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           SUPPLEMENTARY INFORMATION FOR:
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This Supplementary Information provides the following:

Section 1 provides the annual solar resource potential by country, based on the analysis by Day (2022).

Section 2 provides the annual wind resource potential by country, based on the analysis by Day (2022).

Section 3 provides the interview guideline for the first round of semi-structured interviews (I).

Section 4 provides the interview guideline for the second round of semi-structured interviews (II).

Section 5 provides an analysis of trade behavior based on data from the World Steel Association and the World Integrated Trade Solution (WITS) database.
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Section 1
Solar resource potential per year by country based on analysis by Day (2022).
	Per Capita Rank
	Country
	GWh/Year
	GWh/Per Capita

	1
	Mongolia
	4,774,192
	1.46

	2
	Congo
	7,245,440
	1.31

	3
	Namibia
	3,033,492
	1.19

	4
	Australia
	25,097,791
	0.98

	5
	Libya
	5,976,856
	0.87

	6
	Mauritania
	3,598,925
	0.77

	7
	Canada
	21,214,184
	0.56

	8
	Kazakhstan
	6,684,341
	0.36

	9
	Bolivia
	3,220,149
	0.28

	10
	Chad
	4,522,957
	0.28

	11
	Mali
	4,312,187
	0.21

	12
	Russia
	30,586,341
	0.21

	13
	Saudi Arabia
	6,966,440
	0.2

	14
	Sudan
	8,702,766
	0.2

	15
	Algeria
	8,162,220
	0.19

	16
	Niger
	4,254,447
	0.18

	17
	Argentina
	7,853,434
	0.17

	18
	Angola
	3,874,755
	0.12

	19
	Brazil
	24,993,114
	0.12

	20
	Peru
	3,576,842
	0.11

	21
	Venezuela
	2,586,860
	0.09

	22
	Mozambique
	2,477,571
	0.08

	23
	United States
	24,557,081
	0.07

	24
	South Africa
	4,204,499
	0.07

	25
	Iran
	5,183,911
	0.06

	26
	Colombia
	2,888,940
	0.06

	27
	Mexico
	6,469,156
	0.05

	28
	Tanzania
	2,877,064
	0.05

	29
	Egypt
	3,688,672
	0.04

	30
	Ethiopia
	3,799,653
	0.03

	31
	China
	27,373,607
	0.02

	32
	Indonesia
	4,967,991
	0.02

	33
	Pakistan
	3,010,691
	0.01

	34
	Nigeria
	2,783,724
	0.01

	35
	India
	9,877,095
	0.01







Section 2
Wind resource potential per year by country, based on analysis by Day (2022).
	Rank
	Country
	GWh of Onshore Wind Resource Potential
	GWh of Offshore Wind Resource Potential
	GWh Total Wind Resource Potential
	GWh Total Wind Resource Potential Per Capita

