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The Kemira story

The Kemira plant

Fertilizer Plant — Developed from 1920’es
Location - On harbor surrounded by city
Few environmental measures before 1980
Severe air and water pollution

Company claimed harmless environmental
impact — authorities tried to prove — who
should have the benefit of the doubt?

Environmental awareness arises in 1980’es

Local pressure for environmental action — NGO
protesting - but 600 working places!



Actions

New legislation enforcement!

Authorities and company start to act under
the public and political pressure

What was options for measures?

Actions and Plan
— New draft water permit — public meetings
— Application for “IPPC” permit

Public participation!! Meetings

Results

New water permit with demands for pollution reduction stepwise —
Reduces ELV — according to measures

“IPPC” Permit issued in 1993!!! — after 9 years

Atmosphere in society calms down — Accept by both industry and
community

Company closed for market reasons!!! 2004

Leanings

— Possible to improve both environment and industrial performance at
same time

— Pressure necessary — Public, political
— Tools in place — Legislation — competent administration and industry

— The BAT principle shows to be the dynamic key tool accepted by
society and industry!
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BAT

e What is the sense?

— To ensure high environmental standards and allow
competitive industry to operate

e BAT Included firstly in IPPC directive 1994,
now

* The Industrial Emissions Directive
(2010/75/EU)

Definition of BAT in the IED

Best Most effective in achieving a high general level of protection
of the environment as a whole

Auvailable Developed on a scale which allows implementation in the

relevant industrial sector, under economically and technically
viable conditions

Techniques Both the technology used and the way in which the

installation is designed, built, maintained, operated and
decommissioned



Role of BAT conclusions in
|IED permitting

BAT are determined by a Technical Working
Group steered by the JRC (EIPPCB) and
documented in BREFs

‘BAT conclusions’ are secondary legislation

BAT conclusions are the reference for setting permit
conditions

B it nrecuctory ok

Permits to contain emission limit values (ELVs) to
ensure that, under normal operating conditions,
emissions do not exceed BAT-associated emission
levels (BAT-AELs)

BAT and BREF for Steel Industry
- BREF Note 2013 — 627 pag‘es { =) |

* BAT conclusions — 36 pages e

Best Available Techniques (BAT) Reference
@ Document for Iron and Steel Production
832012 (=] Official Journal of the Fitropean Union L 70/63 raerae e ey

COMMISSION IMPLEMENTING DECISION
of 28 February 2012

establishing the best available techniques (BAT)
European Parliament and of the Council on ind;

s under Directive 2010/75/EU of the
ssions for iron and steel production

(nerified under document C(2012) 903)
(Text with EEA relevance)
(2012{135[E0)

THE EUROPEAN COMMISSION, @ I
20

Having regard to the Treaty on the Functioning of the European
Union,

(5 Article 15(3) of Directive 2010/75[EU requires the
Having regard to Directive 2010[75/EU of the Furopean competent authority to set emission L lues that
Parliament and of the Councll of 24 November 2010 on ensure that, under normal operating conditions,
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Production methods
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How is steel made |

Electric
arc furnace

“Graded” liquid steel

Continuous castin

Steel Products

Semi-finished products(continuous cast steel)

Finished products (rolled steel)
g @Shcct
coils
> p Wire (g%
Bars %

Rail

Profiles and
structurals

Beam
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Integreated
steelworks
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Figure 1.6:  Overview of the process roates of an integrated steelworks

How is steel made Il
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*The purpose of a blast furhace
is to reduce and convert iron
oxides into liquid iron called

"hot metal".

*«The blast furhace is a huge,
steel stack lined with refractory

prick.

eJron ore, coke and limestone
are put into the top, and
preheated air is blown into the

pottom.
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How is steel made Il

in Plating

Chrome Plating
Pickling,

Continuous Reheating Cold Rolling
Hot Rolling Alkaline Cleaning

Annealing

Galvanizing

Steel is stronger than pure iron due to the substitution of carbon
atoms in the molecular lattice. Alloys are modified for their

specific requirements (Oxto FIGURE 1-B

Blast furnace

Blast Fumace
Produces molten pig iron from iron ore.
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Example of energy flow

1 Plate mill as
I_H cold mill 129

Hat strip mill 135

T Cuygen plant 42

fverage power (MW}

Energy management -gas utilization

Flow sheet of typical gas utilization of integrated sinter,
coke and hot metal production

Coke Dresze
to sintsr Cokeoven | Fawgss Gas
eathery freabment
BF [
coke
unoemr
45 sulphur, ate.
Btast
Tumacs
COG
M= 8.0 MANT
BFgas | MG
i3
GaE CONBUMIETE,
@ Iron and sisel works
Source: [ 206, Dismer ot al 2004
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Water Management

BF Cold Otheri™) EF top gas Continuous Hot rolling BF slag Cald relling  ywyager supply-
aititer ralling cleaning cagting Hillz granulation mills Ireatment
| .
plan milks Mills wain Pickling line plants
Gakvanisation

<::.

111 00B 171

| | Process water parily re-usad, cascades etc.

Cooling water ine cirenity | | Process water circulation

ts of discharge

Tatal amount of
conling waste water: approx.
35 million m?

M0ther includes compressed air station, sieam production

Sowrce: [ 316, Eurofer 2008

Figure 213: Example for the water of an i with separate circuits

Recirculation benefits

Table 2.8: Comparison in water intake required for imtegrated steelworls with once-throngh
systems versms extemsive recircalation

‘Water intake
Water Use Quality Once-thromgh system | Extemsive recircnlation
(m’/mim) | (% of total)| (m*'mim) |(% of tutal)
Indirect cooling | General 675 0.7 14 32
Direct cooling | General 163 178 [#] 168
Process water | Low zrade 17 [} 51 121
Potable water | High zrade L3 02 L5 [
Evaporation losses 45 0.5 249 12.6
Total 054 100 Bl 10
MH: It is not known if thiz data also inciades the water nwd in downstream oparations (not inchuded
in s documant, .5 rolling).
Sowerce: [278 TIEI2000 ]
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General techniques BAT

* Environmental management systems
* Energy management

Techniques to optimize process gas utilization

Techniques to improve heat recovery

Example of a CHF plant to producing heat and electrical power for a commmnity

Fuelmput mergy
(GWh} {GWh)
Gas 2075 | Total energy export 472
(&) 52 | Hotwater to district heating | 751
iC PROWET export [:1%]
Steam export 27
Crying zas export £1
Source: [ 28, Lindfws ot al 006 ]

General techniques BAT

* Reduction of NOX by primary measures

¢ deployment of low-NOX burners
» flue-gas recirculation

e upper air injection for the residual combustion with
substoichiometric burners

e injection of reduction fuel
e air staging
* fuel staging.

