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Introduction

The production of steel is an energy-intensive and high-emissions industry. In 2020, the direct carbon 
emissions from the global steel industry reached 2.6 billion tons, accounting for about 7% of global 
emissions.1 China’s steel industry emitted 1.81 billion tons, accounting for about 16% of the country’s 
total.2 As a raw material industry, the steel industry is one of the pillars for steady economic and social 
development. The low-carbon and near-zero-carbon transition of the steel industry is crucial to meeting 
worldwide climate goals and it introduces opportunities for high-quality development for the industry and 
its downstream partners. 

At the industry level, the China Iron and Steel Association (CISA) issued the Carbon Neutrality Vision and 
Technology Roadmap for the Steel Industry in August 2022, which has been updated to the second edition.3 
The roadmap plans key technologies from the current level to the carbon peaking and carbon neutrality 
stages, providing a direction for industry transition from a technical perspective. At the enterprise level, 
both state-owned and private enterprises have actively set carbon targets and emissions reduction 
roadmaps to help enable the industry transition. At the project level, pioneering companies such as Baowu 
Group and HBIS Group have planned and are operating low-carbon and near-zero-carbon projects such as 
hydrogen metallurgy. They have capabilities of producing standard-compliant products.

The continual advancement and popularization of low-carbon technology offers the possibility of 
producing near-zero-carbon steeli, but the high cost is still a major challenge for implementation.  
At present, most of the investment in existing projects such as hydrogen metallurgy relies on companies’ 
own capital. These companies have taken the lead in commissioning and operating low-carbon and near-
zero-carbon projects as early demonstrations. However, the economic challenges will be magnified as the 
projects progress and cost competitiveness needs to be proven in the market. If uncertainty exists about 
the project’s medium- and long-term economic performance, companies are more likely to maintain a 
conservative attitude toward capital-intensive near-zero-carbon projects. This can negatively impact the 
industry’s transition process.

However, the steel industry has an imminent need for the transition to low-carbon and near-zero-carbon 
production. It is estimated that to keep the temperature rise within 1.5°C, the global near-zero-carbon 
steel production capacity will need to reach about 190 million tons (Mt) by 2030. At present, however, the 
total capacity in the pipeline is only about 60 Mt.4 

Most of the blast furnace (BF) and basic oxygen furnace (BOF) equipment commonly used in steel 
production has a service life of 20 years, which can be extended through equipment relining. In China, a 
significant portion of the BFs and BOFs will reach their 20-year service life in following years. If near-zero-
carbon steel projects are not deployed fast enough, there is a risk of locking in more carbon emissions as 
capital is invested in another round of equipment relining. Deploying near-zero-carbon projects at that time 
may lead to the early retirement of asset-heavy BF and BOF equipment, causing financing pressures and a 
waste of resources. 

i	 Near-zero-carbon steel needs to meet the Class A carbon efficiency rating of the CISA's Methods for the Assessment of China 
Decarbonized Ecological Future-oriented Steel. For near-zero-carbon steel projects, as green power is fully applied in the mid- and 
long-term, indirect emissions are significantly reduced to near-zero.  Emissions per ton of steel will be below the Class A carbon 
efficiency threshold.
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Therefore, accelerating the deployment of near-zero-carbon steel projects requires actively seeking 
solutions to economic challenges. In practice, project-level economic assessment is a particularly important 
aspect of the process. Near-zero carbon emissions is the long-term goal of these projects, but reasonable 
application of transitional technologies can be considered in the short to medium term. As a result, the 
technical production routes adopted at different stages of the same project may change. The development 
of various low-carbon and near-zero-carbon technical production routes is gradually improving the 
technical and economic feasibilities.

The economic assessment should fully consider the dynamic transition path under each technology 
iteration instead of the static assumption of a single technical production route. Therefore, this study 
temporally integrates various technical production routes for steel, progressing from higher-carbon to 
lower-carbon, and finally to near-zero-carbon routes, creating a defined transition pathway. The cost of the 
transition path is assessed based on the cost per ton of steel for each technical production route.

This report is based on a project-level economic assessment model that quantifies the economics of the 
key technical production routes and representative transition paths. By evaluating project net present 
value (NPV) and payback period, it provides a reference for determining the final investment decision. The 
study also analyzes how policy, demand-side, and financial stakeholders are supporting the transition of 
the steel industry. The model quantifies the contribution of each type of supporting levers and its ability to 
solve economic challenges and to create a comprehensive solution that enhances the project’s potential 
profitability and sustainability. These include, but are not limited to, policy instruments such as green 
hydrogen subsidies and the carbon market, as well as market instruments such as green premiums paid by 
buyers, forward offtake agreements, and preferential interest rates offered by financial institutions. Finally, 
the report presents six action recommendations, with the goal of mobilizing stakeholders to jointly create 
favorable conditions that accelerate the deployment of near-zero-carbon steel projects.
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1. China’s Steel Industry under the 
Carbon Neutrality Goal

1.1 Transition Trends for China’s Steel Industry

China is the world’s largest producer and consumer of steel, accounting for over half of the world’s crude 
steel production and emissions from steel production. In China, direct emissions from the steel industry 
account for 14% of the country’s total. Also noteworthy is that a significant proportion of emissions are 
generated from electricity use by the steel industry.5 Therefore, the transition of China’s steel industry is 
crucial to meeting the global climate goal and China’s dual carbon targets.

Compared with steel companies in other countries, Chinese steel producers are more reliant on the use 
of coal, with a low share of short-process production(i.e., processes based mostly on recycled scrap being 
melted in a single step via a electric-arc furnace). Due to the coal-rich, oil-poor, gas-poor energy structure, 
coal accounts for 76% of the energy used in the Chinese steel industry, compared to 44% in Europe and 
24% in the United States. Although the energy used in steel production in Europe and the United States is 
also dominated by fossil energy, natural gas plays a considerable part.6

In addition, steel produced by the short process accounts for less than 10% of total production in China, 
lower than the international level.7 This is because steel scrap has not yet been collected at scale in China 
due to its late industrialization and urbanization, causing temporary insufficiency and high price. This, 
coupled with the impact of electricity prices, limits the economics of short-process steelmaking.

The high proportion of coal and the low proportion of short-process production introduces both a severe 
cost challenge to the transition of the Chinese steel industry and a huge potential for emissions reduction. 
For example, as industrial and urban infrastructure construction gradually start upgrading, the scrapping of 
existing machinery and buildings will lead to an increase in scrap steel resources. Combined with planned 
improvement of the recycling system, short-process steel production will have a potential increase.

In terms of timing, a significant portion of long-process (i.e., fully integrated steelmaking usually 
including sintering, blast furnace and basic oxygen furnace on a single site) equipments are about to be 
commissioned for their first full 20-year life cycle. If the near-zero-carbon steel projects are not deployed 
fast enough, the capital will be invested in equipment relining to extend their life cycle, which means that 
more carbon emissions will be locked in for up to a decade or more.8 As a result, when focusing on the 
transition path of the Chinese steel industry and planning out investments in near-zero-carbon production, 
the unique features of the industry should be considered. Investment cycle opportunities should be 
seized, and proactive, decisive actions should be taken to accelerate the renewal of production capacity 
by adopting an appropriate pace and methodology. In addition, care should be taken to prevent the risk of 
stranded assets that would harm the interests of the companies and the industry.
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At present, the Chinese steel industry has clear technical routes for carbon reduction. Key production 
routes for the steel industry transition include at-scale utilization of scrap steel and green hydrogen 
metallurgy (as Exhibit 1). Policy support and leading corporate actions are actively promoted. By 2050, 
the share of scrap-based short-process production is expected to grow from the current level of below 
10% to 60% as the recycling rate of scrap steel increases. The production of near-zero-carbon primary 
steel will reach nearly 240 Mt with the cost reduction of green hydrogen, carbon capture, and other deep 
emissions reduction technologies.9

Exhibit 1	 China’s steel production route outlook 

Note: CCS = carbon capture storage; EAF = electric arc furnace.

RMI Graphic. Source: RMI analysis

1.2 Status of Low-Carbon Metallurgy Projects

Under the guidance of the “1+N” policy system, policies such as Guiding Opinions on Promoting High-
Quality Development of the Iron and Steel Industry have given a strong impetus to carbon reduction in the 
steel industry. Meanwhile, cross-industry supporting policies such as a circular economy, carbon market, 
development of hydrogen energy, low-carbon procurement, and green financing are continually shaping 
and strengthening favorable conditions for the transition and carbon reduction of the steel industry.

