most of the small and mediustale industrial boilers in China are equipped with wet PM scrubbers to reduce PM
emissions. A wePM scrubber system has chemistry similar to that of wet FGD. However, conventional wet PM
scrubbers simply use water as the absorbent, so-#maission of elemental mercury is significant.-She
measurements showed an average mercury removal efffoiér23 per cent (between 7 and 59 per cent) for wet PM
scrubbers at Chinese cdakd industrial boilers.

The integrated marble scrubber (IMS) is a special type of wet PM scrubber for concurrent PM esmd@Aa@l, and

these are more and more widely used by-fioedl power plants in China owing to their technological economy. The
IMS uses alkali liquor as the absorbent, which is more effective in capturing oxidized mercury, similar to wet FGD.
The efficierty of IMSs in mercury removal could be higher than that of conventional wet PM scrubbers as a
consequence of its S@ontrol capacity, but no esite measurements have yet been conducted.

Crossmedia effects for PM control devices

There are potential crossedia effects that apply to PM control devices. Mercury in the fly ash candmitted if

the fly ash collected by PM control devices is heated during reuse. For example, the mercury in fly ash may be
released toheair if usedas the raw material in a cement kiln. There is also potential for mercury from fly ash to leach
into groundwater. Sound management of fly ash collected by PM control devices is needed.

SQcontrol devices

There are two main techniques used for BRissio reduction and dealt with below: first, wet FGD, and second, dry
FGD, or dry scrubber.

Wet flue gas desul furization (wet FGD)

In plants equipped with wet FGD, the amount of thdenefit removal may be augmented by the increase of the
fraction of oxidize&l mercury in the total mercury flue gas content or by the improvement of PM control effectiveness
(Sloss, 2009). The increase of the fraction of oxidized mercury can be accomplished by the addition of chemical
compounds (oxidizing agents) or by the oxidatof mercury over catalysts (Amar et al., 2010). The catalyst may be
placed in the flue gas for the sole purpose of mercury oxidation or may be installed for another purpose (e.g., for the
control of NG, emissions) and thus provide theloenefit. The opmtion of a wet FGD requires that a PM control

device be installed upstream of the wet FGD scrubber (Srivastava and Jozewicz, 2001).

As mentioned before, gaseous compounds of oxidized mercury are generaltgalaivéz, and thus wet FGD

systems are exptsdl to capture them efficiently (Reddinger et al., 1997; DeVito and Rossenhoover 1999). Gaseous
elemental mercury, however, is insoluble in water and therefore does not absorb in FGD slurries. Data from actual
facilities have shown that the capture of ézédi mercury averaging 75 per cent (between 67 and 93 per cent) can be
expected in calciurbased wet FGD systems (Chen et al., 2007; Kim et al. 2009; Wang et al., 2010; Sloss, 2015),
although there are cases where significantly less capture has beeresheasairesult of unfavourable scrubber
equilibrium chemistry (Niksa and Fujiwara, 2004).

It has also been shown that, under some conditions, oxidized mercury may be reduced in wet FGD scrubbers to
elemental mercury, which could then becraitted (Nolaret al., 2003). Thus, in the case of wet FGD, the

optimization of the cdbenefit strategy sometimes means preserving the amount of oxidized mercury in the system in
order to prevent the femission of mercury. Mercury+@mission may take place when oxidizeercury is absorbed

by the wet FGD slurry, converted to elemental mercury, and then transferred to gas phase to exit the scrubber.

The net effect of remission is the limitation of mercury removal by a wet FGD. The occurrence and the extent of
mercuryre-emission from wet FGD depend on FGD chemistry (Renninger et al., 2004). There also appears to be
increased potential for the-eamission of mercury in wet FGD with appreciable mercury concentrations in the liquid
phase (Chang et al., 2008). In some sat®mical agents or activated carbon needs to be added to the FGD liquor to
control reemission.

Dry FGD

Spray dryers are typically used for the control of, 8@issions for sources that burn kbevmediumsulfur coal, or

for smaller coafired combustiorplants. Up to approximately 95 per cent mercury may be removed byFEDA
combinations when used on bituminous efir@d boilers. Much lower mercury capture, however, (about 25 per cent)
is observed in SDAF units on boilers firing lignite or other lex&nk coals with low chlorine content (Senior, 2000).
Scrubbing of halogen species in the spray dryer absorbgmake oxidation and subsequent capture of mercury
(mostly in the form of elemental mercury for these coals) in the downstream FF less efgmtietimes, the

39



UNEP/MC/COP.1/7

mercury capture for low rank coal accomplished by FFs alone is higher than that biyFS¥8rivastava et al.,
2006).

A dry desulfurization scrubber technology, in recent times increasingly used in coal combustion plants, is the
circulatingdry scrubber, CDS. Like the SDA scrubber, the CDS scrubber has a reaction chamber and a fabric filter for
by-product and ash capture. A differentiating feature of the CDS is that reaction materials enter the reaction chamber
dry and are fluidized in thesaction chamber before passing on to the fabric filter. A water spray is applied to the
bottom of the reaction chamber to control the reactor temperature. The reaction materials are hydrated lime and
recycled solids from the fabric filter. The CDS hasghbi solids concentration than the SDA, which allows it to

achieve S@reductions of up to 98 per cent, as compared to a maximum of 95 per cent reduction by SDA scrubbers.
In addition, the CDS can treat flue gas from higher sulfur coal than the SDA b&ausapture is not limited by the
stoichiometry of a slurry (Ake, 2009).

Mercury capture in CDS as a-benefit is similar in magnitude to SDA scrubbers where significant capture of
oxidized mercury has been achieved. Accordingly, much highbenefitmercury capture can be achieved with
higher chlorine coals than with low chlorine coals (Babcock Power, 2012).

Crossmedia effects for S@ontrol devices

For the wet FGD system, retention of mercury through the FGD system requires high quality wastaivsiigige
treatment to ensure that the mercury is not simply being transferred from air to water.

When the FGD gypsum is used for wallboard production, mercury contained in gypsum has the potential to be
re-emitted. With an SDA-F system, there {gotential for mercury from fly ash collected by FF to leach into
groundwater. Accordingly, there is a need for the sound management of fly ash collected by FFs.

Crossmedia effects for S@ontrol devices (noimercury related)
The operation cAnFGD systen generally increases energy consumption, typidatlgas much aS per cent.
Selective catalytic reduction for NOx control

SCR technology has been designed to reducg tNf@ugh a catalytically enhanced reaction of N@th NHa,

reducing NQ to water and nitrogen. This reaction takes place on the surface of a catalyst, which is placed in a reactor
vessel. Under certain conditions, SCR catalysts have been shown to change mercury speciation by promoting the
oxidation of elemental mercury to alzed mercury, particularly for high chlorine coal. It should be noted that the

SCR itself does not remove mercury. Instead, by increasing the amount of oxidized mercury the SCR improves
mercury capture in PM control devices and wet FGD systems, resulting enhanced removal of mercury (Chu,

2004; Favale et al., 2013).

Since the operational parameters of the SCR (e.g., temperature, concentratigrirofféHlue gas, catalyst bed size,
and catalyst age) will generally be dictated by theg ,d@ntrol stategy, the parameter that shows the most promise
for the optimization of mercury removal is the chlorine content of the coal. As discussed in the section on coal
blending below which is based on United States data, oxidation of elemental mercury tedoxidizury is greater
for bituminous coals than for subbituminous coals. Thus, the maximibareefit of the existing SCR may be
achieved by an appropriate cddénding or by bromide addition (Vosteen et al., 2006). SCR catalysts are being
designed to ojrhize both the N@ removal and mercury oxidation.

Use of SCR increases the extent of mercury oxidation and capture, in particular with increases of the fraction of
bituminous coal in a subbituminous and bituminous coal blend. A field study at a laryeptaitit firing a 60 per

cent subbituminous and 40 per cent bituminous blend at two identical boilers (one with SCR and the other without
SCR) demonstrated an increase in the oxidized mercury fraction from 63 per cent without SCR to 97 per cent with
SCR. Generally, in systems with SCR, mercury oxidation across the SCR system rises with an increasing percentage
of bituminous coal in a subbituminob#uminous coal blend. For example, for a 65:35 subbitumibdusninous

coal blend, the increase was 49 petaga points (from 13 to 62 per cent). For the 79:21 blend, however, the increase
was only 14 percentage points (from 6 to 20 per cent) (Serre et al., 2008).

The unblended subbituminous coal in a unit without SCR would have achieved between 0 and 400l zeh

mercury (ICAC, 2010). In another field study, tests conducted in three bituminotfiredgdlants showed mercury

oxidation across the SCR of up to 90 per cent and more. The resultant mercury removal in downstream wet scrubbers
was from 84 to 9 per cent with SCR operation compared to

43i 51 per cent without SCR operation. Plants firing subbituminous coals, however, showed little change in mercury
speciation across the SCR reactors (Laudal, 2002).

