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Adding the time dimension to LCA >
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The SH2E project
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About the SH2E Project >

= (Call year: 2020 Partners

= Call topic: FCH-04-5-2020 — Guidelines for Life Cycle Sustainability =1 dea

Assessment (LCSA) of fuel cell and hydrogen systems
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Forschungszentrum

FUNDACIGN PARA EL
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= (Clean Hydrogen Partnership max. contribution: 1,997,616.25 €

= QOther financial contribution: 145,162.50 €
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SH:E

Objectives

' Life cycle :

e = i

assessment S assessment
= Provide a well-defined, validated and practical LesA
framework for LCSA of FCH systems. PAST AND CURRENT

» Facilitate robust decision-making processes in the
field of FCH by adding sustainability criteria to
the characterisation and benchmarking of FCH
systems.

= Development and application of specific
guidelines for the environmental, economic and
social life cycle assessment of FCH systems, and FCH-SPECIFIC NEEDS

their consistent integration into a sound LCSA -L e
framework.

© SH2E project, 2022
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SH:E

Project results

You can download a draft of the guidelines. Go to: https://sh2e.eu/downloads/

= 1 document of FCH-LCA guidelines
. . .. . ;
1 matenal Crltlcal Ity Ind Icator D4.2 SH2E FCH-SLCA D5.1 SH2E Guidebook for D4.1 SH2E Definition of
= 1 document of FCH-LCC guidelines R e FESAEEE L E TS
This document provides methodolég[c.a] Th‘Es document provides methoc!o\ogical Thl‘.s document provides method.ological .
= 1 document of FCH-SLCA guidelines et (5 A1 o i s e g e e (L) of el cals ant drogun (R systame.
(FCH) systems.
= 1 document of FCH-LCSA guidelines _
DOWNLOAD FILE DOWNLOAD FILE
« 1integrated FCH-LCA/LCC/SLCA/LCSA o _—

software tool

D2.2 SH2E Definition of 4th NEWSLETTER JULY D8.1 SH2E Communication
FCH-LCA guidelines 2023 Plan

This document provides methodological Discover our latest newsletter. This is to describe the means to guarantee
guidance on how to perform a Life Cycle maximum communication of the SH2E Project.
Assessment (LCA) of fuel cells and hydrogen

(FCH) systems.
SHIE_ANEWSLETTER JULY2023.P0F - 7MB
DB.1-COMMUNICATION-PLAN-1.PDF - 1,000 KB

DOWNLOAD FILE
D2.2-SH2E-DEFINITION-OF-FCH-LCA-
GUIDELINES_SUBMITTED.PDF - 3 MB
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https://sh2e.eu/downloads/

The FCH-LCA tool SHZE

L]

SLCA Guidelines
SH-E .

| 5] >

LCA Guidelines Harmonised LCSA for
hydrogen systems

.E Free, open source software
Objectives:

o * Facilitate the application of the
LCC Guidelines developed LCSA guidelines
» Ensuring the production of consistent
and reliable results
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the FCH-LCA tool, screenshot

SH:E

7 L2 FCH-LCA 2.0.5.SNAPSHOT

d

File Database Tools Help
LR ) o -

% Navigation D870 & Welcome x

> W all_others
> 8 arthur

> I ecoinvent
> W gabi

> W psilca

> | uvek

Welcome

0 items selected

SUSTAINABILITY ASSESSMENT
OF HARMONISED HYDROGEN

ENERGY SYSTEMS

Welcome to the FCH-LCA tool

Designed to support LCA practitioners, the FCH-LCA tool is a powerful solution that
enables precise calculations of environmental LCA, social LCA, and Life Cycle Costing, all
in accordance with the comprehensively developed SH2E guidelines. Our objective is to
facilitate the application of these meticulously developed guidelines, ensuring the
production of consistent and reliable results that can be readily interpreted and
compared across various hydrogen systems. The FCH-LCA tool offers pre-set templates
to streamline the initiation of projects, while also providing flexibility for modelers to
create their own intrinsic models tailored to their specific case studies. With the FCH-LCA
tool, LCA practitioners can confidently analyze the sustainability impact of hydrogen
projects, saving time and effort by leveraging industry best practices and established
benchmarks.

