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Steelmaking ranks first amongst heavy industries for CO2 emissions, and second for
energy consumption, accounting for 7% of global CO2 emissions

Steelmaking results in direct and indirect environmental impacts across the supply
chain which must be addressed to mitigate the impacts of the climate crisis

Achieving 'net-zero', 'carbon-neutral’, or 'fossil-free' steel is an easier task than
'emissions-free' or 'CO2-free' steel due to the carbon content of steel

Steel is the "most sustainable material of the 21st century" due to its recyclability, and
will play a vital role in the transition to a greener future due to its use in renewable
energy infrastructure and electric vehicles

Canada is the 19th largest steel producer in the world, with over 30 facilities across 5
provinces (primarily in Ontario), contributing $4.2 billion to GDP annually

The Canadian Steel Producers Association aims to reach net-zero steel by 2050, which
will require significant economic investments, technological upgrades, research
collaborations, and a levelled playing field supporting domestic steelmaking

There are several promising environmental initiatives and investments in green steel
occurring around the world, such as the HYBRIT program in Sweden

There are several emission-reducing strategies that are already technologically and/or
economically feasible, such as the use of biomass, direct reduced iron (DRI), and
electric arc furnaces (EAF)

Green hydrogen, in combination with renewable energy use, in the DRI-EAF
production route, provides the most promising avenue to producing net-zero steel,
but will not be economically viable unless green hydrogen prices decrease, or carbon
prices are implemented and/or increased

The transition to green steel requires significant government investments

A $1.725 billion project to implement hydrogen-ready DRI-EAF production at
ArcelorMittal Dofasco was announced in July 2021, which will become operational in
2028, reducing CO2 emissions by 60%

There is no single technology or initiative that will allow for net-zero steel to be
reached, but rather several technologies that must be used together across the
supply chain to minimize the environmental impacts of the steel industry




ENVIRONMENTAL IMPACTS OF
THE STEEL INDUSTRY

Steelmaking is an incredibly energy-intensive process. The
steel sector is the second-largest global industry energy
consumer,' and Dofasco's existing, traditional electric arc
furnace was Ontario's largest single consumer of electricity in
2014.2

Three-quarters of the steel industry's energy use comes from
coal - the 'dirtiest' fossil fuel.®In order to produce one tonne of
steel, the traditional integrated steel mill uses an average of
780 kilograms of coal.*

Steelmaking creates substantial GHG emissions due to the
necessary addition of carbon to iron in the steelmaking
process. In 2018, producing one tonne of steel released 1.85
tonnes of CO2 emissions,>the majority of which are direct
emissions from the steelmaking process compared to indirect
emissions from energy use.! Overall, the steel industry
accounts for 7% of global CO2 emissions.> While the GHG and
energy intensity indices can vary widely between countries,
no steel plant has achieved net-zero emissions to date.

Steelmaking also releases byproducts into the environment
(primarily air emissions) that can pose risks to environmental
and human health, such as particulate matter (PM2.5 and
PM10), heavy metals (mercury, arsenic, cadmium, lead, etc.),
benzene, nitrogen dioxide, and benzo(a)pyrene?

There are direct and indirect environmental impacts

throughout the steelmaking supply chain, many of which
could be minimized or eliminated through technological
innovation and infrastructural upgrades (see pages 9-20).
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ENVIRONMENTAL BENEFITS
& OPPORTUNITIES IN THE
STEEL INDUSTRY

Steel provides several environmental advantages, and will
be a vital part of the transition to a greener future.
Renewable energy infrastructure is heavily reliant upon
steel; 35 to 45 tons of steel are required for one megawatt of
solar energy, while 120 to 180 tons of steel are required for

one megawatt of wind energy.”

Steel is the most recycled material in the world, and called
the "most sustainable material of the 21st century"8due to
its ability to be continually recycled without loss of quality. A
basic oxygen furnace can use up to 30% recycled steel when
making new steel products, while electric arc furnaces can

run using 100% scrap metal.>

New innovations in steelmaking (such as Advanced and
Ultra High-Strength steels) have created stronger,
lightweight materials.® Vehicles built using these steels can
weigh 17-25% less while continuing to meet safety
standards, resulting in an average 5.7% decrease in GHG
emissions and 5.1% decrease in fuel consumption.’®These
steels can also increase the range of electric vehicles, which

would eliminate a major barrier that has deterred

consumers from switching to electric vehicles."

Steel will be needed within our society for generations to

come, but cannot continue to be produced in an

unsustainable manner. Companies around the world are
developing new technologies to combat these issues and

strive for mass-scale net-zero steel production by 2050.




STATE OF THE STEEL INDUSTRY
HAMILTON

For over a century, the steel industry has been the backbone of the Hamilton
economy. However, the steel industry has also significantly contributed to many of

the key environmental issues in Hamilton?The two steel plants in Hamilton are
respectively operated by Stelco and ArcelorMittal (Dofasco).

