U N @ .“ GLOBAL
| MERCURY
environment - PARTNERSHIP

programme

-

# -~

L —

;;§ GLOBAL

1"

2 MERCURY = K _amie - =

YellowfinTun urtesy NOAA Fishe © Photo by Jeff Muir

Thursday 23 June 2022
13:00 — 14:30 CEST

Best Practices to Reduce Mercury Emissions in

the Cement Industry
Information-sharing session - Virtual event



U N @ GLOBAL
MERCURY
i
bl PARTNERSHIP

-

e
_» "-Q\ B
» P

—

GLOBAL

PARTNERSHIP R e

YellowfinTuna, Courtesy NOAA Fisheries. © Photo by Jeff Muir

—

- -

Best Practices to Reduce Mercury

Emissions from the Cement Industry

Opening remarks and scene-setting




Agenda

Opening remarks and scene-setting

< Teeraporn Wiriwutikorn, Ministry of Natural Resources and Environment, Thailand, Co-chair
of the Partnership Advisory Group

% Zaigham Abbas, Ministry of Climate Change, Pakistan, Co-lead of the Partnership Area on
Mercury Releases from the Cement Industry

% Best Available Techniques and Best Environmental Practices for reducing mercury emissions
under the Minamata Convention, by Eisaku Toda, Minamata Convention Secretariat

*» Question and Answer Session

% Global Cement and Concrete Association Sustainability Guidance for reducing and controlling
emissions of mercury compounds in the cement industry, by Volker Hoeing, Association of
German cement manufacturers (VDZ)

* Question and Answer Session

% National perspective from Pakistan, by Zaigham Abbas, Ministry of Climate Change, Pakistan,
Co-lead of the Partnership Area on Mercury Releases from the Cement Industry

< Question and Answer Session

Closure
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ON MERCURY

MINAMATA CONVENTION ON MERCURY

The Parties to this Convention,

Recognizing that mercury is a chemical of global concern owing to its
long-range atmospheric transport, its persistence in the environment once
anthropogenically introduced, its ability to bioaccumulate in ecosystems
and its significant negative effects on human health and the environment,
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The objective of this Convention is to protect the human health and
the environment from anthropogenic emissions and releases of mercury
and mercury compounds.
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Mercury Emissions Estimates by Sector [kg], 2018
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Controls the emissions of total mercury from point sources listed in Annex D:
Coal-fired power plants;
Coal-fired industrial bollers;
Smelting and roasting processes used in the production of non-ferrous metals (lead, zinc, copper and industrial gold);

Waste incineration facilities;
Cement clinker production facilities

New sources — require the use of best available techniques and best environmental practices (BAT/BEP) no later than
5 year after the entry into force (EIF)

Existing sources — implement control measures no later than 10 years after EIF
Quantified control/reduction goals
Emission limit values
Use of BAT/BEP
Multi-pollutant control strategy
Alternative measures

Each Party shall establish an inventory of emissions from relevant sources no later than 5 yeast after EIF

COP shall adopt guidance on
BAT/BEP
Methodology for preparing inventories of emissions



Article 2
Definitions

(b) “Best available techniques” means those techniques that are the
most effective to prevent and, where that is not practicable, to reduce
emissions and releases of mercury to air, water and land and the impact
of such emissions and releases on the environment as a whole, taking into
account economic and technical considerations for a given Party or a given
facility within the territory of that Party. In this context:

(i) "Best” means most effective in achieving a high general level
of protection of the environment as a whole;

(ii) "Available”techniques means, in respect of a given Party and a
given facility within the territory of that Party, those techniques
developed on a scale that allows implementation in a relevant
industrial sector under economically and technically viable
conditions, taking into consideration the costs and benefits,
whether or not those techniques are used or developed within
the territory of that Party, provided that they are accessible to
the operator of the facility as determined by that Party; and

(iii) “Techniques” means technologies used, operational practices
and the ways in which installations are designed, built,
maintained, operated and decommissioned;

(c) "Best environmental practices” means the application of the
most appropriate combination of environmental control measures and
strategies;
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BAT/BEP- - Introduction
BAT/BEP- - Common Techniques
BAT/BEP- - Monitoring

EA'-II-/BEP_ - Coal-fired power plants and coal-fired industrial
oilers

BAT/BEP- - Smelting and roasting processes used in the
production of non-férrous metals (lead, zinc, copper and
iIndustrial gold)

BAT/BEP- - Waste incineration facilities

BAT/BEP- - Cement clinker production facilities

BAT/BEP- - New and emerging techniques

Support for parties in implementing the measures for existing
sources of mercury emissions

Guidance on criteria that Parties may develop on a relevant
source

Guidance on the methodology for preparing inventories of
emissions
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GUIDANCE ON
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Presents guidance on BAT and BEP to assist parties in fulfilling their
obligations under Article 8.

