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Executive summary



The steel industry nas been g cornersiong of Eﬂ:unmﬂt
development, with global prodoction rising steadily due
to industrialization and infrastructure growth. Gespite
a temparary plateau during the post-pandemic
economic recovery, with 2 slight deciine in demand in
2022 and 2023, the sector i poised fof 3 resurgence.
The World Steel Association predicts a robust increase
indemand by 2024, particulariy in india, where an 8%
growth is expected over two years. China's dominance
a5 the top producer and exporter is complemented by
Indizs strong position as the second-iargest stesl
producer. The tradifional 8F-BOF route, dependent on
virgin iron.and coking cozl, remains the mast-carban-
mtensive and widely used method, representing 71% of
olobal steel groduction. In contrast, the EAF process,
which utillzes steel scrap, presents & more sustainahle:
alternatiye with 3 lower carbon footprint. The EAF's
shareis st to grow, driven by iis flexibility, the steel
industmy's net-zere ambitions, the faliing costs of
renewable enargy, and fightening environmental
reguiations.

India's steel production has been growing robustly,
fueled by swift economic orowth, government
incentives for domestic manufacturing, and rapid
urbanization, The Ministry of Steel's ambitious targets
under the Mational Steel Palicy aim for 3 capacity of
300 MTR4 and 3 production level of 255 MTRA by
2030, The BF-BOF method atcounts Tor -43% of India's
stesl output, with Induction Fumace and Electric Arc
Furmace centributing =35% and <22%, respectively. The
majority of secondary steslmakers use coat-based DRI
as the primary raw material, |leading fo significant Co2
emissions, India's status 3s the top DRI producer, with
asubstantial portion derived from coal, underscores
the need for a shift towards greener praciices.

With the steel sector at a pivotal point, the urgsncy to
reduce emissions is met with the high costs of adopting
|owe-carbon technologises. India plans to maintain the
BF-BOF route 35 the mainstay of production, which will
result In @ dramatic increase in Co2e emissions. The
gxpansion of steelmaking capacity through the BF-80F
route amplifies the need for-decarbonization to
mitigate the risks of market contraction.and
competitive disadvantages in envircnmentally
cOnsCious markets.

in the report, we performed an analysis of a.steel
company with 2 15 MMTRA steel production using the
EF-BOF method. The analysisshowcases how
repewable electricity; green hydrogen injection in biast
furnace, and Carbon Capture can significantly reduce
EMISsoNs in 8F-B0F. Going forward, when the
company decides to expand the production leveis
fhrough green stee| production pathveay toresch 20

MMTPA production, the emission intensity petentially
fall from 2.33 tcoz/istenl In FY24 fo 0.22 1C0Z2/tsteel
by FYS0. This highliohis the possibility of continued
brownfigld BF-BOF decarbonized operations while also
adapting green stegl technologiss a3 greenfield
Initiatives. This transition aligne with the science Based
Targets inftiztive's 1.59¢ iron & Stesl guidance.

The cencept of green steel lacks 3 singie definition,
with various industry standards and initiatlves setting
differamt emissions targets and focusing on distinct
sspects of production, Key standards suogest
emissions Intensity tarasts Enging from 0,05 to 0.2
tons of ©02 per toniof steel,

Industry standards indicate that green stee! can be
produced with near-zerg emissions using Green
Hydrogen In Direct Reduced Iren (DR1) fof primary
production and scrap in Electric Arc FUMmaces (EAF) for
seCondary production. These methods significantiy
reguce emission intensity compared to traditionat
stesimaking. our analysisshows how the Natural Gas-
based DRI, BF-BOF with Carbon Capture, and scrap-
Dased EAF cul emissions Dy 41%, 50%, and 71%,
respectively, due to cleanser comoustion, COZ capiure,
and the use of recycked materials. Fenewable-powered
EAFs and Green Hydrogen DRI processes can achisve
up to 88% and 974 lower emissions, respectively,
under the pr’ujiatﬁeﬂ Indian carbon pricing scenaria, the
production cost of green steel using the hydrogen-
baszed direct reduced iron (H2-DRI) methed is expecied
to be 5441 perton of steel by FY35. This represents 3
24% cost reduction compared to the 3581 per ton of
stesl produced via the traditional blast furnace-basic
oaygen furnace (BF-BOF) route.

Adopting green steel production technolcgies isin fine
with werldwlde enviranmental objectives and provides
Indian steelmakers with a competitive edge in 2 market
that is progressively prioritizing sustainabiiity. This
shift nat only invites fresh Investment and Innovation
im the sector but alsg prepares Indian manufacturers to
take advantage of internationa! trade policies hat are
increasingly biased towards low-carbon products.
Indizn sieeimakers who actively minirmizs their
emissions could enjoy favored entry into select
markets. additionally, the successful implementation
of green stesl methods will require the establishment
of conducive poficies, the enhancement of
infrastructure, and the upskilling of the warkforce to
facilitate 3 seamless transition to these eco-friendly
technologies,
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The giobal stee! production has witnessed 3 steady rise
over the past few decades, driven by rapid
industrigfization, urbanization, and infrastructure
development in emerging economies. The crude steel
production faced a stagnation period during: post-
pandemic econemic recovery, following continuous
decline in demand In 2022 and 2023, HOWeYer, as per
World-Steel sssociation, the global demand is

anficipated to resurgent in 2622, and continue to grow
in 2025, This projection Is primariy ascribed to india,
where demand is expected to surge by 8% over the
next two years,t china continues to daminate the
sector as the-world®s largest producer and exporter of
stes!, whereas india has maintained its position of the
Znd largest steel producer.

