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o] BA S FFohe Fo adolt), g ad
2 A HEE 1kgd F 102209 nl=, G,
T3, B34 5 Fa70] 1kgd & 528 A
s uf Ao F ulel] @dtrh(Table 6 33).
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e Aoz glEth(Economy of Sustainable
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kg M Abgyelo] FE3] HkdE#] FEata gl
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] 3 528 4
AAE 483 o GrinHy
g A7 %%3}01 A

%ZJOﬂ AA7 27} **9} g
[¢) é\_i‘ﬂ :rL/HQ
3t d3ko|th(Salzgitter,
2021, 2022, 2024).

npreko 2 A&l COURSE 500] itk COURSE
500]2hs WA o2 AlAE ] #Ale Super COURSE
5022 APH 1 e £ Z2HEE NEDO(K
YA - AA71 37 9 8 st o] HA
TG eIt & ZRAEE A& Fa A
QE~E3 JFE Steel, 2212 Kobe Steeld] &
o2 Ay glom g9 T ZRAES Fddt
FASAAE Ve N 2 FesE s FA

I Slct, E}HP T IEAES g V|E 1RE &
e FASIAE FHE 1kEthe HollA] Ao
} 2A42HPOSRI, 2020). NEDO2] A|9-E 7]
SR AYE B ZZAEE AIF 12 JbE A,
ZAE 7)o AYIPH & W& AL =
Al 33% 744 23 2Aste AHE 715IA
(NIPPON STEEL, 2024), #% 239 =%
A& ARt YA 7] Wi g2
o 4= AHE 2P eA SH o] o dFol

(SteelWatch, 2024: Global Eco News, 2021).
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FHoz A7 At ARG x23E 19804
JEAE L A E Tl 24 At dFE F49 &
et A 27 Al A 9] A E Gttt o
T ¥ade AL ANE 7o 1990 &
7% GAg o g FRY A7} Al A e YA
Z Yalaat 1o, o] FINEX 34 7] A
3ttt spAEE F=o] A B FUtE Q%
A7) 37 ddol At 22 R 719 i &
Hog ¥239 A Ao FoleHAM X235
= 7t A 7|9 Ak S5E 918 FINEX
WS Agseln, FEY AddA g4 g
o7k = WA 2010 o] F =Y A7 7]
HEo] FLIAAE I el FHFsiA HRA
ZRAE @99 7| M 3 et FFsH
oAt} olu L3 ©Ed 7H A H W o}
Yet 23 474 e Bxe F289408 3P
HyREX /I Al #shsith(Table 8 #2)
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of 44 o] e gud Aoz getH) ol A
7189 BAM Aeh A7) 71 RS 53 A
29| §AFYH Ao 7t Ao E g g
olgl1 ¥ 4= it} (Bank of Korea, 2022). L&
3= A7kl el 20224 LAVt E R 2] u)
Z29] 37.8% 5 At A& wE Aol A
eaFdo] MHR] ¥ AF =7F AAe] NDC +
T& B7ksd Aot 571 AA NDC & 7|
G2 AN A 57 ESG 559 st whe
A% stege] gagle] E Alojv, 22d Faxt ¢
aE71H] AR o] FoR oox ¥ F TAE
e 4 9t

A2} AAHkE 948 b3 719 B ok
7} A6 §A A2 ek Rag B et et

A tH Chungcheong Times, 2023). ¥AF0

T AEAQ A TA AR daFTHol Gy
2 i EH gz BAsA 2 t718 A
Al 2018~2023d 12 749 Yol HP=An
7t2 2024~20269°0 12 9] 3ol o=
ATHPOSCO Holdings, 2023). BHAaFH-S a3
Uolrtol s & AlF M E BAaFY

AAL BA0] FARL 9o B2FAL AT vl &

9| HyREX(=ASI2HIE 38) L ARIE S422 89

date dyA] S He Fol| ITHKIEP, 2025).
SEAIRE A ALSl = ml=re] A Wstel e Eekal
71% &= A& = gAE £H9] sk 9o,
olg] HEA '@ S desta e S
A 27] 717t B AR A 1z 1% 55
3 w2A o2 171 wepgolok i (Economy
of Sustainable Growth, 2024a).
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(Table 1) Annual Production Rankings of Major Global Steel Companies (2002 - 2007)

Rank 2002 2003 2004 2005 2006 2007

1 ArcelorMittal | ArcelorMittal Arcelor Mittal Steel | ArcelorMittal | ArcelorMittal

2 LNM LNM Mittal Steel Arcelor Nippon Steel | Nippon Steel

3 Nippon Steel | Nippon Steel | Nippon Steel | Nippon Steel JFE JFE

4 POSCO JFE JFE POSCO POSCO POSCO

5 Baowu Steel POSCO POSCO JFE Baowu Steel | Baowu Steel

6 Corus Baowu Steel | Baowu Steel | Baowu Steel US Steel Tata Steel

7 thyssenkrupp Corus US Steel US Steel Nucor AnshanBenxi

8 NKK US Steel Corus Nucor Tangsteel Shagang

9 Riva thyssenkrupp Nucor Corus Corus Tangsteel

10 US Steel Nucor thyssenkrupp Riva Riva US Steel

Source: worldsteel (https://worldsteel.org/)