Driven and supported by the policies, many steel companies have announced targets and plans for carbon 
peaking and carbon neutrality actions (Exhibit 2). The output of steel companies with carbon peaking and 
carbon neutrality plans in place accounts for about 38% of the country’s total. At the project level, low-
carbon and near-zero-carbon steel projects, such as hydrogen metallurgy, have also emerged (Exhibit 3), 
and the total production capacity planned or in operation that has been disclosed exceeds 9 Mt.
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Exhibit 2	 	Carbon peaking and carbon neutrality targets of Chinese steel 
companies

Company Crude steel 
production* 

Carbon 
peak

Carbon 
neutral

Base 
year

Other phased targets
2025 2030 2030–2050 2050–2060

130.8 2023 2050 2020
Technology with 

30% carbon 
reduction potential 

ready

By 2035, 30% 
carbon intensity 

and total emissions 
reduction

55.9 2025 2050 Peak

By 2035, 30% 
carbon reduction 
from peak, 30% 
carbon intensity 

reduction

41.3 2022 2050 Peak
10% total emissions 

reduction from 
peak

30% total emissions 
reduction from 

peak

37 2025 2060
2020 
and 

peak

By 2033, 20% 
carbon reduction 
from peak, 25% 
carbon intensity 
reduction from 

2020

33.6 2025 2050–
2060

2020 
and 

peak

Ability to reduce 
60% carbon for 
some products

Ability to reduce 
30% carbon from 

2020 for low-carbon 
product line

By 2035, 30% 
carbon reduction 

from peak

19.5 2030 2050 2020
5% intensity 

reduction 
compared to 2020

20% carbon 
intensity 

reduction. Ability 
for 30% intensity 

reduction

15.2 2023 2050 Peak
Technology with 

30% carbon 
intensity reduction 

potential

By 2042, 50% 
total emissions 

reduction

14.5 2028 2050-
2060 Peak

By 2035, significant 
total emissions 
reduction from 
peak; By 2040, 

more significant 
total emissions 

reduction

14.2 2030 2060 Peak
By 2035, 20% 

intensity reduction 
from peak

By 2060, 80% 
total emissions 

reduction, 
neutrality with 

offset

12.6 n/a 2050 2018 7% total emissions 
reduction

25% total emissions 
reduction

9 2030 2060 Peak 33.2% green power
By 2040, 50% 

green power, 30% 
total emissions 

reduction

By 2050, 70%-90% 
green power, 66% 

total emissions 
reduction

* million tons/year, 2023

RMI Graphic. Source: RMI analysis
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Exhibit 3	 Overview of hydrogen metallurgy projects in China 

Company Province City Technology Project Operation 
year

Green hydrogen 
plan

1 Guangdong Zhanjiang H2-DRI 1 million tons/year 
shaft furnace 2023

First phase by-
product hydrogen, 
COG, natural gas
Second phase 
green hydrogen

2 Hebei Zhangjiakou H2-DRI 1.2 million tons/
year shaft furnace 2022

First phase COG
Second phase 
green hydrogen

3 Liaoning Bayuquan H2-DRI 10,000 tons/year 
fluidized bed Construction Green hydrogen

4 Xinjiang Urumqi H2-BF 2,500 m3 BF 2023 Gray hydrogen with 
self-circular process

5 Shanxi Linfen H2-BF 1,860 m3 BF 2021 By-product 
hydrogen

6 Shanxi Jinzhong H2-DRI 300,000 tons/year 
shaft furnace 2022 100% COG

7 Inner 
Mongolia Wuhai H2-smelting 300,000 tons/year 

smelter 2021 By-product 
hydrogen

8 Hebei Qinhuangdao H2-BF 40 m3 hydrogen-
rich BF Trial

Renewable-based 
water electrolysis 
with LONGi

9 Gansu Jiayuguan H2-DRI Rotary kiln Trial Gray hydrogen

10 Hebei Xingtai H2-smelting 550,000 tons 
smelter * 3 Construction No details

11 Shandong Linyi H2-DRI 50,000 tons/year 
shaft furnace 2024 Gray hydrogen/by-

product hydrogen

12 Hebei Tangshan H2-BF 2300 m3 BF *2 2023 By-product 
hydrogen

Note: BF = blast furnace; COG = coke oven gas; and DRI = direct reduced iron.
RMI Graphic. Source: RMI analysis
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1.3 Enabling the First Wave of Near-Zero-Carbon Steel

Low-carbon and near-zero-carbon steel projects generally face higher costs. This study combines different steel 
technical production routes in the temporal dimension to create the transition path, that is, a technology mix 
from higher-carbon technical production routes to lower-carbon routes, and finally to near-zero-carbon routes.

The overall cost of a transition path is assessed based on the cost per ton of steel under different technical 
production routes. Specifically, this study builds a project-level economics model for the different transition 
paths and evaluates the project’s NPV, payback period, and others. The impacts of policy, demand-side, 
and financing supporting levers on the financial performance of the projects are also analyzed and 
quantified, creating an integrated multistakeholder solution that provides a reference for the steel industry 
and companies. The study also encourages stakeholders to create favorable conditions for a system that 
contributes to the low-carbon development of the steel industry.

The overall structure of the project-level economics model built in this study is shown in Exhibit 4. At the 
core is the cash flow model that generates core results such as project NPV, production cost of steel, and 
other financial outputs. The required direct inputs and assumptions include feedstock costs and product 
prices, financial data, and data related to policies such as hydrogen subsidies and carbon pricing. The 
mass balance model also provides key inputs related to the technical routes of the cash flow model. With 
inputs of physical and project operational parameters, the model outputs emissions intensity, emissions 
of different ranges, and other information. The green hydrogen value chain stand-alone model inputs 
hydrogen prices into the cash flow model. These prices vary depending on time, location, technological 
advancements, and other factors.

Exhibit 4	 Overall structure of the project-level economics model

Note: BF-BOF = blast furnace–basic oxygen furnace; CCS = carbon capture and storage; DRI = direct reduced iron; EAF = 
electric arc furnace; and NPV = net present value.
RMI Graphic. Source: RMI analysis
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2. Economics and Transition Costs

2.1 Emissions Intensity and Economics of Steel Production Routes

As shown in Exhibit 5, this study selects and categorizes eight typical technical routes of steel production into 
long process, short process, and direct reduction. The long-process category includes the technical production 
routes based on the blast furnace–basic oxygen furnace (BF-BOF) method. The short-process category 
includes the routes that use scrap steel as feedstock, excluding the short process using direct reduced iron 
(DRI) as feedstock. The direct reduction category obtains sponge iron through solid-state reduction under a 
temperature lower than that of ferrous feedstock melting, and inputs it into the electric arc furnace (EAF) or 
other devices for steelmaking.

These categories of technical production routes have been streamlined here for ease of study. In practice, 
overlaps exist between the technical production routes; for example, the melted iron in the long process 
will enter the EAF in the short process. The technical production routes are also categorized according to 
their stage in the near-zero-carbon transition as basic, transitional, and ultimate routes.

