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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-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. The FCH-LCA tool is an add-
on to openLCA software. This document provides installation guidance and acts as a manual
to the FCH-LCA tool. Users are strongly recommended to also check the openLCA manual
for understanding openLCA software.

This document provides a short manual for users of the tool. The tool itself is submitted
separately, and publicly available for example from here, as open source tool:
https://www.greendelta.com/project/sh2e/.
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A short manual for the FCH-LCA Tool

1 Installation, hardware and software requirements
The tool is installed by downloading and unzipping a zip archive provided at the GreenDelta SH2E
project website: https://www.greendelta.com/project/sh2e/. Once the archive is extracted, start

the tool by clicking on FCh-LCA.exe.

Name Date modified Type Size
=2 bin 5/20/2024 6:09 AM File folder
_ configuration 5/28/2024 4:.09 PM File folder
Tijre 5/20/2024 6:09 AM File folder
" olca-mkl-x64_v1 5/20/2024 6:09 AM File folder
— plugins 572072024 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€3 FCH-LCAexe 5/20/2024 6:09 AM Application 521 KB
w'_\] FCH-LCA.Ini 5/28/2024 4:.08 PM Configuration setti... 1KB
D workbenchxmi 5/28/2024 4:14 PM XMI File 74 KB

Figure 1 Downloaded and extracted zip file with program executable (exe)

The tool works in modern 64 bit windows operation systems. Hardware requirements are 12 GB
RAM and about 500 MB storage space. Figure 1 shows the extracted content of the zip archive.

Once the tool has launched, users will see the following welcome page - Figure 2.

@ A 2,05 SNAPSHOT
le Database Tools Help
aBaGe a -
 Navigation 2§ =0 &welcome x =B
= Archives
= Basic Training

= extsons SUSTAINABILITY ASSESSMENT

™ EPD Verification

= resones OF HARMONISED HYDROGEN

™ intermediate training

S ENERGY SYSTEMS

™ SOCA
™ Social Hotspots DB

= templates making Welcome to the FCH-LCA tool

= agribalyse v31.23012023_2_0_for_circutarity_202! .
= agrivalyse v_311_LCIAmethods233 final16/an24 Designed to support LCA practitioners, the FCH-LCA tool is a powerful solution
ecoinvent_v3_10_en15804gd_unit_processes_202¢

3.1 fiom neas that enables precise calculations of environmental LCA, social LCA, and Life

W

:f;zm:—:ﬂ’;‘:“zf"”“'"““’ Cycle Costing, all in accordance with the comprehensively developed SH2E
= master_ef 3.1 finished guidelines. Our objective is to facilitate the application of these meticulously
Zﬁ;ﬁ?&iﬁlﬁw developed guidelines, ensuring the production of consistent and reliable results
fSS;Tmmcs that can be readily interpreted and compared across various hydrogen systems.
= sodadica

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

Figure 2 Welcome page FCH-LCA tool
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2 COMPLIANT PRODUCT SYSTEM CREATION USING THE
FCH-LCA WIZARD

2.1 Completing a SH2E product system structure via the wizard

One of the two main new additions of the FCH-LCA tool compared to openLCA is the wizard. The
wizard is designed to guide you through modeling questions for hydrogen systems, collects your
answers, and builds a corresponding life cycle model, or product system, which can then be
calculated afterwards. The wizard reflects the modeling methodology developed in SH2E.

To access the wizard and the templates, users must have an active database as seen in Figure
3. Either restore one, or create one from scratch, and complete it then with datasets. As this is
basic openLCA functionality, please go to the openLCA manual,
https://greendelta.github.io/openLCA2-manual/introduction/index.html.

