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Assumption that current production remains in Germany:
 Demand as feedstock for chemical and metal industry (H-atoms)
 Demand for high temperature heat and steam in mineral and paper industry (fuel without C-atoms)
 Not topic of paper: Fossil fuel/feedstock conversion (refineries / coke ovens), i.e., future source of C-atoms?

Motivation:   1) What role can hydrogen play in the decarbonization of the German industry?
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Mainly produced onsite (steam reforming of natural gas) 
and in refineries as by-product

Motivation:   1) What role can hydrogen play in the decarbonization of the German industry?

 Potential to replace hydrogen produced from fossil sources

 Demand as feedstock and energy carrier increases if 
industrial value chains switch to carbon-neutral production

 Annual demand of ~100 TWh in 2030 (NHS)

 What is the future demand for hydrogen in industry?

Ammonia 19.4 TWh

Refineries 22.4 TWh

Methanol 9.5 TWh

Total 55    TWh

Today‘s (fossil) hydrogen demand in Germany in 
[TWh/year]

Relatore
Note di presentazione
TODAY AMMONIA / REFINERIES / MEOH -> ALREADY POTENTIAL TO REPLACE FOSSIL H2NHS: AROUND 100 TWH DEMAND IN 2030 -> WHAT IS GENERAL FUTURE DEMAND IN INDUSTRY
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Motivation:   2) Case study on value chains of downstream products 

Focus on:

 Steel by H2-DRI

 Urea by Ammonia

 Ethylene by Methanol

Relatore
Note di presentazione
VALUE CHAIN CASE STUDYFROM RENEWABLES TO ENDPRODUCT FOR 3 DIFFERENT VALUE CHAIN PRODUCTS : STEEL / UREA FERTILIZER / ETHYLENE CHEMICAL



1) Hydrogen in the German industry: Approach – Demand calculation
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Total hydrogen 
demand for each 

sector/process and 
each plant

Inputs

 2021 production / capacity data
 Specific energy consumption
 Total energy demand per sector
 Fuel share forecasts and studies
 Current fuel mix shares for each process
 ETS plant emission data
 ETS plant locations
 Stoichiometry
 Efficiencies

 EU Emission Trading Scheme
 Sector-specific studies, reports 

and papers
 Association websites/databases
 Company reports

Sources Result

Further underlying assumptions: 
 Production data of 2021 stays constant in the future
 No specific reference year for climate-neutrality



Sector # of plants Low H2 share, 
%

High H2 share, 
%

Crude steel 8 40.6 59.0 Recycling quota

Ammonia 5 100.0 100.0 No alternative

Methanol 10 60.0 85.0 Bio-MeOH, FTS

Cement clinker 33 20.0 30.8 Ideal vs. fossil sub

Lime 57 20.0 100.0 Cf. cement, no bio

Glass 75 20.0 100.0 Low ideal vs High

Paper 141 0.0 71.5 None vs. Replace fossil

1) Hydrogen in the German industry: Approach – Scenarios
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Assumptions on hydrogen shares:
 Lower and higher scenario for hydrogen utilization in each process
 Lowest and highest hydrogen utilization share considered after careful literature review for different possible fuel 

and technology shares for each analyzed production process

Relatore
Note di presentazione
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1) Hydrogen in the German industry: Resulting hydrogen demand and distribution, in [TWh/year]
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Lower bound scenario ∆ between higher and lower H2 demand scenarios

Relatore
Note di presentazione
DISTRIBUTIONLEFT/RIGHT MAPLOW/HIGH DEMANDS FOR FEEDSTOCK/ENERGETICEXPLAIN METHANOL: CONSTANT PRODUCTION DOES NOT APPLY (+ LOCATIONS?)gH2 430 TWh (280) OF RE -> GER 500 TWH TOTAL IN 2021



2) Case study on value chains: Cost perspective for the transformation of value chains
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Objective Function
min 𝑐𝑐 = 𝑐𝑐𝑅𝑅𝑅𝑅 + 𝑐𝑐𝑅𝑅𝑅𝑅 + 𝑐𝑐𝑅𝑅 + 𝑐𝑐𝐶𝐶𝐶 + 𝑐𝑐𝐶𝐶𝐶 + 𝑐𝑐𝑇𝑇

Decision Variables
Levelized Costs of final product in €/t
Capacities of conversion and production plants

Parameters
CAPEX/OPEX, Renewable energy vectors, storage, 
transport distance, raw materials, …

Model
Optimization model:
Obj: Minimize total costs of each value chain incl. transport 
(green hydrogen, intermediate or final products)

Relatore
Note di presentazione
CONSTANT PRODUCTION REALISTIC? TRANSITION LEAD TO RELOCATIONS FROM COST-PERSPECTIVE EXPLAIN SLIDE



Different levels of relocation from Germany to “excellent site”:
 Full domestic production in Germany 
 Relocation of hydrogen production + import
 Relocation including first intermediate product + import
 Complete relocation of value chain + import
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2) Case study on value chains: Steel, Ethylene, and Urea
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2) Case study on value chains: Steel
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 Hydrogen has a rather small share of 11-19% of the 
total levelized costs of steel

 Relocation may be less a matter of cost but more of 
location advantages such as workforce and customer 
proximity

 Overall small cost advantages when steel value chain 
is relocated to favorable sites

Relatore
Note di presentazione
H2 LOW SHARE: DR CAPEX, EAF CONSUMPTIONLH2 NULLIFIES ADVANTAGE IN H2 PRODUCTION



2) Case study on value chains: Ethylene
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 Levelized costs are second-highest when the entire 
process chain takes place in Germany.