Figure 1: Global crude steel production (million tons) aver the years
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Figure 2: Country wise crude steel production (millien tons) in 2023
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The highly carbon intensive Blast Furnace - Basic
Oxyaen Furmace {E}F;Bi_jF} iz the traditional route,
which refies on virgin source of iron and coking coal,
has the highest rated Installed capacity in terms of
stegl production. on the other hand, the Electricarc
Furnace (E4F) process; which prirmarily uses steal
srap as feedstock, offers lower carbon footprint. in
2023, around 71% of the global stee! production was
via BF-BOF route, complemented by 28% of stes
production from BAF route, The relative share ¢f the

Figure 3: split of steelmaking routes in 2023

Source: World Steel Assooiation, World Steel in Figures 2024

while the giebal crude steef production output
remained flat, with @ mere 0.1% rise in crude stes|
production levels in 2023 compared to 2022, India's
production levels nave ramped up significantly in

G.30%h

recent years. India’s swift economic growth, along with

government’s incantives for domestic manufaciuring,
investments in infrastructure and rapld urbanization

ara the key drivers bolstering the production to mest
the reguired demlanﬂ.f in respanse to the anticipated

= _Joint Ptant Commiittes, Augist 2324, Indian Stest Industry -

A Trend Report

EAF route may evalve Intimes to come driven by
factors such as:

- Flexibility in terms of utilizing diverse raw
materials like Scrap, Direct Reduced Iron {oR1)

2 Realizing stesimaker's net zero ambitions
»  Declining costs of rengwable eneray

E Environmentat regulations & mandates

N.EF-BOF
W EAT
u Other

rise in demand, the Ministry of Steel nas established 3
lofty goal within the framework of the Mational steel
Policy (N5P) to achieve 3 capacity of 200 million tons
per annum and 3 production fevel of 255 MTRA by the
year 20302 :0ver the previeus four years, India has
experianced 3 substantizl increase of agprovimately
45% in the consumption of finished steel, Wahlighting a
zignificant uptick in the country's Intarnal demand for
this material,

2 Ministry of Stesl_ Intia, Msy 2017, National Stas Policy




Figure 4: India's crude steel prﬂducﬁnrl v/s installed capacity (million tons?
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Figure 5: india's finished steel production v/s finished steel consumption
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in India's steel production landscape, the
predominant pathway is the BF-80F method,
accounting for ~43% of the steel cutput.
weanwhile, -35% of stes! producfion |5 derived
from Induction Furnaces (IF), and another ~22%
from EaF. While few steelmakers utilize steel
gorap as the main raw material in IFs & EAFs, [h
the majority case, Direct Reduced lron (D81
produced via coal based rotary kilns is utilized as
the primary raw material. Like the 57-BOF
process, coal based DRI-EAF [ DRIFIF steeimaking
is associated with high levels of CO2 emissions.

Motably, ndia continued to maintain its position as
Ehe top DRI producer in the workd, with 42.3
milliartons production in 2023, of which
prodigious 32.9:'million tons came from coal based
DRI2

# Migrex, September 2024, 2023 World Direct Reduction Statistics

Figure & Stesl production routes in india

Source: Ministry of Steel Anmisl Renorr 2023-24
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Indian steel sector:
BF-BOF on rise



As the industry stands 3t 3 critical juncture with a dual
i:halFengE of urgent need of reducing the emission
footprint, and high investment casts of low carbon
techngiogles, India's steel sector plans to keep BF-BOF
route as-the main production pathway.

By the vear 2032, it is anticipated that there will be an
increaseof at least 118 million tons in BF-BOF
capacity, accompanied by an additional 24 million
tons of stzel produced through EAF and IF, It is crucial
to note that the EAF/IF projects in pipeline is expected
to utilize coal-based ORI as their primary feedstock,
only a minority of EAF projects shall adopt Scrap In

the processes. Additionally, there are further ventures
in the development stages without a set
commissioning date, polsed to introduce roughly 56
millian tons of BF-BOF capacity.® This trend raises
concerns, considering that the average fifespan of a
Elast Furnace, including the time for refining, is 50
years®, indicating that thess instaliations will have a
long-term presence in India, aleng Wik recently
developed facilities. :

Figure T Announced capacity of steelmaking projects by year 2032 (million tons)

M | Under Conmiiebion

I BF-80F I EAFAF

Steeimaking projects by capadity in plpefine (MU TRPA)

15 Pusned

Saurce Global Energy Manitor's Giobal Steel Plant Tracker (V1) release B EY Parthenon snalysis

India is expected to have'a minimum instalied capacity
of 19a million tons for BF-BOF steel production by
2032, storementionad, the figure sxciudes any BE-
EOF projects that have yet to have a confirmed date

of commissioning, Under typical operational scenarios
for BF-50F steel production, the COZe emissions are
projected to surge to over 2.5 times the current leveis
of emissions.

Figure 8: BaU emissions from indian BF-BOF projects in pipeline by 2032
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Source: Globa! Energy Maniter's Global Steel Plant Tracker {v1) relesse & EY Parthenon analysis

= Globai Energy Manitor, April 2024, Gigbal Steel Fiant
Tracker (v1)réisase

= institute for Energy Economics and Financial Analysss,
Fetruary 2024, India’s technology path key to global steel
gecarbenisation
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while the steelmaking capacity of India expands
througn BF-BOF route, the Imperative to decarbonize
the operations becomes critical, The consequences.
are not limited only to Increased GHG emissions, but
there is a tangibie risk of market contraction in
cauntries & regions with stringent environmental and
reguiatory norms. additionally, there |s pressure from
clients focusing on sustainable supply chain, which
could result in competitive disadvantages for indian
producers,

T address these challengss, we performed an
analysis for a steel compary with an annual
production capacity of 15 million metric tons per
annum (MMTPL) using the BF-80F method. our
analysis nypothesized that the company aims to
increase jts capacity from the current 15 MMTRA to
20 MMTRA between FY34 and Fy3&. We identified

four decarbenization Ideas viz, Renewable Electricity,
Energy Efficiency, Green Hydrogen Injection in Blast
Furnace, and Carbon Capture (Cradle-to-gate,
including pipefine transport’ Tor ail the analysis in the
whitepaper) for decarbonizing the existing operations
within the brownfield setup; Additionally, we proposed
the introduction of 3 2 MMTPA scrap-baszed electric
art furnace aperating with renewable electricity and 3
2 MMTPA green hydrogen-based DRI-EAF operation as
technoiegical advancernents for producing green
steel, This strategic analysis lllustrates how the
Comipany's existing 15 MMTEA BF-BOF infrastructure
can aperate concurrently with the adoption of new
technologies for 5 MMTPA of oreen steel production,
The approach is designad te align with the Science
EBased Targets initiative (SBTI) guidance for iran &
Sieel sector.