STELCO
STELCO HOLDINGS INC. +

e Founded in 1905, currently employs 750+ unionized individuals'?

e ~2 million tonnes of steel produced annually' (though the Hamilton plant is
only involved in cokemaking and finishing, with no blast furnaces, basic
oxygen furnaces, or electric arc furnaces in operation)

e Released an Environmental Policy in 2017 aiming to reduce air, water, and
waste pollution, improve environmental performance and management
system, and comply with environmental laws

e Stelco is running several environmental initiatives, such as replacing coke

with railway ties, and capturing 6300 tonnes of CO2 a year for algae and

bioplastics 1 'T.

ARCELORMITTAL DOFASCO  ArcelorMitial

e Founded in 1912, currently employs 5000 individuals'

e ~5 million tonnes of steel produced annually™

e Created 10 sustainable development outcomes in 2017 in the following areas:
people, products, infrastructure, resources, air/land/water, energy/carbon,
supply chains, community, scientists/engineers, and impact measurement '®

e ArcelorMittal Dofasco has received a $400 million federal investment to
transition to a DRI-EAF steelmaking process (see page 24), while ArcelorMittal
plants around the world are implementing various environmental initiatives,

. . . . 19,20
such as piloting the use of biomass in place of coal
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STATE OF THE STEEL INDUSTRY
" CANADA

QUICK FACTS ABOUT THE CANADIAN STEEL INDUSTRY
30+ STEEL FACILITIES 18TH LARGEST GLOBAL STEEL $15 BILLION INDUSTRY

ACROSS PRODUCER IN 2019 CONTRIBUTING $4.2
5 PROVINCES (12.89 MILLION TONNES) BILLION TO GDP
Canadian steel imports.continue 10,000,000
to surpass exports,?! with steel 9,500,000
primarily being imported from i
the US, South Korea, and China.?’ jiricKeleleXele]e)
- [}
However, Chma_ and South Korea £ 8,500,000
have the highest energy °
intensity per tonne of steel in o 8,000,000
2019, while Canada had the 2
lowest CO2 intensity for blast ..(_, 7,500,000
furnace/basic oxygen furnace o 7,000,000
steel_productlon.2_4 (;anadas b4 6,500,000
relatively low emissions can c
largely be attributed to its high g 6,000,000
proportion of renewable energy 2> = 5500000
The Canadian Steel Producers ' '
Association is calling for 5,000,000
protection of domestic markets 2015 2016 2017 2018 2019
through carbon border
adjustments and procurement e | M PO S Exports

policies26
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STATE OF THE STEEL INDUSTRY
" CANADA

Top 10 GHG-emitting iron & steel plants®® In 2019, the Canadian steel
industry had the highest

highest emissions out of all
heavy industries, releasing
over 16 million tons of CO2

Canadian iron and steel mills emitting more than 100 kilotonnes of CO2
equivalent (2019)

Facility 'Location 'Emissions (tonnes) | (2% of Canada's total
ArcelorMittal Dofasco 'Hamilton, ON , aihoa- Ul cmissions).27 This

Algoma Steel Inc. _Sault Ste. Marie, ON , 4312800 percentage is lower than
Stelco Holdings Inc. 'Haldimand County, ON 3833700 the international average
ArcelorMittal Contrecoeur-Est  Contrecoeur, QC A 1032900 due to substantial oil & gas
Rio Tinto Fer et Titane Sorel-Tracy, QC Yyl scctor emissions.29 About
EVRAZ Inc. 'Regina, SK ‘ vyl S5% of steel emissions are
Stelco Inc. 'Hamilton, ON V pyo ool from integrated mills,
Quebec Silicon LP ‘Bécancour, QC V 1Lyl \While the remaining 15%
Elkem Metal ‘Chicoutimi, QC ipl7IoJl are from electric arc

Ivaco Rolling Mills 'L'Orignal, QC ‘ 125400, [SLGEIEEED

EXAMPLES OF CURRENT ENVIRONMENTAL INITIATIVES

ArcelorMittal Dofasco: ArcelorMittal Dofasco is testing the use of Char Technology's
biomass (SulfaCHAR and CleanFyre)?®at an industrial scale, with the goal of replacing
40,000 tonnes of coal per year.?° ArcelorMittal also recycles several waste products such

as slag, and blast furnace/coke oven gas.™

Stelco (Lake Erie): In 2020, Stelco Holdings Inc. entered into a partnership with DTE
Energy Services to create a 65-megawatt cogeneration plant, which is expected to be
operational in 20222°Cogeneration plants use byproduct gases from the blast furnace

and/or coke ovens to produce electricity. The Lake Erie plant also has a partnership with

Pond Technologies to sequester CO2 emissions with an algae bioreactor.'®

Algoma Steel: Algoma Steel aims to be the "greenest flat-rolled steel producer in
Canada"3%through constructing two electric arc furnaces (EAF) that will feed into
existing finishing and hot-rolling infrastructure.® This transition could reduce annual

GHG emissions by 3 million metric tonnes within the next decade.?!

The Canadian steel industry has reduced GHG emissions by 25% since 1990, and the
Canadian Steel Producers Association aims to reach net-zero steel by 2050%? Striving for
net-zero will require significant economic investments, technological upgrades, research

collaborations, and a levelled playing field supporting domestic steelmaking?2 This
transition is also vital to mitigating the impacts of the climate crisis and creating a more
climate-resilient future.
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. STATE OF THE STEEL INDUSTRY
GLOBAL

2019 Total production of crude steel (thousand tonnes)32

© 2021 World Steel Association

Global steel production has been steadily increasing, with global demand tripling
between 1970 and 2019."2' The iron and steel sector is the largest producer of CO2
emissions amongst heavy industries, releasing 2.6 gigatonnes of CO2 each year.'Steel
demand is expected to increase by 33% between now and 2050, and current projections
show CO2 emissions rising to 2.7 gigatonnes by 2050." Actions must be taken across the
supply chain to reduce environmental impacts while meeting global steel demand.

