BEST AVAILABLE TECHNIQUES —

COMPILATION OF RELEVANT INFORMATION INTHE EU BREFs

1. COAL-FIRED POWER PLANTS AND INDUSTRIAL BOILERS

Relevant documentshttp://eippcb.jrc.ec.europa.eu/reference/BREF/Icef ©706.pdf
http://eippcb.jrc.ec.europa.eu/reference/BREF/LCP_IDne2013_online.pdf

1. LCP (Large Combustion Plants) BREF 2006 ..- gded
2. Draft 1 of revised LCP BREF — version XX 2013irder consideration by Technical Working Group

Scope: LCP BREF covers the combustion of fuels mstiallations with a total rated thermal input of S8IW or more (Annex | IED, point 1.1)

1.1 Background information

Source: Large Combustion Plants (LCP) BREF (adoptedhy the Commission in 2006)

Chapter 3: Common processes and techniques

3.6.1 Control of mercury (Hg) emissions

3.6.1.1 Primary measures to reduce the Hg content solid fuel




Fuel cleaning (mainly the cleaning of coal) is ep#ion for removing mercury from the fuel priordcombustion. There are many types of cleaning peexsall
based on the principle that coal is less densettt@pyritic sulphur, rock, clay, or other ash-proithg impurities that are mixed or embedded iMi&chanical
devices using pulsating water or air currents daysigally stratify and remaove impurities. Centriéligorce is sometimes combined with water and @iremts to
aid in a further separation of coal from impuritidsiother method is dense media washing, which lisasy liquid solutions usually consisting of matjegfinely
ground particles of iron oxide) to separate caatfimpurities. Smaller sized coal is sometimesraeausing froth flotation. This technique differsrh the others
because it focuses less on gravity and more onichéseparation.

3.6.1.2 Flue-gas treatment technologies to reducesngury emissions

Most metals have sufficiently low vapour presswaetypical air pollution control device operatirgntperatures that condensation onto particulateemiatt
possible. Mercury, on the other hand, has a higlowapressure at typical control device operatamyeratures, and collection by particulate mattatrol devices
is highly variable. The most important factors efiieg mercury control on utility boilers includeetflue-gas volume, flue-gas temperature and ctéarahtent, the
mercury concentration and the chemical form ofrtteecury being emitted. The chemical species of urgremitted from utility boilers vary significantfyom one
plant to another. Removal effectiveness dependeespecies of mercury present.

Factors that enhance mercury control are low teatpegs in the control device system (less than®@j0the presence of an effective mercury sorbedtlae
application of a method to collect the sorbengéneral, high levels of carbon in the fly ash emleamercury sorption onto particulate matter, whscbubsequently
removed by the particulate matter control device.

Additionally, the presence of hydrogen chloride (HE the flue-gas stream can result in the fororatf mercury chloride, which is readily adsorbetioacarbon-
containing particulate matter. Conversely, sulpffiokide (SQ) in flue-gas can act as a reducing agent to commxadised mercury to elemental mercury, which is
more difficult to collect.

Control technologies designed for controlling ptahts other than mercury (e.g. acid gases anccpkate matter) vary in their mercury-removal capghibut
generally can achieve reductions no greater th& $&xcept for high removal efficiencies for mescuahloride by wet scrubbers).

Carbon filter beds have been used successfullyeim@ny for mercury control on utility boilers andimicipal waste incinerators. Injection of activatestbon into
the flue-gas has been applied for a LCP co-comigiséwage sludge where mercury reductions of st 8aper cent have been achieved. The additiactofated
carbon to utility flue-gas for mercury control iease the amount of particulate matter requiringasial

3.6.2 Reduction of metal emissions in particulateontrol systems

Electrostatic precipitators and fabric filters asenmonly used to remove particulate matter frora-fjases generated by combustion plants burning eoliquid
fuels. These systems can operate with an ovefallezfcy of >99.9 %. However, the removal efficigris generally lower in the smaller particle siaege, i.e. the
size range in which particles enriched with melairents might be found.

Fabric filters have a similar overall particulagenoval efficiency to ESPs (i.e. greater than 99) %@t are better at controlling fine particulatetteaand less

sensitive to particulate
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loading and fly ash characteristics. The collecgfficiency may be increased further still by usfhge-gas conditioning with small amounts of addis added to
the gas flow upstream of the filters.

Some elements may remain in the gas phase unfiuagases have cooled sufficiently for condensato occur. By the time flue-gases encounter dbeid filter,
they have cooled

sufficiently to allow also some condensation of Bigjilar to cold-side ESP. Some estimates repattdh average Hg removal efficiency of about 40eb lee
achieved for power stations fitted with fabricdiltsystems. The Hg removal efficiency depends gtyamm the fuel properties (e.g. Cl).

3.6.3 Reduction of metal emissions in FGD systems

Wet scrubber FGD systemsare an effective method for reducing emissionseofain metals. This is mostly because the fluetgaperature is reduced to about
50 — 60 °C by passing through the absorber, whiotveamany of the more volatile metals to condeinsm the vapour phase, and allows them to be rechéreen
the flue-gas. The condensed metals are then niaamgferred to the waste water from the wet FGesysVarious studies have given removal efficienéiem
the flue-gas of 30 — 50 % for Hg and 60 - 75 %Ser However, the lime used in some systems map bagortant source of As, Cd, Pb, and Zn, and so th
concentrations of these elements can even incoeagestream of the FGD. Emissions from the scrubepend on the specific process and operating ¢onslit
An average Hg removal efficiency of 96.6 % was aeéd for instance by adding sodium hypochloritetads to the flue-gas from a waste incineratodapan.
Sodium hypochlorite stabilises Hg in the flue-gdywing it to be captured in the scrubber watdre Hg can then be removed from the waste watearstresing
reduction, volatilisation, condensation and Hg s&fien processes.

The overall removal of Hg in variogpray dry systemsvaries from about 35 — 85 %. Those systems cordajuith a particulate removal system before a spray
dry scrubber, have high metal retention becauaega Iproportion of these elements (including vidatpecies) are removed before the FGD unit. Highes
particulate removal efficiencies, especially forfiparticles, are achieved by spray dry systerteslfiwith downstream fabric filters. These systenay aiso be
expected to achieve the highest metal removalieffites. Those plants fitted with particulate realmsystems before the spray dry scrubber had Hgvaim
efficiencies up to 70 % already before enteringR&® unit. Activated carbon technology has beerieghin the US to increase Hg removal in spray dry
scrubber/ESP systems. Tests indicate an increasg removal efficiency from 27 to 78 % at an outihperature of 140 °C, and from 66 to 86 % atgled
temperature of 110 °C. Similar improvements wese aloted for spray dry scrubber/fabric filter spséewith an improvement in Hg removal from 69 %hwitt
additives to 91 — 95 % with additives. This teclugyl is currently being used at a waste incinerat@witzerland.

It is also possible to reduce Hg emissions usirtitizds in other FGD systems, such as dry injectigstems. With regard to the additive, Sorbalit lreyadded for
instance. This is a sorbent that is composed cfuwal hydroxide and various other organic and inoigaonstituents.

3.6.4 Reduction of metal emissions in Ncontrol systems

Low NOx burners do not appear to influence the behaviounaifils during combustion. Metal emissions mayeiase in selective catalytic cleaning systems (SCR)
which involve the addition of chemicals to flue-gasHowever, most NQontrol systems appear to neither reduce nor igergaetal emissions.




3.6.5 Reduction of metal emissions by systems dasg for metal
Removal

Some systems have been developed expressly fputhese of reducing certain metals from flue-gesashs, mostly to reduce emissions of Hg and othec t
metals (such as As, Cd, and Pb) from waste indioexal hese systems include selenium filters, atiy carbon filters and various sorbents. Theyahgbriefly
discussed in this section.

Different sorbents such as silica, bauxite (alupikaolinite, emathlite, and lime have been ingegid for their ability to remove metals from flgas. A detailed
list of them and other possible sorbents can bedan [33, Ciemat, 2000] but note that some offifexesses are of limited practical use for largegrcstations
because of the low operating temperatures, harseftdndary effects and the high cost of some afdhgents.

Activated carbon or cokefilter systems have been developed which can be taseemove metals such as Cd, Hg, and Pb fromgéses. Information can be
found in [33, Ciemat, 2000] regarding a lignite edlter and catalyst system which, in additioratid gas removal, adsorbs metal elements. Tesis¢taut at a
pilot scale system, fitted to a municipal wasteriacator, indicate that virtually all the Hg is rewed from the flue-gases by the lignite coke materi
Experimental tests show that a reduction in theeotration of metallic Hg is obtained when actidatarbon is added to the flue-gas stream. The narbltected
downstream in a fabric filter contained 40 — 60 gpgy which corresponded to between 13 and 20 %eoHyg in the flue-gas.

The removal of Hg vapour from flue-gases ussntphur-impregnated adsorbentshas been studied using packed beds. The experimestiits have shown that
the impregnation of active alumina and zeolite Wplsur increases the adsorption capacity, by skwedars of magnitude. Although the sorbents hakiggh Hg
adsorption capacity, they are unable to removthalHg (as they already have an outlet concentrgfieater than zero for gases passing throughltes f even at
the beginning of gas breakthrough). Very low Hgamnirations in the flue-gases may be achieved wshep of sulphur-impregnated active alumina amditee
adsorbents followed by a second bed of sulphurégmated active carbon adsorbents.

A system is available for Hg removal that useglenium impregnated filterwhich may be retrofitted to existing exhaust dugtifiter scrubbers. The filter relies
on the strong affinity of Hg to Se, with which @rabines to form mercury selenide (HgSe), a higtdble compound.
Spent filters are returned to the manufacturerdoharging.

In future, these new systems for removing metahelgs could be an important method of reducing Inestigssions. However, at present most processeasoaiat
a commercial stage or seem more appropriate fdrabng emissions from waste incinerators. Additb research is required to assess the applicatisach
systems to large combustion plants.

