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The hype around hydrogen burst in 2024, with a more realistic attitude taking shape regarding 
hydrogen’s applications and the cost and location of its production. Since the beginning of last 
year, there has been a trend towards clarifying hydrogen’s role, narrowing its application to key 
areas such as iron and steel where electrification may not be able to decarbonise the sector 
completely. 

However, the cost of producing green hydrogen is higher than previously estimated, which 
has led to the cancellation of some projects. Furthermore, the scale of renewable energy 
and supporting infrastructure needed to power electrolysers for decarbonising steel mills is 
enormous. 

Today, hydrogen is predominantly produced from fossil fuels, especially gas, in which case it is 
known as “grey hydrogen”. This mature technology is the cheapest way to produce hydrogen 
but emits a significant amount of carbon dioxide (CO

2
). Reducing emissions from grey hydrogen 

production requires carbon capture and storage (CCS) technology – grey hydrogen coupled 
with CCS is referred to as “blue hydrogen”. However, CCS has a record of underperformance, 
raising doubts about its practicality and effectiveness in achieving significant carbon reduction.

Countries like Germany and Japan, along with corporates such as POSCO and Salzgitter that 
require substantial hydrogen for iron and steel decarbonisation, are considering blue hydrogen 

Blue hydrogen: A false hope for steel 
decarbonisation

January 2025

Soroush Basirat  ||  Energy Finance Analyst, Global Steel 

Briefing Note

•	 The value of hydrogen in the steel sector lies in its potential to reduce carbon 
emissions by replacing fossil fuels in the production process. However, using blue 
hydrogen – produced from fossil fuels with partial carbon capture – offers no climate 
benefit.

•	 Blue hydrogen faces significant problems, including the underperformance of carbon 
capture technology; methane emissions and the resultant difficulty meeting stringent 
global emissions standards; and opposition from end-users who reject fossil-based 
materials in their value chain.

•	 Deploying blue hydrogen poses a strategic risk for steelmakers, potentially missing the 
shift to truly green steel and the growing market for low-emissions materials.

https://www.hydrogeninsight.com/production/we-overestimated-how-much-hydrogen-the-world-would-need-to-reach-net-zero-analysts-admit/2-1-1728262
https://h2sciencecoalition.com/blog/hydrogen-hype-is-crashing-but-we-cant-afford-to-give-up-on-renewable-hydrogen/
https://h2sciencecoalition.com/blog/hydrogen-hype-is-crashing-but-we-cant-afford-to-give-up-on-renewable-hydrogen/
https://www.bloomberg.com/news/articles/2024-10-03/green-hydrogen-hype-fades-as-high-costs-force-project-retreat
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as a potential alternative to green hydrogen (produced using renewable energy and electrolysis). 
Some are even planning to import it from regions better suited to hydrogen production due to 
limited competitiveness domestically.

Due to the recent challenges for hydrogen development, ArcelorMittal and Thyssenkrupp 
have announced delays to their DRI transition plans and intend to revise their decarbonisation 
strategies. German Chancellor Olaf Scholz has also advocated for introducing political 
pragmatism into the push for a green steel industry, addressing both the timeline for transitioning 
from gas to hydrogen and the choice of hydrogen sources, potentially paving the way for the 
use of blue hydrogen.

As the hydrogen landscape becomes more pragmatic, choosing the right “colour” of hydrogen 
becomes crucial to maximising its impact on decarbonisation. Although green hydrogen 
production costs have not declined as fast as forecasts suggested, it remains the most effective 
long-term solution for addressing the decarbonisation of primary steelmaking.

This report aims to critically assess the role of blue hydrogen in decarbonising steel, with 
a specific focus on its use within the direct reduced iron (DRI) pathway. Although there are 
initiatives to incorporate hydrogen into blast furnace-basic oxygen furnace (BF-BOF) technology, 
such as Nippon Steel’s COURSE50 project, IEEFA does not regard any coal-based steelmaking 
technology as a viable decarbonisation solution.

Blue hydrogen and DRI
Hydrogen-based direct reduced iron (H

2
-DRI) is a promising alternative to fossil fuels in 

ironmaking. The technique uses hydrogen gas to reduce iron ore to iron, which is then used to 
make steel. While nearly all upcoming DRI-electric arc furnace (EAF) projects plan to initially 
operate on gas, a few with advantageous conditions – such as Stegra in Sweden and Blastr 
Green Steel in Finland – have opted to start with green hydrogen from day one using Midrex 
H

2
 technology. 

Meanwhile, some steelmakers are also considering blue hydrogen as an alternative feedstock 
for DRI production. POSCO has reportedly announced a 1 trillion won (US$730.4 million) 
investment in blue hydrogen for DRI production. This project, in collaboration with ADNOC, 
will be located at POSCO’s liquefied natural gas (LNG) terminal in Gwangyang, where the 
company operates one of the largest steel plants in the world. POSCO has previously stated 
that, by 2035, the project is projected to produce 1.26 million tonnes of blue hydrogen annually, 
intended for use in power generation and steel production at nearby facilities.

