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EXECUTIVE SUMMARY
Highlights
 ▪ A low-carbon product standard for steel in the United 

States that establishes an emissions intensity bench-
mark with tradable credits can drive a reduction in 
emissions intensity in the steel industry. The standard 
would provide incentives to adopt existing abatement 
options and to invest in emerging technologies.

 ▪ A low-carbon product standard for steel should maxi-
mize coverage of emissions related to steel production 
while minimizing administrative complexity.

 ▪ Addressing the barriers to abatement in the steel in-
dustry will require a suite of complementary policies. 
A low-carbon product standard can play a significant 
role, but additional policies will be needed to fully 
decarbonize the sector.

 ▪ This paper offers recommendations on key design 
considerations for a low-carbon product standard for 
steel, including what products and emissions should 
be covered by the standard, how to define an emis-
sions intensity metric and set a benchmark, reporting 
requirements, crediting and compliance, and how 
to address the risk of leakage and competitiveness 
concerns. Due to a lack of publicly available data, this 
paper does not recommend specific levels for policy 
design elements.

https://doi.org/10.46830/wriwp.20.00113
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Decarbonizing the Steel Industry
The United States must significantly decarbon-
ize every aspect of its economy, including the 
industrial sector. Innovative policies will be required to 
provide strong incentives and to drive U.S. manufacturers 
to adopt technologies and practices that will lead to a 
reduction in industrial greenhouse gas (GHG) emissions. 
In recent decades, the United States has significantly 
shifted its production of steel from processes with high 
emissions intensities to ones with lower emissions intensi-
ties that predominantly use recycled steel as an input. 
However, steelmaking still accounts for over 80 percent of 
direct emissions due to metals manufacturing (EPA 2021), 
5 percent of industrial emissions, and approximately 1.5 
percent of total GHG emissions in the United States (EPA 
2020b). Furthermore, steel production is estimated to 
account for 8 percent of global emissions, so it is impor-
tant for global leaders in steel production, such as the 
United States, to take the lead in reducing steel emissions.

Commercially available technologies and new 
technologies offer opportunities to substantially 
reduce or even eliminate emissions in the steel 
industry. The use of green hydrogen; renewable energy; 
and carbon capture, use, and storage could offer near-
term and long-term decarbonization opportunities. 
Furthermore, new electrolytic steelmaking processes, 
similar to those used in manufacturing other metals, 
have the potential to drastically alter low-emissions 
steelmaking.

A variety of policy tools will be needed to bring 
these technologies to market. These include policies 
such as government procurement requirements, a carbon 
tax, cap-and-trade programs, production tax credits, 
carbon storage tax credits, renewable energy standards, 
funding for research and development, and voluntary 
certification programs. Each of these policies performs 
optimally when applied to a certain phase of technology 
development. For instance, research and development 
funding programs are clearly most effective in the early 
phases of technology development. Renewable energy 
standards, production tax credits, and certification 
programs provide incentives for technologies in the 
diffusion phase of development. Finally, carbon pricing 
policies, such as a carbon tax or a cap-and-trade program, 
provide incentives for widespread, commercially available 
technologies.

While other policy mechanisms are well 
established and their potential impacts on 
decarbonization are well understood, low-carbon 
product standards have received less attention 
from policymakers. A low-carbon product standard 
is a sector-specific, market-based regulation that 
establishes an emissions intensity standard for a set of 
defined products. Companies that manufacture products 
covered by the standard either generate tradable credits or 
obligations based on the degree to which their emissions 
intensity is lower or higher, respectively, than the 
benchmark.

Design Considerations for a Low-Carbon 
Product Standard for Steel
A low-carbon product standard applied to the U.S. 
steel industry would advantage low-emissions 
steelmaking technologies and result in a shift 
toward these technologies and away from high-
emissions technologies. The design details of a 
low-carbon product standard for steel must be tailored 
specifically to the products and emissions profile of the 
steelmaking process. Crucially, a low-carbon product 
standard for a trade-intensive industry, such as the steel 
industry, must contain certain design elements that deter 
the relocation of production to unregulated markets.

Design recommendations for a low-carbon stan-
dard for steel in the United States: 

 ▪ Product choice should include intermediate steel 
products in the form of sheets, plates, bars, beams, 
pipes, and tubes. These product categories correspond 
to the first sale of steel products from steel mills to 
consumers of steel mill products, which defines the 
point of regulation.

 ▪ Product benchmarks initially should be set to 
a fraction of the industry-wide average emissions 
intensity (tons of carbon dioxide equivalent emissions 
divided by tons of product produced) or to the average 
emissions intensity of top performers. The bench-
marks should be reduced over time in regular and 
predetermined intervals according to an assessment 
of abatement opportunities and in line with emissions 
reduction goals.

 ▪ Reporting should be at the company level and 
include facility-level data regarding GHG emis-
sions, material inputs, material outputs, electricity 
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consumption, electricity generation, and fuel use by 
fuel type for each covered product manufactured in a 
facility that produces more than a certain amount of 
steel per year or releases more than a certain amount 
of carbon dioxide equivalent emissions per year. This 
facility-level data can be used to determine the emis-
sions intensities of covered products.

 ▪ Emissions included in the product standard bench-
mark should be all Scope 1 (direct; generated on-site) 
and Scope 2 (indirect; due to purchased electricity) 
emissions as well as significant Scope 3 (indirect; off-
site; upstream) emissions associated with the manu-
facturing of the product.

 ▪ Tradable credits should be generated by companies 
that have an emissions intensity lower than the bench-
mark, whereas companies with an emissions intensity 
higher than the benchmark should be required to sur-
render credits.

 ▪ Leakage and competitiveness concerns should be 
addressed by applying the low-carbon product stan-
dard to all steel products produced and sold in the 
United States. Importers of upstream products (such 
as coke, iron ore, steel slabs, and sheets) and down-
stream steel products (final products that contain 
steel, such as cars and appliances) must comply with 
the standard as well, subject to a cutoff threshold 
linked to the value of steel in the product relative to 
the total value of the product.

About This Working Paper
This working paper is designed to offer insight 
regarding the role of a low-carbon product stan-
dard in providing targeted incentives for decar-
bonizing the steel industry in the United States. 
The paper provides an overview of the steel industry and 
options for reducing its emissions, and it reviews key 
design elements of a low-carbon product standard and 
includes preliminary recommendations. Additional work 
is needed to better understand the emissions and eco-
nomic implications of a low-carbon product standard for 
steel and to determine how a low-carbon product standard 
compares to, and might complement, other policies aimed 
at decarbonizing steel manufacturing and other industrial 
sectors.