4.1.9.1.4 Abatement of mercury (Hg) emission




In general, no dedicated systems for Hg removatanently applied at thermal power plants burrgngl or lignite only. FF and ESP or wet scrubbeesdesigned
for dust and S& HCI and HF removal, respectively. The removaHgfby these systems is an additional positive sftert. The abatement of Hg by flue-gas
cleaning devices depends on the Hg specificatioth Baseous elemental mercury Hand gaseous oxidised mercury ¢Fdre in the vapour phase at flue-gas
cleaning temperatures. big insoluble in water and cannot be captured insgaibbers. The predominantdgompounds of coal flue-gas are weakly to strongly
soluble, and the more soluble species can gendralbaptured in wet FGD scrubbers. Both &gl Hg+are adsorbed onto porous solids such as fly ash, in
principle powered activated carbon which is retwostly, or calcium-based acid gas sorbents feseqjuent collection in a dust control devicez+tiggenerally
easier to capture by adsorption than.HRarticle-bound mercury His attached to solids that can be readily capturesh ESP or fabric filter [171, UN ECE,
2002]. The removal efficiency in an ESP dependtherfollowing factors:

e temperature of the ESP

¢ Cl-content in the coal

* unburned carbon in the ash

e calcium compounds in the ash.

Flue-gas cleaning techniques applied in combustianstallations use three basic methods to capture Hg

e capture of Hg in the dust of particulate mattertcardevices, such as an ESP or FF as a side effect

« adsorption of Hgand Hg-+onto entrained sorbents (injection of activatedbory for subsequent capture in an ESP or FF. Adterely, Hg may be captured
in a packed carbon bed

» solvation of Hg-+in wet scrubbers.
Chapter 4: Combustion techniques for coal and liggi

4.5.7 Heavy metals

The mineral content of the fuel includes differsabstances depending on its origin. All solid figelsh as coal and lignite have a certain conceorraf trace
elements, such as heavy metals. The behaviourawf/hraetals in the combustion process involves cerphysicochemical processes. Basically most oh&zay
metals evaporate in the combustion process andzosatk later in the process onto the surfacesggafticulate matter (i.e. fly ash). Most metalgehsufficiently
low vapour pressures at the operating temperathae®xist at typical air pollution control devidbsit condensation onto particulate matter is piessi herefore,
BAT to reduce the emissions of heavy metals frama-fyases of coal- and lignite-fired combustion asto use a high performance ESP (reduction>@@e5 %)
or a fabric filter (reduction rate >99.95 %). Mergihas a high vapour pressure at the typical cobdeaice operating temperatures, and its colledbypparticulate
matter control devices is highly variable. Takingpiaccount that spray dryer FGD scrubbers andimetlimestone scrubbers are regarded as BAT fer th
reduction of S@for larger combustion plants, low Hg emission levasle achieved. For the reduction and limitatiorlgfemissions, it can be stated, that coals of
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good quality have comparably low Hg contents arad tie best levels of control are generally obthiog emission control systems that use FFs and ,E8ise
high efficiency ESPs show good removal of Hg (binwas coal) at temperatures of less than 130 °@ddiition, some combinations of flue-gas cleanygiesns
can remove oxidised and particle bound Hg to soxtené For FFs or ESPs operated in combination ®@D techniques, such as wet limestone scrubhgnay s
dryer scrubbers or dry sorbent injection, an averagoval rate of 75 % (50 % in ESP and 50 % in F&®0 % in the additional presence of SCR can be
obtained. The reduction rate when firing sub-bituoois coal or lignite is considerably lower and emffom 30 — 70 %. The lower levels of Hg captarplants
firing sub-bituminous coal and lignite are attrigdito the low fly ash carbon content and the higékative amounts of gaseous Hg in the flue-gas fitoe
combustion of these fuels. Periodic monitoring ofislBAT. A frequency of every year up to everydhyear, depending on the coal used, is recommeriaxal
Hg emissions need to be monitored and not only tdggmt as part of the particle matter.

1.2 Techniques to consider for the prevention andontrol of mercury emissions

Source: LCP Revision — DRAFT (as of June 2013)




Chapter 5: 5.1.4 Techniques to consider in theraétation of BAT for the combustion of coal andritp

Table 1.1:  General techniques to consider for therevention and control of mercury emissions
. Technical considerations -
. Environmental - Driving force |Examp | Reference
. Achieved . relevant to applicability .
. Technical . Cross-media . for le plant| literature
Technique - environmental f d Economics |. .
description benefit periormance an effects Existin implementatio
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(FF) - operational experience plant will be Generally | Generally [ maintanance
by capture of mercury * See also graphs and . . ;
' article-bound emissions  Info belowthe table reduced by 0.1 applicable | applicable | costs are highe
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Environmental performance and operational data formercury emissions based on
collected data at European level for 2011

* Reported mercury emissions from coal-fired plaited 15 - 300 MWy, (3 plants reported)
are between 0.5 and 20 pg/Rimas yearly average based on 1 to 3 periodic
measurements/year. The corresponding plants &ed fitith ESPs and were commissioned
between 1974 and 2008. It should be noted thait, N@, and SQ emissions being quite
high (respectively above 320 mg/Rinand 690 mg/Nr), these plants may have to
implement additional techniques for reducing suchupants; this will also have a positive
side-effect on mercury emissions reduction.

» Error! Reference source not found.shows mercury emissions from coal-fired plantegiz
between 380 and 2800 MyVoperated between 3000 and 8760 h/yr, with egemtdbad
factors in general above 65 %, for power generadod district heating. They burn
anthracite or bituminous coal, with a Hg contentwaen 0.05 and 0.1 mg/kg, and a
chlorine content between 45 and 560 mg/kg. Theyeveemmissioned between 1968 and
2008. The last commissioned plant (plant 253V -820tas Hg yearly-averaged emission
concentrations about 1pg/Nrand is fitted with SCR, wet FGD and a bag filteiost of
these plants are carrying out Hg emission periodmnitoring (with 2 to 9 periodic
measurement/year), and 4 of them monitor continydhis pollutant.

» shows mercury emissions from low-rank coal-firddngs sized between 74 and 2300
MW, operated between 3000 and 8000 h/yr, with egeitdbad factors in general above
65%, for power generation and district heating.yrbarn sub-bituminous coal or lignite,
with a chlorine content between 100 and 150 mg@ugly one Hg fuel content has been
reported (0.23 mg/kg for Plant 23V). These plantgsencommissioned between 1972 and
2010. The plants recently built (23V and 19V) haMg yearly-averaged emission
concentrations lower than 3.5 pg/RiReported emission values are the result of eitma
or of few periodic measurements (1 or 2 times/yeaxgept for Plants 127-2V and 128-1V,
where they are the average of 9 periodic measursmen

Specific techniques for the prevention and controbf mercury emissions

US-EPA data suggest that about a quarter of U&liagbns may be achieving > 90% Hg
reductions simply as a co-benefit of using othdlugion abatement devices, such as flue-gas
desulphurisation, selective catalytic reduction arfdbric filter. This technology control
configuration is largely implemented in Europe @dlefired plants for controlling dust and acid
gases air emissions. However, these abatementdeelsmmay not be enough or appropriate for
always reaching this performance level, due tactiad-lignite characteristics, and may require
additional/alternative solutions as described befawmercury control.

Fuel pretreatment

Description

Pretreating the fuel before combustion by cleawinglending with another fuel or with
additives are options to consider that can enaffieesing good levels of mercury reduction in
emissions to air, without implementing, or in comdtion with, additional end-of-pipe or
specific techniques.

Technical description

Coal cleaning:




There are many types of cleaning processes, atdbas the principle that coal is less dense
than the pyritic sulphur, rock, clay, or other gshducing impurities that are mixed or
embedded in it. Mechanical devices using pulsatiatgr or air currents can physically stratify
and remove impurities. Centrifugal force is somesmombined with water and air currents to
aid in a further separation of coal from impuriti@®other method is dense media washing,
which uses heavy liquid solutions usually consgstih magnetite (finely ground particles of

iron oxide) to separate coal from impurities. Seradized coal is sometimes cleaned using froth
flotation. This technique differs from the otheechuse it focuses less on gravity and more on
chemical separation [168, US EPA, 1997].

These processes remove some of the mercury assbeidh the incombustible mineral
materials; however, they will not typically remaotvee mercury associated with the organic
carbon structure of the coal.

Furthermore, the effectiveness of mercury remawvahfcoal during conventional coal cleaning
varies widely depending on the source of the codl@n the nature of the mercury within it.

Generally, mercury reduction in lower rank coalaldde expected to be lower than in
bituminous coals, because in lower rank coals atgrdraction of mercury is likely to be bound
to the organic carbon structure and so will notdyaoved.

Coal blending/switching:
In the context of mercury control, there are 2 ofyes of coal blending:

* to increase the halogen concentrations, therebyeasmg the proportion of oxidised
mercury, which is water-soluble and can therefarartore easily captured by the flue-gas
desulphurisation scrubber;

* to reduce the amount of mercury to be removed lepdihg with or switching to low
mercury coals.

Coal additives:
The amount of mercury capture generally increaséeeaamount of halogens in coal and

unburnt carbon increases. Therefore, mercury captucoals with low halogen content can be
increased by adding halogens such as bromine origlsalts. Alternatively, hydrogen
chloride or ammonium chloride may be added. Bronsritbought to have an advantage over
chlorine as its Deacon-type reactions are moreuialde and it is consumed by S0 a lower
degree than chlorine, thus requiring the use otfeadditives.

Achieved environmental benefit
Reduction of mercury in emissions to air.
Environmental performance and operational data

Two studies concerning 50 US bituminous coal sasgit®w mercury removal efficiencies
varying from 0 % to 78 %, with an average betwet®®and 37 %.

Coal blending has the potential toachieve 80 % uorgrcapture in some cases.
Mercury reduction of 80 % can also be achieveddiggiadditives.
Cross-media effects

None.
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Technical considerations relevant to applicability

Given the variability in the source of the coal &hd nature of the mercury in it, the testing of
coal pretreatment techniques is needed to understzemtitatively how much mercury could be
removed from a given coal.

Carbon sorbent injection in the flue-gas

Description

Mercury absorbtion by carbon sorbents, such asaieti carbon.
Technical description

This is the most mature mercury-specific controhtelogy, in which mercury is absorbed by
carbon sorbents, with or without chemical treatme&ht sorbent injection system can be
enhanced by the addition of a supplementary fdliigc. Untreated carbon sorbents are not
effective for lignite and sub-bituminous coals. Hawer, chemically treated sorbents (e.g. with
halogens such as chlorine or bromine) can helptoert the more difficult-to-capture mercury
common in lignite and sub-bituminous coals to aereasily captured form, thereby achieving
high mercury reduction across all coal types.

Sorbent enhancement additives have been also tisetha plants to considerably reduce the
rate of sorbent injection and to preserve the tuaefiits fly ash for reuse. These objectives are
being further enhanced by refining sorbents thraugling and changing the sorbent injection
sites. In addition, some applications have fourad ifijecting sorbents on the hot side of air pre-
heaters can decrease the amount of sorbent nezdeli¢ve the desired levels of mercury
control.

