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Natural

Hydrogen Diesel Gasoline
gas
Chemical formula H, CH, CoosHo0.s0 C,oH1004
Molecular mass (g/mol) 2 16 - -
Carbon content (%) 0 75 86 84
Density (volumen a 1 atm, 0 °C, kg/m?) 0.089 0.72 830 730-780
1 (0]
Energy density (volugne 1 atm, 0 °C, , 10.7 330 35-103 33.103
MJ/m?>)
Lellanie velle (infEiesEuzeier 119.9-141-6  50.0-55.5 42.5-44-8  42.5-44.8
(KJ/mol)
T . oignition °C) 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
) . 5
Propagation speed in air (1 atm, 25 °C, 1 85 0.38 0.37-0.43 0.37-0 43
m/s)
Diffusion coefficient (1 atm, 0 °C, m?/s) 8.5-10-6 1.9:-10-6 - -
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SDG 7: Affordable and Clean
Energy

AFFORDABLE AND
CLEAN ENERGY




Jules Verne “The Mysterious Island”
Water in its 02 and H2 components, an
inexhaustible source of energy.
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THE HYDROGEN COLOR WHEEL IS EXPANDING
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An electrolytic production process similar to green E = Typically refers to hydrogen made
but powered by nuclear energy L electrolytically with solar energy

Made by electrolysis using electricity from
renowable sources to split water into

One main pathway for global decarbonization. hydrogen and oxygen without emitting CO,

it combines gray hydrogen production with CO,
capture technology to minimize emissions

Naturally occurring hydrogen found
In underground deposits

Splits methane from natural gas into hydrogen and
solid "carbon black™, a critical raw matenal for

Produced by fermenting microbes found in
industry, No CO, emissions occur

depleted oil wells. The process relies on
CO. capture for carbon nautrality

Derived from natural gas and the most common Traditional process for making hydrogen,
production method today. It generates fewer which uses either black or brown coal (Lignite)
gmissions than black and brown methods It releases high amounts of CO,
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Degassing

Very High

Carbon

Degassing

Very High

experienced

resources

“Highl -Produces high

CO2 emissions

-Cheap -45% efficiency

—

Superheated steam at temperatures between

800-1000 °C

C(s) + H,O (g) — Syngas

Syngas: H, (18-20%), CO (18-20 %), CO, (8-10%),
CH, (2-3%, traces of hydrocarbons and water



process -Produces high

-Economic CO2 emissions

Energy Natural gas . -Mature -Non-renewable
Sources infrastructure resources

Catalyst; Nickel (Ni)

Reforming 1: CH, (g) + H,0 (g) — CO (g) + 3H, (g) T*=

Process (SMR) ‘vmm an or

2: CO (g) + 3H, (9) — CO, (g) + H,

< (50,
H &
C ﬂﬂﬁ
[B cCC 1
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/ -Most common N\ -Noh~renewable

process resources
-Economic -Immature CO, storage
Energy -Mature infrastructure technology
Sources -65-95% efficiency -Low
-CO, capture ialisati
@ | _ , Cap _ N commercclaﬁllsatlon of )
2
Process “7{\1\—111: CH, () + H,0 (9) — CO (g) * 3H, (9) T"=
2: CO (g) + 3H,(g) — CO, (g) + H,
Emissions Low Capture of this
< (o (Carbon CO, to storage
EE.;—;';\ Capture) 2
B CCUS: Carbon Capture,

Use and Storage
technologies




4 -H2 more accessible

-Advanced stage -Highly hazardous and
-High economic radioactive waste
potential - High security
-No CO .
Energy
Sources Nuclear

Energy

@

Process Electrolysi

s

Emissions
< (500
g.ré—_\
[G CC :

H,O (1) — H, (g) *+ 1/20,

lg\
\J/J
» [ Electricity from }

nuclear energy
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Renewabl

--No CO2 emissions
-100% Sustainable

production
-immature technology
-Valleys in energy

es \

-High purity H,
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Sources

Electrolysi ‘
s

production

H,0 (I) - H, (g) + 1/20,

Biogas — H, (9)

green

Star of the
SUSTAINABLE/RENEW
ABLE energy transition
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Exploration

Zero

4 -No CO, emissions
-Economical
-High purity H,
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-In exploration
-Consider extraction
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Hydrogen production