Onsite measurements from four Chinese doald power plants showed that the elemental mercury oxidation rate
inside SCR was in the range ofi®5 per cent, affected by the total mercury and chlorine content in coal and the NH
injection rate of SCR (Zhang et al., 2013).
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Crossmedia effects for NQcontrol devices

With the mercury oxidation by SCR, there is possibiityncreasinghe mercury content of fly ashes and FGD
gypsum. The used SCR catalyst might be hazardous in nature. The used SCR catalyst should be either regenerated or
disposed of inmenvironmentally sounchanner

Crossmedia effects for Ngocontrol devices (nomercuryrelated)

The operation cdn SCR system generally increases energy consumption, typically up to 3 per cent.
Cobenefit enhancement techniques

Co-benefit enhancement may be achieved by coal blending, coal additivesa ouilmper of other techniques
described below.

Coal bl endi ng

Coal blending (or switching) at power plants is used as part of a strategy to meshiS€on limits in a

costeffective manner, provided coal blending is compatible with the power plant design. Typically, high sulfur
bituminous coals are blended with low sulfur subbituminous coals to loweer8iSsions. As an undesired side effect

of this SQ emission contriostrategy, mercury speciation may be altered, reducing the amount of oxidized mercury
and increasing the amount of elemental mercury, thus compromising mercury capture in a downstream FGD system.
Blending of coals may also be used, however, to increasantiount of oxidized mercury in flue gas. In addition to
mercury content, certain coal characteristics such as chlorine and bromine content or alkalinity content are important
for mercury removal and should be known. Bituminous coals typically produggertiraction of oxidized mercury

in the flue gas than do subbituminous coals. Since oxidized mercury issghible, it is more readily captured in

wet FGD systems. Consequently, the mercury capture efficiency of FGD systems depends largely oiotheffract
oxidized mercury at the FGD inlet (Miller et al., 2006).

An example of coal blending that is used to improve mercury removal in downstream air pollution control equipment
is discussed beloviLable (UNEP, 2010) shows data on properties of typical subbituminous coal (from Wyoming,
United States) and bituminous coal (from lllinois, United States). It should be noted that the propertiesTgités in

5 are for illustration only and will vary depending on the origin of the coal.

Table 5

Comparison of properties of subbituminous and bituminousscoal

Content Subbltumrlr:(l;)ousoal, Bltumwtoo/l:scoal,
Bromine? 0.0006 0.02
Chlorine? 0.003 0.100

Sulfur® 0.37 4.00

CaOo 26.67 3.43
MgO 5.30 3.07
Na,O 1.68 0.60

Hg, ppm 0.1 0.1

&ultimate analysis, as received, wt %

It should be noted frorable5 that, even though in these averaged data, mercury content is the same at 0.1 ppm for
both types of coals, chlorine content vaseamificantly, from 0.003 per cent by weight for subbituminous coal to 0.1
per cent for bituminous coal. In addition, alkaline material (such as CaO) content varies from 3.43 per cent for
subbituminous coal to 26.67 per cent for bituminous coal by welgid.illustrates that lower chlorine content in
subbituminous coals may result in lower mercury oxidation and hence a higher percentage of elemental mercury.
Blending bituminous coal with subbituminous coal provides the double benefit of higher chlor@emtration and

lower alkalinity. In the context of mercury control, the objective of coal blending would be to increase halogen
concentration by mixing relatively high halogen content coal with low halogen coal that might be used at the plant.

Figure below shows the trend of increasing mercury capture in a dry FGD system (dry FGD plus FF) with an
increasing fraction of bituminous coal in a bituminaukbituminous coal mixture (UNEP, 2011). As can be seen,
coal blending has the potential of increasing the mercury capture by up to almost 80 per cent. Again, it should be
noted that incremental mercury removal values are of an illustrative nature aadttiaincremental mercury

removal values may vary depending on sources of the coals used for blending.
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Figure 6. Possible effect of coal blending on mercury capture in dry FGD

Thus, blending of coal may potentially increase mercury oxidation for dlantslow chlorine, high calcium coal.

The characteristics of different coal types play a major role in determining the speciation of mercury. This, in turn,
can dramatically affect the amount of mercury captured in existing pollution control devee€&lik systems. The
effect may be more pronounced in plants equipped with SCR systems, as will be discussed later.

Mercury oxidation additives

The amount of mercury captured generally increases as the amount of halogens in coal increases. Consequently, to
promote increased capture for coals that have low halogen concentrations, additional halogens such as bromine or
chlorine salts are often added. Alternatively, HCI or ammonium chloridg@Nlhay be added. Halogen additives
promote formation of oxidizedna particulatedoound mercury, which is more easily captured in downstream devices.
Halogen additives may be particularly useful in improving mercury removal for units firingategen coals. The
additives may be sprayed on coal or added as solids @l atogam either upstream of the coal pulverizer or injected

into the boiler.

Bromine is thought to have an advantage over chlorine in that it interacts more actively with mercury than chlorine
does (Vosteen et al., 2002; Vosteen et al., 2003; Vosteén 20@3b; Vosteen et al., 2003c; Buschmann et al., 2005).
A heterogeneous oxidation pathway is thought to be important undefiredaflue gas conditions despite the fact

that chlorine content in coal is typically much higher than that of bromine (&fosteal., 2006b, Rini and Vosteen,
2008, Senior et al., 2008, Vosteen et al., 2010)-$adle tests were conducted using a 52 weight percentage water
solution of calcium bromide as a ptembustion additive at a concentration of 25 part per million jpprooal
equivalent level, and mercury emission reduction was increased from 55 to 97 per cent in a 600 MW unit firing
subbituminous coal and equipped with an SCR system and wet FGD (Rini and Vosteen, 20663lé&-tdists
conducted by the Electric PomBesearch Institute of the United States at 14 units firing low chlorine coals
demonstrated more than 90 per cent flue gas mercury oxidation for bromide additions, equivale3@QqpH in

coal (Chang et al., 2008).
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Figure 7.  Performance of brominebased and chlorinebased additives with different coals
(PRB-subbituminous coal; TxL-lignite coal; NDL-lignite coal)

A comparison of the performance of bromin&sed and chlorinbased additives at cofited boilers firing different

coals is shown ifrigure; this comparison gives the per cent reduction of baseline elemental mercury as a function of
halogen addition rate (EPRI, 2006; Vosteen and Lind@06; Chang et al., 2008). As can be seefriguire, for any

amount of halogen addition, bromine was much more effective in decreasing the afrtmaggline elemental

mercury than chlorine. Baseline elemental mercury reduction of 80 per cent could be achieved by adding less than 200
ppm of brominebased additive. Much more chloribased additive (by approximately an order of magnitude) was
neededo achieve the same level of baseline elemental mercury reduction.

Crossmedia effects for mercury oxidation additives

The use of mercury oxidation additives has potential impacts on the boiler, APCSs, emissions and emission
measurement. It increases caiom potential in air preheaters and wet FGD (Srinivasan and Dehne, 2013). Bromine
additive or brominated activated carbon results in an increase in bromine in fly ash (Dombrowski et al., 2008).
Halogens added in coal may be emitted from the stack (ICE))2Mercury measurements can be very difficult in

the presence of bromine in the flue gas. There is also potential for bromine FGD discharges to form disinfection
by-products at drinking water plants downstream from-fioadl power plants and potentiar impacts on other
pollutants such as Se (McTigue et al, 2014; Richardson, et al., 2007; BREF, 2013). The full range of scientific
uncertainties associated with pollutant releases from bromine addition is still unclear.

Wet scrubber adyitéeemisssioonmeocurol

The absorption of oxidized mercury, followed by its retention in an aqueous phase, is the basis-bétiedito

contribution provided by wet SO2 scrubbers. That said, however, there are many documented cases where scrubbers
are not ale to retain all of the aqueous phase mercury which has been absorbed. This condition is measured as a
greater concentration of elemental mercury exiting the scrubber than entering the scrubber and has been labelled as
fimer cemy ssé ono ,R0AL.i ser et al

In the reemission of mercury from a wet scrubber, soluble ionic mercury is reduced to the insoluble, elemental form,
resulting in its release back to the flue gégure below shows the chemical path through which absorption and
re-emission can occur.
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Figure 8. lllustration of flue gas mercury absorption/desorption across WFGD (Keiser et al., 2014)

Much effort has been put into the devetmnt of techniques and products to avoid mercugmeéssion and a number

of these have been commercialized. In principle, all these techniques are based on a method of reducing the soluble
mercury content in the scrubber liquor. This is accomplishedtbgreabsorption of the ionic mercury into a particle

or the precipitation of ionic mercury out of the liquor (Chethan et al., 2014).

In the absorption technique, ionic mercury is absorbed by activated carbon. The activated carbon is added to the
scrubberifuor either directly into the scrubber liquor lines or injected into the flue gas upstream of the scrubber. The
activated carbon is removed from the scrubber via the dewatering step.

A number of precipitation agents have been identified and these caouped into five categories: first, inorganic
sulfides; second, organic sulfides; third, organic compounds containing nitrogen and sulfur; fourth, organic
compounds containing oxygen and sulfur; and, fifth, low molecular weight sidfuaining polymersieiser et al.,
2014).