Published in July 2024, Germany’s hydrogen import strategy includes blue hydrogen to meet 
high anticipated demand in the coming years. The steel sector will be one of the primary end-
users of imported hydrogen, with many major German steelmakers transitioning to the DRI-EAF 
route. According to the strategy document, the country requires as much as 130 terawatt-hours 
(TWh) of hydrogen by 2030, and up to 500TWh by 2045. While the country cannot supply that 
hydrogen demand domestically, it is eyeing imports to answer 50%-70% of its needs in the 
short term. 

German steelmakers have secured multi-billion-euro grants to transition from blast furnaces to 
hydrogen-based DRI-EAF by the end of this decade. Steelmakers are anticipated to become 
one of the primary end-users of green hydrogen in this shift, creating nearly 0.85 million tonnes 
of demand by 2030. 

https://www.reuters.com/markets/commodities/arcelormittal-says-it-is-delaying-planned-green-investments-eu-2024-11-22/
https://www.reuters.com/markets/commodities/thyssenkrupp-reviews-plans-green-steel-production-2024-10-07/
https://www.hydrogeninsight.com/policy/germany-will-be-pragmatic-on-hydrogen-for-steelmaking-vows-scholz/2-1-1751554
https://www.hydrogeninsight.com/policy/germany-will-be-pragmatic-on-hydrogen-for-steelmaking-vows-scholz/2-1-1751554
https://www.nipponsteel.com/en/csr/report/pdf/report2023en.pdf
https://ieefa.org/resources/hydrogen-unleashed-opportunities-and-challenges-evolving-h2-dri-eaf-pathway-beyond-2024
https://ieefa.org/resources/hydrogen-unleashed-opportunities-and-challenges-evolving-h2-dri-eaf-pathway-beyond-2024
https://stegra.com/news-and-stories/h2-green-steel-partners-with-midrex-for-technology-and-kobe-steel-for-equity-investment
https://www.blastr.no/Newsroom/Post/?permalink=blastr-green-steel-chooses-primetals-technologies-as-its-technological-partner-for-the-ultra-low-co2-emissions-steel-plant-in-inkoo-finland--midrex-h2-chosen-for-the-direct-reduction-plant
https://www.blastr.no/Newsroom/Post/?permalink=blastr-green-steel-chooses-primetals-technologies-as-its-technological-partner-for-the-ultra-low-co2-emissions-steel-plant-in-inkoo-finland--midrex-h2-chosen-for-the-direct-reduction-plant
https://www.hydrogeninsight.com/industrial/korean-steelmaker-posco-to-invest-22bn-in-clean-steel-and-blue-hydrogen-by-2030/2-1-1726898
https://newsroom.posco.com/en/posco-international-and-adnoc-the-state-run-oil-corporation-of-abu-dhabi-uae-join-hands-for-clean-hydrogen-business/
https://www.bmwk.de/Redaktion/EN/Publikationen/Energie/importstrategy-hydrogen.pdf?__blob=publicationFile&v=7
https://gmk.center/en/infographic/european-countries-granted-e14-6-bln-for-decarbonization-of-the-steel-sector/
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/081324-stage-set-for-german-steel-industry-to-become-major-green-hydrogen-offtaker


  ieefa.org | 3Blue hydrogen: A false hope for steel decarbonisation

The Christian Democratic Union (CDU), widely regarded as the party most likely to lead 
Germany’s next government, may place greater emphasis on both the import and domestic 
production of blue hydrogen, turquoise hydrogen (via methane pyrolysis) and pink hydrogen 
(produced through nuclear-powered electrolysis). In its energy policy position paper, the CDU 
states, “If hurdles continue to be put in place for the import or pragmatic domestic production of 
blue or turquoise hydrogen, the rapid ramp-up of the hydrogen economy and thus the project 
of making Germany climate-neutral as an industrial country will fail… there must be openness 
to all colours.” 

Thyssenkrupp has issued a tender for the supply of 143,000 tonnes of hydrogen to fuel its 
planned DRI facilities in Duisburg, with potential contributions from blue hydrogen suppliers. 
Similarly, Salzgitter has announced a tender for hydrogen procurement to support its SALCOS 
project. The tender includes low-emission hydrogen that complies with EU regulations, achieving 
a lifecycle emissions reduction of at least 70% compared to the fossil benchmark of 94g of 
carbon dioxide-equivalent (CO

2
e) per megajoule (MJ).

Released in June 2023, Japan’s hydrogen strategy projects a demand of about 20 million tonnes 
of hydrogen across all industries by 2050, with around 7 million tonnes allocated for the steel 
sector. However, it does not specify the “colour” or production method of the hydrogen. The 
strategy defines “green” hydrogen with a carbon intensity threshold of 3.4 kgCO

2
e/kgH

2
, without 

mentioning the timeline for putting it into force, allowing for some flexibility in the production 
sources.