A companion working paper considers the same 
issues for the cement industry. 

1. INTRODUCTION
Greenhouse gas (GHG) emissions due to industrial 
processes have received relatively little attention from 
policymakers and the public. This is due in part to the com-
plexity of the industrial supply chain and its exposure to 
international trade. This trade intensity raises concerns that 
regulations that increase production costs will affect the 
competitiveness of domestic producers relative to unregu-
lated foreign producers. Furthermore, the complexity of the 
supply chain and production processes makes measuring 
and attributing emissions difficult. These difficulties and 
concerns have resulted in the creation of policies that incen-
tivize emissions abatement in the easy-to-abate sectors. 
Although this increases economic efficiency in the short 
term, it results in the delay of technological advancements 
and emissions reductions in the hard-to-abate sectors.

Though competitiveness concerns need to be addressed 
(e.g., by applying the product standard to imports), there 
is still a need for policies that can drive reductions in hard-
to-abate industrial emissions while limiting the loss of 
production to foreign producers. Recently, clean product 
standards—referred to as low-carbon product standards 
in this paper—have been proposed as a way to address 
both competitiveness issues and the delay of emissions 
reductions in hard-to-abate sectors, such as industry 
(King et al. 2020). A low-carbon product standard is a 
performance standard that takes a sectoral approach 
to decarbonization by focusing on a product or a set of 
products in a specific sector (see Box 1).

This working paper lays out design elements and recom-
mendations for a low-carbon product standard for the 
U.S. steel industry and considers the potential effects of 
such a standard. The paper also explores alternative policy 
designs, acknowledging that the topic requires further 
study to determine which policy design is best suited for 
the U.S. steel industry.

The research presented in this working paper is based on 
literature review and consultation with industry stakehold-
ers, policymakers, and academic researchers. Industry 
information, data, and abatement options have been gath-
ered from, and are based on, government sources, industry 
trade organizations, and academic research. Existing 
policies, policy design considerations, and low-carbon 
product standard policy design elements were gathered 
from, and are based on, regulatory documents, industry 
trade literature, and academic literature. All data and data 
analysis are based on publicly available data.
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2. THE U.S. STEEL INDUSTRY
The industrial sector accounts for approximately 29 
percent of all GHG emissions in the United States (includ-
ing indirect emissions due to electricity use), and the steel 
industry is responsible for approximately 5 percent of total 
U.S. industrial emissions (EPA 2020b). To achieve deep 
decarbonization in the United States, it is essential that all 
industries, including the steel industry, embrace process 
improvements, industry best practices, and new and 
innovative technologies. In the steel sector, a shift toward 
low-emissions manufacturing could include using alterna-
tive fuels for heating processes; carbon capture, use, and 
storage (CCUS); and new iron ore reduction technologies.

Steel is ubiquitous in today’s society and is used in 
buildings, automobiles, appliances, and many other 
products. Steel is made through the reduction (removal 
of oxygen and other elements) of iron ore, which occurs 
naturally in the earth’s crust in the form of hematite 
(Fe2O3), magnetite (Fe3O4), goethite (FeO(OH)), limonite 
(FeO(OH)·nH2O), and siderite (FeCO3). Iron ore reduc-
tion involves the stripping of oxygen from iron ore by the 
burning of either a carbon-rich material, such as coke 
(obtained by heating coal in the absence of oxygen), or a 
hydrogen-rich material, such as natural gas or hydrogen 
gas, in the presence of iron ore. The result of this process 
is nearly pure elemental iron, which can then be combined 
with varying amounts of carbon and alloying elements 
(such as nickel, chromium, manganese, or zinc) in order 
to create a wide array of steel products with a variety of 
physical and chemical properties.

Nearly all steel currently produced in the United States 
is made in either an integrated mill or a minimill. An 
integrated mill transforms iron ore into steel using a blast 
furnace to reduce the iron ore and a basic oxygen furnace 
to adjust the carbon and alloy content of the steel. A 
minimill primarily melts recycled steel using an electric 
arc furnace (EAF) to produce new steel products. In 2017 
there were 9 integrated mills and 112 minimills in the 
United States, with integrated mills accounting for around 
one-third of domestic steel production and minimills 
accounting for around two-thirds.

Another aspect of modern steelmaking that is growing in 
significance is the direct reduction of iron ore—so-called 
because the process uses coal, natural gas, or hydrogen to 
reduce iron ore instead of using coke. The direct reduction of 
iron ore currently occurs in dedicated facilities, and its prod-
ucts—direct-reduced iron and hot- and cold-briquetted iron, 

Box 2  |   What Is the Role of a Low-Carbon Product 
Standard? 

As used in this paper, a low-carbon product standard is 
a sector-specific regulation that provides incentives to 
reduce the carbon intensity of manufactured products. This 
technology-neutral policy establishes an emissions intensity, 
or benchmark, for a set of defined products. Companies that 
make or import products covered by the standard generate 
credits if their emissions intensity is lower than the benchmark 
or obligations if their emissions intensity is higher than the 
benchmark. The number of credits or obligations companies 
generate depends on the amount that a company’s emissions 
intensity is above or below the benchmark. Because 
companies that generate credits can sell them to those 
that need to purchase them, the policy provides a financial 
incentive for companies to reduce the emissions intensity of 
their production process. 

As the benchmark is lowered over time, the product standard 
can help drive innovation by increasing the need to reduce 
emissions intensity. In addition, clear signals about the 
expected trajectory of the benchmark—how much it will be 
lowered and over what time frame—can provide long-term 
incentives for investment in innovation.

Driving deeper changes in the steel industry will require 
activating multiple policy levers. Because current abatement 
costs in other sectors are lower than abatement costs 
in steelmaking, cross-sectoral carbon prices have had 
limited effect to date in decarbonizing the steel industry. 
Sector-specific pricing programs can provide more targeted 
incentives to decarbonize sectors that might not respond 
to an economy-wide price. California’s Low-Carbon Fuel 
Standard demonstrates this approach, and a similar approach 
can be used for manufactured products through a clean 
product standard.a Investments and subsidies, such as public 
investment in carbon dioxide transport or tax credits for 
carbon capture, use, and storage, can also reduce the costs 
of abatement significantly and lead to more investment in the 
technologies necessary to realize the deep decarbonization 
of steel and other industrial sectors. The specific design 
elements of a low-carbon product standard for steel are 
discussed in more detail in Section 4.

