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Global steel production is dominated by China
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Source: World Steel Association (2022)
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Note: Electric arc furnaces (EAFs) can (and currently usually do) use pure scrap steel and generally use only 20%-25%
of the energy that BFs use to produce steel. DRI is used to supplement the scrap steel in EAFs to produce purer steel.



Mt crude steel
World 1953
China 1033
India 118
Japan 96
USA 86
Russia 76
Korea 70
Turkey 40
Germany 40
Brazil 36
Iran 28
Italy 24
Taiwan 23
Vietham 23
Ukraine 21
Mexico 18
Top 15 countries 1732
Top15 without China 699
Rest of the world 221

EU
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Boundaries for lron & Steel Production

Raw Materials Iron Steel Steel Finishing

Preparation Production Production

Part of Mining Sector

% of Total Preparation (e.g. iron | Iron Production (DRI) Steel Production Steel Finishing
ore pelletization) (EAF) (Hot Rolling)

Energy 16% 62% 13% 8%
Usage

Direct + 21% 50% 23% 6%
Indirect CO2

Emissions -



MIT Economic Projection and Policy Analysis (EPPA) Model

Multi-sector, multi-region computable general equilibrium (CGE) model of the world economy for energy, economy and emissions projections
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Key Inputs
Policy Assumptions

Population Growth
Capital/Labor Productivity Growth
Energy Efficiency Improvements
Technology Costs
Rate of Technology Penetration
Elasticities of Substitution

(related to labor, capital, energy, fuels, etc.)
Fossil Fuel Resource Availability
Urban Pollutant Initial Inventories & Trends
Land Productivity

Non-Energy Sectors
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—)

Region B

18 Regions

EPPA regions:
AFR Africa

ANZ Australia &
New Zealand

ASI Dynamic Asia
BRA Brazil

CAN Canada

CHN China

EUR Europe (EU+)
IDZ  Indonesia
IND  India

JPN Japan
KOR Korea

LAM Other Latin
America

Middle East
Mexico
Other East Asia
Other Eurasia
RUS Russia
USA United States

Technical Features

Written in GAMS using
MSPGE

Based on GTAP
Database

Calibrated to current
economic and energy
levels based on IMF
and IEA

Documented in peer-
reviewed literature

Publicly Available
Version

2100+ (in 5-year steps)

Crops *Regions and sectors can be
Livestock added for special studies*
Forestry

Food Iron & Steel
Energy-Intensive Industry: gﬁgqniirltals

Manufacturing

Service

Commercial Transport

Household Transport
Energy Sectors

Crude Oil

Refined Oil

Liquid Fuel from Biomass

Oil Shale

Coal

Natural Gas (conv., shale, tight)

Non-Ferrous Metals
+ low-carbon options

ICE (gasoline & diesel)
Plug-in Electric
Battery Electric
Hydrogen

Current Generation

Key Outputs
GDP

Consumption

Emissions (GHGs, Air Pollutants)
Primary/Final Energy Use
Electricity Generation
Technology Mix

Commodity and Factor Prices
Sectoral Output

Land Use

*At global and regional levels*

Key Features
Global Coverage & International Trade

Economy-Wide Coverage & Inter-Industry Linkages
Feedbacks Across Regions & Sectors

Theory-Based (microeconomics with full input-output data)
Endogenous Prices, Investments & Capital Accumulation
GDP and Welfare Effects

Policies (emissions limits/prices, sector/technology regulations...)
Distortions (taxes, subsidies, etc.)

Accounting for Physical Quantities (energy, electricity, land)
*Links to MIT Earth System Model (MESM)*

Advanced Biofuel

Key Equations

Conv. Fossil (coal, gas, oil)
Adv. Fossil (NGCC, Adv Coal)
Coal with CCS

Electricity
Synthetic Gas (from Coal)

*New Technologies Continually Added*

Coal + Bio Co-firing w/ CCS
Gas with CCS

Gas with Advanced CCS
Nuclear

Advanced Nuclear
Hydro

Solar

Wind

Renewables with Backup
Biomass

Biomass with CCS

Firms maximize profit: choose technology, level of output and inputs
subject to production functions and costs

Household maximize welfare: choose savings and consumption subject
to budget constraint

Equilibrium Conditions: Market-Clearing, Zero-Profit, Income Balance

https://globalchange.mit.edu/research/research-tools/human-system-model 7




Steel Production Costs and Input Shares
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Benavides et al. (2022). Emission Mitigating Emissions in the Global Steel Industry: Representing

CCS and Hydrogen Options in Integrated Assessment Modeling. International Journal of
Greenhouse Gas Control, 131, 103963. https://globalchange.mit.edu/publication/18065



https://globalchange.mit.edu/publication/18065

Emission Intensity for Steel Production Pathways

t CO,/t hot rolled steel

2.0
ARRRTRRTRRRRN
SRR
1.5
ORI
1.0
\\\\\\ RONNNNNRNN
\\\\\\\\\\\\
0.5
DU
§
\
0.0
BF-BOF EAF DRI-EAF Blue Hydrogen DRI-EAF Green Hydrogen -
DRI-EAF with CCS DRI-EAF
M@ Direct - Iron and Steel Production B Direct - Finishing Process
B Direct - Hydrogen Production Indirect (Gnid Electricity) - Iron and Steel Production
Indirect (Grid Electricity) - Finishing Process Indirect(Grid Electricity) - Hydrogen Production

Source: Benavides (2023)



Hydrogen Production Cost
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Hydrogen Emission Intensity
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Cost of H, in $/kg and an equivalent natural gas price

Dollars per million British thermal units

Dol 2 $/kg H, = 17.60 $/MMBTU

% - 4 $/kgH, = 35.10 $/MMBTU

80
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20 -

10 -

0 T T T 1] 1 1] Ll T L
Jan-19 Jul-19 Jan-20 Jul-20 Jan-21 Jul-21 Jan-22 Jul-22 Jan-23 Jul-23

NOTE: LNG refers to liquefied natural gas. European gas price is from the Dutch TTF and U.S. gas price is from Henry Hub.

Figure Source: Federal Reserve Bank of Dallas (2023)
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Table 1. Scenarios for 2020-2050

Advanced Steel

Scenario Name Climate Policy Production Non- | H, Production Costs
Energy Input Costs
Reference Current Trends Base Costs Base Costs
AA Base Costs Accelerated Actions Base Costs Base Costs
AA Reduced Cost
of Advanced Steel | Accelerated Actions Reduced Costs Base Costs

Production

AA Reduced Cost
of Advanced Steel

and H, Production

Accelerated Actions

Reduced Costs

Reduced Costs




M1t steel

Global steel production by process
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Energy consumed by global iron and steel production by process

and type of energy input
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Global emissions from steel production

AA Base Costs
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t CO;/ t steel

Direct CO, Emission Intensity of iron and steel production
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Abatement of direct CO, emissions from iron and steel production relative to

the Reference case
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Concluding remarks

Substantial CO, emission mitigation in steelmaking can be done at carbon
prices lower than $200-250/tCO,

Electrification and scrap use are the primary pathways for steel
decarbonization

CCS is less costly option than hydrogen for steel decarbonization
H, production costs must reduce significantly to compete

Steel decarbonization pathways are region specific
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Thank you

Questions or comments?
Please contact Sergey Paltsev at paltsev@mit.edu
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