Crossmedia effects for wet scrubber additives
Depending on the scrubber additive, the captured mercury exits the scrubber either in the liquid or solid phases.
Selective mercury oxidation catalyst

It is well known that SCR catalystsin oxidize elemental mercury emitted from efi@d boilers in a gaseous state

and particulate form (Laudal et al., 2002). However, the mercury oxidation rate on the SCR catalyst correlates to the
SO, oxidation and conversion rate which forms;S®hichcan cause air heater fouling, stack corrosion, and visible
stack plumes.

A special type of SCR catalyst achieving high mercury oxidation and highdval with simultaneous low

SO,-t0-SO; conversion (known as the selective mercury oxidation catalgstjiterefore been developed. The basis

for this approach is to oxidize as much elemental mercury as possible to then allow the downstream APCS to remove
the oxidized mercury (Favale et al., 2013).

A selectivemercury oxidation SCR catalyst that increatbeamercury oxidation rate while maintaining its original
SCR capability enhances the mercury removal in-begwefit technique (Bertole, C., 2013). In some existing plants in
North America, SCRatalysts havalreadybeenreplaced by high mercury oxidati®@CRcatalysts It has been
confirmed that partial replacement can also lower mercury concentration in the stack gas (Favale et al., 2013).

Crossmedia effects for selective mercury oxidation catalyst

Use ofaselective mercury oxidation catalyst possilnigreases the mercury content of fly ashes and FGD gypsum.
The used catalyst should either be regenerated or disposed of in an environmentally sound manner.

Activated carbon injection for dedicated mer

Sorbents with or without chemical treatrbemay be used for injection in order to accomplish mercury removal.

Injection of sorbents into the flue gas of ciedd boilers for mercury control has been applied at boilers in Germany
since the 1990s (Wirling, 2000) and has been implemented in thed Btiates on over 100 fidtale systems (GAO,

2009; Amar et al., 2010). Since about 2005, activated carbon injection technology has been commercially applied in
the United States (ICAC, 2010a, Amar et.al, 2010). In addition, it has been demonstrédRedsian power plant

burning Russian coal (USEPA, 2014). Since 2007, in a number of states in the United States, such as Massachusetts,
New Jersey and Connecticut, for many existing-€ioatl boilers using bituminous or subbituminous coals, activated
carlon injection has been routinely used in order to meet regulatory emission limit values (ELVs) in the range of
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1.1i 3.3 grams per Gigawaltr (representing 8®5 per cent control). Regulatory compliance with these ELVs has

been shown through measurementhwmercury continuous emissions monitoring (CEM) systems or sorbent trap
methods (Massachusetts Department of Environmental Protection, 2015; with similar reports from the New Jersey and
Connecticut state environmental departments). ACI requires a doams@# control device.

Table 6below showg theemission valuesf four coalfired power plantsvith dedicated mercury abatement
techniquesn the United States

Table 6

Emission levels of codired power plants with activated carbon injection

Emission level

normalized(ug/Nnr) Averaging Boiler size  Flue gas treatment
Name Ceelippe (normalizedto 6 % ©  period (Mwth) technique
content)

Oak Grﬁ\é(;, Boiler 1 lignite <0.80 in 2012 mgg:]rtﬂy/ 870 FF+SiI(?:-|+FGD +
PPI Montana Corette sub ACI with C-PAC +
(USA) bituminous 0.9 Cont. 163 ESP

Brayton Point, Units bituminous Annual,
: 12-month ACI+
1,2,3 (combined), 0.2 rolling 1350 SCR+ESP+SDA
Massachusetts,USA
average
Bridgeport Harbor, bituminous
Unit # 3, Connecticut, 0.20.5 periodic 400 ACI + ESP

USA

Note:C-PAC: Cementfriendly pulverized activated carbpdata are for year 2010 except for Oak Grove.

I njection of sorbent without chemical treat ment

Some of the factors that affect the performance of any particular sorbent with regedttwy capture include the
physical and chemical properties of the sorbent, the injection rate of the sorbent, flue gas parameters (such as
temperature, concentrations of halogen species, concentration)arsiexisting APCS configuration (Pavlish kf a
2003; Srivastava et al., 2006; Martin, 2009).

Figure9 provides a summary of a number of tests conducted more than ten years ago with untreated activated carbon
injection at four power plants (Pleasant Prairie, Gaston, Salem Harbour, Brayoyn [ercury removal efficiency

by injection of untreated activated carbon depends strongly on the rank of coal and the type of PM control used in the
plant. The Pleasant Prairie power plant useddo¥fur, Powder River Basin (PRB) coal and was equippitd an

ESPc. PRB coal is a low rank subbituminous coal which contains low chlorine and high calcium, making it difficult

for the elemental mercury to be oxidized by chlorine in the flue gas. Activated carbon injection was not effective for
mercury controfor this plant with mercury emissions consisting predominantly of elemental mercury, as untreated
activated carbon is not effective for capturing the unreactive elemental mercury. As a strong contrast, the Gaston
power plant demonstrated that activatedoarinjection was extremely effective for controlling mercury emissions

from this plant that burned lowsulfur bituminous coal and was equipped with an ESPh followed by a small, specially
designed FF called a compact hybrid particulate collector (COHPA®R)injection of untreated activated carbon

took place at the outlet of the ESPh because the temperature at the inlet was too high. The COHPAC was used for
removing the injected carbon. Application of a COHPAC as an effective means of mercury contreingastdated

in the Gaston power plant.

In some cases low mercury removal by untreated activated carbon is the result of a combination of lower levels of
chlorine in subbituminous coal in the United States and the neutralization of halogen speciedewelsgti sodium

and calcium in the subbituminous coal fly ash. As a result, there is little free chlorine in the flue gas stream for
mercury oxidation. Mercury oxidation (with chlorination of the surface as the initial step) is necessary for the capture
of elemental mercury by untreated activated carbon and, in general, the efficiency of mercury capture with untreated
activated carbon increases with the amount of oxidized mercury in the flue gas (US DOE, 2005).

Thus, mercury capture with untreated actddatarbon may be limited in plants firing leank coals, such as lignite
and subbituminous.
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Figure 9.  Testing of mercury removal efficiency as a function of untreated ACI rate
Il njection of chemically treated sorbent

To overcome limitations describ@tbove and associated with the use of untreated activated carbon for mercury
control in power plants, treated activated carbon sorbents have been developed (Nelson, 2004 and Nelson et al.,
2004). The treatment most often used and that has been demoresriiednost effective in enhancing the
performance of activated carbon was bromination.

Relative to untreated activated carbon, brominated activated carbon:

(@) Expands the usefulness of sorbent injection to situations where untreated activated canbonb@ay
effective;

(b) In general, can be operated at lower injection rates, which leads to fewer plant impacts and a lower
carbon content in the captured fly ash;

(c) Results in better performance with low chlorine coals.

Improvement in the performancé mercury control was observed during fstlale field tests of chemically treated
activated carbon injected upstream of the existing PM device (Feeley et al., 2008) and is sfigumeirAs may be

seen inFigure, improved mercury capture efficiency was achieved using relatively low injectemahtreated

activated carbon at power plants burning-chlorine coals. The treated activated carbon achieved in excess of 90 per
cent mercury capture at an injection rate of about 50 m(#eeley et al., 2008). Higher injection rates were required

to achieve high mercury removal efficiency when untreated activated carbon was used, and in some cases, it was not
possible to achieve 75 per cent capture.
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E
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e <> Lignite/FF - Untreated ACI
< / A Lignite/ESP -Treated ACI
20 4 Lignite/ESP - Untreated ACI
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Figure 10.  Comparison of untreated ativated carbon and treated activated carbon performance for
mercury removal
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Activated carbon injection applicability restrictions

Despite the activated carbon injection method being commercially implemented in multiple and diverse applications,
some issuegmain, including the marketability of fly ash for concrete manufacturers and the effeci of @
performance of activated carbon injection systems.

A typical activated carbon injection system is located upstream of a PM control device, whicb le&deg of the

sorbent and fly ash. While this is not a concern in cases where fly ash is not sold for concrete production, this mixing
can negatively affect the use of fly ash in concrete production. Concrete quality is particularly sensitive to carbon
content, and also affected by the surface area of the carbon present in the fly ash.

An effective method of eliminating fly ash contamination is to add an additional FF downstream of the existing ESP
or to inject the activated carbon after the PM deviceimtioda wet FGD, which may affect the quality of the gypsum
produced by the FGD (Miller et al., 2014; Mimna et al., 2014). In addition, in some plants which burn low mercury
coal and use FFs for PM control, the amount of treated activated carbon requaaddrcury reduction greater than

85 per cent is as low as 8 mg/rn such cases, the presence of activated carbon in the fly ash may not affect the sale
of fly ash for concrete.

Concretecompatible carbon sorbents have been developed that allow salfizesbpower plants to continue
marketing fly ash for concrete production (Nelson et al., 2006; Landreth at al., 2012). These are commercially used in
the United States.

Tests have also been carried out on otheraawhon sorbents designed to preselyash quality while still allowing
sorbent injection rates capable of delivering up to about 85 per cent mercury removal (Kang et al., 2007). Likewise,
techniques for the posteatment of fly ash to remove UBC and activated carbon have been developseliridiude
thermal treatment of fly ash and electrostatic separation of carbon from fly ash.

