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1. Overview of the hydrogen production technologies – not only P2G application 

2. Overview of the hydrogen production costs

3. P2G’s role in the energy systems of the future 

PRESENTATION OVERVIEW AND GOAL
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To goal is to introduce and start the discussion 
within the Contracting Parties about hydrogen 
technologies and P2G



1) Overview of the H2 production technologies
Current Large Scale – Hydrocarbon based Electrolysis ADD pyrolisys somewhere

1) Steam methane reforming – SMR
CH4 + H2O(+heat) ⇌ CO + 3 H2
natural gas or other + pressurized steam  synthesis gas
Subsequently water-shift gas reaction
CO + H2O → CO2 + H2 (+ small amount of heat)

- Majority of H2 produced today
- Carried out in refineries, very CO2 intensive (ca 1t H2 : 
9t of CO2

2) Autothermal reforming - ATR
2CH4+O2+CO23H2+3CO+H2O(+heat) or 
4CH4+O2+2H2O10H2+4CO

3) Coal Gasification
3C (i.e., coal) + O2 + H2O → H2 + 3CO
Subsequently water-shift gas reaction

- 4 times more CO2 than ATR

Sources: https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming; https://www.epa.gov/sites/production/files/2015-02/documents/subpartp-tsd_hydrogenproduction.pdf; Path to hydrogen
Competitiveness – Hydrogen Council; Gasification of Unconventional Feedstocks – Speight; https://hydrogeneurope.eu/sites/default/files/Hydrogen%20Europe_2x40%20GW%20Green%20H2%20Initative%20Paper.pdf 

CCS is needed to make them less GHG intensive; 
electrolysis can be used to produce  O2

1) Alkaline Electrolysis – AEL
“uses a saline solution to separate hydrogen from water molecules by applying 
electricity”
(Hydrogen Council)

2) Proton-exchange Membrane – PEM
“PEM is slightly less mature and uses a solid membrane to separate the hydrogen 
from water molecules via an electric charge” (Hydrogen Council)

3) Solid Oxide Electrolysis – SOEC
hydrogen production by high temperature electrolysis of steam

GHG intensity mix of the used electricity defines the GHG 
intensity of the hydrogen: green hydrogen, blue hydrogen, 
grey hydrogen.

Nota bene, H2 generated by electrolysis can also be grey!



1) Overview of the H2 production technologies II
Pyrolysis – H2 production from CH4 Methanation of Hydrogen – CH4production from H2

“Pyrolysis is a process of chemically decomposing
organic materials at elevated temperatures in the
absence of oxygen” (Azocleantech)

Produces hydrogen and coal
e.g.:

1) Kværner process
Endothermic reaction. In a plasma burner at 1.600C 
without the presence of oxygen separates C and H from 
CnHn

2) continuous catalytic Chemical Vapor
Deposition – ccCVD – experimental

Produces carbon nanotubes

Sources: https://www.azocleantech.com/article.aspx?ArticleID=336; Carbotopia presentation FSR online WS on very-low/decarbonized hydrogen from natural gas 15 April 2020

Carbon can be used as by-product in high-tech industry

1) Thermocatalytic Methanation

2) Biological Methanation

Possible continuation of electrolysis

Expensive but current natural gas infrastructure, appliances 
and power generation infrastructure and can be used without 
modification

Don’t use CH4 produced from H2 to produce CH4 !! !-O



1) Overview of the H2 production costs

COSTS
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Source: THE ROLE OF POWER TO GAS IN THE ENERGY VALUE CHAIN AND THE LCOE VALUES OF
DIFFERENT P2G SOLUTIONS – Á. Törőcsik – REKK – Power To Gas Forum, Budapest 18 February 2020

Note: 96 EUR/MWh = 3,2 EUR/kg 1kg H2 contains 33,33 kWh

Source: Green Hydrogen for a European Green Deal A 2x40 GW Initiative – (Wijk, Chatzimarkakis) Hydrogen Europe

Source: Carbotopia presentation FSR online WS on very-low/decarbonized hydrogen from natural gas 15 April 2020



1) Overview of the H2 production technologies

COSTS Continued
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Source: Path to hydrogen Competitiveness – Hydrogen Council



2) P2G’s role in the energy systems of the future 

Source: MAVIR.hu – Net Actual Generation by Production Type

Source: TENNET.eu - Actual and forecast wind energy feed-in-

Grid Balancing and Frequency Management 

This is just the beginning…



2) P2G’s role in the energy systems of the future 

Source: ENTSOG 2050 Roadmap for Gas Grids

SECTOR COUPLING
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2) P2G’s role in the energy systems of the future 

OTHER USES

Source: Path to hydrogen Competitiveness – Hydrogen Council

Hydrogen complements electrification and provides
large potential for synergies between production,
transportation and various utilizations.

Has the potential to contribute to the
decarbonisation of power and gas systems, certain
industrial processes and transport

Can ensure long-term utilization of the existing
(modified?) gas grids

Note the challenges!
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