Natural gas/Fossil -
hydrocarbons/ H,O decomposition

With CO, Without CO, Nuclear Renewable
emission emission energy energy




Natural gas/Fossil

hydrocarbons/

{Steam methane reforming} [ Partial oxidation (POX) ]

(SM R) Efficiency:
Efficiency: 60-75%
(0-60%

(ATR)= SMR + POX

Efficiency:
00-75%

{Autothermal reforming J




{ Biogas ]

/( SMR
Biogas (CH, (g)) [ Purify and enrich . POX

(upgrading process) biogas[ | Biomethane
substitutes natural gas

ATR

[ Biometha ]

t Desgassing J

[ Green H, ]




[ Wind ]

H,O Decomposition

[ Electrolysis ]




Green H, H,0

H E Cathode O E

= T [ Electrolysis ]
H.O(l) > H,(g)+ %0
; 2 2 2
ydrogen y A \
o® Electrolite: Water (l)
’ 4
rogen .
i o ® bbb Cathode: 4 H* + 4e” — 2H,
Anode: 2H,0 — O,+ 4 H" +
4e”
Efficiency of electrolysers (low
4 403 2H, 2400, 8004 temperature): 50-70%




Electrolysers

Repeating Unit Guide: Pin

\W“OVE‘ after Assemble)

Flat BP

(Anode
Side) =
: =  Unitized .~;
Flow . 4
Gasket
(Anode Unitized

Side) Flow Gasket Flat BP

gg;’)“’de (Cathode Side)

Imagenes de Wespe




[ Electrolysers ]

Alkaline

Proton Exchange Membrane (PEM)

Anion Exchange Membrane (AEM)

Solid Oxide Electrolysis Cell (SOEC)




Bipolar plates

Electrolyte
+0, L 2

Electrolyte = ’

Anode
catalyst

Gasket Gasket

Electrolyte
) +H,

2 <3 Electrolyte

Diaphragm Cathode
catalyst

Temperature:
70-100 °C

Efficiency:

00-70%

Alkaline
DC generator H7

it

0
0,

2H,0

Anode

Electrolyte Solution (KOH)

Anode: 40H — 2H,0+0,+4e’
Cathode: 4H,0+4e" ~— 2H_+40H

"H,0(l) > H,(g) + %O

2

Anode/Cathode: Nickel

Electrolyte: KOH 6 NaOH

25-30% wt

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



https://www.finh2.fi/wp-content/uploads/2022/10/green_hydrogen_cost_reduction.png

Proton Exchange Membrane - N

Proton Exchange Membrane
DC generator

Porous

transportation
layers (PTL)

Gasket Gasket

Cathode

4H'

electrode

Anode J ‘ Cathode

catalyst Mermb catalyst Anode: 2H,O°—'O,+4H'+4e'
e Cathode: 4H'+4e — 2H,
Bipolar plates \_ -3
Temperature: 1
—> +
50-80 °C Hzo (1) I_'Iz_ (9) + 7 02
Efficiency: 55-60% Anode: Iridium oxide
Theorical

Cathode: Platinum

efficiency: 90-95%

Electrolyte: Polymeric

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


https://www.finh2.fi/wp-content/uploads/2022/10/green_hydrogen_cost_reduction.png

Anion Exchange Membrane

Research Phase

20H—— 2 0, + H,04 2¢ 2H,0+ 2e-_, Hy+ 20H

2e'T I’ lZe‘
KOH+0,
I
<
Anode Alkaline + PEM = AEM
KOHIH,0 i‘“: 1%
- E GDL
A l Ca(aly!t layer Catalyst layer l
Bipolar Plate Bipolar Plate
1
Temperature: H20 (l) — H2 (g) + %2 02

40-60 °C :
Electrolyte: Polymeric

membrane



Solid Oxide Electrolysis Cell

" Electrical
f connections

Solid Oxide

Anode,

Cathode, —— —‘
Fuel electrode Air/O, electrode
2 0.+ 4H"

Interconnect

plate
20%

Anode: 20% «— O,+ 4e’
Cathode: 2H,0+4e "« 2H,+20”

H,0 Electrolyte

Temperature > HZO (|) —> HZ (g) + %0

700 °C
Anode/Cathode: Nickel +

Efficiency: 75-80%
Electme: YSZ

https://www.finh2.fi/wp-content/uploads/2022/10/green_hydrogen_cost_reduction.png. Source IRENA (2020)
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technology -Large volume
-Medium to high efficiency -Corrosion problems

