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al. 2023, Steffen et al. 2015, and Rockstrom et al. 2009




n .;.
I dea CI Universidad

Rey Juan Carlos

Manufacturing

Raw materials and
energy

Distribution

4 4

End-of-life ( Use
N \




=i dea

DIMENSION AMBIENTAL




Universidad
Rey Juan Carlos

i deg AVANCESEN LA DIMENSION AMBIENTAL ais

. /TR
Life Cycle Assessment (environmental, LCA) TS 14040,14044:2006

Unidad funcional
Limites del sistema
Multifuncionalidad
Marco geografico

Goal and scope
definition

Inventory

Recoleccion de datos |[€ analysis Interpretation

Categorias de impacto
Método de evaluacion
Clasificacion
Caracterizacion

Impact
assessment




dea AVANCES EN LA DIMENSION AMBIENTAL ade

Universidad
Rey Juan Carlos

", Case study 1 Case study2 Case study 1 Case study 2
(e.g., H2 fro?h.fteam methane reforming) (e.g., H2 from biorpa's's gasification) (e.g., H2 from steam methane reforming) (e.g., H2 from biomass gasification)
GWP 1 GWP 2
CED1 CED2
AP1 AP 2
¥ ¥
| Harmonisation protocol for GWP |
v v
I Harmonisation protocol for CED I
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I Harmonisation protocol for AP I
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-." .GWP1 < GWP2 . . GWP1,AP1,CED1 GWP 2, CED2, AP 2
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~ @ ceoi>cep2

. AP1<AP2 :

Misinterpretation risk in direct comparisons Mitigation of misinterpretation risk through harmonisation
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Harmonised hydrogen energy system
Operation and Capital goods
maintenance and
inputs infrastructure
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Valente A, Iribarren D, Dufour J. Journal of Cleaner Production, 2017, 149, 762-772



Valente A, Iribarren D, Dufour J. Journal of Cleaner Production, 2018, 175, 384-393 Valente A, Iribarren D, Dufour J. Journal of Cleaner Production, 2017, 149, 762-772
Valente A, Iribarren D, Dufour J. International Journal of Hydrogen Energy, 2019, 44, 19426-19433
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mOriginal results  mHarmonised resuls 2.0

Diferentes
condiciones finales
del hidrégeno

(20 bar vs licuado)

Diferentes
condiciones finales
del hidrégeno, limites
de sistemas e inclusion
de infraestructuras

Electrochemidal

Thermoachamical

Valente A, Iribarren D, Dufour J. Journal of Cleaner Production, 2017, 149, 762-772
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Enfoque prospectivo
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Z. Navas-Anguita, D. Garcia-Gusano, J. Dufour, D. Iribarren. Applied Energy 259: 114121 (2020)
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Grid electricity carbon footprint
(0.151 - 0.514 kg CO, eq/kWh)
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:

i
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!
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Natural gas
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CH,
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A. Valente, D. Iribarren, J. Dufour. Science of the Total Environment 728: 138212 (2020)
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Enfoque prospectivo
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A. Valente, D. Iribarren, J. Dufour. Science of the Total Environment 728: 138212 (2020)




i dea AVANCESEN LA DIMENSION AMBIENTAL

Universidad

energy

Materiales estratégicos y criticos

N

Silicoﬁ metal 35%

8> ‘
Belgium
Arsenic 59%

&

France
Hafnium 76%
. Spain |
Strontium 31%
Morocco
Phosphate rock 27%

Beryllium* 67%

Level of governance (based on . o Guinea
i ; Mexico Aluminium
average of six Worldwide A 330 :
Governance Indicators', 2021) ' /O7°P91 270 (bauxite) 63%
B High (125 to 2.5)
Medium (0.1 to 1.24) ‘
Chile | .
M Low(-124t00) e f Brazil
Lithium 79% J Niobium** 92% Woas
M Very low (-1.25t0 -2.5) / : .
< South Africa
#r Iridium** 93%
¢ . Palladium** 36%
LN ~ Platinum** 71%
Rhodium** 81%
Ruthenium** 94%
* Including: Voice and accountability; Political stability and absence of Manganese 41%

violence/terrorism; Government effectiveness; Rule of law; Control of corruption

Magy
~ Finland
Norway Nickel 38%

Rey Juan Carlos

China
Baryte 45%
Bismuth 65%
Gallium 71%
Germanium 45%
Magnesium 97%
Natural graphite 40%
LREEs 85%
Vo HREEs 100%
,?gs Scandium™* 67%
S Tungsten 32%
Vanadium** 62%