EXAMPLES OF CURRENT GLOBAL ENVIRONMENTAL INITIATIVES

DRI-EAF 4 Zero CO2 emissions 4 . HYBRIT (fossil-free steel)
ArcelorMittal E & ArcelorMittal SSAB, LKAB, &

(Hamburg) W (Sestao) A ' Vattenfall
ArcelorMittal Hamburg is  In July 2021, ArcelorMittal Hydrogen Breakthrough Ironmaking
the only DRI-EAF plantin  announced its Sestao plant Technology (HYBRIT) is a unique
Europe. In 2020, this would be the first zero Scope 1 collaboration between three
facility became the first to & 2 carbon-emissions plantin companies working to create fossil-
use grey hydrogen as a the world by 2025,** producing free steel at all points of the supply
reductant (produced 100,000 tonnes of steel chain: SSAB (steel), LKAB (mining),
using natural gas)3* to annually. The plant will increase and Vattenfall (energy).*>>*HYBRIT has
produce direct reduced the use of scrap metal, and use been researching and testing the
iron (DRI) for use in the green hydrogen-produced DRI  technology needed for fossil-free
electric arc furnaces in its EAFs, which are powered steel since 2017. Iron pellets are
(EAFs) at an industrial by renewable energy. Biomass made using biofuel,*® and renewable
scale. The facility aims to and green hydrogen will be energy is used to create the
use green hydrogen when used to eliminate remaining hydrogen used in the direct
there is sufficient supply emissions. This project was reduction process. HYBRIT is also
and more affordable made possible by a €1 billion developing hydrogen storage
hydrogen prices.>* investment from the federal systems to account for fluctuating

government.34 solar and wind power.3’



PATHS TO A GREENER STEEL CITY
OVERVIEW

It is important to consider the environmental impacts of the steel industry across the supply
chain, from initial material extraction to end-of-life product disposal, as the relative impacts
and challenges in reducing impacts can vary widely. For example, a 2019 study found that 47%
of wastewater released in the steelmaking process comes from the ironmaking stage,
followed at steelmaking at 34% (though exact values can vary between steelmaking plants).*8
Carbon and energy intensities also vary widely between steelmaking processes, as seen below.!
DRI-EAFs fuelled by green hydrogen and renewable energy could virtually eliminate CO2
emissions in the steelmaking process ® (reduced by 97.2% compared to traditional BF-BOF).*°
However, carbon is a necessary component of steel, and thus CO2 will be released from either
the blast furnace or the EAF. While it is feasible to achieve net-zero steel, carbon-neutral steel,
or fossil free steel (using biomass and renewable energy), the creation of emissions-free or
carbon-free steel on an industrial scale proves to be more challenging.

Energy and CO2 intensities of main steel production routes’ :Steelmakmg

(in gigajoules per tonne of steel, and tonnes of CO2 per tonne of steel) .‘S’ii't‘:ia:;g
BF-BOF Scrap-based Natural gas- B Coking

EAF - based DRI-EAF :Eold;?lnmg

ot Rolling

Energy intensity | 21.4-22.7 Git| 21-52GIk | 171-218Git |
CO2 intensity | 1.2-22tCO2/t | 0.04-03tCO2/t| 10-14tCO2/t

Raw Materials & Preparation Ironmaking Steelmaking Continuous Casting

BASIC OXYGEN

Iron Ore
STEELMAKING

—

Sinter Plant

Basic Oxygen Furnace
(BOF)

Limestone

Ladle (refining)

J- A = Coke Oven BJast Furnace

L

3 ]
/ [ M - ELECTRIC ARC STEELMAKING % ’
Scrap Metal Electric Arc Furnace
(EAF) Y
o Steel Construction Products Rolling Semi-finished Products
| A —— — PP i
Rods and bari a > LONG ——d 4"‘ Y
ey 4 > B PRODUCTS Y
o L<— * Blooms
Sections - = | et et <
> : L BB B
_— > a8 Hot rolling mills  Furnace Reheat Billets
FLAT P>
paidad tube Piste PRODUCTS e
2 e e N A =
- —¢ < () Slabs

Light Gauge/Decking Hot Rolled An overview of the steelmaking process%

Sources of wastewater in steelmaking>°
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PATHS TO A GREENER STEEL CITY
IRON EXTRACTION

98% of usable iron ore (>58% iron content) is consumed by the steel
industry, with approximately 2.28 billion metric tonnes of iron ore
being mined annually.“' The mining of iron ore impacts local wildlife,
air quality, and water quality, with toxic tailings that can contain heavy
metals such as mercury, lead, and arsenic.*?