£€3 FCH-LCA 2.0.5.SNAPSHOT - sh2e_elca_model_4tool
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S alam—. Click here to start wizard
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ENERGY SYSTEMS
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<~ shae_elca_model 4tool
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Product systems . . § .
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® Social Hotspots DB The FCH-LCA tool offers pre-set templates to streamline the ini

> 8 templates making 2 H = 1 HRH

= i e .prOJ.ec.ts, while alsg providing f!eX|b|I|.ty for model?rs to Freate 1
= agribalyse_v_311_LCIAmethods233 final16Jan24 intrinsic models tailored to their specific case studies. With the
s i i 2024_05-: opr . . ope. .
e LCA practitioners can confidently analyze the sustainability im
< EPD Training EN15804+A2-forStudents (1) projects, saving time and effort by leveraging industry best pra
= Icacommons _final_Sdec23 .
= master_ef_3_1_finished established benchmarks.
= openlcadstudents_11
Lo oot Product system templates

sh2e_elca_model_final

= :‘::;.T;mmm The FCH-LCA tool provides a range pf pre-set templates tailore

hydrogen production and use, catering to various scenarios an:

Welcome

= C\L ilve\openLCA-data-1.4 2e_elca_model_4tool
Figure 3 Starting the wizard

After the wizard is started, a pop-up window appears (Figure 4) where users are asked a series of
questions and typically are presented a selection of possible answers. These answers reflect
methodological recommendations for all kinds of hydrogen systems. Figure 5 shows some
examples. For details and background, please go to the FCH-LCA guidelines.
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<Back Next >

Figure 4 Wizard pop-up window

o x 1 463 FCH-LCA tool o x { 168 FCHALCA teo
| {
. Boundaries of hydrogen production . Hydrogen Production Parametors.
| |
| \
" Boundaries of hydrogen production " Hydrogen production parameters.

| Hydrogen net calrific value (MJ/kg)
O Cradie-to-gate 1 (rydrogen production)
O Cradie-to-gate 2 (hydrogen puification)

) Cradie-to-gate 3 (ydrogen compression)
O Cradie-to-gate 4 (hydrogen ransportation)
O Cradie-to-gate 5 (hydrogen storage)

) Cracie-to-gate 6 (hydrogen distrbution)

Hydrogen puriy (%)

Hydrogen pressure (bar)

Hydrogen temperature Q)

Operating production capecity (g Hu/yesr

Carbon capture and storage:

without €SS
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Cancel < Back Next Cancel <Back

Cancel

Based on the selection made, users will be guided to a certain template option as seen in Figure

6.

Figure 5 Wizard questions
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§ L3 FCH-LCA tool [m] X

!
Select a template

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

1

| category

Select a template:

<ok | N> Conce

Figure 6 Template decision based on wizard selection

Once the template is selected and users click on ‘Finish’, a product system will be created based
on the selected template and options. The user responses through the wizard can be seen under
‘FCH-LCA Properties’ in the ‘General Information’ tab as seen in Figure 7. Moving to the ‘modal
graph’ the users will be able to see the overview of structure of the product system template, see
Figure 8.

M Welcome  Hydrogen Production & Use for transportation * =a

- FCH-LCA Praperties

Intended application Micro-level decision support
Maodelling principles Consequential

Praspectivity Prospective study

End-of-life Recycling approach

Capital goods Incluged

Risk assessment Simple LCA, without risk assessment

System boundaries Hydrogen production and use

Technology readiness level TRL 6 - technology demonstrated in relevant environment
1l based on operating scale ves

Leaming Curve Method

Hydrogen net calorific value (MJ/kg) 1000
Hydrogen purity (%) 990
Hydrogen temperature (*C) a0
Hydrogen pressure (bar) 150

Operating production capacity (kg Hafyear] -~

Functional unit m travelled
Carbon capture and storage with €S

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

Use purpase Transportation

Vehicle lifetime (years) 150

Vehicle consumption (g Hx/100km) 075

General information | Parameters| Model graph | Statistics.

Figure 7 FCH-LCA Properties
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© 8 Carbon capture and stora... ©
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[© 8 Hydrogen Production (Cr... ©)
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| @ Hydrogen Production  1.00 kg | « © Hydrogen Produced 100 kg
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@ Assembled Vehicle 1.00 Item(s)

5] Vehicle Production: Power... — |—

T @ Vehicle Manufact... 1.00 Item(s)

'3) Vehicle Production: Capita.. | ———| @ Vehicle Productio... 1.00 Item(s)

&) Vehicle Production: Glider |

5] Vehicle Production: Hydro... - |-

@

_—* @ Vehicle Productio... 1.00 Item(s)
> € Vehicle Productio... 1.00 Item(s)

1 Vehicle Production 1.00 item(s) |

[

5] Hydrogen Production & . )|

4 @ Use/Maintenance  1.00 Item(s)

| © Vehicle Production 1.00 Item(s)