(Table 2) Annual Production Rankings of Major Global Steel Companies (2010 -2023)

Rank 2010 2013 2016 2019
1 ArcelorMittal ArcelorMittal ArcelorMittal ArcelorMittal
2 Baowu Steel Nippon Steel Baowu Steel Baowu Steel
3 POSCO HBIS HBIS Nippon Steel
4 Nippon Steel Baowu Steel Nippon Steel HBIS
5 JFE Steel WISCO POSCO POSCO
6 Shagang POSCO Shagang Shagang
7 Tata Steel Shagang Ansteel Ansteel
8 Ansteel Ansteel JFE Steel Jianlong
9 Severstal Shougang Shougang Tata Steel
10 EVRAZ JFE Steel Tata Steel Shougang
Rank 2020 2021 2022 2023
1 Baowu Steel Baowu Steel Baowu Steel Baowu Steel
2 ArcelorMittal ArcelorMittal ArcelorMittal ArcelorMittal
3 HBIS Ansteel Ansteel Ansteel
4 Shagang Nippon Steel Nippon Steel Nippon Steel
5 Nippon Steel Shagang Shagang HBIS
6 POSCO HBIS HBIS Shagang
7 Ansteel POSCO POSCO POSCO
8 Jianlong Jianlong Jianlong Jianlong
9 Shougang Shougang Shougang Shougang
10 Shandong Steel Tata Steel Tata Steel Tata Steel

Source: worldsteel (https://worldsteel.org/)



98 KBR X292 3= 20254 83

(Table 3) Major Destination Countries and Regions for Chinese Steel Exports in 2023 (unit: million tons)

EU27 Thg Africa Japan Other A§1an Oceania Others Total
Americas Countries
4.5 2.2 3.8 1.1 44 8 0.9 37 94.3

Source: worldsteel (https://worldsteel.org/)

(Table 4) Regional Sales Distribution of POSCO in 2023 (unit: %)

Southeast Asia Europe Japan China Others Total

20 17 16 10 37 100
Source: DART (https://dart.fss.or.kr/)

(Table 5) Comparison between POSCO and Nippon Steel

Firm Category 2010 2011 2012 2013 2018 2021 2023

Revenue 32.582 29.172 35.665 30.544 30.659 39.920 38.972

Operating |y g0, | 4196 | 2781 | 2215 | 3.809 | 6.650 | 2.083
Profit

POSCO | Operating 15 10 77 7.4 12 16 5.3
Margin
Crude Steel |\ g5 4| 91 | 399 | 384 | 429 | 430 | 88.0
Production

Revenue 4.110 4.091 4.390 5.516 5.922 6.809 8.868

Operating | 165 | 0079 | 002 | 0298 | -0.284 | 0841 | 0.779

. Profit

Nippon =3

Steel perating 4 1.9 0.5 5.4 -4.8 12 8.7
Margin
Crude Steel | 47 33.4 47.9 50.1 492 495 437
Production

Source: DART (https://dart.fss.or.kr/), Nippon Steel (https://www.nipponsteel.com/en/),
worldsteel (https://worldsteel.org/)
Note: Revenue and operating profit are measured in trillions; operating margin is expressed as a percentage (%):
crude steel production is measured in million tons. The currency unit is KRW for POSCO and JPY for Nippon Steel.

(Table 6) Steel Production Cost per Ton by Country and Process (unit: USD)

Process Blast Furnace Hydrogen Direct Reduction
Country -Electric Furnace | Hydrogen $5/kg | Hydrogen $3/kg | Hydrogen $1/kg
China 539 764 640 517
Japan 601 832 709 585
Korea 605 868 745 621
United States 565 791 668 544
EU 668 854 730 607
Brazil 504 723 599 476
Australia 536 763 640 516

Source: Transition Asia (2024)
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(Table 7) Hydrogen Reduction Ironmaking Projects by Country