Figure 9: SBTi aligned roadmap far 15 1IMTPA SF-BOF player expanding with 5 MKTPA areen steel pathways
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To reduce carbon emissions from current SF-E0F
processes, the campany may plan to implement
energy efficiency sfratenies such as Waste Heat
Recovery, Variable Frequency Drives (VFDs),

En ha_née:i sinter Burner Efficiency, Energy Monitoring
Systems starting in FY25. Additionally, in thesame
fiscal year, the company may Tulfill 20% of s
electrizity nesds thmugh group captive renewable
ENETQY SSUTCES. BY FYZ7, [he company may explore
carban capture at pilot level, and by FY28, T can
introduce green hydrooen injection into the blast
furnace. These initiglives are expected torezultin g
31% reduction in emissions from the FY22 levels by
F¥ 30, with an estimated capital expenditure of
INR4 800 Tore.

& =zubseguent investment of approximately INFLT 500
Crore in Y20 for full scale carbon capture technoloay
i5 projected to further dacrease emissions by 74% by

F 33, refative to the F¥24 tenchmark. This
substantial reduction will be the cumulative effect of
all the decarbonization measures implemented and
the full-scale carbon capiure.

Far the expansion projects, the company may consider
inyesting ina 2 MMTFEA strap-Dased electric arc
furnace powered by renewalbie ensrgy and 3 3 MMTEA
green fydrogen-based DRI faclity In FY3s and Fyag,
respectively. The total capital expenditure for these
greenfizgla projects is estimated at'INBE21,500 crofe,
These technologies are also the route for the
production of green steel.

By integrating decarbonization efforts in exlsting BF-
BOF operations and adopting new technologies in
greenfield expansions, the company would be on track
to achieve 3 20% reduction n Scope 2 and 2 emissions
by FY 50, in comparizon ta the FY 24 baseline,

Flgure 10: Emission intensity reduction with decarbdevers and green steel technologies integration
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wr analysis reveals the significant potential of
renewable electricity, energy efficiency measurss,
green H2 injection in BF, and carbon capture to
reduce CO2e emissions by up to 74% from BF-80F
operations. Eneroy efficizncy measures inciude Waste
Heat Recovery, VFDs, Improved Sinter Surner
Efficiency, Energy Monitaring System etc. As the plant
undeToges expansion and progressively integrates
Green Steel technologies, we observe 3 substantial
decrease in scope 1 and 2 emission Intensity.
Specifically, the emission Intensity is projected to drop
from 2.33 tcoz/tstesl in Fy24 tojust 0.22

tCoz2 tsteel by FYS0. This highlights the critical
impact and necessity of not only pursuing
decarbonization strategies but also embracing the
pathway of Green Steel technologies, which we will
define In & subsequent saction of this paper. Green
steel definition and jts painways are defined In the
subseguent sections of this paper.

Further, with reference to Figure 11, our assessment
indicates between 2029-2031, BF-BOF steel producers

in India are expected to start reaping the benefits of
their investment In decarbonization technologies This
move |s expected to be aconomically motivated
as carbon prices are projected to exceed the
costs of abafing CO2. The same decarbonization
levers previowsly mentioned were considersd in
this analysis and upcoming carbon prices for
India are projected based on evolution of carbon
prices in cther regions.

By abating CO2 emissiens at 3 cost ldwer than the
carbon price, BF-BOF stealmakers may realize
significant cost savings by overcoming the higher
expenses tied to carbon taxation or the need to
purchase emissions allowances.

Moreover, this stiategy providas a solid foundation for
the continued operation of the newly established 6F-
BOF facilities. These decarbonization levers will play a
crucial role during the transition ;JEH'M.I:IEIE#'E the full
adoption of green stes! techrologies becomes feasible
and widespread.

Flgure 11: Cost of abatement v/s carbon price (india) for 8F-BOF

Valpes menfned in US Daliae par forine of CO2

1207 g Stmeario 1 Cost et Decartenization
- Soenanc i Caoen Friis(inga
Stenaries Costof Decartoniranon
—— Stenarie 20 CErhon Frss{Blended ELY EFS = Ingiz)
120
100
S
&0
40
E}D Li T T T T T T i ¥ T ¥ T T T 1

2025 202e Z0ZT I0ZE 20E9 2030 INAT 2032

Saurce—EY Barthenan anslysis

2033

dU34 Z0¥s 036 Z0IT 203F NIy Z0s0

rindia



The evalustion pr're'fen_tx two scenarips forecasting the
fuiure cosi= of decarbenization in relation o i_arh{m
pricing in India and potential exports to Europe.

In &cenario 1, it is projected that by the year 2031,
the cost of decarbonization will drop below &4 per
ton ¢f COZ2. Concurrently, carbon prices Inindis are
expected to rise above S64 perton of co2.

Scenario 2 predicts that by 20239, the cost of
decarbonization will remain above $60 per ton of
€42, while carbon prices will be lower than $60 per
ton of CO2. This scenario takes into account an
effeciive carbon price that combines thie Eyropean
Inion Emizsions Trading System (EU ETS) and indian
carbon prices, pased on 3 steady export volume of 5
millige metric tans par annum (MMTRAD of finished
stesl to Europe.

The decreasing trend in decarbonization costs in both
stenarios is attributed to a significant reduction in the
expenses associated with co2 caplure and the
deciining cost of green hydrogen, Moreguer, n
Seenario 2, the decarbonization costs are anticipated
to e even lower than in Scenario 1, reflecting the
potential for further cost reductions a= the relevant
EE‘EHH{JID:H_'ES advance a3nd scale up.