Source: a. King et al. 2020.
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final consumer-facing products. The construction industry 
accounted for 44 percent of U.S. fabricated steel consump-
tion in 2019, and the automobile industry accounted for 28 
percent. Machinery and equipment (9 percent), energy (6 
percent), appliances (5 percent), and other uses (8 percent) 
accounted for the remaining consumption (USGS 2020).

Figure 1 depicts the key materials and processes involved 
in steelmaking and their approximate emissions intensi-
ties. It is important to note that emissions intensities can 
vary from facility to facility as a result of a variation in raw 
materials and fuels used, facility and equipment age, facility 
design, technologies used, production capacity, products 
manufactured, management practices, and other factors.

2.1 Production, Consumption, and Trade
In 2019, global production of steel was 1,870 million 
metric tons (Mt). In the same year, the United States had 
a steel production capacity of 111 Mt and manufactured 88 
Mt (AISI 2019)—fourth globally behind China, India, and 
Japan. 
In 2018, the top three steel companies in the United States 
accounted for 73 percent of production, and the top six 
accounted for 94 percent of domestic steel production 
(ITA 2020). In 2019, apparent U.S. steel use (domestic 
production minus exports plus imports) was 97.7 Mt, and 
true steel use (apparent use plus net indirect imports, 
which is defined as the trade of finished products that 
contain steel) amounted to 127.1 Mt (USGS 2020; world-
steel 2020).

Although the U.S. steel industry mainly exports finished 
steel products to Canada and Mexico, imports of finished 
products are more evenly distributed, with South Korea, 
Japan, Brazil, and Russia contributing significantly to 
U.S. imports. In 2019, the United States imported 27 Mt 
of intermediate steel products and exported 6.7 Mt (USGS 
2020), which amounted to the largest direct steel trade 
deficit and one of the largest direct steel trade volumes in 
the world (worldsteel 2020). The United States also has 
the largest indirect steel trade deficit, which amounted to 
net imports of 27.3 Mt in 2018 (worldsteel 2020). This 
trade intensity of steel in the United States has historically 
made it difficult to impose regulations on the industry, and 
it is also why a policy designed to reduce GHG emissions 
in the industry, such as a low-carbon product standard, 
must be applied not only to all steel produced in the 
United States but to imported steel products as well.

which are compressed direct-reduced iron products—are 
used in both integrated mills and minimills. In 2020 there 
was one direct-reduced iron facility and two hot-briquetted 
iron facilities in the United States (USGS n.d.).

In an integrated mill, steel is generally produced by 
loading processed lump iron ore, coke, and limestone into 
a blast furnace where the ore is reduced and the impurities 
are removed. Sinter and pellets, which are agglomerated 
iron ore fines and other minerals, can also be added to the 
blast furnace, and oil and pulverized coal can be added as 
fuel and reduction agents. The hot metal produced by the 
blast furnace, called pig iron, is approximately 96 percent 
elemental iron, 4 percent carbon, and trace levels of other 
elements. This hot metal is loaded into a basic oxygen 
furnace along with lime, alloying metals, scrap iron and 
steel, and direct-reduced iron. These materials are heated 
to around 1,800°C, and excess carbon is removed by blast-
ing oxygen into the furnace.

As the name suggests, a minimill is much smaller in 
size compared to an integrated mill, lacking both a coke 
furnace and a blast furnace. In a minimill, an EAF uses an 
electric current to melt recycled steel scrap, pig iron, and 
direct-reduced iron to produce new steel products.

The direct reduction of iron ore is characterized by reduc-
tion without melting or the use of coke; it is usually per-
formed using either coal or natural gas. Direct-reduced iron 
can be used in blast furnaces and in EAFs in the production 
of high-quality steel products. Production can be flexible 
regarding fuel, with facilities using natural gas as a reduc-
tion agent able to switch to coal or hydrogen and vice versa.

Steel exits the steelmaking furnace (basic oxygen furnace 
or EAF) in the form of liquid hot metal, which is imme-
diately formed into semifinished products: slabs, billets, 
blooms, or ingots. These products are then reheated and 
further processed at the steel mill into so-called finished 
products: slab is formed into flat products, such as sheets 
and plates; billets are formed into mostly long products, 
such as reinforcing bars, pipe, tubing, and wire; blooms 
are shaped into I beams and other heavy structural prod-
ucts; and ingots are typically shipped to other facilities to 
be used in forming slabs, billets, or blooms.

Finished products are sold and shipped to construction, 
automotive, machinery, energy, appliance, and defense 
companies, where they are made or incorporated into the 
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Figure 1  |   The main processes and emissions intensities of steel production in the United States

Notes: DRI = direct-reduced iron. The typical emissions intensities for some products and processes are shown in units of metric tons of carbon dioxide equivalent per metric ton of steel produced. 
Lime and alloying elements are not shown. 
Sources: Adapted from worldsteel 2019; data from EPA 2009 and Pardo et al. 2012.
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3. DECARBONIZING THE STEEL INDUSTRY 
The integrated mill steelmaking process emits an average 
of approximately 2.5 metric tons (t) of carbon dioxide 
equivalent (CO2e) for every metric ton of steel produced. 
These emissions are primarily due to process emissions, 
which result from the interaction of oxygen in the iron 
ore with carbon monoxide produced by the combustion 
of coke, and the combustion of fuels and use of electricity 
for process heating. Minimill steel production from 100 
percent scrap emits approximately 0.4 tCO2e per metric 
ton of steel, which is an 80 percent reduction in emissions 
relative to an integrated mill (Conejo et al. 2020). If 100 
percent direct-reduced iron is used, then emissions due to 
steel production in an EAF total about 1.1 tCO2e per metric 
ton of steel produced if natural gas is used in reduction 
and about 1.5 tCO2e per metric ton of steel produced if 
coal is used in reduction (Conejo et al. 2020). It is also 
important to note that the emissions intensity of a min-
imill is highly dependent on the emissions intensity of the 
electricity used to power the EAF.

In 2019, direct emissions in the U.S. steel industry 
amounted to 73 MtCO2e, or 1.1 percent of total U.S. 
emissions (EPA 2020b, 2021). Approximately 42 MtCO2e 
direct (Scope 1) emissions were due to industrial process 
and product use (IPPU), and 31 MtCO2e were non-process 
direct (Scope 1) emissions due to on-site fuel combustion 
(EPA 2020b, 2021). In 2019, the steel industry purchased 
212 million British thermal units (MMBtu), or 62,100 
kilowatt-hours (kWh), of electricity (EIA 2020), resulting 
in approximately 27.6 MtCO2e of indirect emissions due to 
purchased electricity, assuming a national average emis-
sions intensity of 0.99 pounds CO2e/kWh (EIA 2020; EPA 
2020b, 2021). In 2018, 99.98 percent of U.S. steel IPPU 
emissions were in the form of CO2, 0.02 percent were due 
to methane emissions, and trace amounts were due to 
nitrous oxide (EPA 2020b).