* Reduction of NOX by secondary measures

— NOX reduction by selective catalytic reduction (SCR)
— NOX reduction by selective non-catalytic reduction (SNCR) or

14
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General techniques BAT

Material management
— Techniques to improve the use of scrap

— Techniques to reduce diffuse emissions from
materials storage

— Techniques to control releases to water from raw
materials

— Specialized recycling facilities for iron-rich residues
— Cold bonded pellets/briquettes

Monitoring in iron and steel plants

Important parameters which should be measured
continuously from relevant sources of the iron and
steel manufacturing processes include:

® pressure

e temperature

¢ 02 content

e CO

e input material flows

e output material flows.

15



Continuous air monitoring

Table 216 Examples for contmaously messured air emicstons at Veestalpine Stahl Tinr Amstria

Relevant pollatants
Plant Potential emissions source Drust 3'0. 501 (1] HES HF ME:EE
mgNm'
H:5 in coke oven g X[
Coke Ve | phmrc acid plant X
Sinter plant | Sinter swand X | X | X X
%) Dedusting of building X
Blast Cast house dedusing BE S &6 | X
firnaces | Cast house dedusting BF A X
Dedusting unit 1 X 1]
BOFplant | Secondary dedusting 2.1 b
Secondary dedustng 1.3 X
Uit 3 WX [ X 75
Uit 4 XX | X 3%
Power plant [T 5 W% [ X %
Gas and sieam furbine WX | X 5%
Uit 6 W | X %
Discontinuous air monitoring
Dhast
50
HO,
Co

Heavy metals such as He, T, Cd, As, Co, Ni, Se, Te, Pb, Cr, Co, Mo, V, Sn
TOC

PCDDE
PAH (e.g EPA 16, Bomeff 6)
PCE (e.g. Ballschmiter PCE, WHO-TEF, totl PCE).

30/11/2015
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BOF Process

e transfer from the BF and
discharge >
e pretreatment of hot metal
(desulphurisation, deslagging)

e transfer, weighing and reladling

¢ oxidation in the BOF (decarburisation and
oxidation of impurities)

e secondary metallurgical treatment

e casting (continuous or/and ingot).

The Converter

Flow conditions
during blowing

Converter bottom
Source: [ 312, Dr. Michael Degner et al. 2008

Basic oxygen steelmaking converter

17
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BOF process

Collected Grid gas
Flue-gas dust Flue-gas flue-gas
L Converter
Dust «—| Suction Secondary 935 | Dustsludge
hoods and wventilation | dedusting
dust and and
removal dedusting | recovery
or flaring
Particulate | Particulate Particulate Particulate Converter gas
matter matter matter matter (particulate matter + CO + )
Slag Slag Slag Slag
Hot metal Conti
Haot Hot metal _ I:ra_nsf_e( Charging Oxygen Secondary casting or
[: = —— ighing |——w| o o —= . = Steel
metal - tapping blowing metallurgy ingot
isation and casti
reladling g
Desulphurisation Process Scrap Oxygen Additives
agent agent additives
{iron ore)
Source: [ 200_ Commission 2001 ][ 365, Eurofer 2007 ]

Elactric Arc Fumace
Fredice moten el Steal Refining Facility g

Secondary _5;;3 I/

metallurgy gl =
:

* mixing and homogenising =& —

¢ adjustment of chemical B v e
compositions to close analysis tolerances |
e temperature adjustment in time for the
downstream casting process

e deoxidation

e removal of undesirable gases such as
hydrogen and nitrogen

e improvement of the oxidic purity by

separating non-metallic inclusions.

18
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Continuous casting

Ladles

Starter chain storage

Source: [ 175, Burofer 2008 ] [ 200, Commission 2001 |

BOF proces — input/output

Recycled
Input Hotmetal  materials
S“fp | Additives
' Emissions
|mﬁ Cv;dl 1o air
Electricity 7> Emissions
Water T 1o air
Steam T
Comprossed —» n“‘w"“'ml —
air Diffuse
emissions
R".‘I’BE“ Converter e 1o air
Arg:n ——
A0F gas "
Alloying ' | Emission
rygon Continuous o air
casting .
Argon | Slag "“‘Q 4 000 Waste water 4
Secondary cooling water
| metalluryy emissinns
¥ l = Sludge
Slag Slahs, billets, [ Slag
Steam blooms L s Dust
BOF gas Output
Source: [ 200, Commission 2001 ] [ 365, Eurofer 2007
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Mass stream
overview

* Gas [COG, BOF, natural gas)
- Eleciriclty

(o &
=

- Other

- Annual consumption
Water - Owm wellssupply

+ Deminsralised water

. :
D e
= Fluxes
- Oxygen
- Mitrogen
- argon
- Lubricating ol

Basic oxygen steelmaking | ___,

ddltives

—_— . N
Certain processing steps Products
T
- Slabs
- BloOmE
- Hotmatal Waste heat o
« Coke - Ingots
- scrap -BOF gas
e oo |
Sources and

* Gross metaliic charge

quantiies

PCDONF, PAH from hof
ventilation. sscondary ventilation

Production residues
(waste/by-products)
- Hot metal treatment dust
- Fine BOF gas aust
+ BOF gas sludge
- Metallurgy slag
- Continuous casting scalkes
- Refractorlss

- Courss BOF gas dust
- Sscondary BOF gas cust

Waste water - BOF slag
- Scraps
+ Continuous casting siudge
* Cocling water
- Water other than cocling water
Source: [ 200, C 20011