The basic route is the mainstream route at present with high efficiency but large emissions. The basic route 
requires gradual transformation. The transitional routes are the technology routes that have certain carbon 
reduction effects and high feasibility at present, but cannot meet the long-term carbon neutrality goals 
due to limited resources, costs, and emissions reduction potential. The ultimate routes are the production 
routes adapted to the long-term carbon neutrality goal that can be deployed at a larger scale as the 
technology matures.
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Exhibit 5	 Categorization and characteristics of steel production routes

Category Production route Reducing agent Main equipment Features

Long 
process

BF-BOF
Blast furnace–basic 
oxygen furnace 

Coke Blast furnace–basic 
oxygen furnace

Basic route with high 
efficiency and high emissions

BF-BOF COG-INJ
Blast furnace-basic oxygen 
furnace with coke oven gas 
injection

Coke,  
coke oven gas

Blast furnace–basic 
oxygen furnace

Blast furnace with coke 
oven gas injection, replacing 
pulverized coal injection and 
a small amount of coke

BF-BOF CCS
Blast furnace–basic 
oxygen furnace with 
carbon capture and 
storage

Coke

Blast furnace–basic 
oxygen furnace, 
carbon capture and 
storage

Features CCS to capture 
carbon emissions from blast 
furnace and power generation 
processes

Short 
process

Scrap-based EAF
Scrap-based electric arc 
furnace

None

Blast furnace–basic 
oxygen furnace, 
carbon capture and 
storage

Uses scrap steel as ferrous 
feedstock,  low emissions, 
and affected by scrap steel 
resources

Direct 
reduction

COG DRI-EAF
Coke oven gas direct 
reduced iron with electric 
arc furnace 

Coke oven gas Shaft furnace, 
electric arc furnace

Transitional route for pure 
green hydrogen DRI, utilizing 
hydrogen-rich by-product 
coke oven gas

COG/H2 DRI-EAF
Coke oven gas/H2 direct 
reduced iron with electric 
arc furnace 

Coke oven gas, 
green hydrogen

Shaft furnace, 
electric arc furnace

Transitional route for pure 
green hydrogen DRI, blending 
green hydrogen with coke 
oven gas

H2 DRI-EAF
H2 direct reduced iron with 
electric arc furnace

Green hydrogen Shaft furnace, 
electric arc furnace Pure green hydrogen DRI

H2 DRI-ESF-BOF
H2 direct reduced iron, 
electric smelting furnace, 
basic oxygen furnace

Green hydrogen

Shaft furnace, 
electric smelting 
furnace, basic 
oxygen furnace

Medium-grade pellets can 
be used, smelting DRI with 
electric smelting furnace after 
shaft furnace, steelmaking in 
basic oxygen furnace

RMI Graphic. Source: RMI analysis

The low-carbon transition of China’s steel industry is a gradual process that will require full consideration 
of the industry status and current technological development. It involves moving from the basic route to 
a transitional route in a timely manner, and finally to a ultimate route. For example, based on the status 
of the Chinese steel industry, DRI using coke oven gas (COG) is a feasible transitional route and gradually 
transitions to green hydrogen DRI as the cost of green hydrogen reduces. This section provides an in-depth 
comparative analysis of the features, carbon emissions, and economics of each technical production route 
as a basis for transition path analysis (as Exhibit 6 and Exhibit 7).

Basic route Transitional route Ultimate route
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Long-process category

·	BF-BOF

BF-BOF is the most widely adopted technical route for steel production in China, using coke generated 
from metallurgical coal as the main reducing agent. This route has a high yield and is flexible to use 
varying metal feedstocks but the carbon emissions per ton of steel is up to 2.2 tons of CO2 equivalent 
(tCO2e). The carbon emissions of this technical production route are mainly generated from the use of 
coke and pulverized coal injection in the blast furnace process, while the methane emissions from the 
upstream coal mining process cannot be ignored.

·	BF-BOF with COG injection (BF-BOF COG-INJ)

Carbon emissions are reduced to a certain extent by injecting COG into the blast furnace to replace part 
of the pulverized coal injection and coke. COG contains around 60% hydrogen and 20% methane. More 
hydrogen could be produced from methane through further reforming. 

This technical production route can effectively avoid the early retirement of young blast furnace 
equipment and enable recycling of coke oven by-product gas. However, it has a maximum limit on the 
amount of COG that can be injected, and cannot completely replace coke and pulverized coal injection 
— the carbon reduction rate is around 20% for ironmaking.

In the long run, with the advancement of low-carbon transition of the steel industry, COG resources 
will continue to reduce. For this reason, although this production route can be used as a transitional 
technology in the near future, it will gradually be replaced by ultimate near-zero-carbon technical 
production routes in the medium and long term.

·	BF-BOF with carbon capture and storage (BF-BOF CCS)

Carbon emissions from the BF-BOF route can be captured using amine absorption or other CCS 
technologies. For example, in steel production, carbon emissions are mostly in the blast furnace process, 
accounting for 72% of the total emissions.10 As a result, this process is also key to installing carbon capture 
devices. Meanwhile, the residual heat from ironmaking can also effectively improve the resolution efficiency 
of the capture solution.

The carbon capture rate can reach up to 90% in the blast furnace process, despite its limited role in other 
processes. The carbon emissions of this production route can thus be as low as 1.3 tCO2e per ton of steel. 
However, the low-concentration CO2 in the blast furnace, the high cost of capture, and the high reliance 
on infrastructure for downstream carbon transportation and storage have introduced uncertainty for 
the application of carbon capture and storage (CCS) technology in the steel industry. In spite of this, CCS 
can be leveraged as a transitional route based on the consideration of fully utilizing the existing BF-BOF 
assets.
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Short-process category

·	Scrap-based EAF

Scrap-based EAF is a steelmaking process that utilizes only scrap steel as the ferrous feedstock and 
electricity as the major energy source. Because the feedstock is scrap steel, this technical production 
route does not require an ironmaking process, only an EAF processii.

As urbanization and industrialization in China enter the next stage, more scrap steel resources will be 
available and the price will stabilize, accelerating the scrap-based EAF route. At present, China’s share of 
EAF-based production is about 10% and is expected to reach 60% by 2050.11

Scrap-based EAF is one of the critical ultimate technology routes for steel production because its 
emissions are as low as 0.4 tCO2e per ton of steel, and can be further reduced to less than 0.2 tCO2e per 
ton of steel with the widespread adoption of green power.

Direct reduction category

·	COG DRI with EAF (COG DRI-EAF)

This technical production route leverages COG as a reducing agent and shaft furnaces as the main 
ironmaking equipment. The product of the ironmaking process, solid DRI (also known as sponge iron), 
can be fed into the EAF in the steelmaking process.

In the Middle East and the United States, where natural gas resources are abundant, cheap, and widely 
used in the steel industry, the large-scale capacities of a shaft furnace that leverages natural gas as a 
reducing agent have brought experience in DRI. In China, this technical production route can take full 
advantage of COG resources, improving the technical level and at-scale capacity of DRI and shaft furnace 
equipment.

Although a by-product gas, COG is emissions-intensive due to the fossil energy consumed in the coking 
process. The carbon emissions of this production route are about 1.2 tCO2e per ton of steel, which is 45% 
lower than that of the long process. As a transitional production route, it can partially reduce carbon 
emissions while building a solid foundation for the gradual expansion of green hydrogen.

·	 H2 DRI with EAF (H2 DRI-EAF)

This production route leverages 100% green hydrogen as a reducing agent for direct reduction of pellet 
ore for ironmaking and for further steelmaking in an EAF. The direct reduction takes place at a lower 
temperature than blast furnace ironmaking and reacts in between the solid state and the gaseous state, 
which is less reduction-reaction efficient than the long process. However, the reaction by-product of 
this production route is water instead of carbon dioxide, significantly reducing carbon emissions in the 
ironmaking process.

ii	 Current analysis doesn't cover EAF with hot metal blended as feedstock.
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As the costs of green electricity and electrolyzer decrease in the future, green hydrogen will have great 
potential for cost optimization. Under this production route, carbon emissions per ton of steel can be as 
low as 0.5 tCO2e, down nearly 80% compared to the long process. The transition from COG DRI-EAF to H2 
DRI-EAF is enabled by gradually increasing the blending ratio of green hydrogen in COG.

·	 H2 DRI, electric smelting furnace, BOF (H2 DRI-ESF-BOF)

This technical production route adds an electric smelting furnace (ESF) after H2 DRI smelts the sponge 
iron into melted iron and feeds it into a BOF. DRI requires a high grade of ferrous feedstocks, usually 
high-grade pellets of 66% or more, also known as DR-grade pellets.12 DRI itself does not need high-grade 
iron ore, but the impurities in the medium and low-grade iron ore cannot be removed in the ironmaking 
process. The shaft furnace, EAF and BOF all lack effective slagging capacity, and the impurity content 
of steel products will be too high. The ESF can enhance the slagging capacity of the process, reduce the 
impurity content of steel products, and improve the applicability of medium-grade iron ore.

China relies heavily on high-grade iron ore imports and this production route could mitigate the 
challenge of the shortage of high-quality iron ore in China. Additionally, the introduction of an ESF 
can also better utilize the BOF in the steelmaking process, avoiding early decommissioning of BOF 
assets. Because the smelting of DRI consumes energy in an ESF, and the steelmaking process needs to 
maintain high temperature, this route consumes more energy than H2 DRI-EAF and results in 0.6 tCO2e of 
emissions per ton of steel.

