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Summary: 

 

 

 

o The context 

 

 

 

 

o Working Idea 

 

 

 

 

 

o A simplified simulation. 
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Source: A. Cornell, Hydrogen production by electrolysis. 1st  International 

Conference on Electrolysis, Copenhagen, June 12-15, 2017.  

HYDROGEN PRODUCTION 

Current Worldwide H2 Production: 50 Mt/year. 

HYDROGEN USE 

 HYDROGEN PRODUCTION & APPLICATION 

Electrolysis currently accounts for only 4% of the H2 production, a 22% is expected in 2050.   

Source: IEA ENERGY Technology Roadmap 

Hydrogen and Fuel Cells; IEA ETP 2017. 
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Considering the  hydrogen is so logic, why so much difficulties 

in starting up a real hydrogen economy, permeating all the 

society? 

Conventional responses 

• Hydrogen price is still too high 

• Fuel cells and hydrogen technologies not maintained the expectations 

• Distribution network is too expensive, massive support investments are 

requested 

Rewind and restart 
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 A look to literature ! 

  

Hydrogen is currently considered to be one of the key enabling 

technologies allowing future large-scale and long-term green storage 

of renewable power. Water electrolysis utilizing electricity derived 

from renewable energies (wind, solar, geothermal, hydro)  is the 

most environmentally friendly approach. 

2008-12 

• Papers are mainly focused on possible evolution of hydrogen demand. 

• H2 demand evolution linked to transportation and  fuel cells. 

• None change in the trend of the existing market is considered. 

2013-17 

• H2 by electrolysis starts to be considered economically  viable . 

• More accurate cost determinations, reference cost is the H2 produced 

by methane/NG steam reforming. 

• Emphasis to H2 as storage medium/electric grid (damping agent). 

• Starting  of attention to H2 as raw material for industrial applications. 

https://www.google.it/imgres?imgurl=https%3A%2F%2Fwww.tutorialspoint.com%2Frenewable_energy%2Fimages%2Fwind_energy.jpg&imgrefurl=https%3A%2F%2Fwww.tutorialspoint.com%2Frenewable_energy%2Fwind_energy_introduction.htm&docid=VcJFzVWNzIaIBM&tbnid=Ijn_mz6wnHB-YM%3A&vet=1&w=600&h=354&bih=648&biw=1280&ved=0ahUKEwiml9GI2JvbAhWHjqQKHQ0zBoUQMwgzKAIwAg&iact=c&ictx=1
https://www.google.it/imgres?imgurl=https%3A%2F%2Fwww.tutorialspoint.com%2Frenewable_energy%2Fimages%2Fwind_energy.jpg&imgrefurl=https%3A%2F%2Fwww.tutorialspoint.com%2Frenewable_energy%2Fwind_energy_introduction.htm&docid=VcJFzVWNzIaIBM&tbnid=Ijn_mz6wnHB-YM%3A&vet=1&w=600&h=354&bih=648&biw=1280&ved=0ahUKEwiml9GI2JvbAhWHjqQKHQ0zBoUQMwgzKAIwAg&iact=c&ictx=1
https://www.google.it/imgres?imgurl=https%3A%2F%2Fwww.tutorialspoint.com%2Frenewable_energy%2Fimages%2Fwind_energy.jpg&imgrefurl=https%3A%2F%2Fwww.tutorialspoint.com%2Frenewable_energy%2Fwind_energy_introduction.htm&docid=VcJFzVWNzIaIBM&tbnid=Ijn_mz6wnHB-YM%3A&vet=1&w=600&h=354&bih=648&biw=1280&ved=0ahUKEwiml9GI2JvbAhWHjqQKHQ0zBoUQMwgzKAIwAg&iact=c&ictx=1
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HYDROGEN COST 

 

 

-Higher costs for on-site (small-

scale) production. 

 

- Lower costs for centralized 

(large-scale) production using 

electricity from the grid. 

2-20 

€/kg 

Estimated production and 

supply costs of hydrogen from 

electrolysis for  2030-2050 

Target cost for transportation –H2  3 €/kg 

 

Target cost for large scale production 1,1 – 1,6 €/kg 

 

Current costs are higher than those associated to SMR (usually, <3 €/kg), but 

estimated future costs should be comparable to SMR: close to the hydrogen 

threshold cost (2-4 €/kg); i.e. the DOE target value to be competitive with gasoline.  

For transportation also a strong reduction of Fuel Cell Electric 

Vehicle cost is requested for launching the FCEV market. 
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Additional observations 

In H2 price estimations and related comparison with gasoline or diesel, 

nobody considers the existing incentives for oil and natural gas 

exploration and extraction.  

Comparisons and references are made just for fuel market and electricity 

storage. Few papers consider H2 as feedstock and address the secondary 

industry as primary market.  

Although some roadmaps indicate H2 as a cross market actor (storage, 

fuel, feedstock) usually these H2 markets are treated separately without 

considering crosslink influence and related market reactions.  

H2 
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OUR VISION 

NO Hydrogen as electricity storage for grid 

purposes. 
(at the least in the short-medium time) 

Efficiency is too low, whatever the initial cost of electricity, 

the surcharge linked to the Epower-H2-Epower cycle is too 

high.  

It is expected that demand for long-term storage of energy will significantly increase 

only for high RES share in electric market. 