Phosphorus 71%
Titanium metal 36%

v Australia
Coking coal 25%

Italic: extraction phase
regular: processing stage
** share of global production

European Commission's (EC) Raw Materials Information System (RMIS).
/rmis.jrc.ec.europa.eu/eu-critical-raw-materials. Accessed on Nov 26t, 2023
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Materiales estratégicos y criticos

Bismuth Gallium Manganese - battery grade | Rare Earth Elements for magnets (Nd, Pr, Th, Dy, Gd,
Sm, and Ce)
Boron - metallurgy Germanium Natural Graphite - battery Silicon metal
grade grade
Cobalt Lithium - battery Nickel - battery grade Titanium metal
grade
Copper Magnesium metal Platinum Group Metals Tungsten

European Commission's (EC) Raw Materials Information System (RMIS).
/rmis.jrc.ec.europa.eu/eu-critical-raw-materials. Accessed on Nov 26t, 2023




nil_lﬁ,t;itute 4 eoo
=i dea AVANCESEN LA DIMENSION AMBIENTAL R
energy Rey Juan Carlos
Antimony Copper Lithium Scandium
Arsenic Feldspar Magnesium Silicon metal
Aluminium/Bauxite Fluorspar Manganese Strontium
Baryte Gallium Natural Graphite Tantalum
Beryllium Germanium Nickel — battery grade Titanium metal
Bismuth Hafnium Niobium Tungsten
Boron/borates Helium Phosphate rock Vanadium
Cobalt Heavy Rare Earth Elements Phosphorus
Coking Coal Light Rare Earth Elements Platinum Group Metals

European Commission's (EC) Raw Materials Information System (RMIS).
/rmis.jrc.ec.europa.eu/eu-critical-raw-materials. Accessed on Nov 26, 2023
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Materiales estratégicos y criticos

Nickel: in the composition of anode for Lanthanum: in the composition of cathode
SOFC i [ materials for SOFC
Gadolinium: in the composition Strontium: in the composition of cathode
of anode and electrolyte for SOFC materials for SOFC
Cerium in the composition of anode and vl l _I - Manganese: in the composition of cathode
electrolyte for SOFC material for SOFC
Yttrium in the composition of anode Cobalt: in the composition of cathode material
and electrolvte for SOFC — e for SOFC and as catalyst replacing platinum in

Y —e Platinum: as catalyst in PEMFC PEMFC
Zirconium in the composition of anode Iron: in stainless-steel for the bipolar plates and

and electrolyte SOFC in the composition of cathode materials for SOFC

129 Palladium: as catalyst replacing
platinum in PEMFC

—@ Ruthenium: as catalyst replacing platinum in
PEMFC

. Strategic Raw Material
— Iridium: as catalyst replacing platinum in PEMFC
’ Critical Raw Material ° ° yRrmpacig el l

European Commission's (EC) Raw Materials Information System (RMIS).
/rmis.jrc.ec.europa.eu/techprofiles/ind/4. Accessed on Nov 26, 2023
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Copper: as current collector foil at
anode side, in wires and other
conductive parts

Graphite: natural or synthetic high-
grade purity in anode electrode in
all Li-ion batteries

Silicon: in (future) anodes to
enhance energy density

Titanium: in future anode materials
and coatings, in LTO, for battery
packaging

Phosphorous: in cathode materials
in LFP batteries

. Critical Raw Material
Q Important Material for the Supply Chain

co
e_
@_
a_

Aluminium: for battery packaging or

) as current collector foil (cathode), in

cathode materials of NCA batteries,
high purity alumina (HPA) in coatings

Niobium: in future anode and
cathode material (coatings) to
improve stability and energy density