. COURSE 50 / Super
Project HYBRIT SALCOS COURSE 50
Period 2018~ 2015~ 2008~2022 / 2022~
Participatin Salzgitter and other
bating SSAB, LKAB, Vattenfall research institutes and Nippon Steel, JFE, Kobe
Organization .
companies
Logo HYBRIT | SALCS | courseso s
b» FOSSIL-FREE STEEL Younited. Steelmaking. Reinvented. | ~ ceeeee® s
Source https://rekrytering. hybritd | https://salcos.salzgitter-ag. | https://www.greins.jp/cour
evelopment.se/en-GB com/en/index.html se50/en/
Project Category Description
- Participating Organization: SSAB (Swedish steelmaker), LKAB (Swedish
Overview iron ore supplier), Vattenfall (Swedish energy company)
- Operational Structure: Project operated through a joint venture
called HYBRIT, established by the three participating firms.
- Industrial Leap (Swedish funding program): SEK 3.1 billion
HYBRIT Funding (approx. KRW 400 billion)
- EU Innovation Fund: EUR 143 million (approx. KRW 190 billion)
- Achievement: Successfully produced and supplied hydrogen-reduced
Achievement & steel (2021)
Limitation - Limitation: Carbon emissions still occur during impurity removal in
the steelmaking process
- Participating Organization: Salzgitter (German steelmaker), in
Overview collaboration with various research institution and energy companies
- Operational Structure: Led by Salzgitter, the project encompasses
several sub-projects under a unified green steel vision
. - German Federal Government and State of Lower Saxony: EUR 1
SALCOS Funding billion (approx. KRW 1.4 trillion)
- Achievement: Successful installation and trial operation of wind
Achievement & turbines for green hydrogen production
Limitation - Limitation: Carbon emissions remain due to the combined use of
hydrogen and natural gas as reductants
- Participating Organization: Nippon Steel, JFE Steel, Kobe Steel
(major Japanese steelmakers)
Overview - Operational Structure: A national R&D initiative led by NEDO (New
COURSE Energy and Industrial Technology Development Organization), initially
50 launched as COURSE 50, now upgraded to Super COURSE 50
/ - NEDO: Approx. JPY 10 billion (approx. KRW 1.05 trillion) for COURSE 50
Super Funding - Green Innovation Fund: Approx. JPY 121 billion (approx. KRW 1.18
COURSE trillion) for Super COURSE 50
50 - Achievement: Achieved a 33% reduction in CO, emission compared
Achievement & to conventional methods (based on pilot furnace tests)
Limitation - Limitation: Did not disclose a standardized measurement method,
making it difficult to validate the exact reduction level
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(Table 8) POSCO's Response Process to Market Changes

Category

Market

POSCO

Since 1970s

- Initiated developing new
technologies to replace traditional
blast furnace methods on a global
scale

- In 1992, POSCO began technology
development,

- Successfully developed the FINEX
process

Since 2000s

- Growth of China's steel industry

- Increased crude steel production
through mergers among global steel
companies

- POSCO aimed to increase production
based on price competitiveness

- Successfully commercialized the
FINEX process

Since 2010s

- Europe, Japan, and other global
players initiated the development of
hydrogen-based steelmaking
technologies

- POSCO began developing new
technologies to enhance price
competitiveness and produce green
steel

Present

- Oversupply of Chinese steel has
dominated the Asian market

- Carbon neutrality issues such as
CBAM and the U.S IRA have emerged

- POSCO is currently developing the
HyREXprocess

- Facing difficulties in
commercialization

(Table 9) Analysis of POSCO's Dynamic Capabilities Compared to Major Steel-Producing Countries Projects

Category Sensing Seizing Reconfiguring
Full-scale formulation of Initiation of hydrogen Utilizes existing blast
COURSE 50 carbon neutrality strategy | -based steelmaking process| furnace facilities and
(2008) development (2008) reconfigures reductants
Conceptualization of Starts developing HyREX
Full-scale formulation of hydro pen*based based on FINEX, but the
POSCO carbon neutrality strategy yaros . capital structure needed
steelmaking process ..
(2021) for commercialization is
(2021)
unstable
- POSCO was slower than global steelmakers in sensing and seizing
opportunities related to hydrogen-based steelmaking
- After seizing, POSCO successfully initiated development of its
proprietary HyREX process
. - Due to limited capital, reconfiguring remains incomplete, making
Insights

commercialization difficult

- Japan's COURSE 50 utilizes existing blast furnaces and reconfigures
reductants to demonstrate hydrogen reduction feasibility
- The Japanese approach shows a stable capital structure and

incremental innovation model
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INTERNATIONAL
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P&O Chemical MATERIALS SOLUTION
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eNtoB M-TECH STEEELEON PNR HUMANS
Source: DART (https://dart.fss.or.kr/)
(Figure 1) POSCO Group Equity Structure Chart (unit: %)
Iron production Steel production Rolling Process
Process of producing molten iron Process of producing steel by removing Transforming steel into
impurities from molten iron plates and wire rods
.@;\ Il
FINEX
£ =55, J:@ e H P > ®
n

Co—o Coke [/ 5 Hﬁ% Hot rolling Byproduct  electric
Raw Material 2 == = ge steam fuel
Extraction m Blast Furnace Electric continuous E@%@