Key notes for the analysis:

» Levers considgered: Energy Efficency, Renewable
Eneray, Green Hydrogen injection in BF, and
Carbon capture

» indian carbon prices are projected based on
evalution of carbon pricesin other regions

A= highlighted earfjer, carbon capture is crucial for
decarbonizing BF-BOF aperations. While carban
capture affers solutions for reducing emissions,
several aspects of its deployment suggest 3 thoughtiul
siance and raises ambiguity, The absence of 3
dedicated carbon captures atifization and storage
policy in india creatss 3 regulatory uncertainky and
potential investment risks. Moregver, the definite CO2
storage capadity In India is yet to be assessed along
with downstream utilization market, While few pilot
scale projects edist in Indfa, the necessary
infrastructure, Including assessment of definite CO2 -
storage capacity js te be analyzed for full scale
projects. Even if the conventional route of
steelmaking depiovs the igentified levers; the
degendence an codl 35 fusl will persist, As the global
peers of Indian steel manufacturers are NCreasing
their efforts to carb the emissions, Indian playvers may
foCus on trapsitioning from 'Carbon Direct Use' to
‘carbon Direct Avoidance,




What is green steel?




one particular definition of green steel does not exist,
There are increasing number of standards, protocols,
initiatives; and.government policies, each Tocusing an
different components of the Indistry. These measures
can pe categorized based on their focus on stee
manufacturers, the demand side, or the finance and
tunding aspects.”

The definition of green steel reguires the definition of
system bioundaries, which varfes from standard to
standard. For near-zero steel production, emissions
intensity hmeﬁ. gre defined by Responsiblestes! and
the IEA as ranging from 0.05 to 0.4 tons of co2 per
ton of =teel, confingent.on the scrap ratio used,,
Demand-side initiatives like [DD1, the First Mavers
Cealition, and SteeiZero share this definition but set
varving targets for stesl procurement. Other initiatives
spedify fime-oound emissions reduction goals, while

some dre dedicated to establishing framewaorks for

emissians accounting and reporting, such as GHG
Protocols, 150 Standards, and The World Steel
Azzociation.

The diversity of the steel industry's global operations
makes g single universal standard impractical. A more
realiistic approach might be to develcp a few high-
quality, mutually sligned standards and protocols,
Harmonization could concentrate on emissians
accounting boundaries, the types of SHGS included,
and the criterfa far IEFO-EMISSIon OF Near-2ero-
emissian stesl. integrating the perspectives of major
stee_lﬁrnﬂu::ing Bmerging ecanamies, esgecizlly China
and india, Into these decarbenization standards is
critical. Effective communication and coordination
among these standards and protocols.are imperative to
streamline requirements and alleviate the industry's
comgliance burden, thersdy supporting the shift
towards reduced emissions.

Key players
(non-exhaustive)
» etz emission Intensity teroet based on scrap usage across< bands =
for 100 to 0% scrap usage: 'ﬂq:ﬂ{:'-: 211
» Level 1-0.501o0 2.8 tCO2/tcs A
" bls > LE\F.EI 2-0.351t0 2.0 1002 /tcs ArcelotMittal
W SioEl == »  level 3-0.20t0 1.2 (002 /i %
» Llevel4-0.05t0 0.4 tTO2/tcs st
= Leve| 185 termed as Basic Threshold, whereas |evel 4 is Near Zero
7 el » The Stience Based Targets Initiative (SBTD) developed the Steel SSAB
& =T Sciepce-Based Target-Setting Guidance to help steel companies set
- climate targets that align with the Paris Agreement’s 1.5 goal ‘ =
»  Sets emission intensity target based on scrap usage across between orsted
First Movers 0.05 {at 1G0% srap us__a:qe} tq 0.4 t_::c_}z,ft;s {at o4 =crap usage) -
el » Itis envisaoed that these targets shall be accomplished basis Re NE‘W
agvanced green technologies like H2 DRI, CCUS, Electrowinning 8. wATTENFALL =
B - Allianz @ |
> Emission intensity reduction In BF operations by 20%, IT baseline |5 il irradines
more of equal to 2 (02 per ton steel; 15% reduction if baseline less
Climate Boruls than 2 tco2 perton ofsteel _ $ UBS
> Emission intensity target reduction by 20% & 40'% for fossl] gas
based 2 coal based DRI respectively C i"ﬁ

7 &l Hasanbeig and Adam Sibsl, January 2023, What is Green

£ Standsrdsand initiatives, Description, and Key players are

Siesl? Definiticn-and Scopes from Standards, [ntiatives; and
Polcies around the wortd

puslicly availablie information
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Apart from various standards, protocols, and commitment to environmental responsitifity and
iniﬁaﬁﬁea, companies are developing théir OWn.green attract customers seeking sustainabie products.
steel definition and |ssuing corresponding certificates. However, the profiferation of different areen stesl
Generally, these definitions focus an specific aspects. definitions and certificaticns can create confusion

of the steel production process, such as reduced amongst the buyers of green steel, To address this
carbon emissions; energy efficiency, or the use of Issue, corporates nave assigned audifing protocois to
renewsble energy sources. The certificates serveas a3 weriiy their own claims of green or low carbon stesl.

valuable tool for companees to showcase their

Certilicates

» xCarb greenstesl certificates are issued by company's
operafion in Europe - Flat Products based dn audit by Det

,-F‘k XCarb Norske veritas (BNV) on €02 savings
ArcziorMittal e e » Two distinguished certificates are provided based on
processes Used: BFE-80F with reduced codl, and scrab
based EAF with 100% renswable EIE:E!I’E[H‘!'

» cCarben titesolution offers a 30% reduction in co2e
intensity compared to the Tata Stesl Nederiand baseline

TATA STEEL Zeremis Jan 2018
‘ r ‘_ -.I...:.I o = < = v
b i Larbon Lite »  Carbon sayings are independently assured by Det Norske
Veritas (DNV)
» bluemint® recycled offers 0.75 tCG2e per ton of hot
P sirip compared fo 2.1 1C02e per ton of canventional hot
& @ oorins [N ;
¥ =y » Follows DIN EN ISO/IEC 17029 and TUV SUD VERIsteel
thwssenkoups Standard for bluemints steel produttion

» This lower emissions product is certified by TOV SUD

» Offers two unigue certificates under KALYANI
FERRESTA™, and KALYANI FERRESTA™ PLUS

»  HALYAN FeRRESTA™ has an emizsion Intenaity of less
than 0o tcaae per-ton of crude stee| or less than EI.35

P tcoze per ton of Folled stesl
S SARBLOHA  “Z@ icawvaniFeRRESTA | > KALYAN| FERRESTA™ BLUS offers net zera GHG
AKAGTAM GrgUT COMPNY W emission Intensity for both, crude 2 rolled steel,

» Both the certificates use GHG Protocol ISO 14404-
2:2013 and IS0 140641 (2018)

» Certificates arefointly issued by DNV Business Assurance
India Private Limited and Saaricha

» Follows mass-balance approach in accordance with Japan
Iran 2nd Steel Federation guidelines to reduce GHG.

