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The Roosevelt Project takes an interdisciplinary approach to the transitional 
challenges associated with progress toward a deeply decarbonized economy. 
The project aims to chart a path forward through the transition that minimizes 
worker and community dislocations and enables at-risk communities to sustain 
employment levels by taking advantage of the economic opportunities present 
for regional economic development. The first phase looked at the history of 
such transitions in the United States in order to provide a foundation of lessons 
learned. The second phase examined four places in the United States that are 
facing uncertainty as the energy system changes. The third phase analyzes 
large-scale changes that are needed in critical areas of the economy. The 
project was initiated by former Secretary of Energy, Ernest J. Moniz, and 
engages a breadth of MIT and Harvard faculty and researchers across academic 
domains including Economics, Engineering, Sociology, Urban Studies and 
Planning, and Political Science. 
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Preface
The Roosevelt Project launched in 2017 to address the challenges facing workers and 
communities as our economy decarbonizes and our energy and industrial systems 
undergo substantial related change, ideally at a rapid pace compared with past major 
societal transformations. How do regional economies adjust to the decline of a key 
industry? What happens to the workers in those industries and those in the 
surrounding economies? How can regional, state, and federal governments anticipate 
and adapt to industrial decline and to the invention of new industries? What is the role 
of civil society, foundations, unions, colleges and universities, national labs, and other 
institutions in helping “energy communities” gain from the clean energy transition? The 
American experience offers rich and instructive cases of success and of failure in 
societal transformation that can help the United States—and others—navigate the 
changes in our economy that will come with evolving energy systems. 

The Roosevelt Project stands on three pillars—economy, environment, and equity. 
These are exemplified by the namesakes of the Project: Franklin Delano Roosevelt’s 
presidency saved the American economy from collapse during the Great Depression; 
Theodore Roosevelt’s presidency recognized and protected the natural wonders of the 
American continent; Eleanor Roosevelt was an unwavering champion of social equity 
and justice. These are the lenses through which the Roosevelt Project has examined 
the societal implications of the clean energy transition. 

The Roosevelt Project has conducted three waves of inquiry into equitable energy and 
industrial transition. The first phase looked at the history of such transitions in the 
United States in order to provide a foundation of lessons learned. The second phase 
examined four places in the United States that are facing uncertainty as the energy 
system changes. The third phase, of which this report is a part, analyzes large-scale 
changes that are needed in critical areas of the economy. All Roosevelt Project reports 
are available at https://ceepr.mit.edu/roosevelt-studies.

This study is one of three investigations into the challenges and opportunities in 
critical parts of the American energy sector: long-distance electric transmission, 
strategic metals and minerals, and low-carbon steel. Each presents key infrastructure 
and industrial challenges that must occur for the United States to take full advantage 
of the nation’s low-carbon energy resources.

	■ Grid: A significant expansion of long-distance transmission capacity is needed to 
connect remote wind and solar resources to major urban and industrial users and 
represents an important part of the solution to meeting major electrification 
demands of the new economy.

	■ Minerals: Electrification of transportation, steel, buildings, and other end uses (such 
as AI-driven data centers) will require expanded access to critical minerals, such as 
lithium, cobalt, nickel, copper, rare earths and many others. Extraction and 
processing of these minerals present environmental challenges, including for 
frontline communities and tribal lands.

	■ Steel: Decarbonizing steel has proved difficult and slow. Solutions will need 
integration of community, workforce, competitiveness and trade priorities.

We hope that the Roosevelt Project will continue to inform the debate about 
simultaneously advancing social equity and the clean energy transition.

Ernest J. Moniz
Cecil and Ida Green Professor of Physics and Engineering Systems Emeritus, MIT
13th U.S. Secretary of Energy
Faculty Director, The Roosevelt Project
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Executive Summary and Recommendations
Steel and the steel industry are critical to societies today due to their central role 
in manufacturing and infrastructure as well as their long-standing importance for 
defense. Ensuring a sufficient supply of steel for the U.S. economy while deeply 
reducing greenhouse gas (GHG) emissions to address climate change will require 
solutions that integrate community, workforce, competitiveness, trade, and 
national security priorities. This case study lays out a path for accelerating 
decarbonization of the iron and steel industry that benefits workers and 
communities. The recommendations of this study outline a framework for 
comprehensively supporting the technology and infrastructure required for 
decarbonization, using revenues from an established policy instrument, Section 
232 tariffs.

Steel production in the United States has undergone a unique evolution over the 
past 75 years as the share of electric arc furnace (EAF) production, frequently by 
new players, has increased dramatically relative to that of the integrated or 
BF-BOF route—converting iron ore to iron in a blast furnace (BF) and refining it 
along with scrap into steel in a basic oxygen furnace (BOF). In the United States 
today, 70% of steel is produced in EAFs and 30% in BOFs, compared to shares of 
30% and 70%, respectively, 40 years ago. This transformation has shifted steel 
production to new regions of the country and involved new workforces and 
communities. This transition is the principal reason why the emissions intensity of 
steel in the United States is relatively low, at approximately 1 metric ton (mt) of 
CO2 per mt of crude steel (tCO2/tcs). It is also reflected in the fact that worldwide 
steel production accounts for 7% of total energy-related CO2 emissions, while in 
the United States, its production accounts for only 2%.

Future steel production in the United States, including its decarbonization, will be 
shaped by a range of conditions and constraints. These include: (1) the availability 
and cost of inputs, including high-quality scrap, (2) technology readiness and 
implementation to further reduce GHG emissions from domestic ironmaking and 
integrated mills, (3) the economics of meeting surface product quality 
requirements with EAF technologies, (4) the cost of producing ore-based 
metallics for EAF production with very low CO2 emissions, (5) the availability of 
decarbonized electricity to support large industrial loads for all steelmaking 
facilities, (6) future global and domestic demand for steel, and (7) national 
security and trade considerations.

Overcoming the Economic Challenge

The challenges in decarbonizing iron and steel production in the United States 
are mainly economic rather than technical. The ironmaking process is the major 
source of GHG emissions, although mining, transport, steelmaking, electricity 
generation, and downstream processing also contribute substantially. Several 
decarbonization options for current iron and steel production routes are 
available today. 

For illustrative purposes, this analysis provides cost estimates for two options to 
reduce GHG emissions from both EAF and BF-BOF steelmaking that support a 
reduction of 70–75% of Scope 1 and 2 GHG emissions relative to 2023 levels. 
Scope 1 is defined as direct emissions, while Scope 2 is indirect emissions from 
purchased electricity or heat. Scope 3 is other indirect emissions across the 
supply chain, both upstream and downstream of iron and steel production. For 
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BF-BOF plants, this analysis models carbon capture and sequestration (CCS) on 
BFs as well as direct reduced iron (DRI) produced using natural gas with CCS, 
plus a melt furnace using existing BOFs. For EAF steelmaking, the model focuses 
on DRI produced using natural gas with CCS or DRI produced using hydrogen, 
which is generated via electrolysis with decarbonized electricity. 

Relative to the cost of producing steel today, each of these pathways is 
expensive. The required capital outlays will be approximately $27–41 billion 
through mid-century; that is, between $1 and $1.6 billion per year, a massive 
increase in the capital budget of most steel-producing companies. Since there is 
currently no measurable economic return associated with steel decarbonization 
investments, companies are unlikely to invest at the rate required to meet 
national and global climate change mitigation goals, reducing or eliminating 
GHG emissions. Hence federal policy plays an essential role in providing 
incentives for decarbonizing investments.

The incremental operating costs of these investments are also substantial. These 
costs can be partially or fully offset by existing 45Q and 45V Inflation Reduction 
Act tax credits. However, both tax credits are currently set to expire at the end of 
2032, and their implementation should be extended and expanded to provide 
operating cost relief. 

Utilizing Section 232 steel tariff revenues, currently $1.5–2.5 billion annually, to 
fund decarbonization capital investments (implemented through an effective 
review process and possibly some cost-sharing requirements) would enable steel 
companies to pursue decarbonization aggressively and emerge as global 
technology leaders. These investments would support existing iron and steel 
industry jobs and benefit communities by improving local air quality.

Benefits to Steelmaking Communities and Workers

For this study, we conducted surveys of communities near iron and steel 
production sites. In general, survey respondents note several contributions of the 
steel industry’s presence, including high-paying jobs with benefits, public revenue, 
and other forms of direct economic support. In 2023, employees in EAF and 
BF-BOF production earned approximately $2,040 per week, 54% above average 
U.S. wages.

The surveys find that 82% of respondents associate steel plants with positive 
community impacts related to job creation and to work-related skills 
development. Respondents generally feel positively toward decarbonization. 
Economic issues, particularly job and retirement security, are the top concerns for 
all surveyed communities. Respondents also indicated they would like to see 
higher wages and greater job creation, retirement benefits, and job training. 
Respondents are most concerned with the rising cost of living and job loss, 
including layoffs and outsourcing.

Trade Policy for Steel Decarbonization

Trade policy is essential to maintaining a healthy steel industry, both in the United 
States and worldwide, by discouraging unfair trade practices and supporting 
high-quality jobs and strong environmental performance. Current Section 232 
tariffs have not only strengthened national security, their primary purpose, but 
have also impacted mainly products from countries that have relatively high GHG 
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emissions from steel production. Trade policy will continue to have consequences 
for steel decarbonization, since companies and nations that incur the related costs 
risk losing competitiveness to overseas producers that continue to emit GHGs at 
current rates. Efforts to address this risk through a carbon-based border 
adjustment mechanism (CBAM) have been pursued by the European Union and 
others but to date this approach, despite its theoretical appeal, has not been 
adopted in the United States. Thus, this case study recommends that existing 
Section 232 tariffs on direct steel imports should be continued for at least five to 
eight years and the revenues allocated for the capital expenditures required for 
steel decarbonization. In the long term, a carbon border adjustment mechanism 
(CBAM) negotiated between the United States and key trading partners could 
provide a sustained source of funding based on the GHG emissions intensity of 
direct and indirect imports, once accounting protocols and verification systems 
have been agreed upon and established.

Recommendations

This case study generated four key recommendations, laid out below, for a 
self-funded framework to accelerate deep decarbonization of the iron and steel 
industry in the United States.

Recommendation 1: Create a national public-private commission to provide 
leadership and oversight for accelerated iron and steel decarbonization. This 
commission should be composed of industry, appropriate government agencies, 
labor, technical experts, and community members. Industry, government, labor, 
and community representatives should have the opportunity to nominate their 
own representatives, who would be confirmed by the executive branch. The 
commission would have broad responsibility to design and review a federal plan 
for iron and steel decarbonization by 2050. Consistent with federal advisory 
committee rules and SEC requirements, the commission’s key responsibilities 
would include: (1) developing consensus criteria for net-zero compatible 
technologies eligible for federal support and overseeing implementation, (2) 
identifying critical iron and steel decarbonization infrastructure projects, and (3) 
producing, by December 1, 2025, a roadmap report on iron and steel 
decarbonization by 2050, which would be used as guidance by implementing 
federal agencies. The commission should also issue an annual report to the 
executive and Congress describing the industry’s decarbonization program, 
tracking its progress toward decarbonization goals (based on internationally 
common or at least interoperable CO2 emissions accounting boundaries), and 
identifying gaps in various complementary dimensions of the steel transition. 

Recommendation 2: Appropriate Section 232 revenues to fund iron and steel 
decarbonization by 2050. Section 232 tariffs should be maintained and extended 
for at least five to eight years or until an agreement on a CBAM is reached with 
major trade partners. The related Section 232 revenues should be used to fund 
capital costs for iron and steel decarbonization. A new Office of Steel 
Decarbonization, administered by the U.S. Department of Energy, should be 
established to review grant applications and award iron and steel industry 
decarbonization grants following the guidance supplied by the commission’s 
roadmap report on iron and steel decarbonization and annual reports to the 
executive and Congress. Once a CBAM is in place to provide funding for 
decarbonization of iron and steelmaking, Section 232 revenues should revert to 
the U.S. Department of the Treasury.
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Recommendation 3: Extend and augment existing IIJA and IRA programs and 
tax credits to support iron and steel decarbonization. The funds appropriated 
for the Industrial Demonstrations Program (IDP), CCS, and the Regional Clean 
Hydrogen Hubs Program (H2Hubs) will contribute to enabling both early 
plant-specific investments and deep decarbonization through the provision of 
infrastructure to access clean electricity and hydrogen. Existing IRA tax credits 
such as 45Q and 45V will be necessary for iron and steel decarbonization by 
2050 and should be adjusted for inflation and extended for the industry beyond 
their current expiration at the end of 2032. Since multiple federal agencies have a 
range of authorities and programs that could impact the speed and success of 
iron and steel industry decarbonization efforts, an interagency working group, 
including representatives of the DOC, DOE, DOL, USDT, and EPA, should be 
established to coordinate federal support across federal agencies for iron and 
steel plants to decarbonize using new and existing programs. This working group 
should coordinate its activities with the commission and the DOE’s Office of Steel 
Decarbonization and be mandated to address roadblocks to iron and steel 
industry access to enabling infrastructure, such as decarbonized electricity; 
carbon capture, transport, and sequestration; and clean hydrogen. 

Recommendation 4: Involve community members and workforce 
representatives early and often in decarbonization planning. Iron and steel 
companies should proactively engage community members and workforce 
representatives, including labor unions, to design decarbonization plans with 
accountability for outcomes. These engagement strategies will need to be 
site-specific, addressing unique legacies and stakeholder dynamics. Training and 
upskilling opportunities for affected employees will be an essential component of 
all decarbonization plans. Companies should ensure that any public health and 
environmental co-benefits of decarbonization investments are key components of 
community engagement and part of the design of any Community Benefits Plans 
(CBPs). Ultimately, Community Benefits Agreements that codify job quality, public 
health, and environmental targets with accountability provisions are an essential 
outcome of both community engagement and CBPs and should be required of all 
federal grant recipients.
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1.	 Introduction
Steel is essential to societies worldwide. At the same time, global iron and steel 
production accounts for 7% of CO2 emissions from the energy sector, including 
process emissions. In the United States, iron- and steelmaking contributes only 2% 
to national CO2 emissions, due largely to a much greater share of scrap use and 
EAF steelmaking. Both the global and U.S. industries face increasing pressure to 
lower CO2 emissions drastically to address climate change. 

Enabling early investments in steel produced with very low CO2 emissions and 
supporting markets for these decarbonized products also carries implications for 
domestic economic competitiveness, trade, national security, and community 
stability. The ongoing armed conflicts in Ukraine and in the Middle East and 
increasing tension in United States-China relations have forced a reevaluation of 
supply chains and trade relations for both efficiency and security. Done well, 
decarbonization can address all these issues while also creating jobs and 
improving environmental quality for communities near iron and steel production 
across the United States.

This case study, part of the third phase of the Roosevelt Project, describes how 
U.S. policy can support a path to decarbonization of the iron and steel industry 
that simultaneously addresses the concerns of steelworkers, companies, and 
communities across the United States. Its framework supports an immediate 
transition based on known technologies, while maintaining incentives to innovate 
in the future. This case study also summarizes a broad range of stakeholder 
viewpoints, primarily taken from a survey of communities located near U.S. 
BF-BOF and EAF steel production sites along with a series of in-depth interviews. 
The analysis is rooted in the realities of the global and U.S. domestic steel industry 
today while drawing lessons from the past, especially from the period of 
bankruptcies in the industry in the 1980s and 1990s and the adversity it created 
for workers and communities.

A cornerstone of this analysis is identifying a robust mechanism for funding the 
substantial capital costs of deep decarbonization in the near term, positioning 
the domestic industry to take the lead, both nationally and globally. Shielding 
producers and consumers—as well as workers and communities—from the 
near-term costs of decarbonization will limit adverse impacts on both the 
industry’s national competitiveness and the nation’s social fabric. This analysis 
proposes that such support initially be funded with existing Section 232 steel 
tariff revenues for the next five to eight years or until a permanent CO2-targeted 
framework can be established. 

An early start is necessary because the window for the United States to take the 
lead in decarbonized iron and steel production is rapidly closing. Carbon pricing 
for iron and steel products is already in place in Europe—where border carbon 
tariffs have been announced—and is being developed in China, the world’s largest 
steel-producing nation. More countries will likely adopt these mechanisms within 
the next decade. In addition, government support for iron and steel 
decarbonization investments and enabling infrastructure is in place in Europe and 
Japan. A federal financial commitment to deep decarbonization by mid-century 
will affect near-term industry investment decisions, such as blast furnace relines, 
and provide greater certainty to the value of long-term capital investments. While 
U.S. iron and steel production is on average less GHG emissions intensive than 
most, this position may turn into a liability if it leads to complacency and inaction. 
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On the other hand, an approach that enables both EAF and integrated producers, 
workers, and communities to proactively shape first-of-a-kind decarbonization 
investments could ensure broad-based benefits.

This case study is structured as follows: Chapter 2 provides a background on the 
U.S. iron and steel industry’s production, technology, and climate change impact in 
a global context. Chapter 3 describes decarbonization options for the industry and 
estimates the cost of substantially reducing GHG emissions from U.S. iron and steel 
production—up to 75% reduction in CO2 emissions—by mid-century. Chapter 4 
describes the results of a survey of residents living near iron and steel production 
sites, placing them in the context of a growing diversity of steelmaking 
communities in the United States. Chapter 5 examines what lessons we can learn 
from past transitions in the U.S. industry, most notably its collapse in the 1980s and 
1990s and resulting dislocation. Chapter 6 examines U.S. trade policy for steel and 
builds the case for using existing tariffs to fund the early years of the industry’s 
decarbonization transition. Chapter 7 summarizes our recommendations.
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2.	 The Steel Industry in the United States and Its  
Global Context

Key messages:

	■ Steel and the steel industry are critical due to their central role in supporting 
manufacturing and infrastructure as well as their long-standing importance for 
defense. The global steel industry is a major source of GHG emissions. Thus, 
addressing the global challenge of climate change requires decarbonization of 
iron- and steelmaking processes. Along many dimensions, the United States is 
already a global leader in decarbonizing steel.

	■ Decarbonization of iron and steel production is intertwined with climate, trade, 
and national security policy in the United States and around the world.

	■ Global economic developments and relatively low per capita demand for steel 
in the United States, given its development stage, have led to a reduction in 
the United States’ global share of steel production, from 53% in the 1950s to 
4% today. Nevertheless, the United States is still the world’s fourth-largest 
producer and third-largest consumer of steel, reflecting its status as the 
world’s largest direct and indirect steel importer. Steel production technology 
in the United States has evolved over the past 75 years, as the share of EAF 
production, frequently by new players, has increased dramatically relative to 
the integrated route. This transformation has shifted steel production to new 
regions of the country and involved new workforces. In the United States in 
2022, approximately 70% of crude steel was produced via the EAF route and 
30% via the BF-BOF route. Globally, these shares are roughly reversed. As a 
result, average CO2 intensity per ton of crude steel (tcs) in the United States is 
about half of the world average. U.S. BF-BOF plant CO2 intensity is also lower 
than the global average.

	■ Future steel production in the United States, including the decarbonization of 
the steel industry, will be shaped by several factors. These include: (1) the 
availability and cost of inputs, including high-quality scrap, (2) technology 
readiness and implementation to further reduce GHG emissions from domestic 
ironmaking and integrated mills, (3) the economics of meeting surface product 
quality requirements with EAF technologies, (4) the cost of producing 
ore-based metallics for EAF production with very low CO2 emissions, (5) the 
availability of decarbonized electricity to support large industrial loads for all 
steelmaking facilities, (6) future global and domestic demand for steel, (7) 
national security and trade considerations.

Steel has maintained a prominent position on the national agenda due to its 
importance to the economy, jobs, and national defense; its exposure to trade; and 
more recently, its GHG intensity of production. The United States, the largest 
producer of steel at the end of World War II, is now the fourth-largest 
steel-producing nation, behind China, India, and Japan. China has made massive 
investments in its steel industry over the past 30 years and its production now 
accounts for over half of the world’s output, while the United States produces 
only 4% of the global total. Although steel produced in the U.S. is, on average, less 
GHG emissions intensive per metric ton (mt) than worldwide production, iron and 
steel in the United States accounts for 2% of U.S. GHG emissions, including 
process emissions. The United States imports almost as much steel as it produces, 
either as raw steel and semifinished steel products or as indirect imports in the 
form of automobiles, car parts, and appliances, making it the largest importer of 
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steel in the world. Most direct and indirect imports are sourced from producers 
with a much higher GHG intensity of production and related logistics. 

Four complexities of the global steel industry will shape its decarbonization in the 
United States: 

1.	 Variation across countries and regions in access to inputs, including raw 
materials, energy sources, and supporting infrastructures;

2.	 Variation across countries and regions in demand for products by stage of 
economic development;

3.	 Variation across countries and regions in the role of trade versus domestic 
production of steel and its downstream products, introducing the possibility of 
relocation to less regulated countries (often labeled “carbon leakage”) in 
response to domestic pressure to mitigate GHG emissions; and

4.	 A common role of iron and steel in national security, due to their importance in 
essential infrastructure, as well as their critical status in the production of 
armament and munitions.

Consequently, initiatives to decarbonize the industry in one country will inevitably 
become intertwined with climate, trade, and national security policy in multiple 
countries.

As long as decarbonization entails large and uncertain investments for the 
industry, companies will face difficulty justifying decarbonization costs. Iron and 
steel production is strongly exposed to volatility in the macroeconomy. Over the 
past decade, profit margins in the industry averaged between 8% and 10%, 
constraining the budget for R&D—although a few top performers achieved 
margins of 20% to 30% over the same period.1 Nevertheless, decarbonization of 
the industry is projected to cost billions of dollars—exceeding the market 
capitalization of the largest industry players. 

By describing steel production and use in the U.S. economy in a global context, 
this chapter sets the stage for an analysis of decarbonization pathways for the 
industry (in chapter 3) and consideration of the characteristics and views of 
communities near iron and steel production (in chapter 4), the lessons from past 
industrial policy (in chapter 5), and the role of trade policy (in chapter 6).

2.1 U.S. Production: A Brief History

The U.S. iron and steel industry emerged in the early 20th century as the core of 
U.S. manufacturing capacity. The industry played a pivotal role in the 
competitiveness of the U.S. manufacturing sector and in employment 
nationwide, producing the world’s first $1 billion company, U. S. Steel. These 
attributes, and others, help to explain the prominent position of the iron and 
steel industry on the federal policy agenda and industrial policy efforts to 
support it since the 19th century. 

For much of the industrial age, iron and steel were produced and consumed 
domestically—in part due to their low weight to value ratio but also due to steel’s 
importance as an input to critical infrastructure and national defense. After the end 
of World War II, steel production in the United States grew and then peaked around 
1970 before sharply declining in the 1980s amid global industry overcapacity (see 
figure 2.1). In 1950, the United States produced 100 million metric tons (MMT) of 
steel, almost 53% of the 189 MMT produced globally.2 In 2022, the United States 
produced only 81 MMT, or 4.3% of a global total of 1,885 MMT (see figure 2.2).3 
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Figure 2.1 U.S. raw steel production, imports, and exports since 1914. Data 
on indirect imports is only available from 2001 to 2019.4
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2.2 Global Integration of Steel Markets

Openness to trade has created new pressures for the domestic industry. While the 
role of the U.S. domestic steel industry in the global market has declined, the role of 
direct imports in the U.S. market has grown considerably, fluctuating for the last 30 
years between 20 and 40 MMT.5 By 2022, direct and, importantly, indirect steel 
imports added together grew to reach around the same level as U.S. domestic 
production, while the U.S. share of the global production declined again between 
2000 and 2020. Following China’s entry into the World Trade Organization in 2001, 
steel production in that country expanded to meet both domestic and, increasingly, 
global demand (see figure 2.3). China is also a major exporter of intermediate and 
finished products with a high embodied steel content, such as construction 
materials, motor vehicles, and appliances and their components. 

The U.S. government has long considered domestic production of steel to be 
critical for national security, even as shares of direct and indirect imports of steel 
have increased. A 2018 report found that these imports had reached levels that 
“threaten to impair the national security of the United States,” leading to the 
imposition of tariffs under Section 232 of the Trade Expansion Act of 1962, which 
are still in effect today.6 Excessive imports were attributed to distortions resulting 
from “non-market excess capacity.” Exempt from tariffs are imports from 
Argentina, Australia, Brazil, Canada, Japan, Mexico, South Korea, and the member 
countries of the European Union.7 In addition to arguments that domestic steel 
production is consistent with a free and fair market-based global trading system, 
maintaining domestic production is further considered important for national 
defense and for limiting shortages and/or price increases that could result from 
supply chain disruptions.
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Figure 2.2: Steel production in the United States and worldwide since 1950 (in 
million metric tons (MMT)).8
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Figure 2.3: Share of crude steel production in major world regions and trends 
from 1960 to 2022.9
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The growth of China’s share of the global steel industry is shown in figure 2.3. 
While a relatively small amount of steel is directly imported from China into the 
United States, China’s influence on steel pricing and export market participation is 
considerable. In 2022, China was the largest direct steel exporter in the world at 
68.1 MMT (roughly 17% of global direct steel exports). That same year, exports 
represented only 7% of China’s roughly 1,000 MMT of production, and only 4.4 
MMT entered North America.10 

Globally, China is also the largest source of indirect steel exports, which include 
products such as automobiles, appliances, and electronic equipment. In 2019, the 
United States was the largest indirect importer of steel products at 49 MMT; it was 
also the largest net indirect importer at 28.1 MMT (after offsetting indirect imports 
with U.S. indirect exports).11 Total direct and indirect imports of steel into the 
United States in 2019 totaled 78.7 MMT, while U.S. domestic steel production was 
88 MMT in the same year.

In the 25 years between 1975 and 2000, the percentage of global steel produced 
for direct export rose dramatically, from 22.6% to 39.2%.12 Global steel production 
increased from 506.9 MMT to 783.6 MMT, with 70% of that increase dedicated to 
exports.13 This dramatic rise in exports around the world, coinciding with the 
financial crisis in Asia in the late 1990s, resulted in a sharp decline in steel prices in 
the United States.

In 2000, in the wake of 48 steel company bankruptcies in the U.S., the U.S. 
Department of Commerce (DOC) issued its Report to the President, Global Steel 
Trade: Structural Problems and Future Solutions. This report noted: “The world 
steel industry is characterized by a variety of anti-competitive practices. The 
effect of such practices is that investment decisions as well as pricing and sales 
almost certainly are different from what would occur in a purely competitive 
market.”14

In that year, the United States produced 102 MMT of steel in a global market of 
850 MMT. The United States and China shares of the global market were roughly 
equivalent at 14% and 15%. The 2000 DOC report had identified roughly 300 MMT 
of global excess capacity and noted that the steel industry in any country would 
have trouble operating profitably at less than 80% capacity (see figure 2.4 for 
actual capacity utilization, 1998–2021). U.S. policymakers struggled to find a path 
forward, debating the role of tariffs to offset dumping and foreign government 
subsidies, while also addressing the excess capacity in global steel production. 