Product system templates

The FCH-LCA tool provides a range pf pre-set templates tailored specifically for
hydrogen production and use, catering to various scenarios and applications. These
templates reflect the various system configurations recommended by the SH2E
guidelines, encompassing crucial considerations such as system boundaries, allocation
methods, and end-of-life modeling decisions. The templates aim to provide an overview
of the main combinations and a core life cycle structure for possible hydrogen systems
to be populated with data by users. Click here to start.
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the FCH-LCA tool based on openLCA « °"F

L]

SLCA Guidelines

| 5] >

LCA Guidelines Harmonised LCSA for
hydrogen systems

.H Free, open source software,
I___l Based on openLCA Objectives:

e « Facilitate the application of the
LCC Guidelines 7\ developed LCSA guidelines

oPenLca » Ensuring the production of consistent

1 R and reliable results

SH-E )
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Modeling time in LCA
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Time in Life Cycle Assessments SH

« LCA agnostic to time

« Real life systems obviously change over time
— Technologies evolve
— Wheather conditions etc. change (-> agriculture, impacts caused)

— Background conditions change (electricity mixes 1990 and 2024..)

« Some life cycles stretch over a longer time period, e.qg.
iInvestment goods with maintenance periods, refurbishment,

« Impacts and benefits probably are of different importance
when happening now or in a far future e.g. (-> discounting)

;-;;jf;'f':?C| ean Hydrogen  11iS 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
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Time in Life Cycle Assessments SHI

» LCA agnostic to time

- So what would it take to bring time into LCA models? - Reallife systems obviously change over time

— Technologies evolve

— Wheather conditions etc. change (-> agriculture, impacts caused)

— Background conditions change (electricity mixes 1990 and 2024..)
Full ﬂedged time imp|ementation: + Some life cycles stretch over a longer time period, e.g.

-> start time of processes

-> duration of processes

investment goods with maintenance periods, refurbishment,

» Impacts and benefits probably are of different importance
when happening now or in a far future e.g. (-> discounting)

-> modifications of processes over time, learning curves,
change of input product suppliers

-> different ,reception” of impacts (-> discounting, ...)
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SH:E

Time In Life Cycle Assessments

Full fledged time implementation:
-> start time of processes

« So what would it take to bring time into LCA models?  ->duration of processes

-> modifications of processes over time, learning curves,
-> know how and data change of input product suppliers

-> different ,reception” of impacts (-> discounting, ...)

-> methodology

-> tool implementation
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SH:E

Time In Life Cycle Assessments

Full fledged time implementation:
-> start time of processes

« So what would it take to bring time into LCA models?  ->duration of processes

-> modifications of processes over time, learning curves,
-> know how and data change of input product suppliers

-> different ,reception” of impacts (-> discounting, ...)

-> methodology

-> tool implementation
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Implementation of time in‘the SH2E tool
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Implementation of time
In the SH2E tool

SH:E

Full fledged time implementation:

1. Parameters can be selected and a time, and -> start time of processes
calculation steps can be specified; -> duration of processes
. -> modifications of processes over time, learning curves,
2. Parameters can be defined for change of input product suppliers

* Processes (inputs, outputs, providers) -> different ,reception” of impacts (-> discounting, ...)

* Product systems
« LCIA methods

* Global, across (potentially) everything

3. Inthe calculation, the parameters are then
assessed for each calculation step.
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Parameter analysis results

~ Calculation setup

Product system

Parameter analysis

Impact assessment method

Allocation method Product system + system _
e.g., gIObaI Number of iterations
Impact assessment method |i® Environmental Fookprint ~

parameter time
in a product

Allocation method As defined in processes o

~ Impact assessment result
MNumber of iterations 100 - +

system,
Impact category |:=Formd

100 |terat|0nS Parameter Context Start value End value
Ctme  Joobal o oo |

7.0E-2

6.0E-2

5.0E-2+
™ ™ ™ | iy N N ] ™

kg C2H2 eq.
b
o
m
(%]
1

3.0E-2

2.0E-2

1.0E-2
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A more complete example: Evaluating time

dependent equations, Discounting SHZE

Common in “conventional” LCC: discounting ~ depreciation of future money flows, because
of a) inflation, b) missed opportunities for later-arriving money flows, risks and insecurities

Formula;

b F[ 1 ] P: present-day cost or value,
@+ .
A +7) F: cost or value at a future date, n periods from the present; the
sum is equivalent to P with compound interest at r (discount rate)

over n periods,

r. value representing a specific change over time periods; discount
rate per period of time, sum of inflation, risk, other aspects

n: number of discount periods, mostly expressed in years,

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
p—— Partnership European Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe Research.
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A more complete example: Evaluating time
dependent equations, Discounting