Does not establish mandatory requirements, nor attempts to add to,
nor subtract from a Party's obligations under article 8.

In determining BAT, each Party will take account of its national
circumstances. It is recognized that some of the control measures
described in this guidance may not be avalilable to all parties for
technical or economic reasons.

Financial support, capacity building, technology transfer, or technical
assistance are made available as elaborated in Articles 13 and 14 of
the Convention.
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The process for selecting and implementing BAT could be expected
to include the following general steps.

Ste

Ste
tec

Ste
Ste

0 1: establish information about the source, or source category.

0 2: identify the full range of options of emission control
nniques.

0 3: iIdentify technically viable control options.

0 4: select the control technique options which are the most

effective for the control and reduction of emissions.

Ste

p 5: determine which of these options can be implemented under

economically and technically viable conditions.



BAT/BEP measures
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Primary measures to control input of mercury- Limit values and QA/QC for raw materials and

fuels, avoiding the use of high Hg waste, etc

Secondary measures to reduce Hg emissions during production — Dust shuttling, solvent

Injection

Mercury removal by co-benefit of multi-pollutant control measures — wet scrubber, selective

catalytic reduction, activated carbon injection.

“The indicative performance level associated with
best available technigues and best environmental
practices (BAT/BEP) in new and existing cement
clinker production facilities for control of mercury
emissions to the air is below 0.03 mg Hg/Nm? as
a daily average, or average over the sampling
period, at reference conditions 273 K, 101.3 kPa,
10 per cent oxygen and dry gas.”
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Methodology to establish an emissions inventory typically involves many or all of the following steps:

Plan the approach for development of inventory, within available resources, and consider how to
collect, handle and review data, including any quality control and quality assurance processes

Collect existing emissions data as a useful starting point

|dentify relevant sources within each source category

Establish facility-based emissions reporting requirements

Collect the emissions reports from facilities on a periodic basis (e.g. annual IR

Toolkit for Identification and

Develop a database to store the reported emissions data Quantification of Mercury

Facilitate analysis of the results Baleases

Make the data publicly accessible and searchable. o cniory Lew 1
The guidance mentions pollutant release and transfer register (PRTR) as Novembot 51

information source for mercury emission inventories.

UNEP inventory toolkit could be a good starting point for parties developing
their own emissions inventories.



https://www.unenvironment.org/explore-topics/chemicals-waste/what-we-do/mercury/mercury-inventory-toolkit
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Article 9 concerns controlling and reducing releases of mercury and mercury compounds to land and water
from the relevant point sources not addressed in other provisions of the Convention.

Parties have an obligation to:
Identify relevant point sources no later than 3 years after EIF

Take measures to control releases which may include: release limit values; the use of BAT/BEP; multi-
pollutant control strategy; or alternative measures

Establish inventory of releases no later than 5 years after EIF.
Article 9 provides that COP shall adopt guidance on BAT/BEP and methodologies for inventories

COP-2 established a group of technical experts that will prepare a report including a list of any significant
anthropogenic point source of release categories.

COP-3 agreed on the roadmap, the group will further develop draft guidance on standardized and known
methodologies for preparing inventories.

COP-4 adopted the inventory guidelines, which include a list of potentially relevant point source categories,
and requested the expert group to develop draft guidance on BAT/BEP.



Table 1

List of potentially relevant point source categories

Source category in the UNEP

mercury inventory toolkit

Release sources (not addressed in
other provisions of the Minamata
Convention)!

Documentation of the releases

Source category: Extraction and use of fuels/energy sources

Source category: Primary (virgin) metal production

Source category: Production of other nunerals and matenals with mercury impurities

531

Cement clinker
production

Releases to land and water from
air-pollution-control systems;
possible releases to land from

Reference report of the UNEP
mercury inventory toolkit.

Pollutant release and transfer

disposal of process residues such

: registers of the European Union
as cement-kiln dust. - ope

and Norway.

National Emission Standards for
Hazardous Air Pollutants from the
Portland Cement Manufacturmg
Industry and Standards of
Performance for Portland Cement
Plants; Final Rule, of the United
States Environmental Protection
Agency. anticipating wet scrubbers
for mercury control.

Kogut, Krzysziof. Jerzy Gorecki
and Piotr Burmistrz (2021),
Opportunities for reducing mercury
emissions in the cement industry.
Journal of Cleaner Production,

vol. 28 (April).

Du, Wen, and others (2018).
Mercury release from fly ashes and
hydrated fly ash cement pastes.
Atmospheric Environment,

vol. 178 (April), pp.11-18.