Stelco currently sources its iron ore from the Minntac mine in
Minnesota, owned by US Steel*? and acquired 25% interest in Minntac
in 2020.44 This iron ore mine is the largest in the US, and its associated
tailings basin have been called "the poster child for Minnesota’s failure
to control mining pollution, even when there is clear evidence that the
pollution has violated Minnesota water quality standards and
decimated downstream wild rice."*> Minntac was found to be
releasing 2000 gallons of wastewater per minute into the
groundwater*® and emitting sulfate levels of 954-1320 mg/L despite
their permit requiring respective basin and groundwater sulfate levels
to be 800 mg/L and 250 mg/L by 202547 In February 2021, the
Minnesota Supreme Court reversed a lower court decision and ruled
against US Steel, stating that regulators can in fact limit groundwater
and surface water pollution through strict permit standards.“®

ArcelorMittal Dofasco sources its iron from two self-owned open-pit
mines: Mont-Wright and Fire Lake.*® These two mines have been given
positive environmental ratings in the Towards Sustainable Mining
progress reports, however, results are only externally verified every
three years with self-assessment in between, and the 'good practices'
listed under the assessment criteria emphasize tracking and reporting
rather than concrete action or reductions*?

It is clear that the environmental impacts, and steps taken to improve
environmental outcomes, vary widely between iron ore companies.
Sustainable mining practices must be identified and better regulated
to minimize these environmental impacts, while steel companies
must critically assess their procurement policies and partnerships with
iron ore mining and pellet manufacturing companies.
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RENEWABLE ENERGY

There is a reciprocal relationship between renewable energy and
steelmaking - steel is a foundational component of renewable energy
infrastructure, such as solar panels, wind turbines, and hydroelectric
dams, and increased renewable energy allows for a significant reduction

in emissions from steelmaking.

Steelmaking is an incredibly energy-intensive process, and thus the
transition to net-zero steel will require a significant increase in
renewable energy supply. Steel production is predicted to increase by
33% between 2020 and 2050,' and many of the 'greener' steelmaking
methods that will be needed to achieve net-zero steel, such as direct
reduced iron and green hydrogen, also require increased energy
capacity. Direct reduction using hydrogen requires 3.48 MWh of
electricity to produce one tonne of liquid steel**- this amount of
electricity is equivalent to driving 20,000 kilometres in an electric
vehicle, or powering the average home for four months>°In the context
of a country, Germany would need 100 TWh (100 million MWh), which is
approximately 20% of Germany's current electricity consumption, to
decarbonize its steel sector completely.® Low-cost, accessible renewable
energy is a critical component of decarbonizing steelmaking across the
supply chain. However, many countries do not have the necessary

renewable energy generation capacity, as seen in the map below.>?

Share of primary energy from renewable sources n Failure to meet renewable

lar, wind, ge

energy demand and

K i capacity could be major
e

A o8 ‘ barriers to achieving net-
zero steel, which further

emphasizes the need to

3 invest in the creation of

low-cost, reliable

No data 0% 5% 10% 20% 30% 50% 85%

renewable energy.
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PATHS TO A GREENER STEEL CITY
COKEMAKING & SINTERING

Cokemaking is the process of heating coal in the absence of oxygen in cokemaking ovens,
which removes impurities in the coal and results in a high-carbon fuel for the blast
furnaces.> Sintering is the process of heating iron ore and additives such as limestone,
creating a compact, solid mass known as sinter. Sinter and coke are fed into the blast
furnace to create liquid iron as part of the integrated steelmaking process (see page 15).
Many of the sintering plants in Ontario, such as Stelco and Algoma Steel, have closed, but
these processes continue to occur in Canada. ArcelorMittal Dofasco's Hamilton plant does
not have a sintering plant, as sintering occurs at their Quebec mining facilities. However,
the steelmaking processes that do occur in Hamilton still pose numerous health risks.

Cokemaking and sintering are some of the most environmentally damaging parts of the
steelmaking process. Cokemaking and sintering can account for nearly 40% of CO2
emissions and nearly 70% of emissions that pose human toxicity risks.”* One study found
that the sintering plant was the primary contributor to direct carcinogenic impacts
potentially occurring in the area compared to the coke oven, blast furnace, and basic
oxygen furnace, likely due to the emission of heavy metals, polychlorinated dibenzofurans,
and dioxins from the sintering plant.>* The production of dust and particulate matter are
also a primary concern in the sintering process. Cokemaking and sintering have also been
found to be the most significant contributors to freshwater toxicity and eutrophication,
which can result in algal blooms that impact wildlife.”* Cokemaking significantly impacts
air quality, and poses numerous threats to environmental and human health through the
release of particulate matter and carcinogens. Hamilton has the highest ambient air levels
of benzo(a)pyrene in Ontario due to the cokemaking plants, which causes disproportionate
severe health impacts in neighbourhoods closer in proximity to the steel plants.55

Cokemaking and sintering are both environmentally detrimental processes that are very
difficult to decarbonize, but there are viable technologies to replace both processes. Coke
can be replaced by biomass when using a blast furnace, or replaced by natural gas or
hydrogen in a direct reduced iron process. Sintering can similarly be replaced by the DRI-

EAF steelmaking route (see pages 16-17) or the sole use of scrap metal.>®
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BIOCHAR & BIOMASS