Rey Juan Carlos

Cobalt: in cathode materials in
LCO, NCA and NMC batteries

Lithium: in cathode materials (LMO,
NMC, NCA, LMO, LFP, etc.) and as salt
(electrolyte). Li metal in future anodes

Manganese: in cathode materials
for NMC and LMO batteries

Nickel: as hydroxide or intermetallic
compounds in NMC, NCA batteries

European Commission's (EC) Raw Materials Information System (RMIS).
/rmis.jrc.ec.europa.eu/techprofiles/ind/2. Accessed on Nov 26%, 2023
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EC-CA GeoPolRisk
' g ¢ Global supply
oo %é E concentration (HHI)
Lo 5
£ E :
Supply Risk (SR) GE * Governance of sourcing

countries (WGl p, )

Vulnerability

SR*E] Material criticality GeoPolRisk

level
Qua ntitati- .a ntitative
Semi—quanti-

Product ciriticality
level

Defined by developers of CA framweork
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Materiales estratégicos y criticos
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Life Cycle Costing (Lcc)

Indicadores econdmicos de cuclo de

f N

vida tipicos
Goal and scope
 Valor actualizado neto definition

» (Coste nivelado-Levelised cost

« Payback
e Tasa interna de recuperacion
P Invelntqry Interpretation
« Retorno de la inversion analysis
A
Cuantificacion de
indicadores < Impact

economicos de ciclo assessment

de vida
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LCoH = CAPEX + OPEX + TAXES + Ex

. e (124 ec = Emission,-(CCey + HHe,) Climate change and human' health
S aflr(ﬂ—’) oy external costs (ExternE project)
oy L L o o BN
Shole(14) + 3 ﬂ(cﬂ FVo)-(12) ﬂr) FoBer)- (1) + Tio(Qeen)- (1)
LCoH =

Valente A, Iribarren D, Galvez-Martos JL, Dufour J. Science of the Total Environment, 2019, 650, 1465-1475
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180%
160%
140%

120%
100% SMR_H, without externalities: 2.17 €/kg H, Eaa EEEEEE
80%
60%
40%
20%

0%

BG_H, SMR_H;

@ Capital cost ! lOperaﬁng oost DTaxes SExternalities

LCoH benchmarklng

Valente A, Iribarren D, Galvez-Martos JL, Dufour J. Science of the Total Environment, 2019, 650, 1465-1475
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z 1/LCoH, — System value indicator
kj =

Xy = o

T — Environmental indicator EEpenchmark j
Benchmark: SMR_H, (without externalities)

@ BG_H2 without externalities
BG_H2 with externalities

--..SMR_H2 without externalities
--=-SMR_H2 with externalities

Factor-X

GWP AP CED
Impact category

www.energy.imdea.org R

Valente A, Iribarren D, Galvez-Martos JL, Dufour J. Science of the Total Environment, 2019, 650, 1465-1475



=i dea

DIMENSION SOCIAL




n
I

dea AVANCES EN LA DIMESION SOCIAL

Universidad

Rey Juan Carlos

Social Life Cycle Assessment (sLcA) UN: “'?sm,;;:

Unidad funcional
Limites del sistema
Multifuncionalidad
Marco geografico
Cadena de suministro

(r

Recoleccion de datos

Datos especificos pais/sector
Variables de actividad (working hours)

Indicadores sociales
Método de evaluacion
Clasificacion
Caracterizacion

Variables de intensidad (riesgo social)

Goal and scope

definition

N

Inventory
analysis

environment &

Interpretation

Impact
assessment
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Social Life Cycle Assessment (SLCA)

Impacto = Actividad X Intensidad Medium risk hours per FU (mrh/FU)

/N

(working hours/FU) X (social risk level expressed in mrh/wh)

« Bases de datos (Social Hostpots

* Directamente del inventario Database 0 PSILCA)