0 JFE _}G ree emissions of diverse product portfolio

»  Mippon Kaiji Kyokal assessed JFE's claims of GHG

reductions and carban footprint of JGreex™ producis

Fecusing on the development and commerciafization of low carbon emission steel products, rather than solely
pursuing broad corperate-level decarbonization sirategies, may be crucial for securing premium pricing during the
transition phase. This product-centric approach allows Tor differentiation in the market, where the industries are
increasingly willing to pay 3 premium Tor materials that contribute to their own sustainabllity neals. By positioning low
carban emission steel as 3 distinct, value-added product, companies can capture 3 competitive edge:and drive
indusiry-wide change, encouraging the adoption of greener practices throughout the supply chain,

# Companies. Certificates, and Description are publicly avaliaple information an company's respective website
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Cost of green steel



The preceding section threw light on the absence of a emission steel is feasible using Green Hydrogen in
Universally accepted benchmark for the carbon Oirect Reduced iran nre:E".iéEﬁ for primary sheel
emission levels that qualify steel preduction as production, and through Scrap utiiization in Electric
'Ljreen.-' Ideaily, the cleser the emissions approach ATC FUrnaces powered by renewables for secondary
zero, the greener the steel, Forall practical purposes, producers, as these innoeative technologies gain
stesl production resulting in (ess than 0.5 tons of traction, it is imperative for indian stesl

CO2e emissions per ton of stesl may e considered manufacturers to embark on a journey of

green. Current standards and indUsiry consensus decarnonization oy adopting these methods.

sugagest that the production of green or near-zero

Figure 12: Emission intensity and cost of steel production pathways (Fv24)

BF/BUF: Conventional production pathway Proguctioncos! mentionsd In Nemina Terms

Low CarbonEmission Stesd Green stesl

i
11

LIEETS )0 ] 5 ) UBHIaTE0 L) (S )0 180D

Ermizslon Intensity of 5158 Proguction Pathway
(tCOZef ton of Steel)

=
in

ag
BF/BOF NG D&l BFIBOF = E4AF Scr3p  EAFSIr3n+=RE H2 DR+~ ERF
Carbon Captare
e (ot of Frofuction B Emissionintensity . BenchmancEmitalon Intenkity
Epurces EY Farthenon gnalysis-

The emission intensity of low carbon amissions steel production methods such as Natural Gas-Based Direct Reduced
iron CORD, BF-BOF with'Carbon Capture and Scrap-Based Electric Arc Furnace (EAF) is significantly lower than that of
the traditional BF-BOF steslmaking route, by £1%, 0%, and 7 1%, resoectivaly.
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The key faciors contributing to these reductions are:

1. The useof naturat gas in the ORI process oifersa
cleaner combustion aiternative to coke, which is
trie primary fuel in the BF-BOF method.

2. The implemeniation af carben capture
technology In the BF-BOF process enables the
capture of CO2 emisslons from fhe steelmaking,
wrarkTiow,

3. The scrap-gaf method eliminates the need Tor

Coke 35 2 fuel sgurce and leverages refycied
scrao meial, which bypasses the reguirement for
raw lron extraction, resulting in lower emissions
throughout the production cycle.

Green stes| production methods offer a substantial
decrease in emission Intensity. When repewable
ERErgy Sources powesr a2 Srap-Based Efleciric Arc
Fumace, the emission intensity i= 824 lower
camparad to the conventional Blast FUurnace-gasic
Dxyoen Furnace (BF-BOF) method. Additionally, the
Hydrogen-Sassd Direct Reduced Iron (H2-DRI) process
schieves a remarkable $7% reduction in emissions
relative to the BF-BOF approach. The underlying.
reasons for these significant reguctions include:

(]

Tne Intzgratien of renewable energy Inlo the
SCTEp-CAT process minimizes emissions related
Io electnicly cansumption, whether sourced
from the and or generated on-site,

M

Utllizing green hyvdrogen 25 3 reducing agent in
the ORIl process resulls in 3 cleaner reaction,
with water vagor being the only byproduct, thigs
gramaficaily lowermg emissions during the iron
are reducticon in the shafi furmaces.

The production costs for stesl with rediced carbon
emissions are greater compared to the BE-S0F route:
13% more for natural gas based DRI, 27% more for BE-
BOF with Carbon capture, and &% maore for scrap-
bazed electric arc furnace operatiens. In terms of
environmentally friendly stee| production methods,
using an EAF powerad by renewable energy sources
incurs 2 30% cost increase over conventional steel,
whife tne green nydrogen direct reduced jren (Green
HZ DRI steelmaking route is 4% more exmensive.

in fiscal year 2020, this trend |15 expected to change
as technoiogies aimed at reducing emisstons, such as
Carbon Capture and Gresn Hydrogen, become more
cost-effective and efficient when compared to FY 24,
Declining decarbonization costs are projecied to
reduce H2 DRI EAF production cost by 22% and BF-
BOF with Carbon Capturs production ozt by 3%.