U.S. steel industry IPPU emissions fell 59 percent from 
1990 to 2018—from 104.7 MtCO2e to 42.6 MtCO2e (EPA 
2020b)—with production levels remaining approximately 
the same (89 Mt were produced in 1990 and 87 Mt in 
2018). This reduction in emissions was mainly due to a 
restructuring of domestic steel production toward min-
imills and their dependence on steel scrap for production.
In 2019, energy consumption in the iron and steel 
industries comprised 654 trillion Btu (49.5 percent) from 
coal, 432 trillion Btu (32.7 percent) from natural gas, 212 
trillion Btu (15.9 percent) from purchased electricity, 19 
trillion Btu (1.4 percent) from petroleum products, and 

6.25 trillion Btu (0.43 percent) from propane and other 
fuels (EIA 2020). The iron and steel industry accounted 
for 1.54 percent of total U.S. electricity consumption in 
2019.

3.1 Low-Emissions Steelmaking
Energy and material efficiency have long been a focus of 
the steel industry, and low-emissions steelmaking has 
been the subject of intense research since the mid-1990s 
(Birat et al. 1993; Worrell et al. 1999). Energy efficiency 
measures and innovative, low-emissions technologies 
offer a wide range of emissions abatement opportunities 
for the U.S. steelmaking industry (IEA 2020).

Opportunities to reduce energy consumption in the iron 
and steel industry by using state-of-the-art technology 
amount to approximately 240 trillion Btu per year, and 
research and development (R&D) opportunities could 
further reduce energy use by 150 trillion Btu per year 
(DOE 2015). These opportunities include reductions of 
37.2 kilograms (kg) of CO2e per metric ton of steel for 
blast furnace processes, 8.85 kgCO2e for EAF steelmaking, 
and 45.9 kgCO2e for direct-reduced iron production (DOE 
2015; EPA 2020a).1 Even greater emissions reductions 
could be possible if processes were optimized to reduce 
emissions intensity rather than energy efficiency.

Several innovative technologies that have either been 
demonstrated at the facility or laboratory level, or that 
are still in the research phase of development, have the 
potential to revolutionize the steel industry and drastically 
reduce or even eliminate GHG emissions in the steelmak-
ing process. These technologies can be divided into three 
main categories based on their use of hydrogen, carbon, 
and electricity.

Using hydrogen to reduce iron ore nearly eliminates direct 
carbon emissions from the ironmaking process. Indirect 
emissions due to hydrogen production can be addressed 
by the use of green hydrogen produced by renewable 
energy sources such as solar and wind, blue hydrogen 
produced from natural gas combined with carbon 
capture, or emerald hydrogen produced from biomass 
waste combined with carbon capture. Many initiatives 
and pilot programs are aimed at developing hydrogen-
based steelmaking technologies. For example, Hydrogen 
Breakthrough Ironmaking Technology (HYBRIT) is a 
pilot project that began in 2016 in Sweden—headed by 
steelmaker SSAB, iron ore mining company Luossavaara-
Kiirunavaara Aktiebolag (LKAB), and gas provider 
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Vattenfall—that aims to demonstrate nearly zero-carbon, 
fossil-free steelmaking using hydrogen (SSAB n.d.).

Carbon-based strategies for reducing emissions from 
steelmaking include increased efficiency, fuel switching, 
and CCUS. Fuel switching opportunities exist in using 
coal, natural gas, or charcoal to displace coke use in blast 
furnaces, which would reduce upstream emissions associ-
ated with making coke. Furthermore, coke ovens, blast 
furnaces, basic oxygen furnaces, combustion units, and 
direct reduction furnaces offer carbon capture opportuni-
ties. For example, carbon capture technology is currently 
being used in a steel plant in the United Arab Emirates, 
where captured CO2 is then transported via pipeline to be 
used for enhanced oil recovery (Global CCS Institute n.d.).

By using electricity to reduce iron ore, electrolytic 
technologies have the potential to eliminate direct 
GHG emissions in the steel industry. However, as with 
hydrogen-based technologies, decarbonizing the power 
sector will be important for limiting indirect emissions 
for these technologies. Boston Metal, a U.S. research firm, 
is spearheading R&D of molten-oxide electrolysis steel-
making technology and has demonstrated success at the 
laboratory scale. The process uses electrodes and a liquid 
oxide electrolyte at a temperature of 2,000°C to reduce 
iron ore. In Europe, the Siderwin project—a consortium of 
12 companies headed by ArcelorMittal and funded by the 
European Union’s Horizon 2020 program—aims to build 
a pilot electrolysis plant by 2022 (ArcelorMittal 2019).

3.2 Policy Barriers and Solutions
U.S. steelmaking facilities face a variety of operational 
barriers to adopting low-carbon steelmaking, including 
the cost, the availability of low-carbon fuels, the lack of 
infrastructure and markets for CCUS options, technologi-
cal hurdles, and the production downtime for retrofits. 
Meanwhile, barriers to policy implementation include 
trade exposure, a complex supply chain, and a lack of 
publicly available data regarding production processes 
and production levels. In addition to a low-carbon product 
standard, there are a number of policy solutions that are 
available to address these barriers, including a carbon tax; 
cap-and-trade programs; tax credits for CCUS; renewable 
energy standards; and funding for R&D, government 
procurement requirements, and certification programs.
A renewable energy standard could drive emissions 

reductions in EAF production because a large portion of 
EAF emissions are due to purchased electricity. Similarly, 
a renewable fuel standard could incentivize, for instance, 
the use of charcoal derived from waste biomass in the 
blast furnace.

Funding for R&D spurs innovation and reduces barriers 
to entry. Current funding for R&D in the steel industry 
is provided through the U.S. Department of Energy’s 
Advanced Manufacturing Initiative, though funding levels 
have not been sufficient to spur substantial innovation in 
the sector (Balserak 2020). In addition to R&D funding, 
further incentives for technology deployment and adop-
tion will be needed to drive change in the industry.
The Buy Clean California program—a government pro-
curement program—establishes global warming potential 
limits for products purchased by state agencies (California 
State Legislature 2017). Government procurement 
programs offer opportunities for federal and state govern-
ments to influence the emissions intensity of steelmaking 
by offering markets for low-carbon products.