Direct reduction (DR) technology provider Tenova is providing Japan’s first hydrogen-based 
Experimental Direct Reduction Plant (EDRP) for Nippon Steel, supported by Japan’s New 
Energy and Industrial Technology Development Organization (NEDO). This pilot plant, located 
at Nippon Steel’s R&D centre, uses Energiron technology, co-developed with Danieli, to enable 
hydrogen reduction of low-grade iron ore. The plant will feature CO

2
-capture technology and 

can operate with various gases, indicating that the hydrogen supply may be fossil-based rather 
than renewable. 

In Australia – which is the world’s largest iron ore producer – BlueScope, BHP and Rio Tinto 
have announced their collaboration on the first pilot plant for a DRI-electric smelting furnace 
(ESF), named NeoSmelt, with an annual capacity of 40,000 tonnes of molten iron. Woodside 
Energy has joined the consortium to supply gas initially, with plans to provide low-emissions 
hydrogen instead of green hydrogen once operational.

Assessing the emissions footprint of blue hydrogen
Producing hydrogen from gas is highly energy-intensive and generates significant CO

2
 emissions. 

The total emissions from the blue hydrogen pathway depend on various factors, and studies 
often overlook or inadequately address key assumptions, leading to potential inaccuracies in 
their conclusions.

The effectiveness of CCS in capturing CO
2
 is often overestimated. Carbon capture technology 

has been around for nearly five decades but has a track record of significant underperformance, 
and projects have consistently fallen short of achieving their targeted carbon capture rates. 
There are three blue hydrogen projects currently operating in the US, all capturing CO

2
 from 

steam methane reforming (SMR) plants. However, IEEFA research has shown that their capture 
rates fall well below the 95% often claimed by CCS proponents.

https://www.hydrogeninsight.com/policy/analysis-what-will-the-collapse-of-germany-s-governing-coalition-mean-for-the-clean-hydrogen-industry-/2-1-1736494
https://www.thyssenkrupp.com/en/newsroom/press-releases/pressdetailpage/thyssenkrupp-steel-is-intensively-pushing-ahead-with-developing-the-hydrogen-economy:-call-for-tenders-for-supplying-hydrogen-to-the-first-direct-reduction-plant-at-the-duisburg-location-251160
https://salcos.salzgitter-ag.com/en/h2tender
https://salcos.salzgitter-ag.com/en/salcos.html
https://transitionasia.org/low-carbon-steel-development-in-japan/
https://tenova.com/newsroom/press-releases/tenova-provide-first-hydrogen-experimental-dri-plant-japan
https://www.hydrogeninsight.com/industrial/japan-s-largest-steelmaker-to-invest-billions-of-yen-into-hydrogen-based-direct-iron-reduction/2-1-1626984
https://www.bluescope.com/news/BlueScope-BHP-and-Rio-Tinto-select-WA-for-Australia-s-largest-ironmaking-ESF-pilot-plant
https://ieefa.org/resources/carbon-capture-crux-lessons-learned
https://ieefa.org/ccs
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Moreover, methane is the largest component of gas and its emissions pose a significant 
challenge for gas-based technologies, including blue hydrogen. Methane emissions are 
frequently underestimated in terms of their:

•	 Global warming potential (GWP) over the longer term. Methane is a highly potent 
greenhouse gas with a much stronger warming effect than CO

2
. Over a 20-year timeframe 

(GWP20), methane’s global warming potential is 84-87 times that of CO
2
, while over 100 years 

(GWP100), it is 28-36 times greater. Basing key assumptions on the GWP100 timeframe can 
underestimate methane’s true impact on global warming.

•	 Leakage rates. Methane emissions reported by oil and gas companies have been 
significantly underestimated. Recent advancements in satellite monitoring technology and 
the increased availability of public data have revealed a much larger gap between reported 
and actual emissions. 

The role of downstream hydrogen emissions in extending the warming effects of methane 
has not been adequately considered. One study shows that, in the worst-case scenario for blue 
hydrogen (10% hydrogen leakage and 3% methane leakage), the initial climate impact could 
be worse than the CO

2
 emissions from equivalent fossil fuel technologies. This scenario could 

result in up to 40% more warming over the first decade and require approximately 50 years 
before the benefits of transitioning to blue hydrogen are realised.

An IEEFA assessment of the US Department of Energy (DOE)’s greenhouses gases lifecycle 
analysis model (GREET) indicates that emissions for blue hydrogen may be significantly 
underestimated. By updating methane emissions from 100-year GWP to 20-year GWP, using 
more realistic estimates for upstream methane leakage and actual carbon capture rates in gas-
based hydrogen production, and factoring in downstream hydrogen leakage, the total estimated 
emissions for blue hydrogen would be much higher (Figure 1).