1 Distance travelled 1.00 m

1 Vehicle End-of-Life 1.00 item(s)

>

SH:E

#] Vehicle End-of-Life

Figure 8 Product system of hydrogen production and use for vehicle

2.2 On the product system template structure

There are three different types or cases for hydrogen systems, each resulting in a different product

system type:

1. Case 1:
2. Case 2:

Hydrogen Production
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:

oukrwnrE

Clean Hydrogen
Partnership

Hydrogen Production
Hydrogen Purification
Hydrogen Compression
Hydrogen Transportation
Hydrogen Storage
Hydrogen Distribution

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 European
Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe Research.
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Cradle-to-Gate 3

Cradle-to-Gate 2 |

Cradle-to-Gate 1

Mining & H, H, H,
Preparation Production Purification Compression
Resources
H, Hy H,
Transportation Storage Distribution

Cradle-to-Gate 4

Cradle-to-Gate 5

Cradle-to-Gate 6 |

Cradle-to-Grave

Figure 9 Foreground phases for studies assessing FCH systems

Accordingly, 6 main child categories are created, with each containing the following processes
(1) Capital Goods, (2) Energy Consumption, (3) Raw Materials, and (4) Transportation. This can
be seen in Figure 10. The point behind the classification is to later facilitate the interpretation of
results and covering all LCA data requirements.

~ M Processes
~ [ Case 1: Hydrogen Production (Cradle-to-gate 6) with CCS (kg)
> @ 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
> [ Stage 5: Transportation
> [ Stage 6: Hydrogen Storage
> [ Stage 7: Hydrogen Distribution
&) Hydrogen Production (Cradle-to-gate &) with CCS (kg)
> B 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, a similar
approach has been taken to divide the templates as seen in Figure 11.

Co-funded by
the European Union
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| L2 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 into the following main processes:

1. Vehicle Use/Maintenance

a. The hydrogen production from cradle-to-gate 6 is included
2. Vehicle Production
3. Vehicle End-of-Life

In the Fuel/chemical production use case, the template is split into the following main processes:

1. Upstream process including — raw materials, energy consumed by raw materials
extraction (if any), transport to gate, capital goods

2. Core process including — auxiliary material, energy consumption, storage

3. Downstream process including distribution of the fuel/chemical produced and use

In the electricity generation/cogeneration use case, the template is split into the following main
processes:

1. Manufacturing stage
2. Operation stage
3. End of life stage

In all production and use cases, users are free to adjust the processes they would prefer to see
in their overall results breakdown.

2.3 Completing the pre-set template

After the product system template structure is set by the wizard (and the responses of the users
in the wizard of course), users should complete the processes by inserting the required
input/output flows. Adding/removing flows can be added directly through the model graph by right-
clicking on the graph, click on "Settings" and then check "Enable process editing" (see Figure 12).
More details are again explained in the openLCA manual, see above.

| | This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen
P ;ralr,',srysﬁf’gen Partnership) under Grant Agreement No 101007163. This Joint Undertaking receives support from the European
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L3 Settings

Theme Light

Connections  Curve

B Enable process editing

SH

Cancel

Figure 12 Activated settings in the model graph.

Then, by clicking on add flow, users can search the flows they wish to add in each process as

well as the amount (Fig

# Welcome

 CCS: Capital Goods 1,00 Item(s)
5] CCS: Capital Goods i ©

£ CCS: Energy Cons... 1.00 Itemis)
5] CCS: Energy Consumption () £ CCS: Raw Materials 1,00 Item(s)

] CCS: Raw Materials [©
5] CCS: Transportation )

ure 13).

& Hydrogen Production & Use for transportation X

© 51 Carbon capture and stor.. )

1 CCS: Transportation  1.00 ltem(s)

)

Create a new flow

© Product O Waste

(O Elementary flow

[ Mass

Or select an existing

% Carbon captureand... 100 kg

© 31 Hydrogen Compression

> @ Elementary flows
1 Assembled Vehicle
& Carbon capture and storage
@ CCS: Capital Goods
% CCS: Energy Consumption
#1 CCS: Raw Materials
@ CCS: Transportation

[
Jse/Maintenance

fehicle Production

However, after adding a new technoshpere flow (waste or product) to a process, you should add
its provider to specify where the flow is provided from. This can be done by right-clicking on the