Testing has shown that 3 the flue gas, even at low concentrations, can interfere with the performance of activated
carbon injection systems. It appears that &@npetes with mercury for adsorption sites on the sorbent surface,
thereby limiting its performance. This phenomemnaay be particularly relevant to activated carbon injection
applications at plants firing higbulfur coal. One possible solution to the;3@erference issue is the combined

injection of mercury sorbents and alkaline materials. Some alkaline mateeidlsiag used as suggested in Feeley

and Jones (2009) These include calcium hydroxide (CaO$t)dium bicarbonate (NaHG and sodium
sesquicarbonate (trona).

Crossmedia effects for activated carbon injection

Theuse of norconcretecompatibleactivatedcarbon injection methods can result in the loss of the use of fly ash in
concrete, and therefore may increase the quantities of flyeadto landfill. Tests on two commercial activated

carbons indicate that the mercury capturecdttyated carbors afficiently stable to provide permanent

sequestration of mercury in activated carbon sorbents after disposal (Graydon et al., 2009; US EPA, 2006; US EPA,
2009a).

Activated carborinjection located upstream of a PM control device affects the quality agfgs a consequence of
mixing of theactivated carboandthefly ash. There ishe potential of secondary mercury release from fly ash when
exposed to elevated temperatures during reuse of fly ash, for example, the use of fly ash for cement manufacture or
brick-making (PflughoefHaassett et al, 2007).

Cost of mercuryesontrol technol ogi

Mercury emission control can be accomplished aslaeoefit removal by the equipment already in place, which

might have been installed for a different purpose. Defining the cost of mercury removal accomplishetherseditco

is complex because costmptionment needs to be considered between the costs of mercury control and those of
controlling other pollutants such as PM, S0 NOx (Sloss, 2008). Usually mercury reduction througkbeaefit

effects (the installation of technologies such as FGD &i’ ®hich also reduce mercury emissions) can be regarded

as minimal in cost or even cefsée. This is because high capital cost technologies like SCR and FGD are generally
added for the purpose of NOx or SOx control, respectively, and would not be atkelgdosonercury control.

Alternatively, mercury control may be accomplished by dedicated technology such as activated carbon injection at a
much lower cost provided that there is an existing PM control device. Assigning costs for the latter is more
straichtforward.

There are three cost components resulting from the application of dedicated mercury emission control technology:
capital cost, fixed operating and maintenance cost, and variable operating and maintenance cost. For activated carbon
injection, thevariable operating and maintenance cost is estimated to be small even though it is a major component of
the total cost (EPA, 2005; Amar et al., 2010) because capital costs are relatively low. This depends on the application.
Sorbent requirements can vasignificantly between different sites. The major components of the variable operating

and maintenance costs are sorbent costs and disposal costs. There may also be lost revenue from fly ash sales due to
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the contamination of fly ash by activated carbonoVercome this,sc al | ed -ficioeamcdley® acti vat
have been developed, along with technologies to separate activated carbon from fly ash.

Cost s -bfemrefda mercury control technologies

The actual capital costs of air pollution control gaaticular facility are often proprietary and agreed to during direct
negotiations between technology vendors and their clients. A substantial amount of cost information is publicly

available, however, and this is presented below. Some general guidgblngd be adhered to when evaluating these
data:

1 Capital costs for a new installation may vary depending on redundancy factors used for design and on locally
prevailing financing options (e.g., capital charge rates);

1 Capital costs for a retrofit installati may vary depending on the-site conditions such as availability of
space,andthespal | ed firetrofit difficulty factor o;

1 Levelized cost of control equipment varies with the capacity factor of plant, with the levelized cost generally
decreasing as ttepacity factor increases (Celebi, 2014).

The costs of control technologies vary significantly when applied to different coumitalale. 7and 8 shuar the costs

of co-benefit technology in China and United States. It can be seen that the capital cost of a wet FGD installed in a
600 MW unit may be 20 times lower in China than in the United States. It should be noted that, when considering
nationwide oreven regiorwide deployment of BAT, a range of costs should be considered for any given BAT rather
than an exact figure. In this context, the valueFahle 7and 8 should be considered to be indicative only, and

reference should also be made to the other cost data (e.g., UK Department of Trade and Industry (2000); Sargent and
Lundy (2007)).

The conventional APCSs are not dedicated to mercury emissitrot; however, and therefore the total costs ef co
benefit mercury control technologies need to be apportioned to different air pollutants. A Chinese study (Ancora et al.,
2015) used a pollutant equivalent apportionment method based on the healthieomhental impact of each

pollutant and distributed the total annual cost to mercury,,P30, and NG (seeTable9).

Table 7
Costs of air pollution control devices in power plants (CNY/kQ, 2010 Yuan), China (Ancora et al., 2015)

APCD Capacity (MW) Capital cost (CNY/kW) O&M cost (CNY/kW/yr)
ESP <100 10818 72
ESP <300 100+7 612
ESP >300 94+7 5+2

FF <100 91+8 104
FF <300 80+7 9+3
FF >300 7146 9+3

WFGD <100 736+178 74129

WFGD <300 410+99 56122

WFGD >300 151+37 3614
SCR <100 123+29 43+18
SCR <300 99423 31+13
SCR >300 75+18 2018

Key: APCD1 air pollution control device; CNY yuan renminbi; O&Mi operating and maintenance
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Table 8
Capital cost of cdbenefit technology in the United States ($/kW, 2012 dollars) (US EPA, 2013)

Total capital cost Total O&M coats,,

Technology Unit size, MW Coal type (USS/KW) Eﬁg{i/ﬁ\?v\é?nable
Wet FGD 500 Bituminous 531 11.52
SDA FGD 500 SubBituminous 470 10.45
SCR 500 Bituminous 274 1.85
FF 500 Bituminous 195 1.02
Table 9

Costs of APCS combinations apportioned to different pollutanta 600MW unit China (illion CNY, 2010
Yuan)(Ancora et al, 2015)

L Total annual Costs Costs Costs Costs
APCS combination costs apportioned to apportioned to apportioned to apportioned to
Hg removal PMyo removal SG removal NOy removal
ESP 8.324 0.479 7.845 - -
FF 9.241 1.167 8.075 - -
ESP+WFGD 39.871 1.613 11.571 26.687 -
SCR+ESP+WFGD 56.992 2.200 14.636 33.759 6.396
FF+WFGD 40.789 2.181 11.759 26.849 -
SCR+FF+WFGD 57.909 2.874 14.811 33.817 6.407

Cost s -bfemrefdd enhancemk@Ilt techniques and

The costs for activated carbon injection comprise of two components: first, capital costs for the sorbent storage and
injection equipment; and, second, fixed and variable operating and maintenance costs (associated with the expendable
sorbent). To asss the cost of mercury removal via thelmmefit route, a distinction must be drawn between the
investment and operating and maintenance cost of the APCSs, such as FGD and SCR, which are well defined, and the
cost of enhancing or optimizing the mercurgnval in those APCSs.

In general, the cost of deenefit enhancement techniques is difficult to assess since it is dependent on multiple
variables such as coal origin and quality, the extent of refurbishment required for the existing PM controls g the ca
of ESP), or sitespecific operating regimes of wet FGD. As a result, relative costs were first arrived at for approaches
discussed in this document; these approaches are sh@wabla 10 which were, among other things, based on
information presented in the process optimization guidance document (UNEP, 2010). The relative capital and
incremental operating and maintenance costs showabie 10should only be treated as trend indications, and

should not be construed as universally applicable guidelines to the selectioneffectste approachdes mercury

emission control from codired power plants or industrial boilers that might be located in different countries. Locally
prevalent economic conditions (e.g., cost of supplies and materials, efficiency and cost of labour, transportation cost,
etc.) should always be considered during the selection of a mercury control option, while acknowledging the fact that
many markets for emission control equipment and engineering construction companies are also global (Pacyna et al.,
2010).

Table 10

Relativecost of mercury removal for various methods

Approach Capital cost O&M cost Comments
Coal washing Moderate Low Washing less expensive than chemical treatment.
Coal blending Very low Very low May require adjustment and/or refurbishment of

pulverizers

Halogenated additives significantly increase Hg

Hg oxidation additives ~ Very low Low oxidation and capture

Regr_mssmn control Very low Low Potential for reemission of Hg should be mitigated
additives

Selective Hegpxidation ~ Low Low Only referring to Hegpecific catalyst, may require coa

49



UNEP/MC/COP.1/7

Approach Capital cost O&M cost Comments

SCR catalyst* blending

Activated carbon Preservation of ash quality an issue. Higher increme
L Low Low to Moderate L N

injection (ACI) costs f ofrrificochicretseor be

* with downstream wet FGD
Table 11
Capital cost of ACI in United States ($/kwW, 2007 dollars)

Unit size, MW
100 300 500 700

Technology

ACI 38 2i6 2i5 25

Notes:

Data intable11 fromtables5i 16 inUSEPA 2010
Cost ranges are for modified pulverized activated carbon injection with ¢dtdeside ESP
Case considered is for bituminous coal and other assumptions in EPA Base Case v.4.10

Relatively low sensitivity of capital cost of ACI to unit size, as showhable 11 may be interpreted as resulting in
comparable cost effectiveness of mercury removal via activated carbon injection (cost of removing a unit mass of
mercury) for small and large units (e.g., small industrial boiler vgelatility boiler at a power plant). ddepth

analysis of activated carbon injection costs for control of mercury emissions (USEPA, 2010), frori adiechl

was derived, gave capital costs in 2007 ranging from 2 to 8 $/kW depending on configuration, activated carbon type
(standard or modified), and unit size (from 100 to 700 MW). It should be noted that the cost vakigle ibldo not
include the capital cost of FFs or ESPs. The cost of installing a new FF or bagholus®i$/&BV regardless of plant

size. For the same range of variables, thdysarrived at a fixed operating and maintenance cost varying from 0.03 to
0.1 $/kW/year.