Figure 1: Blue hydrogen carbon intensity based on DOE’s GREET model  

Source: IEEFA, based on DOE’s GREET model. Note: SMR = steam methane reforming; ATR = autothermal reforming; GWP = 
global warming potential.

https://www.iea.org/reports/methane-tracker-2021/methane-and-climate-change
https://www.iea.org/reports/methane-tracker-2021/methane-and-climate-change
https://fossilfuelregistry.org/article/MethaneEmissions
https://www.superpowerinstitute.com.au/news/new-groundbreaking-satellite-monitoring-tool-shows-significant-underestimation-of-methane
https://acp.copernicus.org/articles/22/9349/2022/
https://ieefa.org/resources/blue-hydrogen-not-clean-not-low-carbon-not-solution
https://www.energy.gov/eere/greet
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Does domestic or imported blue hydrogen fit within regulatory  
frameworks?
The DOE’s clean hydrogen production standard has set a target of ≤4.0 kgCO

2
e/kgH

2
 for well-

to-gate (excluding transportation value chain) lifecycle greenhouse gas emissions. This target 
aligns with the upper limit of the four-tier incentives in the Inflation Reduction Act (IRA)’s 45V 
tax credits for clean hydrogen.

For Japan and South Korea, the well-to-gate emissions standards were set at 3.4 and 4 kgCO
2
e/

kgH
2
, respectively. Similarly, most regulatory frameworks with threshold and tier systems 

mandate a carbon intensity below 4 kgCO
2
e/kgH

2
.

In the EU, the emissions savings threshold plays a crucial role, requiring that any genuinely low-
carbon fuel must achieve at least a 70% reduction in emissions compared with the emissions 
intensity of a fossil fuel benchmark, set at 94 gCO

2
e/MJ (or 3.38 kgCO

2
e/kgH

2
). By the end of 

this decade, EU industrial producers, including those in the steel sector, must obtain 42% of 
their hydrogen consumption from green hydrogen sources, with this share rising to 60% by 
2035. 

It is extremely challenging for blue hydrogen to meet these emissions intensity targets. In 
September 2024, Shell and Equinor halted their gigawatt-scale blue hydrogen projects in 
Norway due to a lack of demand. Both projects were planned to supply hydrogen to Germany. 
This decision reflects the difficulty in meeting the EU’s stringent carbon emission regulations 
through the blue hydrogen pathway, as end-users are reluctant to commit to materials with high 
associated CO

2
 emissions.

Stricter regulations will come into effect in the coming years, making it increasingly difficult for 
blue hydrogen to attract end-users including steelmakers, while green hydrogen developers 
continue to gain momentum.

The situation becomes even more complex when hydrogen is sourced from exports, as projects 
must also contend with the inefficiencies of hydrogen transportation. 

A recent report from Green Hydrogen Catapult and the Green Hydrogen Organisation 
highlighted that importing blue hydrogen into the EU from sources like the US Gulf Coast fails 
to meet the carbon reduction thresholds set by regulators (3.38 kgCO

2
e/kgH

2
). The report also 

assessed hydrogen import options for Japan (for example, from Australia and the US) finding 
that all scenarios exceeded the limit of 28.33 gCO

2
e/MJ.

The report considered not only emissions directly associated with blue hydrogen production, 
such as methane leakage and actual carbon capture rates, but also the inefficiencies involved in 
converting hydrogen into carriers like ammonia and reconverting it back to gaseous form. Figure 
2 illustrates the emissions intensity of landed blue hydrogen in Europe, based on optimistic 
assumptions of 1.4% methane leakage and 85% carbon capture efficiency.

https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/clean-hydrogen-production-standard-guidance.pdf
https://www.energy.gov/eere/fuelcells/financial-incentives-hydrogen-and-fuel-cell-projects
https://www.energy.gov/eere/fuelcells/financial-incentives-hydrogen-and-fuel-cell-projects
https://greenh2catapult.com/wp-content/uploads/2024/09/H2-Emissions-Accounting-White-Paper.pdf
https://greenh2catapult.com/wp-content/uploads/2024/09/H2-Emissions-Accounting-White-Paper.pdf
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://theicct.org/wp-content/uploads/2022/10/defining-low-carbon-and-renewable-gas-oct22.pdf
https://theicct.org/wp-content/uploads/2022/10/defining-low-carbon-and-renewable-gas-oct22.pdf
https://www.hydrogeninsight.com/policy/eus-2030-targets-for-green-hydrogen-use-in-industry-and-transport-become-law-with-publication-in-official-journal/2-1-1545432
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/092424-shell-pulls-plug-on-norwegian-blue-hydrogen-project-citing-lack-of-demand
https://www.reuters.com/business/energy/norways-equinor-scraps-plans-export-blue-hydrogen-germany-2024-09-20/
https://gh2.org/sites/default/files/2024-09/H2-Emissions-Accounting-White-Paper-Sept 2024-compressed.pdf
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Figure 2: Calculated emissions intensity of landed blue hydrogen in Europe, kgCO2e/kgH2

Source: Green Hydrogen Catapult and Green Hydrogen Organisation.