Exhibit 6	 Carbon emissions across technical production routes of steel

Note: Direct and indirect emissions are in the boundary of cradle-to-gate, including greenhouse gases such as methane 
emitted during the mining of coal and iron ore. The product boundary is hot rolled strip steel. Analysis assumes that the 
electricity for the metallurgical process is from the grid and the electricity for the green hydrogen electrolysis is from 
renewables.
RMI Graphic. Source: RMI analysis
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Near-zero-carbon steel needs to meet the Class A carbon efficiency rating of the CISA’s Methods for the 
Assessment of China Decarbonized Ecological Future-oriented Steel. For near-zero-carbon steel projects, as 
green power is fully applied in the mid- and long-term, indirect emissions are significantly reduced to near 
zero. Emissions per ton of steel will be below the Class A carbon efficiency threshold.13 The A-level carbon 
efficiency thresholds for HRC products are 0.05 t CO2/t with 100% scrap and 0.33 t CO2/t with 20% scrap. 
With near zero indirect emissions, Scrap-based EAF, H2 DRI-EAF, and H2 DRI-ESF-BOF are qualified to be 
near-zero-carbon steel.

In terms of economics, Exhibit 7 shows the cost per ton of steel for each technical production route 
calculated by the model of this study. The cost of BF-BOF is about 3,200 RMB/ton, mainly consisting of the 
purchase cost of feedstocks such as coal and iron ore. The cost of BF-BOF COG-INJ is slightly higher due to 
the use of COG.

Because the dependence on infrastructure for carbon transportation and storage is high, the uncertainty 
of additional cost for BF-BOF CCS is high with a risk of cost increase. The cost of scrap-based EAF is about 
3,300 RMB/ton, which is slightly higher than that of long process and greatly affected by the prices of 
scrap steel and electricity. Some of the short-process steel plants can only make profits by producing in 
the price trough of electricity. The cost of COG DRI is about 3,900 RMB/ton; this is 20% higher than that of 
long process and mainly consists of high-grade ferrous feedstocks and COG. In addition, the shaft furnace 
also requires larger capital investments. The cost of COG has a vital impact on the financial performance 
of the COG DRI-EAF production route. The economics of COG DRI-EAF can be further improved if the COG 
is sourced from internal business lines of the steel company, which can be sold at a price lower than the 
market price.

The future economics for the DRI technical route (based on green hydrogen) will improve as the cost of 
green hydrogen decreases. Green hydrogen can be blended in COG for the reduction reaction. From a 
full project cycle perspective, the 30% H2 DRI-EAF production route with 30% green hydrogen blending 
is economically superior to the COG DRI-EAF, i.e., a moderate amount of green hydrogen blending has 
a favorable effect on the financial performance of the project.As the green hydrogen blending ratio 
increases, additional green hydrogen storage units may be required to maintain the consistent stability 
of industrial production. This study assumes that the green hydrogen blending threshold required for 
hydrogen storage is 80%, which means 80% of H2 DRI-EAF, H2 DRI-EAF, and H2 DRI-ESF-BOF will all involve 
the additional cost of hydrogen storage. As a result, the cost per ton of steel for H2 DRI-EAF, which mainly 
consists of high-grade iron ore and green hydrogen, could be around RMB 4,100 — 27% higher than that 
of BF-BOF. The cost per ton of steel for the H2 DRI-ESF-BOF technical production route is slightly higher 
than that of H2 DRI-EAF. The ESF utilization has a relatively wide cost range. The increase in electricity 
consumption of ESF can lead to further upward fluctuation in the production cost of steel.
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Exhibit 7	 Comparison of the economics across technology production  
routes of steel

Note: The model assumes an annual capacity of 1 Mt of hot rolled steel and a utilization rate of 90%; 20% scrap steel 
blending for all technical routes except scrap-based EAF that uses 100% scrap steel; the cost of green hydrogen production 
is 16 RMB/kg in 2026, decreasing to 12 RMB/kg in 2030 and 10 RMB/kg in 2035. Costs of commodities such as natural gas and 
coal refer to historical market prices.

RMI Graphic. Source: RMI analysis

2.2 From Technical Production Route to Transition Path

The previous section details the main technical production routes of steel production and their economics, 
which can be classified into basic, transitional, and ultimate routes. Note that transitioning steel projects 
from their current stage to progressive application of new technologies, and ultimately to a near-zero-
carbon steel project, does not happen overnight. In addition to aspects such as the maturity and cost of the 
technical production route, elements directly related to the project should be fully considered to reduce 
the burden of the transition process on companies. These include the longevity and condition of the project 
production facilities, the talent pool, and the resources availability near the project location.

This study seeks to reflect the reality of achieving a near-zero-carbon transition in steel production as 
much as possible by identifying six transition processes that start from different status points and adopt 
different technical production routes incrementally over time. In this study, the combination of technical 
production routes that evolve over time is called the transition path.
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Exhibit 8	 Typical transition paths covered in this study

I Greenfield BF-BOF 
baseline scenario BF-BOF

II Greenfield BF-BOF 
with CCS BF-BOF CCS

III Greenfield scrap-
based EAF Scrap-based EAF

IV
Brownfield BF-BOF 
transitions to DRI-
ESF-BOF

BF-BOF H2 DRI-ESF-BOF

V
Brownfield BF-BOF COG-
INJ gradually transitions 
to pure hydrogen DRI

BF-BOF COG-INJ 30% H2 DRI-EAF H2 DRI-EAF

VI
Greenfield COG DRI-EAF 
gradually transitions to 
pure hydrogen DRI

COG DRI-EAF 80% H2 DRI-EAF H2 DRI-EAF

Note: "Retrofit for green hydrogen" refers to the modification of the equipment for the reduction gas from low to high 
hydrogen content in DRI, and mainly covers the costs of compressors, heating equipment, etc. This is because the higher the 
hydrogen content, the higher the flow and temperature requirements of the reducing gas.
RMI Graphic. Source: RMI analysis

Exhibit 8 shows six typical transition paths covered in this study, all assuming that the project will start 
operation in 2026 for a 20-year cycle. Transition Path I is the baseline scenario, which will start operation of 
the BF-BOF capacity in 2026 with no CCS additions, and keep running until 2045.

Transition Path II adds CCS equipment based on Transition Path I, with the CCS equipment operating 
from the time it is built in 2026. Transition Path III follows the scrap-based EAF technical production route 
throughout with no changes in technologies.

Transition Paths IV, V, and VI are all transition paths related to hydrogen metallurgy. Transition Path IV 
transitions the existing BF-BOF capacity to DRI-ESF-BOF with the retrofit taking place in 2030. Transition 
Paths V and VI both enable transition to the H2 DRI-EAF technical route in 2035. Transition Path V adopts 
transitional production route of BF-BOF COG-INJ firstly, and will transition to the DRI technology that 
blends COG with 30% green hydrogen in 2030, and then move to 100% green hydrogen DRI eventually.
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Similarly, Transition Path VI plans to construct a new DRI facility using COG and adapt the facility to green 
hydrogen in 2030. However, it will use 80% green hydrogen, and transition to 100% green hydrogen DRI in five 
years. Note that retiring a BF and building a DRI shaft furnace in Transition Path V is more technically difficult, 
while the COG DRI facility that is the starting technology for Transition Path VI is already well established. This 
study assumes that Transition Path VI will use a higher percentage of green hydrogen as a reducing agent 
during the 2030–35 transition period.

The six transition paths above incorporate various capital expenditures and operating expenses. For 
example, capital expenditures involve blast furnace relining and retrofit for green hydrogen, and operating 
expenses involve the use of different types and combinations of reducing agents (coke, COG, green 
hydrogen, etc.). Both are key inputs to the model.

2.3 Transition Costs of Multiple Paths

This study adopts the project-level economics modeliii mentioned in Section 1.3 to measure the cash 
flow, EBITDAiv, and other indexes of a typical project targeting near-zero carbon under each of the above 
transition paths without considering external supporting levers such as policies and markets. The aim is to 
measure the revenue and profitability of a project.

