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EXECUTIVE SUMMARY

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. The 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-settemplates to streamline the initiation of
projects, while also providing flexibility for modelers to create theif '@ewn intrinsic models
tailored to their specific case studies. With the FCH-LCA to A practitioners can
confidently analyze the sustainability impact of hydrogen proje ving time and effort by
leveraging industry bestpractices and established benchma CH-LCAtoolis an add-
on to openLCA software. This document provides installati nd acts as a manual
to the FCH-LCAtool. Users are strongly recommendedto penLCA manual
for understanding openLCA software.
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Installing the FCH-LCA
The tool can be installed by unzipping the file and then running the execution file as seen in Figure
1 from this link: https://share.greendelta.com/index.php/s/R3ucOnuziZt6cGV/download.

Name B Date modified Type Size
=2 bin 5/20/2024 6:09 AM File folder
" configuration 5/28/2024 4:.09 PM File folder
T jre 5/20/2024 6:09 AM File folder

" olca-mkl-x64_v1 5/20/2024 6:09 AM File folder

7 plugins 5/20/2024 6:11 AM File folder

D .eclipseproduct 5/20/2024 6:09 AM ECLIPSEPRODUCT ... 1KB
e about.html| 5/20/2024 6:09 AM Microsoft Edge HT... 436 KB
derby.log 6/14/2024 3:35 PM Text Document 2KB
L€8 FCH-LCAexe 5/20/2024 6:09 AM Application 521 KB
l\j FCH-LCA.Ini 5/28/2024 4:.08 PM Configuration setti...

D workbenchxmi 5/28/2024 4:14 PM XMI File

Figure 1 Tool installing

Users will then be guided to the follo

File Databas
AaBaEGQe
= Navigation 28 =0 &welcome x
= Archives
= Basic Training

= exiseos SUSTAINABILITY ASSESSMENT

™ EPD Verification
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™ templates making
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= agribalyse_v_311_LClAmethods233 final16an24
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= o3 1 from_nexus

= £PD_Training_EN15804+A2-forStudents (1)

= icacommons_final_ Sdec23

= master_ef 3.1 finished

= pef sme_tool b

= sh2e_eica_model.final

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

fs::::;mw that can be readily interpreted and compared across various hydrogen systems.
o 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.
Weicome

v

Figure 2 Welcome page FCH-LCA tool

Completing the wizard

To access the wizard and the templates, users must have an active database as seen in Figure
3. Itis important to understand the database elements and structure T to do so, itis recommended
to refer back to the openLCA manual.
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L3 FCH-LCA 2.0.5.SNAPSHOT - sh2e_elca_model_4tool
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sh2e_elca_model_final

= SH2E_Templates
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rt wizard

9§ = 0 @& Welcome x

SUSTAINABILITY ASSESSMENT
OF HARMONISED HYDROGEN

ENERGY SYSTEMS

Welcome to the FCH-LCA tool

Designed to support LCA practitioners, the FCH-LCA tool is a p
that enables precise calculations of environmental LCA, social L
Cycle Costing, all in accordance with the comprehensively deve
guidelines. Our objective is to facilitate the application of these
developed guidelines, ensuring the production of consistent ar
that can be readily interpreted and compared across various hy
The FCH-LCA tool offers pre-set templates to streamline the ini
projects, while also providing flexibility for modelers to create !
intrinsic models tailored to their specific case studies. With the
LCA practitioners can confidently analyze the sustainability img
projects, saving time and effort by leveraging industry best pra
established benchmarks.

Product system templates

The FCH-LCA tool provides a range pf pre-set templates tailore

hydrogen production and use, catering to various scenarios an
Welcome|

Figure 3 Starting the wizard

Once the user starts

sBNGe
& Nawgaton
= ecoinvent 391_apos_upr_n2_planera 202307141
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- Flows
™ £P05
= Results
8 incicators and parameters
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= sh2e_elca_model_final_pemicev

= CAUsers\sitve\openlCA-<iata-1 d\databases\shie,elca model final
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hydrogen production and use, catering to various scenarios and applications.

Cancel

Figure 4 Wizard pop-up window
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| 13 FCH-LCA tool o x 1 462 FOH-LCA tool o X | K3 FCHALCA tool o X
i { '
Tochnology readinoss lovel . Boundaries of hydrogen production . Hydrogen Production Parametors. .
| | |
| | |
1 Technology readiness level | Boundaries of hydrogen production " Hydrogen production parameters.
noiog) RU): | + Hydrogen net calorific value (M)

(O TRL1 - basic principles observed O Cradie-to-gate 1 (hydrogen production)

() TRL2 - technology concept formulated O Cradie-to-gate 2 (hydrogen puification) Hydropen perkty 0%)

() TRL3 - experimental proot of concept O Cradte-to-gate 3 (hydrogen compression)

Omea- o 4

J TRL 4 - technology validated in lab. Cradie-t0-gate 4 (hydrogen transportation) (bee)