Recent studies also indicate that long-distance transportation of liquefied hydrogen could be 
prohibitively expensive. For example, shipping hydrogen from Australia to South Korea in 2023 
could cost as much as US$30/kgH

2
. At European Hydrogen Week in Brussels 2024, Mohammad 

Abdelqader El-Ramahi, chief green hydrogen officer at Masdar, said “the transforming [into H
2
], 

converting [into NH
3
] and reconverting [into H

2
] by cracking would be a business killer as simple 

as that because the cost would be astronomical.” 

Blue hydrogen economics and emissions profile in steel production
Emissions

Hydrogen plays a critical role in ironmaking by replacing fossil fuels in DR technology. This 
process, which currently relies on gas (or syngas derived from coal gasification), can potentially 
lower emissions by using pure hydrogen as a reducing agent during the reduction of iron 
ore. Hydrogen’s ability to reduce emissions depends heavily on its production method. Only 
hydrogen produced through renewable-powered electrolysis (i.e. green hydrogen) can achieve 
near-zero emissions. 

In DR ironmaking, replacing gas with hydrogen produced from gas 
(grey hydrogen) does not lead to a reduction in gas consumption or 
carbon emissions.

In DR ironmaking, replacing gas with hydrogen produced from gas (grey hydrogen) does not 
lead to a reduction in gas consumption or carbon emissions.  The gas required for hydrogen 
production and the associated emissions from the grey hydrogen process are higher compared 
with traditional gas-based DR. Additionally, for blue hydrogen, the process introduces extra 
energy demands for capturing and transporting the CO

2
 emitted, further diminishing hydrogen’s 

efficiency and environmental benefits.

The carbon intensity of gas-based hydrogen production through SMR technology is 
approximately 11.46 kgCO

2
e/kgH

2
. Based on figures from Midrex (the leading provider of 

DR technology and Primetals), for each tonne of DRI, about 58.4kg to 81.3kg of hydrogen is 
required, depending on whether heating of the reducing gas is included or not. Figure 3 shows 

https://www.hydrogeninsight.com/analysis/long-distance-green-hydrogen-imports-will-be-up-to-five-times-more-expensive-than-previously-thought-study/2-1-1688445
https://www.hydrogeninsight.com/production/cracking-imported-green-ammonia-back-into-hydrogen-molecules-is-a-business-killer-masdar/2-1-1741743
https://scijournals.onlinelibrary.wiley.com/doi/10.1002/ese3.956
https://scijournals.onlinelibrary.wiley.com/doi/10.1002/ese3.956
https://www.sciencedirect.com/science/article/pii/S0360319924028398?via%3Dihub
https://www.midrex.com/tech-article/fueling-the-future-of-ironmaking-midrex-flex/
https://www.primetals.com/fileadmin/user_upload/landing_pages/2021/Green_Steel/Publications/downloads/AISTech_2021_MIDREX_H2_Final.pdf
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the gas consumption and the related emissions in different scenarios of switching from gas to 
gas-based hydrogen. This equates to 817 kgCO

2
/tDRI when grey hydrogen is used for iron ore 

reduction and gas for heating, and 931 kgCO
2
/tDRI when hydrogen is used for both reduction 

and heating. In comparison, gas-based DRI direct emissions from using gas are 584 kgCO
2
/

tDRI, underscoring the substantial challenges associated with transitioning to any fossil-based 
hydrogen. The critical question is, how much can emissions realistically be reduced from this 
fossil-based hydrogen process, and at what cost?

Figure 3: Gas consumption and related CO2 emissions in DRI production (switching 
from gas to gas-based hydrogen)  

Sources: Primetals, Midrex, IEEFA calculations. 
Assumptions: Gas emissions: 0.056 tCO

2
/Gj; Gas consumption for SMR: 3.85 kg/kgH

2
; Grey hydrogen emissions: 11.46 

kgCO
2
/kgH

2
. The total gas consumption for the DRI process is 282 normal cubic metres (Nm³), of which nearly 25% is need-

ed for heating the gases in the reformer. To completely replace gas with gas-based hydrogen, a total of 436 Nm³ of gas would 
be required, equivalent to 81 kg or 904 Nm³ of hydrogen.

Transitioning to fossil-based hydrogen not only worsens carbon emissions but also depends on 
unproven CCS technology for emissions mitigation. CCS has yet to provide a reliable solution 
for either the steel industry or the hydrogen sector.