Voluntary programs, such as the Energy Star program 
administered by the U.S. Environmental Protection 
Agency (EPA), can result in increases in efficiency as well 
as adoption of low-carbon technologies. In the Energy 
Star program, the EPA collects facility-level data from 
integrated steel mills to inform an energy performance 
score based on the mill’s electricity consumption and 
production, fuel use by fuel type, and intermediate and 
final products manufactured (Boyd et al. 2016). The EPA 
then issues a certification level to each reporting facility 
based on its energy performance relative to industry best 
practices. Such a program helps facility managers identify 
energy- and cost-saving opportunities while providing 
recognition for low-carbon production.

Emissions trading programs, such as the European 
Union’s emissions trading scheme (EU ETS), provide 
incentives for emissions reductions through the direct 
pricing of carbon emissions. The EU ETS includes R&D 
funding as well. The EU ETS currently allocates free allow-
ances to the steel industry based on emissions benchmarks 
due to the industry’s high level of trade exposure, though 
the free allocation will reduce over time. The European 
Union is also considering implementing a carbon border 
adjustment as early as 2023 (Allianz Research 2020).
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4. DESIGNING A LOW-CARBON PRODUCT 
STANDARD FOR STEEL
A product standard is a targeted policy tool that is 
intended to drive a reduction in emissions in a specific 
industry or due to a specific product. The key elements of 
a low-carbon product standard are:

 ▪ Product choice and point of regulation

 ▪ An emissions intensity benchmark, which declines 
over time, for each product category

 ▪ The generation of tradable credits for companies 
whose emissions intensity is lower than the bench-
mark

 ▪ The generation of obligations for companies whose 
emissions intensity is higher than the benchmark

 ▪ Coverage of imported products

There are many design options for each of these elements, 
and choices made regarding one element can drastically 
affect the viability of options for another element. We have 
approached these design questions from the perspective 
of implementing the standard through stand-alone 
legislation, which offers the greatest flexibility in design. 
It may be possible to implement a low-carbon product 
standard under existing legal authority, though such an 
approach would affect the design options available. The 
key elements and recommended policy designs for a low-
carbon product standard for the U.S. steel industry are 
discussed in detail below. 

4.1 Product Choice and Point of Regulation
Recommendation: The products covered by a low-
carbon product standard for steel in the United States 
should be finished products, including sheets, plates, 
bars, beams, pipes, and tubes. The sale of these products 
by the steel mill to companies that produce final steel 
products should be defined as the point of regulation.

Due to the complexity of the steel industry supply chain, 
which includes the import and export of many raw, 
intermediate, and final products at the national level and 
at the facility level, a low-carbon product standard for 
steel should seek to balance programmatic efficiency with 
emissions reduction goals. The three points of regulation 
in the U.S. steel industry that can potentially achieve this 
goal are the intermediate products made in the ironmak-
ing processes, steelmaking processes, and finishing and 
rolling processes, as shown in Figure 1. At these points in 
the manufacturing process, the products are well-defined 
and relatively few in number.

Of these potential product categories, finished products 
are best suited for use as product categories for a low-car-
bon product standard for steel. This is due to the fact that 
these products are the first point of sale for steel, which is 
the optimal point of regulation for a low-carbon product 
standard (King et al. 2020). This point of regulation would 
require steel mills to comply with reporting protocols 
under the standard.

Existing policies generally divide steel product categories 
into the industry’s two main production routes—blast fur-
nace/basic oxygen furnace and EAF—and define roughly 
5–10 product categories comprising raw materials, iron 
products, and finished products. The EU ETS defines 
five product categories—three related to integrated mill 
production (coke, sinter, and hot metal) and two related 
to minimill production (EAF carbon steel and EAF alloy 
steel). Canada’s Output-Based Pricing System (OBPS) 
defines similar steel product categories, with two catego-
ries related to production of steel primarily from scrap 
iron and steel (minimill and EAF) and four categories 
related to the production of steel from iron ore (integrated 
mill and blast furnace/basic oxygen furnace). The OBPS 
also defines two product categories for pellet production 
(Government of Canada 2020).
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These existing policy approaches achieve the goal of 
balancing implementation complexity with emissions 
coverage. The production of coke, sinter, and hot metal 
(via blast furnace) accounts for approximately 2.2 tCO2 
emissions per metric ton of steel produced, or around 90 
percent of emissions in an integrated mill. Furthermore, a 
vast majority of EAF production is currently dedicated to 
carbon steel and alloy steel.

This approach allows for the fact that the integrated 
route has traditionally created higher-quality, new 
steel products from virgin iron ore, such as automotive 
sheet, whereas the minimill has traditionally created 
lower-quality steel products from recycled steel, such as 
rebar and structural beams. This distinction, however, 
has increasingly blurred in recent years, as minimills 
venture further into the production of higher-quality steel 
products and as both production routes increase the use  
of alternative iron units, such as direct-reduced iron.

With this increasing overlap in material usage and 
products, establishing separate product categories 
for these two production routes is not recommended. 
Furthermore, as new production technologies become 
commercially available, it is important to design low-
carbon policies that are as technology neutral as possible 
to take advantage of innovation and market forces that  
can help drive emissions reductions.

Meanwhile, the benefits of defining product categories 
only for finished products include a simplification of 
reporting protocols, a small number of products, a tech-
nology-neutral design, and a consistent and well-defined 
point of regulation, which is defined as the point of sale of 
finished products to consumer-facing product manufac-
turers. This approach does require the inclusion of Scope 
2 and Scope 3 emissions, however, and this entails the 
reporting of new data that have not been collected under 
previous regulations, such as the EPA’s Greenhouse Gas 
Reporting Program. This new data will, however, come 
closer to accounting for the total GHG emissions due to 
the steelmaking process, which will allow for a closer 
comparison with other products that are often substituted 
for steel, such as aluminum, concrete, and cross-laminated 
timber. Emissions covered under the recommended 
design for the product standard are discussed in detail 
below (see Section 4.2).

One of the challenges of defining product categories that 
are upstream from consumer-facing products is that it 

presents leakage and competitiveness concerns related 
to the importation of foreign products. To prevent this, 
products that are downstream from the point of regulation 
must also be subject to the standard if their steel content 
constitutes a significant share of their value (King et al. 
2020). The details of applying a product standard to 
imported products is treated in Section 4.6.

