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H2HH



Elemental Hydrogen

“hydros” = water
“gene” = generator

Antoine Lavoisier  



Molecular 
mass: 

2 g/mol

Organiza:

Fourteen 
times lighter 

than air

H2
Diffuse Low density

Gass:
Colourless
Odourless
Non-toxic

Tboiling:
-253 oC
Tmelting:
-259 oC



Organiza:

H2
Abundant in 
the Universe 

(75% of 
matter)

Easy reaction 
with other 
elements:

C, O, N, F, Cl

CH4/H2O
Highly 

flammable High energy 
density

High calorific 
value
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Hydrogen Natural 
gas Diesel Gasoline

Chemical formula H2 CH4 C9-25H20-52 C4-12H10-24

Molecular mass (g/mol) 2 16 - -

Carbon content (%) 0 75 86 84

Density  (volumen a 1 atm, 0 oC, kg/m3) 0.089 0.72 830 730-780

Energy density (volume 1 atm, 0 oC, , 
MJ/m3) 10.7 33.0 35·103 33·103

Calorific value (Inferior-Superior) 
(KJ/mol) 119.9-141-6 50.0-55.5 42.5-44-8 42.5-44.8

Tautoignition (
oC) 580 540 250 350

Minimum ignition energy (MJ) 0.017 0.30 - 0.29

Flammability scale in air (%vol) 4-75 5.3-15 0.6-5.5 1-7.6

Propagation speed in air (1 atm, 25 oC, 
m/s) 1.85 0.38 0.37-0.43 0.37-0.43

Diffusion coefficient (1 atm, 0 oC, m2/s) 8.5·10-6 1.9·10-6 - -
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H2
Summary

0% 
Carbon

Diffusion

Fuel/
Electricity

High 
density

High 
calorific 
value

High 
flammabilit

y 
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H2

Energy 
Vector

Sustainabl
e

Energy 
Store
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Organiza:

Hydroge
n 

Renewabl
e

European Green 
Deal

Net Zero Emission 
2050
↓55% CO2  2030 vs 
1990
Tglobal<1.5 oC

Climate strategy

Climate 
Neutrality Fuente: Infografía Objetivo 55
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European Green 
Deal

Fit for 
55

Climate 
Neutrality

Net Zero 
Emission

Descarbonisati
on

Future energy 
vector

Fuente: Infografía Objetivo 55
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SDG 7: Affordable and Clean 
Energy



Jules Verne “The Mysterious Island”
 Water in its O2 and H2 components, an 

inexhaustible source of energy.



H2
Production
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C(s) + H2O (g) → Syngas

Syngas: H2 (18-20%), CO (18-20 %), CO2 (8-10%), 
CH4 (2-3%, traces of hydrocarbons and water

Superheated steam at temperatures between 
800-1000 oC

-Highly 
experienced

-Cheap 
resources

-Produces high 
CO2 emissions
-45% efficiency

Lignite

Very High

Degassing

Brown

Carbon

Degassing

Very High

Black

Proces
s

Energ
y 

sourc
e

Emission
s
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1: CH4 (g) + H2O (g) → CO (g) + 3H2 (g) Tª= 
700-1100 oC
2: CO (g) + 3H2 (g) → CO2 (g) + H2

Energy 
Sources

Process

Emissions

Catalyst; Nickel (Ni)

-Most common 
process

-Economic
-Mature 

infrastructure
-65-95% efficiency

-Produces high 
CO2 emissions
-Non-renewable 

resources
Natural gas

Reforming
(SMR)

Very High

Grey
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-Non-renewable 
resources

-Immature CO2 storage 
technology

-Low 
commercialisation of 

CO2

1: CH4 (g) + H2O (g) → CO (g) + 3H2 (g) Tª= 
700-1100 oC
2: CO (g) + 3H2 (g) → CO2 (g) + H2