Figure 13: Emission intensity and cost of steel production pathways in FY30
BF/BOF: Convanfiang! proguchon psthway Proguction cost menfioned i Nomind! Tarms
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under the carbon price scenario, it is anticipated that the production cests for low carbon stegl methods will be
reduced by 1% to 10% compared to fraditional stesl manufacturing. Conversely, the costs for producing green sieel
are expected to be 14 16 6% mare than those of standard steel production, Meanwhile, the price of steal produced
through conventional methods is projectad torise by 24% by the fiscal year 2032,

Key notes for the analysis: » . EAF RE emission intensity considered with 2%

»  Carban price in FY20 is projected to be FENEWHDIE CIEIgY

58.33/1C02 »  Eftective benchmark emission intensity reduction
for indian stesl sector mirrors that of CBAM N

»  Carbon Capture abatement price considered 53 o

Sftcoze

»  foreffective impiementation of 3 CCTE scheme
in ingiz; arant and phasing out of fres allowances
I5 immpiartant

» RE carbon shatement price considered
S85/tcoZe transiating to 0.075/KWH

» EAF BE benchmark considered with 20%
renewanle eneragy

29
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By the fiscal year 2035, the expanse of producing carbon steel methods are forecasted to be 5% to20%
gresn steel through the hydrogen direct reduction (H2 less Thali those of traditional steel manufaciuring.
ORIy methad is expecied to decrease significantly, moreover, the costs for green steel production are
becoming Z&% less costly than in FY24 (refer figure profected to be 10% to 24% less than canventional
12}, owing to the anticipated reduction in the price of steel methods. This trend sugoests that green steel
green hydrogen. [na scenario where carbon pricing is will become increasingly cost-effechive in the future.

implemented, the estimated production costs for low

Figure 13: Emission intensity and cost of steel production pathways in FY335

BFR/BOF: Convenlional aroguciion pathway Praguction cozt mentionsa In aménal Farms
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Key notas for the analysis:

»  Carban price inFY30 is projected to be
E25/tco2

»  Carbon Capture abatement price considered.
£55/tcoze

»  REcarbon abatement price considered
SE5/1C02e transiating to Q.07 5/KWhH

=  EAF BE benchmark considerad with S0k
renewahle energy

»  EAF RE emizsion intensity considerad with S0%
renewanle eneragy

»  Effective benchmark emission intensity reduction
for indian steel sector mirrors that of CBAM in
EU

»  For effective Implementation of 3 CCTS scheme
in india, grant and phiasing out of free allowances
iz imporiant

&g the stee! Industry moves towards 3 maore
sustainable future, the financial viabifity of green steel
production becomesa pleotal factor for widespread
adoption. The projected cost reductions for green
steel, as outlinea for FV30.8 FY35, signal 3
transiormative shift in the economics of stest
manufacturing. This shift 1s not only driven by the
decreasing coste of green nydrogen but also by the
mplementation of carben pricing mechanisms that
incentivize ckeaner production methods. The
anticipated affordabiiity of green stesl positions it 35 3
camipelling alternative to traditional steel, patentizily
accelerating the Industry's transition towards
environmentaily friendly practices.
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Production pathways of green steel



Pallstizng

High-maatity 0R
|ron Ore Pelists
Hipd bgen
production

Stesl M1aking and Casting

1. Higharadeiron ore{Fe > &67%) & lower impurities
2. ©Green Hydrogen as reducing gas in OR Shatt
3. Carbon |ajection and slag forming additives in EAF
The steelmaking process using green hydrogen begins with the electrolysic of water, powered by
renewabie electricity, t0 generate hydrogen. This green hydrogen acts as the reducing gas in the
Process. (ron ore pellets are fed from the top of ashaft furnace, while the green hydrogen is
Brigt process intraduced from the bottom. This process results in the Tormation of Cirect Reduced iron and
descriplion water vapdr as a byproduct, The BRI is ther) fed into an Elecitic Arc Furnace for steslmaking. This
‘step can be done either as cold charging or preferably hot charging of BR|, leabing to potential
energy savinos-and increased productivity during the steslmaking process. The liguid stesl
undergoes casting, followed by rolling and other downstream finishing processes.
1. Unavailabifity of high-grade iron ore can attract additional gangue

Increased stag volume in low grade jron ore

H=-R! based DRI has lower meiting efficisncy dus to absence of carbon content
Key challenges 4. Nitrogen management during steelmaking process
5. High upfront capital costs (40% higher than conventional)
6. GHZ production & use is up to 80%-120% costlier than Tossil fuels
7. Water intensive (L0 fir Distilted water for 1 kg hydrogen production)

Key lachnology

ek oo MIDREX  tenova®

cComp2nies

S . 22 ssaB HBIS

exhausiive)

= Mgy technology piayers and Companies deploying GHE-DRI aré publicly svatishle information on respective wehsites and press
reigases
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Serap Yard @ Stea] Making and Casting

Eleciric continupus
ateel Scrap ATT Casting
Flumace sMachine

Penewabie electricity

1. -=crap is the pnimary raw materal
Hey row malerizls . = : =
required Z. Fluges like Dolomite, Limestone et

3. Ferroallovs such 3s FeMn, Fesiefc

The steel production process begins with the formulation of a scrap recipe, which involves
combining various types of scrap materials such as bushelling, shredded scrap, bundies ete.
These materiais vary in size and density and are gssembled in scrap bucket according to the
specific needs of the process.

Brief process The recipe is then introduced into an electric arcfurnace (EAF) for meiting. Foliowing the

description charqing of the scrap, electric current i passed throuah electrodes 1o generate 2 high-
intensity heat that melts the scrap. The subsegquent stage invoives rafining the molten metal

“and forming siag, which is facilitated by the-addition of specific additives. To achieve the
desired steel grade, various alioying elements are incorporated. This high-energy process
hias the potential to schieve nearzero emissions when integrated with renewable energy
sources, thereby enhancing the sustamahilitr afthis secondary stecimaking route.

1. Urnavatiabllity of substantisl scrap in indiz and gicbally

2, Tramp elements like Cuin scrap

Key chadlenoes
3. Sorap based EAF js energy intensive process, and switching fe RE would be capital
intenzive

Kok pcimaimoy E DANIELI (") PRIMETALS %
(non-exhaustive)'t SMS “ group tenﬂ‘?ﬂ.
Compianies deploying
SCTap-EAF + N % SAARLOHA AICHI STEEL

A WALYANTGNOUP COMPANY f -,
renewables ;

outokumpu

(nof - exhaustive) Arcaloriitial ; L

i 2 ¥ey techinology piayers and Companies deploving Sorep-EAF + Renewabies are pubiiciy availahle informstion on respective
websites-and press releases
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Case: HYBRIT collahorative mission by SSAB, LKAB, Vattenfalll2

Summary: with gresn hydrégen, produced using renewahle
energy. Tnis bregkthrough technology has the
puleni.iai to significantly reduce {ﬂTtin_fi\ emissions,
making steel production fossi-free and cantributing to
the global transition tuwads a more sustainables
Background: EConomy.