(D TRLS - technology validated in relevant environment O Cradie-to-gate S (hydrogen storage)

(O TRL6 - technology demonstrated in relevant environment | O Cradie-to-gate 6 (ydrogen distrbution)

o~ | Hydrogen temperature (0

Om7- |
| O TRLS - system complete and qualified | |

O TRLS - actualsystem proven in operational environment Operating production capacity (kg Hu/year)
' 1) '
| |

| Carbon capture and storage
) without €55
Owimncss
| | Fonctional unit
| ‘ | Pleaseseectth functionsl ut:
| OkgotHy
| |
| | oML oty
| i
{

| {

<Back | Next> ” Cancel | <Bak
L L

option as seen in Figure 6.

| 13 FCH-LCA tool

Select a template

Please select a matching template and a top-category under which the template should be stored

Category
Select a template:
C ate 1 (hydroc

re 6 Template decision based on wizard selection

Once
on the select
Propert
users will be able

|l ate is selected and users click on OF
he user responsest hr ough t he wi zard cecL&€A be seen

in the 06Genefigue7. | nMoovrinmagt itoon 6t htea b6 naosd asl e
see the overview of structure of the product system template.
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# Welcome ;& Hydrogen Production & Use for transportation * =a

= FCH-LCA Propertics

Intended application Micro-level decision support

Madelling principles Consequential

Praspectivity Prospective study

End-of-life Recycling approach

Capital goods Included

Risk assessment Simple LCA, without risk assessment

System boundaries Hydrogen production and use

Technology readiness evel TRLE - oy in relevant
L based on operating scale Yes

Learning Curve Method

Hydrogen net calorific value (MJ/kg) 1000
Hydrogen purity (%) %0
Hydrogen temperature (°C) 9.0
Hydrogen pressure (bar) 150

Operating production capacity (kg Hyfyear) -

Functional unit km travelled

Carbon capture and starage with CS5

Boundaries of hydrogen production Cradle-to-gate 1 (hydrogen production)
Comparative LCA Absolute study

Use purpose Transportatian

Vehicle lifetime (years) 150

Vehicle consumption (kg H/100km) 075

General information| Parameters| Model graph Statistics |

Figure 7 FCH-LCA Properties A

(@8 Hydrogen Production (cr.. <)

@ 8] Carbon capture and stora... =~

© &) Hydrogen Compression ™ @ Carbon capture and st.. 100 kg T
- ™ @ HydrogenC ion 1.00kg (© 8 Use/Maintenance ‘
© & Hydrogen Distribution S}~

~—% @ Hydrogen Distribution 1.00 kg
@ & Hydrogen Production “}———= @ Hydrogen Production  1.00 kg # © Hydrogen Produced ~ 1.00 kg

|__—* @ Hydrogen Purification  1.00kg /

© 8 Hydrogen Purificstion )" _| g yydrogenStorage. 100 kg

> 8] Hydrogen Production & ... O

R 1 Use/Maintenance 1.00 Item(s)
(@ 8] Hydrogen Storage |~~~ @ Transport of Compress... 1.00 kg Rt —————— N
s @ Use/Maintenance 1.00 Item(s)

2] Transport of Compressed .. -~ / e — G
S A e | Hydrogen Producec 100 kg /'  Vehicle Production 1.00 item(s) - ] Vehicle End-of-Life

/

|© &) Vehicle Production | /
[_8) Vehicle Production: Assem... ©j~._ 1 Distance travelled 1.00 m /
= "% @ Assembled Vehicle 1.00 Item(s) [ Vehicle End-of-Life 1.00 item(s) |’
("8 Vehicle Production: Power... - }—_| mie)

@ Vehicle Manufact.. 1.00 item(s)
(" 5] Vehicle Production: Capita... - |———>{ € Vehicle Productio... 1.00 Item(s)

—/ @ Vehicle Productio... 1.00 Item(s)
(8 Vehide Production: Gider O}~ | g vehicle Producti... 1.00 Item(s)

P — /
[ 8] Vehicle Production: Hydro... -/~

1 Vehicle Production 1.00 ltem(s) -

Figure 8 Product sys'of hydrogen production and use for vehicle

Template structure
In general, the pre-set templates are split into three main categories:

1. Case 1: Hydrogen Production
2. Case 2: Hydrogen Use
3. Case 3: Hydrogen Production and Use

For Case 1: Hydrogen Production, there are up to 6 main stages, as seen in Figure 9:

i S[.,?:‘{,‘,Q,‘fs"g?ge" Partnership) under Grant Agreement No 101007163. This Joint Undertaking receives support from the

Unionds Horizon 20 200ranRdysregen Europe and tydriogem EuropetResearch pr
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Hydrogen Production
Hydrogen Purification
Hydrogen Compression
Hydrogen Transportation
Hydrogen Storage
Hydrogen Distribution

onprwWNE

Cradle-to-Gate 3

Cradle-to-Gate 2

Cradle-to-Gate li!
1

Accordingly, 6 mai
(1) Capital Good
be seenin Fig
results and co

ining the following processes
aw Materials, and (4) Transportation. This can
ication is to later facilitate the interpretation of