Capture of this 
CO2 to storage

-Most common 
process

-Economic
-Mature infrastructure

-65-95% efficiency
-CO2 capture

--H2 more accessible

CCUS: Carbon Capture, 
Use and Storage 

technologies

Energy 
Sources

Process

Emissions

Natural Gas

SMR

Low
(Carbon 
Capture)

Blue
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H2O (l) → H2 (g) + 1/2O2 
(g)

Electricity from 
nuclear energy

Energy 
Sources

Process

Emissions

Nuclear 
Energy

Electrolysi
s

Low

Pink
-Highly hazardous and 

radioactive waste
- High security

-H2 more accessible
-Advanced stage
-High economic 

potential
-No CO2 emissions
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-Expensive H2 
production

-Immature technology
-Valleys in energy 

production
-High % in project phase 

--No CO2 emissions
-100% Sustainable

-High purity H2

H2O (l) → H2 (g) + 1/2O2 
(g)

Star of the 
SUSTAINABLE/RENEW
ABLE energy transition

Biogas → H2 (g)green

Renewabl
es 

Sources

Electrolysi
s

Low or 
zero

Green

Energy 
Sources

Process

Emissions



Organiza:

-In exploration
-Consider extraction 

methods

-No CO2 emissions 
-Economical

-High purity H2
-No use of electrolysers

H2 (g)

Energy 
Sources

Process

Emissions

Natural 

Exploration

Zero

White



H2
Technologies
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Climate 
neutrality

Economic 
security
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Hydrogen production

Natural gas/Fossil 
hydrocarbons/Biogas H2O decomposition

With CO2 
emission

Without CO2 
emission

Nuclear 
energy

Renewable 
energy
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Steam methane reforming 
(SMR)

Partial oxidation (POX)

Autothermal reforming 
(ATR)= SMR + POX

Natural gas/Fossil 
hydrocarbons/Biogas

Efficiency: 
70-85%

Efficiency: 
60-75%

Efficiency: 
60-75%



Organiza:

Biogas

Biogas (CH4 (g))  🡺 Purify and enrich 
(upgrading process) biogas🡺 Biomethane 

substitutes natural gas

SMR

POX

ATR

Desgassing
Biometha

ne

Green H2

Green H2 
Production
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Green H2 
Production

Electrolysis

H2O Decomposition
Wind Solar
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Electrolysis

H2O

H2O (l) → H2 (g) + ½ O2 
(g)

Cathode: 4 H+ + 4e- → 2H2 

Anode: 2H2O → O2 + 4 H+ + 
4e- 

HE
R

Efficiency of electrolysers (low 
temperature): 50-70%

OE
R

Electrolite: Water (l)

Green H2 
Production
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Electrolysers

Stack

Imágenes de Wespe
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Electrolysers

Alkaline

Proton Exchange Membrane (PEM)

Anion Exchange Membrane (AEM)

Solid Oxide Electrolysis Cell (SOEC)
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https://www.finh2.fi/wp-content/uploads/2022/10/green_hydrogen_cost_reduction.png. Source IRENA (2020)

H2O (l) → H2 (g) + ½ O2 
(g)Anode/Cathode: Nickel

Electrolyte: KOH ó NaOH 
25-30% wt

Temperature: 
70-100 oC

Efficiency: 
60-70%

Alkaline

https://www.finh2.fi/wp-content/uploads/2022/10/green_hydrogen_cost_reduction.png
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https://www.finh2.fi/wp-content/uploads/2022/10/green_hydrogen_cost_reduction.png. Source IRENA (2020)

H2O (l) → H2 (g) + ½ O2 
(g)Anode: Iridium oxide

Cathode: Platinum
Electrolyte: Polymeric 

membrane

Temperature: 
50-80 oC

Proton Exchange Membrane 
(PEM)

