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S
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Storage Capacity
Source: School of Engineering, RMIT University (2015)
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m Numeros Basicos del Hidrogeno
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0OC0HO00
Propiedades fisicas del hidrogeno Gravimetric Density (kWh/kg)
0O 5 10 15 20 25 30 35
o 1kg <> 11,1 Nm3 < 33,3 kWh (PCI) y 39,4 kWh (PCS) e s © * TS
¢ Alta densidad energética por unidad de masa - wpse : s < Energy
1kg H2 = 3,77 | gasolina S sof E-10e —oo0NE lg §
¢ Baja densidad energética por unidad de volumen = _ 8 E55kWhe
1Nm3 H2 = 0,34 | gasolina % Ethanol ¢ Propane (la) s B v
3 20 Methane (liq) @ Low-Temperature
2 & Mathanol 1q ‘% Electrolysis
Unidad Hidrégeno Metano g ool Methane (250 bar) E :fss-soo/o
3 = H, (lig) ® eficiencia
kg/m 0,09 0,72 S H, (700 bane 12 & ---m
MJ]/kg PCS 142,00 55,60 . , , , s asacl il
M]/m3 PCS 12.70 4000 0 20 40 60 80 100 120
- - Gravimetric Density (MJ/kg) + 33,3 KkWh (PCI)
+ 39,4 kWh (PCS)
Produccion de hidrégeno por electrdlisis
¢ Potencia: 1 MW electrolizador < 200 Nm3/h H2 — * 18 kg/h H2 + 8 KWhe
¢ Energia: + 55 kWhe — 1kg H2 < 11,1 Nm3 < % 10 litros agua -
desmineralizada Thermic PEM Fuel Cell
Energy
Produccion de eléctrica por pila de combustible PEM l * 55% eficiencia
¢ Energia: 1Tkg H2 —* 55-60% eficiencia eléctrica — * 16 kWhe y + 8 kWht Electric
¢ Eficiencia global: + 80-85% eficiencia * 16 kWhe Energy AZARD

Copyright 2023 Lazard
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n Produccion, aplicaciones y madurez

Maturity of hydrogen solutions Y DROGEN
(compared with other decarbonization solutions)

N &

Infrastructure

@
Chemicals
and refineries
ELECTRIFICATION |_-l-._ Steel
d_ Y
International
shipping
Short-haul x
aviation Long-haul Fast-cycling  Lined hard H, turbo
Regional m aviation x salt caverns o rock cavern CEIRIESSOl
trucks wowmrew Ferri
Urban Seasonal
vehicles &‘ . storage
Ammon
Short-term. ——
storage Trains
= Mid
S y = temperature
.ﬂ Residential hea%ng
heating ‘
N
. . . . rd
Distributed applications Centralized applications Storage Transmission & Distribution Conversion
IRENA (2022). Green hydrogen for industry: A guide to policy making, International Renewable Energy @ Small prototype O Large prototype @ Demonstration @ Market uptake ® Mature

Agency, Abu Dhabi.
IEA (2023). Global Hydrogen Review 2023.
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E Propiedades del hidrogeno e

100 ‘
10°%- 04 &"“d\ CcH,  Cryo-compressed Hydrogen
H Metal Liquid metal 80 ook : e < A5 | cGH, Compressed Gaseous Hydrogen
| R e LH,-1 4\ " CeH, - 300 bar /38K
‘ ara 70 Ut +27% bar =
[ -l \ bar| L x2 |
E‘ 104 60 \ LH, -4 bara
o
2 5
= | ob - o
73 ar _
2 107 T CGH, - 700 bar/ 288 K ]\-\
e Critical point \'\
0 H CGH,-350bar/288K |\
10 2 2
H, liquid \X)—~
i solid Tripelpoint POH NN
- . gas ; ,
0 1 2 3 4 5 | 0 . L] ) L] ﬁ ] L) L
1 :
0 10 L Tem 1rgture (K] 10 10 10 20 ‘40 60 80 100 120 140 160 180 200 22 l 240 260 280 300
pe 33K Temperature [K] -40°C

Performance of a cryo-compressed hydrogen storage. (2012). Kunze K. World hydrogen energy
conference e WHEC. Toronto Canada.