Achieved environmental benefit
Reduction of mercury emissions.

Positive side effect on the removal of S&hd NQ, thereby increasing the cost-effectiveness of
the application.

Environmental performance and operational data

Commercial deployments and 50 US Department of ggnéDoE) industry tests of sorbent
injection systems achieved on average 90 % rechgtiomercury emissions. These systems are
being used on 25 boilers at 14 US coal-fired planie effectiveness of the sorbent injection is
largely affected by the coal type and boiler comfegion. A US-Environmental Protection
Agency (EPA) analysis of the best performers shoam@verage mercury emission reduction
of nearly 96 % across all three primary coal rarg&ksbituminous, sub-bituminous and lignite.

Mercury removal increases with the amount of sarligected into the flue gases. Among the
plants studied by the US DoE, the average sorbgattion rate was 6.5 % vol., with rates
ranging from 0.8 to 17.5 %.

The removal efficiency of the carbon sorbents iases if a fabric filter is used instead of an
ESP, due to the longer residence time allowing numetact between the sorbent and the
mercury-laden flue gas. As a result, only one thirthe sorbent is needed to capture the same
amount of mercury compared to an ESP.

However, substantial reductions are not achievabédl plants as:
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» Sulphur trioxide — which can form under certain rpi@g conditions or from using high-
sulphur bituminous coals — may limit mercury redues by preventing mercury from
binding to carbon solvents.

» Hot-sided electrostatic precipitators can reduce #ifectiveness of sorbent injection
systems, because the high operating temperatuwlesed¢he ability of mercury to bind to
sorbents and to be collected in the devices. Homeénigh temperature mercury sorbents
have now been developed for use in hot-sided ESPstemperatures up to
427 °C.

» Lignite has relatively high levels of elemental meaw, the most difficult form to capture,
e.g. a share of Hgo total Hg in flue gas of 80 % for lignite-firingpilers against a similar
share of 30 % for coal-firing boiler according testaidy performed at 6 power plants in
China

Other strategies, such as blending coals or ugimgr technologies, may be needed to achieve
substantial reductions at some plants with theseeis e.g.:

Sulphur trioxide:

* Using an alkali injection system in conjunctiontwgorbent injection can effectively lessen
the sulphur trioxide interference.

* Mercury control vendors are working to develop ralsive flue-gas conditioning agents
that could be used instead of sulphur trioxideha tonditioning system to improve the
performance of the electrostatic precipitators witheopardising mercury reductions using
sorbent injection.

« Although selective catalytic reduction NCQabatement systems often improve mercury
capture, in some cases they may lead to sulphaxide interference when sulphur in the
coal is converted to sulphur trioxide gas. Newded#ve catalytic reduction systems often
have improved catalytic controls that can minimilse conversion of sulphur to sulphur
trioxide gas.

» High sulphur bituminous coal (i.e. with a sulphontent of at least 1.7 % by weight) may
also lead to the formation of sulphur trioxide nféeence in some cases, although the
number of plants using these high sulphur coalkedy to decline with increasingly
stringent sulphur controls. However, there areways of addressing this problem:

o0 using alkali-base sorbertts adsorb sulphur trioxide gas before it can irmterfwith
the performance of the sorbent injection system;
o0 blending the fuel to include some low sulphur coal.

Hot-side ESP

* Using a heat resistant sorbent. Non-brominated #&3l very little mercury capture above
149 °C. Brominated AGian provide both stable and high levels of mercadyction, up to
temperatures of about 289 °C, and heat resistabésts operate up to 427 °C.

» Installing a fabric filter in addition to the sorite@njection system

Lignite
» Using a higher sorbent injection rate.
» Blending with sub-bituminous coal.

Finally, according to a 2009 US-EPA study at 2 tdaguipped with a cold-side or hot side
ESP, with different coal chlorine contents (150 gprone case and 1400 ppm in the other
case), with brominated activated carbon injectipstteam of these devices, no increase in air
emissions of total and Toxic Equivalent (TEQ) chiated and brominated dioxin compounds
were noted when compared to the content withoutated carbon injection.
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Cross media effects
Possibility of raising the mercury content of thggum.
Effects on coal combustion residues

Both chemically and non-chemically treated carbanbents impact on coal combustion
residues (CCRs), in particular the fly ash and FBdlge. This results in CCRs with an
increased content of mercury and otheccobected metals (e.g. arsenic and selenium) aad th
presence of injected sorbent and other chemicalfiasd Tests undertaken by the US EPA
show that the mercury is strongly retained in tl@éRS, and is unlikely to be leached at levels of
environmental concern. In some facilities, arsamd selenium may be leached at levels of
potential concern, but this can occur both with afittiout enhanced mercury control
technologies. However, in many cases, the amoumieofury, arsenic and selenium released
from CCRs is estimated to be a small fraction (&®- 5%) of the total content.

Excess bromine that has not reacted with mercumg which is converted to bromide, can leach
to some degree if stored in wet ponds, depending@iontact time and tleenount of water to
which it is exposed. Apart from that, Br will n@ach because it is chemically reacted onto the
activated carbon in the gas phase bromination psodehere is also no Br leaching when the fly
ash containing the sorbents is used in concrete.

The carbon in sorbents can render fly ash unugsabkome purposes, thus increasing the need
for storage and disposal. However, advances irespitechnologies that have reduced sorbent
costs at some plants also offer the potential ¢sgmve the market value of fly ash, and therefore
its reuse as a product e.g. at least one manuéaitfers a concrete-friendly sorbent to help
preserve fly ash salealternatively, the fly ash could be segregated witsupplementary fabric
filter.

Calculations by a company providing brominated A&dtivated carbon injection) have shown
that the mercury content of the concrete is 0.00R@0However, some discolouration of the
concrete can occur with the use of ACI.

There is an increase in PM loading of < 4%, dusoibent injection, and this is even lower
when halogenated sorbents are injected. Calcukatioggest that the increase inRhbuld be
< 0.2 %. When ESPs are used, this increase is diysine brominated ACI improving the
operation of the ESP, by the sorbent changingdhistivity of the fly ash, resulting in the
change of the electric field of the ESP.

Technical considerations relevant to applicability
Generally applicable for new and existing plants.

Mercury removal is more effective with the use abric filters. 80-90 % reductions were
achieved with all 3 main types of coal (bituminosigb-bituminous and lignite) and on boiler
types that exist at three-quarters of US coal-fipkzohts.

In the US DoE R&D programme, the costs of purctmaind installing sorbent injection
systems and monitoring equipment averaged USD Bli@m ranging from USD1.2 million to
USD 6.2 million. Where fabric filters have also heestalled, primarily to assist the sorbent
injection system in Hg reduction, the average ostSD 16 million, ranging from USD 12.7
million to USD 24.5 million. The apportioning ofdke average capital costs is set out in Table
1.2
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Table 1.2:
redustion

Example of capital

cost for implementig a sorbent injection system for mercury

Component costs

Sorbent injection system

Sorbent injection system +
fabric filter to assist in
mercury removal

Number of boilers 14 5

Sorbent injection system USD 2 723 277 USD 1334,
Mercury emission USD 559 59- USD119,54¢
monitoring system

Consulting and engineerir USD 381 53¢ USD 1,444,17¢

Fabric filter

USD 19 009 986

TOTAL

USD 3 594 023%

USD 15 785 997%

() Numbers do not add up ti total. Total cost wasvigted for all of the boilers, but individual cost
category data was only provided for some of them

The average annualised operating costs of sorbption systems in the US are USD 640,000
— almost entirely sorbent costs. These costs areh®ing reduced in some applications by the
use of sorbent enhancement additives.

Eight boilers in the DoE study reported actual stineated fly ash related costs of an average
net cost of USD 1.1 million per year.

For those plants that installed a sorbent injecsigstem alone to meet mercury emission
requirements, the cost to purchase, install andatg@sorbent injection and monitoring systems
represented an additional cost of USD 0.12 centkifmevatt hour.

Driving force for implementation
The driver for implementing mercury control techueg is the prospect or fact of legislation.
Example plant

The US EPA undertook a detailed study of 25 boiers4 coal-fired plants in the United States
where sorbents have been commercially appliedtdédnrof these have been identified by the
US authorities — Bl England, New Jersey; Braytoinfdviassachusetts; Bridgeport Harbor,
Connecticut; Crawford, lllinois; Fisk, lIllinois; thian River Generating Station, Delaware;
Mercer Generating Station, New Jersey; Presque Miehigan; TS Power Plant, Nevada;

Vermillion Power Station, lIllinoigg Walter Scott junior Energy Centre, lowa; Waukegan,
lllinois; Weston, Wisconsin. All met the emissiorsductions required by their State, and
averaged 90 % reductions. For example:

« A 164 megawatt bituminous-fired boiler, built inetll960s and operating a cold-side
electrostatic precipitator and wet scrubber, exededs 90 % reduction requirement,
achieving more than 95 % mercury emission redustiasing chemically treated carbon
sorbent.

* A 400 megawatt sub-bituminous-fired boiler, buiitthe 1960s and operating a cold-side
electrostatic precipitator and a fabric filter, msled a 99 % mercury reduction using
untreated carbon sorbent, exceeding its 90 % riestugulatory requirement.

* A recently constructed 600 megawatt sub-bituminfinest boiler operating a fabric filter,
dry scrubber, and selective catalytic reductionesysachieved an 85 % mercury emission
reduction using chemically treated carbon sorbexteeding its 83 % reduction regulatory
requirement.

Beyond this, the [US] Institute of Clean Air Comesreported that power plants had 121
sorbent injection systems on order as of Febru@®@2in order to meet State requirements.
Most are for retrofit installations at units burgisub-bituminous coal, but several are also listed
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for lignite and bituminous-fired units. Further exales include Joliet 29, Comanche, Edge
Moor, Brandon Shores, ED Edwards, Meredosia, Kth&Generation LLC, Powerton, Will
County, Joppa Steam, Baldwin Energy Complex, Havileanepin Power Station, Wood
River, Boswell Energy centre, JE Corette Plant,ivieack Station, San Juan, AES Greenidge,
CR Huntley Generating Station, Dunkirk GeneratitenB Shawville, Big Brown, Edgewater,
Pulliam, Genoa, Newton, John P Madgett, latan, tfipJd_ewis and Clark, Charles P Crane.

Boiler bromide addition (BBA)
Description

Addition of halogens into the furnace to oxidise flue-gas mercury into a soluble species,
thereby enhancing mercury removal in downstreantrobdevices.