	1
	Iceland
	761,665
	5,247,472
	6,009,137
	17.61

	2
	Australia
	63,967,991
	24,601,035
	88,569,027
	3.47

	3
	Namibia
	5,253,981
	2,860,022
	8,114,003
	3.19

	4
	New Zealand
	1,728,087
	12,187,834
	13,915,921
	2.89

	5
	Libyan Arab Jamahiriya
	16,549,327
	1,412,302
	17,961,629
	2.61

	6
	Mauritania
	11,199,419
	487,535
	11,686,954
	2.51

	7
	Norway
	1,319,210
	11,329,958
	12,649,168
	2.33

	8
	Mongolia
	7,624,744
	0
	7,624,744
	2.33

	9
	Kazakhstan
	23,744,665
	0
	23,744,665
	1.26

	10
	Canada
	10,546,265
	36,670,767
	47,217,033
	1.25

	11
	Chad
	10,616,212
	0
	10,616,212
	0.65

	12
	Argentina
	17,901,372
	10,337,738
	28,239,111
	0.62

	13
	Somalia
	7,128,504
	1,291,771
	8,420,275
	0.53

	14
	Mali
	9,576,147
	0
	9,576,147
	0.47

	15
	Algeria
	20,112,597
	80,258
	20,192,854
	0.46

	16
	Saudi Arabia
	14,853,609
	838,113
	15,691,723
	0.45

	17
	Russian Federation
	29,568,681
	34,263,373
	63,832,053
	0.44

	18
	Sudan
	18,597,623
	233,351
	18,830,974
	0.43

	19
	Niger
	10,135,718
	0
	10,135,718
	0.42

	20
	South Africa
	7,763,380
	3,229,452
	10,992,833
	0.19

	21
	Morocco
	5,502,534
	899,596
	6,402,130
	0.17

	22
	Iran
	11,935,125
	814,865
	12,749,991
	0.15

	23
	United States
	36,133,750
	13,260,980
	49,394,729
	0.15

	24
	United Kingdom
	1,596,809
	7,917,267
	9,514,076
	0.14

	25
	Brazil
	22,215,537
	7,554,966
	29,770,503
	0.14

	26
	Kenya
	4,930,602
	260,080
	5,190,682
	0.1

	27
	Egypt
	9,048,533
	789,354
	9,837,887
	0.1

	28
	Mexico
	6,878,118
	4,645,971
	11,524,089
	0.09

	29
	France
	3,079,089
	2,068,984
	5,148,073
	0.08

	30
	Viet Nam
	1,179,631
	4,553,929
	5,733,560
	0.06

	31
	Japan
	997,789
	6,355,406
	7,353,195
	0.06

	32
	Indonesia
	2,068,257
	12,992,334
	15,060,591
	0.06

	33
	Ethiopia
	6,258,361
	0
	6,258,361
	0.05

	34
	China
	32,502,674
	9,640,867
	42,143,541
	0.03

	35
	India
	9,587,462
	4,170,834
	13,758,296
	0.01






Section 3
Interview guideline for semi-structured interview for the first round (I). This interview guide represents the original, comprehensive version. In line with standard qualitative research practice, it was adapted and shortened for individual interviews to ensure efficiency and contextual relevance.
_________________________________________________________________________________________________

0. Introduction Questions
· Small talk and rapport-building
· Introduction of interviewer and research context:
· This interview is part of a PhD project exploring the future of green production in energy-intensive industries (EIIs), with a specific focus on green relocation scenarios and value chain reconfiguration.
· Explanation of consent, anonymity, and recording
· Brief agenda: We will start with general questions on green production, then discuss different green relocation scenarios, and conclude with a few reflective and future-oriented questions.
_________________________________________________________________________________________________

1. General Questions
1.1 Warm-Up: Green Production
· How developed is your industry in switching to green production?
· What are the biggest hurdles in adopting green production?
· Can you briefly outline a potential green value chain in your sector (e.g., green steel, green ammonia, green urea)?
1.2 Green Relocation Concept
· Green relocation describes the emerging tension between "local-for-local" production models and the drive to relocate energy-intensive production to regions rich in renewable energy resources (RERs).
· Which economic and political trends do you see influencing green relocation decisions?
· Do you believe local-for-local production or energy-cost-efficient RER-based production will dominate future green value chains?
· Do you anticipate green relocations? If so, which production steps are most likely to be relocated to RER-rich regions, and why?
_________________________________________________________________________________________________