% Stage 4 Capital ... 1.0 Item(s) & Distance avelled
i Stage4: Energy C... 1.00 ltem(s) Py H'Sda"(e rzve &
rogen Compression
@ Stage 4: Raw Mat... 1.00 ltem(s) o Hydrngen Dlstnpbutmn
# Stage 4 Transport.. 1.0 Item(s) s Hyd 9 produced
ydrogen Producex
dd flow .
 Hysrogen Production
/l @ Hydrogen Purification
% Hydrogen Compressi.. 100 kg | toran,
Create new Select existing Raace travelled
@ 5] Hydrogen Distribution o

Figure 13 Adding of new flows in model graphs

flow, and then selecting "Search providers" (Figure 14).

i+ Clean Hydrogen
. Partnership

(@ &) Composite material - car... ®1|

acrylonitr
ammoniu
compress
compress
compress
compress

COompress

& B B B B 8 8

COompress

&

dimethyl

&  Openin editor: Flow
&& Add process
Add sticky note
86 Build flow supply chain
&2 Search providers
£ Search recipients
@ Update
= Focus
Minimap
Btk am g

Figure 14 Searching for providers

- 00000
I Hydrogen Production & Use for transpc
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Alternatively, users can go to the processes of the product system, which can be found under the
‘processes’ as seen in Figure 15.

After expanding the child category, users can open each process and insert the input/output flows
directly by clicking on the green ‘+’ sign on the top left corner. After inserting all the needed flows
in each process, users must save their changes before moving on to the next process. Once
adding a new flow, users must hover to the ‘Provider’ and select the convenient provider for the
added flow.

Tip: users are recommended to close the ‘product system’ if they want to make changes on the
process level — this so the changes in the product system can be also reflected over there.
Updating the product system has the same effect. For details, please check again the openLCA
manual.

& a-
* Nawgation 20 =3 weicome 3 tsge 2 Energy Corsumption =e
B & Inputs/Qutputs: Stage 2: Energy Consumption o
- Projects
W Productsyems * toputs 0 xm
5 Hydrogen Production & Usefor ranspertation
~ B Processes Flow Category Amount Unit Costs/Reven. Uncertainty  Avoided was. Prowider Data quality .. Location Description
8 Case 1: Hyogen Prosuction (Cradie-to-gate 6
8 Carbon capture and Storage
~ B Stage 2: Hydrogen Production Qa x
5] Hydrogen Production
) Stage 2: Capital Goads Flows
&) Stage 2: Energy Consumption Filter
&] Stage 2: Raw Materials
) Stage 2 Transponation
™ Stage 3: Hydrogen Purification - Cantent B
B Stage 4; Hydrogen Compression
W Stage 5: Transportation ~ W Elementary fows
8 Stage é: Hydrogen Starage + M Economic
B Stage 7: Hydrogen Distribution W Emission to air
5] Hydragen Production (Cradle-to-gate 5) wit ™ Eriession to soil
W Case 2 Hycrogen Use (Cradle-to-grave) for trai | + W Emission to water E
= Fiows - Outpuss = immaterial mission oxw
™ EPDs | ™ Resource t
e Fiow e Pty Avodedpro. Provder  Dataquiily.. locaton  Description
& indicators and parameters S @ I
i Backgpound dote @ Carbon caplure and sorage
= psilca_professional wor Nours_cutott 108 7 202301 @ €CS: Capital Goods
= psilca_professional_work_hours_cutoff_1_Oe_7_SH2E @ CCS: Energy Consumption
= s o mosdel_dtool @ CCS: Row Materiss
= sh2e eica model old @ CCS: Transpertation
™ SOCA o
= Social Hotspars DB oK Concel
= emplates maksng S —
= agribalyse_v31_23012023_2 0 _for_circularity 20230615
= agribalyse v 311 LClAmethods233 final16/an24
= econent v1_10_en15804g0, il processes 2024 05-31
= ef_3_1_from_nexus.
ining_EN15804+ A2-forStudents (1)
= iencomannne tan Sase7a
General information Parameters| Allocation| Social aspects Impact analysis.

Figure 15 Adding of new flows in the process

2.4 Calculating Results

As a next step, the product system and thus life cycle model created for the hydrogen system can
be calculated. To do so, go e.g. in the product system ‘general information’ tab and click on
calculate as seen in Figure 16. There are again other options available, please check the openLCA
handbook for these.