Zuttel, A. Hydrogen storage methods. Naturwissenschaften 91, 157-172 (2004).

info@minestech.es 8
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m Factor de Compresibilidad

pP-v pressure [MPa]
. oy . ° ° —— —_ % &
P-V=z-n-R-T Peso H, = 2,016 ——— 0 50 100 150 200 Density (kg m)
7zR-T : . " " 0 5 10 15 20
043 Energy density
H, L 0.25 (MJ m™ rock)
z = factor de compresibilidad - : 500 s s
— ‘e 60
Masa molecular H, = 2,106 g/mol = L 0.20 566, 22 @ 0
2, 2 H, gas ® 400
2 ideal gas * — ® 500
Temperatura (K) 2 X a E 1
e S 40 + 0.15 =
has) 250 273.15 298.15 350 400 450 500 o~ o § 2000
E o, = 460 MPa (Steel) A
1 1.00070 1.00040 1.00060 1.00055 1.00047 1.00041 1.00041 = L 0.10 2500+
1.00337 1.00319 1.00304 1.00270 1.00241 1.00219 1.00196 8 20
=) 1 4
10 1.00672 1.00643 1.00605 1.00540 1.00484 1.00435 1.00395 'g 0.05 =000
50 1.03387 1.03235 1.03037 1.02701 1.02411 1.02159 1.01957 ’ 35004
100 1.06879 1.06520 1.06127 1.05369 1.04807 1.04314 1.03921 -
150 1.10404 1.09795 1.09189 1.08070 1.07200 1.06523 1.05836 0 a 560 10-00 15.00 20000.00 40001
200 1.14056 1A3177. 1.12320 1.10814 1.09631 1.08625 1.07849 pressure [bar]
T 117789 116617 115499 113543 112034 110793 1.08764 Zuttel, A. Hydrogen storage methods. Naturwissenschaften 91, 157-172 (2004).
300 1.21592 1.20101 1.18716 1.16300 1.14456 1.12957 1.11699
350 1.25461 1.23652 1.21936 1.19051 1.16877 1.15112 1.13648
400 1.29379 1.27220 1.25205 1.21842 1.19317 1.17267 1.15588 L4 °
450 1.33332 1.30820 1.28487 1.24634 1.21739 1.19439 1.17533 <> CO paI'aClOIl ldeal VS real
500 1.37284 1.34392 1.31784 1.27398 1.24173 1.21583 1.19463 - -
Gas Ideal» 350 bar = 28 kg/m3 700 bar =57 kg/m3
600 1.45188 1.41618 1.38797 1.33010 1.29040 1.25920 1.23373
700 1.53161 1.48880 1.44991 1.38593 1.33914 1.30236 1.27226 H2 Gas > 350 bar = 23 k / m3 700 bar = 37 k / m3

info@minestech.es
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MTipos de estructuras geoldgicas

Yacimientos depletados y acuiferos
salinos (rocas porosas)

¢ Sonrocas porosas (almacén) donde se almacena el
gas. Tienen una estructura geolégica bien conocida,
estanqueidad (Fm. Sello), porosidad adecuadae
instalaciones preexistentes.

¢ Posible reactividad quimica y bacteriolégica.

Cavidades Salinas

¢ Seusaagua dulce para disolver la roca de sal formando
cavidades salinas.

¢ Esunade las tecnologias mas prometedoras para el
hidrégeno, debido a su madurez tecnolégica, su rapida
flexibilidad de cicloy su gran capacidad de
almacenamiento de volumen.

¢ Noreactividad quimica ni bacteriolégica.

Rock cavern (caverna minada)

¢ Rocas explotadas exprofeso o explotaciones
preexistentes.

¢ Lapresiondel gas es aguantada por laroca.

&
brtA

g
2
<)
o

(=]
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Miocic, J. M., Heinemann, N., Edlmann, K.,
Alcalde, J. and Schultz, R. A. (2023):
Enabling Secure Subsurface Storage in
Future Energy Systems. Geological Society,
London, 528, 73-86.
https://doi.org/10.1144/SP528-2022-88.
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Tipos de estructuras geologicas et

10GW
Porous rocks
(depleted gas fields and deep saline aquifers)
1GW
100 MW '
Engi r
caverns

Power

10 MW

1MW

Hour Day Week

Discharge duration
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Criterios de seleccion-Potencial Geolagico
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®©20000

geochemistry

geological
assessment

barriers of
underground
hydrogen
storage

regulatory
framework,
social impact,
conflict of
interests

microbiological

technical
aspects

Gas combustion unit/

Electricity

Others hydrogen

using option

Electricity
Renewable A
Energy
Sources » Electrolyser
Hydrogen
AN H H,

Underground
hydrogen
storage
possibilities

R. Tarkowski, B. Uliasz-Misiak,Towards underground hydrogen storage: A review of barriers, Renewable
and Sustainable Energy Reviews, Volume 162, 2022, 112451,https://doi.org/10.1016/j.rser.2022.112451.

