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» Selection of impact categories, indicators and characterisation models

« Classification: assignment of inventory results to the selected impact categories

« Characterisation: computation of indicator results

Table 5
Environmental life-cycle profile of 1 GJ of synthetic diesel and gasoline.
Methods Indicator Value Units
Global warming 7.65 kg CO; eq
European . CM L. EF ”_CD EPD. IM PACT EDIP EPS Fine particulate matter formation 025 kg PM, 5 eq
o ! T ' ! ! ! ! Terrestrial acidification 0.70 kg SO, eq
Environmental Prices, ECOIOglcaI ScarC|ty, etc. Freshwater eutrophication 121-1072 kg P eq
Fossil resource scarcity 28.58 kg oil eq

Global: ReCiPe (endpoint/midpoint; I/H/E)
North American: BEES. TRACI https://doi.org/10.1016/j.scitotenv.2021.148961
Single issue: VDI, IPCC, USEtox, etc.
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Main trends observed in the literature review on LCA of hydrogen

* System boundaries
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Main trends observed in the literature review on LCA of hydrogen
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Harmonised hydrogen energy system

Operation and Capital goods
maintenance and
inputs infrastructure

System’s boundaries

(C&proiucts ) = [-eedstock production SSS ’Energy production | | (Co-products”)
' ,E, (and transportation®) (and distribution®) | | 3
1
\ \l!
*\: ’
(C&proiucts ) THTH Conversion Toar
)l (and purification)
¥ .Emissions
— )
Compression
-0 . Toground To water
: 90 . AAL
(o), ') AAL
() = f applcabi Ve 1 reatinent e S e
1 kg of hydrogen
;-13{{:_3'.‘ Clean Hydrogen  11iS Project | Puity >99.9% P=200bar T=25°C dng receives support from the
Partnership European Uniui s 1iunizun 2ueu neseaiui anu ninuvauu pruyidil, 11yuiuycii LUIUPE allu | yuluycil LUIUPS NedSdiul 1.

the Europesn ko 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.



——m e — mm e |mm e mm — A~ — — = — = — — — — — —f == — = —— — — =

SH:E

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.
International Journal of Hydrogen
Energy, 2019, 44, 19426-19433

..o,

- s S S S EEE S S DS DG N B EEE EEE SN EEE EEE EEE BEE BEE GEn BEe G Ean D Baa Ba Eae B Eew - e o o o e . .
ardici o LUTUPUUIT DIV O 1 IUHIZUE £UAU 1AGOUUIUHT GEHU TITIVVGUUE PIUYIGET, 1Y UTUYUTT LUTUPU GHU |y UEUY ST U UPS s osai vl
Co-funded by

e Ewopeention 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.

_lnt Undertaking receives support from the



SH:E

1318

16

mOriginal results  mHarmonised resuls 2.0

Diftere =1l 111 . | !
al conditions o i |
1.20
aroge
0 bs quefied Dirrere
1.00 ~— al conditio 0
BRALT droge &
.-..'l-.. | | {
—
B bl e
= Inipl ol N oJe oF
o 0.80 ~
E CA
=
o
-
.g 0.60 . - s H 4 4 4 H 4 & 4 - -.. - 4
= -~
E . -...=- e -
= s =1
= | B Bl
%-ﬂdﬂ i ‘
0.20 | ! .‘. : ‘
0.00 | T |
| | i ‘ '
=1 i
Valente A, Iribarren D,
-1 Dufour J. Journal of
Cleaner Production,
e = O 0 T WD D P 0D O D e 0 D) R e = D 0D o W3 0D P 0D (e 0w D D e DO LT LD P OO O e O O3 WD DD P 0D 0 = O = EET T e e Ol 04 0 o (D = 0 2017, 149, 762-772
UD:IIEEEEEECI:EECEE-—F‘—'—'—KGGGGQE (L] LL LLP Lid REN L) ELN LLF RS Ll v— »— v o — = — e L mmmmmmwwummmgg [T T R L ! !
A - T T L A T = L £ F 1 [ oo T T T mwmwmmua TEZzEEEEawTIITIE T X EE T I
kwwmwmwwmeggggEmmmmmm = ;;gg;ggg;gg&ggggggg a o0 CEEESEEas 6 ==

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant Agreement No 101007163. This Joint Undertaking receives support from the
Partnership European Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe Research.

Co-funded by

the Eurapean Union : 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.



SH:E

. . 183
Harmonised life-cycle

ehal hydrogen from SMR. #
1707 Microalgae " E"I
i feedstock | %I
! |
H, production technology Life-cycle indicator ® l '
S Thermochemical W Carbon footprint ‘ ’
5 » Electrochemical + Energy footprint - ‘\ﬂr I

¥ Biological @ Acidification footprint

| o Electrochemical hydrogen L 50
,I_°________________g______ UAPARRRRARF Py

Harmonised impacts relative to SMR
N

Thermochemical hydrogen
«— co-production of electricity o o

o

& BEUBE
## Clean Hydrogen SSWsa
ii%, Partnership DDz®d=

Co-funded by
the European Union

© DO NN~ 7o) e} [ro) 2]
oL SluLUlddoLlolslieselesSrloorroreboe e oSk o upport from the
n.§><l)n_>>§>z>5§§§§m>En:m>mczmn:200mmn:m§m>§mm HIEoZLZ
=SpotoOoto ooyl FEAOONOLRONAL OO Dry O nmIALFonon N==
= 17} DN n %)
€



SUSTAINABILITY ASSESSMENT
OF HARMONISED HYDROGEN SH-E

ENERGY SYSTEMS SI I E

Grant No. 101007163

Project start date: 01.01.2021
Project duration: 42 months
Project Coordinator: IMDEA Energy