# Welcome & Hydrogen Production and Electricity Generation X £ Hydrogen Production & Use for Fuel/Chemical Production =a
+ General information - Hydrogen Production and Electricity Generation o

~ General information
Name Hydrogen Production and Electricity Generation
Category - none -

Description  First created: 2024-03-27T10:54.00 b
Linking approach during creation: Prefer default providers: Preferred process type: System process

Version 0000002 @ @  Llastchange 2024-03-2710:5703 UUID dOeddecc-6993-4215-bb14-4d6es0icelcs
Tags Add atag
® Calculate
~ Reference
Process 8] Hydrogen Production and Electricity Generation
Product | Electricity Generation =
Flow property [ Energy -
Unit = )

Taraet amount 1.0

Figure 16 Calculating the results

| J This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen
Partnership " Partnership) under Grant Agreement No 101007163. This Joint Undertaking receives support from the European
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Results will appear under the results tab seen in Figure 17. Rich information is provided in several
table, for overall results and also for hotspot analysis. For details, please again refer to the
openLCA manual:

L)
o

#Welcome B UCAOFFCEV I Result - LCA of FCEV; 1.00 emis] ecoivent - EF v3.1; defaul alloc, X
r LCA of FCEV

~ General information

Broduct system # LCA of FCEV

Allocation method As defined in processes

Target amount 1.0 ltemis) LCA FCEV

Impact assessment metnod & ecoument - EF .1

& Export to Excel | . Save result as.

= Top 5 contributions to impact categary results - overview

Impact category |i- acidification - accumulated exceedance (AE)  w

electricity productio

| conventional | electricity, high voltage | APOS, U - ZA

blasting | Blasting | APOS, U - RER

= 1.704E2 mol H+-Eq: Other

~ Top  contributions to flow results - overview

Flow [ @ orobenzene - Emission ta water/surface water_w

General information| Inventory results| kmpact analyss| Process results| Contribution tree| Grouping| Locations| Sankey diagram| LCIA Checks.

Figure 17 Results of a product system

3 NEW MODELING CAPABILITIES
3.1 Special feature: parameter analysis, simulating a system over time

Part of the LCC requirements of SH2E is to evaluate equations that are time-dependent,
especially for discounting. To enable this, the FCH-LCA tool has a new modeling feature called
‘parameter analysis’. Taking again the example to evaluate discounting equations, users would
follow the following steps:

Step 1: Create a new elementary flow

r

© O X
New flow @3 lﬂ
Creates a new flow O

Name Present Value
Description -
v
Flow type ‘ J Elementary flow v ‘ |
| Reference flow property ‘6?« Market value, bulk prices " |

| J This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen
’ S;ﬁ'},sﬁsg?ge“ Partnership) under Grant Agreement No 101007163. This Joint Undertaking receives support from the European
Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe Research.
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Step 2: Create a new impact category

€]

New environmental indicator

Name Discounting

Description

Reference unit  Euro

Step 3: Add the newly created flow into the new impact category:

&] SH2E Power Train Manufacturing £ economic assessment X

:= Characterization factors: economic assessment

~ Characterization factors

€]

Flow Category
d price

Flows
Filter

price

~ Content

@ price

SH

© x

Step 4 Create a new method/add the created category in an existing method or in a new method.