Dust, org €, VOC, $0;, NO,, CO, heavy matals,
o1 mafal pratraatmant, primary

Table 7.3:  Input/output-data from 11 exizting baszic oxygen steelmaking plant: in different EU
Member States
Input Output
Faw materiak Products () EgtLs T000.0
Hot metal kztls 788031 Slabs ()
Scrap Egils 101 -340 Blooms
Input/outpa—& ) =
Other Fe kgtLS 0-60 —11;“3“—‘51 :
Cake Egils 01-04
u t Time =1L 30-67 [ Energy
Diolomite EgtLS 0-284 BOF s T MItLS [ @) 3s0-T0
Alloys () kgtls 13-33 Steam () | MIRLS [ m1d-33
Gases Emissions
e e WO r S Omyzen whLS 405-70 Dust () () EtLS JEREE]
Argon miLs 055-11 () EtLS 0.01-0.075
Nitrogen mALS 23-182 Fa EtLS EENE]
Cu() EtLS D01_272
Energy () Th() EtLS 0.17_ 098
Nanmal gas MItLS #1730 () EtiS 05_136
Electricity MIt L 35216 NOx EtLS 8255 (100)
oG MIit L — 800 " 365 - 7200
= p——T co(™ gtls (15000
CO: (" Egtls 6113
Overall steam MItLS 13-150 PAH (D) melS 10
PCDDE ug LTEQRLS 0.043 —0.094
Compressed 3,
air NatLs §-28 Production residues (waste/by-products)
Slag from 2
Water whis | o08-417 mg isation kgtLs 3-40
BOF slaiz kgtls 5165
Slag from
secondary kgt1S 8-15
metalhrey
| Spittings kgt LS
Dusts EgtLs
5lag from
COnSmmmE kgtls
casting
Ml scale EgtLs
Rubble kgtLs
Waste water | mtLS | 03—6

30/11/2015
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Emission
values for
steelworks

Table 7.8:

Tsble 7.6: Spacific emission values to air from a basie oxygen furnace with suppressed
combustion after abatement, if there is no other indication
Componen Specic e Tai
Flow of primary " S
Flow of primary | (BOF gas) 85000~ 300000 e
(BOF gaz) Full combustion S00— 1000 Nmh LS
ventilation Suppressed 50120 Nm'h LS
combustion
Unabated -0 Tgitis
Dust from axygen [ Afies primary (OF 0355 gtLs
owing gas)
Filtered dustisldge JEE) igis
Flow of secondary ventilation 1300 - 4800 Nt LS
; 300000 - 3441000 Nm'h
Unabated 2001000
Dust from charging | e secondary 2-60 LS
and tapping Nntlcaughtby o120
Dust from
secondary Filtered dust/shndge 01-12 ket1S
T
o T60-068
As 000003
Cd 0.07-020
Cr 0.00_004
Cu 004
(Heavy) metals Fe 78-83 LS
He 000 002
Mg 145_240
Mo 17-60
) 15 29
Zn 52
Sulphus oxides (30, 04-55 IS
Nitropen oxides (NO5) 5020 LS
Cabon e (CO) T0-16 kghLS
Hydrogen fluonide () 0008-0.01 IS
PAH (Bomef ) 0.08 016 meitLs
PCODTF =0.001-0.11 WELTEQILS
() Wheusver Guorspas (CaF7) is added a5 & Tux i hot metal desulpbusisation, exissions of Ducrides may
e much hizher
NB: LS = (Crude) Liquid stesl
Source: [ 65, InfoMil 1997 ][ 365, Eurofer 2007 ][ 372. Czech TWG member 2008 1.

Kind and specific quantity of solid residue: resulting from oxygen steelmaking

Slag

Generated solid material Specific quantity (range)

(waste/by-product/residues) (=t LS)
Desulplurisation slag 3-21
BOF slag 85- 165
Slag from dary metallwrgy 915
Slag from continuous casting 40-5
Spittt 28-15
Fine and coarse dusts 0.75-24
Mill scale from continuous casting 23-64
Eubble 005-6
NB: LS = Liquid steel.
Source: [ 363. Eurofer 2007 ] [ 365, Enroder 2007 1.

Landfilled 41 %

Sold 21 %

Source: [ 30. Roederer et al 1006

On -site
recycling 37 %

External use 1 %

Figure 7.11: Fate of slag from hot metal desulphurization in the ET

30/11/2015
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Energy consumption - example

* Basic oxygen furnace (BOF)

* Inthe BOF (converter), fuel is consumed to preheat and dry the
converters after relining and repair. This thermal energy
consumption totals to approximately 0.051 GJ/t LS. Electricity

* consumption is estimated at 23 kWh/t LS or 0.08 GJ/t LS. This figure
includes the production of oxygen and the operation of the
converters.

* The process gas from the converter contains large amounts of
carbon monoxide (CO) and is hot.

*  When the energy from the BOF gas is recovered (waste heat
recovery and/or BOF gas recovery), the BOF becomes a net
producer of energy. In a modern plant, energy recovery can

* beashighas 0.7 GJ/t LS.

Primary dedusting

* Recovery of BOF gas for fuel
* Dry suppressed or wet scrubber dedusting
* Levels of dust 10-50 mg/Nm3

Table 7.18: Achieved emission concentrations when using wet air abatement technigues

Parameter Sc:f::tb];;; nd Serubber
PM 325 =41
co 13 2
NOy 25
Hg 0.002
Cd, Tl 0.003
As Co, M Se Te 0.02
Pb, Cr.Cu, Mo, V 04
b 03
PCDD/F 0.04
HF =0.5
NB: Vahes are in mg/Nm® except for PCDDV/F that are in ngz I-

TEQNm’. Values are anmual averages.
Source: [ 244, Plickert 2007 1.
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Secondary
dedusting
system

Emission

results

Unit 2 at the basic
oxygen
furnace of Voestalpine
Stahl GmbH, Linz,
Austria

g Stack £
double chamber ’@ﬁ E
v ;l_ Y g
» 1D fans A e
2 & x 'L A g
&5 m e~ Wi
:\;,::u Bagfilter 1.2
I Coarse dust
ﬁ separator
Wik
e
o »
4 Coarse dust Stack é
| depny separator
; i LV;I;: :';,',:,':,';ﬂ Ex:los’ion 1D fan §
= SR (s} ] @ g
= S F
I tter 2.4
a : Colloctor =1 ~ Burst o
[P duct == blades |bl-n
[
&
4. = £
e Spark trap smmov 22 =4
Qi g
oo 'c-
vy
ﬁ ) Spsextivg
>
Source: [ 277, Wi 2007