The actual cost of mercury control with activated carbon will also depend on the particulate control system used.
Table 12 shows the operating costs for ESP and CQHE@Avanced hybrid particle collector) fabric filters. The
estimates are for a 250 MW plant with an 80 per cent capacity for firing bituminous coal and assumed the cost of the
COHPAC system would be around 50 $/kW ($12.5 million).

Table 12

Operating costfor activated carbon injection systems (on a 250 MW plant) followed by either ESP or FF for
bituminous coals (I1JC, 2005)

ESP COHPAC
Mercury removal, % 70 920
PAC injection rate, kg/Macm 160 48
PAC injection cost, $ 790 000 790 000
Activated carborcost, $ 2 562 000 796 000

The sorbent costs depend upon the coal characteristics, type of existing APCSs at the plant, and the level of mercury
capture required. Jones and others (2007) listed the costs of carbons from several different suppliersaagedhey
from 0.87 $/kg to 2.11 $/kg.

The type of activated carbon affects both the injection rate and the operating cost. The unit price of brominated
activated carbon can be 30 per cent higher than that of the untreated activated carbon. The perfidonoemicated
activated carbon, however, can be significantly better than that of untreated activated carbon for certain types of coal
(Chang et al., 2008).
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BAT and BEP for coal combusti on

General principles for the choice of BAT for the point source caegbsted in Annex D are described in the
introductory chapter of this guidance document. Here we focus on the choice of mercury controls in the coal
combustion sector.

Best available techniques

There are four main types of control measures for atmospheric emissions of mercury frfired@aiwer plants and
industrial boilers.

Pri mary measures to reduce the mercury content of coa

The first type involves the removal of mercury prioctanbustion. Coal washing, selection or blending are effective
technologies for improving efficiency in the use of coal and for reducing the emission of air pollutants. The extent to
which coal washing has been applied in doald power plants and in indtrial coaffired boilers has been quite low,
however, and the proportion of coal washing has grown slowly, because by itself it does not constitute BAT. Yet,
when combined with other control measures described below, it can provide reasonable redutiEwosry

emissions.

Measures to reduce mercury emissions during combustio

The second type of control measures involves the removal of mercury during combustion. The use of a fluidized bed
boiler plays an important role in mercury removal downstreamicBEutly important are the much higher

percentages of particulate mercury in flue gas from fluidized bed compared with pulverized coal firing. This high
percentage of mercury present as particulates leads to high mercury removal efficiency of downstreaBESHs. It
should be noted, however, that the use of a fluidized bed boiler itself does not constitute BAT.

Mercury r ermoeewmealf ity odo conventi onal APCSs

The third type of control measures for mercury removal involves the use of APCSs whichrdyeuseal for the
removal of PM (ESP, FF or a combination of both), &by or wet FGD), and NQ(SCR), but can result in
substantial reductions in mercury emissions aslaetfit. In some countries, the-benefit removal of mercury is
the first measwr considered for the reduction of mercury emissions fromfaeal power plants or industrial boilers.

Emission levels and removal efficiencies achieved through the application of APCSs were shown in section 3.2
above. This demonstrates that the comlmadf SCR, ESP and FGD, which is widely used in the-tioad power
plants in Europe, the United States, China and Japan, can accomplish mercury removal effidiepdie95 per

cent and a concentration of less tha gNm® of mercury in the flue gafrom plants burning hard coal.

The combination of SCR, FF and FGD can achieve mercury removal efficiencies of up to 99 per cent and a
concentration of less than 5¢§Nm® of mercury in the flue gas from plants burning lignite.

Dedicated metreahlhryolcoqit e ol

The fourth type of control measures involves dedicated technologies for the reduction of atmospheric mercury
emissions, including activated carbon injection technology or the use of additives. Currently, activated carbon
injection technologyas been widely commercialized and adopted for-ficead power plants in the United States and
has successfully complied with regulatory emission limit values represeniif§ g&r cent control over more than
five years (Massachusetts Department of Eiuinental Protection, 2015). The operations of activated carbon
injection technology in the United States show that the mercury concentration in flue gas after activated carbon
injection and fabric filters may be lower thars INm®.

Best envirobhmeerstal pr a

Effective pollution control management strategies, \waintained facilities, weltrained operators, and constant

attention to the process are all important factors in controlling and, where feasible, reducing the emissions of mercury
from coal canbustion. As such, these practices, applicable to existing and new sources, are considered to be BEP and
should be performed in a manner which is consistent with the application of BAT.

Key process parameters

The first step in determining BEP for the coambustion process is to identify the key process parameters (including
mercury input control in coal and related monitoring), either fromsgtific investigations or from testing

undertaken on similar facilities elsewhere. Based on the investigatioingsting, measures that enable control of key
process parameters should be introduced into the management system.

Consideration of energy efficiency for whole plant

Energy efficiency of a codlred power plant is defined as the ratio between the ogtettelectricity, net heat, or
both) from the plant and the amount of source energy (in coal) supplied to the plant over the same period. The
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efficiency of the steam turbine (based on lower heating value of coal) in a new pulverizécedgahnt varis from
39 to 47 per cent, depending on steam conditions (Eurelectric, 2003). Newly constructed plants designed for
subcritical steam conditions operate at the lower end, whereas plants designed for supercriticatanukectniical
steam conditions opate at the higher end of this efficiency range. Circulating fluidized bed combustion (CFBC)
boilers typically operate above 40 per cent efficiency. As recently as 2011, only about half of all nérned alwer
plants were designed for high efficienoy emission operation (IEA, 2012).

As plants age their efficiency decreases, requiring more coal to generate the same amount of output. For any given
coalfired power plant or industrial boiler, the amount of uncontrolled mercury emissions from thergtaboiler

is directly related to the amount of coal burned. It follows that, if the amount of coal burned could be reduced, then the
overall mercury emissions from a given power plant or industrial boiler would also decrease. This reduction in the
amourn of coal burned could be accomplished by measures undertaken to improve the energy efficiency of an existing
power plant or industrial boiler.

Energyefficient design, equipment maintenance, and improved efficiency also provide for the reduction dfeadl em
pollutants from the same volume of coal used, including greenhouse gases sughias@dtion to a reduction of

mercury emissions. Should the upgrading of a plant be implemented for business or economic reasons, it would result
in more energy ankkss emissions being produced from the same volume of coal used (Sloss, 2009).

Examples of measures to improve energy efficiency infical power plants or codired industrial boilers can

include detailed measurements to identify thermal lossengfigiakages in flugas ducts, upgrading air heaters, new
blading for turbine, overhauling or upgrading of the condenser, new packing for the cooling tower, or improving the
electrical efficiency of the plant.

High efficiency combustion is facilitated bgtablishing a monitoring regime of key operating parameters, such as
carbon monoxide (CO), volumetric flow rate, temperature and oxygen content. Low CO is associated with higher
combustion efficiency in terms of the burnout of the feeding coal. Combufioiency depends on several factors,
including steam conditions, type of coal, local climate at location, age of plant, capacity, and operation mode (IPPC,
2013).

APCS maintenance and removal efficiency

Beyond better energy efficiency, improving #féiciency of APCSs offers the opportunity to maximize the removal

of mercury. The incremental amount of mercury removal is achieved as a result of operating APCS equipment
originally designed to limit nomercury emissions such as PM, $6r NO, which is already in place at the power

plant or an industrial boiler. Depending on the available APCS equipment, these approaches could include decreasing
the parasitic power requirements of APCSs, modernization or upgrades of ESPs or FFs, alteration of 8@Rddesig
operation, or a combination of the above (Sloss, 2006).

Environmentally sound management of the plant

To improve the prevention and control of mercury emissions, an environmental management system that clearly
defines responsibilities at all levelsneeded for a coéited power plant or a codired industrial boiler. Some of the

most commonly applicable measures are dedicated to the improved operation of the boiler, such as implementing
appropriate inspection and maintenance cycles. Operatingaimtenance practices have the potential to improve

plant performance, including its efficiency and reliability, and also to decrease the overall operating and maintenance
costs themselves. Deterioration of plant equipment is unavoidable; however, titewhieh this deterioration occurs
depends greatly on the operating and maintenance practices. Some of the good operating and maintenance practices
include for example, steam line maintenance, water treatment, and a reliable protocol for monitoripgréing.rin

addition, process improvements may be necessary to reduce bottlenecks and delays.

Adequate resources should be allocated to implement and continue the application of BEP, and staff should be
appropriately trained relevant to their duties. Iretegent thirdparty fieldbased and remote auditing protocols are
also important to ensure that BEP are actually being followed.