Tenova indicates that using blue hydrogen or deploying CCS achieves only about a 25% 
reduction in total emissions within the DRI-EAF pathway when considering emissions across the 
entire steel value chain. This analysis also emphasised that “whenever there is the possibility of 
ENERGIRON® technology, with inherent selective CO

2
 elimination for CCU/CCS … the direct 

use of NG [natural gas] followed by Green-H
2
 will be the efficient and economical approach 

versus Blue H
2
 in terms of CO

2
 emissions.”

https://www.primetals.com/fileadmin/user_upload/landing_pages/2021/Green_Steel/Publications/downloads/AISTech_2021_MIDREX_H2_Final.pdf
https://www.midrex.com/tech-article/fueling-the-future-of-ironmaking-midrex-flex/
https://worldsteel.org/wp-content/uploads/CO2_User_Guide_V11.pdf
https://www.sciencedirect.com/science/article/pii/S0360319924028398?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0360319924028398?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0360319924028398?via%3Dihub
https://www.energiron.com/sites/default/files/documents/2024_04_ENERGIRON Direct Reduction technology contribution to solve the 21th Century climate challenges of the steel industry.pdf
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Figure 4: Expected CO2 emissions for different DRI routes with and without  
CCU/CCS  

 
Source: Tenova. 
Note: CO

2
 capture from flue gases is excluded from this calculation due to its low concentration, inefficiency, and high energy 

demand. CCU = carbon capture and utilisation; CCS = carbon capture and storage; DRP = direct reduction plant; NG = natu-
ral gas.

The performance of the Al Reyadah carbon capture, utilisation and storage (CCUS) facility, with 
a nominal capturing capacity of 0.8 million tonnes per annum (Mtpa), supports these figures. 
Emsteel has utilised Energiron DR plants and has been capturing CO

2
 emissions through this 

facility since 2016. From 2020 to 2023, this facility captured and sequestered 19.3% to 26.6% 
of total emissions (Scopes 1 and 2).

Cost

Currently, the production cost of blue hydrogen is lower than that of green hydrogen. This 
is primarily because the green hydrogen economy is still in its infancy, whereas gas-based 
hydrogen technologies have dominated production for decades, resulting in lower costs. 
However, the primary objective of using hydrogen in the steel sector is to reduce carbon 
emissions, necessitating its comparison with other mature technologies in the industry.

Proponents of blue hydrogen argue that it is cheaper and that achieving cost parity with green 
hydrogen will take many years. However, a recent study indicates that the higher residual 
emissions of blue hydrogen could undermine its price competitiveness well before green 
hydrogen reaches cost parity. This study, which includes an interactive model, suggests that blue 
hydrogen would only be cost-competitive under very low gas prices (≤EUR15 per megawatt-
hour), with over 90% of CO

2
 captured and with minimal methane emissions (<1%) – criteria that 

are unlikely to be achievable in real-world conditions.

From a cost perspective, despite the challenges facing green hydrogen, developers strategically 
positioned in areas with access to affordable renewable energy will be able to produce green 
hydrogen at a lower cost than blue hydrogen by the end of this decade. Over time, the cost 
of electrolysers is expected to decrease significantly, while the cost of electricity – the main 
component and cost driver of green hydrogen production – is on a consistent long-term 

1,800

1,600

1,400

1,200

1,000

800

600

400

200

0

kg CO2/t liquid steel

Iron ore+sinter+scrap Coal Natural gas Electricity Other consumables

BF-BOF DRP-EAF
100%NG 

without CCS

DRP-EAF
100%NG
with CCS

DRP-EAF
BLUE H2

DRP-EAF
GREEN H2

DRP-Melter-BOF
100%NG
with CCS

Lowest CO2 emissions for DRP-EAF route.  
Decreasing with Green H2 not Blue H2

Inherent CCU/CCS of  
ENERGIRON® scheme  

~equals the Blue H2 approach

•	 Location: 0.38kg CO2/kWh
•	 Melter off-gas recovery
•	 NG/tail gas to fuel
•	 H2 to process and fuel for 100% H2

https://ieefa.org/sites/default/files/2024-11/BN_Steel CCUS update- Carbon capture technology looks ever less convincing_Nov24.pdf
https://www.cell.com/joule/abstract/S2542-4351(23)00496-8?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2542435123004968%3Fshowall%3Dtrue
https://interactive.pik-potsdam.de/blue-green-H2/
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Sep/IRENA_Renewable_power_generation_costs_in_2023.pdf
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downward trend. These factors strongly favour green hydrogen as the more economical and 
sustainable option in the long run.

Although the cost reduction in electrolysers has not met earlier projections, capital expenditure 
for electrolysis is still expected to decrease by 50% by 2050 in key markets such as China, 
Europe and the US. Additionally, advancements in electrolysis technology are anticipated to 
boost efficiency to over 84%, compared to the current 66%-72%, further driving down the cost 
of green hydrogen and enhancing its competitiveness. 

A recent BNEF analysis forecasts that on average the levelised cost of green hydrogen will 
decline by 34% by the end of this decade and an additional 40% by 2050, reaching $1.6–
$5.09/kg across different markets. Green hydrogen could become cost-competitive with grey 
hydrogen in regions such as India and China by 2040.