To simplify the comparative study of the transition paths and to exclude the impact of product price 
fluctuations on the financial performance of the project as much as possible, the price of hot rolled steel in 
this study is set at a level such that the NPV of the baseline scenario is zero to better reflect and compare 
the profitability of different transition paths. The results of the calculation are summarized in Exhibit 9.

iii	 Assuming a project capacity of 1 million tons of hot rolled steel/year, the scrap-based EAF has a scrap ratio of 100% and the rest 
of the production routes have a scrap ratio of 20%.

iv	 EBITDA = earnings before interest, taxes, depreciation, and amortization
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Exhibit 9	 Project cash flows and EBITDA in transition paths targeting near-zero 
carbon emissions

I Greenfield BF-BOF baseline scenario II Greenfield BF-BOF with CCS

III Greenfield scrap-based EAF IV Brownfield BF-BOF transitions to DRI-ESF-BOF

V Brownfield BF-BOF COG-INJ 
gradually transitions to pure hydrogen DRI

VI Greenfield COG DRI-EAF 
gradually transitions to pure hydrogen DRI

RMI Graphic. Source: RMI analysis
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By comparing the baseline scenario with the other five transition paths, the following conclusions are drawn:

·	 Without considering external support conditions such as policies and markets, the financial 
performance of a project under the transition paths targeting near-zero carbon emissions is mostly less 
satisfactory. In general, this is the result of the combined effect of one-time capital expenditures for 
newly constructed and renovated equipment involving carbon reduction and operating expenses such 
as CCS equipment operation and green hydrogen utilization.

·	 Transition Path III (greenfield scrap-based EAF) shows a slightly worse financial performance than the 
baseline scenario, with lower equipment investment than other transition paths. Given the limited scrap 
steel resources, scrap-based EAF cannot support all the needs of the near-zero-carbon transition in the 
steel industry, so development of other transition paths is still essential.

·	 Transition Path II (greenfield BF-BOF with CCS) and Transition Path III (greenfield scrap-based EAF) 
maintain relatively stable cash flow and profitability after large inputs during the construction period, while 
Transition Paths IV, V, and VI, which are related to hydrogen metallurgy, improve faster economically with 
the falling cost of green hydrogen, but are still incapable of enabling profitability of projects.

·	 For the near-zero-carbon transition paths, the ultimate technical production route that meets the 
near-zero-carbon steel standard should be adopted in the mid- and long-term of the project. Of the six 
transition paths in this study, Transition Paths III, IV, V, VI meet the requirements of near-zero-carbon 
transition paths, and can be used as project-level guidelines for steel industry near-zero-carbon 
development.
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3. Integrated Solutions to Solve the 
Cost Puzzle

3.1 Roles of Policy, Demand Side, and Finance

For a near-zero-carbon steel project to be successful, the improvement of economic performance and 
the implementation of final investment decisions require not only the efforts of the steel company as the 
project operator, but also support from policy, demand-side, and finance stakeholders (as Exhibit 10).

Exhibit 10	 Supporting levers for near-zero-carbon steel projects from 
stakeholders

Stakeholders Supporting levers Examples

Producer lever
Producers leverage their 
own capital and resources to 
promote low-carbon projects

Self-owned capital support, low-cost feedstocks,  
and labor support

Connect upstream and downstream resources;  
prioritize near-zero-carbon project products

Policy lever

Measures to accelerate 
industrial decarbonization 
implemented by governments 
and regulators at the national 
or local level

Carbon market, carbon tax, production subsidies, 
equipment subsidies

Capacity swap policy, infrastructure construction  
and planning

Finance lever
Financial institutions' support 
for project financing, reducing 
the capital cost of projects

Transition loans, transition bonds, sustainability-linked 
bonds, and green equity investment

Credit guarantee, transition financial alliance

Demand-side 
lever

Demand-side stakeholders' 
willingness to pay green 
premiums and commit to 
procurement

Green premium in low-carbon procurement

Procurement commitments and supply agreements

RMI Graphic. Source: RMI analysis

As project operators, steel companies can leverage their own capital and resources to promote the 
transition to near-zero-carbon projects. Under this approach, they tap into their initiative and coordinate 
resources in a more targeted manner, but they are potentially limited by their business scope and scale.

Policies are also a powerful supporting tool for advancing the deployment of near-zero-carbon steel 
projects. Binding policies feature stronger enforcement and wider coverage, while encouraging policies play 
a certain role in guidance and motivation. In addition, carbon markets, carbon taxes, subsidies, and special 
funds also have a direct impact on economics.
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Among these, carbon markets and carbon taxes introduce an advantage to lower-carbon production by 
increasing the cost of higher carbon-emitting production. Subsidies can be provided in many forms. These can 
include production-based subsidies for feedstocks (e.g., green hydrogen utilization) and products that meet 
certain requirements (e.g., steel that meets low-carbon standards), or subsidies based on a percentage of the 
capital investment in key equipment for low-carbon metallurgy (e.g., DRI shaft furnaces, electrolyzers). 

On the demand side, the main downstream buyers of steel include construction, automotive, and 
machinery. Where steel product performance meets the standard, these buyers pay an additional premium 
for steel with lower carbon emissions in recognition of its low-carbon environmental attributes. Buyers’ 
commitments to purchase low-carbon and near-zero-carbon steel and willingness to pay a green premium 
for it also help stabilize sales channels and cash flows for low-carbon and near-zero-carbon steel.

This initiative not only contributes to carbon reduction in the buyer’s own supply chain, but also helps 
accelerate the development of steel with lower carbon emissions. At present, the premium for green 
hydrogen metallurgy is up to 20%–30% internationally.14 In addition to reflecting the recognition of low-
carbon attributes in the selling price, the buyer’s commitment to large-scale or continuous procurement 
of low-carbon and near-zero-carbon steel reduces the risk of inventory overstock, helping stabilize 
those projects.

By providing financing supporting lever or lowering the cost of capital for companies and projects that meet 
certain low-carbon requirements, finance also helps reduce the pressure on companies lacking corporate 
capital. Low-carbon and near-zero-carbon steel projects have large initial investments and long payback 
cycles. Support from financial institutions can help steel companies build confidence and facilitate the 
investment decisions of the project and the construction of new or retrofitted facilities.

Financing supporting lever for the transition within the industrial sector typically includes transition loans, 
transition bonds, sustainability-linked bonds (SLBs), and green equity investments. These are usually 
slightly lowering the companies cost of capital and directly improving the project economics. Although the 
steel industry is not eligible for green loans and green bonds due to its high emissions,v transition loans and 
transition bonds that focus on supporting carbon emissions reduction can effectively reduce financing costs 
of transition projects. Additionally, SLBs, which take green parameters as key performance indicators (KPIs), 
have gradually become a financing preference of the steel industry. This is because the mechanism of linking 
interest rates to KPIs provides a higher ceiling on the extent to which the cost of capital can be reduced.

Green equity investments can be broadly categorized into financial investment and strategic investment. 
The former is mostly independent venture capital funds with the theme of green transition that focus on 
financial return. The latter is mostly corporate venture capital attached to large enterprises that is focused 
on connecting the industrial chain and serving corporate strategy. Both could provide financial supports to 
near-zero-carbon steel projects.

Cases in which the deployment of near-zero-carbon steel projects were effectively accelerated through the 
previously mentioned multistakeholder synergies can be found internationally. One notable case is Stegra 
(formerly H2 Green Steel), a Swedish company developing a green hydrogen-based DRI-EAF steelmaking 
project in Boden, Sweden. The project can reduce up to 95% of emissions per ton of steel and is expected 

v	 Green finance (bond/loan) and transition finance (bond/loan) are different terms in China. The former is mostly valid for “pure 
green” sectors like renewable electricity, while the latter could be suitable for heavy industry decarbonization. For other 
countries or standards, green bond and transition bond could be interchangeable terms.
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to start operation in 2025. Prior to this, Stegra signed procurement contracts for more than 50% of the initial 
production with downstream companies that have large-scale needs, including Porsche and Mercedes-Benz. 
These contracts contain procurement agreements lasting up to seven years, and the green premiums are 
mostly above 20%.15 Meanwhile, the project has been supported by government grants from the Swedish 
Energy Agency and the EU. The latest of these supports offers an amount of €260 million from the Recovery 
and Resilience Facility.16 

On the financial side, Stegra has received senior debt from UniCredit and Société Générale, and subordinated 
debt from relatively small institutions, backed by guarantees from credit insurers such as Euler Hermes. 
Equity investors include financial investors such as Singapore GIC and the European Investment Bank, as well 
as strategic investors such as Mercedes-Benz Group and Hitachi Energy.17

Various types of supporting levers from multiple stakeholders could be further integrated to amplify these 
efforts. For example, long-term procurement contracts on the demand side can be financing collaterals, while 
support from the Swedish National Debt Office could be a guarantee for green credits.18 This is evidence that 
the smooth establishment and steady construction of the project not only relies on the efforts of the operator, 
but is the result of the joint efforts made by multiple stakeholders.