Technical description

The addition rates range from <40 to 440 ppm Brtgene of coal, dry basis, the more common
addition rate being 52 ppm.

Another option for halogen addition is to add halogdditives to the fuel or to use brominated
activated carbon injection (brominated-ACl) inte filue gas.

Achieved environmental benefit

Reduced mercury emissions.

Environmental performance and operational data

For units equipped with an SCR and WFGD: stack sions reduced to <0.5 kg N€J.

For units without SCR: Higher bromide addition saéee requirred to achieve the same mercury
oxidation than units with an SCR.

For units without an FGD: BBA alone does not reddgeemissions significantly, but it
improves the effectiveness of ACI for these urttigh levels of SQin the flue-gas may limit
the efficiency of such combination BBA/ACI and maguire an additional SOnitigation
technology.

Cross-media effects

Flue-gas mercury measurements are very difficutbdde in the presence of bromine in the
flue-gas.

Potential for bromide-induced corrosion in the ehark, air heater and in FGD systems.

Increase in bromide and mercury in the fly ashegrdase in Se in the fly ash is offset by an
increase in Se in the FGD liquor.

Economics

For plants without SCR (with and without FGD), thee of ACI in conjunction with BBA may
be more cost effective than either ACI or BBA aldo@chieve the same level of performance.

Example plants
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In the past few years, dozens of US coal-firedsulmitve begun to operate furnace calcium
bromide addition systems to achieve mercury aisseions limits set by local regulations. 50 of
them took part in a survey (see reference for tineey findings).
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Table 1.3:  Other specific techniques to consideof the prevention and control of gaseous mercury eissions
Achieved Environmental Technical considerations Driving force Example| Reference,
Technique Technical environmental Cross-media relevant to applicability Economics for plants | literature
q description benefit performance and effects implementati
s operational data New plants | Retrofitable on Remarks
Generall
. Increased share Generally . y
Addition of . S . .| applicable ir Low
. HgCl, in raw gag More bromide in| applicable in s
bromide Several full scale .. |systems witll investment.
and hence captu waste water than systems with . .
compounds tg - tests . or without | Operating cost]
in filter and/or from coal only |or without wet
fuel . wet seem to be loV]
scrubber scrubbing .
scrubbing
Generally
N Increased share applicable | Could be high
Optimisation of . co-benefit | in case that
HgCl, in raw gag L
SCR-catalystq R&D on optimised Generally already existing
S and hence capte > None . o
for oxidation of - catalysts ongoing applicable exists in | catalysts would
0 N in filter and/or
Hg’ to Hof SCR have to be
scrubber
upstream we¢  replaced
FGD
Generally Addition of
" R ion i i i
Addition of _ eduction m applicable actlvgted
. Reduction of Hg L gypsum quality | Generally carbon in FGD
activated e Limited .
. emissions (colour, Hg applicable has low
carbon in FGD .
content) investment and
operation costs
Addition of Generally Generally
organic or . . applicable applicable
. g . Reduction of HgWell known in wast . PP PP .
inorganic . . . Gypsum quality Low investment
X . emissions incineration
sulphides in
FGD
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Achieved Environmental Technical considerations Driving force | Example| Reference
Techniaue Technical environmental Cross-media relevant to applicability Economics for plants | literature
q description benefit performance and effects implementati
enents operational data New plants | Retrofitable on Remarks
Addition of . L Generall
. . Limited to lab-scale More bromide in ) y
strong ligands| Reduction of Hg applicable
. S . and a few full-scale¢ waste water thar
like bromide in emissions from coal onl
FGD y
Only small
Concentrates Hg tp y
- . amount of
Precipitate Hg| a low-mass sink and
- Makes a small waste to be
separately fromthus indirectly helps .
. stream waste . Reduces cross- disposed
other metals in to keep Hg away .| Tested in full scale . .
. product the mair media effects Low-Hg main
FGD waste | from all other sinks, .
sink for Hg share of sludge
water such as clean gag,
SUM etc can be recyclef
9yp ' to the furnace
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Additional information about the addition of bromid e compounds to the fuel:

Elemental mercury is a large atom with 80 electmiosing around its nucleus. As a result, it is
highly polarisable [Liu et al., 2007]. Bromine 2 electrons compared to 17 electrons on Cl. It
is expected that Br is more effective than Cl fgf Hixidation. The bromine content of coal
eventually determines the Higpercentage in the flue-gas more than chlorine.

For a certain amount of adsorbent, more mercudsléa higher mercury partial pressure, and
higher partial pressure leads to a larger amouatsbrption. In other words, the higher ratio of
mercury content to ash content of coal (M/A ratioptributes to a higher adsorption rate, i.e, Hg
percentage in flue-gas.

1.3 BAT conclusions
Source: Draft LCP BREF 2013
Chapter 10: BAT conclusions
Mercury emissions to air

In order to reduce mercury emissions to air frommdbmbustion of coal and lignite, BAT is to
use an appropriate combination of the techniguesngbelow.

Technique Description Applicability

Co-benefit from measures taken for other pollutants

See description in
SectionError!
Reference source not
found.. See BATError!
Reference source not
found.

Bag Filter Generally applicable

See description in
SectionError!
Reference source not
found.. See BATError!

Reference source not
ESP found.. Generally applicable

Better removal
efficiency at flue-gas
temperatures below
130°C
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See description in
SectionError!
Reference source not
found.. See BATError!
Reference source not Generally applicable to plants > 300 MW
found..
c SCR . Applicable to coal-fired PC boilers for
Only used in lants < 300 MY,
combination with other P
technigues to enhance
the mercury oxidation
before capture in a
subsequent FGD unit
FGD technique (e.g. wet | See descriptions in
limestone scrubbers, spray | SectionError!
dryer scrubbers or dry Reference source not | Generally applicable when there is a nee
d | sorbent found.. See BATError! | to reduce SQcontent in emissions to air
Reference source not
injection) found.
Specific measures for mercury reduction
_ Applicable within the constraints
Select coal and lignite PP . . - .
. . associated with the availability of differen
Fuel choice with Hg content < 25 . .
e types of fuel, which may be impacted by
Ha/kg ;
the energy policy of the Member State
See description in
SectionError!
Carbon sorbent (e.g. Reference source not
f activated carbon) injection in found.. Generally applicable
the flue-gas Generally used in
combination with
ESP/bag filter
Addition of halogens
into the furnace to
... | oxidise the flue-gas Applicable in the case of a low halogen
Use of halogenated additive . 9 bp . - g_
. . mercury into a soluble | content in the fuel, within the constraints
to the fuel or injected in the . . .
g furnace species, thereby associated with the control of halogen
enhancing mercury emissions to air
removal in downstream
control devices
Fuel washing, blending | Applicability is subject to a previous
and mixing in order to | survey for characterising the fuel and for
Fuel pretreatment L LT i .
h limit / reduce the Hg estimating the potential effectiveness of
content the technique

BAT-associated emission levels

The BAT-associated emission levels for mercurygiwen in Tablel.4 and Tablel.5.
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Table 1.4:

coal (anthracite and bituminous)

BAT-associated emission levels for marmy emissions to air from the combustion of

Combustion plant

BAT-AEL (ug/Nm?)

. A i N
rated thermal input Existing \;ir:c?(;ng Monitoring frequency
(MW ) New plants plants

Average of I i

<300 05-5 1-10 samples obtained Perlod|c.measurement. 4
. times/yr
during one year

>300 02-2 0.2-6 Yearly average Continuous oreasent

Table 1.5: BAT-associated emission levels for memy emissions to air from the combustion of

sub-bituminous coal and lignite

Combustion plant rated

BAT-AEL (ug/Nm?)

Averaging period

Monitoring frequency

thermal input (MW ,) New Existing
plants plants
Average of -
. Periodic measurement: 4
<300 1-10 2-20 samples obtained toct . Su
. times/yr
during one year
> 300 05-5 0.5-10 Yearly averag Continuoussmement
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2. SMELTING AND ROASTING PROCESSES USED IN THE PRODUCTI ON OF NON-FERROUS
METALS

Relevant documentsttp://eippcb.jrc.ec.europa.eu/reference/BREF/nfraf 1.201.pdf
http://eippcb.jrc.ec.europa.eu/reference/BREF/NFMbww 04-03-2013.pdf

1. NFM (non-ferrous metal industries) BREF 2001 adopted

2. Draft 3 of revised LCP BREF — version Februar23 — under consideration by Technical
Working Group

Scope: NFM BREF covers the Processing of non-fersometals:

(a)production of non-ferrous crude metals from orepncentrates or secondary raw materials
by metallurgical, chemical or electrolytic processe

(b)melting, including the alloyage, of non-ferrousetals, including recovered products and
operation of non-ferrous metal foundries, with a iitieg capacity exceeding 4 tonnes per day
for lead and cadmium or 20 tonnes per day for ather metals. (Annex | IED, point 2.5)

2.1 Background information

Source: Non-ferrous Metals Industries (NFM) BREF (@opted 2001)

General information — chapter 1.7 Mercury

2.1.1. General

Mercury is the only metal that is liquid at roormigerature and has the lowest fusion and boiling
points of all metals. It also has a high electromductivity and these features are used in a
variety of applications such as electrical switgfaigand battery production. Mercury forms
alloys easily with a number of other metals andé¢h@re known as Amalgams, which are
extensively used in dentistry. The major use ofausris as a flowing cathode in the Chlor-
Alkali process. This process exploits mercuryghhconductivity and the formation of an
amalgam with sodium.

Mercury is characterised by the toxicity of the aheind its’ vapour and the extreme toxicity of
some of its’ compounds. The result is that merdsiyeing replaced by alternative materials in
many of its’ uses and so the demand and produofiomercury has declined rapidly. There are
implications in the future as it is likely that serexisting inventories of mercury will come on
the market or may even become wastes.

2.1.2. Sourcesof materials

Mercury appears in nature in the form of cinnalsafghide of mercury), which is associated
with very hard gangues such as the quartzite ambdbalts. It is also present in the form of other
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compounds such as oxides, sulphates, chloridedemides. These are rare and are always
associated with the cinnabar and generally havevadlevance. There are exceptions such as
livinstonite (HgSbS), which has been used in Mexidee quality of primary ores varies
considerably from 0.1% mercury to more than 3%.

Other sources of mercury are the ores and cont¢estoéother metals such as copper, lead and
zinc etc. Mercury is produced from the purificatiaf gases emitted during the production of
these metals. Mercury is also recovered from searyrdaterials such as dental amalgam and
batteries and it is also obtained from the refirohgil.