Source category: Intentional use of mercury in industrial processes

Source category: Manufacturing of products with intentional use of mercury

Source category: Other intentional products/process uses

Source category: Production of recycled metals (secondary metal production)

Source category: Waste incineration

Source category: Waste deposifion/landfilling and wastewater treatment

Source category: Crematoria
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COP

Invited parties to consider the list of potentially relevant
point source categories of releases when identifying
relevant point source categories pursuant to paragraph 3 of
article 9

Adopted the guidance on the methodology for preparing
inventories of releases pursuant to paragraph 7 of article 9
of the Convention, and invites parties to take into account of
the guidance when preparing their inventory of releases from
relevant sources pursuant to paragraph 6 of article 9;

Requested the expert group to develop draft guidance on
best available techniques and best environmental
practices to control releases from relevant sources, with a
view to its adoption pursuant to paragraph 7 of article 9 of
the Convention;
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Each Party shall take appropriate measures so that mercury waste is managed in an
environmentally sound manner, taking into account the Basel Convention guidelines, and in
accordance with requirements that COP shall adopt in an additional annex.

Mercury wastes means substances or objects:

(@) Consisting of mercury or mercury compounds;

(b) Containing mercury or mercury compounds; or

(c) Contaminated with mercury or mercury compounds,

In a quantity above the relevant thresholds defined by COP that are, are intended to be, or are
required to be disposed of.

This definition excludes overburden, waste rock and tailings from mining, except from
primary mercury mining, unless they contain mercury or mercury compounds above
thresholds defined by COP.

Basel Convention COP in June 2022 adopted an updated Technical Guidelines on the
environmentally sound management of wastes consisting of, containing or contaminated
with mercury or mercury compounds
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Thank you for your attention

Secretariat of the Minamata Convention on Mercury
United Nations Environment Programme
11-13, Chemin des Anémones - 1219 Chatelaine, Switzerland

WEB: www.mercuryconvention.org
MAIL: MEA-MinamataSecretariat@un.org
TWITTER: @minamataMEA


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

Evolving the well-established

GGCA Sustainability Guidance for vdz
reducing and controlling emissions
of mercury compounds in the cement industry

Volker Hoenig

UNEP Global mercury partnership webinar
“Best practices to reduce mercury emissions from the cement industry”
23 June:2022



Agenda vdz

1. Mercury behaviour and mass balance

2. Control of mercury emissions
2.1 Reducing mercury input
2.2 Dust shuttling
2.3 Sorbents
2.4 Process integrated thermal desorption (PITD)

3. Material sampling and analysis

4, Stack analysis methods
4.1 Isokinetic sampling
4.2 Continuous emissions monitoring
4.3 Sorbent traps



1 The cement clinker burning process

vdz
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1 Mercury input

vdz

= Mercury enters the process with
all materials

= All Hg entering the process is
volatized

= Mercury vapors are in elemental
form at high temperatures

= Elemental mercury can form
various mercury compounds
when combined with halides and

= ... adsorb onto solids as the gas
flow cools

Mercury in
raw material

B - g

i |

Moy oy Kintesd
| e
APCD M acrd D L
N P o ? A

——+ Gas flow

et Haw matensal / raw meal / kiln dust / kiln fesd
ety Hot meal [/ clinker

—p Fusls

Cooler stack

APCD +B

.ir;..;...u

Mercury in
fuel

Kin

{Zh—

- r
Waste |
| e —
landfil
! R
—
)
Mercwy-oul
cament
FM - Raw mill KF - Kiln feec
CM - Coal mill GCT - Gas conditioning tower

APCD - Alr pollution control device FM - Finish mill for cement production

BBE  +
Clinker
noe mercury out




1 Mercury input: variation in concentration can be huge!

vdz

Examples: limestone and pretreated industrial wastes (RDF)
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1 Mercury mass balance

vdz

AN

/Dver the long-term, mathematically:

All Mercury In = All Mercury Out (Eq. 1)
All Mercury In= Raw Materials Hg + Fuels Hg (Eq. 2)
All Mercury Out = Clinker Hg + Stacks Hg + CKD Hg (Eqg. 3)

Since Clinker Hg is often negligible, then,

CKD Hg = Raw Materials Hg + Fuels Hg - Stack Hg (Eq. 4)
Stack Hg = Raw Materials Hg + Fuels Hg - CKD Hg (Eg. 5)

N

J

= Over longer periods of time, “all mercury in” is equal to “all mercury out”

= In practical balances, e.g. over 2 or 3 days, you will always find a significant balance deficit

=  Appendices 1 and 2 to be used for material tracking and qualification
= Appendices 3 and 4 to be used for preparing a mass balance exercise

=  Appendices 5 and 6 give guidance regarding sampling details



1 Mercury behaviour vdz

= Mercury sorption depends on 100 T , :
‘\ Kiln with cyclone preheater
= (Gas temperature a direct operation
P | Kiln with \( ¥ | )

73 ™ grate preheater \

D R

= Binding form (elemental or
oxidized)