At that time, however, there were few, if any, predictions that global demand and 
production would expand by more than 100% over the next two decades—from 
2000 to 2022. Policymakers focused instead on curtailing the excess capacity in 
2000, particularly in Russia, Ukraine, India, and Turkey, that was found to be 
driving down U.S. domestic steel prices.
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Figure 2.4: Capacity utilization in the steel industry in the United States, 
1998–2021.
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2.3 U.S. Iron and Steel Production Technology

The technology composition of the U.S. industry changed markedly, from roughly 
85% of production in the integrated blast furnace-basic oxygen furnace (BF-BOF) 
route in 1970 to 69% in the EAF route in 2021 (see figure 2.5).15 This transition in 
the U.S. domestic steel industry drastically changed the demographic and 
geographic structure of the industry, as shown in charts and maps in chapter 4.

Figure 2.5: Share of open hearth furnace, basic oxygen furnace, and electric 
arc furnace steelmaking in the United States, 1970–2021.16
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Although iron and steelmaking technology in the United States has shifted, 
globally the industry is still largely reliant on BF-BOF technology. In 2022, 72% of 
global steelmaking used BF-BOFs, while just over 28% used EAFs.17 Other than the 
United States, India is the only country that makes over half of its steel in EAFs, 
accounting for 54% of total production.18 However, since India’s EAF production 
uses substantial shares of DRI made with coal as a reductant, its CO2 emissions 
are much higher than those of countries using primarily scrap-based EAF 
production. EAFs account for only 9.5% of the steel produced in China today, with 
the vast majority from BF-BOF production.19

A major factor in determining the timeline for decarbonizing the global steel 
industry will be continued growth in the demand for steel, particularly in emerging 
markets. Consumption of steel in different countries depends on their stages of 
industrialization and participation in global trade. At a certain point, developing 
economies become more steel intensive when they are focused on expanded 
infrastructure and manufacturing for export. For instance, in 2022, apparent steel 
consumption in the United States was 279.4 kg per capita, while in China, it was 
645.8 kg per capita, reflecting the different stages of development and trade. 
While the EU countries had a fair amount of variability, overall, the EU averaged 
310.3 kg per capita in 2022. Canada was at 351.6 kg per capita and Mexico at 194.8 
kg per capita. Less developed regions were far lower: South America at 94.4 kg 
per capita and Africa at 28.1 kg per capita. In comparison, in 2002, at the start of 
its rapid steel industry expansion, China was at 148.5 kg per capita.20

Industrialization patterns in less developed countries will influence future demand 
for steel and its principal inputs, including scrap and iron ore. Over the next two 
decades, China’s domestic steel production is expected to peak and decline slightly 
as demand, especially for new construction, abates, while other regions, such as 
Africa, Central and South America, India, and Southeast Asia, are likely to see 
demand grow.21 Some degree of adaptability will be required in decarbonization 
strategies, both globally and in the United States, depending on how the demand 
shifts for steel play out.

2.4 A Global Perspective on GHG Emissions Intensity

Taken as a whole, steel production in the United States ranks among the least 
GHG emissions intensive in the world. According to the IEA, in 2022, steel 
emissions comprised roughly 7% of energy-related CO2 emissions globally—and 
only 2% in the United States.22 This difference is largely driven by the much 
greater reliance on EAFs compared to BF-BOFs in the United States; the 
substantial reliance on imported steel (because CO2 emissions occur elsewhere); 
and a lower per capita steel demand. However, the CO2 emissions intensity of 
both EAF and BF-BOF production in the United States (as per 2022 company 
sustainability reports) is also below the global average for each route, as outlined 
in table 2.1. (For an extended comparison of sustainability metrics across 
companies, see the appendix.) The higher global BF-BOF average reflects, in part, 
India’s higher average CO2 intensity of nearly 3 mt of CO2 per mt of crude steel.
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Table 2.1: Comparison of production and CO2 emissions intensity per ton of 
crude steel (tcs) across companies. 

Category Production (MMT) Scope 1 and 2 CO2 emissions per ton crude steel (tCO2/tcs)

Global 2022 steel industry average 1,885 1.77

U.S. 2022 steel industry average 81 0.76

Global 2022 BF-BOF average 1,372 2.21

U. S. Steel U.S. BF-BOF, North America 14.1 1.93

CLF U.S. BF-BOF 11.5 1.6

Nucor EAF 29.5 0.44

Steel Dynamics EAF 11.2 0.41

Gerdau, North America EAF 6.8 0.93 (global average)

CMC EAF 5.8 0.41

U. S. Steel Corporation Osceola & Fairfield EAFs 3.3 0.41 & 0.73 (location & product)

CLF EAF 3.3 1.04

Northstar BlueScope Ohio 3 0.18

SSAB North America EAF 2.4 0.57

Timken EAF 0.7 0.9

Radius Recycling/Cascade EAF 0.4 0

Company Scope 1 averages largely reflect the CO2 intensity of inputs (including 
coke, required ore-based metallics, and the availability and cost of prime scrap), 
as well as process efficiency. Scope 2 emissions are driven mainly by electricity 
sources, with EAF producers Northstar BlueScope and Cascade relying on nuclear 
power plant and hydroelectric power, respectively. Making steel that meets 
surface quality and formability for some applications requires high input shares of 
virgin material, high-quality prime scrap, or both. 

2.5 Industry Considerations for Decarbonization

Considerations that will be important for the iron and steel industry to achieve 
decarbonization through mid-century include: (1) availability of inputs, including 
high-quality prime scrap, (2) technology readiness and implementation to further 
reduce GHG emissions from domestic ironmaking and integrated mills, (3) 
economics of production across the spectrum of product end-use requirements, 
(4) the high cost of producing alternative ore-based metallics for steel production, 
(5) access to zero-carbon electricity, (6) uncertainty in future global steel 
demand, and (7) responding to national security and trade considerations. Each 
of these considerations is described in detail below.

(1) Availability of inputs such as prime scrap. In 2019, the United States 
consumed more than 60 MMT of steel scrap and 47 MMT of iron ore to produce 
88 MMT of steel.23 EAF steel producers combined scrap with varying amounts of 
ore-based metallics, such as pig iron and DRI, to improve quality, while integrated 
producers used up to 25% scrap, most of it produced internally, in BOF 
steelmaking. In 2022, the United States exported 17.5 MMT of scrap steel to 70 
countries, the largest shares to Turkey, India, and South Korea.24 Estimates for the 
average lifetime of a steel product are in the range of 25 to 35 years, with an 
average of 30 years.25 Construction-grade steel, roughly 45% of all steel 
consumed globally, is estimated to have a lifetime of 100 years.26 Given relatively 
stable steel consumption in the United States and a highly efficient recycling 
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market, scrap availability is also relatively stable. The Organisation for Economic 
Cooperation and Development projects excess global scrap supply but large 
regional imbalances.27 As discussed in this report, projections of future steel 
demand and scrap supply are subject to uncertainty. Producers can invest in 
further disassembly or processing to remove residual copper and increase prime 
scrap supply.28 Local availability of other key inputs, such as natural gas, hydrogen, 
and electricity, will also drive technology and location choices for future iron and 
steel production. 

(2) Technology readiness and implementation to further reduce GHG emissions 
from domestic ironmaking and integrated mills. Options for reducing GHG 
emissions from ironmaking in existing blast furnaces include use of biomass, 
hydrogen injection, and carbon capture combined with either utilization to make 
saleable products or deep geologic sequestration. Of these, only those options 
that include CCS are currently projected to meet deep decarbonization goals. 
While 22 CCS technology projects have been applied in industry sectors around 
the world—including power plants, ethanol, and fertilizer plants—CCS has yet to 
be successfully implemented in BFs, and trials have, so far, not demonstrated the 
necessary 90% or higher capture rates for deep decarbonization.29 A major 
obstacle is that the capital investments cannot be justified by current markets. 
Similar economic barriers prevent decarbonized DRI production with hydrogen 
for use in melt furnaces with BOFs, an alternative transformation pathway that 
replaces the blast furnace process entirely. These economic barriers to 
decarbonization investments are addressed in Chapter 3.

(3) Economics of meeting product quality requirements. Historically, the 
economics of production have meant that BF-BOF plants have produced a wider 
range of high-quality steel products, while EAFs have dominated production of 
alloy or stainless grades that can better tolerate contaminants. However, new EAF 
capacity—including Nucor’s plants in Gallatin, Kentucky, and Apple Grove, West 
Virginia; U. S. Steel’s Big River Works in Osceola, Arkansas; and Steel Dynamics 
International’s plant in Sinton, Texas—uses new casting and rolling technology that 
may expand the product portfolio to include electrical and exposed automotive 
steels.30 The extent to which this trend continues will affect the pace, scale, and 
technology options for deep decarbonization of iron and steel production. 

(4) High cost of alternative ore-based metallics for steel production. 
Steelmaking requires sufficient quantities of ore-based metallics. DRI has gained 
traction as an alternative to pig iron for both production routes. While DRI can be 
economically produced with natural gas in markets with an abundant, low-cost 
natural gas supply (incurring approximately one-third of the CO2 emissions of BF 
iron production), producing low or near-zero CO2 DRI incurs substantial 
incremental costs. Currently, 4.5 MMT of DRI are produced in the United States 
per year (around 4% of global production annually), although domestic steel 
producers import some DRI from outside of the United States.31 Meeting projected 
increases in DRI demand in the United States with decarbonized production 
requires either CCS when using natural gas as a reductant or substituting 
hydrogen produced without GHG emissions for natural gas. Both routes incur 
additional capital and/or variable costs.

(5) Access to zero-carbon electricity. Although, over the past decade, there has 
been a remarkable increase in the production of renewable electricity in the 
United States, the direct use of zero-carbon electricity to power EAFs has been 
limited. One reason is that the electric grids located near many EAFs have 
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relatively high CO2 emissions factors, due to coal or natural gas generation. A 
second challenge for relying on wind or solar power is their intermittent 
availability, which limits the number of hours when they can provide decarbonized 
power and increases the need for other dispatchable power sources, such as 
hydro, storage, natural gas, and to some extent, coal and nuclear. Cascade Steel, a 
subsidiary of Radius Recycling in Oregon, which gets its electricity from the 
Bonneville Power Administration’s hydroelectric generation system, is one of the 
few U.S. producers that can legitimately claim its products are made with 
zero-carbon electricity, thus largely eliminating its steelmaking Scope 2 
emissions.32 Other EAF producers are largely dependent on the mix of electricity 
supplied by the local grid, although many companies are exploring alternatives. In 
Pueblo, Colorado, EVRAZ North America, the largest single consumer of 
electricity in the state, collaborated with Lightsource bp, Xcel Energy, and the 
Colorado Public Utilities Commission to permit and build a 240 MW solar project 
on 1,800 acres of its mill property (see chapter 4). U. S. Steel will benefit from a 
large solar facility owned by Entergy Corporation that is adjacent to its Big River 
Works in Arkansas, while Nucor has used a power purchase agreement (PPA) to 
bring wind electricity to a new EAF in Sedalia, Missouri (also described in chapter 
4).33 Other steel companies are exploring the use of small modular reactors as a 
source of reliable, on-site electricity.34 Several EAF and integrated producers, 
including Cleveland-Cliffs and CMC, are using virtual PPAs, also highlighted 
elsewhere in this case study, to offset their Scope 2 emissions.35

(6) Projecting global steel demand. The 40-to-60-year lifespan of steel mill 
assets—or longer, with BF relines, the capital-intensive nature of the steel industry, 
its centrality to economic growth and national security, and its cyclicality have 
created obstacles to predicting global steel supply and demand accurately. As a 
result, global overcapacity has been an ongoing problem for the industry, 
particularly in countries with relatively well-developed trading systems and 
partners, such as the United States. Future steel demand is difficult to predict: 
past assumptions about the growth of the industry have been inaccurate, and 
future projections vary widely. The World Steel Association reports that between 
1950 and 2022, growth in steel production fluctuated from 7.2% to –0.5% per 
annum. Between 2000 and 2022, when global steel production more than 
doubled, annual growth rates fluctuated from 6.2% to 0.2%.36 In its 
decarbonization projections, the IEA assumes that global steel demand will 
increase by 10% over the next decade to 1,970 MMT before peaking in 2035, 
thereafter relying on “avoided demand” (e.g., a reduction in single-occupancy 
vehicle travel) to help reduce GHG emissions to net zero by 2050.37 However, the 
Mission Possible Partnership modeled demand rising globally to 2,547 MMT in 
2050, an increase of 36% from 2022, while acknowledging that material 
recirculation, material efficiency, and use productivity could reduce that demand 
to 1,509 MMT.38 Most recently, the U.S. International Trade Commission’s 2023 
study on the impacts of Section 232 steel tariffs identified 20 million new tons of 
EAF steel capacity in the United States alone between 2018 and 2024 and 
projected additional demand driven by the infrastructure and energy transition 
spending of the IIJA and the IRA.39 Thus, close monitoring of steel production and 
demand and continuous updating of long-term forecasts will be essential to 
decarbonization strategies for the industry. Any increase in steel production or 
further growth in the EAF share in the United States is projected to require more 
ore-based iron inputs. As discussed in chapter 5, to foster a stable transition 
environment for the industry, it will be essential to provide accurate information 
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on steel demand in the United States, implement close monitoring of the impact 
of both direct and indirect steel imports, and integrate GHG emissions reduction 
into product demand with “green steel premiums” and/or tax incentives.

(7) National security and trade considerations. Finally, as the rules for global 
trade and national security are now being debated at a more comprehensive level 
than at any time since the end of World War II, the role of the iron and steel 
industry in domestic economic stability has become increasingly evident. 
Maintaining a modern, competitive, low-CO2 steel industry with a secure and 
diverse supply chain and the capacity to produce the entire range of products to 
meet domestic demand will be critical for the United States in its 21st-century 
role—as a leader in democracy, social equity, and climate crisis management. As 
mentioned in the introduction, the armed conflicts in Ukraine and the Middle East 
along with increasing economic tensions between the United States and China 
have underscored the importance of economic independence as a key component 
of national security. In an industry that is critical to national security, such as steel, 
climate policy must support the economic competitiveness of the domestic 
industry, an issue that is examined more deeply in chapter 6, on trade policy.
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3.	 Decarbonization Technologies and Costs

Key messages:

	■ The challenges in decarbonizing the iron and steel industry are primarily 
economic rather than technical, although multiple technical complexities must 
be addressed to improve the performance and reduce the cost of 
decarbonization options.

	■ Our purpose in this chapter is to generate an estimate of the incremental 
capital and operating costs of decarbonizing iron and steel production to 
understand how much public investment will be required. To that end, we have 
focused on modeling four potential near-term options for decarbonizing 
today’s production. Ultimately, the technical and economic feasibility of these 
decarbonization pathways will be highly site-specific and depend on ongoing 
technological innovation and market conditions. 

	■ Our modeling focuses on the cost of transitioning to net-zero-compatible iron 
and steel production in the United States, reducing industry GHG emissions 
approximately 70–75% relative to today, focusing primarily on Scope 1 and 2 
emissions and including coproduct gases. We consider two representative 
pathways for each production route:
	■ (1) for BOF steelmaking, (a) carbon capture and sequestration (CCS) on the 

blast furnace or (b) direct reduced iron (DRI) produced using natural gas 
with CCS, plus a melt furnace using existing basic oxygen furnaces (BOFs), 
and

	■ (2) for existing EAF steelmaking, (a) DRI produced using natural gas with 
CCS or (b) DRI produced with hydrogen, which can also be produced with 
very low CO2 emissions.

	■ For the nine operating BF-BOF plants in the United States, the existing IRA 
45Q tax credit is estimated to cover the incremental annual operating cost 
(opex) of CCS, estimated at $2.2 billion per year. These retrofits would lower 
CO2 emissions from current levels of around 1.8 metric tons (mt) CO2/tcs to 
0.7 mt CO2/tcs. The capital cost for CCS retrofits is estimated at $14 billion and 
is largely not addressed by existing policy.

	■ To support EAF decarbonization, an ample supply—on average, 25% of each 
EAF charge—of ore-based metallics, produced with very low to zero CO2 
emissions, will be required—recognizing that some applications (e.g., exposed 
automotive) will require higher percentages, while other applications can be 
produced with 100% scrap. Investing in scrap upcycling and substituting DRI or 
green pig iron produced with near-zero CO2 emissions (e.g., with hydrogen, 
CCS, and/or biochar) for current imports of CO2-intensive pig iron will support 
deep decarbonization of current EAF steel production. Some developing 
countries may be economically attractive locations for producing iron with 
near-zero CO2 emissions, depending on U.S. domestic content requirements 
and the applicability of U.S.-based incentives.

	■ IRA credits improve the economics of decarbonized ore-based metallics for 
EAF use, reducing the annual opex using hydrogen from $5.7 billion to $1.9 
billion (inclusive of the 45V credit, which reduces the cost of H2 produced with 
near-zero CO2 emissions from $4.68/kg to $1.68/kg in this study) and the 
annual opex using CCS with natural gas-based DRI from $1.4 billion to $0.8 
billion (45Q credit of $85/ton CO2 avoided). Estimated capital costs for 16.3 
MMT of new DRI production for EAF steelmaking total $13 billion (hydrogen) 
and $16 billion (CCS), although if the existing 5.2 MMT of DRI can be retrofitted 
with hydrogen or CCS, costs may be lower.
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	■ Making decarbonized electricity supply available for CCS and electrolyzer 
operation will be critical to achieve the 70–75% decarbonization modeled in 
this chapter—and beyond. Hydrogen-based approaches discussed in this 
chapter assume availability of delivered hydrogen at a cost of $4.68/kg from 
third-party suppliers. Electrolytic hydrogen, and longer-term electrolytic 
ironmaking, will require large volumes of inexpensive, decarbonized electricity.

	■ Investments examined in this chapter are compatible with further deep 
decarbonization, which would require: (1) decarbonized electricity generation 
for mining, ore concentration, pelletization, DRI production, EAF operation, 
CCS operation, and hydrogen production, (2) deep reductions in process 
emissions from the EAF, (3) increasing the efficiency or rate of CO2 capture 
from the facility or process slipstream, (4) electrifying process heating in 
reheat and finishing furnaces, and (5) purchasing high-quality CO2 removal 
credits (e.g., from direct air capture, or DAC), to cover unabated CO2 
emissions.

3.1 Approaches to Decarbonizing Iron and Steel Production

3.1.1 Background

Our analysis of U.S. iron and steel industry decarbonization starts with existing 
production. Decarbonization options and costs vary across facilities, technologies, 
and geographies. Several important considerations will broadly affect the viability 
of decarbonization pathways for the industry.

First, making iron is different from making steel. Making steel via the integrated 
route, which involves first extracting iron from iron ore using carbon-based 
reductants and high heat (essentially removing oxygen from iron oxide, in a 
process known as reduction), is much more GHG emissions intensive than making 
steel primarily from recycled scrap steel (as iron is already reduced). Nearly 
two-thirds of U.S. iron and steel GHG emissions originate from blast furnace 
production of iron, which, after it is refined in the basic oxygen process, accounts 
for approximately 30% of steel production in the U.S. The EAF route uses 
primarily scrap steel but also ore-based metallics such as pig iron (produced in 
blast furnaces) and DRI. These form the most emissions-intensive part of the 
production process. A major challenge in decarbonizing steel production is to 
reduce GHG emissions from the ironmaking step.

Second, the capital costs of decarbonization to iron and steel companies are 
projected to be large (in the range of several billion dollars per year through 
2050), far exceeding annual profit and even market capitalization for some 
companies. This cost burden is estimated to be similarly large for other industrial 
sectors. Currently, neither tax credits in the IRA and the IIJA nor buyer 
commitments are sufficient to incentivize the decarbonization investments in 
technology and infrastructure that are outlined in our main scenario. An additional 
complication is that steelmakers have limited ability to influence planning, siting, 
and operation of infrastructure, such as clean electricity and CCS, that are needed 
for decarbonization.

Third, decarbonization approaches differ in their impacts across the supply chain. 
For example, production of direct reduced iron using DR-grade pellets—that is, 
pellets with higher concentrations of iron—increases GHG emissions upstream 
from mining and processing but reduces GHG emissions downstream (for 
instance, by eliminating an additional melt step and reducing slag volumes in the 
steelmaking step). 
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Fourth, some drivers of the geography of iron- and steelmaking will change, while 
others may stay the same. The steel industry initially developed in areas with 
access to inexpensive fossil fuels and raw materials, largely through water-based 
transport of coal, coke, and iron ore or pellets. Iron- and steelmaking were almost 
always colocated because the iron could be transferred from the blast furnace to 
the steel furnace in molten form. By producing iron in a solid state, DRI and other 
alternative ironmaking processes permit decoupling of the locations of ironmaking 
and steelmaking. For DRI, costs of natural gas and hydrogen will grow in 
importance. At the same time, plants may lose process synergies (such as the use 
of coke oven gas in the blast furnace, or the ability to sell coproduct gases) that 
are not obviously available in the decarbonized routes. As is discussed further in 
chapter 4, ample overlap in workforce skills requirements may favor locating 
decarbonized facilities on or near legacy sites.

These considerations inform the assumptions in our main scenario, which is 
intended to be illustrative of the capital and infrastructure required to decarbonize 
production using multiple technological approaches. 

3.1.2 Approaches and Applications by Process Route

Five general approaches for decarbonizing iron- and steelmaking could 
potentially contribute to the decarbonization process:

1.	 Increased energy efficiency,
2.	 Low-carbon input substitution (including biomass, hydrogen, and 

electrification),
3.	 Implementation of low-carbon iron ore reduction technologies,
4.	 End-of-pipe CO2 capture (with conversion and/or piping to sequestration 

sites), and
5.	 Purchase of certified CO2 offsets or reduction credits (for instance, from  

DAC projects).

These general routes are likely to be applied differently by integrated and EAF 
producers. Of these options, the third and fourth have the greatest potential to 
reduce actual GHG emissions from steel operations. These will therefore receive 
the most attention in our main scenario. We note the importance of continuing to 
support cost-effective iron and steel decarbonization solutions and incentivize 
ongoing innovation. For instance, advanced precommercial iron- and steelmaking 
technologies (such as low-temperature electrolysis for ironmaking and molten 
oxide electrolysis for iron- and steelmaking) are under development. If these 
technologies become cost competitive, their deployment could displace the 
pathways considered in our main scenario.

Decarbonization options for the integrated blast furnace-basic oxygen furnace 
(BF-BOF). BF-BOF modifications are attractive due to their ability to use existing 
infrastructure, lowering capital needs and preserving or even increasing jobs. In 
the near term, several technologies in use or under development may reduce GHG 
emissions associated with the BF-BOF route. Introducing biomass to the mix of 
reductants provides modest incremental reductions in CO2 emissions if cultivated 
in a carbon-neutral manner (CO2 released from the blast furnace is offset by CO2 
taken up when the biomass was grown). Using DRI in the blast furnace can reduce 
the coke required. Introducing an additional heat injection point can improve the 
operational efficiency of some blast furnaces. Injecting hydrogen into the blast 
furnace can also help to lower CO2 emissions by reducing the need for coke by up 
to 30%.40 Such enhancements are currently being explored by integrated 
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producers to meet interim goals, but ultimately, these approaches do not support 
deep reductions in CO2 emissions. Substantial reductions (60% or more) from the 
BF-BOF route will likely require CCS. CCS technologies, which also have 
applications in the production of DRI for EAFs, are described below under a 
separate heading. Another option for integrated producers involves using DRI, 
produced with low to zero CO2 emissions, to make steel in a BOF. Producers such 
as ThyssenKrupp have selected this option, which is compatible with using 
standard BF-grade pellets as well as higher-quality DR-grade pellets. 
Cleveland-Cliffs was recently awarded up to $500 million by the DOE to pursue a 
similar strategy at its Middletown plant.41 This option also involves melting the DRI 
in an electric smelting furnace (ESF) before feeding into the BOF, especially if 
using BF-grade pellets, to remove additional gangue. Other integrated producers, 
such as ArcelorMittal Dofasco in Canada, have opted to transition existing sites to 
DRI-EAF steelmaking.42

Decarbonization options for the electric arc furnace (EAF). Steel is made in an 
EAF by melting recycled scrap steel (plus, for some applications, pre-reduced 
ore-based metallics) using high-temperature electric arcs and tuning metallurgical 
composition in several subsequent steps. Direct CO2 emissions from the EAF are 
low compared to the integrated route, but the existing number and expected 
growth of EAFs in the United States make addressing these CO2 emissions 
important for achieving climate goals. Using alternative green sources of 
ore-based metallics (such as green pig iron or DRI produced with natural gas plus 
CCS or with hydrogen) can further reduce Scope 3 CO2 emissions.43 Achieving 
net-zero emissions through the EAF route depends on the availability of 
carbon-neutral electricity. Since EAF operations are very electricity intensive, it is 
critical to address related Scope 2 emissions from electricity generation.

Direct reduced iron (DRI). DRI production, having emerged using coal and 
natural gas as reductants in parts of the world where they are abundant and 
alternatives are limited, is now a mature technology that has gained renewed 
interest. DRI involves the separation of elemental iron from iron oxide without 
melting. It can be stored and transported in compact form: hot briquetted iron, or 
HBI. Today, most DRI reactors use natural gas as a reductant and a heat source. 
Three such reactors exist in the United States: Cleveland-Cliffs Direct Reduction 
Plant in Toledo, Ohio (DRI/HBI, 1.9 million tpa), ArcelorMittal Texas HBI in Corpus 
Christi, Texas (DRI, 2 million tpa), and Nucor Direct Reduction Plant in Convent, 
Louisiana (DRI, 2.5 million tpa). Inexpensive natural gas in the United States, 
compared to many other regions, makes these facilities economically attractive. It 
should be noted that direct-reduction processes benefit from high-grade ores 
(>67% Fe), which in turn may require additional energy and material for 
beneficiation, implying additional costs. Iron ore for the Toledo DRI facility is 
sourced from Minnesota, while the DRI plants in the Gulf region source ore from 
Brazil, Canada, and Norway. Currently, DR-grade ores account for only a small 
percentage of seaborne iron ore trade. In 2023, the DR-grade pellet premium was 
$46.3/ton (according to the International Iron Metallics Association) or 20–25% 
above the cost of 65% ores.