Advancing towards a value chain free from fossil fuels,
from:extraction to steef production, by employing
renewable electricity and nhydrogen

The HYBRIT (Hydrogen Breakfnroush Ironmaking Project financials:
Technology) praject was initisted in 2016 35 3 Joint
venture between 33AE (steel producen), LEAE {ron
ore supglier), and Vattenfall (electricity producer),

»  SEAR L KAB, and Vattentall invest 3 total of SEK
259 millfion In the hydrogen storage itself

aiming to decarbonize the steel industry. m response #=  SS5AB isinvesting €45 Billion In.a new mill that is:
to rising climate change concerns and the global push sxpected to produce 2.5 million tonnes of fossll-
tor sustainable industrial processes, HYBRIT seeks to free steel 3 year by 2029

revolutionize steel manufacturing by replacing coal

Project timelines:

Froject announced by 534AE, LiaB, vattenfall for the fossil free steel making inifiative
SSAB, LKaB-and vatieniall formed the 2y company, Hybrit Bevelopment-AB
Proiect's pliot plant inaugurated for production of sponge iron in Sweden

First Hydrogen reduced sponge iron produced and finjshed steel dellvered to the automobile customer.
The tustomer produced 15t vehicle mate from fossil free steel

The customer produced construction machinery from fossil free steel
undergrourd Hydregen gas storage of 100 m* is insugurated in Sweden

Launched = fossii free prodict

Fossil free steel will be avallable in the market

Conclusian:

The project aims to revolutionize stesl production by using green hydrogen. signrificantly reducing carben
emissions. Its success couwld seta new siandard for sustginable industry and piay a vital rofe in addressing climate
change

= Information aveiiable on company's website and press releases
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Case: ArcelorMittal Dofasco’s transition to low-carbon steel production®?

Summary:

ArcelorMitial Dofasco, 2 steel producer in Canada, has
embarked gn an ambitious project to significantly
reduze its carbon footprint by transferming its
steelmaking process. The company plans to cuf thres
millian tans of Coz emissions by constructinga 2.5
miflion tons per annum hydrogen-ready direct reduced
jfron (DR faciiity. This Initiative is 2 strategic move
towards sustalnable steel production, aligning with
global efforts to combat ciimate change,

Batkground:

The proposed-expansion involves the introduction of 3
vertical shaft DRi using natural gas, coupled with an
electric arc furnace (EAF), while retaining the existing
downstream faciiities. The DRI shaft is desioned to be
adaptable for fubure integration with.gresn hydrogen
{H2) 35 3 fuel source. This would further enhance the

Project timelines;

engineering 3nd design (pre-FEED).

facility's capacity expansion potential using the H2
DRFEAF method.

The rationale behind the project is the company's
cammitment to phasing out coal from s primary
steeimaking operations, targeking 3 60% reduction in
emissions, |eading to around 2 milllen tons of
anniial CO2 abatement. This move s not enly
environmentally responsible but aiso positions the
company as a leader in the transition to green stesl
production,

Project financials:

The project |s estimated to cost 1.8 billion Canadian
dolfars. It pas secured significant funding from the
oovernment, with contributions of CADS400 million
and CADSS00 millign from the Government of Canada
and the Government of Ontario, respectively.

Froject announcement and formation of the project team. Completion of slgnificant pre-front 2nd

by the start of onsite construction work.

Graund-breakina ceremony markina the start of the project.

commencement of detailed engineering and demolition of the decommissioned Coke Plant-t, followed

Foundation work is sat to begin.

Lonstructionof new assets; iIncluding the EAF, is expected to be completed.

The full transition from the active BF-BOF route to the DREEAF Toute is anticipated.

Conclusion:

The company’'s sirategic shift to a hydrogen-ready DRI facility represents 3 significant step forward in the steel
imdustry's journey fowards decarbenization. The project net only demonzérafes the company s feadership in
adapiing grean technologies but alsg serves as 8 blueprint for other stesl producers aiming to reguce their
enviroamenial imoact. Witn the support of the Canadian government. this inifiative s8fs 3 precedent for puiiic-
private collsboration in achieving sustainabiiity goals within the industiial seciar.

= information 15 svaiiasie on company's websie ano press releasss







Recommendations



To advance the adoption and production of green st2el in India, 3 multifacetad approach is essential. Tnis
approach should encompass technological advancements, policy interventions, ecosystem reguirements,
and strategic collaborations, The Tollowing recommendations gutiine the key areas of focus:

Green steel definition and mandate

Toestablish 3 robust framewark Tor areen steel, it s
exsential toimplemant Product Level Carbon
Feotprinting (PCF) for accurate emission tracking and
reparting at the product or arede level, Palicy
interventions should include the development of
standards and certification for green steel production,
setting maximum carbon allowances and steel sector's
plant level emission reduction targets are required,
Additionzally, there should ke 3n adoption mandate
FeQUiring 3 specific percentage of green steel usage
by domestic consumers, similar to Fenewahle
Purchase Obligations (REO). The ecosvstem must
support these infmiatives through Green steel
Certification Programs, collzoorating with industry
and certification bodies to create audited low-emission
certificates, and fostermg a demand pool fram
consumers focused on their scope 3 reduction targets.

adoption of green steel pathways

For the adoption of green steel pathways, exjsting BF-
BOF steelmakers should invest in energy efficiency,
renewshles, alternate fuels and carban capiure
technodogies, Greenfield expansions should fotus on
pathways ke Eledtric Arc Furnaces (EAF) with
renewables and Green Hydrogen-Direct Reduced |ron
{HZ-0ORI). & strong policy tramework i= reguired,
offering tax incentives, capital subsidies, viability gap
funding and grants for companies decarbonizing ineir
currarnt assets or adopting gresn steel technologies.,
The ecosystemn should facilitake joint research and
develepment programs Eo address specific chaltenges
in'green stes! production, foster glebal kechnology
collaporations and develop the necessary workforce
and silisets for implementation.