 Indirectamente de una entrada
econémica de un sector especifico de
un pais




=i dea AVANCES EN LA DIMESION SOCIAL Universidad

Rey Juan Carlos

(P4 - Production and
distribution of electrictty - ES  ° I

(P5.- Collection, purification Ih
Land distribution of water -ES |

(P5 - Manufacture of
chemicals - ES

P7 - Land transport - ES H

\

P13 - Hydrogen production - ES

P8 - Manufacture of
equipment - ES

(P - Forestry, logging and @'54
refaed senice aciivies - ES (1)

(P2 - Manufacture of
Lagro-chemical products - ES

7
P9 - Poplar cultivation - ES @Gj

)

P10 - Manufacture of
equipment - AT

P3 - Agricuttural
machinery - ES

P11 - Civil engineering - ES

\

(P7 - Collection, purfication |l
Land distribution of water - ES

P12 - Waste
\management - ES

(P1 - Distribution of gaseous 2K

quels via pipelines - ES |-©-i

[ P2 - Production and
distribution of electricity - ES

(P8 - Production and
Ldisiribution of electricity - ES

(P9 - Manufacture of
chemicals - ES
-

P3 - Natural gas supply - DZ

\

P14 - Hydrogen production - ES

P10 - Natural gas - ES

-

P4 - Natural gas supply - NO .
P11 - Manufacture of

Lequipmenl -ES

\

SMR_H,

-

P5 - Natural gas supply - QA -

P12 - Civil engineering - ES §
L .

\

-

P6 - Natural gas supply - NG

.

(P13 - Waste

%
| management - ES Lé

Valente A, Iribarren D, Dufour J. International Journal of Hydrogen Energy, 2019, 44, 21193-21203
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75%

50%

25%

BG_H, SMR_H, BG_H,  SMR_H, BG_H, SMR_H,
Child labour Gender wage gap Health expenditure
BG_H, — SMRH, ——

P1 - Forestry, logging and related service activities (ES) P3- Matural gas supply (DZ)

P2 - Manufacture of agro-chemical products (ES) P5- Natural gas supply (OA)

m

[
ot

P3 - Agricultural machinery (ES) P& - Matural gas supply (NG)

P@ - Poplar cultivation (ES) Rest

Rest Valente A, Iribarren D, Dufour J. International Journal of
Hydrogen Energy, 2019, 44, 21193-21203
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Global warming o BG_H,
3 = === SMR_H,
25 Area of suitability
o 2
Acidification

Health expenditure

Gender wage gap Levelised cost

Child labour o Valente A, Iribarren D, Dufour J. International Journal of
Hydrogen Energy, 2019, 44, 21193-21203
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260
- South Africa ® Social lile-cycle impacts relative o baseline
250 t : ,
I B \ery high (> 10 times)

= 240 1 [High (210 times)
=4 ! . s
<r— | i ol [ Similar (0.5-2.hmes)
: | |abou|' expenditure DLOW (005‘05 hmeS)
§_ 220 + B Very low (< 0.05 times)
= 210 4
5) !
§ el @ Morocco (baseline)
- 190 + Australia @9
[«}] .
R I & Spain
E 180 + & usa
) Chile
- 170

1.60

150 . . . , )

0.50 0.55 0.60 0.65 0.70 0.75

Global warming potential of jet fuel (kg CO; eq-L)

SUN+LIQUID

V Fuels from concentrated sunlight C. Falter, A. Valente, A. Habersetzer, D. Iribarren, J. Dufour. Sustainable Energy & Fuels 4:
~ 3992-4002 (2020)
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SUSTAINABILITY ASSESSMENT
OF HARMONISED HYDROGEN
ENERGY SYSTEMS

For further information, please visit:

http://sh2e.eu
Contact

Javier Dufour
+34 91 737 11 17

javier.dufour@imdea.org

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant Agreement No 101007163.
Clean Hydrogen This Joint Undertaking receives support from the European Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe
Partnership Research. _ : : : : : o
The contents of this document are provided “AS IS". It reflects only the authors’ view and the JU is not responsible for any use that may be made of the information it
contains

Co-funded by
the Eurepean Union
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