Carbon is required in order to make steel, with most steel )
Biomass: any

containing 0.04%-2.1% carbon.>’In blast furnaces, carbon .
renewable organic

(in the form of coke) is used to reduce iron ore (iron material used for fuel

oxides) into liquid iron with a carbon content of about 4% SherelSEE 2 cl e

- the carbon (coke) reacts with the oxygen in the iron ore, rich solid that is
creating carbon dioxide as a byproduct>® By using made when biomass
biomass as the carbon source rather than coal, the is heated in the
emissions intensity can be reduced by 31-57%.° Even a absence of oxygen

80% coke/20% biomass mix used in a blast furnace could
reduce CO2 emissions by 15%°° Biomass can also be used in the sintering
or cokemaking processes (if coke is being used instead of biomass in the blast

furnace) to further reduce emissions by a respective 5-15% or 1-5%°°

Biomass is being used around the world, producing 14,864 petajoules of energy -
85% of this energy is used by industries, while the remaining 15% is used in the
transportation sector.fO |t is important to note that industrial-scale biomass use
can heavily depend on local supply,>and may not be economically competitive

compared to coal unless carbon pricing or incentives were put in place®®

Overall, incorporating biomass into an integrated steel mill poses minimal to no
infrastructural barriers, and could result in significant emissions reductions.

However, production costs may increase, and a reliable stream of biomass would

need to be secured (ideally from a local source to reduce transportation emissions).




ENVIRONMENT HAMILTON | PATHS TO A GREENER STEEL CITY

PATHS TO A GREENER STEEL CITY
PLASTICS

In addition to biomass, plastics have been proposed as an alternative reducing
agent to coke in the steelmaking process. 360 million tonnes of plastic were
produced in 2018, and the vast majority of plastics end up in landfills or the
natural environment.®’ The accumulation of plastics in the natural environment
and waterways, as well as their degradation into microplastics, create a
multitude of environmental and ecological issues. Several solutions to the
plastics crisis have been proposed, such as switching to more recyclable or
compostable materials, creating bioplastics, incinerating plastics, plastic bans, or
enzymatic degradation. One potential 'solution' pertinent to the steel industry is
the use of plastic waste transformed into pellets and used as a reductant in blast
furnaces. One study found a 30% reduction of carbon emissions when using
plastics as the reductant compared to typical coke use.®? The increased hydrogen
content in plastics compared to coke acts as an additional reductant, and can

reduce energy use through speeding up the reduction process.®?

Despite the potential to reduce carbon emissions, incinerating plastics pose
significant risks to human health. Plastic incineration releases multiple chemicals
that can increase the risk of cancer, heart disease, respiratory diseases, or central
nervous system damage, such as dioxins, toluene, formaldehyde, PCBs, and

heavy metals (lead, mercury, cadmium, etc.)53646>66

The use of plastics as a reductant poses significant risk, and there are several
other alternative reductants, such as biomass, that also reduce carbon emissions

without creating additional risks to human health. These alternative reductants

should be prioritized when trying to lower emissions and coke use.
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INTEGRATED STEEL MILLS

Stelco and ArcelorMittal Dofasco are integrated steel mills, which reduce sinter (compact

iron ore) in a blast furnace (BF) which is fed into a basic oxygen furnace (BOF) to create
liquid steel (also known as the BF-BOF production route).®” Blast furnaces are responsible
for most of the CO2 emissions in the steelmaking process due to the use of coke (coal).™
Electric arc furnaces (see page 17) can be used in place of basic oxygen furnaces, which can
result in reduced atmospheric, resource, and toxicity impacts, as seen in the case study
below (values can vary between plants, and can be dependent on other processes in the
plant). ®® The blast furnace is the most strenuous and harmful process within a steel mill,
with the highest average energy consumption and CO2, methane (CH4), and carbon
monoxide (CO) emissions in the integrated steel mill process> EAFs, while energy intensive,
can consume less energy, reduce pollutant release, and utilize more scrap steel than the

BF-BOF route. > %89 Impacts of BOF vs EAF steelmaking per tonne of crude steel (case study)®®

Transitioning away Atmospheric Impacts

from BF-BOF plants CO2 emissions 17.03 kg 7.66 kg
. Photochemical oxidant formation (e.g. ozone, NOX) 4.89 kg 1.39 kg
will be necessary to . .
Particulate matter formation (e.g. PM2.5, PM10) 4.61 kg 0.78 kg
reach net-zero or Resource Depletion
reduced-emissions Terrestrial acidification (SO2) 4.81 kg 2.48 kg
Freshwater eutrophication (phosphorous) 0.81 kg 0.46 kg
steel. However, Marine eutrophication (nitrogen) 0.3 kg 0.14 kg
given the long Metal depletion (iron) 850 kg 13 kg
lifespans of blast Fossil fuel depletion (oil) 529 kg 143 kg

Toxicity Impacts (1,4-DB eq)
furnaces, coke

Human toxicity 643 kg 347 kg
ovens, and basic Terrestrial ecotoxicity 0.17 kg 0.06 kg
oxygen furnaces, Freshwa.ter ecotoxic?ty 12.77 kg 6.96 kg