-Inexpensive materials -Low hydrogen purity
(non-noble metals)

%ﬁ J

CMature developing technology\ 4 -Use of noble metals )
-High efficiency -High cost of materials
m -High purity hydrogen -Corrosion problems
- High responsiveness \ -Low working power )
\_ -Compact cell )
4 N
4 _Cheaper than PEM ) -Research phase
. -Low performance at
-No use of precious metals
laboratory scale
-Low cost i
-Membrane degradation
-Compact cell \_ J
N J
- ~ 4 -immature technology )
-Use of ceramic metals -Little commercialised
-Low cost of materials -High volume
SOEC -High degree of energy -Low durability

S efficiency )L -High temperatures J
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(Hz2) in

Heat
Oxygen
/ (0y) in
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Water
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[Compressed Hz] Metal hydrides: [ Green ]
LiH, LiAIH, Ammonia

B~

oS

Mincatec Energy
Ariema

- - Renewable
[ Liquefied H, ] Organic Methanol

Hydrogen

(LOHC)
+10H
Naftaleno (NAF) Decalina (DEC)

AtlantHy
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[ Industry ]

[ Refining ] [ Metallurgic ] [ Chemistry ]

Use as an energy
vector:

Use as

Use as

feedstock: i
To remove Energy source for feedstock:
i g making alloys To produce
impurities from 9 y reen ammonia
Use as feedstock 9

crude oil
Upgrading
eavy crudes

material: and methanol

Reducing agent in



[Sectorial Integration ]

Energy storage

|

Use as an

energy

[ Electric ]

Use as an
energy vector:
Absorbing
renewable
electricity
discharges.



[Sectorial Integration ]

[ Gas sector ]

Use as a fuel:
Gradual
incorporation
into the gas
pipeline by
“Blending”
(50% of Hz)

[Circular economy]

Use as
feedstock:
H2 produced
from renewable
biQgas, biomass



| Mobility | Fuel Cell Electric
Vehicles (FCEV)

Combined with
electric batteries

Toyota Mirai Concept 2021



Mobility Road

1 » %Fm .

D, &
Yo w@

ZERO EM

Volvo: hydrogen-powered combustion engine

Tanques de expansion Unidad refrigerante (radiadores y ventiladores)

refrigerantes . . e .
8 Unidad aclimatacion de compartimento

de pasajeros (+ unidad refrigerante de
bateria de traccion)

Bateria de traccion

: - Tanques de
Unidad de proteccion contra hidrogeno

heladas de las pilas de combustible

Comepresor de aire

Servobomba
Resistencias de frenado
A Baterias de
sistema a 24V Escape de pila de combustible

Filtro de aire de pila de combustible
Onduladores de tension e
inductores del sistema de

traccion

Onduladores de tension de auxiliaress

Motor de traccion
Filtro de desionizacion en

circuito refrigerante de pila
Pila de combustible de combustible

Fuente: Van Hool

Hydroge_n Buses



Mobility || Railway ]

El tren de hidrogeno FCH2Ralil inicia
pruebas entre Torralba y Soria

Es parte del proyecto conjunto que desarrollan Adif, Renfe Operadora y CAF. Estas
pruebas buscan evaluar las prestaciones del tren hibrido bimodal de pilas de
combustible.

NOVIEMBRE 15, 2023 LUIS INI

HIDROGENO TECNOLOGIAE I+D ESPANA

Lt

Imagen: FCH2Rail
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| Mobility ||  Maritime |

——

~ Prototype of
Reachstacker

Use as energy
vector (electricity)/
fuel:

Small vessels and
machinery in ports
and cargo
terminals.

Brémbie
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| Mobility ||  Maritime |

——

~ Prototype of
Reachstacker

Use as energy
vector (electricity)/
fuel:

Small vessels and
machinery in ports
and cargo
terminals.

Brémbie
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| Mobility ||  Aviation |

Sustainable Aviation
Fuel (SAF): Biokerosene

Fuel cell propulsion
for aircraft, airport
and terminal
machinery and
cargo terminal
equipment

FOTO: AIRBUS
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Is hydrogen just a fad or is it here to stay?



Thank you tor

your attention!



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