Dust emissions - daily average
BOF plant / Secondary dedusting Unit 2,2

-
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R Yy rEEE
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20 1
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- 14
E
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E 8
5 |
’4‘ \
& |
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S8 588848
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.s",e" o “ 9"’

Source: [ 277, Wiesenberger 2007
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Waste water

From processes
1. Recycling
2. Treatment for purification

Example: Erom wet dedusting

Suppressed combustion systems
Parameter Units Corus Stelco LTV Steel
IJmuiden, LEW, Ontario, Cleveland
NL (Y Canada Works, US
Discharge whLS 052 11 0.002
flow
::;g"‘“d‘d gt LS 20 55 0.0083
Zinc (Zn) mg/tLS 73 210 036
Lead (Pb) mg/tLs 31 110 0.057
(") Emissions at Corus Dmuiden, the Netherlands relate to 1994 values.
Source: [ 65. InfoMil 1097 ].

The most effective measures for minimising waste water discharge
1. Increasing the recirculation rate of the scrubbing water
2.Treating the bleed

General BAT recommendations

Dust hot briquetting and recycling with recovery of
high zinc concentrated pellets for external reuse

Energy recovery from the BOF gas
— Combustion for steam production

— Suppression of BOF gas combustion and buffering of the
BOF gas in a gasholder for subsequent use

Online sampling and steel analysis

Increased energy efficiency in the steel shop by
automatisation

Direct tapping from BOF
Near net shape strip casting

30/11/2015
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- Process

|

Handling of |
inputs, prep.

of furnace |

Melting
Decarburi-

Charging  :

e |

Tapping

|, sation
e
|

|

|

|

|

|

|

|

Deoxidising

Secondary
metallurgy

| see  f—>

Energy, —
fuels, L3
gases,
fluxes,

additions

Y

Y

I LADLE TREATMENT |

EAF

INPUT

Source: [ 16, Rentz 1097

i CONTINUOUS
VACUUM TREATMENT | CASTING SYSTEM

INGOT CASTING

EAF
Flow
diagram

Energy '— :2;:?'“

» Gas
* Electricity
+ Liquid fuel oil

Water '— + Demineralised water
= Own wellsisupply

& Scrap

* Lime

=+ Coal

* [ron sponge

=+ Alloying metal

* Graphite olectrodes

* Lining

* Inert gas

Y
Electric arc furnace
_— and E—
Raw mate secondary metallurgy Products
I
* Steel melt

v = Steam product

Off-gas
+ Sources and quantities {concentration and
tyryof dust, org C, VOC, HF, HCI, CO,

heavy metals, PCDD/F, PCB, HAB, PAH,
henzene (if applicable separate sheet)

Production residues .« Sla
(wastelby-products) | . puet

Y

v
Waste water '— = Cooling water
= Water other than cooling water

20017

Source: [ 200, C:
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Collection of primary emission

-

AN

S

emissions

EAF with 4™ hole extraction
and canopy hood for the
collection of secondary

EAF with 4™ hole extraction
and a doghouse

EAF with 4™ hole extraction
and roof extraction with
total building enclosure

Source: based on [ 140, Eurofer 2009 ] [ 373, Furofer 2007 ]

Table 8.3:  Air emissions concentrations from the EAF process after abatement
Parameter Bag filter pﬂ:p“i:::;:lzl) Unit
Dust 0.35-34 18 mg/Nm’
CcO 88 — 256 mg/Nm®
NOx 097-70 mg/Nm®
SO 817 mg/Nm®
Hg 0.016 —0.019 =0.0003 mg/Nm’
Total (including Sb,
Pb., Cr. CN. F. Cu, 3
Metals Mn V. Se, Te, Ni 0.006 — 0.022 0.01-0.07 mg/Nm’
Co. Sn)
Cr (except Cr (VI) 0.013
Mn 0.036
Ni 0.003
PAH <0.00001 <0.001 mg/Nm®
PCDD/F 0.0015-0.10) ng/No'
HF 0.085—-02 mg/Nm®
HCI 3-54 mg/Nm’
Cl, <3 mngn:l3
(i) Values relate to one German stainless steel plant.
(°) Upper end of the range relates to measurements carried out in 1997.
NB: — Values are annual averages and relate to the central dedusting system.
— PAH contain benzo(a)pyrene and dibenzo-(a.h)-anthracene.
Source: [ 244, Plickert 2007 ] [ 277. Wiesenberger 2007 ].
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BAT Conclusions For Basic Oxygen
Steelmaking And Casting

Air emissions

75. BAT for basic oxygen furnace (BOF) gas recovery by suppressed combustion is to extract
the BOF gas during blowing as much as possible and to clean it by using the following
techniques in combination:

I. use of a suppressed combustion process

II. prededusting to remove coarse dust by means of dry separation techniques (e.g.
deflector, cyclone) or wetseparators

II. dust abatement by means of:

(i) dry dedusting(e.g. electrostatic precipitator) for new and existing plants

(ii) wet dedusting (e.g. wet electrostatic precipitator or scrubber) for existing plants.
The residual dust concentrations associated with BAT, after buffering the BOF gas, are:

10 - 30 mg/Nm3 for BAT IIL.i

< 50 mg/Nm3 for BAT lILii.

BAT Conclusions For Basic Oxygen
Steelmaking And Casting

76. BAT for basic oxygen furnace(BOF) gas recovery during
oxygen blowing in the case of full combustion is to reduce
dust emissions by using one of the following techniques:

I. dry dedusting (e.g. ESP or bag filter) for new and existing
plants

Il. wet dedusting (e.g. wet ESP or scrubber) for existing plants.