2.1.3. Production and consumption

The decomposition of the cinnabar is completeraperatures of 600° C shown by the formula
below. Mercury metal is condensed at room tempegafithe heating can be carried out in either
“Herreschoff”, “Muffle” or rotating furnaces. Thast two are not frequently used.

HgS + G, [1 Hg + SO,

Source Mercury content in the ore Production
[%]
[t/a]
Almaden, Spain >3 390
Mc Dermitt, USA 0.5
Nikitovska, Ukraine 0.1

Table 2.1: Sources of mercury

In the case of rich ores, above 2% mercury, pratinent by crushing and grading is only
required and the crushed ore can then be fed lgiietd the furnace. In the case of poor ores
with 0.5% mercury, differential flotation is usemldeparate the silica rock to obtain concentrates
with an average mercury content of 70%. For mirsgoalow 0.1% of mercury, the ore is roasted
after crushing. Furnaces of large capacity (1088yY are used.

Mercury production from the production of other Herrous metals in Europe for 1997 is
estimated at 350 tonnes. These processes gerna@dlyce mercury or calomel in the range 0.02
to 0.8 kg of mercury per tonne of metal producegedeling on the mercury content of the
concentrate.

The decline in mercury production can be seenérBilropean production for 1960, 1970 and
1980.

Year Production

[Va]
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1960 4250

1970 3700

1980 1100

Table 2.2: Production of mercury in Western Europe

2.1.4. Environmental issues

The toxicity of mercury and its compounds is a Bigant factor. Mercury in the environment
can interact with various organic compounds to poaedvery toxic organo-mercury compounds.
Current legislation is therefore imposing morergfent standards on the industry to prevent
emissions, to curtail its’ use in various processabsto remove mercury from the environment.

Mercury is a List 1 Substance under the 76/464ddire on Pollution covered by the section
Dangerous Substances Discharged to the Aquaticdmaent of the Community. Directive
84/156 set EU wide discharge limit values for mgycu

Best available techniques -chapter2.17.6 Removaheicury

Mercury removal is necessary when using some ratgnats that contain the metal. Specific
instances are referred to in the metal specifiptera and in these cases the following techniques
are considered to be BAT.

« The Boliden/Norzink process with the recovery af trubbing solution and production of
mercury metal.

* Bolchem process with the filtering off the mercsyiphide to allow the acid to be returned
to the absorption stage.

e Outokumpu process.

¢ Sodium thiocyanate process.

e Activated Carbon Filter. An adsorption filter ugiractivated carbon is used to remove
mercury vapour from the gas stream as well as dgoxi

For processes where mercury removal from the gasest practicable the two processes to
reduce the mercury content in sulphuric acid predwturing the production of non-ferrous
metals are considered to be BAT.

» Superlig lon Exchange process.

¢ Potassium iodide process.

The emissions associated with the above processeslated to any residual mercury that will
be present in the acid that is produced, the ptaghecification is normally < 0.1 ppm (mg/l) and
is equivalent to ~ 0.02 mg/Nhin the cleaned gas.

Source: NFM Revision — DRAFT BREF (as of February @13)
Chapter 2.12.5.5Techniques to reduce mercury enoissi

Description
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Set of techniques to reduce mercury emissionsto ai
Technical description

Mercury is volatile at the temperatures encounta@radost abatement processes, and hence other
techniques may be needed to remove it. In theaasercury removal before a sulphuric acid
plant, any residual mercury will be present indlogl that is produced, the product specification

is normally <0.1 to 0.5 ppm and is equivalent ©.62 mg/Nniin the cleaned gas. All processes
listed below are reported to achieve this:

. Boliden-Norzink process: this process is based owef scrubber using the reaction
between mercuric chloride and mercury to form meres chloride (calomel), which
precipitates from the liquor. The process is plaafer the washing and cooling step in the
acid plant, so the gas is dust and; $®@e and the temperature is about 30 °C. Thegas i
scrubbed in a packed bed tower with a solution g€Kl This reacts with the metallic
mercury in the gas and precipitates it as calor@Cl,. The calomel is removed from the
circulating scrubbing solution and partly regenedaby chlorine gas to Hg&lwhich is
then recycled back to the washing stage. The megrptoduct bleed is either used for
mercury production or stored. Mercury chloride igeay toxic compound of mercury and
great care should be taken when operating thisegeoc

. Bolchem process: this process step is locatederatid plant, as in the Boliden-Norzink
process, but the removal is effected by 99 % sulphacid. This acid comes from the
absorption part of the acid plant and it oxidides mercury at ambient temperature. The
resulting acid that contains mercury is dilutedB®% and the mercury is precipitated as
sulphide with thiosulphate. After filtering off thmercury sulphide, the acid is returned to
the absorption stage. No acid is therefore consumte process.

. Outotec process: in this process the mercury i®vewh before the washing step in the acid
plant. The gas at about 350 °C, is led through ckezh bed tower where it is washed
countercurrently with 90 % sulphuric acid at abb®® °C. The acid is formeid situ from
the SQ in the gas. The mercury is precipitated as a aeterchloride compound. The
mercury sludge is removed from the cooled aciderdd and washed and sent to the
production of metallic mercury. Part of the acidhien recycled to the scrubbing step. In a
revision to this process, mercury is removed from gases by washing with a solution of
selenium ions, and selenium metal is produced alatigmercury selenide.

. Sodium thiocyanate process: this process is usadzaic roaster. The S@as is washed
with a solution of sodium thiocyanate and the merds removed as sulphide. Sodium
thiocyanate is regenerated, the reaction is shavinei following formula.

3Hg + 8SCN- + 4 H + + SC=>2(Hg(SCN))* + HgS + 2HO

. Activated carbon filter (Lurgi process): this is athsorption filter using activated carbon to
remove mercury vapour from the gas stream.

The Boliden-Norzink and Outotec processes detaitexie are most commonly used, but other
processes have been reported elsewhere.

. Selenium scrubber: this is also based on a wetbberuand uses the reaction between
amorphous selenium in sulphuric acid and mercuryetmove high concentrations of
mercury vapour.

. Selenium filter: a dry scrubbing process which uge®rphous selenium to react with
mercury vapour to form mercury selenide.
. Lead sulphide process: a dry scrubbing procesgyusiad sulphide nodules to remove

mercury from the gas stream.

. Tinfos/Miltec process: a mercury cleaning procegkich is based on the oxidation of
mercury in the off-gas using sodium hypochloritéteAoxidation in a washing tower, the
mercury is precipitated as mercury sulphide (HggiHe addition of disodium sulphide.
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The mercury sulphide is removed from the process ipress filter. The sludge that
contains mercury is treated as hazardous wastaliapdsed of in a sealed disposal site.
Mercury emissions are reduced by approximately 94T% & mercury cleaning plant at
Tinfos is thoroughly described by Haaland et. tlngacon 9.

. Lurgi mercury cleaning process: the Lurgi mercugmoval unit consists of an
electrostatic precipitator to remove residual dast tars, a gas heater, a packed bed
absorber, a fan-damper system to control the gas through the unit, and extensive gas
analysis nitrogen purge equipment to maintain loygen levels in the gas. The heater is
required to warm the gases to the optimum temperatd 60 - 85 °C; lower gas
temperatures result in lower reaction rates andsim@ condensation in the packed bed,
higher temperatures can result in sulphur being fosm the absorbent. Eramet
commissioned a mercury removal unit in 2001 anansptrouble free operation since.
Gas flowrates through the unit are around 15 00&/Noar. The mercury absorption
efficiency is 98 %. After allowing for plant staups, etc, 94 % of the total mercury in the
raw gases is captured. The absorber mass is chaftgecbout 8 months of operation and
is disposed of in a secure disposal. Only traceuswtsoof mercury report to the scrubber

water.

. Boliden-Contech process: selenium coated spheeessad in a packed bed. The method
works but experience in the Scandinavian ferroyalthalustry is limited for this technique.

. The Dowa process: mercury is adsorbed onto punces coated with lead sulphide.

Two other processes are available to reduce theumyecontent in sulphuric acid produced
during the production of non-ferrous metals, beirtise is based on a need to improve the
quality of the acid rather than on environmenté@s:

. Superlig ion exchange process: this process usesxichange to remove mercury from the
product acid and achieves a concentration of memix0.5 ppm.

. Potassium iodide addition to the acid: this shobkl at least 93 % strength, at a
temperature of about 0 °C. Mercury iodide, kg8 then precipitated.

Achieved environmental benefits

Reduction of Hg emissions.

Environmental performance and operational data

The product specification is normally <0.1 to O@rpin sulphuric acid and is equivalent to
<0.02 mg/Nm in the cleaned gas. The aims are for the reducfi@missions and recovery of
mercury, and the production of mercury-free sulphacid. In compliance with regulation EC
1102/2008, metallic mercury gained from non-ferrousing, smelting operations and extracted
from cinnabar ore in the European Union shall besmtered as waste as from 15 March 2011.

Data reported in the metal-specific chapters rdreg@een 0.02 and 0.05 mg/Rim
Cross-media effects

. Increase in energy use. A solid or liquid wastereeduced that will require disposal.

Technical considerations relevant to applicability

Applicable to pyrometallurgical processes using naaterials with Hg content.
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Economics

The processes are known to be operating econosnaatl costs, where they are available, are
reported in Annex of this document.