Using natural gas to make DRI reduces CO2 emissions from Scopes 1 and 2 by 
roughly two-thirds, compared to ironmaking in the BF. Two major routes offer 
further reductions: substituting natural gas with hydrogen produced with 
near-zero CO2 emissions and/or retrofitting the DRI reactor using natural gas with 
CCS. DRI reactors that use natural gas can be designed or retrofitted to use high 
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blends of hydrogen (>90%). In practice, hydrogen blending is likely to be limited 
to 95% to ensure sufficient carburization (addition of carbon to achieve desired 
material properties).

3.2 Supporting Infrastructure

Decarbonizing iron and steel production will require substantial additional 
investment in supporting infrastructure. Carbon capture, decarbonized electricity, 
and hydrogen will play a decisive role in the extent of GHG emissions reductions. 
Regions and jurisdictions will need to overcome context-specific constraints and 
challenges, such as proximity to viable storage resources, the carbon intensity and 
capacity of the local grid, opportunities for colocation with other industrial 
emitters, and the emergence of planned hydrogen hubs. Broadly, siting and 
permitting challenges related to CO2 pipelines, transmission infrastructure, and 
other supporting assets are key barriers to achieving scale. These infrastructure 
requirements are briefly described below.

3.2.1 Carbon Capture and Sequestration (CCS)

The top gas streams from the blast furnace or DRI reactor, as well as potentially 
other gas streams (e.g., from cokemaking or on-site electricity generation), are 
candidates for carbon capture and sequestration (CCS) or carbon capture and 
utilization (CCU).44 CCS involves isolating CO2 from waste gas streams and 
pressurizing and injecting it underground, while utilization pathways convert CO2 
to products. Capture of 90% of a plant’s Scope 1 CO2 emissions is expected to be 
possible using carbon capture systems. The United States has geology suitable 
for long-term CO2 sequestration located near most BF-BOF plants. As shown in 
figure 3.1, deep saline formations may be an option for sequestration of CO2 from 
existing BF-BOF sites, represented by the largest circles and mainly clustered in 
the Northeast and the Great Lakes region. When unmineable coal seams (e.g., in 
southern Illinois) are included, sequestration opportunities increase.
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Figure 3.1: Colocation of iron- and steelmaking facilities with deep 
underground storage in saline formations.

Several steelmakers have plans to develop carbon capture, followed by either 
sequestration or utilization of the CO2. However, at present, industrial applications 
of both CCS and CCU remain on the drawing board or are operating only at a pilot 
scale in the United States, with very limited CO2 sequestration demonstrated thus 
far. In 2022, Cleveland-Cliffs applied for funding from the U.S. Office of Clean 
Energy Demonstrations (OCED) under the IIJA to conduct a front-end engineering 
design study of a capture unit for its integrated steel plant at Burns Harbor, Indiana. 
The project would capture 2.8 MMT of CO2 per year. U. S. Steel has announced a 
partnership with CarbonFree to capture and mineralize 50,000 tons of CO2 per 
year using CarbonFree’s proprietary SkyCycle Process.45 U. S. Steel is also 
collaborating with the National Energy Technology Laboratory on carbon capture 
for the blast furnace at the Mon Valley Works.46 Utilization of CO2 produced by steel 
operations is also under development in Europe. ThyssenKrupp has developed a 
Carbon-2-Chem facility next to its site in Duisburg, Germany, which is developing 
pathways for a variety of products. U.S.-based LanzaTech is operating a facility for 
the conversion of blast furnace CO2 into ethanol at ArcelorMittal’s plant in Ghent, 
Belgium, and in northeastern China through its joint venture, Shougang 
LanzaTech.47 These are all potential applications of CCU to reduce steel-related CO2 
emissions. With current subsidies available in Ghent and low-cost conditions in 
China, LanzaTech’s technology is calculated to pay back within five to seven years. 
The scale of current CO2 utilization technologies, however, is small compared to the 
volume of CO2 generated at a large integrated steel plant.

The economics of CCS and CCU are site- and market-specific. For instance, 
investments in the EU, with its carbon pricing system and commitment to 
implementing a CBAM, will be evaluated differently than those in the United 
States, where investments are incented through a variety of tax credits. Viability 
may also depend on markets for coproducts, as well as multiparty agreements on 
how any carbon credits generated will be shared by producer and offtaker. 
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Another factor is the cultural willingness of iron and steel companies to expand 
further into the chemicals business, which is already common at some coke 
production sites.

Figure 3.2: BF-BOF facilities and distribution of geologic CO2-storage options 
in the United States.48

Finally, local permitting regimes, local community support, the regional 
availability and timing of pipeline infrastructure, other CO2 sources, and 
sequestration geology—as well as public acceptance, liability, and pore space 
ownership compensation—will strongly determine the feasibility of CCS, CCU, 
and DAC in the U.S. As mentioned, many BF-BOF facilities are in proximity to 
cost-competitive CO2 storage resources (see figure 3.2). The extent to which 
these facilities can meaningfully rely on CCS development will depend on both 
federal action (such as regulations under the Pipeline and Hazardous Materials 
Safety Administration and broader federal permitting reform related to 
interstate infrastructure) and state and local action, including securing Class VI 
primacy and clarity over siting decisions.

CCS also has potential applications for EAF production. Abating CO2 emissions 
from DRI production using CCS is one alternative to hydrogen-based production 
that is estimated to be lower in cost and, depending on how hydrogen is 
produced, lower in CO2 emissions—as is discussed in our scenario exploration. In 
addition, captured CO2 (from any source) could be used directly at EAF sites to 
provide a source of carbon for carburization (addition of carbon to steel to 
achieve desired properties), which will become particularly important if 
carbon-poor DRI produced using hydrogen as a reductant is fed directly into the 
EAF. One advantage is the potential to configure CCS for the EAF in ways that 
simultaneously reduce dust and other hazardous local pollutant emissions.49 
However, CO2 concentrations in EAF flue gas are currently relatively dilute 
(approximately 1% CO2 by volume) and variable, increasing the cost of capture 
closer to that of DAC (abatement cost of over $200/ton CO2).
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Figure 3.3: Steel facilities and selected industrial and power facilities that qualify 
for 45Q.50

Steel facilities may benefit from sharing CO2 infrastructure with nearby emitters, 
creating industrial clusters that would lower total infrastructure spending and 
transport costs. Figure 3.3 shows steel facilities and their proximity to selected 
industrial and power sector facilities that could adopt CCS in the near term. 
Industrial clusters that are close to ideal storage geology are found on the Gulf 
Coast and in portions of the Midwest and the Southeast. Programs and efforts to 
evaluate and plan for shared infrastructure networks could help scale CCS 
opportunities for steel and other hard-to-abate sectors.

While in this analysis we present averages, the advantages of CCS and CCU 
relative to other decarbonization technologies are likely to vary by producer and 
facility, for several reasons. First, costs of capital, labor, raw materials, and energy 
inputs—in particular, decarbonized electricity—vary across existing and potential 
future production locations. Iron and steel companies also vary in the extent of 
their access to ore bodies that can be beneficiated cost effectively to produce 
DRI-grade pellets, which are expected to be required for certain configurations, 
such as DRI EAF production. Second, primary steel mills vary in the number of 
downstream processing plants that would be lost if such facilities were to shut 
down completely. (The prospect of losing its downstream precision rolling mills is 
one of the reasons why ThyssenKrupp Duisburg in Germany has opted to pursue 
the staged introduction of DRI, to be made first with natural gas and then with 
hydrogen, and an electric smelting furnace, while retaining the downstream BOF 
and rolling capacity.) Third, plants vary in proximity to other sources of CO2 for 
CCS or utilization. Several integrated plants are colocated with other potential 
power and industrial sources of CO2 and sequestration geology. Finally, plants 
vary in the degree to which they rely on recycled coproduct gases (for instance, 
for power production) or sell these coproduct gases off-site. The loss of these 
opportunities may alter the economics of decarbonized production for some 
facilities more than others.
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3.2.2 Decarbonized Electricity Supply

Decarbonized electricity on demand will be essential for the decarbonization of 
the iron and steel industry in the United States, especially given its high share of 
EAF steelmaking. Decarbonizing the electricity supply to EAFs would reduce CO2 
intensity from 0.4 to 0.2 tCO2/tcs, which would represent a major reduction in the 
industry’s emissions if implemented at EAFs nationwide. Moreover, without 
decarbonized electricity, it will be impossible to obtain a decarbonized supply of 
hydrogen for DRI production or to support CCS, which requires substantial 
electricity to operate. Availability of decarbonized electricity for these 
applications is a core assumption of our scenario analysis. Using electricity 
sourced from the grid and assuming the average current U.S. grid emissions 
intensity, each of these “decarbonization” technologies would displace far fewer 
CO2 emissions. While we assume that today’s EAF fleet continues to use 
electricity at the current grid average CO2 intensity, we consider the implications 
of serving this load with decarbonized electricity. From an infrastructure 
perspective, the financing, planning, and building out of necessary transmission 
lines and new generation resources remain below levels needed to meet national 
targets, posing a critical technical and policy challenge for this decarbonization 
option. In the Southeast, which is home to a large share of the country’s EAFs, the 
additional regional transmission need by 2035 is expected to be 77% of 2020 
system levels in a scenario with moderate load growth and high clean energy 
deployment.51 

3.2.3 Hydrogen Production and Distribution

Using hydrogen as a reductant and heat source in iron and steel production will 
require buildout of capacity to produce, store, and transport hydrogen. The 
production method with the greatest potential to reduce CO2 emissions involves 
electrolysis of water powered by clean or renewable energy. This method is 
currently expensive compared to producing hydrogen from natural gas, which is 
done without additional CO2 emissions abatement at refineries across the United 
States. Adding precombustion CO2 capture and sequestration to natural gas–
based hydrogen production can also substantially reduce CO2 emissions. While 
today, hydrogen from natural gas with CCS is expected to be less costly to 
produce, many studies suggest that over time, costs of hydrogen produced using 
water and renewable electricity will be competitive with the natural gas pathway. 

Regardless of hydrogen source, transportation and storage needs for hydrogen 
delivery will need to be addressed. Blending hydrogen in existing natural gas 
pipelines will be limited by the potential for embrittlement and failure of 
pipeline material. Storage may also be costly, especially for plants that would 
use comparatively little hydrogen. Sites that are colocated with, and have 
access to, underground geology suitable for hydrogen storage may realize a 
substantial cost advantage.

3.3 Net-Zero Compatible Iron and Steel Investment Scenario

Our estimates of the costs of decarbonizing the iron and steel industry in the 
United States use today’s iron and steel production as a starting point and CO2 
emissions benchmark. We then model several different decarbonization routes, 
acknowledging the importance of continuing to innovate in decarbonization 
technologies. If other options, such as electrolytic routes, low-cost hydrogen, and 
utilization of CO2, become cost competitive, their adoption would ultimately result 
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in lower costs of decarbonization. Hence, this analysis can be viewed as a 
representative upper bound (before any financing costs) for the cost of 
decarbonizing the current U.S. industry.

3.3.1 Methodology and Assumptions

Many studies have examined the cost and CO2 emissions of candidate pathways 
for decarbonizing iron- and steelmaking processes.52 We apply capital and 
variable cost estimates from the original underlying studies (when available, peer 
reviewed) used for these analyses as well as from actual costs of construction 
(e.g., for natural gas-DRI) reported in the media. Costs are summarized in table 3.1.

Table 3.1: Capital and variable costs associated with candidate technology 
pathways in 2022.

Technology
Capital cost  

($/t capacity)
Variable cost  

($/tcs)

Variable cost after 
Inflation Reduction Act 

tax credits ($/tcs)
CO2 emissions  

(tCO2/tcs)

Current technologies

BF-BOF 529 395 395 1.8

100% Scrap EAF 309 318 318 0.4

Lower CO2 technologies

BF-BOF-90% CCS 929 484 372 0.7

100% NG-DRI-90% 

CCS-ESF-BOF
200 427 396 0.6

100% NG-DRI-EAF 808 361 361 1.1

100% H2-DRI-EAF 808 707 531 0.6

100% NG-DRI-90% 

CCS-EAF
973 414 371 0.6

Notes: The cost of retrofitting an existing BF-BOF plant with carbon capture is assumed to be $400/t capacity—although it may be higher for some applications—and is 
not inclusive of capex for pipelines and storage, which will depend on number of users and throughput. The economics of CO2 utilization vary depending on the 
application. Installing CCS on a new DRI plant is estimated to be $165/t capacity.53 Capital costs: for CCS on the BF-BOF, IEA (2010) inflated to 2022.54 DRI estimated based 
on three U.S. installations. We assume a DRI furnace can use up to 100% hydrogen. Pathways involving an EAF include EAF capital costs of $309/t capacity, based on van 
Ruijin et al.55 Variable costs: mass and energy balances and assumptions are described in Jaramillo et al.56 Routes using DRI assume 100% DRI in EAF charge (0% scrap) 
and adjust in subsequent calculations. Hydrogen is assumed to be procured at $4.68/kg or $1.68/kg with the $3/kg IRA 45V credit, with no CO2 emissions.57

The estimates provided in table 3.1 (shown in 2022 dollars) are used to generate 
estimates of total undiscounted capital and variable costs for EAF and integrated 
producers and for the steel industry in the United States as a whole. We use 
production for 2021 as a benchmark: 26 MMT BF-BOF production (36 MMT 
capacity) and 56 MMT EAF production (79 MMT capacity). We assume that capital 
costs are for retrofits or replacement of existing capacity and that variable costs 
scale with production, around 80% of capacity on average in a given year. 

Table 3.1 shows how the Inflation Reduction Act (IRA) changes the variable cost 
economics of both the hydrogen-DRI and CCS-enabled routes. Our calculations 
find that the IRA credit is worth roughly $263/tcs for hydrogen-DRI producers, 
while for CCS, the credit is worth $112/tcs for the BF-BOF route and $43/tcs for 
the DRI-CCS route, largely due to differences in baseline CO2 emissions for each 
process route. Although extension of these credits beyond 2032 is uncertain, we 
assume in our analysis that the IRA tax credits 45Q and 45V continue beyond 
their expiration date.
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We use these technology costs together with the following assumptions to 
estimate the costs of decarbonizing U.S. iron and steel production:

	■ First, we benchmark our estimates of costs assuming that solutions will be 
needed to decarbonize both BF-BOF and EAF production and associated 
supply chains and construct two decarbonization options for each route.

	■ Second, we do not consider changes in imports, either direct or indirect (i.e., 
steel contained in imported finished products, such as automobiles). Together, 
direct and indirect steel imports totaled 87% of domestic production in 2019. 
Import substitution would expand U.S. domestic production, but this possibility 
is not in the scope of our analysis.

	■ Third, we assume the industry adopts decarbonizing technologies with the 
lowest variable cost net of subsidies. As we discuss at the end of this chapter, 
we further assume that capital costs are substantially reduced by some form 
of government action.

	■ Fourth, we take the most robust available estimates of investment and 
operating costs as proxies for the broader categories of decarbonizing 
options. For example, we have taken estimated costs for amine-based CCS for 
the broader category of CCS and CCU. If chemical or biological utilization 
technologies prove superior to sequestration technologies in the marketplace 
today, that will encourage their adoption over the sequestration process 
assumed in our modeling. Our focus on CCS, for example, is not an 
endorsement of that technology but rather a means to estimate overall 
investment and cost implications for steel decarbonization.

	■ Fifth, we assume that decarbonized electricity is available at 7 cents per kWh 
with zero CO2 emissions for CCS and hydrogen production. EAFs are assumed 
to source electricity at the U.S. grid average of 0.39 kg CO2/kWh, with an 
electricity cost of 4 cents per kWh.

	■ Sixth, we assume that limitations on the availability of high-quality scrap steel 
translate into an average of 25% ore-based metallics—in our scenarios, DRI—in 
an average EAF charge. This demand would require 16.3 MMT of DRI production.

3.3.2 Scenario Results

The results of this modeling effort are summarized in table 3.2, which assumes two 
pathways for each route (CCS on the BF or DRI-ESF-BOF for the integrated route) 
and considers two low-carbon DRI pathways (H2 and CCS) for the EAF route.

We find that when comparing hydrogen to CCS for DRI, hydrogen capital costs 
are lower, but annual opex is considerably higher, especially if IRA credits are not 
included. Relying on CCS for both integrated and EAF route decarbonization 
requires a viable CCS solution; although the technology is considered mature, it 
has yet to be widely deployed, and for ironmaking implementation, it is still in the 
very early stages.

Importantly, the cost of decarbonizing EAF steelmaking strongly depends on the 
assumed share of DRI in an EAF charge. The total variable cost of decarbonizing 
EAF production with NG-DRI-CCS for EAF steelmaking increases by an order of 
magnitude as DRI share in the EAF charge rises from 10% to 100%. Estimated 
costs using hydrogen today would be even higher and also scale linearly with the 
amount of DRI in the EAF charge.
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Table 3.2: Comparison of estimated costs to reduce CO2 emissions from iron 
and steelmaking by 70–75% in the United States. 

Cost by pathway 
(billions, total or per annum)

Case 1: CCS for 
integrated / 

 H2-DRI for EAF

Case 2: CCS for 
integrated / 

NG-DRI-CCS for EAF

Case 3: DRI-ESF-BOF 
for integrated /  
H2-DRI for EAF

Case 4: DRI-ESF-BOF 
for integrated / 

NG-DRI-CCS for EAF

One-time capex

BF-BOF $14.0 $14.0 $25.0 $25.0

EAF production $13.0 $16.0 $13.0 $16.0

Total capex ($ B) $27.0 $30.0 $38.0 $41.0

Annual incremental opex

Inc. BF-BOF $2.2 $2.2 $0.8 $0.8

Inc. DRI for EAF $5.7 $1.4 $5.7 $1.4

Inc. BF-BOF-CCS after IRA $0 $0 $0 $0

Inc. DRI for EAF after IRA $1.9 $0.8 $1.9 $0.8

Incremental BF-BOF and EAF 
total after IRA ($ B/year)

$1.9 $0.8 $1.9 $0.8

Additional cost of decarbonized 
electricity for ESF or EAF*  
($ B/year)

$0.8 $0.8 $0.8 $0.8

* Assumes 3 cents per kWh increase in the levelized cost of electricity to provide decarbonized supply.

Two additional considerations are worth noting in table 3.2. First, these scenarios 
do not achieve net-zero CO2 emissions—while 70–75% of GHG emissions are 
reduced, a substantial residual remains. This is particularly true for integrated 
operations, where coke ovens and BOF steel shops remain as major GHG 
emitters. CCS itself is assumed to capture no more than 90% of BF (or DRI) 
emissions. Additional GHG emissions are associated with reheat furnaces, 
coating lines, annealing operations, intraplant transport, and other activities and 
are assumed to remain unchanged. CO2 emissions from such operations could 
be reduced or even eliminated (e.g., using zero-carbon electricity), but this is 
beyond the scope of this analysis. Further policy initiatives may be required to 
address this residual. Finally, we have not considered ways to reduce emissions 
from iron ore mining and beneficiation.

Second, as stated earlier, we have treated modeled technologies as proxies for a 
wider range of technologies that are being pursued by research institutions or 
commercial firms. The range of options being developed and explored is both 
wide and encouraging.58 Insofar as other decarbonizing technologies ultimately 
prove superior in reducing CO2 and/or offering lower costs, these alternatives 
could displace the technologies we have modeled. It is important that policy 
remain agnostic regarding technology choices and thus does not inhibit the 
development and commercialization of alternatives.

Today, the costs of decarbonization for the steel industry are substantial, and 
there is currently a lack of sufficiently powerful incentives for the industry to incur 
such expenses. Implementation of a carbon price (e.g., in a cap-and-trade system) 
could in principle provide such an incentive. However, as the experience of the 
European Union indicates, this is not a panacea: many European countries provide 
additional assistance for transformational investments. Moreover, carbon pricing 
does not appear politically feasible in the United States today, despite the 
potential impetus and revenue it could provide for decarbonization investments. 
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Net zero steel purchasing requirements could provide incentives for 
decarbonization, but such initiatives so far have not generated much impact.

Realistically, therefore, to accelerate the decarbonization of steel production in the 
U.S. in the current policy environment, some form of government support is 
required. Current policies (such as the IRA) address, in part, the related increase in 
operating costs. However, tax credits should be extended and expanded to 
include the highly cyclical, capital-intensive steel industry, so that they fully offset 
the incremental operating costs associated with decarbonization during this 
transition. In addition, EAF producers should be given operating-cost relief 
comparable to what is currently available to integrated producers.

Capital costs, however, are more concerning: as shown in table 3.2, capital costs 
for decarbonizing the steel industry between now and 2050 are between $1 billion 
and $1.6 billion per year. The companies themselves cannot support these capital 
costs; the estimate for integrated operations, for example, is equivalent to roughly 
half current capital spending for maintaining and improving existing facilities. 
Since there is no measurable economic return associated with decarbonizing 
investments, companies are unlikely to invest at the rate required to reduce or 
eliminate GHG emissions in a timely manner. The existing government programs 
that support capital investment for pilot projects, although worthwhile, are 
inadequate to contribute to meaningful GHG reductions. 

Instead, we recommend that the government directly fund decarbonizing 
investments by utilizing Section 232 steel tariff revenues (currently $1.5–2.5 
billion annually). This recommendation is discussed further in chapter 6. Making 
such funds available, implemented through an effective oversight and review 
process and possibly some cost-sharing requirements, would create a very 
strong incentive for steel companies to pursue decarbonization aggressively. 
Indeed, it is not difficult to envision a scenario where such a funding mechanism 
would trigger strong competition among steel companies to achieve the lowest 
possible carbon footprint. 

3.4 Recommendations: Decarbonization Technology and Policy

Policies to support the technology transformation needed to decarbonize the 
steel industry should include several criteria:

1.	 Provide adequate incentives for decarbonization. While the establishment of a 
carbon price and a related carbon market might achieve this most efficiently, 
this is an unlikely policy initiative in the medium term. We therefore focus on 
competitive grants and tax credits in our analysis. Regardless of approach, 
however, the key is to ensure the necessary impact.

2.	 Maintain a level playing field for both integrated and EAF producers. Policies 
that favor one segment of the industry over the other are unlikely to gain the 
support required for implementation. As a priority of the Roosevelt Project, it 
is also important to preserve current employment levels and encourage 
investment in existing steelmaking communities.

3.	 Strive to be impartial across different potential technological solutions. Market 
incentives are a powerful tool for developing and prioritizing technological 
options, and governmental policies should not disrupt that process.

4.	 Ensure that steel decarbonization in the U.S. is not derailed by surges of direct 
and indirect imports. Failure to account for trade flows implies severe negative 
consequences both economically and environmentally.
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Our analysis leads to the following recommendations:

Decarbonization technology and policy recommendation 1: Continue existing 
BIL and IRA policy support beyond 2032. The IRA 45Q tax credit for CCS and 
CCU will be critical for decarbonizing steel, as well as other industries, and should 
be extended beyond 2032. The 45Q credit has prompted one company, Exxon 
Mobil, to collaborate with Nucor to install CCS on a DRI reactor in Louisiana. 
However, the credit’s applicability to both BF and DRI ironmaking should also be 
emphasized. Remaining barriers at the state and federal levels should further be 
addressed to accelerate CCS deployment safely.59 

Decarbonization technology and policy recommendation 2: Extend Section 232 
steel tariffs for five to eight years, allocating revenues generated for major iron 
and steel decarbonization investments. Provide immediate funding to early 
movers to invest in decarbonized iron and steel production by directing Section 
232 steel tariff revenues to grants focused specifically on: 

1.	 Capex for CCS/CCU and hydrogen applications for the blast furnace and DRI,
2.	 Expansion of decarbonized electricity supply for both EAF and integrated 

steel producers, and 
3.	 CCS and hydrogen tie-in infrastructure. 

Decarbonization technology and policy recommendation 3: Provide ongoing 
R&D support for technologies at all stages. Support for the development of new, 
potential breakthrough technologies—such as electrolytic iron- and steelmaking—
should be increased, with results and prospects publicized so that companies can 
incorporate such potential into their long-term capital planning. 

Decarbonization technology and policy recommendation 4: Support 
deployment of decarbonized infrastructure. To ensure infrastructure investments 
are made in locations needed to support decarbonization of industrial sites, as 
part of the application process for 48C, national and state governments should 
appoint regional expert groups to inform coordinated planning among 
representatives of electric power, CCS/CCU, hydrogen, and industry producers/
operators, in particular for expanded transmission networks and CO2 pipelines 
and sequestration sites.

Decarbonization technology and policy recommendation 5: Set accounting 
standards and regulations that incentivize investments aligned with national 
net-zero and global 2° C goals. CO2 accounting frameworks required for 
company reporting should be updated to include a broader system boundary and 
clearly define the process steps. At minimum, CO2 emissions associated with 
cokemaking and use and coproduct gases should be included to inform a more 
comprehensive standard that is compatible with international standards, such as 
that advanced by the World Steel Association.
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4.	 Communities and Workers in the Low-Carbon Iron and  
Steel Transition

Key messages:

	■ A survey of eight communities found that the steel industry’s presence 
provides high-paying jobs with benefits, public revenue, and other forms of 
direct economic support. Survey respondents generally felt positively toward 
the industry and toward its decarbonization.

	■ While the number of iron and steel industry employees has fallen over time, the 
steel industry remains a crucial pillar of employment in many communities. It 
can also provide a source of above-average-wage jobs with benefits in new 
areas as the industry expands.

	■ Communities around BF-BOF and EAF plants differ substantially in geography, 
demographics, and the local environmental impacts of steelmaking. The 
implications of different decarbonization options for communities located near 
EAF and BF-BOF plants will also be distinct and should be recognized and 
reflected in the choice of technologies and Community Benefits Plans (CBPs) 
and Community Benefits Agreements (CBAs), as well as any transition 
assistance programs.

	■ Decarbonization of iron and steel production offers a broad set of 
opportunities and public health co-benefits. Communities located near steel 
production sites face relatively high exposure to environmental harms—some 
of them ranking among those with the highest levels in the country. Incentives 
and funding to support decarbonization should fully account for their ability to 
provide these co-benefits, such as improving air quality and lowering 
health-related spending. Since many communities may not be aware of these 
co-benefits, developers and policymakers should communicate them and 
support their realization through project planning, CBPs and CBAs, and 
accountability mechanisms.