Environmentally sound management of <coal combustion r

Environmentally sound management of coal combustion residues (@JRgortant to minimize the potential for
increasing the risk of mercury-gmission and other potential problems.

Throughout the process of mercury emission control from-oeal sources, mercury is removed from flue gas and
transferred to CCRs, indling boiler bottom ash, fly ash, and sludge from wet FGD. Sludge from wet FGD and other
CCRs are either stored at the site or reused, including through further processing into gypsum wallboard. In the latter
case, after FGD gypsum has been filtered oth@&ludge, mercury may need to be extracted from the FGD

wastewater effluent depending on the levels present. This may be accomplished via chemical treatment, ion exchange,
or with membrane filtration. In the processes of gypsum wallboard productionusthef CCRs, including during

storage of CCRs at the site, mercury contained within them may have the potential of loelegsed.
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In the process of gypsum wallboard production, a fraction of mercury mayrbkeased because the production

processg often include higttemperature units. In one study, total mercury loss across the wallboard plant represented
about 5 per cent of the incoming FGD gypsum mercury content (Marshall, 2005). Another study by Liu et al. (2013)
indicated, however, that 185 per cent of total mercury in the FGD gypsum would be emitted during wallboard
production and a third study found releases ranging from 2 to 66 per cent of the mercury in the incoming FGD
gypsum (Sanderson et al, 2008). Given the potential variabilityéage rates, wallboard production using FGD

gypsum is not regarded as BEP unless the merctgynissions are shown to be minimal or are captured during the
wallboard production.

In the case of osite storage of CCRs, there may be a potential for e¢redéa impacts (e.qg., for leaching of mercury

into groundwater). A mulyear study of leaching characteristics of CCRs concluded that any potential release of
metals from CCRs to the environment is affected by leaching conditions (USEPA, 2006; USEPA,2BP&;, U

2009a)*° Leaching conditions are affected by the pH and by the amount of water contact (ratio etoligolids).

When evaluated over the pH range from 5.4 to 12.4 (plausible range for management of CCRs), the mercury leach
results did not exceedisting standards for the concentration of mercury in-weller in the United States. In these
same studies, some leach results for some other heavy metals, such as arsenic, were found to exceed existing
standards for concentration in walthter in the Urted States. It should be noted that the data presented do not include
any attempt to estimate the amount of constituent that may reach an aquifer or drinking water well. Groundwater
transport and fate modelling, including the consideration of many adalitiactors’ including how the fly ash is
managed would be needed to assess the potential risk. The storage of CCRs with impervious surfaces at the site can
be considered as one aspect of environmentally sound management.

35Theleachtesting1et hods used in these studies have been deve
methods, by the USEPA. The methods are numbered 1318, and can be found at:
http://epa.gov/iwastes/hazard/testmethods/sw846/new_meth.htm.
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Mercury emissions monitoring

General and crossutting aspects of testing, monitoring and reporting are discussed in the introductory chapter of this
document. The present section is limited to specific aspects of mercury emissions monitoringffmdcpalver
plants and industrialdilers.

Continuous emi ssions monitoring

Mercury monitoring using continuous emissions monitoring (CEM) instruments is effective for coal combustion flue
gas streams (Sarunac, 2007). For emission compliance purposes, CEM instruments are locatizat kratie
measure a gas stream of low particulate concentration.

For mercury process optimization purposes, CEM instruments are sometimes used to sample the {iadécuiEe
stream before a particulate control device. A commonly used filter prolmotegly for this purpose is the inertial

filter. It uses a technique of sample gas acceleration and relies on the inertial forces of the particulate and a sintered
filter to separate the gas and particulates.

CEM monitoring of sample gas saturated with whiea wet scrubber is commonly practised although it requires

more elaborate procedures. A special fixed filter probe is used to avoid blockage from the condensation of water and
typically employs a frequent filter media cleaning cycle using compressedllapplications of CEM monitoring

use heated sample lines with careful regulation of sample gas temperature to avoid the condensation of water and the
resulting absorption of oxidized mercury into this water.

A CEM instrument provides the coal combastioperator with real time mercury analysis which can be used in a
feedback loop with the sorbent injection or coal additive feed equipment. This feature allows tight control over the
concentration of mercury emissions, despite changes of mercury cotioaritrahe fuel.

The CEM also provides the advantages of sensitivity to low concentrations of mercury, dows © f.Bpeciated
mercury measurements, and high repeatability of results when calibrated with a dynamic mercury spiking
methodology.

Sor bterngap monitoring

Sorbent traps for mercury monitoring in coal combustion gas streams have been shown to provide accurate and
replicable data, even at very low mercury emission concentrations (Sarunac, 2007). It is possible to monitor using one
set of trap®ver a sampling period lasting several days in coal combustion plants.

| mpi nger sampling

The use of impinger methods for mercury monitoring in coal combustion plants has historically been the prominent
method. Impinger methods are not appropriate for kargpling periods and in practice are limited to several hours in
length (Sarunac, 2007).

Many impinger methods separately collect particulate, oxidized, and elemental mercury and are therefore useful in
coal combustion plants for determining the mercygcsation.

The impinger methods use multiple impingers in series to allow a certain measure of quality control.

Mass bal ance

Mass balance measurements in coal combustion plants are not a direct monitoring method for mercury air emissions
and it can be exgrted that the accuracy of air emissions calculated from mass balance will be low.

The data required to perform a mass balance measurement of mercury in coal combustion plants are readily available
in some regions because the mercury content of solid@uid lvaste streams from the plant is regulated. Waste

streams include bottom ash, fly ash, scrubber wastewater, scrubber products such as gypsum, and scrubber waste
solids. Mercury measurement of the coal burned is also regularly measured in certam aadits necessary for the

mass balance calculation.

Mass balance accuracy is heavily dependent on representative sampling of the coal and waste streams and of proper
sample stabilization. Special procedures must be followed to avoid loss of mercugoffected samples. Greater
accuracy of the mass balance results can be achieved with a greater number of samples collected and analysed. A
significant variation in the mercury content of the coal may be expected, so frequent coal analysis is required for a
accurate mercury input value. Periodic mercury air emissions monitoring must be practised to validate the mass
balance calculations.

Considering the number of material streams which require monitoring and the frequency of sampling to achieve an
accuratemass balance, it may be more difficult to use a mass balance method for the monitoring of mercury air
emission in coal combustion plants than a direct flue gas monitoring method.
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Predictive emissions monitoring systems (PEM

Predictive emissions monitodris a good screening tool for coal combustion plants but, owing to the wide mercury
content variation of coal, it is not an accurate means of monitoring mercury air emissions.

The predictive monitoring systems are useful for estimating the mercury asiens in preparation for sorbent trap
or other monitoring activities. A good estimate of the air emission range will allow for a more efficient sorbent trap
test.

Emi ssion factors

Emission factors are not an accurate means of monitoring mercury airoenicsscoal combustion gas streams. This
is due to the variation of mercury content in coal and the wide variation in mercury capture within a coal combustion

pl antds emission contr ol equi pment . Th cceratdyapply &rossp oi nt
the fleet of coal combustion plants.

Engineering estimates

Engineering estimates are not an accurate method of monitoring mercury air emission for coal combustion plants.
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Chapter V

Smelting and roasting processes used in the production of non
ferrous metals (lead, zinc, copper and industrial gold as specified in
Annex D to the Convention).

Non-ferrous metal smeltingsubgroup (copper, gold, lead and zinc)
BAT/BEP Guidance and Case Studies

Summary

The main aim of the smelting process is to convert metal concentrates from their native state into pure metals; hence,
smelting is a form of extractive metallurgy. Metals commonly exist in nature as oxides, sulfides or carbonates and the

smelting processequires a chemical reaction in the presence of a reducing agent to liberate the metal. Mercury exists

in trace amounts in nearly all metallurgical raw materials, and the thermal process can release this mercury to the
atmosphere.

Metal production in genaf, and norerrous metal production in particular, is a large source of anthropogenic
mercury emissions and estimated to account for some 10 per cent of global emissions. It is recognized that this
estimate is subject to considerable uncertainty, andstteespecific data will be required to manage mercury at the

local plant level.

The present chapter gives guidance on the control options for mercury from tfexnoois metal sector (specifically

for copper, zinc, lead and industrial gold, as listedhism Convention). It aims to provide parties to the Minamata
Convention with guidance on identifying best available techniques (BAT) and best environmental practices (BEP), to
enable them to meet their obligations under the Convention.

The guidance refersnty to emissions from smelting and roasting processes used in the production of the
abovementioned nofferrous metals. Processes other than smelting and roasting, such as hydrometallurgical
processes, may also lead to emissions of mercury but theytdistenh in Annex D of the Convention. Accordingly,
these other processes are not addressed in this guidance.

The secondary smelting of metals from the 4femous sector usually results in negligible amounts of mercury
emissions, because these metal ri#ogqrocesses use scrap metal and drosses as feed. An exception may be seen in
the secondary smelting of electronic waste but the techniques used to reduce emissions from secondary smelting ar
not likely to be substantially different from those usedpidmary smelting.