SH:E

amount
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100
96.1538462
92.4556213
88.8996359
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82.1927107
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75.9917813
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70.2586736
67.5564169
64.9580932
62.459705
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53.3908176
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40.5726333
39.0121474
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34.681657
33.3477471
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Discounting example
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Steps on using time-variable SH

Create a new elementary flow Create a new impact category

f Lca

w®a ] * Lea O 4
New flow i1 i New environmental indicator - —
i ——
Creates a new flow G - —
| Name Present Value ) -
| Mame Discounting
| Description &
Description &
v
| v
Flow type | ) Elementary flow 'l
Reference flow property |m Market value, bulk prices 'l Reference unit Euro
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SH:E

Steps on using time-variable

Add the newly created flow into the new impact category

&) SHZE Power Train Manufacturing = economic assessment X

i= Characterization factors: economic assessment

~ Characterization factors Lea x
Flow Category Flows
 price
Filter
price
. Content -] ‘
@ price
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Steps on using time-variable SH

Create a new method/add the created category in an existing method

L4 openlCA 2.1.1 - sh2e_elca_model final - a X
File Database Tools Help

ADde @ i Q-
E: Navigation % % = B 5] SH2E Power Train Manufacturing  := economic assessment  i® ecoinvent - EFv3.1 X = 8

~ B Impact assessment methods
~ I ecoinvent 3.9.1 Methods

i® ecoinvent - CML v4.8 2016
i® ecoinvent - CML v4.8 2016 no LT
i® ecoinvent - Crustal Scarcity Indicator 2020 Name ecoinvent - EF v3.1
i® ecoinvent - Cumulative Energy Demand (CED)
i¥® ecoinvent - Cumulative Exergy Demand (CExD)
i® ecoinvent - Ecological Footprint Description w2 X a
i® ecoinvent - Ecological Scarcity 2021
i® ecoinvent - Ecological Scarcity 2021 no LT
i® ecoinvent - Ecosystem Damage Potential Filter
i® ecoinvent - EDIP 2003 (legacy)
i® ecoinvent - EDIP 2003 no LT (legacy) Version 0000000 = &  Lastcha
i® ecoinvent - EF v3.0 (superseded) ~ Content a2
i® ecoinvent - EF v3.0 no LT (superseded) Tags Add a tag
i® ecoinvent - EFv3.1 Source @| -none- x = economic assessment
i® ecoinvent - EFv3.1 no LT
i® ecoinvent - EPS 2020d Code
i® ecoinvent - EPS 2020d no LT | |
i® ecoinvent - IMPACT 2002+ (Endpoint) (legacy) ~ Impact categories o x
i® ecoinvent - IMPACT 2002+ (Midpoint) (legacy)
i® ecoinvent - IPCC 2013 (superseded)
i® ecoinvent - IPCC 2013 no LT (superseded)
i® ecoinvent - IPCC 2021
i® ecoinvent - IPCC 2021 no LT
i® ecoinvent - ReCiPe 2016 v1.03, endpoint (E)
i® ecoinvent - ReCiPe 2016 v1.03, endpoint (E) no LT
i¥® ecoinvent - ReCiPe 2016 v1.03, endpoint (H)
i® ecoinvent - ReCiPe 2016 v1.03, endpoint (H) no LT
i¥® ecoinvent - ReCiPe 2016 v1.03, endpoint (1)
i® ecoinvent - ReCiPe 2016 v1.03, endpoint (1) no LT
i¥® ecoinvent - ReCiPe 2016 v1.03, midpoint (E)
i® ecoinvent - ReCiPe 2016 v1.03, midpoint (E) no LT
i® ecoinvent - ReCiPe 2016 v1.03, midpoint (H)
i® ecoinvent - ReCiPe 2016 v1.03, midpoint (H) no LT
i® ecoinvent - ReCiPe 2016 v1.03, midpoint (I)
i® ecoinvent - ReCiPe 2016 v1.03, midpoint (1) no LT

® ecninvent - celected 1C1 recilts flenarv)