The impact of the iron and steel industry extends far beyond the production floor. 
This chapter examines the characteristics and perceptions of communities living 
near iron and steel production sites. It examines the evolution of the steel 
industry’s geographic footprint, the social and economic impacts of 
deindustrialization, and how community members have experienced industry 
shifts as well as their views on decarbonization. Generally, our surveys found that 
industry presence can benefit communities—for instance, via high-paying jobs 
with benefits, public revenue, and other forms of direct economic support. In 
2023, community members employed by iron and steel producers (either EAF 
and BF-BOF producers) earned an average of $2,040 per week, 54% above 
average U.S. wages.60 Communities often receive municipal, county, and state tax 
revenues collected from industry. Locally, plants or companies often directly 
support pillars of community and civic life, including but not limited to libraries, 
sports teams, and faith communities.61

Historically, proximity to an industrial site has also come with negative impacts. A 
plant may emit air pollutants or introduce other forms of environmental harm that 
directly affect human health and ecosystems, agriculture, and recreation. Even 
stringent regulations, flawlessly implemented, do not eliminate all environmental 
impacts. Social inequities have been perpetuated by some employers, who 
provide unequal access to jobs, energy, and other resources based on race, class, 
or other sociodemographic characteristics. These inequities have, in turn, shaped 
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broader community biases and may continue to limit opportunities for those in 
underrepresented or vulnerable groups. In the steel industry, negative impacts 
vary across sites and differ by production technology, regional institutional history, 
and community and business culture. As decarbonization is likely to result in local 
changes for many communities near iron and steel plants, it is important to 
understand and address the historical context in which this technological change 
is expected to take place.

In this chapter, we report the results of our survey of community members living 
within 25 miles of steel mills in eight distinct communities, five with EAFs and 
three with BF-BOFs. Two of those communities have experienced the transition 
from BF-BOF steelmaking to EAFs. This chapter also reports the histories of four 
communities where iron and steel production has already experienced 
technological change, helping to inform the low-carbon transition. The physical 
environment, human health, and residential well-being of these communities have 
historically received far less attention than the industries they host. Our 
recommendations in this chapter focus on how community engagement can 
result in long-term benefits from steel decarbonization.

4.1 Survey Analysis and Results

In late 2023 and early 2024, a survey study was conducted in eight communities 
in Arkansas, Alabama, Indiana, and Ohio with active iron and steel production 
sites. The goal of the survey was to gain a deeper understanding of how residents 
and workers understand the presence of steel production in their communities 
and their attitude toward the economic, environmental justice, and public health 
implications of industrial decarbonization. These locations were identified as 
representative of three major domestic steel companies as well as both EAF and 
BF-BOF steelmaking processes. They are geographically diverse, including highly 
urbanized communities and rural areas, as well as predominantly white and 
racially diverse regions.

Figure 4.1: Locations of communities surveyed.
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All surveyed counties register higher unemployment rates than the national 
average and national median household incomes lower than average (based on 
five-year estimates from the American Community Survey). Across 
socioeconomic indicators, Mississippi County, Arkansas—which includes 
Blytheville, Hickman, and Osceola—ranks lowest. The county is also the least 
populated of those surveyed, with a 2021 population of just over 41,000. By 
contrast, Cuyahoga, Ohio, home to metropolitan Cleveland, is the most populous 
of the surveyed counties, followed by Jefferson County, Alabama, whose county 
seat is Birmingham. Jefferson has the largest non-white population of the four 
counties; approximately 43% of the county’s population is Black. Jefferson County 
also recorded the lowest unemployment rate and the highest education 
attainment of the surveyed set. Lake County, Indiana, the state’s second most 
populous county, registers the highest median household income ($62,052 in 
2021) and the lowest proportion of the population with an income-to-poverty 
ratio of less than 50%.

The surveyed communities span the history of steel production in the United 
States. They include established legacy production sites such as the United 
States Steel Corporation’s Gary Works, one of the largest integrated mills in 
North America, in Gary, Indiana. Cleveland-Cliffs’ Cleveland Works, another 
BF-BOF facility, is situated on 870 acres along the Cuyahoga River and employs 
over 2,100 people in greater Cleveland.62 This area has played a major role in 
steelmaking in the United States since the mid-19th century. East Chicago is 
adjacent to Cleveland-Cliffs’ Indiana Harbor BF-BOF plant. In Alabama, the 
proximity of Birmingham to the resources-rich Jones Valley and competitive 
labor and transport costs activated a core steel production region in the South. 
Both Birmingham and Fairfield, Alabama, were once home to BF-BOF 
technologies but now host only EAFs. The presence of steel production in other 
communities is much newer. Northeast Arkansas has become a locus of the steel 
industry just over the past decade, after major investments by Nucor and U. S. 
Steel. U. S. Steel’s decision to build a new three-million-ton EAF facility in 
Osceola, Arkansas, in 2022 is reported to be the largest single capital investment 
in the state’s history.63

4.1.1 Survey Methodology

Over 1,300 residents were surveyed online based on zip codes that fell within a 
25-mile radius of major steelmaking facilities in Birmingham and Fairfield, 
Alabama; Gary and East Chicago, Indiana; and Cleveland, Ohio. In Blytheville, 
Hickman, and Osceola, Arkansas, the surveys were conducted online as well as by 
SMS and mail. Where necessary, responses were weighted within each state by 
gender, age, race/ethnicity, and income to align them with their proportions in the 
general population. The sampling margin of error of this survey was ±2.7 
percentage points. For comparison, after the original survey was completed, a 
second general population survey was conducted nationally among 1,100 
residents who were not part of the steel industry. The national survey provides a 
baseline with which to compare results from the communities selected for this 
analysis. Where necessary, results were weighted by gender, age, race/ethnicity, 
and income to align them with their actual proportions in the national population. 
The sampling margin of error of the national survey was ±3.0 percentage points. 
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Table 4.1: Sample sizes (number of residents surveyed) in different states and 
margin of error.

Location Sample size Sampling margin of error

Arkansas 247 6.2%

Alabama 340 5.3%

Ohio 330 5.4%

Indiana 390 5.0%

Total 1,307 2.7%

U.S. general population 1,100 3.0%

Respondents were asked a series of questions related to their awareness and 
attitudes toward steel production in their communities and to evaluate key 
economic, environmental, and social issues that affect their lives. The survey also 
considered how residents thought about decarbonization and their views on steel 
company accountability and corporate citizenship. Finally, respondents were 
asked about their proximity to steel plants and their views about proposed new 
steel production facilities in their communities.

4.1.2 Demographic Profile of Surveyed Geographies

The demographic profiles of the surveyed geographies provide a more granular 
view of the neighborhoods and communities of respondents. Communities in 
Fairfield, Birmingham, East Chicago, and Gary reported a larger share of people of 
color than the national average. By contrast, the Arkansas zip codes in Blytheville, 
Hickman, and Osceola have lower percentages of people of color than broader 
Mississippi County, Arkansas. All geographies register unemployment rates higher 
than the national average, with the highest rates in East Chicago (9.3%) and Gary 
(9.1%). All geographies also have higher percentages of people with an income-to-
poverty ratio under 0.5, compared to the national average of 5.8%, indicating 
relatively higher levels of poverty in surveyed communities. However, in certain 
places, median household incomes are slightly higher than their county 
equivalents: $62,365 in Fairfield and $61,883 in Birmingham, compared to $58,330 
for all of Jefferson County, Alabama. This is also true for the zip codes surveyed in 
Cleveland, which registers a median household income of $71,318, compared to 
$55,109 for Cuyahoga County, and in East Chicago, where the median income of 
surveyed zip codes average $71,393, higher than Lake County’s median household 
income of $62,052.
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Table 4.2: Surveyed communities demographic profile: zip codes within a  
25-mile radius of a steel facility.64

 Location People of color

Less than high 
school 

education Unemployed

Median 
household 

income

Households with ratio of 
income to poverty level 

under 0.5
Share over 

age 64 years

Blytheville, AR 24.6% 19.7% 7.2%  $ 45,397 7.5% 16.8%

Hickman, AR 23.0% 20.2% 7.1%  $ 44,317 8.0% 16.8%

Osceola, AR 24.6% 20.0% 7.6%  $ 49,475 8.1% 17.4%

Fairfield, AL 41.0% 11.0% 6.7%  $ 62,365 7.2% 16.0%

Birmingham, AL 41.4% 11.1% 6.7%  $ 61,883 7.3% 16.0%

Cleveland, OH 29.9% 8.2% 6.4%  $ 71,318 6.3% 18.7%

East Chicago, IN 49.0% 10.7% 9.3%  $ 71,393 7.5% 15.5%

Gary, IN 51.1% 10.7% 9.1%  $ 67,785 8.2% 16.2%

U.S. average 31.9% 11.1% 5.5% $ 69,021 5.8% 16.1%

4.1.3 Survey Insights and Results

Surveyed residents within a 25-mile radius are relatively unaware of steel plants 
located in their communities, but a plurality indicate favorable views of steel 
plants. The survey found that less than half (46%) of respondents were aware that 
they lived near a steelmaking facility. Awareness was highest in the EAF 
communities of Blytheville and Hickman in Arkansas (61% and 65%, respectively) 
and lowest in the integrated steelmaking communities of Cleveland, Ohio, and 
East Chicago, Indiana (40% and 45%, respectively). Respondents indicated largely 
neutral to favorable views of steel plants in their communities: overall, about 78% 
of those surveyed indicated they felt neutral, somewhat favorable, or very 
favorable toward local steel plants.

Steel plants are associated with job creation and economic development, and 
economic issues are top of mind for community members. A significant majority 
(82%) of those surveyed associated steel plants with positive community impacts, 
particularly related to job creation and work-related skills development. Positive 
association with local steel plants was highest in Blytheville (96%), Fairfield (91%), 
and Birmingham (87%). A clear finding from the survey is that economic issues, 
particularly job and retirement security, are the top issues across all surveyed 
communities. Moreover, respondents indicated they would like to see higher 
wages and greater job creation, retirement benefits, and job training and are most 
concerned with higher prices and job losses, including layoffs and outsourcing.

Familiarity with decarbonization is low among respondents, but a clear 
majority of residents think it will have a positive impact on their communities. 
Survey results indicate relatively low familiarity with decarbonization, with fewer 
than one in four (23%) saying they are familiar with the term. This is lower than 
the general population, in which approximately 31% indicate familiarity with 
decarbonization. Unaided, more than two in three (69%) residents thought 
decarbonization would have a positive effect on their community. After an 
explanation of decarbonization, about 76% of respondents answered it would 
have a positive impact on their communities. Residents in the counties in Ohio 
and Indiana, the locations of the BF-BOF plants, reported the largest change 
after the explanation of decarbonization. The survey also found that members of 
steelmaking communities are slightly more likely to think that decarbonization 
will have a positive effect than the general population. Among decarbonization 
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technologies, respondents were most familiar with clean electricity and 
hydrogen fuels replacing fossil fuel resources. With regard to community 
concerns around decarbonization, respondents identified higher costs and job 
losses as the top issues.

Environmental well-being is a low priority. When asked which community issues 
they prioritize, respondents ranked environmental well-being lowest. Of the 
geographies surveyed, concern for environmental well-being was lowest in the 
Arkansas communities and highest in Cleveland, Ohio. However, respondents also 
reported that their local steel plants contribute to the problem of air pollution and 
pollution broadly (including land and water). These are strong negative 
associations with steel plants, in spite of the stated lower priority of environmental 
concerns.

These findings reveal several insights into these communities and the social 
dimensions of steel decarbonization. First, iron and steel production is clearly 
associated with economic activity and job creation in respondents’ regions, and 
economic issues rank high among community concerns. This is consistent with 
the demographic analysis shown earlier that finds that, while the median 
household income is relatively high in many of the surveyed zip codes, 
unemployment rates and poverty levels are higher than the national average, 
particularly for communities near integrated facilities. Second, while awareness of 
decarbonization is low, there is strong community support for enabling 
production processes that lower dependence on fossil fuels, a sentiment shared 
across geographies and production types. Third, environmental concerns rank low, 
although respondents associate plants with environmental pollution. What these 
findings underscore is the opportunity to build consensus around iron and steel 
decarbonization strategies that provide environmental co-benefits while also 
delivering economic stability to neighboring communities and workforces.

4.2 Steelmaking Communities Today

The survey results provide insight into community perceptions of the iron and 
steel industry and its decarbonization. The remainder of this chapter describes 
the geographic footprint and environmental impacts of iron and steel supply 
chains in the United States and develops four case studies focused on what 
decarbonization investments may look like from the perspective of communities.
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Figure 4.2: Iron and steel production–related sites.

Figure 4.3: Number of sites with iron and steel facilities, by county.

Compared to a half century ago, today’s iron and steel industry is much more 
dispersed, due in part to the rise of EAFs. In 2022, the domestic steel industry 
included over 100 steelmaking facilities, 7 iron ore mines, 3 DRI plants, and 8 coke 
ovens across 31 states, including Ohio, Pennsylvania, and Indiana, which together 
are home to over one third of all domestic steel facilities and account for 
approximately 43% of the country’s total raw steel production.65 In terms of 
greenhouse gas emissions, facilities in these three states generate a large share of 
the industry’s Scope 1 emissions (nearly 69% of the industry’s total).66 The 
productive center of integrated steelmaking remains in Appalachian Pennsylvania 
and the Industrial Midwest, while the rise of EAFs has expanded the industry’s 
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geographic footprint into communities in the West and the Southeast over the 
past several decades. 

In total, 91 counties are home to at least one operating iron and steel production 
site, defining the geography of communities associated with iron and steel 
production across the United States (see figure 4.3). Notably, several counties 
register four or more steel facilities or iron ore mines: St. Louis County, Minnesota; 
Allegheny County, Pennsylvania; Lake County, Indiana; and Jefferson County, 
Alabama. Over the past several decades, the South has emerged as a growing 
regional powerhouse in steel production, rivaling the Midwest. Data from the 
American Iron and Steel Institute (AISI) show that raw steel production in the 
South averaged nearly 601,000 short tons (st)/week in 2020, outpacing the Great 
Lakes’ output of nearly 535,000 st/week. Alabama, home to a steel industry that 
developed in the post–Civil War era, has in recent years secured several 
steel-related investments, including the United States Steel Corporation’s $412 
million EAF in Fairfield and the planned expansion of CMC Steel Alabama’s 
Birmingham facility. 

Table 4.3: Steel industry GHG emissions (Scope 1) by technology or process.67

Technology or process Facilities count Scope 1 GHG emissions (MT CO2e) Share Scope 1 GHG emissions

BF-BOF 11 36,173,515 59.2%

Coke 8 4,249,783 7.0%

EAF 82 13,470,152 22.0%

DRI 3 2,613,283 4.4%

Mine 7 3,322,947 5.4%

Other 9 1,236,282 2.0%

Total 120 61,130,175 100%

4.3 Environmental Impacts in Steelmaking Communities

The integrated facilities account for the majority of the industry’s Scope 1 
emissions from large facilities, at nearly 60% according to the latest estimates 
from the EPA’s Facility Level Information on GreenHouse gases Tool. Large EAFs  
generate 22% of the steel industry’s Scope 1 GHG emissions. In general, areas with 
BF-BOF facilities tend to register greater exposure to environmental harms than 
areas with EAFs. Table 4.4 shows the mean percentile of steel census tracts by 
type of steel facility, using data from the U.S. EPA’s Environmental Justice 
Screening and Mapping Tool (EJSCREEN) and the Greenhouse Gas Reporting 
Program (GHGRP). On average, census tracts where BF-BOF facilities are located 
rank above the 50th percentile in exposure to ozone, diesel particulate matter, air 
toxics cancer risk, and wastewater discharge, as well as proximity to Superfund 
sites and hazardous waste facilities—and higher than census tracts where EAF 
steel facilities are located.68 Air toxics cancer risk, which considers lifetime cancer 
risk from inhalation of air toxics, is particularly high in census tracts with BF-BOF 
facilities and coke plants, which register respectively in the 88th percentile and 
90th percentile nationally. While EAF census tracts on average rank lower than 
BF-BOF tracts, they rank above the 50th percentile nationally in environmental 
burdens such as air toxics cancer risk, proximity to risk management plan (RMP) 
facilities, and wastewater discharge. 
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These findings are consistent with other recent analyses that have focused on the 
environmental justice dimensions of industrial production more broadly. Proximity 
to steel production has been associated with air pollutants that impact autonomic 
nervous system control of the heart and broader cardiovascular physiology.69 EAF 
steelmaking carries its own environmental burdens. The coproduction of slag and 
dust that contains hazardous heavy metals in EAF production remains a key 
public health issue.70 These disparate environmental burdens and public health 
challenges are an important consideration when planning iron and steel 
decarbonization, given that some technologies may offer local environmental 
benefits, including improved air quality and a reduction in other environmental 
harms. Moreover, the disproportionate burdens placed on lower-income 
individuals, people of color, and other fenceline communities must be prioritized, 
since residents of these communities have historically shouldered the negative 
impacts of industrial production. For example, 27% of people living within three 
miles of BF-BOF facilities are Black, more than twice the percentage of Black 
people in the U.S. population.71

Table 4.4: Mean percentile of steel facility census tracts by steel facility and 
impact type across selected environmental exposures.72

Steel 
facility 
type Ozone Diesel PM

Air 
toxics 
risk

Toxic 
releases 

air
Superfund 

site

RMP 
facility 

proximity

Hazardous 
waste 

proximity

Underground 
storage 
 tanks

Wastewater 
discharge

BF 72 77 88 76 58 76 75 68 83

Coke works 62 59 90 69 60 75 67 52 80

DRI 32 51 55 53 33 84 60 28 67

EAF 51 44 70 61 42 60 57 44 66

Mine 11 3 24 16 6 16 14 20 59

Other 63 41 82 57 40 62 63 52 63
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Figure 4.4: Selected environmental burdens by census tract (clockwise from 
top left): wastewater discharge, respiratory hazards, PM, ozone.73

4.4 Sociodemographic and Labor Market Conditions of Steelmaking 
Communities

Table 4.5: Mean percentage of steel facility census tracts across selected 
sociodemographic factors.74 Low income is defined as household income less 
than or equal to twice the federal poverty level.75

 Steel facility type % Low income % Unemployed % Less than high school education % Over age 64 % Minority population

Blast 47 10 13 14 51

Coke 53 8 13 14 47

DRI 34 9 17 15 46

EAF 36 6 13 16 30

Mine 24 4 6 26 7

Other 40 6 15 16 36

U.S. 29 6 11 16 32

Although total industry employment has declined, the steel workforce remains a 
crucial pillar of U.S. industry and regional economic activity. In 2022, domestically 
produced raw steel was valued at about $132 billion, a 13% increase from 2021.76 
The broader steel industry employed over 136,000 people in 2022, which can be 
further broken down to workers directly employed in iron and steel production 
(82,100 workers or 60.3%) and those employed in steel product manufacturing 
(54,100 or 39.7%).77 In the 10 years between 2012 and 2022, total steel industry 
employment declined by 10.6%. According to the Quarterly Census of 
Employment and Wages (QCEW) collected by the Bureau of Labor Statistics, in 
the third quarter of 2023, annual wages averaged $106,080 for steel mills and 
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$77,324 for steel product manufacturing.78 These averages included both EAF and 
BF-BOF steelmakers and both unionized and nonunionized companies. By 
comparison, the annual average wage was $77,896 for the entire manufacturing 
sector and $69,056 for all employment.79 The five states with the highest average 
pay in iron and steel production were North Carolina, Louisiana, Pennsylvania, 
Indiana, and Arkansas.80 While 100% of production and maintenance employees of 
BF-BOF facilities and iron ore mines are represented by unions, only about 20% of 
employees of EAF facilities are similarly represented.

Although the scenarios we consider in chapter 3 held steel production constant, 
recent legislation such as the IIJA may lead to an increase in domestic steel 
demand. According to the American Iron and Steel Institute, $100 billion of 
infrastructure investment could create demand for five MMT of steel, and an 
additional federal outlay of that amount would be expected to lead to 5,048 
worker-years of employment in steel production.81 The ability to meet any increase 
in demand with domestic production may further depend on availability and cost 
of key inputs, such as prime scrap, which may imply a need for more green DRI or 
pig iron production.

It is important to understand the differences across communities near iron and 
steel facilities when planning for decarbonization. Across sociodemographic 
factors, census tracts that are home to BF-BOF facilities have higher proportions 
of low-income individuals, higher unemployment rates, and higher proportions of 
people of color compared to EAFs and the national average. In these locations, 
exposure to harmful air pollutants coincides with higher proportions of 
low-income and minority residents. The proportion of the population without a 
high school education is similar between BF-BOF and EAF census tracts, and 
both have slightly higher proportions than the national average. Of the facilities 
compared, DRI census tracts have the highest proportion of individuals without a 
high school education, while communities near iron ore mining sites have the 
lowest (at 5.6%), the lowest unemployment rates, and a higher proportion of 
people older than 64 (over 25%). 

4.5 Place-Based Case Studies of Decarbonization and Communities

The following four case studies provide examples of technological investments 
and initiatives that support decarbonization and how they have involved and 
impacted communities.

4.5.1 Gary, Indiana: Can Decarbonization Technologies Improve Community 
Outcomes?

One of the best examples of the challenges to legacy communities can be seen in 
Gary, Indiana, a “model” city created and designed in the early 20th century for 
integrated steel production. The town was a segregated city with a “First 
Subdivision” for the white, upper-class steel management employees, described 
as an “ideal suburb, with sidewalks, utilities, trees, lawns, and [a] bustling 
downtown sector for ‘only the very well-paid employees,’” and “The Patch” for the 
lower class, Black, and European immigrants.83 By the 1960s, Gary was a town of 
178,000 people, 39% of whom were Black. Over the next 60 years, a decline in 
manufacturing jobs resulted in a loss of population and the flight of white 
residents to the suburbs, leaving the town 78% Black and with a higher 
unemployment rate (12.8%) and worse educational attainment (52% high school 
education or less) than the United States on average.84 
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Gary is adjacent to the United States Steel Corporation’s Gary Works on the shore 
of Lake Michigan and sandwiched between the Cleveland-Cliffs steel mills in 
Indiana Harbor and Burns Harbor. Mills close to Gary, Indiana, release substantial 
amounts of airborne particulate matter (PM2.5), ozone, and other toxins in 
proximity to fenceline communities. Asthma among adults and life expectancy in 
Gary are among the worst in the United States, with most of the city above the 
90th percentile nationally in both categories.85 Member of the community Kimmie 
Gordon, founder of Brown Faces Green Spaces asserts that things need to 
change, saying, “We have such beauty available to us and access to it, but it’s 
being tainted by the very thing that made Gary Gary in the first place: the largest 
steel manufacturer in the nation.”86 

Decarbonization may offer a positive future for the residents of Gary, both 
economically and environmentally, if it allows operations to continue with a 
substantial reduction of environmental impact. Reflecting on the opportunities of 
decarbonization, Eddie Melton, mayor of the City of Gary, shared with our case 
study team, “The steel manufacturing process is highly carbon intensive and 
woven into the fabric of Gary’s history. As this industry grows, it’s important that 
manufacturers act urgently to adopt methods and technologies to minimize their 
carbon footprint. We must protect our workforce, stabilize our cities, and embrace 
a cleaner, greener future. The actions of industry players today have the power to 
shape a brighter tomorrow for cities like Gary and ensure a better quality of life 
for generations to come.”87 

CCS may prove to be one example. The Great Plains Institute, in its 2023 analysis 
of the air quality improvements associated with broad adoption of CCS 
technology for industrial decarbonization, estimated that the public health 
benefits for Indiana, Michigan, Illinois, Wisconsin, and Minnesota would range from 
$63.8 million to $144 million annually. These co-benefits result from the 
importance of first removing the air pollutants NOx and SO2 from the captured 
gas prior to transport and sequestration or utilization.88 Currently, several efforts 
are underway by U. S. Steel and Cleveland-Cliffs to test the applicability of new 
technologies in the area’s blast furnaces, including U. S. Steel’s CO2 conversion 
project with CarbonFree to convert CO2 to calcium carbonate and 
Cleveland-Cliffs’ engineering study on CO2 capture at its Burns Harbor facility and 
its hydrogen injection pilot at Indiana Harbor.

4.5.2 Minnesota Iron Range Communities

Northern Minnesota has provided the bulk of America’s iron ore for steelmaking 
for almost a century and a half. At its high point during World War II, between 1941 
and 1945, the Iron Range produced over 333 MMT of high-grade ore, over 70% of 
U.S. production.89 In the first half of the 20th century, Minnesota’s iron mining 
communities were largely populated by immigrants from Scandinavia, Finland, 
and Eastern Europe.90 Northern Minnesota’s iron and steel industry history has 
gone through two distinct phases and may now be entering a third as the steel 
industry starts to decarbonize. 

Until the early 1950s, iron ore mining in Minnesota was focused on “natural” ore 
with an iron content of 65–70% or more, which could be used in blast furnaces 
and open hearth furnaces to make steel. By the end of World War II, the natural 
ore deposits were exhausted, and there was some question about whether the 
domestic iron ore industry could survive. But long-standing research at the 
University of Minnesota by Dr. Edward Davis (in the 1930s and 40s) had shown 
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how to successfully process lower-grade ores, specifically taconite, for use in blast 
furnaces. Taconite, which has an iron content of 25–30%, was first crushed and 
then ground into a powder in giant rotating mills, then separated from the tailings 
with rotating drum magnets. The residue was then reformulated into pellets with 
a 65% iron content. In later years, limestone was also added to make so-called flux 
pellets, which reduced the need for limestone in the blast furnaces.91 

As a result of that research, the first taconite plant was built in the early 1950s in 
Silver Bay, Minnesota. In 1957, the largest industrial investment in U.S. history at 
the time was made to build the second taconite plant, the Erie Mining Company in 
Aurora-Hoyt Lakes, along with a power plant, railroad line, and port loading facility 
on Lake Superior in Taconite Harbor. On opening, these operations employed over 
6,000 members of the United Steelworkers.92 Taconite production reached its 
peak in the mid-1970s, when nearly a dozen taconite plants spread across the Iron 
Range in Minnesota and the Marquette Range in the Upper Peninsula of Michigan, 
producing over 70 MMT of ore per year.93

The mines were all open pit operations, relying on heavy earth-moving equipment, 
massive amounts of energy, and both production employees and large 
maintenance crews. This modernization of the industry revitalized Iron Range 
communities, driving down unemployment from over 10% in 1973 in St. Louis 
County to virtually zero in Hibbing, Minnesota, the heart of the Mesabi Iron Range, 
two years later.94

Over the last 50 years, the increase in the use of scrap in EAFs has resulted in a 
decline in taconite pellet production in Minnesota, ranging from a low of 17 MMT in 
2009 to a high of 39 MMT in 2018, supplying blast furnaces in both the United 
States and Canada.95 In 2023, Minnesota taconite plants produced 35 MMT.96 A 
2020 economic impacts study by the University of Minnesota in Duluth found that 
the iron ore industry in the state directly employed just under 4,000 people and 
supported an additional 4,960 indirect and induced jobs.97 Today, the six 
operating taconite mines and processing plants in Minnesota, owned by 
Cleveland-Cliffs and U. S. Steel, are 100% unionized. These sites pay some of the 
highest wages in the state. QCEW data from the Bureau of Labor Statistics 
showed average weekly wages of $1,998 in the second quarter of 2023, or 
$104,000 per year.98 Average weekly wages in Minnesota were $1,314, or roughly 
$68,000 per year.99

Decarbonization of iron and steel production in the United States may generate 
both opportunities and threats to Minnesota’s Iron Range communities, which are 
spread across three counties along the Mesabi ore body. If raw materials are 
domestically sourced, investments in CCS for the BF-BOF and DRI will provide a 
stable, long-term customer base for the iron ore pellets produced by the six 
existing taconite plants. For instance, hot-briquetted iron (HBI) is currently 
produced by Cleveland-Cliffs with Minnesota pellets in its facility in Toledo, Ohio. 
U. S. Steel has also recently invested $150 million in a next-generation facility in 
Keewatin, Minnesota, for producing direct reduction–grade taconite pellets (up to 
68% iron ore) to be used to produce DRI for EAF steelmaking.100

Minnesota is also a candidate location for the production of DRI and green steel. 
Currently, most DRI used by EAFs in the United States is produced in Louisiana 
and Mississippi, using iron ore imported from Brazil, Canada, and Norway, with the 
remainder produced overseas (see chapter 3). For example, DRI is shipped 
directly from Trinidad by Nucor.101 One key issue is the flammability of DRI when it 
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is shipped in enclosed containers, such as on ships or railcars.102 Treatment of DRI 
to avoid this problem or conversion to HBI is an added expense.