The BAT-associated emission levels for dust, determined as
the average over the sampling period (discontinuous
measurement, spot samples for at least half an hour), are:

10 - 30 mg/Nm3 for BAT |
< 50 mg/Nm3 for BAT II.
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BAT Conclusions For Basic Oxygen
Steelmaking And Casting

77. BAT is to minimise dust emissions from the
oxygen lance hole by using one or a combination
of the following techniques:

|. covering the lance hole during oxygen blowing

Il. inert gas or steam injection into the lance
hole to dissipate the dust

lll. use of other alternative sealing designs
combined with lance cleaning devices.

BAT Conclusions For Basic Oxygen
Steelmaking And Casting

78. BAT for secondary dedusting, including the
emissions from the following processes (mentioned
specific)

is to minimise dust emissions by means of process
integrated techniques, such as general techniques
to prevent or control diffuse or fugitive emissions,
and by using appropriate enclosures and hoods
with efficient extraction and a subsequent off-gas
cleaning by means of a bag filter or an ESP.
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BAT Conclusions For Basic Oxygen
Steelmaking And Casting

The overall average dust collection efficiency
associated with BAT is > 90 %

The BAT-associated emission level for dust, as a
daily mean value, for all dedusted off-gases is <
1 - 15 mg/Nm 3 in the case of bag filters and <
20 mg/Nm 3 in the case of electrostatic
precipitators.

More specific details!!

BAT Conclusions For Basic Oxygen
Steelmaking And Casting

79. BAT for on-site slag processing is to reduce dust emissions
by using one or a combination of the following techniques:

* |. efficient extraction of the slag crusher and screening
devices with subsequent off-gas cleaning, if relevant

* |l. transport of untreated slag by shovel loaders

* |lIl. extraction or wetting of conveyor transfer points for
broken material

* |V. wetting of slag storage heaps
* V. use of water fogs when broken slag is loaded.

* The BAT-associated emission level for dust in the case of
using BAT | is < 10 — 20 mg/Nm 3, determined as the
average over the sampling period (discontinuous
measurement, spot samples for at least half an hour).
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BAT Conclusions For Basic Oxygen
Steelmaking And Casting

Water and waste water

80. BAT is to prevent or reduce water use and
waste water emissions from primary dedusting of
basic oxygen furnace (BOF) gas by using one of the
following techniques as set out in BAT 75 and BAT
76:

* dry dedusting of basic oxygen furnace (BOF) gas;

* minimising scrubbing water and reusing it as
much as possible(e.g. for slag granulation) in case
wet dedusting is applied.

BAT Conclusions For Basic Oxygen
Steelmaking And Casting

81. BAT is to minimise the waste water discharge from continuous casting by using
the following techniques in combination:

I. the removal of solids by flocculation, sedimentation and/or filtration
Il. the removal of oil in skimming tanks or any other effective device

I1l. the recirculation of cooling water and water from vacuum generation as much
as possible.

The BAT-associated emission levels, based on a qualified random sample or a 24-hour
composite sample, for waste water from continuous casting machines are:

Suspended solids < 20 mg/I
Iron < 5 mg/l

Zinc < 2 mg/I

Nickel < 0,5 mg/I

Total chromium < 0,5 mg/I
Total hydrocarbons< 5 mg/I.
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BAT Conclusions For Basic Oxygen
Steelmaking And Casting

Production residues (dust and slag)

82. BAT is to prevent waste generation by using one or a combination of the

following techniques (see BAT 8):

* |. appropriate collection and storage to facilitate a specific treatment

* |l. on-site recycling of dust from basic oxygen furnace (BOF) gas
treatment, dust from secondary dedusting and mill scale from continuous
casting back to the steelmaking processes with due regard for the effect of
emissions from the plant where they are recycled

* |ll. on-site recycling of BOF slag and BOF slag fines in various applications

* |V. slag treatment where market conditions allow for the external use of
slag (e.g. as an aggregate in materials or for construction)

* V. use of filter dusts and sludge for external recovery of iron and non-
ferrous metals such as zinc in the non-ferrous metals industry

* VI use of a settling tank for sludge with the subsequent recycling of the
coarse fraction in the sinter/blast furnace or cement industry when grain
size distribution allows for a reasonable separation.

BAT Conclusions For Basic Oxygen
Steelmaking And Casting

Energy

83. BAT is to collect, clean and buffer BOF gas for subsequent
use as a fuel.

84. BAT is to reduce energy consumption by using ladle-lid
systems.

85. BAT is to optimise the process and reduce energy
consumption by using a direct tapping process after blowing.

86. BAT is to reduce energy consumption by using
continuous near net shape strip casting, if the quality and the
product mix of the produced steel grades justify it

Note: Applicability remarks
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BAT conclusions for EAF

88. BAT for the electric arc furnace (EAF) primary and secondary dedusting (including
scrap preheating, charging, melting, tapping, ladle furnace and secondary metallurgy)
is to achieve an efficient extraction of all emission sources by using one of the
techniques listed below and to use subsequent dedusting by means of a bag filter:

* |.a combination of direct off-gas extraction (4th or 2nd hole) and hood systems
* |l. direct gas extraction and doghouse systems

e |l direct gas extraction and total building evacuation (low-capacity electric arc
furnaces (EAF) may not require direct gas extraction to achieve the same
extraction efficiency).

The overall average collection efficiency associated with BAT is > 98 %.

* The BAT-associated emission level for dust is < 5 mg/Nm3, determined as a daily
mean value.

* The BAT-associated emission level for mercury is < 0,05 mg/Nm3, determined as
the average over the sampling period (discontinuous measurement, spot samples
for at least four hours).

