
Enabling technologies, 
transition pathways, issues and 

controversies



Hydrogen



Sourcing hydrogen

Source:
GEI

https://globalenergyinfrastructure.com/articles/2021/03-march/hydrogen-data-telling-a-story/


Hydrogen: issues and challenges

• Expensive production

• Expensive transportation

• Additionality

• Diminishing use cases => uncertainty



Sourcing green hydrogen

Source:
IRENA 2022

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jan/12A_Geopolitics_MS.pdf?la=en&hash=BD12BA5AE3060B3CF4284251BC357673BEB7DBCE
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Importing green hydrogen to Europe

Source:
Hydrogen-model

http://hydrogen-model.eu/#model


Additionality

• Existing H2 production and use: ~90 Mt/y (2022) – 99% is grey

• Producing 90 Mt/y of green H2 <= ~140% of RES installed by 2022

• What electricity shall be allocated to H2 production?



Hydrogen: use cases
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Storage: it‘s complicated…



Storage technologies (pumped hydro)



Storage technologies (compressed air)



Storage technologies (flywheel)



Storage technologies (lead-acid battery)



Storage technologies (sodium-ion battery)



Storage technologies (redox flow battery)



Storage technologies (supercapacitor)



Storage technologies (hydrogen)



Storage technologies (lithium-ion battery)



Storage technologies (lithium-ion battery)

LFP: Lithium iron posphate

NMC: nickel manganese cobalt

LCO: lithium cobalt oxide

LMO: lithium manganese oxide

NCA: nickel cobalt aluminium

LTO: lithium titanite oxide



Storage: what we‘re looking at?



Storage technologies (comparison)
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Storage technologies (use cases)



Storage technologies (use cases)



Costs of storage (principles)

Costs = raw materials (incl. energy) + manufacturing

=> We follow: supply chain development + experience curve



Cost of storage (materials)



Costs of storage (material availability)



Costs of storage (material availability)



Costs of storage (material availability)



Cost of storage (price sensitivity)



Cost of storage (price sensitivity: the example of PV)



Cost of storage (experience curve)

Costs <= growth in capacity
+

experience rate



Transition pathways

• How much renewable production?

• How much storage capacity?

• What technologies?

• Where they are sourced?

• When? At what sequence?



Political economy

• Who will benefit from the new value chain?

• Who will benefit from the new energy system?



Value chain (geographical distribution)



Political economy: who will win the transition?

Source: RethinkX

https://static1.squarespace.com/static/585c3439be65942f022bbf9b/t/5fa57fc9d228a73c73ec4669/1604681700368/Rethinking+Energy+2020-2030.pdf
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