In a recent project launched by the DOE’s Communities Local Energy Action Plan 
in Duluth and assisted by the National Renewable Energy Laboratory (NREL), 
researchers led by Dr. Jennifer King concluded that northern Minnesota was one 
of the most competitive sites in the United States for the development of a green 
steel industry.103 This research identified the key economic factors important for 
producing decarbonized steel as (1) abundant, low-cost zero-carbon electricity, 
(2) existing pipeline infrastructure, (3) proximity to existing transportation 
infrastructure, and (4) underground hydrogen storage potential. These factors, all 
combined with the abundant iron ore resources of Minnesota, led researchers to 
identify northeastern Minnesota as a top candidate for the next generation of iron 
ore and steel production in a decarbonized industry.

4.5.3 Making Steel with Renewable Energy in Sedalia and Pueblo

For EAF producers, electricity can account for 10% or more of the cost of 
producing steel. Our research revealed that making clean electricity available to 
steel producers can be a key factor in deciding where to locate a new mill or 
whether to continue to operate an existing mill. These decisions have implications 
for the preservation or creation of jobs and for the well-being of proximate 
communities. The two mini-cases below describe how two EAF steel companies 
collaborated with stakeholders to secure access to renewable electricity for their 
operations at an affordable and reliable price. While these are two pioneering 
examples, with sufficient support and coordination, many elements could be 
replicated to expand the availability of low-cost decarbonized electricity to EAF 
steel production, CO2 capture at blast furnaces and direct reduced iron reactors, 
and electrolysis for clean hydrogen—all major end uses that are expected to grow 
in the low-carbon transition. 

Wind energy for a new EAF site. In 2017, Nucor announced plans for 
construction of a $250 million EAF mill in Sedalia, Missouri.104 Sedalia offered 
several advantages for the steelmaker, including access to scrap and proximity 
to consumers for the mill’s steel rebar products. Additionally, a $10 million 
federal grant connected Sedalia’s industrial park to the broader rail system.105 
Another major allure of Sedalia for Nucor was perhaps more unconventional: 
abundant wind.

The Nucor Sedalia mill became the first wind-powered steel mill in the United 
States through a 75 MW power purchase agreement (PPA) with utility Evergy,106 
commencing operation in January 2020.107 In a similar configuration to EVRAZ 
Pueblo, the Nucor Sedalia mill is still supplied from the grid—through the Southern 
Power Pool transmission network.108 But with the PPA, wind energy provided by 
Evergy is expected to offset 100% of the mill’s electricity demand. Underpinning 
the PPA deal was the Missouri “steel mill bill,” enacted in 2017, which permitted 
utilities to offer a regulated “competitive electric rate” for consumers with 
demands of greater than 50 MW.109 The Missouri Public Service Commission 
granted this negotiated electric rate for the Nucor project in December 2019.110 

The arrangement is a win-win for Nucor, marking a tangible effort to reduce CO2 
emissions while securing long-term certainty for mill operation through the PPA 
electricity rate.111 The project also provided jobs for the region: over 500 workers 
were involved in construction, and the mill is anticipated to employ 250 full-time 
workers with starting salaries of nearly double the regional average entry-level 
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wage.112 Spurred on by the Nucor plant, other businesses are showing interest in 
Sedalia—promising further economic benefits to the area. 

In Missouri, as well as neighboring Iowa and Kansas, there is a growing 
recognition among companies, advocacy groups, and regulators alike of the 
region’s abundant clean wind energy potential.113 The Nucor Sedalia mill and PPA 
may serve as a key model for decarbonization of the industry—wedding 
technology, policy, local economic development, and clean energy resources to 
produce green steel.

Connecting an existing mill to solar energy. Steel has long been important for 
Pueblo, Colorado, beginning in the 1880s when the Colorado Fuel and Iron 
Company (CF&I) began iron- and steelmaking operations.114 CF&I grew rapidly 
during the first half of the 20th century but faced substantial challenges during 
the latter half. In the 1960s, foreign competition and domestic legislation (notably, 
a mandate on minimum scrap content that forced substantial investment in 
recycling technology) put pressure on the company. CF&I constructed its first 
EAF on-site in 1973 to replace open hearth furnace operations.115 CF&I filed for 
bankruptcy in 1990 following the 1980s steel crisis, which is discussed in chapter 
5. Oregon Steel Mills (OSM) purchased the operations three years later, renaming 
the Pueblo site Rocky Mountain Steel Mills. In 1997, disagreements between OSM 
and the United Steelworkers (USW) union over labor contract renewal terms led 
to a three-month walkout.116 OSM then refused to rehire union workers who had 
participated in the strike. The resulting conflict lasted for seven years. The USW 
filed unfair labor practice and environmental lawsuits against OSM with the 
National Labor Relations Board. In response, OSM negotiated a settlement with 
the USW that included accepting a union-nominated director to its board and 
awarding back pay for all employees.117 In 2007, EVRAZ, a UK-based steelmaker, 
purchased OSM, followed by its 2008 acquisition of Canadian steelmaker IPSCO—
leading to the present ownership in Pueblo.118

In December 2021, a 240 MW solar photovoltaic (PV) array came online in Pueblo, 
rendering the EVRAZ plant the largest “solar-powered” steelmaking facility in the 
world.119 The project, dubbed Bighorn Solar, annually produces electricity 
equivalent to roughly 90% of EVRAZ’s electricity demand in Pueblo. In exchange 
for renewable electricity from Bighorn Solar, EVRAZ made a commitment to 
Pueblo and the State of Colorado to invest $500 million in a new long rail mill, 
creating an additional 300 jobs for the community and securing 1,000 existing 
jobs at the facility.120

By 2021, Pueblo, in many ways a poster child for the decline of steelmaking in the 
United States, had reinvented itself as a pioneer in decarbonized steel. However, in 
the late 2010s, the future of EVRAZ in Pueblo was far from certain.121 Electricity 
from the coal-fired Comanche power plants, operated by utility provider Xcel 
Energy, was neither cheap nor consistently available. EVRAZ, the largest producer 
of rail in North America, sought to build a new facility for the production of 
320-foot-long rails, which faced high demand from freight rail companies, and 
began considering sites nationwide. Mark Valentine, counsel for EVRAZ in the 
Bighorn Solar deal, explained that the company was already paying a premium to 
transport rail products across the country. States in the Midwest offered cheaper 
transport and an abundant, qualified labor pool. Nonunionized labor and 
abundant raw materials could be found in the South. Additionally, the Southeast 
offered cheap coal- or natural gas–based electricity, in the range of $0.035/kWh, 
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guaranteed in the medium term of 5 to 10 years—a compelling draw for the 
company, noted former CEO Conrad Winkler. 

In 2017, while EVRAZ considered its options, Xcel began to explore the closure of 
the coal-fired Comanche power plants in response to the State of Colorado’s 
mandate for 80% of power to be provided from renewable sources by 2030.122 
Discussions with the Pueblo community revealed fears that the loss of jobs at the 
Comanche plants, coupled with the potential departure of EVRAZ, would be 
devastating to the local workforce. It became clear that a workable path forward 
could only be achieved by bringing all stakeholders to the table. 

Solar PV emerged as an alternate solution. According to former Colorado Public 
Utilities Commission (PUC) staffer Keith Hay, EVRAZ had the land to house a 
sizable array and knew that the project would both enable long-term planning 
and certainty for a new rail mill and complement efforts to fully electrify their 
existing EAF operations. Initially, EVRAZ hoped to connect “behind the meter” but 
was faced with challenges over reliability, systems safety, and interconnection. The 
backup plan—sending solar through the grid, to be purchased back by EVRAZ—
involved a more complicated negotiation process. The linchpin was a Colorado 
statute allowing the utility to petition for a special “economic development rate,” 
designed to incentivize businesses to stay in Colorado when the state would 
otherwise lose a significant employer. EVRAZ and Xcel agreed to hammer out a 
contract to lock in long-term electricity rates, thus granting the steelmaker the 
necessary cost certainty to remain in Pueblo.123 As Hay described, local politicians 
quickly agreed with the idea of solar. The Pueblo community’s response was 
overwhelmingly positive.124 According to Valentine, communication with Xcel was 
also key for convincing the utility of the business case for Bighorn Solar—a case 
strong enough for Xcel to commit to the complex regulatory negotiations that 
would eventually bring solar-powered steelmaking to Pueblo.

After over a year of negotiation, EVRAZ and Xcel agreed to a contract, which was 
then green-lighted by the PUC in September 2018.125 In public testimony, PUC staff 
witness Erin O’Neill stated that the deal satisfied all four criteria of the Colorado 
“economic development rate” statute: (1) the off-tariff electric rate paid by EVRAZ 
would still exceed the variable cost of generation, (2) EVRAZ had demonstrated a 
credible threat of leaving the state, (3) Xcel customers would not pay higher rates 
(O’Neill: “Across a wide range of alternative assumptions…the contract is unlikely 
to adversely affect remaining ratepayers.”), and (4) the contract served the public 
interest. Indeed, an EVRAZ departure from the state would spell “increased 
electricity costs for remaining ratepayers, fewer well-paying jobs in Pueblo, a 
lower tax base, and less solar energy,” an estimated $400 million per year in 
forfeited economic development. O’Neill’s report further cited “clean energy and 
environmental benefits to the Pueblo area” from the proposed solar project.

In September 2019, Colorado governor Jared Polis officially announced plans for 
Bighorn Solar, in conjunction with EVRAZ, Xcel, and solar developer Lightsource 
bp.126 Key to the arrangement were long-term PPAs that locked in the electricity 
rates.127 Lightsource bp could produce electricity under $0.03/kWh, which would be 
sold to Xcel and then on to EVRAZ. In particular, the 20-year PPA between Xcel and 
EVRAZ enabled the steelmaker to proceed with plans for the new rail mill, an 
estimated $500 million project that would bring 300 more jobs to Pueblo. 
Additionally, noted Valentine, EVRAZ would remain an “interruptible” customer 
under the newly designed tariff, allowing the utility to occasionally interrupt service 
to the steelmaker during times of peak electricity demand, thereby reducing stress 
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on the grid as a whole. Lightsource bp secured $285 million in financing in October 
2020, kicking off a yearlong construction process that would employ 300 
workers.128 Bighorn Solar would come to occupy nearly 1,600 acres of EVRAZ land 
(plus an additional 200 acres of Pueblo and private land), an arrangement that 
Annie Stefanec (EVRAZ director of communications and government affairs) 
identified as another crucial component of the project’s realization. 

In the end, extensive coordination throughout the process with the County and 
City of Pueblo, the Pueblo Economic Development Corporation (PEDCO), and 
members of the community paved the way for Bighorn Solar.129 Valentine credits 
the Colorado governor’s office—under Polis and his predecessor, John 
Hickenlooper—for their outsized contribution to the project, from start to finish. 
Crucial to the project’s success was the recognition that all stakeholders could 
benefit. For EVRAZ, the 20-year PPA at the negotiated rate and nearly $95 million 
in state and local incentives established economic certainty and reaffirmed 
Pueblo’s commitment to the steelmaker. Xcel took a major step toward grid 
decarbonization, displacing an estimated 433,770 tons of CO2 per year, while 
retaining the business of their largest electricity consumer.130 Lightsource bp, a 
50:50 joint venture with UK-based bp, added a stable asset to its growing 
portfolio of renewables.131 Last but not least, Pueblo preserved its identity as a 
steel town and the community guaranteed future employment for hundreds of 
local workers.

Looking ahead, Pueblo faces ongoing challenges in its trailblazing quest to 
decarbonize. Although returns on investments continue to flow to companies 
such as EVRAZ and CS Wind and to the region in the form of local and state 
taxes, local communities continue to face hurdles to achieving economic 
benefits.132 For instance, closure of the Comanche coal plant has accelerated, with 
Xcel moving the expected retirement date forward from 2070 (the initial expected 
lifetime of Comanche 3)—first to 2040, then to 2034, and finally to 2031.133 Xcel is 
slated to pay out property taxes on the plant through 2040 (roughly $25 million 
per year to Pueblo County), assuaging fears over the impact of lost tax revenue 
on public services. Yet ratepayers are largely bearing the costs of statewide coal 
plant closures. In August 2023, Xcel reached a settlement with state agencies for 
a $96 million rate hike (25% of which will cover coal plant decommissioning) after 
the PUC rejected a proposal from the Office of the Utility Consumer Advocate to 
bundle costs into a securitized bond upon the closure of Comanche 3.134 The 
Comanche plant may soon be the site of a long-duration iron air battery storage 
system, as Xcel (in partnership with Form Energy) seeks to accelerate Colorado’s 
grid decarbonization and maintain employment in Pueblo.135 

Though the EVRAZ Pueblo case is unique in some ways, stakeholders interviewed 
pointed to a few key success factors that likely exist elsewhere. The combination 
of Colorado’s ambitious goals for decarbonization, regulation of utilities through 
the economic development rate statute, recognition of the cultural and economic 
value of the steel industry to Pueblo, and transparency and open communication 
among parties were cited as important. Above all was the willingness of all parties 
to recognize and act to avoid the potential negative social impacts of closure on 
the Pueblo community as they worked to collectively build a solution. 

4.5.4 From BF-BOF to EAF in Fairfield, Alabama

In 2015, the community of Fairfield, Alabama, was faced with monumental 
upheaval. Beset by unfavorable global steel market conditions, the United States 
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Steel Corporation announced in August the permanent closure of the BF and a 
majority of flat-rolling operations at the Fairfield Works.136 The shutdown put 1,100 
jobs on the chopping block. Just months later, in December, the company halted 
construction on the EAF on-site, citing similar economic concerns.137 Although 
production at the nearby U. S. Steel tubular mill continued, the community in 
Fairfield was in distress.138 By the end of 2015, only 220 workers remained—a far 
cry from the 2,000 that worked on-site at the start of the 21st century.139

Kevin Key, Veterans of Steel coordinator for USW District 9, described the turmoil 
in the workforce at the time. Although the United States Steel Corporation had 
already committed to eventually replacing the BF with the EAF, global 
overproduction and dumping were blamed for the change in the company’s plans. 
According to Key, a handful of union workers were able to retain employment at 
the tubular mill, but many were not so fortunate. Fairfield, already facing $8 
million in debt in 2015, experienced a mass exodus of businesses in the wake of 
the Fairfield Works closure.140 Key noted that the departure of businesses was 
soon followed by an uptick in crime. Without steel production, the community 
was dying.

In 2018, with the initiation of Section 232 steel tariffs, the United States Steel 
Corporation was suddenly faced with more favorable market conditions, allowing 
it to resume construction of the EAF in 2019.141 The $412 million project, clocking in 
at a capacity of 1.6 MMT per year, came online in October 2020.142 A year after the 
EAF opened, in 2021, the revived Fairfield Works would come to employ a total of 
850 union workers.143 

As Key described, the United States Steel Corporation and the USW reached an 
agreement whereby the union workers that had been laid off from the BF and flat 
mill operations in 2015 received first priority for jobs at the newly opened EAF. 
Though the transition to secondary steelmaking required adjustments to staffing 
rotations and roles, Key noted that many workers found themselves with 
responsibilities similar to their previous assignments in the blast furnace. The EAF 
was located on the same site as the former BF, further contributing to the feeling 
of familiarity for returning workers. Perhaps most significantly, workers were, once 
more, able to return to hot metal work.

Across the Atlantic, another blast furnace community faces a parallel challenge. In 
January 2024, Tata Steel announced the closure of two BFs at the largest mill in 
the UK, located in Port Talbot, Wales.144 The BFs will be replaced with an EAF in a 
£1.25 billion project (£500 million coming from the British government) that will 
cut on-site emissions by an estimated 85% but may cost up to 2,800 of the 4,000 
jobs at the plant. Unions have criticized the move, which would shutter both BFs 
by the end of 2024, arguing that Tata ignored a more gradual shutdown plan 
proposed by the unions that would have lessened the impact on the workforce. 
Port Talbot is a snapshot of the larger quandary of decarbonizing the steel 
industry without sacrificing social and economic welfare.

Fairfield was forced to file for bankruptcy in 2020.145 But although the road to 
recovery is a long one, the return of steel production with the EAF is a positive 
sign for the region. Fairfield’s story shows how industrial and trade policy can 
potentially uplift communities near production facilities faced with transition 
across the country.
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4.6 Recommendations: Community Engagement

As our survey results and the four case studies in this chapter suggest, 
decarbonization of iron and steel production presents unique challenges and 
opportunities for neighboring communities.

The type of decarbonization pathway will influence the impacts on the 
community. Communities near EAFs may see little change, especially if producers 
use 100% scrap or DRI is produced elsewhere. In fact, these communities may be 
positively surprised to learn that EAFs are already relatively climate and 
environmentally friendly compared to other ways of making steel. By contrast, 
communities near BF-BOF facilities may see a greater improvement in air quality, 
which is required for CCS to be effective—or would accompany a transition to 
DRI. Public communication, especially as it relates to CCS, is likely to be critical to 
long-term public support.146

For EAF steelmaking operations, the availability of low- and zero-carbon power 
is critical to decarbonization. There may also be opportunities for CCS or 
hydrogen deployment in DRI production and downstream reheat and treatment 
furnaces. For BF-BOF facilities, options for partially addressing CO2 emissions 
include hydrogen injection with top gas recycling, while CCS retrofitting or use 
of DRI in the BOF together with a melt furnace are projected to offer deeper 
reductions, as described in chapter 3. These pathways are expected to 
heterogeneously affect workers and the broader community in which steel 
plants operate; thus, federal strategies must account for communities near 
existing and new iron and steel facilities. 

First, to maximize the community benefits of steel decarbonization, policy should 
evaluate local economic impacts and prioritize localized benefits. Community 
members near iron and steel facilities care deeply about job security and retention, 
wages, and retirement. Demographic analyses in this chapter indicate that many 
steelmaking communities today occupy areas with higher unemployment rates and 
levels of poverty, due in part to the lingering effects of deindustrialization. Policy 
options that generate local economic benefits, including both job creation and 
preservation, should be prioritized. However, policymakers and regulators should 
also evaluate and plan for potential job and wage losses and provide economic 
development alternatives and support for affected workers.

Community engagement recommendation 1: Support economic development 
plans and strategies that tie decarbonization to steel workforce and community 
revitalization near facilities recently closed or experiencing downsizing of iron 
and steel production. This includes readying the talent pipeline for a workforce 
whose age composition is shifting, as older workers retire and a new generation 
takes on the mantle, and investments and programs for re-skilling, upskilling, 
training, and broadening the skill transferability of the steel workforce.147 Beyond 
workforce development, federal and local authorities should plan for and 
incentivize the reuse of former production sites, including their associated 
infrastructure and proximity to adjacent industries, as a mechanism of preserving 
the economic anchor of these sites. This is especially true for legacy steelmaking 
communities and areas with local economies that are highly dependent on steel 
production. A current example of this reuse is the U.S. Wind monopile plant on 
the former Bethlehem steel mill site in Sparrows Point, Maryland. Recent 
bipartisan legislation, such as the Resilient Communities Act, that aims to direct 
funds from penalties of unfair trade practices to impacted communities is a step 

Iron and Steel Decarbonization by 2050		  53



in the right direction.148 Another example mentioned in chapter 3 is the decision to 
develop hydrogen-ready natural gas DRI-EAF steel production at ArcelorMittal 
Dofasco as part of the company’s decarbonization strategy.

Community engagement recommendation 2: Build and expand mechanisms 
that engender and empower collaboration between workers, community 
organizations, management, and local/regional authorities to codevelop social 
protection plans that accompany industrial transitions. Emphasize the 
importance of proactive leadership by industry in initiating engagement. 
Community Benefits Plans (CBPs) and Community Benefits Agreements (CBAs)—
legally binding contracts between developers and host municipalities and local 
community or workforce groups, including labor unions—offer blueprints for such 
mechanisms and should be adapted to the challenges and opportunities of 
industrial decarbonization. Accountability is the key to success when evaluating 
the outcomes of CBPs and CBAs. Clear, enforceable agreements should be 
required in any federal government–supported decarbonization project.

Community engagement recommendation 3: Fund education, research, 
development, and deployment efforts that target place-based programming 
and investments to economically distressed regions or high-impact areas. As 
technology development will be a critical enabler of decarbonization across the 
steel supply chain, government incentives should evaluate where public spending 
can offer the highest social impact, including taking advantage of existing 
knowledge and research institutions and industrial clusters.

Decarbonization policy should also recognize and account for public health and 
environmental justice co-benefits. Communities located near steel production 
sites face relatively high exposure to a number of environmental harms—some of 
them ranking among those with the highest levels of environmental harms in the 
country. Incentives and funding to support decarbonization should fully account 
for their ability to provide co-benefits such as improving air quality and lowering 
health-related spending.

Community engagement recommendation 4: Provide incentives to pilot, test, 
and scale decarbonization technologies that offer co-benefits such as 
reductions in conventional air pollutants, fuel switching, and utilizing waste 
streams. These programs should include public awareness campaigns and 
knowledge-sharing to inform communities, and they should incorporate 
environmental justice objectives to help target benefits to historically affected 
groups. Benefits-cost analyses (BCAs) and other impact evaluations should 
prioritize comprehensive accounting for public health impacts. Government 
grants, tax incentives, and loan guarantees for steel industry decarbonization 
should require co-benefit studies. Consider offering bonus tax credits for CCS and 
hydrogen projects that provide measurable public health benefits in steelmaking 
communities.

Finally, policy for decarbonizing iron and steel production should provide 
opportunities for community input and knowledge-sharing to strengthen 
community buy-in. Enabling technologies and infrastructure such as low-carbon 
electricity and CCS depends, in large part, on local buy-in. The recent pauses of 
CO2 pipeline development in Illinois and South Dakota and growing opposition 
to renewable energy siting more broadly point to the power that communities 
have in determining options for decarbonizing solutions. Moreover, as our survey 
found, awareness of decarbonization is low in steelmaking communities, but 
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support is high. Community members need opportunities and platforms to ask 
questions, provide feedback, learn, and engage with decarbonization efforts to 
reduce local opposition.

Community engagement recommendation 5: Encourage and fund opportunities 
for proactive engagement of industry, labor union representatives, and local 
authorities to develop partnerships that could help in planning and 
implementing decarbonization projects. Encouragement and funding should 
come from national and state governments and foundations. Survey results 
suggest that communities are receptive to the benefits of decarbonization and 
steel plants are viewed relatively positively in their host communities. Companies 
can strengthen their roles as civic leaders by being proactive in their engagement 
with their neighbors and the communities in which their workers reside. These 
forums can institutionalize dialogue and collaboration between companies, 
workers and their representatives, community members, and local authorities and 
offer alternative avenues for public input and dispute resolution.

Community engagement recommendation 6: Include explicit funding for 
community benefits, involvement, and participation compensation when 
developing state and federal permitting reforms. Regulatory reform that 
accelerates climate-beneficial infrastructure deployment, lowers permitting 
timelines, and consolidates review processes will be needed to activate and 
accelerate steel decarbonization. At the federal level, this should include proactive 
federal planning to designate high-potential energy corridors and enhanced 
interagency coordination. At the state level, recent efforts in California and New 
York provide precedents for the creation of a renewable energy siting office and 
consolidated permitting.
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5.	 Lessons from Past Industrial Policy for Iron and Steel

Key messages:
	■ In the 2020s, industrial policy has gained prominence as a key determinant of 

global economic competitiveness and, in some countries, as an enabler of 
decarbonization investments to meet climate change goals. Once 
characterized as undue interference by government in economic activity, 
industrial policy is now regarded as the fabric that weaves together federal tax, 
trade, regulatory, workforce, and national security priorities and reflects them 
in economic policy.

	■ During World War II and the postwar resurgence of the American economy in 
the 1950s and 1960s, trilateral stakeholder commissions proved to be an 
effective mechanism for integrating the interests of government, industry, and 
labor. However, they were discarded in the 1970s and 1980s in favor of a 
laissez-faire approach to economic policy that encouraged trade liberalization 
and globalization.

	■ The history of the steel industry, its workforce, and its communities from 1975 
to 2000 provides insights on how to support future technological change 
while reducing the risk of large-scale job losses, community erosion, and 
business collapse. While there is never certainty in managing technological 
change, there are guardrails and process improvements that can reflect 
employee and community interests.

	■ The emergence of climate change as an existential threat has compelled a 
reevaluation of how to use industrial policy to manage the challenge of global 
collective action. This chapter analyzes the shortcomings of modern industrial 
policy and makes recommendations on how to avoid negative impacts in the 
design of decarbonization policies. 

	■ We recommend an industrial policy that addresses community and employee 
impacts with direct engagement, improved research, and collaboration among 
all stakeholders.

