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Motivation und zentrale Fragestellung
Research question: What is the relationship between electricity pricing, electrolysis, and the cost of electrolyzed hydrogen?
This paper explores the above research question with a focus on Germany as a case study. A deeper understanding of this relationship is important for two main reasons. One, assuming that electrolysis must be competitive with other types of hydrogen production to scale, it is valuable to understand how it may become more competitive as sector coupling takes place. Two, said sector coupling holds potential stabilizing and electricity price-altering properties. Political, research-oriented, and private domains hence hold to gain from this research.

Methodische Vorgangsweise
This paper is based on two sets of analysis. One, we work with the Green-X model (see source [6]) to generate scenarios for electricity market developments up to 2050. Two, we integrate results from the model optimization into an analysis on implications for competitiveness of H2, electricity price formation, and needs for capacities. Therefore, we first obtain continuous internally coherent results for Germany’s electricity pricing and production (capacities) through the Green X model. We then use these results to derive implications and perform analysis of practical nature, such as fluctuations in H2 production or required flexibilities in demand and storage, or of theoretical nature, such as feedback loops between H2 prices and electricity prices. 

The Green X model is a techno-economic, partial equilibrium model of European wholesale electricity markets. It models the development of 20 European markets by minimizing costs for the investment in and dispatch of power plants under production, trade, and technical constraints. 

Importantly, the results from the model-run inform the level at which electrolysis may be competitive in different years. We integrate this additional electricity demand into the model to create a feedback loop between additional demand and market development. We performed the two-step analysis multiple times. 

Ergebnisse und Schlussfolgerungen
We divide our findings into three levels. On the first level, we find that electrolyzed hydrogen can be competitive with other low-carbon sources, specifically blue hydrogen, at up to 6250 yearly full load hours (FLH) in 2050 or 5200 FLH in 2030. In both years this implies a levelized cost of hydrogen (LCOH) of 70 EUR/MWh (LHV). 

On the second level, we look at feedback loops between electrolysis and electricity markets. Generally, we find that electrolysis leads to less electricity price volatility and reduces cannibalization for renewable energy sources. Higher flexibility in hydrogen production enhances this effect while allowing for lower electrolysis based LCOH. 

On the third level, we draw generalized conclusions for how this sector coupling changes electricity supply and demand curves in highly decarbonized systems (see Figure 1). Electrolyzers allow for a “price plateau” to form in the demand curve, At this plateau, electrolyzers are price-setting. The curve continues to shift vertically depending on weather, time, and season. Secondly, supply from storage, such as hydrogen, decreases seasonal price fluctuations in the supply curve, not negating but decreasing differences between curves (horizontal shift). 
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Figure 1: Generalized electricity supply and demand in highly decarbonized systems 
(D’ & S’ show periodic and seasonal shift of Demand (D) & Supply (S); P = Price; Q Quantity of Demand & Supply)
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