3.2 Practices and Trends in China

At present, the low-carbon transition of the Chinese steel industry is mainly led by large enterprises, 
especially large centralized state-owned enterprises (SOEs). Large steel companies have stronger capital 
and resources to invest in asset-heavy low-carbon and near-zero-carbon steel projects. Large enterprises, 
especially centralized SOEs, are often driven by stronger social responsibility and leadership.

To build on these advanced practices and accelerate the marketization of low-carbon and near-zero-carbon 
steel, it is necessary to create a comprehensive solution that integrates policy, demand-side, and financial levers 
that accelerate the implementation and at-scale development of near-zero-carbon steel production capacity. 
The aim is to create economies of scale to further reduce costs and establish a virtuous cycle.

Exploration and practice started in China at various levels bring a strong impetus to the steel transition 
 (as Exhibit 11). Looking ahead, multistakeholder solutions can be created based on these practices to 
accelerate the transition to near-zero-carbon steel.
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Exhibit 11	 Supporting levers from Chinese stakeholders for accelerating low-
carbon steel transition

Stakeholders Supporting levers Examples

Policy

Carbon reduction 
incentives 

implemented 
by government 

ministries at national 
and provincial levels

Carbon price
The steel industry is included in the national carbon market and 
carbon allowance trading will begin in 2025.

Subsidies, 
incentives

Jilin Province has subsidized projects that produce more than 100 
tons of green hydrogen per year for three consecutive years at 
15/12/9 RMB/kg, and subsidizes 20% of the investment in green 
hydrogen storage equipment.

Finance

Lower interest 
rates, reducing the 

financing cost of the 
project

Transition 
loan/bond

Standard Chartered China provided the first transition financing 
loan for the HBIS Supply Chain management company; Baosteel 
issued a low-carbon transition green bond for Zhanjiang 
hydrogen-based metallurgy with an issue rate of 2.68%.

Other financial 
instruments

Sustainability-linked bonds, sustainability-linked loans, 
green equity investment, etc.

Demand side

Buyers’ willingness 
to pay the green 

premium, and 
procurement 
commitments

Green 
premium

HBIS produces low-carbon green cast steel used in bulk in electric 
vehicles such as Tesla, which is more than 18% more expensive 
than ordinary cast steel.

Procurement 
commitments

BMW and HBIS signed a memorandum of understanding on the 
green low-carbon steel supply chain. BMW’s Shenyang production 
base will gradually begin using HBIS’s low-carbon automotive steel 
in mass-produced models.

Others
Other possible 

measures
Special funds

Daye mine’s integrated project of green power and green hydrogen 
received RMB 120 million of investment from the central budget of 
NDRC’s Clean and Low-Carbon Hydrogen Energy Innovation and 
Application Project.

RMI Graphic. Source: RMI analysis

On the policy side, authorities have planned or implemented carbon reduction incentives at the national 
and local levels. Among them, the inclusion of the national carbon market for the steel industry will 
enhance the competitiveness of steel with low carbon emissions. According to the Work Plan for National 
Carbon Emissions Trading Market Covering Cement, Steel, and Primary Aluminum Sectors (Draft for Public 
Comments) issued by the Ministry of Ecology and Environment in September 2024, the steel industry enters 
its first year of control in 2024 and will complete its first compliance by 2025.19 

In terms of subsidies, China has existing domestic practices of subsidizing the production and consumption 
of green hydrogen in place, which play a role in supporting hydrogen metallurgy. For example, Jilin 
Province has subsidized projects that produce over 100 tons of green hydrogen per year for three 
consecutive years at the rate of 15, 12, and 9 RMB/kg in sequence. It also subsidizes 20% of the investment 
in green hydrogen storage equipment.20 However, the debt pressure on local governments has added 
uncertainty to the implementation of the subsidies, and no subsidy policy is in place specifically for the 
hydrogen utilization in the steel sector.21
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In terms of finance, the green financial system for the renewables industry in China is relatively mature,  
but the transition financial system for high-emissions industries such as steel is still under development.  
Bank loans are an important means of financing for heavy industrial enterprises, and transition loans 
also play an important role in providing loan support at lower interest rates for transition projects. 
For example, Standard Chartered China provided the first transition loan to the HBIS Supply Chain 
management company.22 

Transition bonds, which have high requirements for data disclosure and regulated operations, are also 
becoming a favored financing tool for the steel industry. Baosteel, a subsidiary of Baowu Group, issued 
low-carbon transition green bonds for its hydrogen metallurgy demonstration project in Zhanjiang at an 
interest rate of 2.68%,23 while the Bank of China issued the world’s first financial bond for steel transition to 
accelerate the transition of the Hebei steel industry.24 

SLBs are a relatively new financing tool that can provide more flexible financing solutions for the 
transition of the steel industry, generating incentives to reduce emissions through KPIs. For example, 
Ansteel issued RMB 2 billion of SLBs with the KPI of comprehensive energy consumption per ton of steel 
in its production bases.25 

Strategic cooperation agreements between steel companies and financial institutions also guide specific 
financing support. For example, the Anshan Branch of the People’s Bank of China organized 15 banks and 
financial institutions under its jurisdiction to sign the Framework Agreement on Cooperation in Green 
Finance Alliance with Ansteel.26

In terms of demand side, the concerted action of the steel-automotive industry chain is a representative 
demand-side action that supports the low-carbon transition of the steel industry. It also contributes to the 
carbon emissions reduction goals of automotive companies. Multinational automotive companies such as 
Mercedes-Benz, BMW, and Volvo are making an early start, while Chinese automotive companies such as 
Great Wall and Chery are also rapidly implementing procurement of steel with low carbon emissions.

Take HBIS and its downstream buyer’s practice as an example. The low-carbon green cast steel produced 
by HBIS, which is over 18% more expensive than ordinary cast steel, will be used in bulk in Tesla’s electric 
vehicle production.27 BMW and HBIS signed a memorandum of understanding on the green low-carbon 
steel supply chain, stating that the BMW Shenyang production base will begin to use HBIS’s low-carbon 
automotive steel in mass production models.

However, buyers’ willingness to pay the green premium is relatively low due to the lack of a broad and 
transparent premium standard reference in the Chinese market as well as the difficulty of measuring the 
level of emissions reduction of steel with low carbon emissions.28 In October 2024, CISA issued the social 
organization standard, Methods for the Assessment of China Decarbonized Ecological Future-oriented Steel, 
which will build a solid foundation for the comparability of the level of emissions reduction of steel. The 
standard will also facilitate the procurement of steel with low carbon emissions and the collaborative carbon 
reduction of the industrial chain.29

In addition, dedicated support for the first-of-a-kind equipment sets has also played a positive role. Such 
support is mostly on an application basis, and the evaluation criteria are adjusted in line with industry 
and technology evolvement. For example, the National Development and Reform Commission (NDRC) 
Clean Low-Carbon Hydrogen Energy Innovation and Application Project has a certain special fund budget 
that provides financing support for innovative low-carbon projects, including RMB 120 million of support 
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to Daye mine’s integrated project of green power and green hydrogen.30 HBIS launched China’s first 
“hydrogen-based shaft furnace, new short-process technology development and application project of 
near-zero-carbon EAF.” project. The project is listed as the NDRC core special technology research project 
and granted the national special fund of RMB 95 million.31

3.3 Integrated Solutions for Each Transition Path: A Quantitative 
Analysis of Scenarios

Chapter 2 analyzed the cost of each technical production route of low-carbon and near-zero-carbon steel 
production, and further identified the overall cost of transition from higher-carbon to near-zero-carbon 
technical production routes. Due to higher transition cost, the low-carbon transition efforts of steel 
companies need combined supporting levers from policy, demand-side, and financial sectors. Despite the 
various pioneering practices in China and the world, more immediate action is needed to discover how 
these stakeholders can work together to achieve an orderly and effective transition.