;# General information: ecoinvent - EF v3.1 o

~ General information

Category B ccoinvent 3.9.1 Methods

Impact categories

ecanomic

Name Reference unit

cidification - accumulated exceedance (AE) mol H+-Eq
= climate change - global warming potential (GW kg CO2-Eq
= climate change: biogenic - global warming pote kg CO2-Eq
limate change: fossil - global warming potenti, kg CO2-Eq
limate change: land use and land use change - kg CO2-Eq
cotoxicity: freshwater - comparative toxic unit le) CTUe
cotoxicity: freshwater, inorganics - comparative le) CTUe
cotoxicity: freshwater, organics - comparative t le) CTUe
nergy resources: non-renewable - abiotic deple oK Is M), net calorific value
utrophication: freshwater - fraction of nutrients .. kg P-Eq

n: marine - fraction of nutrients reaching marine end compartment (N) * fraction of nutrients reaching marine end co.. kg N-Eg
utrophication: terrestrial - accumulated exceedance (AE) accumulated exceedance (AE) mol N-Eq
uman toxicity: carcinogenic - comparative toxic unit for human (CTUh) comparative toxic unit for human (CTUh) CTUh

uman toxicity: carcinogenic, inorganics - comparative toxic unit for human (CTUh) comparative toxic unit for human (CTUh) CTUnh

General inform: n| Normalization and weighting
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Steps on using time-variable

SH:E

Create a new global parameter

r

Lea g X
| New parameter ﬁ: Users then select input parameter
estes anew parameter option and insert the value
Name year
Description a
|
| Type © Input parameter () Dependent parameter
Amount 1

Clean Hydrogen
Partnership
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Steps on using time-variable

SH:E

Set up the equation in the selected process

i= economic assessment +® ecoinvent - EF v3.1 Jx rate & year %] SHZ2E Hydrogen Production Spain X &] electricity production, photovoltaic, 570kWp open ground installati... - C
& Inputs/Outputs: SH2E Hydrogen Production Spain o
* Inputs O X =
Flow Category Amount Unit Costs/Reve.. Uncertainty  Avoided w.. Provider Data qualit.. 1
£ copper, cathode 242:Manufacture of basic... 0.65000 ™ kg none ]l marketf.. (1;2,3;42)

2 electricity, low voltage  351:Electric power gener... 9.00000E7 ™ kWh none &) electricit...

£ graphite 089:Mining and quarryin... 210000 =™ kg none &l marketf.. (1;2,3;4 1)
1 Nafion (Perfluorosulfon... 580000 ™ kg none ] Nafion(. (1;2,3;22)
£t platinum group metal .. 072:Mining of non-ferrou... 0.23000 ™ kg none &l marketf.. (1;33;4 1)
£t reinforcing steel 241:Manufacture of basic... 1600.00000 ™ kg none &l marketf.. (1;2,3;4 1)
£t silicone product 201:Manufacture of basic... 1.30000 ™ kg none &l marketf.. (1;2,3;4 1)
22 steel, low-alloyed 241:Manufacture of basic... 3.60000E4 ™ kg none &l marketf.. (1;2,3;31)
£ tap water 360:Water collection, tre... 1.10000 ™ kg none &l market. (1;2,3;23
£ tap water 360:Water collection, tre... 342000E7 ™ kg none &l marketf.. (1;2,3;21)
£ titanium 242:Manufacture of basic... 0.76000 ™ kg none &l marketf.. (1;2,3;31)
d price 9.0E7*0.017*(1+rate)*year ™ EUR 2000 none

 F=P(1+71)
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Steps on using time-vale SH E

Go to ->tools -> parameter analysis Add the parameter and adjust end
value (10 years)

L3 parameter analysis

L2 FCH-LCA 2.0.5.SNAPSHQT - ecoinvent_391_apos_upr_n3_2%une2023

Product system I:thdrogen Production & Use for transportation :l

File Database Tools Help i

Impact assessment method | i® ecoinvent - EF v3.1

ﬁ a E"" % Shﬂ‘w v‘ims > Allocation method IAS defined in processes
=- Navigation = Number of iterations 10 o]
& g Developer tools > 8
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Results; net costs of installation of a e
hydrogen production plant, with discounting
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A note on formulas SHZE

Formulas can be complicated and e.g also contain if-clauses: If year < 3 then no sales, plant
s still constructed.

This allows to address events in the life cycle, and other changes.
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Conclusions
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SH:E

Conclusions

« Based on openLCA, a powerful tool has been created, open source and free
to use, with the aim to fully reflect the SH2E guidelines and to support users
in applying them. One of the features is to allow time-modeling in LCA and
LCSA

* We hope this is useful for the community. Feedback welcome.

e The SH2E tool is available here for download:
https://share.greendelta.com/index.php/s/R3ucOnuziZt6cGV/download, the
git repository is here: https://github.com/GreenDelta/sh2e-tool

* Next step for us: bringing the time modeling into openLCA; working on know-
how, data, methodology for the time dimension in LCA

« Alignment with other developments in this field (premise, Brightway)
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