info@minestech.es

Injection

Withdrawal

Deep
aquifer
Depleted
gas field
Depleted

oil field

SRR R

Radoslaw Tarkowski (2019):
Underground hydrogen storage:
Characteristics and prospects,
Renewable and Sustainable
Energy Reviews, Volume 105,
Pages 86-94, ISSN 1364-0321
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m Criterios de seleccion-Offtakers

Mt hydrogen
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Hydrogen use by sector, 2020-2030

info@minestech.es

Hydrogen use by region, 2022

m Other

@ Power Rest of Shina
world 29%

0O Synfuels 24%

O Transport

O Refining

@ Industry Europe
8%

ONew
m Traditional India North
9% Ameglca
Middle East 17%

13%

IEA (2023). Global Hydrogen Review 2023. |EA CC BY 40
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m Criterios de seleccion-Offtakers S

@ Use by sector
4.3 Mt 100%

Iron and steelmaking

80
A . 60 75%
@ 12 Mt ()
Methanol ‘ql
40 50%

8 7 'I ' 39.9 Mt
= Mi Refineries @)
20 25%
i,ii .
2L 30.9m 0 —@ ® @ ® 0%
_ 2019 2020 2021 2022 2030
Ammonia - NZE
I
OAmmonia @Methanol B Steel O Other ® Share of low emissions
(right axis)
IRENA (2022). Green hydrogen for industry: A guide to policy making, International Renewable Energy
Agency, Abu Dhabi. IEA (2023). Global Hydrogen Review 2023.
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Criterios de seleccion-Solar y eolica

Nuclear
47%

Gas Peaking
(39%)

Solar Thermal
Towerl?
(16%)

Coal
5%

Geothermal
8%

Gas Combined
Cycle
(15%)

Solar PV—
Utility-Scale®
(83%)

Wind—Onshore
(63%)

Mean LCOE
($/MWh) » Electricity
$380 = D&M
$359 = Capex (excluding financing)
= Financing
320
$275
260
200
$180
$168
$168
140 $135 . s .
$123 $140 $140 $141 $112
$109
$102 $108
$1M1 $102 N 7
$83 $97 $80 $82
80 $91 $91 4
$76 $60 $58 $56 $gg Msn
p0 $43 $4-1 $40 $38
' $50
o $42 $40 $37
20 |
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2023
3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0
info@minestech.es
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Map of wind farms in Spain - Asociacién Empresarial
Edlica (aeeolica.org)

-

620 MW

Y o J
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MAPA DE RECURSO SOLAR @
; WORLD BANK GROUP
POTENCIAL ELECTRICO FOTOVOLTAICO
ESPANA ESMAP
10°W 4 i g by
Barcelona

ﬁ 40°N

40°N - A Mallorca

Valencia 4

-

% Alicante
urcia

Canarias

?

Sama Cruz J
4 8Las Palifias

Promedios de largo plazo del potencial eléctrico fotovoltaico, periodo 1994-2018
Totales diarios: 3.0 3.4 3.8 4.2 4.6 5.0

® 2019 Grupo Banco Mundial
Fuente: Global Solar Atlas 2.0
7 Datos de recurso solar: Solargis

4 100 km

KWh/kWp
Totales anuales: 1095 1241 1387 1534 1680 1826

Este mopa est4 publicado por el Grupo Banco Mundial, financiado por ESMAP, y preparado por Solargis. Para més informacién y ténminos de uso. por favor visite httpi//globalsolaratlas.info.



https://aeeolica.org/en/about-wind-energy/map-of-wind-farms-in-spain/

ibili ~ I®N@R 4~/
m Posibilidades en Espana e

¢ Las fuentes de energia renovable baratas de alto
potencial, principalmente edlica y solar, estan
disponibles en Espaina para la produccion de energia.

9

~ Location 2: North-

¢ Existen ciertas posibilidades técnicas de
almacenamiento de hidrégeno en el subsuelo, sin
embargo, los estudios mas avanzados se encuentran a
lo sumo en escala piloto, mientras que, los estudios
realizados en Espana son trabajos de viabilidad técnico-
econdomica.

¢ La geologia espanola puede proporcionar cuatro
opciones  técnicamente interesantes para el
almacenamiento subterraneo de hidrégeno (Norte,
Noreste, Este y Sur de Espana).

. S a
: ¢ En un almacenamiento subterraneo la escala es
primordial, por tanto, las cavidades salinas parten con

un gran handicap, el volumen de gas que pueden
J. Simon, A.M. Ferriz, L.C. Correas, (2015): Hydrogen Underground Storage at Large Scale: Case Study
Spain, Energy Procedia, Volume 73, Pages136-144, https://doi.org/10.1016/j.egypro.2015.07.661. almacenar.

info@minestech.es 18
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