Based on this, this section offers a quantitative analysis of the impact of the multiple stakeholder support 
regarding the transition cost based on the six transition paths outlined earlier in this report (as Exhibit 
12). The goal is an integrated solution to high transition cost to provide guidelines for policy development, 
demand-side actions, and financing mechanism design.

This study provides scenario assumptions for the changes of each influencing factor over time based on 
existing domestic policy, demand-side, and financial practices and their supporting levers, as well as 
reasonable judgments regarding future trends.

Policy

In the case that the project starts operation in 2026, subsidies will be provided according to the amount of 
green hydrogen utilized at a conservative assumption of 2.8 RMB/kg. From 2032 onward, the subsidies will 
be progressively reduced and fully phased out in 2037. The investment subsidy for low-carbon equipment is 
maintained at 20% of the total equipment investment.vi

For carbon markets, it is assumed that the carbon price will reach 100, 150, and 500 RMB/ton in 2026, 2030, 
and 2050, respectively.vii The baseline allocation of allowances for long process and short process have 
different values, and the baseline allocation of allowances for DRI is referred to for long process. However, 
note that some uncertainty will exist in the level of the carbon price and the way in which allowances will be 
allocated in the future, which in turn will play a role in the results of the quantitative analysis in this study.

vi	 Refer to the subsidy of green hydrogen storage equipment investment in Jilin Province.

vii	 The carbon price forecast for 2050 in Tsinghua University’s “Scenario Analysis of Low-Carbon Energy Transition under the 
Carbon Neutral Goal in 2060” is 115 USD/ton, and the carbon price forecast for 2050 in Slater H. et al.’s “Carbon Price Survey 
Report of China in 2022” is 239 RMB/ton. This research takes the average value as around 500 RMB/ton.
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Demand side

Buyers’ willingness to pay the green premium is mainly based on currently available practices, with an 
assumption that the premium level for transitional technologies such as CCS and COG DRI is 10% and that 
for pure green hydrogen DRI is 20%. In the long term of projects, as the production cost of low-carbon and 
near-zero-carbon steel falls, the green premium to be paid will decrease over time.

Finance

The transition loan is selected as a representative financing instrument that acts on the debt portion of the 
project capital structure, providing a 50 basis point (bp) discount on the interest rate for debt to reduce the 
project financing cost.

Exhibit 12	 Model assumptions on stakeholders’ levers in the beginning of a 
project

Levers from stakeholders Lever type Value Unit

Carbon market Policy lever 100 RMB/ton of carbon

Green hydrogen subsidy Policy lever 2.8 RMB/kg

DRI capex subsidy Policy lever 20 %

Interest rate reduction for transition loan Financial lever 50 bp

Green premium (transitional technology) Demand-side lever 10 %

Green premium (green H2 DRI) Demand-side lever 20 %

RMI Graphic. Source: RMI analysis

The changes in the technical production route and carbon emissions reduction intensity of different project 
stages vary across the transition paths. This results in differences in the stage where each of the above 
factors has an effect. For example, in Transition Path V (brownfield BF-BOF COG-INJ gradually transitions to 
pure hydrogen DRI) the production route in the initial stage of the project is blast furnace injection with no 
additional premium payment for the corresponding products. Buyers will pay a 10% green premium when 
the technology production route transitions to 30% green hydrogen DRI, and up to a 20% green premium 
when it completely switches to pure green hydrogen DRI.

With policy, demand-side, and financing levers, the financial performance of the project in transition paths 
is improved to different degrees (as Exhibit 13 and Exhibit 14):

·	 In Transition Path II (greenfield BF-BOF with CCS), the project’s NPV improves by RMB 4.7 billion, mainly 
from the green premium of products brought by partial carbon emissions reduction as well as the gain 
achieved in carbon trading. Despite the large improvement in NPV, the NPV is still negative, which means 
it is difficult to have additional benefits compared to the configuration without CCS. Because CCS is an 
additional unit added to the existing route with additional cost, parity with the original route cannot 
be reached. Additionally, CCS is less efficient in processes other than blast furnaces and captive power 
plants, and its downstream CO2 transportation, utilization, and storage chain is complicated and relies 
on infrastructure maturity and geological resource availability. As a result, CCS plays a limited role in the 
near-zero-carbon transition of the steel industry.
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·	Transition Path III (greenfield scrap-based EAF) achieves slightly negative project NPV without additional 
support, which means a bit worse benefits compared to the baseline scenario. The cost competitiveness 
of the scrap-based EAF is better with the integrated efforts of multiple stakeholders. Among them, the 
carbon market has the most pronounced impact on the financial performance of projects in the scrap-
based EAF transition path. In practice, this impact will largely depend on the rules set for the method of 
allocating short-process-related allowances in the carbon market.

·	Transition Path IV (brownfield BF-BOF transitions to DRI-ESF-BOF) shows higher transition cost without 
additional support. With policy, demand-side, and financing levers, the project NPV can grow from RMB 
−6.6 billion to RMB 0.8 billion. Compared with the baseline scenario, the project turns from loss to gain 
with a payback period of about 12 years.

·	Transition Path V (brownfield BF-BOF COG-INJ gradually transitions to pure hydrogen DRI) also turns 
loss to gain with support from multiple stakeholders with an estimated payback period of 12 years. In 
addition to the impact of the carbon market, this transition path is supported by demand-side buyers 
with varying levels of bargaining and willingness to pay green premiums in the process of reaching low 
carbon. In addition to pure green hydrogen–based DRI products, buyers also pay a moderate premium 
for low-carbon products produced using COG blended with green hydrogen during the transition period.

·	Transition Path VI (greenfield COG DRI-EAF gradually transitions to pure hydrogen DRI) is the most cost 
challenging and thus requires more robust measures to support its development. In the early stage 
of the transition, a certain degree of premium payment for products that can achieve partial carbon 
emissions reduction will significantly contribute to the improvement of the overall project NPV. For 
example, at the stage where the production route is COG DRI, if the buyer pays a green premium of 
about 10%, the project NPV will significantly increase. With integrated supporting levers from multiple 
stakeholders, the project NPV in this transition path can also outperform the baseline scenario, but the 
payback period is longer than Transition Paths IV and V.

The contributions of various types of levers to project NPV improvement vary in different periods of 
transition. Based on this, the priorities and strengths of policy, demand-side, financial, and other 
supporting tools in the short, medium, and long term can be identified through comparison, creating a 
scenario that meets the stage-specific features of the industry development to support near-zero-carbon 
steel in a targeted manner. 

Take the 20-year project cycle assumed in this study’s model as an example. In the early stage (first 
five years), the policy, demand-side, and finance levers are particularly important, and will require 
combined efforts to provide incentives that get more projects started and successfully push them 
toward stable operation.

In addition, the roles different support levers play in the short, medium, and long term are different. For 
example, some transition paths require large initial capital investments as they introduce DRI; thus, policy 
lever such as subsidies and special funds is particularly important. Also in the early stage of the transition, 
buyers may pay a relatively low premium for products with partial carbon emissions reduction and a 
higher premium for products with more carbon emissions reduction. As technological development and 
economies of scale emerge in the mid- and long-term of the transition, the cost of low-carbon and near-
zero-carbon steel will decline, and buyers can pay lower premiums or even purchase products with lower 
carbon emissions levels at parity or low prices. The role of the carbon market also becomes increasingly 
prominent in the mid-to-late transition stage as total carbon emissions requirements are gradually 
tightened and the price of carbon rises.
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Exhibit 13	 Impact of supporting levers on the financial performance of projects in different transition paths

Note: In order to exclude as much as possible the impact of product price fluctuations on the project's financial performance, the price of hot rolled steel 
is set at a level that makes the baseline scenario NPV as zero. The NPVs of the other transition paths are the difference from the baseline scenario, not the 
absolute NPV of the project.
RMI Graphic. Source: RMI analysis
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Exhibit 14	 Financial performance of projects in different transition paths with and 
without integrated solutions

Transition paths Supporting levers NPV (RMB 100M)               Payback period

I
Greenfield BF-
BOF baseline 

scenario
None

II Greenfield BF-
BOF with CCS

Carbon markets, green premium 
(transitional technology),  

transition finance

III Greenfield scrap-
based EAF

Carbon markets,  
transition finance

IV
Brownfield BF-

BOF transitions to 
DRI-ESF-BOF

Carbon market, green hydrogen 
subsidy, green premium (green H2 
DRI), transition finance, DRI capex 

subsidy

V

Brownfield 
BF-BOF COG-
INJ gradually 

transitions to pure 
hydrogen DRI

Carbon market, green hydrogen 
subsidy, green premium (green H2 
DRI), green premium (transitional 

technology), transition finance, DRI 
capex subsidy

VI

Greenfield COG 
DRI-EAF gradually 
transitions to pure 

hydrogen DRI

Carbon market, green hydrogen 
subsidy, green premium (green H2 
DRI), green premium (transitional 

technology), transition finance, DRI 
capex subsidy

Note: In order to exclude as much as possible the impact of product price fluctuations on the project’s financial 
performance, the price of hot rolled steel is set at a level that makes the baseline scenario NPV as zero. The NPVs of the other 
transition paths are the difference from the baseline scenario, not the absolute NPV of the project. Similarly, the payback 
periods are all referenced to the 20 years of the baseline scenario.