Based on literature estimations (Sgobbi et al., 2016), hydrogen-to-power will become 

cost-effective from 2040 onwards.  

Electrolysis 

H2 h 65-70% 

FC or CCS 

h 50-60% 

100 32-42 
Costs: land, instalations, maintenance, …….. 
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OUR VISION 

- Countries having large availability 

of renewables (in particular, sun 

and wind power) could become 

hydrogen exporters. 

 

- Production of methanol and co-

production of oxygen, which can be 

sold to different possible users 

(steel and chemical industries, 

hospitals, etc.), offer good revenue. 

Hydrogen produced by electrolysis will provide new market 

opportunities, with or without large-scale commercialisation of 

FCEVs. 

- H2 is a greening feedstock and 

heating fuel in industry 

 

- Natural gas greening by admixing 

it into the natural gas grid (home 

heating and cooking). 

 

- Due to their fast response times, 

electrolysers can be used as 

Frequency Control Ancillary 

Services (FCAS) to enhance the 

grid stability. 
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Hydrogen on market 

Electricity Market Demand 
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Can we approach this market with H2 by RES powered electrolysis ?  

Situation 

• Big Chemical industries produce the H2 by in home from NG, Oil or carbon. 

• SMEs usually buy the H2 from suppliers of “technical gases” 

• Research Centres and Universities sometime have in home electrolysers, or 

they buy the gases from a supplier. 

No official quotations are available.  
 

A research based on published  Italian supply contracts, 
literature consultation and telephone interview was needed.  

 

Hydrogen  as raw material for Industry 

H2 Price for industry 
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• Less than 3€/kg for centralised SMR (FC grade, i.e. quality 4.5 or higher). 

• Up to 5 €/Nm3 (about 55€/kg), quality 4.5/5.0, for universities and research centres. 

• Up to 1 €/Nm3 (about 11€/kg), quality 4.5/5.0, for the technical gases 

resellers/distributors. 

Today in Italy, is RES power hydrogen production remunerative? 

Technical gases market niche is very interesting! 

Industrial Hydrogen prices in Italy 

Gas  €/Nm3 €/kg 

Compressed H2 / 4.5 (N50) 3.60 – 4,30 40.32 – 48.16 

Compressed O2  (N45) 4.00 – 4.50 2.40 – 3.15 

Compressed O2 (technical) 2.70 – 3.20 1.89 – 2.24 

Conversion factors:  H2   → 1 kg = 11.2 Nm3  O2   → 1 kg =  0.7 Nm3 
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Distributed on site production, powered by PV. 

Working Hypothesis 

Reference Case 1 Case 2 

PV power 200kWp 180 kWp 200 kWp 

 

Electrolyser system cost 

(ESC) 

1 200€/kWp  

x 180 kW 

216 000 € 216 000 € 

PV system cost (PVSC) 1 500 €/kWp 0 € 300 000 € 

Operative costs for PV 2% PVSC/year 6 000 €/year 6 000 €/year 

 

Operative costs  for  

Electrolyser 

6% ESC/year 12 960 €/year 12 960 €/year 

2017 average cost of electric 

kWh on daily market  

( 9 - 15 h) 

Local market 0.051 € 0.051 € 
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Case 1 question:  go ahead selling electricity or switch to hydrogen? 

Comparison of incomings selling  Electricity  or just H2. 

EU and US-DOE 2020 

targets for H2 cost  

Prod.   =    1.50 €/kg 

User    =     3.50 €/kg 
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Case 1 question : and selling also Oxygen ? 

O2  at 0.5€/kg  Comparison of incomings selling  Electricity  or both H2 and O2. 
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Case 2 question : can I start from zero? 
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Years H2  at 7.5€/kg  
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Net Present Value 

Caso 1 Caso 2 

Plant cost 216 k€ 516 k€ 

NPV(20) H2 -86.14 k€ -353.77 k€ 

NPV(20)  O2 = 0.5 €/kg +69.21 k€ -181.16 k€ 

NPV(20)  O2 = 0.8 €/kg +162.42 k€ -77.59 k€ 

Case 1:  

Changeover 

Case 2: 

New 

Costs of 200kWp  PV field on the roof (1500€/kWp) 0 300 k€ 

180kW Electrolyser system cost (1.2 M€/MW) 216 k€ 216 k€ 

OPEX PV = 2% CAPEX 6 k€ 6 k€ 

OPEX Elettrolyser system = 6% CAPEX 18.96 k€ 18.96 k€ 

Location (PV with optimal tilt, fixed) Messina Messina 

Discount rate 10% 10% 

Hydrogen selling price 7.5 €/kg 7.5 €/kg 

Oxygen selling price range 0.5  - 0.8 €/kg 0.5 – 0.8 €/kg 
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CONCLUSIONS 

• The production of renewable Hydrogen for the technical gas market is an 

achievable opportunity. 

• Higher RES-Electricity share and Eletrolysers cost reduction will offer higher 

remuneration and new market opportunities. 

• Hydrogen for transportation market  ………… will be a natural 

consequence. 

Our attention is focused on the following issues : 

• In a network with 100% renewable electricity, will natural gas still determine 

the price of kWhe, or vice versa? 

• What will be the influence of excess electricity production on the petroleum 

products market? 

We imagine a progressive but also radical change in the current 

paradigm of the electricity and fuel markets. 
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Thank you for your attention 
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