Much has been written about the collapse of the steel industry from its high point 
and the role played by business strategy and labor relations. But, in retrospect, 
little has been written about the failure of industrial policy to mitigate the 
outcomes on workers and their communities, as that term, industrial policy, fell 
out of favor in the successive administrations of Reagan, Bush, and Clinton, all of 
whom presided over efforts to expand global economic integration.149 

Joseph Stiglitz, during his tenure as chief economist at the World Bank, broadly 
defined industrial policy as “government policies directed at affecting the 
economic structure of the economy.”150 In the American steel industry from the 
late 1940s through the 1970s, this meant a focus on control of prices and influence 
over labor relations. Presidents cared about steel prices since any increase would 
ripple through the economy at large, stoking inflation. And labor relations played 
a critical role in both labor costs and steel shortages, driven by industry-wide 
strikes that occurred in 1946, 1949, 1952, 1956, and 1959 in an industry that was 
overwhelmingly unionized.151

But in the 1980s and ’90s, U.S. views on industrial policy changed significantly, 
shifting from a focus on New Deal labor policies and support for the 
international alliances that defeated the Axis powers to the integration of 
American manufacturing into the burgeoning global economy. The primary 
focus of this chapter is to examine what lessons can be learned from the 
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turbulent transition of the steel industry after World War II into the late 1990s, 
assess the current state of the steel industry in the United States, and determine 
whether the negative impacts of that era on workers and their communities can 
be avoided in the transition to a decarbonized industry today. In particular, this 
chapter focuses on how the missing pieces of industrial policy from that era 
might be redesigned today.

Starting in the 1980s, over 300,000 steel jobs were lost, giving credence to the 
term “Rust Belt” to describe much of northeastern Illinois, northwestern Indiana, 
southern Michigan, much of Ohio, western Pennsylvania, northern West Virginia, 
and many other communities linked to iron and steel production, such as the Iron 
Range of northern Minnesota; Provo, Utah; east Los Angeles; parts of Houston; 
and Birmingham, Alabama.152 

Today’s steel industry occupies a very different geography than the industry of 
1980. Its current workforce is 20% of its former size, and yet its output is 
approximately the same (see figure 5.1). Also, as noted earlier, its technologies 
are markedly different, with roughly 70% of its steel produced primarily from 
scrap steel in EAFs and only 30% with primarily iron ore taconite pellets in 
BF-BOF facilities. The hourly workforce today is only 24% unionized, compared 
to 90% in 1970.153

Figure 5.1: U.S. crude steel production and capacity.154
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These factors make the challenges of decarbonization markedly different from 
those of the transition to a globally integrated industry in earlier decades. 
Nonetheless, both transitions are influenced by technological change and global 
steel market dynamics. Those nine communities that are home to the country’s 
remaining BFs may experience challenges strikingly similar to those of the past, 
while a more fragmented set of decarbonization options and impacts will confront 
the communities that are home to the country’s 95 EAFs.155 
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5.1 Steel Industrial Policy, 1945–80

In the United States immediately after World War II, the steel industry was seen 
as the driver of the economy. “At the end of the war, the industry was 
preeminent in the world. It had set stunning production records during the 
conflict and accounted for 54.1 percent of the world’s raw steel production in 
1946.”156 The largest steel industry in the world was at the center of the largest 
global manufacturing economy. As such, the steel industry bore the scrutiny of a 
succession of U.S. presidents, including Truman, Eisenhower, Kennedy, Johnson, 
Nixon, and Carter. From Truman’s attempted seizure of the industry in 1952 to 
Kennedy’s jawboning over prices with Roger Blough, CEO of U. S. Steel, to 
Carter’s resurrection of a tripartite board of government, industry, and labor to 
mediate the industry’s role in the U.S. economy, influencing the steel industry 
was key to the presidency.157 Not until the Reagan administration in 1980, when 
Carter’s tripartite commission was dissolved, did the presidency and the 
economy embrace a more laissez-faire approach to both the industry’s 
challenges and its future.158

But the industry had been facing challenges for decades. As Grant McConnell 
notes in his book Steel and the Presidency, 1962:

“As the decade of the sixties arrived, there were increasing signs that the steel 
industry in the United States was in less than vibrant health. Productive 
capacity had increased by almost one-half in the decade. In the same period, 
however, utilization of that increasing capacity had almost steadily declined. In 
1960 utilization was only two-thirds. It declined further in the two years that 
followed. There were various factors that contributed to this condition—the 
operation of the economy as a whole below capacity, the decline of steel 
exports and competition. Steel was entering the United States from Europe 
and Japan. This competition was concentrated in a relatively few products 
and by itself was not of a scale to be troubling to the industry as a whole. 
However, there were other sources of competition. Plastics, other metals, and 
even paper were aggressively entering markets which had belonged to steel. 
The development of prestressed concrete robbed steel of much of its market 
in the building industry. Technological development in steel itself reduced the 
amount of steel necessary in many uses. Steel was stronger, and new designs 
of such structures as bridges now called for far less tonnage of the basic 
material of steel. The industry, responding to the challenge of aluminum, 
developed a technique for making sheets for cans that required much less 
steel. This ‘thin tin’ was a fine response to the competition of a substitute 
material, but it implied a reduction in steel tonnage for this use. Moreover, 
there were steel products of former importance which were themselves 
suffering from the impact of obsolescence. Thus, the industry, particularly 
[the] United States Steel [Corporation], was splendidly equipped to produce 
rails, but unfortunately the railroads were not in an expansionist mood.”159

In that era in the United States, many critical areas were unaddressed by industrial 
policy, including: 

	■ accurate market forecasts, 
	■ the impact of steel product substitutions by plastic and aluminum, 
	■ technology development and deployment, particularly continuous casting, the 

basic oxygen process, electric arc furnace expansion, and new iron ore 
products such as taconite pellets, direct reduced iron, and hot briquetted iron,
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	■ trade policy,
	■ corporate governance and shareholder rights,
	■ the framework of U.S. labor relations,
	■ workforce development, and
	■ community impacts.

Nonetheless, in 1975, the American Iron and Steel Institute, the industry’s trade 
association, predicted that by 1983, raw steel production in the United States 
would need to rise to 170 MMT.160 Other experts estimated needs as high as 190 
MMT by 1980.161 There was little awareness of the likelihood that plastics and 
aluminum might displace steel in a myriad of product uses, from automotive parts 
to beverage containers. New and more efficient technologies, adopted in Europe 
and Japan as their industries rebuilt from World War II, were seen as expensive 
and a misallocation of capital with the anticipated market growth. Trade was 
incorrectly understood as a limitless opportunity for the steel industry in the 
United States.

The narrow framework of American labor law, limiting collective bargaining to the 
mandatory subjects of wages, benefits, and working conditions, was seen as a 
strategic advantage over the broader governance structure of European labor law, 
which envisioned industry-wide bargaining and works councils to promote worker 
involvement. Other than monopoly and, increasingly, environmental regulation in 
the United States, there was little concern over corporate governance by 
regulatory agencies. After World War II, workforce regulation was primarily a task 
for the union and the company. Five consecutive national strikes culminated in the 
1959 steel strike, the largest in U.S. history, involving over 500,000 workers. That 
strike ended when the Eisenhower administration secured a court injunction 
under the Taft-Hartley Act, signaling the start of the erosion of labor rights in the 
United States.162

In each of these critical areas, the focus of industry stakeholders on prices and 
labor relations, coupled with a lack of broader industrial policy, contributed to the 
factors that led to the rapid and catastrophic decline of the iron and steel industry. 
Instead of growing by 50% as predicted by AISI, the market in the United States 
contracted to barely 75 MMT in 1982 (see figure 5.1). Imported steel grew from 4 
MMT in 1960 to 20 MMT two decades later (see figure 5.3). By 2001, the industry’s 
employment had declined by 311,000 (see figure 5.2). One community, 
Youngstown, Ohio, lost 5,000 employees on September 9, 1977, when the first of 
five steel mills in the area closed.163 Youngstown’s population of almost 141,000 in 
1970 had fallen to just over 65,000 in 2019.164
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Figure 5.2: Change in manufacturing employment, thousands of jobs in major 
industries, 1980–2001.
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The steel industry suffered a greater 
reduction in employment between 
1980 and 2001 than any other sector 
of the manufacturing economy.

In the late 1970s, as the crisis worsened, President Carter attempted to bring the 
various parties to the table to discuss solutions, initiating the Steel Tripartite 
Advisory Committee (STAC).165 On September 30, 1980, the committee released 
its statement, highlighting the importance of collaboration between government, 
industry, and labor for investment in modernization, support for R&D, 
heightened trade enforcement, environmental compliance, worker retraining, 
community development, and a return to the tripartite system of industrial 
policy.166 But before a comprehensive strategy could be enacted, Carter was 
defeated by Reagan, who disbanded the STAC. The Reagan administration’s 
response to the market share growth of steel companies based in Japan and 
Europe was to urge adoption of voluntary restraint agreements, limiting imports 
from Europe to 20.2% of domestic steel consumption. Nonetheless, steel imports 
rose to 26.4% by 1984.167 By the end of the Reagan presidency, steel imports had 
risen by over 40%.168

While the domestic steel market shrank due to product substitution and a rise in 
direct and indirect imports, steelmaking technology in the United States shifted. In 
1960, there were 18 EAF companies in the United States, operating 18 plants and 
shipping just 3 MMT of steel, a mere 4.2% of domestic shipments.169 By 1980, there 
were 42 EAF companies, operating 51 plants that shipped 11.9 MMT of steel, an 
increase of almost 400%.170 By 1990, shipments had risen to 20.2 MMT, 23.8% of 
total domestic shipments.171 Only a handful of these EAFs were operated by the 10 
large integrated steel producers.

5.2 Industry and Labor Responses

After the 1959 steel strike, with the encouragement of both the Kennedy and 
Johnson administrations, both the USW and the industry voluntarily agreed to a 
system of coordinated bargaining to address the industry’s growing trade and 
technology challenges. Regular strikes in the industry had led to periodic 
inventory buildups by customers in advance of contract expirations. Imports of 
steel from the modernized mills in Europe and Japan had also increased in 

Iron and Steel Decarbonization by 2050		  61



advance of labor negotiations. The Coordinated Committee of Steel Companies 
(CCSC), chaired by U. S. Steel, joined with the USW in creating the Experimental 
Negotiating Agreement (ENA) in 1973. The ENA guaranteed a minimum wage 
increase of 3% per year in addition to a cost-of-living allowance (COLA) in 
exchange for a no-strike pledge from the union in the event that an overall 
agreement could not be reached. Disputed items would be submitted to binding 
arbitration. The ENA was designed to stabilize the industry’s boom-bust cycle 
driven by labor negotiations and prevent a further increase in the market share 
of imports.

However, the ENA turned out to be highly controversial among members of the 
USW—one of only two unions in the United States whose members directly 
elected their national leadership. Steelworkers increasingly were demanding 
greater participation in the bargaining activities of the union with the industry. As 
a result, the ENA delivered only three national labor agreements in 1974, 1977, and 
1980, resulting in a dramatic increase in steelworker wages—immediately followed, 
however, by a wave of concession bargaining.172 More importantly, the ENA did not 
meaningfully impact the rising levels of imports and product substitution and the 
growth of EAF production. By 1980, domestic production of steel had declined to 
102 MMT from its peak of 137 MMT, with 27% produced by EAFs.173

The industry’s response to its shrinking market was to cede its lower-priced 
products—such as rebar, merchant bar quality (MBQ) products, lower-grade 
structural steel, and wire rod—to EAF companies, rather than invest in EAF 
steelmaking. At the same time, the industry adopted the larger conglomerate 
diversification strategy common among American manufacturers during that 
time, as modeled by General Electric and its CEO Jack Welch.174 The CEO of U. S. 
Steel, David Roderick, announced, “I’m in the business of making money, not 
making steel,” when U. S. Steel purchased Marathon Oil in 1982 and changed its 
name to USX.175 National Steel, the third largest steel company at that time and 
known for its high quality and low cost, purchased United Financial Corporation of 
California, the eleventh largest savings and loan company, in 1981 to diversify its 
portfolio.176 Jones and Laughlin merged with aerospace and defense company 
LTV, becoming LTV Steel.

None of these diversification strategies worked, serving instead to distract 
management from attacking the root challenges to the technology and market 
transitions underway in the industry. Eventually, all these mergers were unwound. 
Similarly, General Electric, the model for conglomerate corporate structure, broke 
up and is in the process of spinning off its various divisions.

On the labor side, the USW attempted to use the crisis in the integrated industry 
to redirect the focus of its collective bargaining. Under the leadership of its first 
Canadian president, Lynn Williams, the union—largely concerned with wages, 
benefits, and immediate working conditions—adopted its New Directions 
bargaining platform. Williams’s slogan, “The job of management is too important 
to leave to management alone,” rallied the union to get directly involved with 
permissive subjects of bargaining, including (1) successorship and the terms of 
business sales, (2) the union’s right to nominate members to the steel companies’ 
boards of directors, (3) capital investment plans, (4) employee skills and career 
development, and (5) other business strategy issues.177 While this effort was 
successful in charting a new era of collaboration between the industry and its 
primary union, it did not stop the downward trajectory of the industry and the 
growth of its nonunion workforce in the 1990s.
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5.3 Trade and Industrial Policy in the 1980s and 1990s

Perhaps the most impactful aspect of U.S. industrial policy in the 1980s and 1990s 
was its embrace of free trade agreements and institutions, including the World 
Trade Organization (WTO), the North American Free Trade Agreement (NAFTA), 
and Permanent Normalization of Trade Relations (PNTR) with China. The net 
effect was the creation of a global steel market and pricing regime, coupled with 
substantial state subsidies for most steel industries around the world. In 2011, for 
instance, half of the 46 largest steel companies in the world were state-owned 
and accounted for almost 40% of production.178 Unlike other manufacturing 
sectors that quickly adopted the free market model through global mergers, the 
steel industry remained largely nationally constrained until the early 2000s. For 
instance, 74% of the global tire market was served by just five companies in 2000; 
similarly, five companies accounted for 57% of the global automotive market and 
44% of the aluminum market.179 That was not the case in the steel industry, in 
which globally, the top five companies served only 14% of the market.180 

Between 1960 and 2000, steel imports rose dramatically in the United States, 
from less than 5 MMT to almost 40 MMT, representing 29% of domestic 
consumption (see figure 5.3).

Figure 5.3: Imports of steel mill products. (Estimate for 2000 is based on 
data through November of that year.)181
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Thus, in spite of a growing global market, the U.S. industry never returned to its 
highest steel production level of 137 MMT in 1973.182 At the same time, as noted 
earlier, EAF production continued to take a larger and larger share of the 
domestic market, shrinking the presence of the remaining integrated companies. 
By 2000, EAFs were producing 44.5 MMT—45.1% of the market.183
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Between 1998 and 2002, 48 U.S.-based steelmakers entered bankruptcy, including 
LTV Steel, Bethlehem, and National Steel.184 While some of the physical assets 
never reopened, others formed the backbone of a new, more globally integrated 
industry. Many of the bankrupt companies were consolidated under the ownership 
of the International Steel Group (ISG), led by private equity financier Wilbur Ross, 
who later sold the entire company to Mittal Steel, an India-based steel company 
that consolidated many global assets to emerge as the largest steel company in 
the world at the time, ArcelorMittal, with headquarters in Luxembourg.

By 2000, the world had 300 MMT of excess steel capacity, supported by 
governments around the world.185 Only the United States and Canada consumed 
more steel than they produced. Particularly noteworthy was the excess capacity in 
Japan, the EU, and the newly independent states (NIS) of the former Soviet Union.

Figure 5.4: Global steelmaking overcapacity, 2000.186
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In its July 2000 report to the president, Global Steel Trade: Structural Problems 
and Future Solutions, the U.S. Department of Commerce noted, “The thirty-year 
history of repeated unfair trade actions is symptomatic of underlying 
market-distorting practices in the global steel market.” Subsequently, targeted 
tariffs were directed toward specific products that were either being dumped 
(sold below the cost of production) or sold below prices in markets of origin. 
However, the damage had already been done.

5.4 Impacts on U.S. Employment

As noted in figure 5.2, between 1980 and 2001, the U.S. domestic steel industry 
lost 311,000 jobs, the most of any manufacturing sector. 

The only manufacturing sector that gained employment was the motor vehicle 
sector, as a result of the domestic content agreements negotiated with Japanese 
and European motor vehicle companies in the wake of earlier dramatic job losses. 
These companies then built so-called transplant assembly plants in the United 
States, avoiding unions by largely locating in southern right-to-work states, 
despite their unionized status in their home countries.
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In the steel industry, the loss of jobs, driven by imports, technology shifts, and 
automation, had a profound impact on unionization rates of the remaining 
workforce. According to the USW, almost 90% of eligible production and 
maintenance steel employees belonged to the union in 1958. By the late 1990s, 
that number had fallen to 48% in the United States and 52% in Canada. Only a 
handful of EAF plants were unionized.

5.4.1 Job Retraining and the Trade Adjustment Assistance (TAA) Act

In the years since World War II, the focus of federal unemployment policy in the 
United States shifted markedly; the U.S. government went from being the 
“employer of last resort” to providing access to job retraining for employees who 
lost their jobs through no fault of their own. The history of this change and its 
impact on the energy transition are documented in the Roosevelt Project’s Phase 1 
paper Energy Workforce Development in the 21st Century.187 Federal government 
efforts to provide employment opportunities to the unemployed ended in 1978 
with the passage of the Humphrey-Hawkins Full Employment and Balanced 
Growth Act, an ambitious piece of legislation that was never funded.188

To respond to the loss of jobs in the steel industry throughout the period of the 
mid-1970s to the 1990s and continuing to the present day, the U.S. government 
has, instead, focused on providing expanded access to unemployment benefits, 
wage insurance, and retraining for those workers whose unemployment could be 
directly attributed to the impacts of trade. 

As documented in Energy Workforce Development in the 21st Century, 

“TAA dates back to the Trade Expansion Act of 1962 and the Trade Act of 1974 
and is considered by some to be the model for how economic dislocation 
should be managed in the U.S. economy and potentially expanded to include 
those who experience job dislocation from climate solutions or climate-related 
impacts. TAA provides workers, once they are certified under the program, with 
extended unemployment benefits of up to 130 weeks, tuition reimbursement for 
training, occasional relocation support, and a short-term wage subsidy for 
participants over the age of 50. Over the years, millions of Americans have been 
certified under the program, although only a minority of those have actually 
participated in the program. In 1980, alone, for instance, 600,000 workers were 
certified for retraining (Congressional Research Service 2018).

“Between 2004–2018, the TAA program averaged $821 million per year in 
program benefits to participants. In the nine years between 2010 and 2018, 
the program provided services to roughly 247,000 new entrants out of the 
994,000 who were certified for eligibility. During that period there was 
considerable variation with 287,000 certified in 2010 and only 57,000 in 2015. 
DOL participant data has generally shown re-employment rates of 
participants in the 72–76% range in recent years. (DOL AnnualReport18). In 
2010, during the height of the Great Recession, the re-employment rate for 
participants was much lower at 59% (DOL AnnualReport10). 

“Unfortunately, other recent studies have shown that certified non-participants 
have had equivalent re-employment rates to participants. A detailed survey of 
TAA participants and non-participants in 2012, performed for the DOL, found 
that only 37% of participants were employed in the occupations for which 
they received training (Mathematica Policy Research/SPR). That study also 
found that TAA recipients did not enjoy higher wages or better benefits than 
non-participants after re-employment. For participants over the age of 50, 
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this phenomenon was especially pronounced. This spotty track record should 
be addressed before considering the TAA program as an effective model for 
how to deal with economic dislocation (McCarthy, 2019).”189

During the period of 1975–2002, when the most significant reductions in 
employment happened in the steel industry, TAA benefits were certified for 
roughly 220,000 employees in the industry.190 However, there was substantial 
variation in the size and scope of benefits provided during this time, with sharp 
reductions during the Reagan administration that drastically reduced participation 
in the program.191

An additional mechanism that was created to align job opportunities in a given 
community with the unemployed and their access to training was the local 
Workforce Investment Board (WIB). The Workforce Investment Act of 1998 gave 
rise to WIBs, which were required for the distribution of federal job training 
funding to states and local communities. WIBs were typically administered at the 
local level by representatives of government, business, labor unions, and other 
stakeholders. However, a critical missing piece of this mechanism was an industrial 
strategy focused on economic development and job creation. 

5.4.2 Lessons from the American Steel Dislocation of 1975–2000

The current renaissance of industrial policy in the United States can be attributed 
to several factors.

First, of course, is concern about climate change and how to manage the 
transitions of multiple sectors of the economy that will have to be decarbonized 
in a relatively short time.

Second, concern about the rapidly shifting security structure of the global 
economy and the threats to both energy access and manufacturing supply chains 
posed by armed conflict in Ukraine and rising tensions between the United States 
and China—all of which has activated bipartisan policy interest in strengthening 
and investing in domestic capabilities, similarly to the drivers of industrial policy in 
the United States just before and during World War II.

And finally, concern about community impacts, which have shown themselves to 
be stubbornly resistant to laissez-faire solutions over the last three decades. The 
former communities near iron and steel facilities that lost over 310,000 direct 
jobs and, perhaps, 10–12 times that number of indirect and induced jobs, by and 
large, have not recovered. This third concern represents the greatest challenge 
to a new era of industrial policy designed to support both decarbonization and 
national security.

In a recent bipartisan InFocus memo, the Congressional Research Service, citing 
the impacts of the IIJA, the CHIPS Act, and the IRA, attempted to answer the 
question: what is industrial policy?

“While there is no formal definition, industrial policy commonly refers to a 
comprehensive, deliberate, and more or less consistent set of government 
policies designed to change or maintain a particular pattern of production and 
trade within an economy. It generally involves policies designed to promote 
emerging industries or prop up declining ones, as well as the channeling of 
resources into specific sectors and activities considered important for economic 
growth. A variety of instruments can be used to implement an industrial policy, 
including subsidies; tariffs and other trade restrictions; rules; regulations; 
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technical standards; tax incentives; government procurement regimes; and 
preferential access to credit. In addition to aiming to accelerate economic 
growth, industrial policies can be designed to safeguard national security, 
create employment opportunities in specific industries or regions, achieve 
environmental and social sustainability, or improve the competitiveness and 
export performance of domestic firms. The impact and effectiveness of such 
policies in achieving these goals is subject to debate.

“Some analysts maintain that industrial policy need not be executed through 
an explicit strategy. In the United States, some experts consider various 
economic policies and programs that have the effect of favoring one industry 
or type of firm over another to constitute an ad hoc and de facto industrial 
policy. As such, U.S. industrial policy has consisted primarily of interventions 
that are not made on the basis of any comprehensive or systematic set of 
guidelines delineating the kind of production and trade that should be 
fostered. Instead, they are implemented through generalized or cross-industry 
policies (e.g., corporate tax rate reductions) and industry or firm-specific 
policies (e.g., tariffs and support/subsidies for electric-vehicle battery 
production).”192

In spite of the diversity of views on how to define and implement industrial policy 
in 2024, as expressed by the Congressional Research Service, the three concerns 
listed earlier are driving the discussion of how to design an industrial policy that 
will support the decarbonization of the steel industry and do so in a manner that 
supports its workforce and communities.

5.5 Recommendations: Industrial Policy

Based on the past challenges for the Carter, Reagan, Bush, and Clinton 
administrations; the industry; its principal union, United Steelworkers; and the 
grinding, long-term impacts on communities linked to iron and steel production, 
we recommend addressing the following issues when designing an industrial 
policy for 2024 through mid-century that supports the decarbonization of the 
steel industry. These lessons could also apply to other hard-to-decarbonize 
sectors of the economy.

Industrial policy recommendation 1: Establish an oversight commission for 
decarbonization of the iron and steel industry with government, labor, industry, 
and steelmaking community participants to advise on strategic 
implementation. Establishing tripartite commissions in critical industry sectors 
was a fundamental and widely accepted practice to mobilize the country, its 
businesses, and labor unions during World War II. In retrospect, it is easy to see 
how the Carter administration’s effort to revive the Steel Tripartite Advisory 
Committee (STAC) could have been highly successful in shaping the restructuring 
and modernization of U.S. iron and steel production while also saving 
communities. Instead, the Reagan administration’s dismantling of the STAC 
contributed to the chaotic collapse of the industry. Such committees should be 
reestablished for critical industries in hard-to-decarbonize sectors, including steel, 
aluminum, cement, chemicals, and a handful of others. These commissions will 
play a critical role in stabilizing the transition for both communities and 
companies and moderate the free-for-all between states vying to benefit from 
technology transitions. 
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Industrial policy recommendation 2: Integrate trade policy with 
decarbonization strategies, including labor and environmental performance 
standards. The failure to develop a strategic approach to trade in the 1970s–1990s 
undercut any opportunity that the domestic steel industry had for an orderly 
introduction of new technologies into domestic production. The emergence of a 
global steel market upended the industry’s access to capital. Nationally, regionally, 
and internationally, the United States should redesign its trade policy for steel and 
other critical, energy-intensive industries to include labor, human rights, and CO2 
emission standards. While pursuing the inclusion of these standards at the 
international level, the U.S. government should ready itself to implement carbon 
border adjustments on a national and potentially, regional basis, for instance 
through amendments to the United States Mexico Canada (USMCA) Trade 
Agreement. Border adjustments will be a necessary component of preventing 
carbon leakage while encouraging decarbonization investments.

Industrial policy recommendation 3: Provide government-funded, up-to-date 
market and technology data. In the 1970s, steel experts predicted, incorrectly, 
that U.S. demand would increase 25–40% by the mid-1980s. Similarly, there was 
little apparent understanding of how technology evolution in both the EU and 
Japan—as reflected in the development of the basic oxygen process, continuous 
casting, and the utilization of deep-water ports for cheaper access to low-cost 
raw materials—would redefine steel costs and prices and upend global markets. 
Consequently, a fundamental role for industrial policy is to provide regular, 
fact-checked assessments of the impact of the newest commercial technologies 
on the industry and global markets. Government, of course, cannot be the sole or 
final authority on market assessment, but neither can the private sector.

Industrial policy recommendation 4: Fund new technology research, 
development, and deployment in critical industries. The U.S. government has a 
strong record of supporting new technology research and, to some extent, 
development, but its support for deployment has been spotty at best. The U.S. 
national laboratories’ role in solar and wind technology development in the 1960s 
and 1970s has been well documented, as has those technologies’ commercial 
development in Europe and Asia. Currently, the leaders in developing and 
deploying green steel technologies, inert anodes for aluminum smelting, and 
hydrogen electrolysis are all outside the United States. Only in recently passed 
legislation—the IIJA, the IRA, and the CHIPS Act—has this issue of deployment 
finally been addressed. These measures must be preserved and extended.