BAT conclusions for EAF

Parallel with BOF for slag and waste water,
despite

Focus on emissions from
* mercury emission

 polychlorinated dibenzodioxins/furans
(PCDD/F) and polychlorinated biphenyls (PCB)
or their precursors

* Noise
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The delivered permit cover

ArcelorMittal Zenica permit

* BOF converter - 1,1 million t per year

* EAF 100 t/ 800.000 t per year

Input Output
| I amz | amz | | anz I Amz
Unit BAT 2013 2014 Unit BAT 2013 2014
Raw material Products
Liquid iron g LS 768601 | o24 | e Liquid steel [t T o0 T 7s32060m [ er6355000
Scrap kgt LS 101 - 340 174 149 | | |
Iron ore kgt LS 0.02-194 | 008 0 Energy
Other Fe.
materials kgt Ls 0-60 % 53 BOF gas MIRLS 350 700 - .
Caoke kgt LS 0-04 0,03 0 Steam MJALS 124 - 335 - -
Lime kgt LS 30 - 87 80 51
Dolomite kgt LS 0-284 10 9 Emissions
Alloyed materials kgt LS 13-33 62 1] Dust gtLs 4 - 143 A8 55
o g1Ls 0,01 -0,075 o 0,001
Gases Fe ogtLsS 4515 - -
Oxygen m3itLS 49,5 - 70 54,7 55,7 Cu ogtLsS 0,07 0,01
Argon m3it LS 055-11 1.6 1.2 Pb giLS 0,20 0,14
Nitrogen mt LS 23-18.2 0,001 0 Mn gtLS 0,3-156 0,10 0,44
NOZ 1S 8255 (100) 185 194
Energy co giLs 3?138";,[}” 324 517
Electricity MJItLS 35-216 544 A87 coz2 kgt LS 226-174 - -
Watural gas NILS 4730 | 17z | 17 PAR Mol LS, 0 5 10
Do ITEQ
Caks gas Mt LS 0-800 % 127 PCODF is 0,043- 0,094 0 0,028
BF gas m3itLS B4 -17 8 57 65
Waste materials_
Stoam MaLS 13150 | 14e 58 BOF siag kg LS 85165 179 151
TF siag kgt LS 515 5 -
Compressedair | Nm3tLs 826 o 0 Dust kghLs 0.75-24 022 020
oG slag kghLS e " 9
Water mlLS 08417 | 34 23 Refractory material | kLS 0058 25 34
Waste water manLs 03-6 3,00 24
Remark:
LS = Liquid Steel

AMZ = Arcelorhittal Zenica

30/11/2015
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ArcelorMittal Zenica permit

Air emissions from BOF are produced in following processes:

In Mixer during hot metal charging and tapping hot metal;

In convertor during charging, oxygen blowing (BOF gas production
and burning) discharging liquid steel and slag from BOF convertor,

During operation of EAF-100t and LF (ladle processing) and during
ladle slag discharging,

during unloading, transporting and dosing fluxes,
during ferroalloys handling;

during processing and drying sludge in DHD system
In a ladle bay when heating ladles and tundish

Diffuse air emissions are produced in some of these processes and the
processes related to the technological process, are not controlled or
covered by suction hoods or other treatment processes before release
to the atmosphere.

ArcelorMittal Zenica permit

Air emissions from EAF and LF are divided into: primary emisions
produced during EAF and LF operation and secondary emissions
generated during preparation of scrap, transportation of fluxes and
ferroalloys and charging process of EAF and liquid steel tapping .

Primary and secondary emissions, and emissions from LF are
treated in the same bag filter with extraction hoods and fans. The
primary waste gases represent 95% of total emissions from EAF.

Secondary waste gases are extracted with a hood installed on the
roof of bay, above EAF. This hood also extracts primary emissions
that are not captured by primary system.

Emissions from LF: waste gases from LF are cleaned in same bag
filter, as well as primary and secondary emissions from EAF.
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ArcelorMittal Zenica permit

Table 3 Installed equipment, de-dusting system type and suction points

Mark of installed
De-duster

Type of cleaner

Suction place

Mixer

Kappa filter

Bag filter

Inlet &pouring side of mixer and hall deck
Of mixer

'ﬂuxes and Ferro-alloys bey in BOF

GAZOCISTKA 2

Fine srubber
Rough scrubber

ATU-1 Bag filter Conveyer belt: reloading station
IATU-3 Bag filter Conveyer belt: reloading station
jATU-4 Bag filter Conveyer belt: reloading station
ATU-6 Bag filter Conveyer belt: reloading station
ATU-7 Bag filter Conveyer belt: reloading station
convertor
Rough scrubber
IGAZOCISTKA 1 ventur converter 1

converter 2

ventur

Fine scrubber
IDHD system
ATU-1 Venturi Rotating furncace
EAF-100t, LF & MHS

EAF, secondary metallurgy
o (LF), transport of non-metallic additives

Danieli filter bag filter

Ferro-alloys (MHS) & roof of EAF bay

* Waste water is cleaned and recycled — rest

Waste water and slag

discharged to river

 Slag for different processes is recycled or

deposited on landfill

30/11/2015
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Overview of measures already
taken — extract

1. P and
Closed
Steel plant has procedures on waste
Reducing waste management and mechanism for waste material
1.1. Have monitoring over waste material quantities, management supervision system. AMZ has
material and emissions make reports, 2008 low disposal at landfill | contracts with authorized operators for disposing
analyse them and take actions. Rata and possibility certain types of material. It appointed a person
to place it outside for waste disposal in Steel plant. Locations for
AMZ collection of some material are defined prior to
its final disposal.

2. MEASURES WITHIN CAPEX INVESTMENT PROGRAM (2007/2008)

" Equipment Closed
2.1. Mixer section equipment - . .
" y . operation as per Repair of equipment completed, FENIX project
;ve;haug\mg (de-dusting), code: 20078 designed underway to restart Steel plant
OF-8- arameters

3. TECHNICAL MEASURES FOR ADJUSTMENT TO FBIH AND BAT NORMS

3.1. Reconstruction of de- Mixer unit emission | Closed

dusting system in mixer section | 2 reduction to Project implementded in November 2011.
(pouring into mixer, tapping, years | allowed range Emissions below 20 mg/Nm3.

slag removal) (<50mg/m3)

The impact on population

The plants are located in the industrial zone, on location of ArcelorMittal (the
current name) steelworks exists over a hundred years, the impact on population,
primarily through air pollution has an adverse, negative impact, especially during
temperature inversions is harmful, and in this sense the requirements and criteria
on which competent authorities are issuing approvals are specific. For this reason,
harmonization of regulations on environmental protection, needs of operators and
obligations to the population / environment protection requires for a special
treatment in which it is necessary to harmonize the many seemingly unrelated
elements.