2.2 BAT Conclusions

Source:NFM Revision — DRAFT BREF (as of February 2013)

14.10.1.5

Hg emissions

Technique

Description

Boliden-Norzink
process

This process is based on a wet scrubber usingtwtion between

mercuric chloride and mercury to form mercurou®dde (calomel),

which precipitates from the liquor. The procesglaced after the
washing and cooling step in the acid plant

Bolchem process an
filtering off mercury
sulphide

o

This process is based in the use of sulphuric @wd the absorptior

part of the acid plant) to oxidise mercury at ambiemperature. Thg

resulting acid that contains mercury is dilute@®®% and the
mercury is precipitated as sulphide with thiosutpha

U

Outotec process

In this process the mercury is removed before taghimg step in the
acid plant. The gas at about 350 °C, is led thraughcked bed
tower where it is washed countercurrently with 98Wphuric acid a
about 190 °C. The acid is formadsitu from the SQin the gas. The
mercury is precipitated as a selenium chloride caump. The
mercury sludge is removed from the cooled aciteréld and washe
and sent to the production of metallic mercurytBé&the acid is then
recycled to the scrubbing step. In a revision te finocess, mercury
is removed from the gases by washing with a satutifoselenium
ions when selenium metal is produced along withcomgrselenide

Sodium thiocyanate
process

In this process, the S@as is washed with a solution of sodium
thiocyanate and the mercury is removed as sulphide

Use of an activated
carbon filter

This process is based in the adsorption of mencuoigcules in the

activated carbon. When the surface has adsorbediels as it can,

the adsorbed content is desorbed as part of tleaeegtion of the
adsorbent

Tynfos-Miltec
application

This process is based on the oxidation of merautiié off-gas using
sodium hypochlorite

Lurgi process

This process consists of an electrostatic prec¢gita remove
residual dust and tars, a gas heater, a packedisedber, a fan-
damper system to control the gas flow through tiieand extensive
gas analysis nitrogen purge equipment to maintaindxygen levels
in the gas
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Boliden/Contec
process

This process is based in the use of selenium ccateeres in a
packed bed

DOWA adsorption
process

This process is based on the adsorpltion onto pstanes coated
with lead sulphide
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3.  WASTE INCINERATION FACILITIES
Relevant documenthttp://eippcb.jrc.ec.europa.eu/reference/BREF/véf [D806.pdf
WI (waste incineration) BREF 2006 .- adopted

Scope: WI BREF covers Disposal or recovery of wastewaste incineration
plants or in waste co-incineration plants:

(a)for non-hazardous waste with a capacity exceegdhtonnes per hour;
(b)for hazardous waste with a capacity exceedingidfines per day

(Annex | point 5.2 IED)

3.1 Background information
Source: Waste Incineration (WI) BREF (adopted 2006)
Chapter 2.5.6 Techniques for the reduction of mergiemissions
2.5.6.1 Primary techniques

Mercury is highly volatile and therefore almost lesively passes into the flue-gas stream. The
limit value set in the waste incineration directis®.05 mg/m Limit values as low as

0.03 mg/m?3 as a daily average value (with contisumonitoring) have been set in some
European Member States [1, UBA, 2001]. Continuoaasurement is also prescribed in some
national waste incineration legislation (e.g. AisstGermany). The majority of installations
cannot meet these limit values, particularly foalpads, without the addition of special gas
cleaning measures for Hg.

The only relevant primary techniques for prevengngjssions of mercury to air are those which
prevent or control, if possible, the inclusion ofneury in the waste:

« efficient separate collection of waste that maytawmnheavy metals e.g. cells, batteries,
dental amalgams, etc.

« notification of waste producers of the need to sggte mercury

« identification and/or restriction of receipt of patial mercury contaminated wastes
— by sampling and analysis of wastes where this $sipte
- by targeted sampling/testing campaigns

* where such wastes are known to be received - dimdraddition to avoid overload of
abatement system capacity.

2.5.6.2 Secondary techniques

Mercury vaporises completely at a temperature @f<€and remains gaseous in the flue-gas
after passing through furnace and boiler. Inorgaméccury (mainly Hg as a chloride) and
elemental mercury are affected differently by FG3tems and detailed consideration of the fate
of both is required.

The selection of a process for mercury abatemegueruis upon the load fed in and upon the
chlorine content of the burning material. At higleatorine contents, mercury in the crude flue-
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gas will be increasingly in the ionic form whichndae deposited in wet scrubbers. This is a
particular consideration at sewage sludge incii@ratlants where raw gas chlorine levels may
be quite low. If, however, the chlorine contenthie (dry) sewage sludge is 0.3 % by mass or
higher, only 10 % of the mercury in the clean gaslémental; and the elimination of only the
ionic mercury may achieve a total Hg emission |l@fe.03 mg/Nm3.

Metallic mercury can be removed from the flue-gasasn by:

e transformation into ionic mercury by adding oxidaanhd then deposited in the scrubber - the
effluent can then be fed to waste water treatméttp with heavy metal deposition, where
the mercury can be converted to a more stable fergn HgS), thus more suitable for final
disposal or

» direct deposition on sulphur doped activated carbearth furnace coke, or zeolites.

Tests have shown that sulphur dioxide neutralisatidhe furnace by adding limestone, can
reduce the proportion of metallic mercury, makingrmll Hg removal from the gas stream more
efficient.

In incineration plants for municipal and hazardaastes, the chlorine content in the average
waste is usually high enough, in normal operattates, to ensure that Hg is present mainly in
the ionic form. However, specific inputs of certaiaste may change the situation and metallic
mercury may need to be deposited, as mentionedeabov

High Hg wastes:

For the incineration of waste with a high mercuoptent in hazardous waste incineration plants
Hg deposition degrees of 99.9 % can only be ensuheh highly chlorinated waste is also
incinerated in an appropriate proportion to thelédgl. Multistage wet scrubbing processes are
typical of this type of plant. High proportionsiohic Hg (e.g.>99.9 %) in the boiler crude flue-
gas before wet gas cleaning are caused by inclddgidy chlorinated waste. This assists total
Hg removal from the flue-gas.

High chlorine total loads (approx. 4 % w/w inputdaa therefore high interim £supply lead to
high Hg chlorination levels and Hg deposition afsg# to 100 %. With lower chlorine loads the
Hg deposition degree reduces rapidly.

Mercury emissions

The data include results from continuous measure(used in Germany for over two years and
Austria for over one year) and from discontinuowsasurements (minimum twice a year).
Therefore, comparability of data between thesetjyes of measurement may be not very high.
Continuous measurements will also include eventls elevated emissions due to higher loads in
the waste feed, which have been reported by soamtspl

Level of annual averages, Number of plants/lineg
>200 pg/Nms3 0
>100 <200 pg/Nm3 1
>50 <100 pg/Nm3 3
>30 <50 pg/Nm3 7
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<30 pg/Nms 83

Table 3.1: Mercury emissions survey of European MSWMI's

For several plants in France, mercury measurenaeatsot given alone but in combination with
Cd (the ELV being given as a sum of the two). Asdrstribution of the two is not necessarily
predictable, these results are presented in thanfislg additional table:

Level of annual averages Number of plants/lines
>200 pg/Nm3 0
>100 <200 pg/Nm3 1
>50 <100 pg/Nm3 5
>30 <50 pg/Nms3 8
<30 pg/Nms 18

Table 3.2: Combined Cd and Hg emissions of selected MSM s in France

Chapter 4.4.6 Reduction of mercury emissions
4.4.6.1 Low pH wet scrubbing and additive addition
Description

The use of wet scrubbers for acid gas removal catligepH of the scrubber to reduce. Most wet
scrubbers have at least two stages. The first reemainly HCI, HF and some @\ second
stage, maintained at a pH of 6 - 8 serves to reriaye

If the first stage is kept at a pH of below 1, tamoval efficiency of ionic Hg as Hg&which is
generally the main compound of mercury after wastabustion, is over 95 %. However, the
removal rates of metallic Hg are only in the orded — 10 %, mainly as a result of condensation
at the scrubber operational temperature of arolnia 0 °C.

Metallic mercury adsorption can be improved up toaximum of 20 — 30 % by the:

e addition of sulphur compounds to the scrubber liquo

« addition of activated carbon to the scrubber liquor

* addition of oxidants, e.g. hydrogen peroxide touBber liquor. This technique converts
metallic mercury to the ionic form as HgQ@b facilitate its precipitation, and has the most
significant effect.

The overall Hg removal (both metallic and ionidi@éncy is around 85 %.

It is reported that a removal efficiency higherrti®® % can also be achieved with a technique
adding bromine containing wastes or by injectiofr@mine containing chemicals into the
combustion chamber.

At the inlet concentrations usually found with mamgste types, and with the additional
uncertainty over composition of most wastes, timeoeal efficiencies of this type of scrubbing is
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not generally sufficient to reach an emission ldatbw 50 pg/Nms3. In one Member State an
ELV of 30pg/Nm3 has been set. In either case, ddétian of further Hg abatement capacity may
be required, depending on the inlet concentrasanh as:

« carbon injection before a bag filter system
» static coke bed filter.
(see Sections 0 and 0)

Achieved environmental benefits
Percentage reduction efficiencies are given irdéseription above.

The impact of the concentration of Hg in the incated waste and the content of Cl are decisive
in the determination of the final emission levethiaved.

Cross-media effects

Cross-media effects of the use of wet scrubbingyewen in Sectiorerror! Reference source
not found..

Consumption of any reagents added.
Operational data

For MSW with an average concentration of 3 - 4 nggklg of MSW, emission concentrations to
air of 50 — 80 ug/Nm3 are achieved.

The variation of Hg input to MSW can be very laggel, therefore, can result in significant
variations in emission levels. Values measurech &wstrian MWI gave values between 0.6 and
4 mg/kg. This variation can be much greater in oéste types, e.g. some hazardous wastes.

Achieved levels just with a wet scrubbing systemapprox. 36 ug/Nfwith a wet scrubber
and an activated coke filter <2 pg/Riemd with a combination of the flow injection presend
a wet scrubber 4 pg/Nin

Applicability

The use of acid wet scrubbers for mercury emisggdnction can only meet the emission limits
set in Directive EC/2000/76 where:

» the pH is well controlled below 1

e chloride concentrations are high enough for thederflue-gas Hg content to be almost
entirely ionic (and hence removable as the chigride

* additives are added to the low pH scrubber in soases.

The applicability of this technique is assessetth@table below:

Criteria Evaluation/comment
Waste type
Plant size range e any
New/existing * not generally applied on its own at new installasio
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* see comments for wet scrubbers
e additional Hg removal may be required to complyhwit

EC/2000/76 (depending on the Hg inlet content)
Key location factors * none

Inter-process compatibility

Table 3.3: Assessment of the applicability of wet scrubhg for Hg control

The technique is only applicable to Hg air emissiontrol as an Hg pretreatment step, or where
input waste concentrations are low enough (e.@vbdl mg/kg). Otherwise emissions to air of
above 50 pg/Nm?3 may result.

Economics
Information not supplied.
Driving force for implementation

This technique has been implemented as an adaptatiget scrubbing for acid gas removal in
order to reduce Hg emissions.

Example plants

Wet scrubbing is widely used in Europe.

4.4.6.2 Activated carbon injection for Hg adsorption
Description

This technique involves the injection of activatedbon upstream of a bag filter (see also
SectionError! Reference source not found, bag filters are described in Sectigmor!

Reference source not found, or other de-dusting device. Mercury metal isoglded in the

stream and where barrier filters such as bag fiterused, also on the reagent that is retained on
the bag surface.