2. Scenario-Based Questions: Green Relocation Scenarios
Introduction to Scenario Section
· Brief explanation of the four conceptual green relocation scenarios:
1. Entire value chain remains in RER-scarce region
2. Import of green hydrogen (GH2) from RER-rich countries
3. Relocation of intermediate production (e.g., DRI, green ammonia)
4. Relocation of advanced production steps (e.g., green steel, green urea)
2.1 Scenario 1: Entire Value Chain in RER-Scarce Region
· What are the benefits and challenges of this scenario?
· Do you think highly industrialized but RER-scarce countries like Germany can generate enough renewable energy (including GH2) to sustain large-scale energy-intensive production?
· Are developed countries such as Germany more advanced in hydrogen technologies? If so, how does this manifest?
2.2 Scenario 2: Import of GH2
· What are the benefits and challenges of this scenario?
· Can GH2 transport costs offset the cost advantages of low-cost RERs?
· What technical considerations do you see?
· What political considerations need to be addressed?
· What characteristics should a potential target country possess?
· Which countries are most suitable for this scenario?
2.3 Scenario 3: Relocation of Intermediate Production
· What are the benefits and challenges?
· Is this a realistic scenario from a producer’s perspective? Would it weaken industrial bases in RER-scarce countries (e.g., employment)?
· What political or governmental actions are required to make this feasible? Do you anticipate funding or subsidies?
· Will new players emerge in RER-rich regions, or will existing firms from RER-scarce countries build facilities abroad?
· What characteristics are key for target countries?
· Which countries are the best fit for such relocations?
2.4 Scenario 4: Relocation of Advanced Production Steps
· What are the benefits and challenges?
· How would sourcing finished goods instead of intermediates affect supply chain flexibility and resilience?
· What risks do customers face in this model? How might these be mitigated?
· How critical are new dependencies created in this scenario?
· What country characteristics are most relevant for this scenario?
· Which countries are most suitable?
2.5 Alternative Scenario: Full Relocation of EIIs
· What are the benefits and challenges?
· How do you expect customers to respond?
· How important is the ability to respond quickly to customer demands, and how could that flexibility be maintained?
· What country characteristics are essential for full relocation?
· Which countries are most promising?
2.6 Optional Conclusion Considerations
· How likely is the coexistence of different supply chain models, given factors such as employment and subsidies?
· Which scenario do you expect to dominate and why? Are there current trends indicating this?
· Are there synergy effects between consecutive production steps that would require co-location?
· How do tariffs influence value chain fragmentation?
· How do geopolitical risks shape decisions on configuration?
· What role do government investments in infrastructure and facilities play?
· Could your company consider establishing green production facilities in developing countries in the Global South?
· How might such countries with high RER attract green relocations in Scenarios 2 to 4?
_________________________________________________________________________________________________

3. Interview Closing
· We are approaching the end of our conversation
· Is there anything else you would like to share regarding the future of green production or relocation strategies?
· Thank you very much for your time and insights!
_________________________________________________________________________________________________




Section 4
Interview guideline for semi-structured interview for the second round (II). This interview guide represents the original, comprehensive version. In line with standard qualitative research practice, it was adapted and shortened for individual interviews to ensure efficiency and contextual relevance.
_________________________________________________________________________________________________

0. Introduction
0.1 Small Talk & Interviewer Introduction
· Brief introduction of the interviewer
· Content background:
· This interview is part of a broader research project on the future of green production in energy-intensive industries (EIIs), particularly regarding regional perspectives and green relocation dynamics.
0.2 Agenda Introduction
1. Regional perspective on green production
1. Green relocation dynamics
1. Economic and political trends
1. Attractiveness of green relocations
1. Broader considerations
1. Closing
0.3 Interviewee Introduction
· Could you please briefly introduce your role and background?
_________________________________________________________________________________________________

1. Warm-Up: Regional Perspective on Green Production
· What is the perspective on green production of energy-intensive industries in your country in general?
· How developed is your industry in switching to green production?
· What are your region’s biggest strengths in moving towards green production?
· What are the biggest hurdles for adopting green production in your region?
_________________________________________________________________________________________________

2. Green Relocation
· Let me briefly introduce the concept of green relocation: There is an ongoing tug-of-war between "local-for-local" production and highly energy-efficient production in regions rich in renewable energy resources (RER).
· In your view, will local-for-local production or energy-cost-efficient production dominate the configuration of future green value chains?
· Some RER-scarce countries like Germany may need to relocate parts of their industrial value chains to produce green competitively.
· Do you see such relocations coming?
· If yes, which production steps (e.g., DRI or green ammonia) are most likely to be relocated to RER-rich countries like yours, and why?
· Would your country also be interested in receiving further downstream steps in the value chain (e.g., green steel or urea production)?
· Do you think your country can attract green relocations?
· If yes, which steps specifically?
· What are the key benefits and challenges of receiving green relocations from abroad?
_________________________________________________________________________________________________