Zenica valley is a serious problem in air pollution because orography is a big
limiting factor for all simple models of meteorology influence on air pollution. One
should take into account the complex meteorology areas appropriately. All
measurement results show that they are difficult to comply, to defend significance
of the results and bring them into contact with real conditions, which why it is
necessary to work with tools that are appropriate to the problem.

30/11/2015
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Permit measures
action plan - extract

Environment protection actions

Deadline

1. PREVENTIVE ACTIVITIES AND ACTIONS

1.1 Make annual maintenance plan for installed equipment for reducing
emissions into air at annual level and follow up maintenance
realization. As a part of maintenance also regularly perform vibrations
measurements on the installed equipment.

Permanent activity.
The implementation
of the annual
maintenance
schedule.
Measurement of
vibrations will be
performed by Central
service department
as per Plan.

1.2 Define continuous improvement plan (CIP) and follow up realization of
the same

Permanent activity.
Monthly and annual
reviews and analysis
of the CIP Plan

Permit measures
action plan - extract

2. TECHNICAL- TECHNOLOGICAL MEASURES FOR TO REGULATION IN FB&H & BAT

2.1 Manage production process according to ISO 9001 i 1ISO 14001

Permanent activity.
The method of
proving performance:
renewed certification
system 1SO 9001 &
ISO 14001

2.2 Limit speed of hot metal charging into mixer in order to increase the
suction efficiency of mixer's system

Permanent activity
Define speed and
instruct operators
Deadline: end 2015,

2.3 Consider possibility to reduce or replace CaF fluxes with other material
in order to reduce fluoride emissions

Define trial period and
analyse the results.
Deadline: 2018.

30/11/2015
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3. CAPEX MEASURES

3.1 Install BOF convertor secondary de-dusting system

Deadline: end 2016.

3.1.1 Contract signed 19/12/2014
3.1.2 Official Start — Up of the project 16/01/2015
3.1.3 Delivery of the documentation - Basic design documentation June 2015

approved

3.1.4 Delivery of the documentation - Detail design documentation July - August 2015

approved

3.1.5 Civil works on site

July — Sep 2015

3.3 Consider alternative ways to de-dust conveyer systems for non-metal
additions and ferroalloys.

3.1.6 Manufacturing and delivery of equipment Q3 - Q4 2015
3.1.7 Erection of equipment on site of the works Q3 - Q4 2015
3.1.8 End of the erection on site of the works and ready for initial Q12016
operation of first BOF
3.1.9 End of the erection on site of the works and ready for initial
) Q2 2016
operation of second BOF
3.1.10 Industrial commissioning Q32016
3.1.11 Provisional acceptance Q4 2016
3.1.12 Final acceptance end 2016
3.2 Implement project on using BOF steam in order to increase energy
efficiency and this will directly reduce emissions from ArcelorMittal Zenica | Deadline: 2017.
plants
Consider the

with

possibility till end of

2016. If it turns out it
is possible define the
terms in accordance

offers

the technical

Monitoring and ELV

Table 6 Air emission monitoring plan and limit values of emissions for BOF convertor

:n:;‘;;z:: Pollutant Method of follow up Place Dynamics Limit value
[Mixer unit Dust WMeasuring concentration | Filler chimney | 2 x per annum | 50 mg/Nm™ |
in fumes
convertor — Dust Measuring concentration Convertor Continuous 50 mg/Nm”
primary system in fumes chimney monitoring
S0z Measuring concentration Convertor Continuous 800 mg/Nm”
in fumes chimney monitoring
NOx Measuring concentration Convertor Continuous 300 mg/Nm
in fumes chimney monitoring
Tr WMeasuring concenlration | Convertor Zxperannum | 0.2 mgiNm3 |
in fumes chimne;
Tu Measuring concentration Convenor TX per annom | 5 mg/Nm3
in fumes chimney
Pb Measuring concentration Convertor 2 x perannum | 1 mg/Nm3
in fumes chimney
Mn Measuring concentration Convertor 2 x perannum | 5mg/Nm3
in fumes chimney
Cd Measuring concenltration Convertor Zx perannum | 0,2 mg/Nm3
in fumes chimney
T WMeasuring conceniration | Convertor Zxperannum | 0.2 mgiNm3 |
in fumes chimne;
m Measuring concentration Convensr ZX per annom | 5 mg/Nm3
in fumes chimney
PAH :\:E%?rsﬂl;:ng concentration S':)Ip::;or 2 x per annum Compare_ measured
PCDD/F Measuring concentration Convertor 2 x per annum ::;"":i with data from
in fumes chimney
convertor — Dust Measuring concentration Convertor 2 x per annum | 50 mg/Nm
secondary in fumes chimney
system
Transport of Dust Measuring concentration | ATU-1 chimney 2 x per annum | 50 mg/Nm®
non-metal in fumes
additives and
ferroalloys

30/11/2015
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Monitoring and ELV Il

Table 7 Air emission monitoring plan_and limit values of emissions for EAF-100t
Source of Pollutant Method of follow up Place Dynamics Limit value
Filler chimney Dust Measuring concentralion | Filler chimngy 7% per annum 50 mg/Nm3
in fumes
502 WMeasuring concentration | Filler chimney Z X per annum 500 mg/Nm3
in fumes
NO2 Measuring concentration Filter chimney 2 x per annum 500 mg/N,3
in fumes
Ha Measuring concentration Filter chimney 2 % per annum 0,2 mg/Nm3
in fumes
Pb Measuring concentration Filter chimney 2 x per annum 1 mg/Nm3
in fumes
Cr Measuring concentration Filter chimney 2 x per annum 0,2 mg/Nm3
in fumes
Ni Measuring concentration | Filler chimney 2 x per annum 0,2 mg/Nm3
in fumes
Zn Measuring concentration Filter chimney 2 X per annum 5 mg/Nm3
in fumes
Cd Measuring concentration Filter chimney 2 x per annum 0,2 mg/Nm3
in fumes
Cu Measuring concentration Filter chimney 2 x per annum 5 mg/Nm3
in fumes
HF Measuring concentration Filter chimney 2 x per annum 30 mg/Nm3
in fumes
HCI Measuring concentration Filter chimney 2 x per annum 30 mg/Nm3
in fumes
PAH Measuring concentration Filter chimney 2 x per annum
in fumes Compare measured
PCDD/F | Measuring concentration Filter chimney 2 x per annum values with data from
in fumes table 2
Benzene | Measuring concentration | Filler chimney 2 x per annum 5 mg/Nm3
in fumes
Wat itori
Method Place Dynamics
water flow flow Measurement Entrance fo plant once a manth
The flow of waste water flow Measurement discharging manhole (OV-10) ‘once a month
Analysis of the basic parameters | Physical-chemical
of the quality of waste water analysis discharging manhole (OV-10) once a month
Analysis of specific quality
parameters of wastewater: Fe, physical-chemical discharging manhole (OV-10) once a menth