Marine ecotoxicity 13.32 kg 7.1 kg

companies may be

hesitant to decommission functioning plants. As well, the transition to DRI-EAF plants can
take years, and thus steelmakers should aim to improve the efficiency and minimize the
impacts of BF-BOF production routes in the meantime. Examples include using
coke/biomass mixes to reduce CO2 emissions, maximizing iron content in pellets to
decrease the amount of coke needed, using pulverized coal injection (PCl), natural gas, or

hydrogen as an additional reagent, utilizing renewable energy where possible, etc.”
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PATHS TO A GREENER STEEL CITY
DIRECT REDUCED IRON

In traditional integrated steel mills, iron ore, coke, and limestone are
added to a blast furnace at high temperatures. The carbon monoxide
produced from the coke reacts with the oxygen in the iron ore,
producing pig iron (crude iron) and carbon dioxide.”® Blast furnaces
are the primary source of emissions in the steelmaking process, and
this process is incredibly difficult to decarbonize.® An alternative to the
blast furnace is direct reduced iron (DRI), where the oxygen is removed
from iron ore below iron's melting point, creating solid sponge iron
that is subsequently fed into an electric arc furnace.”! Both hydrogen
and carbon can be used as a reductant to remove the oxygen from
iron ore. In DRI, the reductant is either natural gas (CH4) or green
hydrogen (H2); the former produces carbon dioxide and water as by-
products, while the latter only produces water.”? DRI is a more energy-
efficient process than a blast furnace, and can reduce or eliminate CO2
emissions (depending on the reductant).>® DRI does require a higher
iron content in the ore than blast furnaces, which must be taken into
consideration when switching to this technology. A carbon source is
still required in the EAF due to the carbon content of steel,58 however,
this can be sourced from more sustainable means than coke (e.g,,
biomass).The DRI-EAF production route is one of the most promising
alternatives to BF-BOF production in terms of energy efficiency,

scalability, and reduced environmental impact.5

Hydrogen-direct reduction is still in its early stages, but natural gas
DRI is already being used on an industrial-scale. ArcelorMittal's
Contrecoeur plant is the first steelmaking facility in Canada, and one of
four plants in the world, that uses DRI made in on-site DRI plants in its
steelmaking processes.”® DRI plants reduce the need for coal through
the use of natural gases or hydrogen, which subsequently reduces
emissions.”’*ArcelorMittal Dofasco in Hamilton will be building a DRI
plant by 2028 that uses natural gas but will be 'hydrogen-ready' when

green hydrogen technology becomes readily available.”>
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ELECTRIC ARC FURNACES (EAF)

An electric arc furnace (EAF) produces liquid steel through melting
of pig iron (end-product of a blast furnace), scrap steel, and/or direct
reduced iron using electricity, and is the main alternative to the
traditional integrated steel mill (BF-BOF) production route.”® An EAF
can be used in conjunction with a blast furnace (BF-EAF), or with
direct reduced iron (DRI-EAF production route). The DRI-EAF
production route can be a virtually zero-emission process if the
energy used for the EAF is renewable, and green hydrogen is used as
the DRI reductant.”’As shown below, CO2 emissions can vary greatly
depending on the other steps used in the EAF production route.®

CO2 emissions per ton of crude steel produced via various te<:hno|ogies10

Scrap - electric

imi C il
S Rinace Limited by scrap availability

Direct reduced
iron (coal) - electric
arc furnace

Direct reduced
iron (gas) - electric
arc furnace

Limited by low cost DRI availability

Advanced blast
furnace - basic
oxygen furnace

Present average
blast furnace - basic
oxygen furnace

0 500 1 000 1 500 2 000 2 500 3 000

kilograms of CO, emissions per tonne of crude steel

EAFs are becoming increasingly competitive in terms of quality, cost,
and energy use.”’ The proportion of steel made in an EAF worldwide
is approximately 25%, with 75% made in an integrated steel mill>!
The proportion of Canadian steel made in an EAF was 47% in 2017,
compared to 41% in 2010 and 36% in 1993.78 In the US, EAFs account
for nearly two-thirds of all steel produced.’®The difference in EAF use
is largely dependent on scrap availability, energy costs and
production costs.>! EAFs will play an important role in reducing
emissions, but its efficacy is dependent on the source of electricity
and the ironmaking process (DRI, blast furnace, etc.)

Dofasco currently has one electric arc furnace, and recently received a
$400 million federal investment to switch to a DRI-EAF production

route (see page 24). Algoma Steel recently received a similar $420

million federal investment to transition to EAF use3!
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PATHS TO A GREENER STEEL CITY
GREEN HYDROGEN

There are several 'types' of hydrogen, such as blue, green,

and grey hydrogen, which are the same final product Green hydrogen: produced via
electrolysis of water usin

reached via different production methods. Green s °

) ] renewable energy

hydrogen is the only carbon-neutral and fossil-free type

Blue hydrogen: produced by

of hydrogen, as it is produced using renewable energy. > e :
Y gen, P 9 gy splitting natural gas into

hydrogen and CO2 (which is
Green hydrogen can be used in two primary ways in the

captured and stored)
steelmaking process: as an alternative to pulverized coal Grey hydrogen: produced by

injection (PCI), or as an alternative reductant to make splitting natural gas into
direct reduced iron (DRI).> Pulverized coal injection is hydrogen and CO2 (which is

a process used to improve the performance of blast released into the atmosphere)

furnaces and speed up the production of liquid iron,
which can reduce energy use, emissions, and the amount of coke required in the blast
furnace.®® Using hydrogen in place of PCl can reduce emissions by 20%, however, using
hydrogen in this capacity alone cannot eliminate emissions due to the use of coke as a
reductant. Hydrogen can also be used in place of coke as a reducing agent, which
produces water as a byproduct rather than carbon dioxide.®! Green hydrogen produced
using renewable energy and used as the reductant in the DRI-EAF process could

produce virtually fossil-free steel.”