3. Economic and Political Trends Impacting Green Relocation
· Which economic or political trends influence green relocation in your country?
· Do you already observe investments in green production – either from local or foreign investors?
· What is your regional or national government’s position on the topic of green relocation?
_________________________________________________________________________________________________

4. Attracting Green Relocation
· Are stakeholders – such as governments, investors, businesses, or communities – actively interested in attracting green relocations?
· What would be required from different stakeholders to successfully attract such relocations?
· Do you also see potential risks for local socio-economic development (e.g., pressure on local industries, political conflicts, or societal resistance) if green relocations take place?
_________________________________________________________________________________________________

5. Optional Considerations in Conclusion
· How likely is the coexistence of various supply chain setups (e.g., local-for-local vs. internationalized setups), particularly given domestic employment concerns and subsidy schemes?
· How do tariffs impact the fragmentation of value chains and green relocation decisions in your country?
· How do geographical risks (e.g., natural disasters, political instability) impact relocation decisions?
· How do government investments in production facilities and infrastructure influence the likelihood of relocation to your country?
_________________________________________________________________________________________________

6. Interview Ending
· We are approaching the end of our conversation
· Is there anything else you would like to share regarding the future of green production or relocation strategies?
· Thank you very much for your time and insights!
_________________________________________________________________________________________________






Section 5
Own analysis based on data from World Steel Association and World Integrated Trade Solution Database.
	Region
	Raw Material Production 
[in Mt]
	Raw Material Trade
	Intermediate Product Production 
[in Mt]
	Intermediate Product Trade
	Semi-finished Product Production 
[in Mt]
	Semi-finished Product Trade

	Europe
 
	41
	+204% IMP
	80
	+5% IMP
	170
	+7% IMP

	
	147
	+102% IMP
	5
	+64% IMP
	5
	+51% IMP

	United States
 
	46
	-14% EXP
	21
	+21% IMP
	81
	+11% IMP

	
	762
	-6% EXP
	14
	+7% IMP
	6
	+67% IMP

	China
 
	253
	+430% IMP
	871
	None
	1019
	-12% EXP

	
	172
	+59% IMP
	47
	+1% IMP
	15
	None

	India
 
	248
	-6% EXP
	86
	None
	141
	-5% EXP

	
	23
	+95% IMP
	15
	+16% IMP
	29
	+31% IMP

	Canada
 
	69
	-67% EXP
	6
	-2% EXP
	12
	+4% IMP

	
	140
	-11% EXP
	4
	-29% EXP
	2
	+18% IMP

	Australia
 
	944
	-94% EXP
	4
	-2% EXP
	6
	+25% IMP

	
	112
	-73% EXP
	1
	-5% EXP
	0
	+2691% IMP

	Middle East
 
	58
	+28% IMP
	4
	-17% EXP
	55
	+1% IMP

	
	351
	-3% EXP
	15
	+1% IMP
	12
	-50% EXP

	South America
 
	457
	-79% EXP
	29
	-13% EXP
	42
	-1% EXP

	
	117
	-1% EXP
	3
	-75% EXPa
	4
	+247% IMP

	Africa
 
	107
	-67% EXP
	3
	-19% EXP
	24
	+45% IMP

	
	74
	-13% EXP
	9
	+21% IMP
	8
	-40% EXPb

	Japan
 
	0
	All IMP
	63
	None
	87
	-39% EXP

	
	0
	All IMP
	1
	+27% IMP
	0
	+55% IMP

	Korea, Rep.
 
	1
	+6009% IMP
	45
	None
	67
	-18% EXP

	
	0
	All IMP
	0
	All IMP
	0
	+433% IMP


Legend: The value chain positions shaded in light gray refer to the steel value chain, while those in dark gray refer to the urea value chain. For the steel value chain: RM = Iron ore, IP = Iron, SFP = Crude steel; For the urea value chain: RM = Natural gas (as it is almost always locally transformed into hydrogen), IP = Ammonia, SFP = Urea
Notes: a) Only Trinidad and Tobago are ammonia exporters; the rest of South America is largely import-dependent; b) Only Egypt and Nigeria currently export urea; other African countries primarily rely on imports.
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