The chapter presents the processes required in the production of the metals covered in the guidance (copper, zinc, lea
and industrial gold). It covers control technologies, including both technologies designed specifically for thle contr

of mercury emissions, and also control technologies for other pollutants which may Rbgeefits in reducing
emissions of mercury. Emerging technologies are described, and guidance on BAT and BEP is provided. Information
on monitoring specific to theon-ferrous metal sector is also provided.
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1 I ntroducti on

Mercury exists as a trace element in nearly all metallurgical raw materials and hence thermal processing and other
smelting operations have the potential to release merouhetatmosphere. The main aim of the smelting process is

to convert metals from their native state in ores to pure metals and hence smelting is a form of extractive metallurgy.
Metals commonly exist in nature as oxides, sulfides, or carbonates and thiegsimecess requires a chemical
reaction in the presence of a reducing agent to liberate the metal.

The 2013 UNEP Report on the Global Mercury Assessi#eviAP/UNEP 2013 presents an emissions inventory for

2010, which, while based on, and similar in total to the 2005 inventory which was presented in a 2008 UNEP report
(AMAP/UNEP 2009, contains a number of significant differences in several of the key sectors. Data in both these
inventories illustrate that metal production in general, andfeonus metal production in particular, is a large
anthropogenic source of mercury emissions and estimated to account for around 10 per cent of global emission. It is
recognized that this estimate is subject to considerable uncertainty, and tspiesiie data will be required to

manage mercury at the local plant level.

This guidance document addresses the control options for mercury from tfermoms metal sector (specifically for
copper, zinc, lead and industrial gold as listed in the Conventib@ims to provide parties to the Minamata
Convention with guidance on identifying best available techniques (BAT) and best environmental practices (BEP) to
enable them to meet their obligations under the Convention.

The guidance refers only to emissiomsnfi smelting and roasting processes used in the production of the- above
mentioned noterrous metals. Processes other than smelting and roasting, such as hydrometallurgical processes, may
also lead to emissions of mercury but they are not included indhee@tion as listed in Annex D. Therefore, these

other processes are not addressed in this guidance.

Secondary metals smelting produces negligible amounts of mercury emissions because these are, in fact, metal
recycling processes that use scrap metal andsds as feed. The only case where there may be small amounts of
mercury released is during the recycling of zinc batteries that contain trace amounts of the element. Given the treaty
requirements on products (controlled under Article 4, with permittetune content of button zinc silver oxide
batteries set out in Annex A), the mercury content of batteries is also expected to decrease significantly.

This is supported by available data on mercury emissions from secondary smelters. For example, ti8tdtsted
Environmental Protection Agency required testing for mercury emissions from several secondary lead smelters in the
United States in 2010 and established that in about 70 per cent of cases, the emissions were below the detection limit.

In some case secondary smelting of electronic material may produce significant mercury emissions. In such cases,
however, activated carbon is usually used to reduce emissions and hence secondary smelting is not separately
addressed in this guidance.
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2 Procesisptdiesrtys

The configuration of smelting and roasting operations depends on site conditions and specific characteristics of the
ores or concentrates being processed, and multiple steps are often involved. In this section, general and brief
descriptions of theelevant smelting and roasting processes for the lead, zinc, copper and industrial gold sectors are

given.

The first stage in the processing of lead, zinc and copper ores is the production of concentrates. The concentrates ar
then often initially procesed using a high temperature thermal process such as roasting, sintering or smelting.
Because of the high temperature, mercury will be volatilized and thus be present in the exhaust gas.

In the exhaust gas, mercury will be adsorbed on particulate matfgesent as soluble mercury compounds (e.g.,
mercury(ll) chloride), and will also be present as elemental mercury. Oxidized species of mercury can normally be
removed by using scrubbers, and wet electrostatic precipitators (ESPs). Paitioutadeoxidizd mercury can be
removed by baghouses. Elemental mercury, however, passes all such standard gas cleaning equipment. Therefore
second mercury removal stage may be needed to reduce the mercury to acceptable concentrations if it is present in th
ore. Optons are presented in section 3.

The reason elemental mercury cannot be effectively removed from an ambient temperature gas stream by scrubbing
with water alone is its low solubility in water. One possibility is to adsorb mercury on sorbents like acaraimal

Another possibility is to oxidize mercury in some suitable manner, so that it can then be collected in solution or in the
form of a solid compound.

If sulfidic raw materials are processed, the gas will contain sulfur dioxide, which is normallyouseoduce sulfuric
acid. To produce sulfuric acid that meets commercial standards, low mercury content of the acid is required and will
depend on the acidbs wultimate wuse.

Techniques to reduce mercury emissions from smelting and roasting in tfiermois sector may also result in the
production of mercurgontaining materials. An example is calomel (mercury(l) chloride), produced in the
BoliderntNorzink process (see sectibn This guidance does not address the management of these materials but under
Article 11 of the Convention they should be stored or disposed of in an environmentally sound manner as waste.

Mercury may also be present in the steawvater produced by these processes and will require similar storage or
management. Wastewater from the different sections of the plants is usually treated to remove harmful elements, such
as heavy metals, residual oils or trace chemical reagents. Mascoffen precipitated as a very poorly soluble
mercury sulfide and removed by decantation and filtration. The final sludge from the wastewater treatment plant is
stored appropriately as waste. The sludge containing mercury should be managed in a maistentcwith other

relevant articles of the Convention in an environmentally sound manner.

2. Process steps in |l ead production

The primary lead production process consists of three main stages: concentrate pretreatment; sintering or smelting;
and refining. A schematic representation of the process is preserfaglie 1. Mercury is liberated mainly during
the sintering and smelting processes and must be captured to minimize its emissions from the final stack.

2. 1Cdncenptrreattreeat ment

In the concentrate pretreatment stagarious lead concentrates are blended to form a homogenous feed to the
smelting process. Concentrate blending provides a more consistent metal content in the feedstock and reduces surge
of impurities that could cause process or environmental upsqtspduct quality issues. During blending, other raw
materials may be added, such as fluxes or particulate matter recovered downstream from pollution control devices.
Depending on process requirements, the blended lead concentrates may be dried to ristiuee amatent. Some
mercury emissions may be released during drying, either as gaseous mercury or as particulate matter.

2. 1Smel ting

Two main processes exist for smelting lead concentrates. The traditional process consists of first sintering the blended
lead concentrates to remove sulfur and produce lead oxide. The lead oxide sinter product is then fed to a blast furnace
where, using dke, it is reduced to lead bullion.

The second, more recently developed process, is the direct smelting of lead concentrates (also known as flash
smelting). In direct smelting, the oxidation and reduction of the lead occurs within a single furnacelddsatirey

the oxidation of sulfur in the concentrate drives the subsequent reduction reaction to produce lead bullion by the use
of coal. Compared to the sintblast furnace smelting process, direct smelting uses less energy and generates lower
levels ofair emissions due to better sealing and capture efaxf

The offgas from the sintering or direct smelting process contains particulate matter, sulfur dioxide, mercury and other
impurities. The offgas must be sent for gas cleaning prior to sulfurid pobduction.
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2.1 .RBefining

The lead bullion is refined through several stages of pyrometallurgical treatment to remove other metals and
impurities. During the drossing stage, lead bullion is cooled in a kettle until a dross forms on the surface.sThe dros
containing lead oxide and other metals, is skimmed off and treated elsewhere to recover the metals. The lead bullion
is further refined by adding various reagents at different stages to remove specific metal impurities. The final pure
lead can be cashto specific shapes or mixed with other metals to create alloys. Alternatively, lead refining can be
carried out using an electrefining technique, producing pure lead cathodes. It is not expected that significant
emissions of mercury would occur durirgfining.

2.1 . Sul furic acid plant

Smelter, or sintering plant offas, is treated to remove particulate matter and most metals, including mercury, using
gas cleaning devices such as scrubbers and ESPs. If the gas still contains significant merearynidetgoes a
mercury removal stage which removes the element as a waste. The management ofaoetaiming materials,
including storage, disposal and trade, should be consistent with other relevant articles of the Convention.

Following mercury removalthe gas contains a high concentration of sulfur dioxide, which is usually converted into
sulfuric acid in an acid plant. Any remaining mercury will be contained in the acid. Commercial grades, however,
typically specify a mercury concentration of lesarthil ppm in the acid, so effective mercury removal is required
prior to the acid plant. The emissions from the final stack are expected to contain trace concentrations of mercury.
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Figure 1. Processes in primary lead production
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2. Process spepduchi anmnnc

The primary zinc production process consists of five main stages: concentrate blending; roasting or sintering and
smelting; leaching and purification; electnonning; and melting and alloying. A schematic representation of the
process is pres¢éed inFigure 2. Mercury is liberated mainly during the roasting process and must be captured to
minimize mercury emissions from the final stack.

2.12 Bl ending, roasting and dust recovery

A schematic representation of the process steps in zinc production is presehtgdré®. For commercial and
logistical reasons, each zinc refinery will purchase zinc concentrates from several different mines. The mercury
content from an individual mine can vary between 1 and 200 ppm but may range as high as 1,000 ppm. The key to
smooth, emironmentally managed and efficient operations is to ensure that all impurities, including mercury, are fed
into the zinc process at a controlled rate. Blending is aegtdiblished feed preparation process to mix concentrates

of different quality. This pvents unexpected surges of impurities that can cause process or environmental upsets or
lead to product quality problems.