D2.2 Definition of FCH-LCA

guidelines

WP2 Reformulation of current guidelines

for Life Cycle Assessment

TASK LEADER / WP LEADER IMDEA Energy / GD

Eleonora Bargiacchi, Gonzalo Puig-Samper, Felipe Campos-
DELIVERABLE LEADERS Carriedo, Sumanth K.R. Maddula, Diego Iribarren, Javier
Dufour (IMDEA Energy)

Co-funded by
the European Union

REVIEWER Emmanuelle Cor (CEA)

STATUS F

DISSEMINATION LEVEL PU

DELIVERABLE TYPE R

DUE DATE 30/06/2022 (M18)
Clean Hydrogen 11 Project has received funding Ry AL rpremesmerememgrecent No 101007163. This Joint Undertaking receives support from the
Partnership European Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe Research

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.



SH:E

In the green boxes, requirements are presented.

In the light blue boxes, recommendations are presented.

In the yellow boxes, supplementary information is reported.

. - - - - - - - - - - - - - - - - - - - - =l
Method readiness level Meaning Symbol
) In LCA software and databases XXX
4 In databases, data available ®0000
3 Stable 00000
2 Discussions 00000
1 First ideas 0000
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(" Retrospective = the technology is modeled ata |
present time
(

Wynamic = includes tha

Consequential = dynamics of parameters
computes the potential that are expected to
T “effects of policies on | change over time and to R
market responses compare possible

\_ ) Qevelopment pathwayy

( Anticipatory = non-predictive and inclusive of\

uncertainty, which can be used to explore different
scenarios of future environmental burdens

\_ associated with an emerging technology Y,

- )

Ex-Ante = environmental analysis of a technology

that is typically still in its R&D phase

& J

Prospective =when the (emerging) technology studied

is in an early phase of development, but the technology
is modeled at a future, more-developed phase.
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Box 4. Prospectivity |

To be prospective within the context of these guidelines, an LCA study must meet the
following requisites:

1. The system must be modelled at a future time. eoocee
2. The foreground data for the technical/operating parameters and capital goods of the
analysed product system must be prospective. eeeee

When performing a comparative study, it must be ensured that the FCH technologies
under comparison are modelled at the same future time of implementation.
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Box 10. Functional unit in comparative LCAs

1. Comparative LCAs must ensure that the selected functional unit represents the
common function of the systems and allows a fair comparison.

2. Qualitative considerations to be achieved by the evaluated systems, which can be
made in the form of quantitative thresholds or qualitative statements, must be clearly
defined.
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Box 11. Functional unit in systems assessing hydrogen production

1. The functional unit employed in LCA of hydrogen production systems must represent
the quantity of produced hydrogen by means of a mass- (kg of hydrogen) or energy-
based (MJ of hydrogen) functional unit.

2. In the case of employing an energy-based functional unit, the energy content of
hydrogen must be clearly stated through the specification of the energy basis (e.g.
lower heating value).

3. Hydrogen purity, pressure and temperature must be specified to guarantee a
precise functional unit and fair comparisons.

Box 13. Functional unit in systems assessing hydrogen use for transportation

1. The functional unit employed in LCAs of hydrogen use for transportation must
represent the distance travelled for a given demand, expressed as the passenger
or freight load.

2. The considered demand must be specified together with the lifetime measured in terms
of mileage.
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Box 14. Functional unit in systems assessing hydrogen use for fuels and chemicals
production

1. The functional unit employed in LCAs of hydrogen use for fuels and chemicals
production must represent the quantity of the produced chemical/fuel by means of
a mass-based functional unit in the case of chemicals, and by either a mass- or energy-
based functional unit in the case of fuels.

2. Purity, pressure and temperature of the produced chemical/fuel must also be
specified to guarantee a precise functional unit and fair comparisons.

3. In the case of fuels, the energy content must be clearly stated through the use of the
net calorific value.
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Box 15. Functional unit in systems assessing hydrogen for electricity and/or heat
generation |

The functional unit employed in LCAs of hydrogen use for electricity generation must
represent the quantity of produced electricity (MJ or equivalent). The functional unit must
consider the upstream efficiencies to convert hydrogen into electricity.

Box 16. Functional unit in systems assessing hydrogen for electricity and/or heat
generation I

The functional unit employed in LCAs of hydrogen use for electricity and heat
generation must represent the maximum energy potential that the system could
transform into work (i.e. exergy-based functional unit).
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Figure 7. System boundaries for studies assessing FCH systems

Clean Hydrogen This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant Agreement No 101007163. This Joint Undertaking receives support from the
Partnership European Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe Research.
' 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 European Union




SH:E

Box 19. System boundaries for systems assessing hydrogen production |

1. The system boundaries of studies on hydrogen production have to be, atleast, Cradle-

to-Gate 1.

2. All the relevant flows, according to the environmental indicators subject to
assessment, have to be included in the assessment. If any is disregarded, it must be
reported and justified.

Box 21. System boundaries for systems assessing hydrogen use

1. The system boundaries of studies focusing on hydrogen use have to be Cradle-to-

Grave.

2. All the relevant flows, according to the environmental indicators subject to
assessment, have to be included in the assessment. If any is disregarded, it must be
reported and justified.
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Box 22. System boundaries for systems assessing hydrogen production and use

1. The system boundaries of studies on hydrogen production and use have to be Cradle-

to-Grave.
2. All the relevant flows, according to the environmental indicators subject to

assessment, have to be included. If any is disregarded, it must be reported and
justified.
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Application
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ENVIRONMENTAL DIMENSION
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Application

ENVIRONMENTAL DIMENSION
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