RMI Graphic. Source: RMI analysis
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4. Recommendations

The steel industry is a basic and pillar industry in China’s economic and social system. Its transition to 
low carbon and near-zero carbon is not only a developing trend, but also has an important impact on the 
sustainable development and carbon reduction of all stakeholders in the industrial chain.

Moving from strategy toward target, route, and action requires that the first low-carbon and near-zero-
carbon projects are put into production successfully and stably operate as early as possible to build the 
foundation for further scale-up. Facing large inputs, high costs, limited funding, and other challenges, steel 
companies need to take a rational and forward-looking approach to deploy economically viable low-carbon 
and near-zero-carbon technical production routes at the right time to create a successful transition path. At 
the same time, policymakers, demand-side actors, and the financial sector should empower the industry 
and provide supporting levers across the stages of transition.

To facilitate the transition to low-carbon and near-zero-carbon steel production, and to accelerate 
investment decisions and the implementation of transition projects, this report offers the following six 
suggestions for action:

Deepen research on the economics of low-carbon and near-zero-carbon technical production routes 
and transition paths, and implement them in corporate transformation and project planning. CISA 
released the Low-Carbon Development Technology Roadmap for the Chinese Steel Industry in 2022 and 
updated it in 2024 to a detailed technology roadmap. Additionally, a significant portion of Chinese steel 
companies have actively set carbon reduction targets and roadmaps. The industry has reached a high-level 
consensus on the technology direction and deployment stage. Research on the cost economics, especially at 
the project level, should be continually deepened and dynamically adjusted to support the implementation 
of the project’s final investment decision and operational risk management. This study gives a scenario 
analysis for a number of transition paths based on certain assumptions. In practice, due to the different 
capacity bases and resource availability of enterprises, it is still necessary to formulate targeted transition 
paths and comprehensively assess project-level economics, such as initial capital, payback period, net 
present value and so on, to optimize the pace of the transition from existing capacity to new capacity.

Play a leading role in the dominant regions by pioneering and implementing low-carbon and near-
zero-carbon steel projects. At present, steel production capacity is mostly located in coastal areas, which 
are close to both iron ore resources and the market. However, under carbon constraints, the location of 
renewables and other resources will also have an impact on the transition process. Regions with both 
a steel industry base and superior decarbonization resources can take the lead in clustering industrial 
decarbonization, more likely to be able to meet the resource requirements of the various transition paths at 
different stages. The regions could pioneer low-carbon and near-zero-carbon steel projects, and optimize 
economics to the greatest extent possible. For example, regions with larger steel production capacities are 
more likely to utilize existing equipment (infrastructure, auxiliary equipment, etc.) as much as possible. 
Making full use of the existing coke oven gas could provide a transitional gas source for direct reduction of 
iron. Regions with superior renewable energy resources can take the lead in exploring the implementation 
of green hydrogen–based metallurgy projects, increasing the green hydrogen utilization ratio gradually. 
Similarly, regions with abundant scrap steel resources can explore the scale-up of EAF steel from scrap steel 
and increase the proportion of green power.
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Enhance communication between all stakeholders in the industry chain, create consensus on transition, 
and explore cost-sharing mechanisms. Because low-carbon and near-zero-carbon technical production 
routes in steel production are costly, it is difficult to rely solely on the strength of the industry and companies 
to enable marketization. Especially in the early stages, it is necessary to have appropriate support mechanisms 
in place that help create feasible cases. At the same time, the carbon reduction effect of the steel industry will 
also pass to downstream and other stakeholders, driving their climate goals. The steel industry, along with 
policy, demand-side, and finance stakeholders need to create a close-knit system for low-carbon and near-
zero-carbon transition, integrating and optimizing resources to help improve the economic performance and 
speed of deployment of steel transition projects. During this process, rational mechanisms should be explored 
to share the costs of transition and the benefits of emissions reduction. At the initial stage of transition, 
the government’s guiding and supporting role as well as the benchmarking role of leading enterprises will 
be brought into full play. Market-oriented enablers such as low-carbon procurement, carbon market and 
transition finance will be actively introduced to drive long-term benign development.

Establish and improve targeted policies to provide support, especially in the early stage of projects. 
The standardization and guidance of policies are essential to an industry transition that reduces carbon 
emissions. Policy tools could cover all aspects of carbon emissions reduction of the steel industry as much 
as possible, and develop targeted policies for key aspects such as the application of green hydrogen. 
Binding policies should focus on legal compliance and drive the industry’s overall carbon reduction 
level, encouraging policies should focus on accelerating the actions of pioneering enterprises. The target 
and level of subsidies should be purposeful to highlight the additional and environmental benefits of 
the project. It is important to focus on the introduction of subsidies and the design of the regression 
mechanism, providing support at an early stage while guiding projects to be more market-driven after 
production stabilizes. For example, for projects requiring investment in frontier equipment, such as DRI, 
support will be provided at an appropriate proportion of fixed capital investment to alleviate the pressure 
on the operator to invest in heavy assets at an early stage. At operating stages, the subsidy mechanism for 
different segments such as green hydrogen, green iron, and green steel should be coordinated to improve 
the efficiency of resource utilization. The method of subsidy qualification should also be improved to 
prevent unqualified projects from affecting the fairness of the market. 

Promote low-carbon steel procurement to help establish the market by pioneering actions. 
Recognition of low-carbon and near-zero-carbon products by downstream industries and companies, such 
as automotive and construction, is particularly important for the transition of the steel industry. In the 
early stages of a near-zero-carbon steel project, steel companies and downstream companies can reach 
agreement on procurement intentions through close communication, and leverage credible evaluation 
criteria to screen for high-quality low-carbon and near-zero-carbon steel projects and products. Purchasers 
are encouraged to pay a premium for products with lower carbon intensity, with appropriate premiums for 
transitional and ultimate production routes, respectively. For example, a lower premium is conducted for 
blast furnace equipped with CCS, non-full green hydrogen DRI, upgraded scrap ratio, scrap-based EAF with 
non-green or partially green power, etc. A higher premium is conducted for green hydrogen DRI. For scrap-
based EAF, a higher but suitable premium could be conducted for benign development of scrap utilization, 
to avoid excessive premiums. Signing large, long-term procurement contracts at a premium for near-zero 
emissions performance will both improve the project business case and lower risk enabling investment to 
flow to these projects. In long-term procurement, the premium can be phased down gradually, as first-
mover markets are formed and the cost of low- and near-zero-carbon production declines. In addition, 
downstream companies could invest directly in low-carbon and near-zero-carbon steel projects, and steel 
companies should be encouraged to use purchase contracts as collateral for transition loans to further 
leverage additional support.
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Enhance mutual trust and communication between the finance sector and the steel sector while 
increasing financing supporting lever for transition. Transition projects in the steel industry require 
large-scale investment, which can be effectively supported by loans and other financing instruments in 
addition to the enterprises’ own capital. For banks, funds, and other financial institutions, the importance 
of improving the awareness of controlling scope 3 emissions is becoming more prominent. Guidance and 
support for the steel industry transition can be enhanced through the assessment of the climate impact 
of financial asset transactions, loans, and investment activities. Specifically, financial stakeholders need 
to inspire instrumental innovation in transition finance, expand the scale of financial instruments such as 
transition loans and bonds, and consider new types of financial instruments with deep carbon reduction 
incentives, such as sustainable linked bonds. Additionally, the development of financing standards 
applicable to the steel industry should be aligned with those used for corporate carbon reduction and low-
carbon procurement, consistent with climate goals and operational in practice.
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