Zinc concentrates are roasted by injection into a fluidized bed furnace at 950 °C where sulfides are transformed
(roasted) into oxids and S@gas. To avoid diffuse emissions, the furnace is operated under negative pressure.
Virtually all mercury compounds present in the concentrates will vaporize in this furnace. Dust, also called particulate
matter, is recovered from the gas stredinis dust goes to the leaching section, along with the zinc oxides from
roasting. The gas flows to the gas cleaning stage.

Alternatively, in the Imperial Smelting process, zinc concentrates or bulk concentrates containing zinc and lead are
first sinteredthen smelted in an Imperial Smelting Furnace (I8f)rgan 19683.

2.2.@Qas <cleaning

In the wet gas cleaning, the last tracdsdost are removed using particulate matter abatement devices, such as
scrubbers and ESPs. Wastewater from this gas cleaning contains mercury and other heavy metals and is treated in
wastewater treatment plant or is injected into the roasting furnamexonize mercury collection via the dedicated
mercury removal process. Different types of mercury removal processes exist and are described below. These specific
mercury removal units reduce mercury concentrations to low levels. The output of this mmengawal process is a
mercury concentrate. Somei®0 per cent of the total mercury input ends up in this concentrate.
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Figure2. Processes in primary zinc production

2.2.Bul furic acid plant

After mercury removal, the SGrom the gas is transformed into sulfuric acid. Approximately 90 per cent of the
residual mercury in the gas stream will be trapped in the acid. To comply with commercial grades of sulfuric acid,
mercury concentration in the acid should be less than 1 ppss than 2 per cent of the total mercury input ends up in

the sulfuric acid. The mercury emission from the stack where controls are in place is typically less than 0.1 ppm or
less than 100 pg/Nm? and represents less than 0.25 per cent of the mengury inp
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2.2.l4deaching

I n the | eaching step, the oxidized zinc concentrate
purified by cementation on zinc metal dust (powder), containing no mercury and sent to the electrolysis plant to
recoverzinc metal. Other metalse.g., copper, cadmium, lead, silver, cobalt and nickale recovered in separate
fractions and further refined in other plants. A final leach residue, containing mainly iron in the form of jarosite,
goethite or hematite, leasulfate and silicates, will require management consistent with relevant articles of the
Convention. Often the leach residue, which may contain some mercury, is recycled to a lead smelting process.

In the leaching process, there may also be a direct feedrofsted mineral concentrates which do contain mercury.

The input of unroasted concentrates in the leaching process is typically about 10 per cent of the total concentrate input
but can increase to as much as 50 per cent when direct leaching is dfpleaty from these unroasted concentrates

ends up in the leach residue as a nearly insoluble mercury sulfide. Since mercury is not dissolved, there is no emission
to air in the leaching process. Depending on the amount of unroasted concentrate prageptocdss step, some

51 50 per cent of the mercury input will end up in this leach residue.

2. Process steps in copper production

Primary copper can be produced by pyrometallurgical or hydrometallurgical processes. Approxini&elpetCent

of primary copper is produced by hydrometallurgical technologies such as leaching of oxide type ores. The remainder
of primary copper produain uses the pyrometallurgical process. Since the hydrometallurgical process does not
involve roasting or smelting, these processes are not covered by Annex D of the Minamata Convention and are,
therefore, beyond the scope of this guidance document.

The c@per ores that require processing through the pyrometallurgical process are sulfidic. When the
pyrometallurgical process is used, any mercury present in the concentrate will be liberated primarily during
concentrate smelting and matte converting into tteecgss gas. Depending on the temperature of the dryers used,
mercury may also be emitted during the drying process for facilities which use a concentrate dryer.

A schematic representation of various parallel pyrometallurgicatesses in copper productios presented in
Figure3:

1 Roasting, smelting and converting
1 Smelting and converting
9 Direct to copper smelting

2.3Cdncentrate drying

The pyrometallurgical process starts with the blending of concentrates and fluxes to produce a stable and
homogeneous feed, especially when processing concentrates with varying concentrations of copper or impurities. For
flash smelting vessels, the blended aamtrates then undergo drying to reduce moisture content. At this stage the
concentrate is dried to 0.2 per cent moisture, usually using rotary, multicoil or fluidized bed dryers, operating at an
outlet temperature ranging from 100 t&@€200 °C. Dry concdrate is then sent to smelting vessel and dust from the
dryer process gas is removed in baghouses or ESPs. For facilities using IsaSmelt or similar technologies, the
concentrate blend is not dried prior to introduction to the smelting vessel and conversiamolten mattslag

mixture.

2. 3.Roasting

Older technologies may still be used where concentrates are roasted prior to smelting. In facilities conducting this
process, the blended concentrates are first roasted to convert the copper subiiidesdefore treatment in the
smelter. The roasting process gas, which contains sulfur dioxide and some mercury, is treated using scrubbers anc
ESPs to remove particulate matter. The gas is then sent to the acid plant.

2.3.8mel ting

Once dried, the blendf concentrates and fluxes is smelted to produce a matte (or less frequently to blister copper),
usually in an oxygesenriched atmosphere in a smelting furnace. Several types of copper smelting processes exist
which include flash smelting and bath smajtilAnother process, not shown in figure 3, involves a HAfuthiace
continuous smelting and converting stage, which produces blister copper.

In particular, flash smelting is widely used, as it is an efficient technology whereby the heat released from the
oxidation of the sulfide minerals drives the smelting process. In addition to producing the matte (or, less frequently,
blister copper), the smelting produces a slag. The operating temperature of the furnace$1ig250230. At this
temperature, elementatercury and mercury sulfide compounds will be completely volatilized. The process gas is
captured and sent to the gas cleaning system.
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2.3.Q@onverting

For smelting processes that produce a copper matte, the matte is then transferred to the nexthsetageciss:
converting of matte or copper alloy (produced from tF
to blister copper. A byproduct of this process is the production of converter slag, which is reprocessed to recover
copper h a slag cleaning furnace or returned to the smelting furnace. Process gas generated from the converters
undergoes particulate matter removal and is finally mixed with the gases from the smelting furnace before entering
the gas cleaning system of the stilfiacid plant.

2. 3.Befining and casting

Blister copper is then refined in anode furnaces, mainly to eliminate oxygen, sulfur and trace contaminants. The
process gas generated in the anode furnaces is treated in a wet scrubber and then in a wet £8Rgbpuse.
Refined copper is cast into anodes. The final stage of copper production is-edéntngy of anodes to copper
cathodes containing more than 99.995 per cent of copper.

2.3.%l ageaning

The molten slag produced in the smelting furnack@mverters may be treated in an electric slag cleaning furnace to
recover copper and other valuable metals contained in the slag. This produces a high grade matte which is transferrec
to the converters. The final slag may be granulated with water. @beissleither sent for disposal or used as an
aggregate material.

In processes conducting direct smelting to blister copper, slag cleaning can produce copper alloys, which are sent to
the smelter for reprocessing in converters.

Alternatively, instead of @atment in a slag cleaning furnace, slag cleaning can be carried out using mineral
processing techniques. After slow cooling, the slag is crushed, milled and processed through flotation. A concentrate
containing copper is produced and returned to smelting.

2.3.Sul furic acid plant

Smelting and converting process gases are directed to the gas cleaning section of the sulfuric acid plant. The proces:
gas is first cooled and treated to remove particulate matter, metals and acid mist using gas cleaningudie\ases
scrubbers and wet ESPs. During gas cleaning, the gas is cooled dowd®0°G5 Most of the mercury coming from

the smelter is removed at this stage by the three following mechanisms:

A portion of the mercury reacts to form solid mercury sulfataich is removed as a sludge.
Elemental mercury is condensed by rapid quenching and cooling in scrubbers and packed cooling towers.

Selenium present in the copper concentrates is liberated in the smelting and converting processes and is contained il
the smelter process gas as selenium oxide. Selenium oxide dissolves in the weak acid scrubbing solution and is
immediately reduced by sulfur dioxide to form red selenium, which reacts with the elemental mercury to form solid
mercury selenide (HgSe). Mercurylegde is a compound of extremely low solubility in water, stable in acidic
conditions.

Following gas cleaning, specific mercury removal technology may be required before acid production to remove any
remaining mercury in the process gas to meet comnheteiadards. The emissions from the final stack are expected

to contain trace concentrations of mercury. The management of meantgining residues and sludges resulting

from gas cleaning or mercury removal processes, including storage, disposaldendcshtiguld be consistent with

other relevant articles of the Convention.
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Copper Concentrates, Flux.
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Figure 3. Processes in primary copper production

2. Process steps in gold production

Some gold ores require pretreatment before leaching while other ores can be leached directly. This section will focus
on those ores that require roasting as a pretreatment to leaching, since Annex D to the Minamata Convention covers
roasting. An overviewfathe processes involved is givenRigure 4

2.4 . Roasting
Ground gold ore, typically containing mercury &tl00 ppm, is fed into the roaster. Rtmas operate at 50600 °C,
the heat being used to oxidize both the sulfur and the carbon from the ore so that the gold can be leached and
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