Efficiency: 55-60%
Theorical 

efficiency: 90-95%

https://www.finh2.fi/wp-content/uploads/2022/10/green_hydrogen_cost_reduction.png
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H2O (l) → H2 (g) + ½ O2 
(g)Electrolyte: Polymeric 

membrane

Temperature: 
40-60 oC

Anion Exchange Membrane 
(AEM)

Alkaline + PEM = AEM

Research Phase
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https://www.finh2.fi/wp-content/uploads/2022/10/green_hydrogen_cost_reduction.png. Source IRENA (2020)

H2O (l) → H2 (g) + ½ O2 
(g)

Electrolyte: YSZ

Temperature > 
700 oC

Solid Oxide Electrolysis Cell 
(SOEC)

Efficiency: 75-80%

 2O2- 

Anode/Cathode: Nickel + 
YSZ

https://www.finh2.fi/wp-content/uploads/2022/10/green_hydrogen_cost_reduction.png
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-Large volume
-Corrosion problems
-Low hydrogen purity

-Commercial and mature 
technology

-Medium to high efficiency
-Inexpensive materials 

(non-noble metals)
-Low cost

-Mature developing technology
-High efficiency

-High purity hydrogen
- High responsiveness

-Compact cell

-Use of noble metals 
-High cost of materials
-Corrosion problems
-Low working power

-Research phase
-Low performance at 

laboratory scale
-Membrane degradation

-Cheaper than PEM
-No use of precious metals

-Low cost
-Compact cell

-Immature technology
-Little commercialised 

-High volume
-Low durability

-High temperatures

-Use of ceramic metals
-Low cost of materials
-High degree of energy 

efficiency

PEM

Alkaline

SOEC

AEM



H2
H2 (g) + ½ O2 (g) → H2O 

(l) 



H2
Store



Compressed H2

Liquefied H2

Metal hydrides: 
LiH, LiAlH4 

Liquid 
Organic 

Hydrogen 
Carriers 
(LOHC)

Mincatec Energy

Green 
Ammonia

Renewable 
Methanol

Ariema

AtlantHy



H2
Uses
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H
2Industry

Use as 
feedstock: 
To remove 

impurities from 
crude oil

Upgrading 
heavy crudes

Refining ChemistryMetallurgic

Use as 
feedstock: 
To produce 

green ammonia 
and methanol.

Use as an energy 
vector: 

Energy source for 
making alloys

Use as feedstock 
material: 

Reducing agent in 
alloys
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H
2Sectorial Integration

Energy storage Electric

Use as an 
energy 
vector: 

Fuel cells

Use as an 
energy vector:

Absorbing 
renewable 
electricity 

discharges.
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H
2

Gas sector Circular economy

Use as a fuel: 
Gradual 

incorporation 
into the gas 
pipeline by
“Blending” 
(50% of H2)

Use as 
feedstock: 

H2 produced 
from renewable 
biogas, biomass

Sectorial Integration
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H
2Mobility Fuel Cell Electric 

Vehicles (FCEV)
Combined with 

electric batteries

Toyota Mirai Concept 2021
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H
2

Road

Volvo: hydrogen-powered combustion engine Hydrogen Buses 

Mobility
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H
2

RailwayMobility
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H
2

MaritimeMobility

Use as energy 
vector (electricity)/

fuel: 
Small vessels and 
machinery in ports 

and cargo 
terminals.

Prototype of 
Reachstacker

Bramble 
Energy 
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H
2

MaritimeMobility

Use as energy 
vector (electricity)/

fuel: 
Small vessels and 
machinery in ports 

and cargo 
terminals.

Prototype of 
Reachstacker

Bramble 
Energy 
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H
2

AviationMobility

Fuel cell propulsion 
for aircraft, airport 

and terminal 
machinery and 
cargo terminal 

equipment 

Sustainable Aviation 
Fuel (SAF): Biokerosene
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Is hydrogen just a fad or is it here to stay?
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Thank you for 
your attention!



e-mail: susana.fernandezgarcia@gm.uca.es