4.2 Emissions Covered
Recommendation: A low-carbon product standard for 
steel should include Scope 1 (on-site; direct), Scope 2 
(off-site; due to purchased electricity), and significant 
Scope 3 (off-site; upstream) emissions of all GHGs emitted 
due to the manufacturing of a covered product. Scope 3 
emissions should include emissions associated with coke, 
lime, and direct-reduced iron production, but it should not 
include emissions associated with the manufacturing of 
alloying elements or other upstream or downstream emis-
sions. For the purposes of a single product standard for 
steel, it is sufficient to include only the major sources of 
emissions that have the potential to differ between steel 
production technologies; this maintains a technology-
neutral approach. It is not recommended to include emis-
sions credits for recycling steel at its end of life because 
this would add significant administrative complexity, and 
these emissions reductions are accounted for in the use 
of recycled steel in minimills.

A low-carbon product standard should be designed to 
cover direct and indirect GHG emissions that result from 
product manufacturing. These emissions can be defined 
using scope terminology as laid out in the Greenhouse Gas 
Protocol.2 Scope 1 emissions are due to on-site processes, 
whereas Scope 2 emissions include emissions due to elec-
tricity usage. Scope 3 emissions are defined as upstream 
emissions—for example, due to off-site feedstock materi-
als production, fuel production, or transportation—or 
emissions due to downstream product or by-product use 
or disposal. Both upstream and downstream emissions 
can be important aspects of life cycle emissions for steel 
products.

Scope 2 emissions play an important role in a low-
carbon product standard for steel because emissions 
from to minimill production are highly dependent on 
the emissions intensity of the purchased electricity 
used by the EAF. If Scope 2 emissions are not included, 
then a separate set of product categories should be 
defined for the integrated production route and the 
minimill production route. However, the exclusion of 
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Scope 2 emissions would make it impossible to compare 
the emissions intensities of products from these two 
production routes.

Likewise, some Scope 3 emissions greatly affect the emis-
sions intensity of steel in both the integrated production 
route and the minimill production route. In the integrated 
mill production route, important Scope 3 emissions 
include those related to the production of lime and coke, 
which amount to over 800 kgCO2 per metric ton of steel 
produced. In the direct-reduced iron/minimill route, the 
production of direct-reduced iron results in the emis-
sion of approximately 700 kgCO2 per metric ton of steel 
produced (see Figure 1). Excluding either of these emis-
sions sources from a low-carbon product standard would 
drastically affect the emissions intensity of a steel product 
and reduce the potential for emissions reductions in the 
industry. Therefore, it is recommended to include Scope 
3 emissions in the standard due to lime, coke, and direct-
reduced iron production.

The production of alloying and coating elements is also 
a substantial source of Scope 3 emissions for certain 
types of steel, including stainless steel (often alloyed with 
chromium, nickel, and other alloys). However, it is not 
recommended to include the Scope 3 emissions associ-
ated with alloying elements in the standard because this 
would substantially increase the complexity of reporting 
and product category design. It should be noted, however, 
that in order to compare alloyed steel with substitutable 
products, these Scope 3 emissions should be considered.

4.3 Emissions Intensity Benchmark
Recommendation: An emissions intensity benchmark 
should initially be set to a percentage of the industry-
wide average emissions intensity for each product 
category, in units of tCO2e per metric ton of product. The 
benchmark should be reduced over time in regular and 
predetermined intervals according to an assessment 
of abatement opportunities and subject to emissions 
reduction goals.

When setting a product benchmark for a low-carbon prod-
uct standard, it is important to first define the scope of 
emissions covered under the standard. The industry-wide 
average emissions intensity of a product is then deter-
mined by dividing total covered emissions (in tCO2e) by 
the total mass of product produced (in metric tons). The 
benchmark should then be set at some percentage of this 
average emissions intensity. For example, the California 

cap-and-trade program sets the benchmark at 90 percent 
of this average. An alternative approach, used in the EU 
ETS, is to set the benchmark at the average of the top 10 
percent of producers.

To drive the necessary reduction in emissions, the bench-
mark should decrease over time. This reduction schedule 
should be predetermined according to abatement oppor-
tunities in the industry and emissions reduction goals. 
A predetermined benchmark reduction schedule would 
provide the industry with clear credit price signals and 
would identify and incentivize specific emissions reduc-
tion goals for the sector. However, this schedule should be 
updated every few years to reflect changes in the industry 
and other conditions.

4.4. Reporting
Recommendation: The reporting of emissions should 
be required from producers and importers of a covered 
product. A threshold of around 25,000 t of product per 
year, or 25,000 tCO2e emissions per year, would limit 
administrative complexity and ensure coverage of a 
majority of emissions. Imports of covered products should 
be assigned a default emissions intensity in the absence 
of specific emissions intensity data. 

A first step in implementing a product standard is to 
establish specific and detailed reporting protocols. 
Existing protocols include facility-based emissions moni-
toring and reporting as well as product-based reporting 
such as environmental product declarations (EPDs). 
Reporting emissions at the facility level is a well-estab-
lished method already in use in many emissions policies. 
Reporting through an EPD, though a well-established 
method, is not currently uniform in practice. Product 
category rules would first need to be carefully designed 
for each covered product under the low-carbon product 
standard for EPDs to be a feasible vehicle for reporting 
product emissions intensities. Given the efforts that would 
be required to implement reporting protocols using EPDs, 
and since it is recommended that product categories be 
defined in a way that aligns with the point of regulation 
(i.e., the sale of finished steel products), it is not recom-
mended to use EPDs but rather to require reporting at the 
facility level.

Under this recommended approach, domestic producers 
of covered products would be required under the product 
standard to report total facility emissions (Scope 1 and 
Scope 2), all material inputs, and all material outputs 
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(including the amount of each covered product manu-
factured). From the material inputs and outputs data, 
significant Scope 3 emissions could be estimated using 
nationwide averages of emissions due to these materials. 
Alternatively, the company could report verified Scope 3 
emissions covered under the product standard. Importers 
could be assigned a default emissions intensity value by 
country of origin, which they could opt to override based 
on verified data.

This facility-based approach would have the advantage 
of building on existing data reporting protocols that exist 
through the EPA’s Greenhouse Gas Reporting Program 
and its Energy Star program. However, this approach 
would necessitate the collection of more detailed data 
regarding emissions and manufacturing processes in 
integrated mill facilities and would require minimills 
and direct-reduction mills to begin reporting production, 
emissions, and process data.

