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1. Item 
This post is the third in the series. This series is about the metals subsector, and more 
specifically this post, is about the Iron and Steel Mills and Ferroalloy Manufacturing 
Industry Group. 

Below are the earlier two posts in this series. The most recent post (part 2) was in 
January of this year, and the original post was in 2018. 

I Like Smoke & Lightning, Heavy Metal Thunder, Part 2: This paper is the second in 
a series about the metals industrial subsector, how these industries use energy and how 
they are evolving. There are several pieces of new news regarding the iron/steel and 
aluminum sectors in this industry. These will be covered in this part. 

https://energycentral.com/c/ec/i-smoke-lightning-heavy-metal-thunder-part-2  

I Like Smoke and Lightning, Heavy Metal Thunder: This paper is about the metals 
industrial subsector, how these industries use energy and how they are evolving. The 
subject of this paper contains a segment on the largest industrial producer of these 
emissions, the Iron and Steel Industry Group. 

https://www.energycentral.com/c/cp/i-smoke-and-lightning-heavy-metal-thunder  

One reason that I am writing this is that, in an earlier post I said: “I believe that hydrogen 
will have a strong role to play in our path to a greenhouse-gas (GHG) free future.” 

The next day after I finalized the above wording I was reading the issue of Time 
referenced at the end of this paragraph, and came across a pilot plant that was recently 
completed in the EU that made iron without greenhouse gases. I will describe this below, 
but guess what it used to reduce the iron ore to iron. Yep, hydrogen. 1 

Also rather than sending you to the above posts for related content, I will excerpt content 
from these to complete the story below. Feel free to read them anyway. 

2. Iron & Steel 
Iron is an element (symbol = Fe), steel is an alloy of iron, carbon and other metals. 
However as I mentioned above they share an industry group that commonly has the 
same name as this section (see the second sentence of this post for its full name).  

Per the EPA, in the U.S. in 2020, 24% of GHG came from industry, 25% from electric 
generation and 27% from transportation. Emissions from industrial sources are shown 
below (next page). 

                                                 
1 Alejandro de la Garza, May 9 – 16, 2022 issue of Time (hardcopy), page 14, “Green Steel from Sweden,” 

https://time.com/6171369/ssab-sweden-green-steel/  

https://energycentral.com/c/ec/i-smoke-lightning-heavy-metal-thunder-part-2
https://www.energycentral.com/c/cp/i-smoke-and-lightning-heavy-metal-thunder
https://time.com/6171369/ssab-sweden-green-steel/
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Note that globally, Iron & Steel are the largest industrial CO2 emitters. Excluding the 
emissions from purchased electricity, the two main sources of GHG emissions in the 
industrial sector are energy used for heat and conversion processes. Many heavy 
industries require high-temperature heat, which is usually generated by the combustion 
of fossil fuels ...2 

Technology is one part of the puzzle in decarbonizing industry. These could include 
using zero-carbon energy sources, utilizing new industrial processes, capturing and 
using or storing CO2 from electricity and heat sources or from processes, and efficiency 
improvements. 

Low-carbon energy sources like biomass, hydrogen, or electricity could substitute for 
fossil fuels in providing process heat for industry. Many industries currently rely on coal- 
and natural gas-fired boilers for heat, which contribute about 42 percent of the sector’s 
total GHG emissions. Various industries already use hydrogen made from natural gas 
for processes such as refining, ammonia production, or steel production. Hydrogen 
made from natural gas with carbon capture equipment or made through electrolysis with 
renewable energy could provide an opportunity for low- or zero-emissions hydrogen to 
play a larger role in industry—it could continue to be used as a feedstock and could 
potentially be combusted for heat. Under current conditions, however, creating hydrogen 

                                                 
2 Stephen Naimoli and Sarah Ladislaw, Center for Strategic & International Studies, “Climate Solutions 

Series: Decarbonizing Heavy Industry,” Oct 5, 2020, https://www.csis.org/analysis/climate-solutions-

series-decarbonizing-heavy-industry  

https://www.csis.org/analysis/climate-solutions-series-decarbonizing-heavy-industry
https://www.csis.org/analysis/climate-solutions-series-decarbonizing-heavy-industry
https://www.iea.org/reports/transforming-industry-through-ccus
https://www.iea.org/reports/transforming-industry-through-ccus
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through electrolysis is an expensive process and it is more expensive than other low-
carbon heat sources and significantly more expensive than using fossil fuels. 

See the recent paper described and linked below. Although the cost of green hydrogen 
is coming down, I agree with the above statement that there are probably other sources 
of greenhouse gas free process heat that have better economics. In the short term green 
hydrogen should be reserved applications where it has unique capabilities, like the 
process described below for refining iron ore. 