Achieved environmental benefits

Metallic mercury is adsorbed (usually at about 98e¥hoval efficiency) to result in emissions to
air of below 30 pg/Nm3. lonic mercury is also rerad\by chemi-adsorption arising from the
sulphur content in the flue-gases or from sulpmpregnated in some types of activated carbon.

In some systems where removal of mercury is caoigdn wet acid scrubbers (pH<1) to reduce
the inlet concentration, final emission levels beljig/Nm?3 are seen.

The carbon also adsorbs dioxins . Bag filters ptswide a means of particulate and heavy metal
removal.. It is normal for alkaline reagents toaloeled with the carbon, this then also allows the
reduction of acid gases in the same process steprastifunctional device.

Cross-media effects

The cross-media effects are similar to those foeiosituations where bag filters are used. The
energy consumption of bag filters is a significaspect.

In addition, for this technique the most signifitaross-media effect is the production of
residues contaminated with removed pollutant (Hg).
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In cases where the solid reagent is re-burned?@DD/F destruction) in the incinerator it is
important that:

« the installation has an outlet for Hg that preventsrnal pollutant build up (and eventual
breakthrough release)

« the alternative outlet removes the pollutant aificsent rate

« where wet scrubbers are used, the Hg can passhimteffluent stream (although it can then
be precipitated to the solid residue using treatrterhniques).

Operational data

Operational aspects are similar to other situatwimsre bag filters are used. Effective bag filter
and reagent injection system maintenance are phatig critical to achieving low emission
levels.

Different types of activated carbon have differadsorption capacities. Another possibility to
improve mercury removal is sulphur impregnationthef adsorbent.

In experiments carried out at an HWI, various typieactivated carbon were used, and the
consumption rate per hour required to obtain dqdar Hg emission level was as follows:

e coke from coconut shells 8 - 9 kg/h

» coke from peat 5.5-6 kg/h
¢ brown coal 8 - 8.5 kg/h
e peat coal 4 - 4.5 kg/h.

The carbon consumption rate is similar as the roeat for PCDD/F, as the adsorbent is
generally used for both Hg and PCDD/F removal. Gartonsumption rates of 3 kg/t of waste
are typical for MSWI. Levels from 0.3 to 20 kg/tlvdizardous waste have been reported. The
adsorption capacity of the reagent, the Hg inleiceatrations and the required emission level
determine the required reagent-dosing rate.

The fire risk is significant with activated carbdrhe adsorbent may be mixed with other
reagents to reduce the fire risk. 90 % lime an@cl€arbon is used in some cases. The proportion
of carbon is generally higher where there are aufdit process stages that perform acid gas
removal (e.g. wet scrubbers).

Applicability

The table below details the specific aspects @late to the use of activated carbon injection:

Criteria Evaluation/comment
Waste type » provides effective emission reductions across a
range of waste types
Plant size range « any
New/existing * applicable to new installations and as a retrofit

Inter-process compatibility | « no specific issues

Key location factors * none

Table 3.4: Assessment of the applicability of carbon ingion for Hg removal
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Economics

Additional capital costs of the technique at preesshat already have, or intend to use, reagent
injection and bag filters are minimal.

Additional operational costs are from:
* reagent consumption

» disposal of residues.

The cost of operations (carbon cost) is approx BQB000/yr for a facility treating 65000 tonnes
of hazardous waste per year.

Driving force for implementation

The technique has been applied to both new antirexsystems as a means of reducing Hg
emissions to air.

Example plants

Widely used throughout Europe.

4.4.6.3 Use of condensing scrubbers for flue-gas polishing
Description

This technique has already been described in $&diwor! Reference source not found.and
Error! Reference source not found, where they are presented primarily from the eperg
recovery point of view. In addition to the potehbtianefits of the use of such systems for energy
recovery, the condensing effect of the use of d sotubber can condense some pollutants. This
may reduce releases of pollutants to air, but tmby significant degree where the scrubber is
operated at a particularly low temperature e.?@&0

Achieved environmental benefits

The condensation of pollutants from the flue-gas/jgles an additional reduction of emissions to
air. For mercury this technique cannot generallydbed upon, on its own, to achieve emission
levels below 50 pg/Nm3. It is therefore, only basidered as an additional polishing stage.

The condensation of the water from the flue-gas wdren used with downstream flue-gas
heating, greatly reduce plume visibility and redsceubber water consumption.

Cross-media effects

The condensed water will contain pollutants thgunee treatment in a water treatment facility
prior to discharge. Where an upstream wet scrub®ystem is applied the effluent from the
condensing scrubber can be treated in the saniiyfaci

The technique is generally only applied where tligereadily available cooling source. For
example, a particularly cold (40 °C) district hegtivater return, which is generally only
encountered in colder climates. The applicatiothizf technique in other circumstances (it is not
reported in other circumstances) would lead to leigérgy costs for the cooling required.
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The low temperature of the stack discharge willoedthe thermal buoyancy of the plume and
hence reduce dispersion. This can be overcomeibyg adaller and/or reduced diameter stack.

Operational data

The temperature of the scrubber effluent is ciificesome pollutants, e.g. to ensure mercury is
condensed and does not pass through the scrubberébeased to air. The supply of a
sufficiently cold cooling medium is, therefore,tmal. To be effective for metallic Hg removal,
scrubber outlet temperatures of below 40 °C manebaired (note: even lower temperatures still
are reported in some cases - see below).

Cooling the gas using a gas cooler (i.e. no ligujection) until the temperature is as low as 5 °C
has been reported not to give sufficient resultsfg abatement (ref. Bayer AG Dormagen, DE -
HWI).

The low temperature of the flue-gases can resubimdensation and, hence, corrosion in the
chimney unless lined.

Applicability

The technique is applied primarily as an energgvery technique and where additional
pollutant removal steps have already been incotpdria the installation (e.g. carbon absorption,
low pH wet scrubbing).

The technique is not generally applied on its o aneans for pollution control but can be
effective as a polishing stage in combination witter systems.

Waste types: Because the technique is appliedtaidiue-gas cleaning stages, in principle the
technique could be applied to any waste type.

Plant size: The technique has been applied at npahislants of 175000 and 400000 tonnes per
year throughput.

New/existing: The technique is applied at/nearehé of the FGT system and could therefore be
applied to new and existing processes alike.

The technique is only likely to be applicable whenergy is not required to provide the
additional scrubber cooling necessary to achiegdd temperatures. It is, therefore, only likely
to be applicable in colder northern climates, wioelder district heating returns provide the
energetic driving force.

Economics

The total additional investment for a condensasionubber is roughly estimated to EUR 3
million.

Driving force for implementation

Additional heat sales are the main driver for ughgtechnique. The additional pollutant
removal is a secondary benefit.

Example plants

Several examples of MWI in Sweden, and a SSI il\ibherlands.
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4.4.6.4Separation of mercury using aresin filter
Description

After dust separation and the first acidic weteirthe raw acids in the ionically bound heavy
metal are carried off through an Hg ion exchanlglercury is separated off in a resin filter. Then
the acid is neutralised using lime milk.

If, after washing, there is still residual mercumthe exhaust air, it is retained by a downstream
oven coke filter.

Achieved environmental benefits

High reliability abatement of Hg.

Cross-media effects

The resin filter will require regeneration whictsudts in the transfer of the abated Hg.
Operational data

Information not supplied.

Applicability

The technique is reported to not be widely appinethe sector.

Economics

The technique is indicated by the TWG to be expenisi relation to alternatives.
Driving force for implementation

Information not supplied.

Example plants

RMVA Koln, Germany

4.4.6.5 Chlorite injection for elemental Hg control
Description

While oxidised mercury is readily soluble in waéerd can be removed using a wet scrubber,
elemental mercury is not. Therefore, it is diffictd achieve a significant abatement of the
elemental mercury in a wet scrubber, unless aetivaairbon is also used.

The injection of a strong oxidising agent will cenvthe elemental mercury into oxidised
mercury and make its scrubbing possible in thesgribber. To avoid that, this agent is used up
by reaction with other compounds (e.g. sulphur idiexand it is introduced just before the spray
nozzles of the first acidic scrubber. The pH ofshrubber is kept between 0.5 and 2.
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When the sprayed liquid comes into contact withatielic fumes containing hydrogen chloride,
chlorite is transformed into chlorine dioxide, whiis the actual active species. It is to be noted
that, unlike other oxidants such as hypochloritegth), the chlorite or chlorine dioxide lacks the
ability to introduce a chlorine atom into an aroimaing, and therefore cannot alter the dioxin
balance.

Achieved environmental benefits
Reduced mercury emissions.
Side benefit: N@ reduction.
Cross-media effects

The use of oxidants favours removal of NO in theisber (by changing it into NQvhich is

more soluble). This can lead to problem of highagjen content in the waste water. There is no
ELV for NHz in the WI Directive, but local regulation oftertsea limit, as it is a great concern
for the aquatic environment.

Operational data
Information not supplied.
Applicability

Incineration of waste; mercury abatement of flus-gantaining at least 400 mg/Nwf
hydrogen chloride.

Compatible only with wet scrubbing systems.
Economics

The cost of the reagent is the limiting factor.
Driving force for implementation

Information not supplied.

Example plants

Bottrop & Ludwigshafen waste incineration plant<3armany

4.4.6.6Addition of hydrogen peroxide to wet scrubbers
Description

The purpose of the system is to separate Hg, HCE&& from flue-gas. In the process all
elemental mercury is oxidised to water soluble Hg.

The first step is a quench situated downstream fxdraghouse filter (with carbon injection —
which will absorb much of the Hg). In the quench flue-gas is cooled so that it is saturated.
After the quench the flue-gas comes into contatt thie scrubber fluid which contains hydrogen
peroxide and an additive. The scrubber fluid reaftis the flue-gas and an acidic waste water is
transferred to neutralisation and precipitatiomeircury.
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Achieved environmental benefits

Additional reduction of concentration of all typaismercury in flue-gas (together with activated
carbon usually at about 99.5 % removal efficierayWell as reduction of HCl and §0

Cross-media effects

Consumption of reagents addeglH (35 %wt) 4 - 5 kg/t hazardous waste. The conswmptan
increase as yD,reacts not only with Hg but also with all otherdigsable compounds like Fe or
heavy metals.

Operational data
Similar to those described for other wet scrubbers.
Applicability

This method is applicable to all types of wastenarators using wet scrubbing. The best effect
is reached if the scrubber is situated downstrgam & baghouse filter with carbon injection.

Economics
The cost of an installation is approx EUR 4 millimn a capacity of 200000 tonnes of waste.

This is the cost of the wet scrubber includinggpecific technique mentioned here, but not the
additional cost of applying this technique.