4.5 Crediting and Compliance
The low-carbon product standard would apply to U.S. 
steel producers and importers. In the case of emissions 
exceeding the benchmark, these companies would have 
a compliance obligation to surrender credits equal to the 
quantity of emissions produced in excess of the amount 
allowed by the standard. Conversely, they would generate 
credits if their emissions were lower than the level allowed 
by the standard.

Steel producers would either generate or be required to 
surrender credits as follows:

C = B ∗P ― E

where C ≡ number of credits, B ≡ benchmark (tCO2e/
metric ton of product), P ≡ production (metric tons of 
product), and E ≡ emissions (tCO2e).

When the number of credits is positive, credits are gener-
ated; when it is negative, credits must be surrendered. 
Steel importers would either generate or be required to 
surrender credits in a similar manner:

C = B ∗ I ― Eintensity ∗ I

where C ≡ number of credits, B ≡ benchmark (tCO2e/
metric ton of product), I ≡ imports (metric tons of prod-
uct), Eintensity ≡ emissions intensity (tCO2e/metric ton of 
product).

4.6 Leakage and Competitiveness
Recommendation: A low-carbon product standard for 
steel should apply to all covered steel products sold in 
and imported to the United States. Imported upstream 
products and feedstocks, such as coke or pig iron, should 
be assigned a default emissions intensity in the absence 
of more detailed emissions intensity data regarding 
its specific production. Steel components contained in 
imported indirect steel products (such as automobiles 
or appliances) should be assessed for their emissions 
intensity and covered under the standard (see Reporting 
and Crediting and Compliance sections).

A low-carbon product standard that is applied at the point 
of first sale for steel sold in the United States would ensure 
that unregulated foreign markets would not have a com-
petitive advantage. A facility operating in an unregulated 
market wishing to sell steel products in the United States 
that are covered under the low-carbon product standard 
could have the option of reporting an emissions intensity 
for the product’s embodied carbon. In the absence of 
these data, a default value for emissions intensity could be 
assigned to the product. This emissions intensity would 
need to be set at a value that ensures domestic producers 
would not be placed at a competitive disadvantage relative 
to foreign producers.

To minimize administrative complexity, the standard 
should incorporate a threshold for the value of steel 
contained in the imported product as a percentage of 
the product’s total value. This threshold should be set 
at a level at which the competitiveness of domestic steel 
producers would not be affected. For instance, King et 
al. (2020) suggest setting a threshold of 5 percent of the 
value of steel relative to the total product value based on 
the industry total requirements table of the U.S. Bureau of 
Economic Analysis (BEA 2018). 
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5. OTHER CONSIDERATIONS
Legal avenues. A low-carbon product standard could 
be implemented at the federal level either through new 
legislation or through the Clean Air Act. New legislation is 
the preferred route since it would provide an opportunity 
to comprehensively design a standard incorporating the 
best principles outlined in the sections above. If new leg-
islation were passed, it would likely be broad based rather 
than steel specific; as such, it would require addressing 
issues related to intersectoral credit trading. In addition, if 
the political will exists to pass new legislation, including a 
low-carbon product standard, there would likely be other 
related procurement or R&D policies that would need to 
be considered in the program timeline, benchmarks, and 
design. Incremental steps toward creating a low-carbon 
product standard, such as implementing a federal “buy 
clean” procurement policy, might be possible without new 
legislation. 

The Clean Air Act (Section 111[b] and 111[d]) gives the EPA 
jurisdiction to regulate air pollution from new and exist-
ing steel facilities, respectively. There are pending legal 
questions surrounding its use for regulating GHG emis-
sions, the ability to use tradable standards, and federal 
versus state jurisdiction in setting emissions thresholds. 
However, there is also reasonable expectation that the 
EPA’s authority would withstand judicial review.3

Application of these provisions to implement a clean prod-
uct standard would require developing output-based emis-
sions intensity standards for steel facilities, which is an 
approach the EPA has previously taken for other sources, 
such as electricity generating units. Because Section 111 
regulates facility emissions, this approach would mean 
limiting the emissions covered to direct emissions and 
not including those associated with purchased electricity 
or upstream production of lime and coke. Because these 
are significant emissions for steel production, this would 
limit the effectiveness of a low-carbon product standard 
developed using these provisions. The Clean Air Act would 
not apply to importers of foreign steel, and maintaining 
the competitiveness of U.S. industry could therefore 
require policies to address the competitiveness concerns 
of workers and industry, potentially including a border tax 
adjustment, incentives for domestic low-carbon produc-
tion, or other modifications to help ensure a level playing 
field for domestic producers.

Cost containment. The analysis of current emissions 
intensities and abatement options conducted to establish a 
declining emissions intensity benchmark for a low-carbon 
product standard for steel would provide a basis for 
estimating the future supply of, and demand for, credits. 
However, a mismatch in supply and demand could result 
in very high or very low credit prices. Cost containment 
measures, such as a price ceiling and a price floor, could 
be included in the program design to limit this price 
uncertainty.  

Price ceilings and floors set a maximum and minimum 
price, respectively, on the cost of a credit (or a ton of 
carbon). A price ceiling such as the one in place in 
California’s LCFS can ease the concerns of industry by 
providing certainty via an upper cost limit. However, a 
price ceiling fails to incentivize abatement that costs more 
than the cap, which could reduce economic efficiency. A 
price ceiling could be set at the expected cost of backstop 
abatement technology such as direct air capture. Recent 
studies have suggested that the cost of direct air capture 
could fall to $150–$200 over the next decade (Baker et al. 
2020; Keith et al. 2018). A price ceiling at that level would 
avoid forcing steel producers to invest in abatement that is 
more expensive than this backstop technology. 

A price floor would further enhance price predictability, 
offering greater certainty in decisions to invest in emis-
sions reductions. For example, a price floor can avoid very 
low allowance prices like those seen in the early phases 
of the EU ETS. Although an upper limit on credit prices 
might give regulators greater confidence in setting an 
ambitious trajectory for the declining benchmark, a price 
floor would send a clear signal of commitment to decar-
bonization, even if regulators set too low a benchmark.

Another option that would provide cost containment 
would be to broaden the suite of abatement options 
capable of generating credits for compliance under the 
program. This could be done by allowing credit trading 
with other programs (e.g., a tradable performance stan-
dard for cement) or by allowing the generation of credits 
for activities outside the steel facility, such as direct air 
capture.