Several barriers remain in the implementation of green hydrogen. One of the primary
barriers is the cost of green hydrogen compared to coal and natural gas. In order for
green hydrogen to surpass coke use, either a decrease in green hydrogen costs or
implementation of carbon pricing would be required. Renewable energy capacity
would need to be increased in order to power the electrolyzers,

though energy use decreases as the percentage of scrap metal used

increases.®® Storage of green hydrogen must also be considered due to

natural fluctuations in solar and wind energy generation. HYBRIT in

Sweden®?and H2Store in Australia 83 are both working on storage

solutions, with the latter using sodium borohydride -
a salt-like material that can absorb and release hydrogen

as needed.
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Million tonnes (Mt)

SCRAP STEEL

Steel is the most recycled material in the world due to the lack of
quality loss when recycling, and inherent magnetism which allows
for easy separation in recycling facilities.®* Currently, 650 million
tonnes of scrap steel is recycled each year, and 30% of total
metallic input in steelmaking is scrap steel (the other 70% being
iron ore).'Unlike the flexible nature of iron ore supply and demand,
scrap steel supply is dependent on past steel demand and when
steel products reach their end of life. There was approximately 400
million tonnes of scrap steel available for re-use in 2019, compared
to the 1.86 billion tonnes of steel produced 4 By 2050, global
demand for steel could be upwards of 2.5 billion tonnes

per year,'while scrap steel availability is projected

to be around 900 million tonnes84
. - VA
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an even greater disparity between steel scrap supply and demand.
Implementing stronger recycling regulations, or designing
products with reuse and remanufacturing in mind could help
secure a more reliable stream of scrap steel. However, scrap steel
should not be relied upon completely. Iron ore mining and
sintering will have to become more sustainable practices to meet

global steel demand in an environmentally conscious manner.
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PATHS TO A GREENER STEEL CITY
FINISHING & PRODUCT USE

Once the liquid steel has been produced, it undergoes a casting and finishing
process to create the final steel product. The environmental impact from casting
and finishing is minimal compared to the ironmaking and steelmaking processes,
however, there are ways to make these processes more efficient. Steel can either
be hot rolled or cold rolled. The hot rolling process requires the steel slabs to be
reheated to 1200 degrees Celsius, often resulting in direct or indirect CO2
emissions (unless renewable energy is used).®> One strategy that has been
implemented by ArcelorMittal is re-using the gas from the blast furnaces to re-

heat the slabs rather than using natural gas.8®

Finally, the steel undergoes one of many finishing processes, such as annealing,
galvanizing, coating, etc. depending on the final product.8>There is room for
improvements in efficiency and reducing emissions, though these processes have
minimal emissions contributions compared to ironmaking and steelmaking. For
example, the ArcelorMittal Kessales plant in Belgium implemented a Jet Vapour
Deposition line to coat steel with zinc in a process that has the "lowest global

warming potential of any steel coating process."86

Steel is a vital part of the green transition and circular economy. Improvements in
steel production and innovation can create lightweight, stronger electric vehicles,
longer-lasting solar panels and wind turbines, and energy-efficient buildings with
longer lifespans. Going forward, these products should be designed with re-use

and recyclability in mind to make the steel recycling process more efficient and

increase scrap supply.




IS A GREENER STEEL CITY POSSIBLE?
ECONOMIC FEASIBILITY

The transition to green steel provides many economic opportunities, but will not be
possible without significant investments from companies and governments.
ArcelorMittal estimates that reaching net-zero steel by 2050 in its European facilities
would cost up to €40 billion®” Many of the current environmental initiatives were funded
partially by federal investments: ArcelorMittal Sestao (€1 billion investment from Spanish
government),*4 Algoma Steel ($420 million from Canadian government)3° HYBRIT (51.3
million from Swedish Energy Agency),88 and ArcelorMittal Dofasco ($400 million from
Canadian government).”? Many of these projects also include significant investments
from the steel companies themselves. Additional measures should also be considered by
federal governments to protect domestic steel production during these periods of
significant economic investment, such as carbon border adjustments or tariffs on foreign

steel 26,89

There are additional financial barriers to implementing certain green technologies. While
the price of green hydrogen is expected to decrease by 50% over the next decade,> green
hydrogen is not cost-competitive with natural gas or coal in many areas of of the world.
One estimate is that green hydrogen would be economically viable with a carbon price
set at $220/tonne 29 while another predicts that hydrogen direct reduction can become
viable at a carbon price of €34-68 ($50-100 CAD) and electricity costs of €40/MWh
(~$60/MWh CAD).39 To aid in the transition to net-zero steel, the federal government
should determine the economic viability threshold for green hydrogen and set the
carbon price accordingly, and continue to increase the availability and capacity of low-