H,O,is reported to be costly and its consumption mayeuifficult to control.
Driving force for implementation

Technique can be used at both new and existinlitiesithat needs to cope with new and lower
emission limits for Hg, HCI and SO

Example plants
Sydkraft Sakab in Sweden.
4.4.6.7Use of static activated carbon or cokefilters

The use of these techniques, and their benefitddareduction, cross-media effects and other
issues has already been described in another Bectio

Hg is adsorbed to give emissions to air typicadiol 30 pg/Nms3.
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4., CEMENT CLINKER PRODUCTION FACILITIES

Relevant documentsttp://eippcb.jrc.ec.europa.eu/reference/BREF/CLNbIBhed def.pdf

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do2@J:L:2013:100:FULL:EN:PDF
1) CLM (production of cement, lime and magnesiumidg) BREF 2013 - adopted

2) Commission Implementing Decision 2013/163/EU28 March 2013 establishing the best
available techniques (BAT) conclusions under Direat 2010/75/EU of the European
Parliament and of the Council on industrial emissis for the production of cement, lime and
magnesium oxide (OJ L 100, 9.4.2013, p.1)

Scope: CLM BREF covers the production of cemené and magnesium oxide:

(@) production of cement clinker in rotary kilns wi a production capacity
exceeding 500 tonnes per day or in other kilns with production capacity
exceeding 50 tonnes per day;

(b) production of lime in kilns with a productionapacity exceeding 50 tonnes per
day;

(c) production of magnesium oxide in kilns with aqguuction capacity exceeding
50 tonnes per day.

(Annex | point 3.1 IED)

4.1 Background information

Source: Production of Cement, Lime and Magnesium Oge (CLM) BREF (adopted
2013)

Chapter 1.3.4.7.1 Mercury

Mercury and its compounds are particularly eadilatilised (highly volatile metal). It is a toxic
metallic element and pollution of mercury is undieos to be global, diffuse and chronic, so
atmospheric emissions from plants have to be reuideerefore, to control mercury emissions,
it can be necessary to limit mercury input into ki system. Mercury and its compounds are
not completely precipitated and retained in tha kifstem and/or the preheater and therefore,
they are not captured in the clinker. They areipitated on the exhaust gas route due to the
cooling of the gas and are partially adsorbed yr#fw material particles, depending on the
temperature of the waste gas. This portion is pited in the kiln exhaust gas filter. Therefore,
mercury may only become enriched in the externellecywhere the concentration level and the
emissions are mainly determined by the exhaustgaditions. To prevent a long-cycle increase
in mercury emissions, it may become necessaryniv the concentration of the external cycle,
e.g. by continuously or intermittently extractingrpof the dust collected in the filter system.
Furthermore, precipitation and hence, mercury rexhimecreases with decreasing exhaust gas
temperature. Indications from measurements perfdmnecyclone preheater kiln systems show
that more than 9% of mercury exists on particles which are formedxbaust gas temperatures
of below 130C. Mercury compounds are then completely removeh the dust collector of the
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kiln system. Due to the high collection efficienmiythe dust collector, mercury concentrations in
the clean gas of rotary kiln systems are oftenvb¢l® detection limit.

The dust from the dust collector can be recircdlét@ck to the cement mill. In the case of the use
of waste fuels, the mercury input to the kiln canilmited regularly. Another possibility to

reduce mercury emissions is to reduce the off-gaperature after the conditioning tower to
improve the precipitation of mercury and its compasiduring dust filtration. Furthermore, in

one German plant, activated carbon is injectechasdgorbent to the flue-gas.

Mercury emissions were collected from 306 spot Hsurements in the clean gas of rotary
kilns. In 2004, these measurements were all tat@n fifferent plants located in several EU-27
and EU-23+ countries. Six measurements are abevectile. Of these, one is of ‘0’ substitution
rate, one is ‘8-10’, two are ‘16-20" and two measurements are ‘above 40’. As expthin
mercury is the most volatile heavy metal and hpsa trapping coefficient. Waste fuels undergo
a rigorous acceptance and inspection procedureeb&ing used.

Chapterl.4.7 Reduction of metal emissions
Description and achieved environmental benefits

Feeding materials with a high content of volatiletats into the kiln system should be avoided.
The use of materials with a high content of vodatiletals such as Hg and Tl should especially be
controlled as they will lead to higher emissionsevdas other metals will be found within the
clinker and the dust. Careful selection and guaeththaracteristics of substances entering the
kiln can reduce emissions, e.g. using a qualityrasse system to guarantee the characteristics
of the waste materials used.

The accumulation of metals, especially thalliumthia internal and external cycles of a cement
kiln system results in an increase of emissionhk witreasing kiln operating time. This can be
reduced by partly or completely interrupting thegeles. However, the close interconnection
between internal and external cycles means itffecgnt to interrupt only the external cycle.
This can be done by discarding the dust collectetie dust collector, instead of returning it to
the raw meal. When its chemical composition isadlé, this discarded cement kiln dust can be
added directly to the cement milling stage.

As the emitted metals (except part of the mercarg) to a large extent, bound to dust, abatement
strategies for metals are covered by abatemenégies for dust. Effective dust removal reduces
metal emissions. One way to minimise mercury emissis to lower the exhaust temperature.
Non-volatile elements remain within the process axitithe kiln as part of the cement clinker
composition. When high concentrations of volatiletabs (especially mercury) occur, the volatile
metals content (especially mercury) in the matetias to be minimised and it can be necessary
to limit the input of these substances into tha kifstem.

Furthermore, absorption on activated carbon ispion. Semi-volatile metals condense as fine
fumes and are captured but with a lower removadieficy than for non-volatile metals. When
non-volatile metals are introduced into the kilsteyn they are, to a large extent, captured within
the clinker.

Cross-media effects
Effective dust removal also reduces metal emissions

Operational data and applicability
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By using powdered activated carbon injection, meresiadsorbed by activated carbon. Removal
efficiency for mercury (metallic and ionic) of alid®b - 9% is reported for this
measure/technique. This results in Hg emissiorts@if-0.03 mg/Nm. However, there is no
industrial reference method for this measure/tegai

The static activated carbon or coke filter involtles adsorption of mercury with PCDD/F on the
activated carbon filter that is a packed-bed witidoiar partition walls. The use of this
measure/technique provides Hg emissions of bel6® ig/Nni. The filter has to be

periodically replaced when it is saturated. Wastash as used activated carbon with PCDD/F
and other pollutants such as mercury, is hazardagse and has to be managed as such.

However, there is only one activated carbon fikeuse in EU-23+ countries, this being in
Siggenthal in Switzerland.

Furthermore, mercury emissions of between <0@@5 mg/Nm3 were also achieved without the
injection of activated carbon.

When co-incinerating waste, the requirements ofp@#rdV of and Annex VI to the Directive
2010/75/EU have to be met.

Economics

A required quality assurance system to guaranteehhbracteristics of materials fed to the kiln
may result in additional costs.

Effective dust removal can avoid high costs foivated carbon filters.

For the Siggental plant in Switzerland, the Cityafich financed about 3@ of the total
investment cost of approximately EUR 15 million.

Driving force for implementation
Legal requirements.
Example plants

Siggental, Switzerland

4.2 BAT Conclusions
Source: Commission Decision 2013/163/EU (excerpt)
1.2.4 Use of waste
1.2.4.1 Waste quality control

11. In order to guarantee the characteristics @fathstes to be used as fuels and/or raw materials
in a cement kiln and reduce emissions, BAT is folyathe following techniques:

A) Apply quality assurance systems to guaranteellagacteristics of wastes and to analyse any
waste that is to be used as raw material and/dirfulecement kiln for: I. constant quality I1.
physical criteria, e.g. emissions formation, coaess, reactivity, burnability, calorific value Ill.
chemical criteria, e.g. chlorine, sulphur, alkaldgphosphate content and relevant metals content
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B) Control the amount of relevant parameters forwaaste that is to be used as raw material
and/or fuel in a cement kiln, such as chlorinegwraht metals (e.g. cadmiumercury, thallium),
sulphur, total halogen content

C) Apply quality assurance systems for each waste |
1.2.8 Metal emissions

28. In order to minimise themissions of metals from the flue-gases of the kifiring
processesBAT is to use one or a combination of the follogitechniques:

A) Selecting materials with a low content of reletvmetals and limiting the content of relevant
metals in materials, especially mercury

B) Using a quality assurance system to guaranteeltaracteristics of the waste materials used
C) Using effective dust removal techniques as setroBAT 17

1.3.5.1 Use of waste fuels

1.3.5.1.1 Waste quality control

37. In order to guarantee thkaracteristics ofwaste to be used as fuel in a lime ki|rBAT is
to apply the following techniques:

A) Apply a quality assurance system to guarantekecantrol the characteristics of wastes and to
analyse any waste that is to be used as fuel ikiltnéor:

I. constant quality
Il. physical criteria, e.g. emissions formationacseness, reactivity, burnability, calorific value

I1l. chemical criteria, e.g. total chlorine contestilphur, alkali, and phosphate content and
relevant metals content (e.g. total chromium, leadmiummercury, thallium)

B) Control the amount of relevant components foraaste that is to be used as fuel, such as
total halogen content, metals (e.g. total chromilaal, cadmiummercury, thallium) and
sulphur

1.3.9 Metal emissions

53. In order to minimise the emissions of metaterfitheflue-gases of kiln firing processes,
BAT is to use one or a combination of the followieghniques:

A) Selecting fuels with a low content of metals

B) Using a quality assurance system to guaranteettaracteristics of the waste fuels used
C) Limiting the content of relevant metals in méksy; especially mercury

D) Using one or a combination of dust removal téghes as set out in BAT 43

1.4.6 Use of wastes as fuels and/or raw materials

69. In order to guarantee the characteristiosadteto be used as fuels and/or raw materials in
magnesium oxide kilng BAT is to use the following techniques:
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A) To select suitable wastes for the process aadbtinner

B) To apply quality assurance systems to guaraamdecontrol the characteristics of wastes and
to analyse any waste that is to be used for: llaméty II. constant quality IIl. physical critea,
e.g. emissions formation, coarseness, reactivitsndbility, calorific value 1V. chemical criteria,
e.g. chlorine, sulphur, alkali and phosphate cdrdad relevant metals (e.g. total chromium,
lead, cadmiuminercury, thallium) content

C) To control the amount of relevant parametersafgr waste that is to be used, such as total
halogen content, metals (e.g. total chromium, leadmiummercury, thallium) and sulphur.
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