Product substitution. Product substitution and prod-
uct flexibility are important considerations in designing a 
low-carbon product standard. Although one of the benefits 
of a low-carbon product standard is that it spurs emissions 
reductions in a specific sector or for a specific product, 
alternative products that can be substituted for the 
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covered product might see a relative drop in production 
costs, thus driving a change in relative market share. In 
the case of steel, substitutable products include aluminum, 
concrete, and cross-laminated timber. If the alternative 
product is emissions intensive, this could reduce or 
eliminate the emissions benefit of the standard. This effect 
can be prevented by establishing a low-carbon product 
standard for the substitutable product, offering incentives 
for purchasing the lower-emissions product, or offering 
subsidies.

Consumer impacts. The consumer impacts of a 
low-carbon product standard for steel are expected to 
be minimal due to the structure of the policy. First, only 
companies whose emissions intensities are higher than 
the benchmark will be required to surrender credits, thus 
incurring a credit-related cost that will affect their cost of 
production. Second, the cost of steel relative to the cost of 
the final product is often small; for instance, a 20 percent 
increase in the cost of steel per metric ton would only 
increase a vehicle’s cost by 1 percent (ETC 2018).

A zero- or low-emissions steel mandate. A mandate 
that requires a certain percentage of zero- or low-emis-
sions steel production would be a beneficial complement 
to a low-carbon product standard for steel. The existing 
zero-emissions vehicle mandate provides a template for 
a similar policy that could be applied to steel production. 
Such a policy would incentivize R&D of emissions-free 
production technologies, which would, in turn, increase 
abatement options for the industry over time.

Funding for R&D. To facilitate R&D and reduce barriers 
to entry in the steel sector, R&D funding should be pro-
vided in parallel with a low-carbon product standard. This 
would accelerate innovation and the development of new 
technologies, which are crucial to the success of decar-
bonization efforts in the steel industry. Funding must be 
carefully distributed, however, to ensure that funds reach 
projects that show promise for decarbonization.

Government procurement. A procurement program 
that relies on a voluntary reporting and certification stan-
dard could be implemented similar to voluntary programs 
for energy consumption, such as the EPA’s Energy Star 
program. A voluntary emissions program could be simi-
larly implemented for the steel industry. Such a program 
could rely on existing reporting protocols used under the 

Greenhouse Gas Reporting Program and Energy Star pro-
gram, which require emissions and production data from 
integrated mills and emissions data from minimills. Such 
a program, however, would require additional production 
data not currently reported by minimills.

The program could acknowledge low-carbon products 
with a certification according to the emissions intensity of 
the product, and this certification could be used to steer 
the government’s procurement of steel products. This vol-
untary approach could result in emissions reductions and 
innovation across the industry, without involving many 
of the complexities associated with a mandatory product 
standard. Furthermore, such a program could set the stage 
for a product standard or for an economy-wide emissions 
trading program. Government procurement requirements 
could move the steel industry in the right direction; 
however, acting alone, they would not have considerable 
impact on the emissions intensity of steel production 
given that government procurement of steel amounts to 
approximately 3.3 percent of all steel consumption in the 
United States (Krupnick 2020).

Product value. Without careful design, a low-carbon 
product standard for steel could incentivize domestic 
production of low-value steel products with lower 
emissions intensities over high-value steel products. In 
the steel industry, emissions are greatly reduced by using 
scrap in the EAF production route, so producers might 
choose to shift production toward this production route as 
a way to lower their emissions intensity. This could mean 
a domestic shift toward lower-quality and lower-value 
products in the near term, until low emissions intensity 
production costs for high quality steel products reached 
parity with high emissions intensity production.

National defense. Steel is a trade-exposed industry, 
and as such, a drop in domestic production can readily 
be compensated for by an increase in foreign production. 
Steel is important for national defense, however, so such 
a shift in production, even if economically and environ-
mentally advantageous, could have national security 
implications (BIS 2020). Although defense applications 
currently account for only about 3 percent of domestic 
steel consumption, maintaining a secure supply chain for 
domestic steel production is an important consideration 
when designing policies for reducing emissions in the steel 
industry.
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6. CONCLUSIONS AND RECOMMENDATIONS
The U.S. steel industry has many opportunities to reduce 
the emissions intensity of steel production through 
retrofits and shifts in production toward existing and 
new steelmaking technologies. These changes can be 
incentivized and accelerated by national policies that 
focus on reducing emissions in the steel sector. These 
policies, which include public procurement requirements, 
tax credits, research funding, and a low-carbon product 
standard, can act in harmony and result in substantial 
emissions reductions. A low-carbon product standard, 
in particular, can provide targeted incentives to reduce 
emissions across the entire range of steel products while 
inducing innovation and shifts in production.

This working paper offers recommendations for key 
design elements of a low-carbon product standard for steel 
that would result in a reduction in U.S. steelmaking emis-
sions without impacting the international competitiveness 
of the industry. The recommended policy design elements 
for a low-carbon product standard for steel in the United 
States include the following:

 ▪ A benchmark for each product category should 
include direct and indirect GHG emissions (Scope 1, 
Scope 2, and significant upstream Scope 3 emissions) 
and should be set to a percentage of the average emis-
sions intensity for the domestic manufacturing of that 
product.

 ▪ The benchmark should be reduced over time accord-
ing to abatement opportunities and emissions reduc-
tion goals for the industry.

 ▪ Product categories should be set for each of the major 
finished steel products, including steel sheets, plates, 
bars, beams, pipes, and tubes.

 ▪ Credits received for beating the benchmark are trad-
able, while credits must be surrendered for emissions 
exceeding the benchmark.

This paper also offers points of consideration and alter-
natives for these design elements, noting where more 
research is needed to analyze the impact of specific policy 
designs.

ABBREVIATIONS
Btu  British thermal unit

CCUS  carbon capture, use, and storage

CO2e  carbon dioxide equivalent

DRI  direct-reduced iron

EAF  electric arc furnace

EGU  electricity generating unit

EPD  environmental product declaration

ETS  emissions trading scheme 

GHG  greenhouse gas

IPPU  industrial process and product use 

kWh  kilowatt-hour

LCFS  Low-Carbon Fuel Standard

MMBtu  million British thermal units

Mt  million metric tons

OBPS  Output-Based Pricing System

R&D  research and development
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ENDNOTES
1. Electricity is assumed to have an emissions intensity of 131 kgCO2e/

MMBtu.

2. For more information, see the Greenhouse Gas Protocol website,  
https://ghgprotocol.org/.

3.  See, for example, the discussion regarding electric generating units 
(EGUs) in Nordhaus and Gutherz (2014). There are significant differences 
between the use of section 111(d) for steel facilities as compared with 
EGUs, but this provides an overview of a number of the primary potential 
legal hurdles.
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