Ni, Zn, Cu, Pb, Cd, Cr, Mn and
Hg

analysis

The flow of wasle water
Analysis of the basic parameters
of the quality of waste water

flow Measurement
physical-chemical
analysis

discharging point AMZ (ZZ-2]
discharging point AMZ (22-2)

once a month

once a manth

Analysis of specific quality

parameters of total
oils and fats, PAH, Fe, Ni, Zn,
Cu, Pb, Cr, Cd, Hg. Mn, CI

physical-chemical
analysis

discharging point AMZ (22-2)

oonce a month

30/11/2015
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Water discharge ELV

Timit values of emissions of Tdusiial waste
water quality discharged into

Unit
Parameters meaeure
Surface waters Public sewer
A General parameters
T_] Maxtemperature oC 30 )
7 _|pn 55-90 65-95
5| Sedment sonds T o5 100
4| TowIsuspended sords Ton =0 2000
B Tnorganic parameters
I Aluminium, AT mgn 30 30
2| Antimony, Sb g/l 03 03
3 Arsen. As mgll 01 0.1
4| Copper. Cu g/l 05 05
5 | Bamm Ba mon 50 50
5 | Eoon B ol o T00
7| Cyanide free el 01 01
8| Cyanide total @ 05 10,0
[9 [zinc.zn mgn 2.0 2.0
T0_| Fluoride mall 100 200
11| chiorine free %w 02 05
12| chlorine total mg/ 0.5 10
13| Chionde el 7500 7500
[ 14| Chromium hexavalent, Cr6+ moll ) .
[[15 | Chromium total, Cr g/l X
[16 | Cadmium, Cd ‘mgll . .
7 [Tin sn g/l X X
8 | Cobalt, Co mgf 1 X
[ 19_| Manganese, Mn Mgl X
0| Molybdenum, Mo g/l K
2L | NmEe,Nu ﬁ K
[22 | Tead Pb g/l X ;
3| Selene, Se [l ¥ .
[24 | Siver . Ag_ mgll 5 .
[25 | Sulphate, 504 %ﬂ\ 2000 300,0
[2 _—r?”u fidic, S ‘mgll . X
Sulphite, SO3 mgll X 1
[ 28 | Thallum % . E
[25 [ Vanadium gl K K
[30 [ wngsten gl X
Fe ﬁ X X
Mercury g mall 0,

Water discharge ELV Il

C Nutrients
1 Ammonia nitrogen, NH4-N ma/l 10,0 40,0
irato niregen nitrogen NO3-N mJ;TI 10,0 50.0
3 Tolal nitrogen mgll 150 100,0
4 Tolal phosphorus, P mgi 2,0 (@) 5.0
D Organic parameters
1 organic halogens (AOX) mgfl 0.5 0.5
2 BPKS mgO2/l 25 250
3 Hexachlorobenzene (HCB) mg/l 0.03 0,03
4 KPK-Cr mgO2z/ 125 700
Volatile aromatic hydrocarbons
5 (BTX) mg/l 01 1,0
Volatile chlorinated hydrocarbons
6 (LKCH) mgil 0.1 1,0
7 Mineral oils mgll 10,0 0,0
Non-volatile lipophilic substances
({total oil and grease))
8 mgfl 20 100
9 Total surfactants {detergents, efc.) mghl 1.0 10,0
0| Total aromatic hydrocarbons [PARS mgl 0.0 001
11 Total phenol (CEH50H) mgil 0.1 10,0
12 Total chlorinated biphenyls {(PCBs) mgil 0,01 0,01
The total organophosphorus and
13 carbamate pesticides mofl 0,05 0,05
14 Total organochlorine pesticides mgl 0,025 0,025
15 Total organic carbon {TOC) mgll 30,0 50,0
E Radioactivity
T Tolal beta radioactvity mBal__ | 500 | 500,0
F Toxici
: Toxically bio test Daphnia magna was{z:‘;‘er » 50%
o
Straus, 48hECS0 in dissolvent
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Reporting

The report

deadline for reporting

to whom the report submitted

Report on measurements of pollutants in the air
(in accordance with Article 33 of the Rulebook
'on monitoring emissions of pollutants into the
air ((,Of Gazette F B&H, No.9 / 14))

March 37 of the current
year for the previous
year of reporting

Federal Ministry of Enviranment
and Tourism and
Environmental Protection Fund

Report on implementation of the annual
maintenance plan

March 37 of the current
year for the previous

year of reporting

Federal Minisiry of Environment

Report on the implementation of the plan for
continuous improvement

March 31 of the current
year for the previous
year of reporting

Federal Ministry of Environment

Report on conducted measurements of quality
of industrial waste water

After performed
measurements

Authorized laboratory
performing measurements to
submit the Report to the
Agency for the Sava River
Basin, Sarajevo

A repart on the quantities of wasle materials

No later than 30.08. for
the previous year

Federal Ministry of Environment

[ A report on nofse measurements

After perlormed

measurements

Summary report under the Rulebook on
registries of plants and pollution ("Official

Gazette of BiH" No. 82/07

Federal Minisiry of Environment |

No later than 30.06. for
the previous year

Federal Ministry of Environment

Process

Permit issued — final

Appeal possible to court

Permit application announced on website

ECO forum Zenica and others commented on
the application

30/11/2015
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Group questions

* How does permit for BOF and EAF comply
with BAT conclusions?

1. Forair
2. For waste
3. For waste water

* Focus points for inspection?
* Questions to company?

30/11/2015
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