The Economics of Green Hydrogen: In this post we will look how much is it likely to 
cost to produce and store green hydrogen at various points in the future. We will also 
look at other factors that reduce or increase these costs. Finally we will end with a brief 
section that contains links to various other publications that will let readers drill down for 
additional information regarding specific hydrogen applications. 

https://energycentral.com/c/cp/economics-green-hydrogen  

2.1. Current Iron and Steel Production 
The Iron and Steel Industry Group (3311) is in the midst of a major transition. There are 
two processes for the making iron and steel: (1) the integrated steel mill and (2) the mini-
mill. The former has been the traditional process for iron and steel making. Integrated 
mills produce pig iron from raw materials (iron ore, coke) using a blast furnace, and they 
produce steel using a basic oxygen furnace. Mini mills produce steel from scrap steel, 
pig iron, or directly reduced iron using an electric arc furnace. Mini mills emerged in the 
mid-60s and have been steadily increasing the quality of their products and displacing 
integrated mills.  An additional factor limiting the future need for integrated mills is the 
proliferation of direct reduced iron (DRI) plants. The process used by DRI plants partially 
refines iron ore to the point where it is 90% to 97% pure iron and suitable for use in mini-
mills. The output of DRI plants is commonly called sponge iron. 

The process we are focusing on here is the reduction of iron ore to sponge iron. Iron ore 
is usually magnetite (Fe3O4, 72.4% Fe), hematite (Fe2O3, 69.9% Fe), goethite (FeO(OH), 
62.9% Fe), limonite (FeO(OH)·n(H2O), 55% Fe) or siderite (FeCO3, 48.2% Fe)3. In all 
current processes, high heat and carbon (from coke in a blast furnace, and natural gas 
in a DRI plant) are used to attract the oxygen in these ores and thus break them down 
and separate the iron, and this also results in large quantities of carbon dioxide (CO2) 
which is currently vented to the atmosphere. 

2.2. The Hydrogen Solution 
The HYBRIT pilot plant in Luleå, Sweden has completed test production of sponge iron 
and demonstrates that it is possible to use fossil-free hydrogen gas to reduce iron ore 
instead of using coal and coke to remove the oxygen. Production has been continuous 
and of good quality. Around 100 tonnes have been made so far. This is the first time 
ever that hydrogen made with fossil-free electricity has been used in the direct reduction 
of iron ore at a pilot scale. The goal in principle is to eliminate carbon dioxide emissions 

                                                 
3 Wikipedia Article on “Iron ore,” https://en.wikipedia.org/wiki/Iron_ore  

https://energycentral.com/c/cp/economics-green-hydrogen
https://en.wikipedia.org/wiki/Iron_ore


 

4  

 

from the steelmaking process by using only fossil-free feedstock and fossil-free energy 
in all parts of the value chain.4 

Hydrogen-based reduction is a critical milestone, which paves the way for future fossil-
free iron- and steelmaking. SSAB, LKAB and Vattenfall intend, through HYBRIT, to 
create the most efficient value chain from the mine to steel, with the aim of being first to 
market, in 2026, with fossil-free steel at an industrial scale. 

SSAB, LKAB and Vattenfall, the three owners, launched the HYBRIT initiative in 2016. 
The pilot plant for the test production of sponge iron started operation on August 31, 
2020 and on March 24, 2021, Gällivare was chosen for the site of the planned 
demonstration plant for the production of fossil-free sponge iron at an industrial scale. 

Under the HYBRIT initiative, SSAB, LKAB and Vattenfall intend to create an entirely 
fossil-free value chain, with fossil-free pellets, fossil-free electricity and hydrogen. 

With the HYBRIT initiative, technological development is taking place that challenges 
established and commercially available technology. The goal in principle is to eliminate 
carbon dioxide emissions from the steelmaking process by using only fossil-free 
feedstock and fossil-free energy in all parts of the value chain. Instead, the emission will 
be water… 

For this hydrogen-based reduction to work, hydrogen is heated to about 1,600°F with 
renewably generated electricity and then injected into a furnace containing iron ore 
pellets. The hydrogen combines with oxygen in the iron ore to form water vapor, leaving 
behind …sponge iron.1 

Using hydrogen to reduce iron ore is only one example of a chemical process that 
avoids GHG emissions, and there are many others. The second largest GHG emitting 
industry is “cement and concrete.” Go through the link below for an earlier paper on 
GHG reduction efforts in this industry. Note that I reviewed “Concrete Greenhouse”, and 
did some minor cleanups as I was writing “I Like Smoke & Lightning… Part 3.” 

Concrete Greenhouse: This paper is about the cement and concrete industries, their 
energy use, greenhouse gas (GHG) emissions, and how they might reduce the 
emissions in the future. 

https://www.energycentral.com/c/cp/concrete-greenhouse  

                                                 
4 Vattenfall Press Release, “HYBRIT: SSAB, LKAB and Vattenfall first in the world with hydrogen-

reduced sponge iron,” June 22, 2021, https://group.vattenfall.com/uk/newsroom/pressreleases/2021/hybrit-

ssab-lkab-and-vattenfall-first-in-the-world-with-hydrogen-reduced-sponge-iron  

https://www.energycentral.com/c/cp/concrete-greenhouse
https://group.vattenfall.com/uk/newsroom/pressreleases/2021/hybrit-ssab-lkab-and-vattenfall-first-in-the-world-with-hydrogen-reduced-sponge-iron
https://group.vattenfall.com/uk/newsroom/pressreleases/2021/hybrit-ssab-lkab-and-vattenfall-first-in-the-world-with-hydrogen-reduced-sponge-iron