cost renewable energy sources. Overall, the transition to net-zero steel is economically

viable with collaboration between federal (and provincial) governments and companies.
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The technology needed to reach net-zero steel is within reach. Electric arc furnaces are
already used across the world, often in conjunction with blast furnaces, though the DRI-EAF
production method is becoming more common due to technological improvements and
availability of renewable energy.> Most DRI plants currently use natural gas, but a net-zero
process would require a reductant such as green hydrogen. The electrolyzer technology
needed to produce green hydrogen is mature and can easily be scaled to create industrial-
level quantities3? Storage of green hydrogen remains one of the primary technical barriers,
especially when the electrolyzer is powered by variable renewable energy sources such as
solar and wind. Companies like HYBRIT and H2Store hope to remove this technological
barrier to improve the feasibility of widespread green hydrogen82:83Carbon capture,
utilization, and storage is discussed frequently in the transition to greener steel, however,
there are growing concerns regarding its technological and economic feasibility,?"%223
and would not be necessary in a fossil-free green hydrogen DRI-EAF approach.
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The goal to reach net-zero steel by 2050 is shared by many groups, such as the
Canadian Steel Producers Association?®International Energy Agency,®*and US
Steel,?> which is in line with the IPCC recommendation of a net-zero economy
by 2050°° However, the IPCC also states that CO2 emissions must drastically
decrease "well before 2030", reaching emission reductions around 45% by
203027 Given that steel accounts for 7% of global emissions,®>governments and
the steel industry must be taking emission-reducing actions immediately
while continuing to strive for the net-zero by 2050 goal.

Potential short term actions (few technological or economic barriers)

e Using coke/biomass mixtures, or switching to biomass completely if there is
adequate local supply

e Implementation of carbon pricing and carbon border adjustments

e Sourcing more sustainable iron ore with higher iron content (to reduce
energy consumption)

e Use of fuel injection (PCI, hydrogen, biomass, natural gas, etc.)

e INncreased percentage of scrap metal used in BOF or EAF

Potential longer term actions (needs investments and technology upgrades)

e Transitioning away from BF-BOF, switching to DRI-EAF (directly to
hydrogen DRI or building natural gas DRI plants that are 'hydrogen-ready')

e Increased capacity and use of low-cost, renewable energy

e Implementation of electrolyzer-produced green hydrogen as a reductant

e Fossil-free iron ore mining (see LKAB and HYBRIT)

e Designing steel products for re-use and recycling

There is no one single technology or initiative that can result in net-zero or
fossil-free steel. The steelmaking process is complex, and environmental
impacts across the entire supply chain must be addressed. These solutions are
becoming increasingly viable at an industrial-scale, and actions must be taken
as soon as possible to reduce the steel industry's immense carbon emissions.
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WHAT'S NEXT FOR HAMILTON?

On July 30th, 2021, the federal government announced a $400 million investment to
support ArcelorMittal Dofasco’s transition to greener steelmaking processes®

This $1.765 billion project will transition the integrated steel mill to the DRI-EAF
production route by 2028, resulting in the decommissioning of the blast furnaces
and coke making facilities. ArcelorMittal Dofasco will be the “world'’s first producer
to transition to a hydrogen-ready, direct reduced iron-fed electric arc furnace at this
scale for the development of advanced steels that serve the automotive, medical
and consumer packaging industries.”"7”> The direct reduction of iron will initially use
natural gas as the reductant, but the plant is being built so that it is “hydrogen-
ready”, and can transition to green hydrogen once it is economically and
technologically feasible to do so. This project will reduce CO2 emissions by 60%, or

3 million tonnes per year by 2028, and will create 2500 jobs during the engineering
and construction process.?® The transition to green hydrogen following this project,
assuming renewable energy is used for hydrogen production, would allow Dofasco
to create virtually net-zero steel. ArcelorMittal Dofasco will be researching other
emission-reduction technologies, such as green hydrogen, biocarbon, and carbon
capture, utilization and storage. This announcement is incredibly promising, and

brings Hamilton within reach of producing net-zero steel by 2050.

I*l Innovation, Science and Innovation, Sciences et
' Economic Development Canada Développement économique Canada
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ABOUT ENVIRONMENT HAMILTON

Environment Hamilton (EH) is a community-focused non-profit that
was incorporated in 2001 to help Hamiltonians develop the knowledge
and skills they need to protect and enhance the environment around
them. EH is working towards a city that is a carbon-neutral community
with secure local food sources, sustainable transportation, and healthy,
clean air, water, and land. Environment Hamilton inspires people to
protect and enhance our environment through leadership, education,

and advocacy.

Over the past 20 years, Environment Hamilton has worked on dozens of
projects and activities in collaboration with a variety of funders and
many local partners to build a sustainable future for Hamilton. We also
work alongside residents to deal with pressing environmental issues,
making frequent use of the Environmental Bill of Rights and other

legal tools. In 2003, EH began their StackWatch initiative, which helps
Hamiltonians to observe, document, and report problem emissions

from Hamilton's industrial core.

CONNECT WITH US

www.environmenthamilton.org

O.' @environmenthamilton

y @envhamilton