Industrial policy recommendation 5: Prioritize social outcomes for existing 
industry communities and workforces. The technology transitions in the steel 
industry, including the adoption of BOFs and continuous casting, as well as the 
use of EAFs, resulted in shifting the location of steel production both globally and 
inside the United States. While these transitions in the steel industry were largely 
guided by the market in the United States, in other parts of the world 
governments frequently played an important role. For the hard-to-decarbonize 
sectors, the United States should consider decarbonization investments in 
communities where current iron and steel facilities are located—including through 
engagement of local communities and stakeholders. The use of bonus tax credits 
for communities reliant on fossil fuel jobs, the targeting of Justice40 census tracts 
for investment, the use of Community Benefits Plans and Agreements, and the 
encouragement of PLAs and neutrality labor recognition agreements are all 
important steps in the IRA, the CHIPS Act, and the IIJA.
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Industrial policy recommendation 6: Link economic development strategies 
with workforce retraining in impacted communities. As described in this 
chapter, one of the critical failures of the TAA was the disconnection between its 
workforce retraining programs and actual jobs. Retraining took place without 
direct involvement in a complementary economic development plan for the 
affected community. One of the benefits of a long-term decarbonization 
strategy is that job loss, retraining, and reemployment can take place in a 
deliberate and sequential process without the sudden, cataclysmic events that 
were typical of steel mill bankruptcies and closures in the 1980s and ’90s. 
Specific plans to address decarbonization strategies should be required and 
funded for each affected community, including an assessment of job loss or 
growth, skills requirements, and training needs that are aligned with economic 
development plans. A special role will be played by those energy companies, 
such as utilities, infrastructure contractors, and transmission and distribution 
companies, that are transitioning to new forms and sources of energy rather 
than going out of business.

Industrial policy recommendation 7: Expand the role of universities. Many 
commercial and academic partnerships already exist between the steel industry 
and neighboring institutions. Expanding and providing federal funding for these 
partnerships will accelerate and support decarbonization in the industry. As 
barriers to decarbonization in the industry become better understood, awards 
like the Earthshot Prize should help drive forward solutions. In the late 1930s and 
1940s, as Minnesota’s high-grade iron ore became depleted, the future of the 
Iron Range was in doubt. However, as a result of the pioneering work of the 
University of Minnesota and its Professor Edward Davis, a process was 
developed for crushing and purifying low-grade taconite ore to create iron ore 
pellets suitable for blast furnaces, resulting in billions of dollars of investment 
over the last 75 years. Similar partnerships need to be supported by the federal 
government to build the next generation of critical industries and address 
remaining technology barriers.
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6.	 Industrial, Trade, and Climate Policy

Key Messages

	■ Trade policy is essential to maintaining a healthy steel industry, both in the 
United States and worldwide. It can discourage unfair trade practices and 
support high-quality jobs and strong environmental performance. Countries 
that encourage companies to adopt systems for reporting GHGs and to 
advance decarbonization investments will ensure that their industries remain 
competitive.

	■ Section 232 tariffs on direct steel imports provide a short-term incentive and a 
revenue source to invest in steel decarbonization in the United States. 
Precedent and legal standing support the use of Section 232 tariffs in this way.

	■ A mechanism to address GHG emissions associated with direct and indirect 
steel imports in the United States could ensure the competitiveness of the 
industry’s deep decarbonization investments over time and provide a revenue 
stream that could further fund decarbonization. Such a mechanism will take 
time to develop, given the importance of designing a scientifically sound and 
broadly accepted GHG emissions accounting methodology for iron and steel 
products as well as steel in manufactured goods.

6.1 Motivations for Industrial, Trade, and Climate Policy

Industrial policy, as described in chapter 5, influences economic structure and 
governance.193 It can take the form of support for domestic industries considered 
critical on economic, social, environmental, or national security grounds.194 
Industrial policies can include subsidies, tax credits, demand-side incentives, 
standards and regulations, and trade measures. Distinct but closely related is 
trade policy: the establishment, negotiation, and enforcement of global trade 
rules, regulation of imports and exports, and access control to global markets.195 
U.S. trade policy takes several forms, including enforcement of trade laws and 
tariffs, participation in global trade systems (notably the World Trade 
Organization or WTO), and engagement in bilateral or multilateral trade 
agreements. U.S. trade policy has generally supported liberalization and expansion 
of the rules-based trade system of the WTO to promote economic growth. 
However, providing domestic industries with protection against unfair trade 
practices has become an elevated concern in recent years.

Renewed interest in industrial policy in the United States and shifts in trade policy 
have been a consequence of several factors, including concerns over the waning 
strength of domestic industries crucial to national security, heightened awareness 
of how other countries’ policies impact U.S. producers, disruptions to supply 
chains during the COVID-19 pandemic, and a growing appetite for U.S. 
government support of industry and labor.196 Legislation—such as the IIJA, the IRA, 
and the CHIPS and Science Act—reflects these sentiments with domestic content 
requirements and incentives.

Climate policy to support GHG emissions reductions as well as climate change 
adaptation and resilience has evolved in the United States across federal, state, 
and local levels over the past several decades.197 Of more recent concern is an area 
where trade policy and climate policy intersect: carbon leakage, or the relocation 
of industrial activity overseas to markets with less stringent domestic climate 
change policies.198 As a result, the domestic industry may lose market share and 
the share of imported supply from foreign GHG emissions-intensive producers 
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may increase. Thus, carbon leakage may undercut emissions reductions at the 
global level.199

The United States ranks as one of the cleanest global steel producers.200 Many are 
concerned that additional climate policy pressure that raises costs for domestic 
producers could push production to foreign nations with higher GHG emissions 
intensities of production. A highly controversial example in this domain was the 
purchase of steel produced in China to rebuild the Oakland Bay Bridge in 2011, a 
decision widely protested by domestic steel companies, labor, and environmental 
organizations.201 Five years later, California passed the first Buy Clean legislation in 
the world to require inclusion of supply chain CO2 emissions in procurement 
requirements.202 The phenomenon of carbon leakage, in addition to the factors 
outlined above, prompts careful consideration of the link between industrial, trade, 
and climate policy.

6.2 Trade Remedies and Steel Tariffs

Historically, the United States has broadly supported the concept of most favored 
nation (MFN) treatment, a core tenet of the WTO, which requires that a country 
give all trading partners with MFN status equally advantageous treatment.203 
When treatment is not equally advantageous, however, the U.S. has several trade 
remedy laws that exist to protect U.S. industries. The Tariff Act of 1930 established 
antidumping and countervailing duties (AD/CVD) as protection against harmful 
trade practices.204 AD measures impose tariffs on imports that are sold below 
“fair” market prices (i.e., in cases of overproduction), while CVD measures 
establish tariffs on imports that have received subsidies from foreign 
governments. The U.S. International Trade Commission (USITC) and International 
Trade Administration (ITA) investigate violations and impose tariffs on specific 
products that are deemed to cause “material injury” to domestic producers. 
Additional trade remedies, such as Section 201 of the Trade Act of 1974, are 
classified as “safeguard laws,” whose main purpose is to protect domestic industry 
from sudden influxes of imported goods.205 Section 232 of the Trade Expansion 
Act of 1962, for example, permits the imposition of import tariffs in the interests of 
national security.206 On request from any “interested party,” the Department of 
Commerce carries out a Section 232 investigation to determine whether specific 
imports are a threat to national security; the president may then establish tariffs, 
quotas, or other trade measures to counteract the threat. Of the three trade 
remedies, AD investigations have served as the primary mechanism to protect 
domestic industry—though CVD measures have gained renewed attention in the 
past half century.207 

Trade remedies have become increasingly prominent in U.S. policy for iron and 
steel. In 2002, for example, an estimated 130 of 260 AD tariffs and 30 of 50 CVD 
tariffs pertained to steel products.208 Concurrently, the Bush administration, in 
response to the ongoing steel crisis in the United States (see chapter 2), imposed 
Section 201 “safeguard” tariffs of up to 30% on imports of 14 categories of steel 
products. Several legislative and executive efforts emerged during this time as 
well, including the Emergency Steel Loan Guarantee Act of 1999, the Continued 
Dumping and Subsidy Offset Act of 2000 (“Byrd Amendment”), the first cases 
invoking Section 421 of the Trade Act of 1974 (brought in 2002), and numerous 
attempted AD/CVD law reforms. Notably, the Byrd Amendment created a fund, 
supplied by AD/CVD revenues, for direct compensation to impacted domestic 
producers, especially in the steel industry. Shortly after its enactment, this direct 
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distribution of tariff revenue to affected companies was found to be in violation of 
WTO rules because it went beyond rectifying the trade imbalance to subsidize 
domestic producers directly, leading to congressional repeal in February 2006.209

In March 2024, the DOC implemented reforms to AD and CVD investigation 
procedures.210 The changes recognize that foreign producers may gain an unfair 
cost advantage due to inadequate government enforcement of legal protections, 
including environmental regulations, labor laws, and property and human rights.

The reforms, effective as of April 24, 2024, expand the scope of AD/CVD 
regulations, allowing DOC to impose duties on the basis of “weak” enforcement in 
these categories. It remains to be seen how the recent AD/CVD changes will 
impact steel trade and embodied emissions.

In the past decade, tariffs under Section 232 of the 1962 Trade Expansion Act and 
Section 301 of the 1974 Trade Act have been used with increasing frequency, as U.S. 
industrial policy has sought to address concerns over national security, domestic 
industrial capacity, and unfair foreign trade practices.211 In March 2018, the Trump 
administration invoked Section 232 to impose a 25% ad valorem tariff on steel 
imports on national security grounds. Since 2018, various countries have either been 
exempted from the Section 232 tariffs (such as Canada and Mexico) or subject to 
less punitive quotas (Argentina, Brazil) or tariff rate quotas (EU countries). 

Individual products have also been excluded from Section 232 tariffs on the 
grounds of insufficient quantity or quality of equivalent domestic products or 
distinct national security concerns.212 Product exclusion requests are submitted by 
U.S. stakeholders and initially reviewed by Customs and Border Protection (CBP) 
and the Department of Commerce (DOC). Afterward, there is a 30-day window in 
which other parties (e.g., domestic steel producers that manufacture similar 
products) can object to the request. Within the DOC, the International Trade 
Administration then provides a recommendation to the Bureau of Industry and 
Security, which completes a review of national security implications before 
granting or denying the exclusion request. Exclusions are usually granted for a 
period of one year (or until the granted quantity has been exhausted, whichever 
comes first).

As of January 2024, the DOC Section 232 Exclusions Portal listed approximately 
344,000 steel product exclusion requests dating to June 2019.213 Of those, 
approximately 233,000 have been granted, 101,000 have been denied, and 10,000 
are pending. CBP recognized roughly 50,000 individual product exclusions 
(across both steel and aluminum products) as of January 25, 2024.214

Over time, country and product exemptions have accumulated, resulting in a 
declining share of imports covered by Section 232 and Section 301 tariffs.215 From 
2018 to 2021, the share of steel imports (excluding steel derivatives) subject to 
Section 232 and 301 tariffs dropped from 38.9% to 27.6% by import weight—a 
consequence of both country and product exemptions. In contrast, the share of 
steel derivative products subject to tariffs over the same period jumped from 1.0% 
to 42.7%—likely a consequence of the inclusion of “downstream” steel products in 
the latter tranches of Section 301 tariff deployment. CBP collected approximately 
$12.9 billion in Section 232 tariff revenues on steel products in fiscal years 2018 
through 2022, averaging $2.6 billion across the five years (see table 6.1). 
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Table 6.1: CBP Section 232 steel tariff revenues.216

Fiscal year 2018 2019 2020 2021 2022 Total

Tariffs collected $3.4B $4B $1.3B $1.6B $2.6B $12.9B

Section 232 tariffs were introduced as a national security measure, but their 
enforcement has increased the cost of importing from regions with higher GHG 
emissions intensities of steel production. From 2017 to 2023, the U.S. International 
Trade Association (ITA) reported a decline in steel imports from 34.7 MMT to 23.7 
MMT per year—a reduction of almost 32%.217 Eight countries accounted for 
roughly 9 MMT of the decline. For seven of these eight countries, the average 
emissions intensity of steelmaking (based on 2019 emissions intensities) was 
greater than the U.S. national average (see table 6.2).218 Though the COVID-19 
pandemic, supply chain issues, and geopolitical upheaval have impacted trade 
flows, trade tariffs remain a key factor in the recent reduction in steel imports.219 
The U.S. International Trade Commission attributes a 17.2% decline in steel imports 
between 2017 and 2021 to the combined effect of Section 232 and 301 tariffs.

Table 6.2: Steel imports to the U.S. from selected countries and GHG 
emissions intensity of production.220 

Country of origin Imports, 2017 (MMT) Imports, 2023 (MMT)
Decline in imports,  
2017 to 2023 (MMT)

Average Emissions Intensity, 2019  
(t CO2e/tcs)221

United States N/A N/A N/A 1.0

Russia 2.87 0.00 2.87 1.5

Turkey 1.99 0.28 1.70 1.0

Brazil 4.67 3.58 1.10 1.7

South Korea 3.41 2.39 1.02 1.6

Japan 1.73 1.08 0.65 1.9

India 0.75 0.30 0.45 2.2

Germany 1.38 0.95 0.44 1.4

Tariffs (such as those from Section 232) could provide a ready-made revenue 
source for decarbonization of the industry and its impacts on communities and 
workers associated with iron and steel production. Though the Byrd 
Amendment ultimately did not withstand WTO scrutiny as a direct subsidy to 
trade-affected companies that were already benefiting from the tariffs levied 
against imported products, there are surviving precedents for allocating tariff 
revenues to specific programs deemed to be in the public interest. Most notably, 
the USDA Section 32 account, established by Congress in 1935, is funded 
through a permanent appropriation of 30% of import duties.222 The account, 
collecting over $27 billion per year, supports agricultural commodities by 
encouraging exports, boosting domestic consumption, and bolstering the 
purchasing power of affected farmers. Section 32 was originally established to 
support farmers during the Great Depression, specifically for commodities that 
did not receive other forms of price support.223

The Resilient Communities Act of 2023, introduced by Senators Cassidy (R-LA) 
and Baldwin (D-WI) on December 6, 2023, pursues a similar strategy: seeking to 
establish a fund for the use of AD/CVD revenues to support economic 
development in communities adversely affected by international trade.224 The bill 
signals bipartisan support for distribution of trade tariffs to domestic 
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communities, specifically where producers have been “injured” by foreign imports 
through the idling or shutdown of plants; loss of profits, production, or market 
share; or inability to invest in plant improvements.225 The use of Section 232 tariff 
revenues for decarbonization technology investments in the steel industry would 
function very differently from the direct subsidies authorized by the Byrd 
Amendment that were later repealed—since they would be used to advance the 
public interest in decarbonization and adaptation to climate change. In addition, 
the DOE, based on project-specific merits, would have to approve these 
investments, which would not be directly linked to the facilities producing 
tariff-targeted products.

Still other proposed legislation aims to strengthen existing trade remedies directly. 
For example, the Leveling the Playing Field Act 2.0 (S. 1856/H.R. 3882) was 
introduced in Congress in June 2023 by Representatives Terri Sewell (D-AL), Bill 
Johnson (R-OH), Frank Mrvan (D-IN), and Beth Van Duyne (R-TX) and to the 
Senate by Senators Sherrod Brown (D-OH) and Todd Young (R-IN).226 The 
bipartisan bill targets unfair trade practices through reform of AD/CVD processes 
and enforcement. If the bill is passed, the Department of Commerce will have 
greater responsibility and discretion in mitigating the harmful effects of duty 
evasion and circumvention, currency undervaluation tactics, cross-border 
subsidies, and other distortive practices that fall outside of the current 
implementation of AD/CVD measures. In addition, domestic producers will face 
fewer barriers to bringing successive AD/CVD cases against foreign production. 
The American Iron and Steel Institute (AISI), United Steelworkers (USW), and 
domestic manufacturers have come out in support of the proposed legislation, 
speaking to the broad appeal of trade measures in enhancing U.S. 
competitiveness and protecting domestic steel production and jobs.227

6.3 Carbon Border Adjustment Mechanisms (CBAMs)

Beyond conventional trade policy tools, CBAMs have emerged as a potential 
solution to carbon leakage while domestic producers face increasing pressure to 
decarbonize. CBAMs are policy instruments that impose tariffs on imported goods 
at the border based on CO2 emissions associated with production.228 The objective 
is to ensure that importers face a similar pressure to reduce CO2 emissions as 
domestic producers of the same goods. Key challenges in CBAM design and 
implementation include how to set a tariff that appropriately reflects domestic 
decarbonization pressure, how to measure CO2 emissions and apply the tariff (e.g., 
at the level of a product, plant, company, or country), and how to discourage 
noncompliance. With an emissions trading system in place for almost two decades, 
the European Union is currently leading on CBAM implementation.229

Potential CBAM designs share several characteristics. The primary goal of a CBAM 
is to treat domestic and imported goods equivalently based on embodied GHG 
emissions.230 CBAMs address a number of additional concerns from the 
perspective of various stakeholders. For instance, a CBAM assures domestic 
producers that climate policy will not place them at a competitive disadvantage 
relative to importers. Most commonly, a CBAM targets product-level embodied 
emissions. In the United States, the International Trade Commission publishes the 
Harmonized Tariff Schedule (HTS), which serves as the basis for defining covered 
products. Of the policies and proposals reviewed in this case, all cover iron and 
steel, aluminum, cement, and select downstream products.
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6.3.1 Comparing the EU CBAM and U.S. proposals

The European Union Carbon Border Adjustment Mechanism (EU CBAM) was 
introduced in May 2023, starting with a transitional period through the end of 
2025, and covers products in select sectors, including iron and steel.231 Covered 
steel product categories include direct steel imports, spanning sheet piling, pipe 
and pipe fittings, railway materials, structural steel, steel containers, and 
hardware.232 The policy serves as a complement to the existing European Union 
Emissions Trading System (EU ETS), a cap-and-trade system that limits major 
GHG emissions from EU sources.233 Development of the EU CBAM will take place 
in two major phases: (1) a transitional period through the end of 2025, during 
which importers will submit quarterly GHG emissions reports for covered goods, 
and (2) the permanent system beginning in 2026, where importers will surrender 
certificates in an amount equivalent to the total embodied emissions from the 
preceding year’s imports.234 The price of CBAM certificates will mirror the price of 
ETS allowances, calculated based on weekly average auctions, while accounting 
for any GHG emissions pricing faced in the country of origin. Free emissions 
allowances, which mitigated the impact of the ETS on domestic producers prior 
to the CBAM, will be phased out for domestic producers and importers alike 
between 2026 and 2034. 

Economic modeling by the European Commission suggests that the EU CBAM, 
measured against a base case of domestic policy to reduce GHG emissions 40% 
by 2030 (maintaining free allowances in the ETS), may reduce carbon leakage by 
29% in 2030.235 For iron and steel, leakage is projected to drop by 24%. 2030 
emissions in CBAM sectors for the EU and rest of the world would fall by 13.8% 
and 0.3%, respectively. Iron and steel imports would decline nearly 12% below the 
base case imports. Simulated economic and social impacts in the EU are modest; 
GDP would be 0.223% lower in 2030 versus the base case, and overall 
employment would be largely unaffected by CBAM implementation.

On average, the EU CBAM is not expected to have a profound effect on U.S. 
industry, since production is relatively clean in the global context.236 However, 
certain producers will suffer more than others, and there is an outstanding 
question: how can the United States equate its various climate policies—such as 
subsidies, tax credits, and subnational carbon pricing systems—to the EU’s 
economy-wide GHG price? A parallel effort to align U.S. and EU climate policy is 
the Global Arrangement on Sustainable Steel and Aluminum (GSA). 

The United States has some familiarity with CBAMs. The American Clean Energy 
and Security Act of 2009 (Waxman-Markey Act) attempted to address climate 
change through combined energy efficiency and renewable electricity standards, 
voluntary energy efficiency programs, a cap-and-trade program targeting an 83% 
reduction in GHG emissions by 2050, and additional measures to position the 
United States as a “clean energy economy.”237 The legislation—passed by the 
House in 2009 and never voted on in the Senate—sparked a wide range of 
responses from industry, activists, and international actors.238 Waxman-Markey set 
the stage for a CBAM through its international reserve allowance program, which 
would require importers to purchase emissions allowances, ensuring that they 
faced similar costs to domestic producers.239

More recent CBAM proposals in the United States include the Fair, Affordable, 
Innovative, and Resilient (FAIR) Transition and Competition Act of 2021, the 
Foreign Pollution Fee Act (FPFA) of 2023, and the Clean Competition Act (CCA) 
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of 2022 (reintroduced in December 2023).240 Table A6.1 in the appendix compares 
key elements of several CBAM proposals. Also of note is the PROVE IT Act (S. 
1863), introduced in June 2023, which calls for data collection and reporting of 
GHG emissions for certain domestic and imported products as a first step to 
establishing a CBAM.241

The FAIR Transition and Competition Act (S. 2378/H.R. 4534) was introduced to 
the 117th Congress in July 2021 by Senator Christopher Coons (D-DE) and 
Representative Scott Peters (D-CA).242 It defined a border adjustment fee for 
covered products, spanning iron and steel, aluminum, cement, and fossil fuels, 
defined by the “domestic environmental cost incurred”—in other words, the 
marginal cost to domestic producers of complying with U.S. environmental 
regulations. Half of revenues from the adjustment fees were to be allocated to 
state-level “resilient communities grants” for workforce transition assistance, 
climate change mitigation, and support of businesses hurt by the CBAM.243 The 
remainder would fund research, development, and commercialization of GHG 
reduction technologies. Though the bill eventually did not advance in the 117th 
Congress, it set the stage for present U.S. CBAM proposals. 

The Foreign Pollution Fee Act (FPFA), introduced by Senators Bill Cassidy 
(R-LA) and Lindsey Graham (R-SC) in November 2023, defines a tiered ad 
valorem border adjustment for covered products (including iron and steel direct 
imports, HTS 7201 through 7326) that seeks to limit imported embodied 
emissions to less than 10% above domestic emissions in equivalent products.244 
Covered products include iron, steel, aluminum, and cement, in addition to fuel 
and chemical products (biofuels, crude oil, hydrogen, methanol, ammonia, 
natural gas, petrochemicals, refined petroleum products), glass, plastics, pulp 
and paper products, and clean energy transition materials (lithium-ion batteries, 
critical minerals, solar cells and panels, and wind turbines). The act does not 
include any provisions related to domestic GHG emissions but strongly 
incentivizes other nations to enter “international partnership agreements” that 
would facilitate a harmonized GHG emissions reporting and reduction strategy 
in exchange for mutual removal of tariffs. Emissions intensity baselines are 
defined at the national average across each covered sector—a definition that 
may disincentivize foreign producers from decarbonizing, as their effort would 
not be reflected in a lower tariff.245 Nonetheless, the FPFA may still support 
environmental goals by targeting imports from highly emitting countries 
(primarily China) and represents an opportunity to expand the coverage of 
climate policy through international partnerships. 

In an op-ed on October 5, 2023, Senator Cassidy highlighted the following 
motivations for proposing the FPFA: the economic and military threat of China, 
the emissions advantage of U.S. manufacturing, the responsibility of large 
economies to address pollution, and the threat of GHG emissions leakage.246 The 
FPFA has been supported by AISI and the Steel Manufacturers Association, as 
well as leaders in the cement, chemicals, and battery manufacturing industries.247 

The Clean Competition Act (CCA) was reintroduced in the Senate on December 6, 
2023, by Senators Sheldon Whitehouse (D-RI) and Suzan DelBene (D-WA), 
offering an alternative CBAM to the FPFA.248 Covered products under the CCA 
include iron and steel, aluminum, cement, fossil fuels and related petroleum 
products, and select industrial chemicals.249 Similar to the EU CBAM, the CCA links 
border adjustments to domestic emissions policy.250 Domestic producers with 
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emissions intensities greater than the baseline (defined as the mean GHG 
emissions of domestic facilities) pay a fee based on the difference. Importers are 
subject to the same fees on a product-level basis. The CCA includes a timeline for 
reduction of benchmark values to encourage emissions reduction over time—
essentially instituting a carbon pricing mechanism.251 

The proposed CCA allocates 75% of CBAM revenues to a grant program for 
decarbonization of existing and new facilities in the covered sectors, with the 
remaining 25% directed to the Department of State for bi- and multilateral 
assistance for foreign climate and clean energy programs.252 Revenues are drawn 
from the Treasury General Account based on import fees from the preceding year, 
beginning in FY 2026. Exporters of covered goods may be rebated based on 
industry average GHG emissions intensity in the destination market. Industry 
reception may be mixed; AISI has already responded in support of the CCA 
imported emission tariffs but in opposition to the domestic emission reduction 
measures.253 

6.3.2 GHG Emissions Measurement

Implementation of any form of CBAM is predicated on measurement and 
reporting of GHG emissions associated with the production of covered goods.254 
GHG emissions are typically categorized into three buckets: Scope 1 (direct 
emissions), Scope 2 (indirect emissions from electricity), and Scope 3 (other 
indirect emissions across the supply chain).255 Scope 3 also includes upstream 
emissions such as extraction and transport of raw materials and downstream 
emissions of products (e.g., their use and end-of-life stages). Downstream 
emissions are not only difficult to estimate but also impractical to include in a 
CBAM context because use and end-of-life are no longer tied to specific nations 
or producers.256 Accounting frameworks for measuring emissions in the steel 
industry have been developed by ResponsibleSteel V2.0, worldsteel CO2 and LCI, 
ISO 14404/ISO 20915, and the Global Steel Climate Council.257 Table 6.3 provides 
details on several of these steel GHG emissions measurement methodologies.