J— turace casing wrting 1] steetetin

B post consumer scrap

© RECYCLING

4 Reuse & Remanufacturing

(GIGA STEEL, electric steel sheets)
O USE

Source: POSCO (2021)

sea forest reef

postConsumer scrap L8R

PosMent

o > B > W

coal tar

needle anode electric

© MANUFACTURING

vehicle
batteries

cokes material

(Figure 2) Steel Production Process and Life Cycle
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Blast Furnace

FINEX HyREX

- ? [‘ P [‘

Coke
oven
|

'i&
e .
—

Sinter
Plant

[ ]

‘;_—l Hydrogen
Fi Electric Smelting
He ga's Furnace
Smelter-Gasifier Electric
Power Hot metal,
Hot air Hot metal, slag Oxygen Hot metal, slag q o slag

Source: POSCO (2025b)

(Figure 3) Comparison of Steel Manufacturing Processes by Reductant

241.6
26.9
Facility Upgrade Facility
Replacement

Source: Ministry of Trade, Industry and Energy (2023)

(Figure 4) Support Plan for Low-Carbon Steel Technology Development in 2023
(unit: billion KRW)
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12000
10200
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269 425
0 ] = [
Japan United Korea Germany Sweden
States
H Grant Production Volume

Source: European Commission (2022a, 2022b, 2023a, 2023b, 2023c, 2024), NEDO (2023), Roosevelt Institute
(2024), Swedish Energy Agency (2023), U.S. Department of Energy (2022), worldsteel (2023)

(Figure b) Total External Subsidies for Hydrogen-Based Steelmaking and Crude Steel Production
by Major Steel-Producing Countries in 2023 (unit: billion KRW, ton)

Firm Strategy, Structure,
and Rivalry
Alignment of technology and
Al-based production
strategies with organizational

structure
h
Factor Conditions Demand Conditions
) . ) | Support for steel
Securing skilled workforce technology and marketing
and steelmaking facilities tailored to consumer needs
A 4

Related and Supporting
Industries

Investment and acquisition in
mining for stable supply of
raw materials

(Figure 6) Analysis of POSCO’'s Corporate Competitiveness Using the Diamond Model
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Firm Strategy, Structure,
and Rivalry

Although carbon neutrality strategies
have been established and
organizational restructuring has taken
place, damestic technological
competitiveness remains weak

b

Factor Conditions Demand Conditions

A
A

Lack of infrastructure and Responding to market needs

investment relative to existing through the production or
knowledge and research technological development for
facilities low-carbon steel

A

Related and Supporting
Industries

Underdeveloped domestic
industrial clusters

(Figure 7) Analysis of POSCO’'s Net-Zero Competitiveness Using the Diamond Model

Firm Strategy,
Structure, and Rivalry

strong moderate

Factor Conditions Demand Conditions

strong weak strong strong

Related and

I:I Corporate Supporting Industries
Competitiveness
I:I Net-Zero strong weak
Competitiveness

(Figure 8) Analysis of POSCO’s Double Diamond Model
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Challenges and Breakthroughs for Carbon Neutrality in
Steel Industry: A Case Study of POSCQO’s Development of
the HYyREX (Hydrogen Reduction Ironmaking)

Misong Ryu™ - Sieun Park** - Taewoo Roh***

Abstract

The objective of this study is to analyze the POSCO's strategic response to the dual
challenges of structural transformation of steel industry and the pursuit of carbon neutrality,
for achieving sustainable competitive advantage. POSCO, recognized as a leading steel
company in both domestically and globally, began developing the FINEX in the 1990s to
achieve both environmental protection and economic viability, and commercialized it in the
2000s as a competitive technical innovation. However, POSCO has confronted significant
challenges amid changes in the global steel market and environmental regulations. Especially
as global pressure for climate change mitigation through carbon neutrality has grown, it has
become a trade barrier for high-carbon emission industries, beyond the social responsibility. In
response, POSCO has embarked on the development of HyREX for green steel production
aiming for carbon emissions reduction while enhancing the cost competitiveness. In spite of
technical potential of HyREX, POSCO faces several constraints, including lack of domestic
energy infrastructure and insufficient support for technology commercialization. Accordingly,
the teaching note of our study offers POSCO’s internal and external situations through the
diamond model and double diamond model. For POSCO to achieve a competitive edge in net
zero, and commercialize HyREX, this study indicates that complex conditions must be satisfied

at the structural, industrial, and institutional levels, extending beyond just financial support.

Key Words: HyREX, green steel, diamond model, dynamic capabilities perspective, hydrogen-
based reduction ironmaking, POSCO

%

PhD student, Department of Global Climate Environmental Studies, Hanyang University, First Author

** Master Student, Department of Global Climate Environmental Studies, Hanyang University

% Associate Professor, School of International Studies/Department of Global Climate Environmental Studies, Hanyang
University, Corresponding Author
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