The International Energy Agency (IEA)’s Global Hydrogen Review 2024 forecasts that in the 
Net Zero Emissions (NZE) scenario, certain regions with abundant renewable energy potential 
could produce green hydrogen at costs ranging from US$2-4/kg, making it competitive with 
blue hydrogen. (Figure 5)

Figure 5: Hydrogen production cost by pathway, 2023, and in the Net Zero Emissions by 2050 
Scenario, 2030

Source: IEA, Global Hydrogen Review 2024 

Unlike electrolysis, carbon capture remains a highly expensive option, primarily due to its 
significant customisation requirements and the complexity of its design and engineering 
processes.

Carbon capture continues to face significant challenges in proving its effectiveness in reducing 
climate emissions, particularly in sectors like steel, where its role in decarbonisation remains 
minimal. Costs associated with CCUS projects are notably high, with escalating expenses posing 
a barrier to wider adoption. A recent IEEFA report showed that in the last two financial years, 
the CCS facility at the Gorgon LNG plant incurred a cost of US$138 per tonne of CO

2
 captured, 

which is four to six times higher than IEA’s median cost estimates for the sector. This highlights 
the financial and technical hurdles that must be addressed for CCUS to play a meaningful role 
in global emissions reduction efforts.

Like the gas-based DRI pathway, the blue hydrogen pathway is highly sensitive to gas prices. 
As gas prices rise, its cost-competitiveness diminishes significantly. Blue hydrogen also faces 
challenges from high gas price volatility and the significant costs associated with CO

2
 capture. 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Sep/IRENA_Renewable_power_generation_costs_in_2023.pdf
https://www.bnef.com/login?r=%2Finsights%2F34819
https://www.bnnbloomberg.ca/investing/commodities/2024/12/23/green-hydrogen-prices-will-remain-stubbornly-high-for-decades/
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://www.iisd.org/articles/deep-dive/why-carbon-capture-storage-cost-remains-high
https://ieefa.org/resources/steel-ccus-update-carbon-capture-technology-looks-ever-less-convincing
https://ieefa.org/resources/ccs-hype-and-hopes-sinking-fast
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
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Based on projects in the pipeline, almost 80% of blue hydrogen development is planned to be 
built in the US, driven by tax credits for both CCS and low-emission hydrogen production. In the 
US, the IRA’s 45Q CCS tax credits have been increased to help offset capture costs, but they 
are still insufficient to make the technology financially viable.

The potential of CCUS technology to significantly reduce emissions from either DRI production 
or blue hydrogen pathways remains limited. When residual emissions and rising carbon prices 
are considered, it becomes evident that neither pathway offers a viable long-term solution 
for achieving full decarbonisation of the DRI-EAF process. A more sustainable approach lies 
in gradually transitioning from gas to green hydrogen. This phased shift ensures the process 
remains both efficient and effective in reducing carbon emissions while adapting to evolving 
energy and cost dynamics. In this configuration, blue hydrogen plays no role.

Blue hydrogen risks for investors and end-users
Any investment in fossil fuel-based hydrogen production risks trapping investors, as they 
may find themselves committed to a long-standing technology likely to become obsolete in 
the coming years due to advancements in the green hydrogen economy, falling electrolyser 
manufacturing costs, and decreasing electricity prices.

Unlike blue hydrogen, which requires significant upfront investment in production facilities, gas 
infrastructure and carbon capture, green hydrogen can be developed incrementally due to its 
modularity. This phased approach helps lower investment risks over time.

Furthermore, not all steelmakers have access to the gas resources required for blue hydrogen 
production, and transporting blue hydrogen is not an economically viable solution. In contrast, 
renewables-based hydrogen production offers greater flexibility, as it can be established in 
diverse locations, provided there is access to water and renewable energy sources. This 
adaptability makes it a more practical and sustainable option for many regions.

François Paquet, managing director of the Renewable Hydrogen Coalition, said in a recent 
interview, “You need to go large scale to make it (blue hydrogen) cost-competitive, but the 
investment risk is enormous… In less than half the lifetime of your asset, you will be undercut 
by cheaper renewable hydrogen – so the case for investing is very risky.”

The strict threshold of low-emissions hydrogen has raised concerns for major oil companies 
like Equinor, who are uncertain about meeting these targets with their blue hydrogen projects 
Europe-wide. The company has discontinued its 10 gigawatt (GW) blue hydrogen export project 
to Germany in the early stages, citing insufficient demand and high costs. The company has 
stated that its customers are unwilling to sign long-term offtake agreements for blue hydrogen, as 
it poses a risk of being tied to high-emissions sources that may not comply with EU regulations. 

Equinor has launched a blue hydrogen offtake process for its 1GW H2M Eemshaven project, 
prioritising potential buyers with an annual demand of at least 50 megawatts. The downsizing 
of project ambitions and the active search for offtakers highlight the significant challenges big 
companies face in making the blue hydrogen economy viable.