Renewable energy avaitability

achieving the target of 90% renewable energy by
2027 necessitates adyvancementsin solar, wind and
energy storage technologies. Investments in power
evacuation infrastructure, grid stabliity and managino
[oad curve fluctustions are crucial. Palicy
interventions should fecus on land avaiiability and
rehates for captive renewable energy piants, banking
facilities, support for phasing out captive power plants
{CPP) far existing assets, brinaing steel hubs and
statez under interstafe fransmizsion, prioritization of
RE demand to the secior, and funding support or 3k
exemptions under ¢pen 3ccess green energy policies.
The ecosystem must encourage tie-ups with
rerewable energy developsrs, setting up group

captive prajects-and innovative ccoperative models
that drive larger supgly chain decarbonization.

Carbon capture utiilization and storaoe

High Technology Readiness Level {TRL) carbon
capture and separafion technologies must be
developad to achieve a cost of at least 535 per ton of
C02Z captured by 2030, supporting emission reduction
via the BF-BOF route. Palicy interventions should
mandate the utifization of captured coz from the
steel industry In downstream applications, provide
tarbon credits for seguestration under Article
&.2/6.4, and esiablish Carben capture Utllization
(CCwW) hubs around industrial areas. The ecosystem
should assezs the downstream market for captured
CO2 utilization ke methanel, ethanol, polyurethane
2te. producticn. 4n additional application to
investigate {s the potential for improved oil exiraction
by utifizing captured CG2 for injection into sll Tields,
thereby faclitsting enhanced il recovery. Further,
the evaluation of definite o2 storage capadty |s
required,

SCrap processing

Te effectively integrate scrap into the formal sector, it
is recommended to setup state-ol-the-art scrap
processing centres with advanced sorting and
recyciing technologies, An Extended Producer
Respansibifity (EPR) framewaork shauld be
implemented to ensure manufacturers take back eng-
of-ife products, compiemented by incentives for
companies investing in scrapg infrastructure. The
covernment of India has established 3 vehicle
sCrappace palicy. In a simiiar vein, the development of
a policy gedicated to the aggregation and processing
of scrapmaterials Trom infrastructure projecis could
be consigered. These measures will formalize the
scrap industry, contribute to the circular economy,
and reduce the environmental footprint of steel
proguction,

Beneficiation of low-grade iron ore and technology
integration

The direct reduction process necessitates the use of
high-grade iroh ore for ogtimnal performance. Using
iron ore of 2 lower grade can ead to 3 Host of Tssues,
mcluding lower process efficiency, gangue presence in
the direct reduced iron, and increased energy
demands. To counter these challenges, it may be
beneficial to consider the beneficiation of the lower-
grade won ore to enhance its quallty. Additionally, the

¥
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adoption of technelogies such as malters for ORI or
the Insialiation of submerged arc furnaces directly
below the direct reduction shaft could be explered.
These technologies have the capability to liquety the
direct reguced iron into malten hat metal, A
significant benefit of this approach is the 3bllity to
integrate with existing basic oxygen furnace (BOF)
infrastructure for the steelmaking process.

Carbon pricing and cost of abatement

The cost of decarbaonizing technologies, particularly
carbon capture and green hydrogen injeciion, must
decline rapidly to reduce the overall cost of
decarbonization. 2olicy interventions should ntroduce
carban pricing:via carbon capiure and storage (CCTS)
for the domestic steel sector and provide guidelings
for the impact of the carbon berder adjustment
mechanism (CEAM) an Indian piayers. The ecosystem

st tufﬁi:k_'-:‘r the implications of imposing a carbon
ta on the steel value chain,

CEAN challenge

To navigate the CBAM challenge, itis recammended
that indiz adopts a uniform mechanism for Verdying
and accounting for GHS emissions, supported by
technoicgical advancements for real-time verification.
Indiz should establish 3 national framework in line with
mternational CeAM standards, while siso formulating
a protectionist, indiz-specific CBAM policy to
safeguard domestic industries, including phased
imptementation and financial support for technological
upgrades. Turthermore; an ecosystem fastering
colfaboration between government, industry, and
environmental experts is essential, alonoside sector-
specific aliances to innovate and collectively align
with CBAM regulaticns.

Conclusion;

fostaring 3 greener, more rasiijent stegd Industry,

In conclusion, the transition to green stesl production reguires 3 comprehensive aporoach encompassing
fachnological advantements, robust policy framelworks, and 3 supporiive ecosystem. By defining and mandsting
green steel standards. adopting innovative produciion pathways. ensuring renewable energy availability, advancing
carbon capture technologies, and implementing ffeciive carbon pricing, (ndia can fead the way insustainabie stesf
preduction, These recommendstions provide 3 sirategic roadmap for achleving sianificant emizsion reductions and
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About WWF Finland

WWF Finland is part of the extensive international WWF nefwork that has offices in about 50 countries
and operations in over one hundred countries: WWF, which was founded in 1961, has grown from a
mﬁl!nrwﬂtbnﬂuﬂ:huﬂ:d m{mﬁﬁunﬂﬂrﬁn@ﬂtﬁﬁpﬂ:ﬁ to the most mu.u:-nhiﬂ environments!
oroanisation in the world. The opersfion in Finkand has existed sincs 1972

About CII-GBC

€l - Sohrahyi Godrej Green Business Centre (O - GBLC) i Cli's Developmental Institute on Green
Prartices & Businesses, aimed at offering worid class advisory services on consenvation of natursl
TESCANTES.

Fustfdnqgmen practices and businesses throogh s services in erergy management, green buildings,
green companies, fencwable energy, green product ceriinication, waste mg:mﬁ,a:ld cleaner
producion processes, the Green Business Cenire fadiiiate India's emergence as a global leader ingreen
business by 2025 ) '
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