 Transport of methanol or ethylene over long 
distances is much easier and cheaper than the 
transport of elemental hydrogen

 Relocation of further process steps including 
hydrogen production is significantly cheaper than 
domestic production

Relatore
Note di presentazione
H2 HIGHER SHARE OF TOTAL COSTLH2 TRANSPORT COST OUTWEIGHS REDUCTION IN H2 COST



2) Case study on value chains: Urea
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 Levelized costs are second-highest when the entire 
process chain takes place in Germany.

 Transport of ammonia or urea over long distances is 
much easier and cheaper than the transport of 
elemental hydrogen

 Relocation of further process steps including 
hydrogen production is significantly cheaper than 
domestic production



Take-aways for the transformation of global and German industrial value chains?
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 Industrial hydrogen demand for status-quo in Germany will rise significantly (domestic production?), but:
 Uncertainty on demand for specific products with changes in relative prices
 Relocation of processes to sites with better access to H- (and C-) Atoms possible

 Potential for relocation (“green leakage”):
+ Differences in regional hydrogen prices for products with high hydrogen cost share (NH3, MeOH)
+ Defossilization requires new processes with large investments (H-DR)
- Integration of value chains (chemical industry?)

 Possibly results in increasing global trade of intermediate products (e.g. ammonia, olefins, MeOH)

 Perspective for Germany and the EU
 Which are the important processes in value chains for value creation
 Industrial policy in terms of future chances instead of protection of current system

Relatore
Note di presentazione
GO THROUGH POINTS…



Thank you for your attention!

Nima Farhang-Damghani – nima.farhang-damghani@fau.de

Chair of Economic Theory, FAU Erlangen-Nürnberg
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2) Case study on value chains: Assumptions on input data



Cost perspective for industrial value chains
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• Three excellent locations with favourable renewable
energies conditions (Runge et.al. 2019)

• Patagonia (optimistic), Canada (neutral), Namibia 
(pessimistic)

• Comparison to production in Germany

• Further scenario with only import of liquefied hydrogen

• Further scenarios with import of intermediate products
(ammonia, methanol, DRI)

Relatore
Note di presentazione
Further look at global value chains – We assumed constant production but is that realistic? We have much more intermediate products in the future and will be able to trade them including hydrogen and its derivatives and the final products Fact: electricity and hydrogen production will be more cost-effective at locations outside of GER



Backup
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Hurdle: No production or plant capacity data available
Approximation: Emission share per plant from EU ETS = Production share per plant
• 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑜𝑜𝑃𝑃𝑃𝑃 𝑜𝑜𝑝𝑝𝑝𝑝𝑃𝑃𝑃𝑃 𝑋𝑋 = 𝑇𝑇𝑃𝑃𝑃𝑃𝑝𝑝𝑝𝑝 𝑜𝑜𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑜𝑜 𝑠𝑠𝑠𝑠𝑐𝑐𝑃𝑃𝑃𝑃𝑃𝑃 𝑌𝑌 ∗ 𝑠𝑠𝑒𝑒𝑃𝑃𝑠𝑠𝑠𝑠𝑃𝑃𝑃𝑃𝑃𝑃 𝑠𝑠𝑠𝑝𝑝𝑃𝑃𝑠𝑠 𝑜𝑜𝑝𝑝𝑝𝑝𝑃𝑃𝑃𝑃 𝑋𝑋

Relatore
Note di presentazione
Further look at global value chains – We assumed constant production but is that realistic? We have much more intermediate products in the future and will be able to trade them including hydrogen and its derivatives and the final products Fact: electricity and hydrogen production will be more cost-effective at locations outside of GER
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Further look at global value chains – We assumed constant production but is that realistic? We have much more intermediate products in the future and will be able to trade them including hydrogen and its derivatives and the final products Fact: electricity and hydrogen production will be more cost-effective at locations outside of GER



Backup
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2021 emissions

2021 energy demand
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Further look at global value chains – We assumed constant production but is that realistic? We have much more intermediate products in the future and will be able to trade them including hydrogen and its derivatives and the final products Fact: electricity and hydrogen production will be more cost-effective at locations outside of GER



Resulting hydrogen demand and distribution 
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Lower bound scenario ∆ between higher and lower H2 demand scenarios

TWh

Relatore
Note di presentazione
What did we do to the refineries? Special case  Refineries obsolete, but existing infrastructure can be used for chemical industry processes – eg cracker capacities or product pipelines.For example we have 4 locations that produce methanol TODAY but for our distribution we assume that in future we can also produce methanol additionally at refinery locations because of the suitable infrastructure and the very significant increase in methanol output (methanol is an intermediate product for olefin production so we have higher MeOH output, while all other sector remains constant)Paper: nothing because lowest estimates might be no H2 utilization at allNH3: No Delta because H2 is the only option to produce Ammonia, so there is no lower or upper scenarioIf only green hydrogen with 70% efficiency we would need around 430 TWh of renewable electricity… 2022 total electricity generation in Germany was around 500 TWh (of which 244 TWh renewable)…. Lead to second research question
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