= Dust concentration in the gas
flow (available reactive surface

N
o

Hg adsorption in %
oy
o
-/
=Y
€

area) \\\T\ | \
= Elemental mercury is adsorbed on | |
the surface at low temperature (e.g. 0 100 120 140 1860 180 200 220
in the raw mill) Gas temperature in “C

= Bound (oxidized) mercury is
condensed on the particle surface



1 Mercury cycles vdz

raw mill-on operation raw mill-off operation
conditioning conditioning
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raw mill

= Mercury cycles are dynamic, i.e. varying over time

= Two relevant cycles: raw mill/ dust filter cycle and fuel mill cycle



2.1 Control of mercury emissions - reducing mercury input vdz

= The most effective means to reduce mercury emissions may be to reduce the total inputs into the kiln
system. This can be achieved by:

= Selecting raw materials and/or fuels with a lower mercury concentration

= Reducing the consumption of fuels as a result of improved efficiencies in thermal energy
production and

= To alesser degree, reducing the consumption of raw materials due to improved efficiencies in their
use.

= Raw material substitution: limited potential with regard to main raw materials

= Conventional fuel and AF/ARM substitution: usually easier, but nevertheless often limited due to
limited availability of substitutes or economic reasons



2.2 Control of mercury emissions — dust shuttling vdz

conditioning

= Dust shuttling can be applied to all kiln mill-off operation: ESP/FF tower
types and can achieve mercury emissions |
reductions of 10 to 40%

= The concentration of mercury in the filter
dust depends on:

= Relationship between oxidized and
elemental mercury in the exhaust gas

preheater

=  Amount of time for “raw mill on” or “raw
mill off” operation

= Filter type

shuttling
= Achievable exhaust gas temperature in
“raw mill off” operation

« Adsorption capacity can be increased by additives (e.g. bromine, sulfur) which promote the formation of
mercury compounds (oxidized mercury)



2.3 Control of mercury emissions - sorbents

vdz

Support of dust shuttling by sorbent injection

= |njection into gas stream before dust filter

= Most effective in direct operation at low temperatures
(< 140°C) to capture mercury peaks

= Mercury (and other pollutants) are
captured on the sorbent’s high surface

=  Emissions reductions of 70 to 90% have been
demonstrated

= Sorbents can influence cement properties if enclosed
(coloring, air entraining agents)

= Types: activated carbon, activated coke, calcium
hydroxide, trass, etc. or intermixtures thereof

Possible points of injection:

ondltlonlng
4

|
!
|
A
Y

Source: VDZ

Sorbents Zeolite Lime products Activated lignite | Activated carbon
Grain size 0-50 pm 0-2mm 0-0,4mm 0-0,2mm
Specific surface 400 - 600 m2/g 1-50m/g 300 mé/g 500 - 1600 m#/g




2.4 Control of mercury emissions - PITD vdz

PITD = “Process integrated thermal desorption” for kiln dust treatment

= Filter dust is sent to a “split pre-heater”

= Dust is reheated by a small amount of hot gases .
extracted from the lower part of the main pre-heater

\ Hot gas filter

= Hg is evaporated

= Mercury-free dust is separated in a high-efficiency
cyclone and a hot-gas filter

-«+— Water-cooling system

-+— Additive dosage

= Dust is returned to the main preheater

= Dust-free exhaust gas containing the Hg is rapidly
cooled down and sorbent is added to capture the
mercury

= Bag filter separates the sorbent form the clean-gas
= Highly concentrated sorbent has to be disposed

Source: Scheuch website



3 Material sampling and analysis vdz

=  Sampling program: fundamental goal is to collect samples that are representative for the materials
= Time frame for mass balance: - Establish the initial mass balance over a 30-day period

- Each individual raw material and fuel, as well as clinker and
any solid stream being removed from the system

- Stack emissions can be verified using a sorbent trap system
or through stack sampling.

= Sampling locations - Appendix 3: Example of sampling inputs and outputs for
mass balance.

= Limit of quantification: usually in the range of 5-10 ppb but recommended LOQ for mercury is 1 ppb for
Hg mass balance



4.1 Stack analysis methods - isokinetic sampling vdz

4.1 Isokinetic sampling
= Particle bound mercury is captured with the dust
= (Gaseous mercury is condensed and captured in liquid agents

= Limited representativity with regard to sampling period and location (e.g. raw mill on or off operation)

4.2 Continuous mercury emissions monitors
= Allow instantaneous mercury emission readings
= Allow continuous control of sorbent injection

= CEMs are installed in Germany and Austria due to legal requirements

4.3 Sorbent traps
= Collect Hg samples over a specified time period
= Cannot be used for control of sorbent injection

= Are required for compliance in the US



Evolving the well-established

Thank you for
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Volker Hoenig
T +49 (0)211 45 78 -255

volker.hoenig@vdz-online.de
www.vdz-online.de

vdz
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