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Motivation and research Questions 
In the industrial sector, hydrogen (H2) is a main component of many production processes and products, 
which traditionally has mainly been produced from fossil resources such as natural gas, coal or oil. With 
the global climate change mitigation goals, this fossil gas shall be replaced by renewable hydrogen. 
Current research, however, mainly analyses its production cost [1]. Considering distributed production 
for industrial purposes from nearby intermittent wind power or onsite solar PV, however, the cost of H2 
storage options become relevant. This work analyses the cost of two potential strategies—either 
electricity price optimized production with storage or just in time production.  

Methodology 
Initially, the industry’s hourly H2 demand in Austria and Spain needs to be defined. Then the cost of 
production based on the LCOE and storage in a decentralized system is analysed. The LCOE of 
renewable H2 is based on the electricity price and specific tax exemptions for renewables, the investment 
cost considering the learning rate, electrolyser lifetime, efficiency, the interest rate and the expected 
amount of full load hours. 
 
Apart from the centralized production of the renewable gas from the distribution grid, the industrial sector 
has two options: 

- Optimized according to electricity price: Production at times of low electricity prices/ and storage 
until use 

- Just in time – production according to demand regardless of the current electricity price avoiding 
storage 

The first option, therefore, also includes storage cost depending on the technical requirements, volume 
and time of storage. 

Depending on the mismatch between industry demand and renewable H2 supply, the associated 
production and storage cost and the ability of demand side management, one of the two options will be 
economically favourable. These aspects also differ with country specifics of renewable energy supply, 
the industrial demand and relevant policies and tax exemptions for electrolysis, which is why we 
compare Spain and Austria.  

Results and Conclusions 
Figure 1 describes the two H2 use strategies. This first analysis is based on exemplary industry demand 
to show the purpose of the two strategies. After this ad hoc data analysis, the price optimized strategy 
achieves a 20% cost reduction for H2 production compared to the just in time approach. To complete 
the analysis as indicated, the timing and amount of demand for industry needs to be defined exactly, as 
well as the storage options and associated cost. The storage cost must not consume the cost saving by 
optimized production to be the favourable strategy. Towards 2030 H2 storage technologies are expected 
to reduce their LCOE significantly [2] and could be economical for the arbitrage of the electricity market 
for direct use in e.g. industry [3]. 
With the just in time approach, the risk of a lack of renewable electricity supply is high. A certain amount 
of buffer storage will be required nevertheless to guarantee renewable gas supply whenever there is 
demand while efficiently using renewable electricity supply [4]. This is shown in the blank space between 
demand and JIT production in Figure 1. 
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Figure 1: Renewable H2 production for industry using two different approaches: Optimized according to 

the electricity price with storage or just in time according to demand 
 

References 
[1] G. Brändle, M. Schönfisch, and S. Schulte, ‘Estimating Long-Term Global Supply Costs for Low-

Carbon Hydrogen’, EWI Working Paper No 20/04, 2020. 
[2] F. Klumpp, ‘Comparison of pumped hydro, hydrogen storage and compressed air energy storage for 

integrating high shares of renewable energies—Potential, cost-comparison and ranking’, Journal of 
Energy Storage, vol. 8, pp. 119–128, Nov. 2016, doi: 10.1016/j.est.2016.09.012. 

[3] D. Kroniger and R. Madlener, ‘Hydrogen storage for wind parks: A real options evaluation for an 
optimal investment in more flexibility’, Applied Energy, vol. 136, pp. 931–946, Dec. 2014, doi: 
10.1016/j.apenergy.2014.04.041. 

[4] J. Gorre, F. Ruoss, H. Karjunen, J. Schaffert, and T. Tynjälä, ‘Cost benefits of optimizing hydrogen 
storage and methanation capacities for Power-to-Gas plants in dynamic operation’, Applied Energy, 
vol. 257, p. 113967, Jan. 2020, doi: 10.1016/j.apenergy.2019.113967. 

 
 