Shell has also put its 2.5GW Aukra blue hydrogen project on hold. The Aukra Hydrogen 
Hub, developed in partnership with Aker Horizons and CapeOmega, was initially intended to 
produce 1,200 tonnes of hydrogen per day by 2030 for export to Germany. Aker Horizons 
Asset Development Managing Director Knut Nyborg said: “Aker Horizons agrees with Equinor’s 
assessment that the framework conditions [in a blue hydrogen export pipeline from Norway to 

https://www.bnef.com/login?r=%2Finsights%2F33965%2Fview
https://ieefa.org/sites/default/files/2024-07/CCS and Blue Hydrogen - Unproven Technology and Financial Risk_July 2024.pdf
https://ieefa.org/resources/leveraging-green-hydrogen-lower-mena-steel-sector-emissions
https://www.rechargenews.com/energy-transition/why-multi-million-dollar-blue-hydrogen-investments-might-fast-end-up-as-stranded-assets/2-1-1146527
https://www.hydrogeninsight.com/production/interview-investing-in-blue-hydrogen-is-very-risky-green-h2-will-become-cheaper-during-project-lifetimes/2-1-1737644
https://www.hydrogeninsight.com/industrial/our-blue-hydrogen-customers-dare-not-sign-a-long-term-contract-with-us-due-to-eu-rules-equinor/2-1-1719252
https://www.hydrogeninsight.com/production/planned-hydrogen-pipeline-between-norway-and-germany-scrapped-by-equinor/2-1-1713642
https://www.h2-view.com/story/equinor-opens-hydrogen-offtake-process-for-h2m-eemshaven-production-project/2118189.article/
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/092424-shell-pulls-plug-on-norwegian-blue-hydrogen-project-citing-lack-of-demand#:~:text=Shell pulls plug on Norwegian blue hydrogen project citing lack of demand,-Author James Burgess&text=Shell has put the Aukra,an associated pipeline to Germany.
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Germany] are not in place for large investments… We also share Shell’s conclusions that major 
industrial players in Europe now seem to prefer green hydrogen over blue.”

The early cancellation of these major projects underscores the significant risks involved,  
driven by misalignment with regulations and customer demands.

The Australasian Centre for Corporate Responsibility (ACCR) has sued Santos for misleading 
investors on blue hydrogen’s carbon reduction potential by relying on CCS technology. ACCR 
mentioned that Santos had described blue hydrogen as “clean” and “zero-emissions” and had 
therefore “failed to disclose that blue hydrogen production will increase its Scope 1 and 2 
emissions”.

As oil and gas companies face challenges in establishing viable blue hydrogen supply chains 
and navigating the associated risks, it raises questions about why corporations like POSCO are 
investing in blue hydrogen capacity for use in their steel mills. 

Moreover, as end-users of hydrogen, steelmakers are unlikely to commit to long-term contracts 
with developers, as emissions from blue hydrogen fail to meet the stringent thresholds required 
to qualify as a low-emissions feedstock for producing green steel.

The global demand for low-emissions steel has been steadily increasing. In the US alone, it is 
projected to reach 6.7Mt by 2030, driven primarily by the automotive sector, which accounts for 
nearly 50% of the demand. Globally, transportation remains a key driver of green steel adoption, 
with demand outpacing the current capacity of steelmakers to supply it. This surge is largely 
driven by companies striving to reduce their Scope 3 emissions by sourcing greener materials.

An increasing number of companies are moving away from materials that rely on fossil fuels 
in their value chains. In the steel sector, continuing to use fossil fuels poses significant risks, 
especially given the unrealistic expectations of CCUS as a means to eliminate emissions.

Last year IEEFA’s report on CCUS technology made clear that CCUS will not play a significant 
role in steel sector decarbonisation. As we wrote then, “CCUS installations will not decarbonise 
steel production enough to satisfy the growing number of steel consumers demanding truly 
green steel. Car makers are already signing purchase agreements for green steel made using 
green hydrogen with virtually no emissions. Tighter definitions of what exactly constitutes ‘green 
steel’ can be expected in the near future. There is a significant risk that the low capture rates of 
CCUS will mean steel produced this way will not meet such definitions.”

As we head into 2025, these issues seem even more relevant, indicating that green hydrogen 
– not blue – represents the future of green steelmaking.

https://www.accr.org.au/news/greenwashing-proceedings-in-federal-court/
https://www.accr.org.au/news/greenwashing-proceedings-in-federal-court/
https://rmi.org/us-businesses-need-low-emissions-steel-and-its-time-for-us-steelmakers-to-get-it-to-them/
https://about.bnef.com/blog/green-steel-demand-is-rising-faster-than-production-can-ramp-up/#:~:text=The transport sector is particularly,vehicle production costs by 1%25.
https://ieefa.org/resources/carbon-capture-steel
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