Table 6.3: Several steel GHG emissions measurement methodologies.258

ResponsibleSteel Version 2.0  World Steel Association Global Steel Climate Council (GSSC)

Focus Product-level and production-level Production-level: BF-BOF, DRI-EAF, 

scrap-EAF

Product-level: hot rolled steel, flat 

and long products

Buy-in Steelmakers, upstream/downstream 

entities, affiliates

Raw steel companies and affiliates Steelmakers, upstream/downstream 

entities, affiliates

Coverage 106 MMT (5% global production) 485 MMT (25% global production) N/A; support from Nucor, Steel 

Dynamics

Update frequency 1.5 years 1 year 1 year; recertification every 3 years

Output GHG intensity per process, per plant CO2 intensity per plant GHG intensity per product

Omissions N/A Raw materials supply, upstream 

fossil fuel emissions, waste 

treatment, non-CO2 GHGs

Carbon offsets

Verification By ResponsibleSteel (nonprofit) None Third-party

Collecting and comparing GHG emissions data in the context of border 
adjustment presents several challenges, including the following:

1.	 Comparison of product emissions with different frameworks or methodologies 
may lead to inconsistent calculation of border fees. Consensus on 
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methodology and particularly on accounting boundaries is thus crucial to 
CBAM implementation. As seen in table 6.3, methodologies for measuring steel 
emissions vary. On a broader scale, the three primary carbon accounting 
frameworks (IPCC, ISO, and GHG Protocol Corporate Standard) differ in their 
definition of GHGs, level of granularity, and system boundaries.259 

2.	 A comprehensive CBAM would require highly disaggregated emissions data, 
such as at the product level. This is inconsistent with existing emissions data 
reporting protocols, such as the EPA Greenhouse Gas Reporting Program 
(GHGRP), which records facility-level data.260 Estimates of product-level data 
using facility-, firm-, or national-level emissions are likely to misrepresent the 
actual emissions of a product.261

3.	 The choice of default emissions data, which some systems suggest can be 
used in the absence of actual data, may lead to unintended (even perverse) 
incentives. For example, a CBAM that uses sectoral emissions averages based 
on country of origin may unfairly disadvantage clean foreign producers.262 

4.	 Foreign producers and importers have an incentive to underreport emissions for 
products that are subject to carbon fees.263 Verification of data accuracy thus 
becomes crucial but may not be feasible for the country imposing the CBAM. 

5.	 Complexity of data measurement, reporting, and accounting can reduce the 
scope of covered products/sectors under a CBAM.264 This may limit the 
CBAM’s overall efficacy in reducing carbon leakage.

The EU CBAM provides detailed guidelines for emissions methodology, 
accounting, and reporting, defined as the “monitoring, reporting, and verification 
(MRV) rules.”265 By the end of the transition period (through 2025), importers are 
required to report emissions following the EU MRV methodology. The 
methodology closely mirrors that of domestic producers under current ETS 
regulations. Beginning in 2026, importers must also obtain verification from an 
independent body to ensure the accuracy of submitted emissions data.266 The 
scope of emissions is defined for six steelmaking processes.267 

While a similar reporting and verification system is in place for the existing ETS, 
there remains a concern that expanding the scope of monitoring to foreign 
production will prove cumbersome and costly.268

Industrial GHG emissions accounting in the United States is covered by the EPA 
GHGRP. Established in 2009, the GHGRP sets requirements for reporting of GHG 
emissions for U.S. producers across 41 industries.269 The program covers direct 
(Scope 1) emissions for facilities that emit in excess of 25,000 tpa of CO2e. The 
GHGRP in its current form is not a suitable platform for CBAM emissions 
accounting; the lack of Scope 2 and upstream Scope 3 emissions (from inputs 
such as iron ore or DRI, coke, and scrap) precludes accounting for important 
sources of GHG emissions in iron and steel production; smaller facilities may fall 
below the emissions threshold for reporting; and facility-level data are not readily 
adapted to product-level border adjustments. 

How to set standards for GHG emissions accounting for steel is widely debated, 
due to potential impacts on the competitiveness of existing producers. This 
report does not take a position on which approach should be adopted, leaving 
that for the national commission on decarbonization (proposed in chapter 7) to 
resolve. In the meantime, more research is needed to understand and navigate 
any tradeoff between incentivizing efficient decarbonization and broader 
innovation in the industry, on the one hand, and limiting worker and community 
dislocation, on the other.
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At the request of the U.S. Trade Representative (USTR), the U.S. International 
Trade Commission (USITC) began investigating domestic steel and aluminum 
production GHG emissions in June 2023.270 A public report, to be released by 
January 2025, will establish detailed product-level Scope 1, Scope 2, and upstream 
Scope 3 emissions along with associated measurement methodologies. The data 
gathered by this USITC investigation are intended to aid in GSA negotiations but 
may have relevance for other domestic and trade-related climate policy. As part 
of the Buy Clean focus in the Inflation Reduction Act, the EPA is responsible for 
setting definitions of “clean” materials to be used in federal procurement.

6.3.3 Alternative CBAM Designs

One alternative approach to a CBAM is a Leakage Border Adjustment Mechanism 
(LBAM), a simplified scheme that imposes product-specific import tariffs and 
export subsidies with the aim of keeping trade flows constant before and after a 
carbon price takes effect.271 CBAMs are potentially problematic for a number of 
reasons: collecting data on foreign production is difficult, foreign producers have 
an incentive to underreport embodied emissions, and large foreign producers can 
prioritize export of low-emissions products to avoid fees without actually 
reducing emissions. The EU CBAM only focuses on a handful of sectors 
(mentioned earlier) due to the practical challenges of implementation. In contrast, 
an LBAM calculates product-specific fees based on domestic data only for 
product-level trade and in-country consumption data and granular firm-level data 
supplied by domestic producers. Using simplified information collection limited to 
domestic data, an LBAM can be extended to any product sector.

The logic of an LBAM is as follows: a domestic carbon price may introduce an 
additional production cost to domestic manufacturers of a specific product.272 
This will be reflected in an increased demand for imports of that product—causing 
carbon leakage, if imports are more carbon intensive than domestic products. To 
counter this, an LBAM tariff is applied to all imports of that product, aimed at 
restoring import demand to the baseline level prior to the imposition of carbon 
pricing. The LBAM does not depend on actual embodied emissions; rather, it 
seeks to maintain existing trade flows.

Though LBAMs are untested in practice, economic modeling suggests that their 
implementation may offer benefits versus alternative mechanisms.273 The EU 
CBAM in its current form may have limited impact on carbon leakage because it 
covers so few sectors. In contrast, an EU-based LBAM is predicted to have a large 
impact on global GHG emissions reduction with relatively small average import 
tariffs and export subsidies. Additionally, modeling suggests an LBAM may be 
complementary to a “climate club” of countries that share carbon pricing and 
border adjustment schemes. 

Antidumping duties (AD) are another option for preventing the importation of 
carbon-intensive goods. AD law allows the imposition of tariffs when there is a 
“material injury” to domestic producers from imports sold at “less than fair 
value.”274 The Department of Commerce has some discretion in AD rulings, 
opening the door for consideration of GHG emissions intensity when establishing 
the definition of a “fair” value for goods. Cheap, emissions-intensive goods may 
be deemed unfair and thus subject to AD. However, the legal standing of such a 
practice is uncertain. Section 232 tariffs likely offer a stronger alternative, given 
that the U.S. executive has direct authority to levy them. 
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Climate clubs or climate alliances—trading blocs of nations with coordinated 
climate actions—are promising approaches for reducing emissions in trade.275 In a 
climate club, countries of equal or greater climate policy ambition (e.g., as reflected 
in a carbon price) or of lower GHG emissions intensity in certain goods would be 
exempted from tariffs by the importing country in question. The United States and 
the EU are currently engaged in negotiations over the Global Arrangement on 
Sustainable Steel and Aluminum (GSA), seeking to establish a climate club to 
address global overcapacity and CO2 emissions specific to steel and aluminum 
production.276 Initiated in 2021, the GSA set a deadline of 2024 to establish 
standards for green steel and delineate an agreement between the two partners. 
Presently, EU steel imports are exempt from Section 232 tariffs, but quarterly tariff 
rate quotas (TRQs) remain in place.277 The EU has pushed for annual TRQs (as 
opposed to the quarterly system), though it is reluctant to impose countervailing 
tariffs on U.S. imports. Concurrently, the EU is considering reopening a WTO case 
against the United States over the tariffs, which currently impose an approximately 
$350 million per year burden on EU exporters.278 In December 2023, the two parties 
agreed to extend the present arrangement through March 2025, with both sides 
seemingly far from reaching an agreement.279 

The FPFA would grant exemptions to border adjustment fees for nations that 
engage in “international partnership agreements” with the United States.280 The 
USTR, in coordination with relevant congressional committees, is largely 
responsible for negotiating these agreements. International partnership 
agreements are conditional, based on establishing “compatible methods to 
promote pollution reduction through trade mechanisms” and “compatible 
pollution monitoring, reporting, and verification methods.” In other words, 
countries that cooperate on GHG emissions reductions can be exempt from 
CBAM fees, forming a kind of climate club.281 Such an approach can align global 
climate policy without requiring a border adjustment for products from all 
countries of origin.

6.3.4 CBAMs and International Trade Regimes

The introduction of the EU CBAM has sparked debate over the international 
rules-based scheme established under the WTO.282 Opponents of the CBAM point 
to three articles in the General Agreement on Tariffs and Trade (GATT). Article I, 
the most favored nation clause, forbids preferential treatment of imports from any 
country with MFN status.283 In a similar fashion, Article III forbids discrimination or 
preferential treatment between domestic products and imports. Article XI 
prevents trade restrictions (such as quotas) on other WTO nations.

Proponents of the EU CBAM cite GATT Article XX, which provides exceptions to 
the aforementioned rules for trade measures “necessary to protect human, animal 
or plant life or health” or “relating to the conservation of exhaustible natural 
resources.”284 Additionally, the EU has argued that the CBAM satisfies Articles I 
and III because the border fees apply equally to all importers and CBAM fees on 
foreign producers are equivalent to ETS fees on domestic producers.285 At 
present, the WTO Appellate Body (responsible for settling trade disputes) 
appears to be nonfunctional, casting doubt on the ability of the organization to 
weigh in on CBAM implementation.286 

International trade agreements are another vehicle for aligning climate goals. The 
USMCA, which replaced NAFTA in July 2020, defines trade terms between the 
three nations.287 The USMCA provides a framework for harmonization of climate 
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policy, specifically through mutual obligations to uphold multilateral 
environmental agreements (MEAs).288 The agreement explicitly names seven 
MEAs (including the Montreal Protocol) and includes a mechanism for 
amendments to the current list. Such an arrangement opens the door for the 
establishment of a North American CBAM or climate alliance in the future. 

6.4 The Relationship between Domestic Policy and Trade Policy

Unilateral domestic climate policy can take many forms, a full discussion of which 
is beyond the scope of this chapter. This chapter focuses on the ways that 
domestic climate policy can be used to determine the need for an appropriate 
and effective CBAM and to inform its design. 

For example, cap-and-trade (CAT) systems with free allowances have been 
implemented as a remedy to carbon leakage.289 The EU ETS is a salient example. 
CAT systems, in brief, define a maximum (cap) emissions level divided into a set 
amount of allowances.290 Producers must obtain allowances in proportion to their 
actual emissions over a given period. Allowances can be purchased through 
auction or trade. GHG emissions leakage can be mitigated through the 
distribution of free allowances to producers, as determined by historical emissions 
(grandfathering) or production amount (output-based allocation). The EU ETS 
takes a slightly different approach, allocating free allowances based on capacity.291 
Modeling suggests that a border adjustment may be more effective at reducing 
carbon leakage than CAT with free allowances.292 Accordingly, the EU is scheduled 
to gradually eliminate free allowances in the ETS between 2026 and 2034, 
concurrent with the scale-up of CBAM regulations.293

Existing CAT programs in the United States include the Regional Greenhouse Gas 
Initiative (RGGI), covering electricity generation across 11 states, and the California 
CAT system, inclusive of electricity, fossil fuel distribution, and certain industrial 
sectors.294 At the federal level, several CAT bills—notably, between the 108th and 
111th Congresses—have been proposed.295 The more recent legislative proposals 
include a border adjustment or free allowances to address concern over potential 
carbon leakage. 

Demand-side policy and initiatives can lower the “green premium” for 
decarbonized steel, improving the competitiveness of decarbonized products 
relative to more GHG-intensive imports.296 Green steel demand in the United 
States is projected to grow to 6.7 MMT per annum by 2030, driven by domestic 
content and Buy Clean requirements and clean energy infrastructure investments 
(required by the IIJA, the IRA, etc.), as well as increasingly ambitious corporate 
climate commitments.297 The Federal Buy Clean Initiative, launched by the Biden 
administration in 2021, seeks to spur demand for low-carbon materials (including 
steel) in federal construction projects.298 The IRA contributes to this effort, 
allocating $2.15 billion in Section 60503 to the General Services Administration for 
procurement of green materials.299 Several states have announced similar Buy 
Clean programs to boost demand for clean materials in state projects.300 
Procurement efforts in 13 states are supported by the Federal-State Buy Clean 
Partnership, started in March 2023.

Voluntary demand platforms and initiatives can also play a role in driving down 
costs for green steel. Rocky Mountain Institute has formed the Sustainable Steel 
Buyers Platform (SSBP), which aims to aggregate green steel demand from steel 
consumers across multiple U.S. sectors and allow flexibility in buyer contract 
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options.301 The SSBP, launched in September 2023, will unfold in two phases: a 
request for information (RFI) phase through the end of 2023 to determine green 
steel premiums from North American steelmakers, followed by a request for 
proposal (RFP) phase for the aggregated buyers to secure quotes from 
steelmakers.302 As of September 2023, large corporations had committed to the 
purchase of 2 million short tons of steel through the SSBP. 

Other voluntary green steel initiatives include the First Movers Coalition and the 
SteelZero Commitment Framework, summarized in table 6.4. 

Table 6.4: Voluntary steel commitment platforms.303

Global Steel Climate Council - Steel 
Climate Standard

First Movers Coalition SteelZero

Definition of green steel Steel product GHG intensity targets, 

following a decreasing trendline from 

2022 through 2050

2022 baseline: 1.47 tCO2/tcs (long 

products), 1.84 tCO2/tcs (flat products)

0.1 tCO2/tcs (100% scrap)

0.4 tCO2/tcs (0% scrap)

ResponsibleSteel certified

OR

From producers with a 

science-based target approved by 

the Science Based Targets initiative 

(SBTi)

OR

0.2 tCO2/tcs (100% scrap)

1.4 tCO2/tcs (0% scrap)

2030 goal 1.11 tCO2/tcs (long products), 1.31 tCO2/tcs 

(flat products)

>10% of annual steel 

procurement to meet/exceed 

near-zero emissions definition

50% “green” steel

2050 goal 0.12 tCO2/tcs (long and flat products) N/A 100% net-zero steel

Included emissions “Cradle to gate” “Cradle to gate” Scope 1, Scope 2, and upstream 

Scope 3 emissions

Notable members CELSA Group, Commercial Metals 

Company, Institute of Scrap Recycling 

Industries (ISRI), Nucor Corporation, 

Steel Dynamics, Inc., Steel 

Manufacturers Association (SMA)

Consolidated Contractors 

Company (CCC), Iberdrola, 

Orsted, Volvo

Orsted, Iberdrola, Polestar, Trane, 

Volvo

Standards are another tool that can drive up demand for green steel. The 
ResponsibleSteel standard, mentioned previously, lists requirements for GHG 
emissions in addition to other social and environmental stipulations.304 As of 
February 2024, U. S. Steel’s Big River Works in Osceola, Arkansas, is the only U.S. 
site to have ResponsibleSteel certification.305 Other standards such as the GSCC 
would have a similar effect. In the construction industry, the LEED standard has 
begun to include GHG emissions associated with the production of building 
materials.306 These frameworks can complement regulations and voluntary 
commitments to accelerate decarbonization efforts.307

6.5 Recommendations: Trade and Climate Policy

Trade and climate policy recommendation 1: Support the U.S. iron and steel 
industry by funding capital costs and incremental operational costs over the 
arc of the transition to deeply decarbonized iron- and steelmaking. Direct this 
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funding especially to producers that achieve local environmental benefits and 
commit to high-road labor practices.

U.S. trade policy and domestic policy should be harmonized to achieve desired 
environmental and labor standards. Though the United States has a relatively 
clean steel industry, continued investment in decarbonizing technologies will 
support this industry’s leadership on the global stage and provide a powerful 
incentive for decarbonization of the global steel industry. Funding decarbonizing 
opex and capex through trade policy supports those aims. Designing a future 
carbon border adjustment mechanism, concurrent with development of an 
implied carbon fee, addresses U.S. climate goals while also leveling the playing 
field for U.S. producers—minimizing carbon leakage, strengthening domestic 
industry, and protecting steelmaking communities.

Trade and climate policy recommendation 2: Use Section 232 tariff revenues 
for steel decarbonization in the medium term. A robust U.S. green steel industry 
is crucial to securing U.S. industrial supply chains and preserving a national 
competitive advantage in decarbonizing technologies. Since Section 232 tariffs 
are established in the interest of national security, they are a fitting vehicle for this 
purpose. Furthermore, Section 232 tariffs have proven to be durable domestically. 
Revenues from Section 232 tariffs can fund investment tax credits to offset steel 
decarbonization capex costs, as outlined in chapter 3. The USDA Section 32 
Account outlines an important precedent for allocation of tariff revenues in a 
similar fashion. Setting aside Section 232 steel tariff revenues in the medium term 
(i.e., five to eight years) for steel decarbonization investments provides market 
stability for the industry and adequate time to design a long-term CBAM solution. 
Upon implementation of a long-term funding source for steel decarbonization, 
potentially from CBAM revenues, Section 232 tariffs may revert to their current 
revenue design.

Section 232 tariff revenues should be allocated to dedicated steel decarbonization 
programs administered by the appropriate federal agencies, such as the DOE. As 
described in chapter 3, steel decarbonization programs should be funded in a fair 
manner such that both integrated and EAF steelmaking can achieve emissions 
reductions targets. IRA funding (45V, 45Q, 45X, or 48C) or programs such as the 
Industrial Demonstrations Program provide a template for administration of new, 
independent, dedicated steel decarbonization initiatives. Building on existing 
programs, DOE offices specializing in advancing different phases of research, 
development, and commercialization could support steel decarbonization across 
all levels of technological maturity.308 Support will also be important for emerging 
technologies, as mentioned in chapter 3.

The product exemption process is a core component of Section 232 tariff 
administration. Streamlining of this process, while establishing equal footing for 
both exemption petitioners and objectors, is crucial for ensuring tariffs are applied 
under the appropriate circumstances.

Trade and climate policy recommendation 3: Relevant trade policy authorities 
should reach consensus on a U.S. CBAM or other mechanism to mitigate carbon 
leakage in the medium term (five to eight years) using a clear, broadly 
accepted, interoperable system for CO2 emissions accounting based on 
common system elements and boundaries.

Establishing a date for a future CBAM (to eventually supersede Section 232 tariffs 
as a revenue source for steel decarbonization) would provide certainty to U.S. 
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producers and incentivize investment in decarbonizing technologies. It would 
further encourage negotiations with trading partners to address carbon leakage in 
the steel industry. It could also provide a source of revenue to replace the Section 
232 tariffs. CBAM development is still in its infancy on the global stage, but there 
is an opportunity to lay the groundwork while policymakers develop consensus on 
the finer details of CBAM construction.

CBAMs are predicated on robust, transparent, and comprehensive emissions data 
collection. Relevant federal agencies should develop measurement, reporting, and 
verification protocols and adopt an accounting standard that is compatible with 
international standards. The EPA GHGRP, expanded to include Scope 2 and 
upstream Scope 3 emissions and emissions from coproduct gases, could serve as 
a foundation for such a standard. 

In the absence of granular data, reporting guidance should be carefully designed 
to incentivize the desired outcomes. For example, default values based on the 
national average intensity may allow heavily emitting foreign producers to claim 
the default value and reduce their border adjustment burden without reducing 
emissions. An alternate approach sets default values based on the top (10% or 1%) 
emitting producers in that country of origin, encouraging both emissions 
reductions and actual data collection. 

Some of the CBAM proposals discussed earlier introduce a petition process in 
which importers request to use lower emissions intensities than otherwise would 
be applied to certain products. Domestic producers should be granted a similar 
ability to petition for greater emissions intensities on certain products, thus 
maintaining a balance between interests.

Establishment of a U.S. CBAM sets the stage for coordination of climate goals 
with trading partners. This policy could be extended across North America 
through an amendment to the USMCA Multilateral Environmental Agreement 
list. International trade agreements or climate alliances (such as the GSA) can 
further broaden the environmental impact of a U.S. CBAM by granting border 
adjustment fee exceptions to nations with equivalent or stronger climate policy 
or emissions performance. 

Trade and climate policy recommendation 4: Support steelmaking communities 
through trade policy. Trade policy has the potential to address the past and 
present harms to American steelmaking communities. The proposed bipartisan 
Resilient Communities Act is an indicator that there is support for investing in the 
communities most affected by harmful trade practices. The IIJA, the IRA, and the 
CHIPS and Science Act include some of the key components of labor and social 
reform, though there remain notable opportunities for strengthening, especially 
for Community Benefits Plan (CBP), local hire, and Project Labor Agreement 
(PLA) requirements.309 Section 232 tariff revenues (or future CBAM revenues) may 
be used to address the issue—connecting steel decarbonization grants and tax 
incentives with CBPs and Community Benefits Agreements for community and 
workforce engagement and providing bonus tax credits for reinvestment in 
existing communities. 
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7.	Recommendations for Iron and Steel Decarbonization  
by 2050

The analysis presented in earlier chapters supports four overarching case study 
recommendations. These recommendations, laid out below, provide for a 
self-funded framework to accelerate deep decarbonization of the iron and steel 
industry in the United States.

Recommendation 1: Create a national public-private commission to provide 
leadership and oversight of iron and steel decarbonization. This commission 
should be composed of industry, appropriate government agencies, labor, 
technical experts, and community members. Industry, government, labor, and 
community representatives should have the opportunity to nominate their own 
representatives, who would be confirmed by the executive branch. The 
commission would have broad responsibility to design and review a federal plan 
for iron and steel decarbonization by 2050. Consistent with federal advisory 
committee rules and SEC requirements, the commission’s key responsibilities 
would include: (1) developing consensus criteria for net-zero compatible 
technologies eligible for federal support and overseeing implementation, (2) 
identifying critical iron and steel decarbonization infrastructure projects, and (3) 
producing, by December 1, 2025, a roadmap report on iron and steel 
decarbonization by 2050, which would be used as guidance by implementing 
federal agencies. The commission should also issue an annual report to the 
executive and Congress describing the industry’s decarbonization program, 
tracking its progress toward decarbonization goals (based on internationally 
common or at least interoperable CO2 emissions accounting boundaries), and 
identifying gaps in various complementary dimensions of the steel transition. 

Recommendation 2: Appropriate Section 232 revenues to fund iron and steel 
decarbonization by 2050. Section 232 tariffs should be maintained and extended 
for at least five to eight years or until an agreement on a CBAM is reached with 
major trade partners. Section 232 revenues should be used to fund capital costs 
for iron and steel decarbonization. Once a CBAM is in place to provide funding for 
iron and steel decarbonization, Section 232 steel revenues should revert to the 
U.S. Department of the Treasury. A new Office of Steel Decarbonization, 
administered by the U.S. Department of Energy, should be established to review 
grant applications and award iron and steel industry decarbonization grants 
following the guidance supplied by the commission’s roadmap report on iron and 
steel decarbonization and annual reports to the executive and Congress.

Recommendation 3: Extend and augment existing IIJA and IRA programs and 
tax credits to support iron and steel decarbonization. The funds appropriated 
for the Industrial Demonstrations Program (IDP), CCS, and the Regional Clean 
Hydrogen Hubs Program (H2Hubs) will contribute to enabling both early 
plant-specific investments and deep decarbonization through the provision of 
infrastructure to access clean electricity and hydrogen. Existing IRA tax credits 
such as 45Q and 45V will be necessary for iron and steel decarbonization by 
2050 and should be adjusted for inflation and extended for the industry beyond 
their current expiration at the end of 2032. Since multiple federal agencies have a 
range of authorities and programs that could impact the speed and success of 
iron and steel industry decarbonization efforts, an interagency working group, 
including representatives of the DOC, DOE, DOL, USDT, and EPA, should be 
established to coordinate federal support across federal agencies for iron and 
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steel plants to decarbonize using new and existing programs. This working group 
should coordinate its activities with the commission and the DOE’s Office of Steel 
Decarbonization and be mandated to address roadblocks to iron and steel 
industry access to enabling infrastructure, such as decarbonized electricity; 
carbon capture, transport, and sequestration; and clean hydrogen. 

Recommendation 4: Involve community members and workforce 
representatives early and often in decarbonization planning. Iron and steel 
companies should proactively engage community members and workforce 
representatives, including labor unions, to design decarbonization plans with 
accountability for outcomes. These engagement strategies will need to be 
site-specific, addressing unique legacies and stakeholder dynamics. Training and 
upskilling opportunities for affected employees will be an essential component of 
all decarbonization plans. Companies should ensure that any public health and 
environmental co-benefits of decarbonization investments are key components of 
community engagement and part of the design of any Community Benefits Plans 
(CBPs). Ultimately, Community Benefits Agreements that codify job quality, public 
health, and environmental targets with accountability provisions are an essential 
outcome of both community engagement and CBPs and should be required of all 
federal grant recipients.

Implementing these recommendations would establish an institutional framework 
and overall strategy for equitable deep decarbonization of iron and steel 
production in the United States. It would also provide a model for other industries 
to adopt or adapt. Industrial strategies for decarbonization within the industrial 
sector that are coordinated with broader decarbonization efforts can accelerate 
progress by ensuring that climate, trade, and industrial policy aims are considered 
in an integrated fashion. Chapters 3 through 6 conclude with recommendations 
that elaborate on or complement the recommendations above. Taken together, 
the Roosevelt-style approach outlined in this case study offers a powerful starting 
point for ensuring that the U.S. iron and steel industry, its workers, and its 
connected communities can lead and thrive in the climate century.
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Appendix: Chapter 4

Table A4.1: Demographic profile of surveyed communities: county level.310

County Tech
Persons below 
poverty level Unemployed

Without high 
school education Over age 64

Minority 
population

Blytheville, AR Mississippi EAF 21.8% 9.6% 17.4% 14.6% 43.0%

Hickman, AR Mississippi EAF 21.8% 9.6% 17.4% 14.6% 43.0%

Osceola, AR Mississippi EAF 21.8% 9.6% 17.4% 14.6% 43.0%

Fairfield, AL Jefferson EAF 15.9% 6.1% 9.4% 15.9% 50.8%

Birmingham, AL Jefferson EAF 15.9% 6.1% 9.4% 15.9% 50.8%

Cleveland, OH Cuyahoga BF 16.7% 7.5% 9.3% 18.3% 42.0%

East Chicago, IN Lake BF 14.8% 7.1% 10.2% 16.5% 46.8%

Gary, IN Lake BF 14.8% 7.1% 10.2% 16.5% 46.8%
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