~ [ Processes
~ [ Case 1: Hydrogen Production (Cradle-to-gate 6) with CCS (kg)
> I Carbon capture and storage
~ [ Stage 2: Hydrogen Production
&) Hydrogen Production
%] Stage 2: Capital Goods
%] Stage 2: Energy Consumption
& Stage 2: Raw Materials
& Stage 2: Transportation
> [ Stage 3: Hydrogen Purification
> [ Stage 4: Hydrogen Compression
> I Stage 5: Transportation
> [ Stage 6: Hydrogen Storage
> [ Stage 7: Hydrogen Distribution
&] Hydrogen Production (Cradle-to-gate 6) with CCS (kg)
> I Case 2: Hydrogen Use (Cradle-to-grave) for transportation (km)

Figure 10 Breakdown of processes

For Case 1: Hydrogen Production stages

As for case 2: Hydrogen use, there are 3 main uses identified in the manual (1) transportation (2)
fuels and chemicals production and (3) electricity and/or heat generation. Accordingly, similar
approach has been taken to divide the templates as seen Figure 11.
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163 FCH-LCA tool o X

Hydrogen use purpose .

Use purpose

Please select the purpose of the hydrogen use:
(O Transportation

() Fuel/Chemical production

(O Electricity production

(O Cogeneration

Next > Finish Cancel

Figure 11 Hydrogen use cases

In the transportation use case, the template is split int
1. Vehicle Use/Maintenance

a. The hydrogen production from

2. Vehicle Production
3. Vehicle End-of-Life

to the following main processes:

1. Upstream process including i consumed by raw materials

processes by inserting the required input/output flows.
e added directly through the model graph by right-clicking on the
then check "Enable process editing".

L3 Settings X
Theme Light ~
Connections  Curve ~

(C)ishow elementary flows

B Enable process editing

oK Cancel

Figure 12 Activated settings in the model graph.
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Then, by clicking on add flow, users can search the flows they wish to add in each process as
well as the amount.

A Welcome iz Hydrogen Production & Use for transportation X =a
— wQ X
© 51 Carbon capture and stor.. )
Create a new flow
-  CCS: Capital Goods 1,00 Item(s)
5] CCS: Capital Goods S 008 by € oo
) .. 100 It
nergy tons. emic) © Product O Waste O Elementary flow
5] CCS: Energy Consumption # CCS: Raw Materials 1.0 Item(s)
£ CCS: Transportation  1.00 Item(s) ‘AEMBSS b
] CCS: Raw Materials
Or select an existing
5] CCS: Transportation ) > B Elementary flows
& Carbon captureand.. 1.00 kg @& Assembled Vehicle
& Carbon capture and storage
@ CCS: Capital Goods
© ] Hydrogen Compression ) % CCS: Energy Consumption
#1 CCS: Raw Materials
51 stoae Canitl Good - % Stage & Capital G.. 1.00 ltem(s) z ;C'? Tran:purtlz:tldun
5] Staged: Capital Goods B —_—
g a i Stage4: Energy C... 1.00 ltem(s) Py stance fravelle Hydrogen Production & Use for transpc
Hydrogen Compression T
5] Stage4: Energy Consumpt... ©) @ Stage 4: Raw Mat... 1.00 ltem(s) varog P I
£ Hydrogen Distribution 4
# Stage 4 Transport.. 1.0 Item(s)
] Stage4: Raw Materials [© # Hydrogen Produced
+ add flow .
_ % Hydrogen Production
5] Stage4: Transportation ) & Hydrogen Purification
% Hydrogen Compressi. 1.0 kg 32t Hud torao,
- Create new Select existing [Rlaace travelicd
@ 8] Hydrogen Distribution o N | - I _—

Figure 13 Adding of new flows in model graphs

s provider. This can be done by

(@ &) Composite material - car... ®W|
=] i itor:
@ acrylonitr Open in editor: Flow
& Add process
B ammoniu )
I~ Add sticky note
& compress : 3
86 Build flow supply chain >
% compress &2 Search providers
& compress & Search recipients
@ compress @ Update
B compress
= Focus
B compress -
Minimap
@ dimethyl o, _

re 14 Searching for

the processes of the product system, which can be found under the
15.

After expan tegory, users canopen each process and insert the input/output flows
direct clicking on the green 6+06 sign
in each process, rs must save their changes before moving on to the next process. Once

adding a new flow, user® mawnsgt skedween thet condRmoeind

added flow.

Tipusers are recommended to close the o6product

process level T this so the changes in the product system can be also reflected over there.
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Figure 15 Adding of new flows in the process

Calculating Results
After adding the new flows into the processes, if u i Is in the product stage level,
they must go back to the product stage, unde e r ard clickohcalculate dasi ond t ab

seen Figure 16:
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