13 opentCA 2.1
Ele Database T
ABaG

& Navigation
v B Impact assessment methods
~ B ecoinvent 39.1 Methods

@ ecoinvent - CMLv48 2016
® ecoinvent - CML v4.8 2016 no LT
® ecoinvent - Crustal Scarcity Indicator 2020
@ ecoinvent - Cumulative Energy Demand (CED)
@ ecoinvent - Cumulative Exergy Demand (CEXD)
@ ecoinvent - Ecological Footprint
@ ecoinvent - Ecological Scarcity 2021
@ ecainvent - Ecological Scarcity 2021 no LT
@ ecoinvent - Ecosystem Damage Potential
@ ecoinvent - EDIP 2003 (legacy)
@ ecoinvent - EDIP 2003 no LT (legacy)
® ecoinvent - EF v3.0 (superseded)
® ecoinvent - £F v3.0 no LT (superseded)
1® ecoinvent - EF v3.1
1 ecoinvent - EF v3.1 no LT
@ ecoinvent - EPS 2020d
@ ecoinvent - EPS 2020d no LT
@ ecoinvent - IMPACT 2002+ (Endpaint) (legacy)
@ ecoinvent - IMPACT 2002+ (Midpoint) (legacy)
# ecoinvent - IPCC 2013 (superseded)
® ecoinvent - IPCC 2013 no LT (superseded)
@ ecoinvent - 1PCC 2021
@ ecoinvent - IPCC 2021 no LT
@ ecoinvent - ReCife 2016 v1.03, endpoint (€)
@ ecainvent - ReCiPe 2016 v1.03, endpoint (£) no LT
@ ecoinvent - ReCiPe 2016 v1.03, endpoint (H)
@ ecainvent - ReCiPe 2016 v1.03, endpoint (H) no LT
# ecoinvent - ReCiPe 2016 v1.03, endpoint (1)
@ ecoinvent - ReCiPe 2016 v1.03, endpoint () no LT
@ ecoinvent - ReCiPe 2016 v1.03, midpoint (E)
@ ecoinvent - ReCiPe 2016 1,03, midpoint (€) no LT
# ecoinvent - ReCiPe 2016 v1.03, midpoint (H)
@ ecainvent - ReCiPe 2016 v1.03, midpoint (H) no LT
@ ecoinvent - ReCiPe 2016 v1.03, midpoint (1)
@ ecoinvent - ReCiPe 2016 v1.03, midpoint (1) no LT
® scninvent - <alected IC] it lanarv)

% E = B ) SH2E Power Train Mamufacturing

i economic assessment

# General information: ecoinvent - EF v3.1

= General information
Name ecoinvent - EFv3.1
Category ™ ecoinvent 391 Methods
@
Description o
Impact categories
Filter

| _economic
Version 0000000 @ @ Lastcha

@ ecoinvent - EFv3.1 X

Tags Addatag

Source D -none- % £ economic assessment

Code

- Impact categories

Name

= acidification - accumulated exceedance (AE)

= dlimate change - global warming potential (GW
2 dlimate change: biogenic - global warming pote
i dlimate change: fossil - global warming potentia
i climate change: land use and land use change -
iZ ecotoxicity: freshwater - comparative toxic unit{
£ ecotoxicity: freshwater, inorganics - comparative
i< ecotoxicity: freshwater, organics - comparative £
i energy resources: non-renewable - abiotic deple
= eutrophication: frestwater - fraction of nutrients
i eutrophication: marine - fraction of nutrients reaching marine end comp

£ human toxicity: carcinogenic - comparative toxic unit for human (CTUR)
Eh inorganics - toxic unit for human (CTUN)

General information Normalization and weighting

Step 5 Create a new global parameter

o AR

accumulated exceedance
‘comparative toxic unit for human (CTUR)
comparative toxic unit for human (CTUR)

(AE)

Reference unit
mol H+-Eq

kg CO2Eq

kg CO2-Eq

k9 CO2-Eq

kg CO2-Eq

CTue

Clue

CTue

M, net calorific value
kg P-Eq

kg N-Eq

mol N-Eq

cun

crun

a -
=in

Users then select the input parameter option and insert the value of 1 to represent the start year.

Clean Hydrogen
it Partnership

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 European
Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe Research.
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« o X
New parameter ﬁ
Creates a new parameter
Name year
Description a
|
v
I Type © Input parameter () Dependent parameter
Amount 1

Step 6 Set up the equation in the selected process or new process

£= economic assessment i® ecoinvent - EF v3.1 fx rate i year &) SH2E Hydrogen Production Spain X &) electricity production, photovoltaic, 570kWp open ground installati... = E
& Inputs/Outputs: SH2E Hydrogen Production Spain o
= Inputs O x 3
Flow Category Amount Unit Costs/Reve.. Uncertainty ~ Avoided w.. Provider Data qualit.. 1
8 copper, cathode 242:Manufacture of basic... 0.65000 ™ kg none &) marketf. (1,23:42)

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

# graphite 089:Mining and quarryin... 2.10000 ™ kg none &) marketf. (1;23;41)
£ Nafion (Perfluorosulfon... 5.80000 ™ kg none &) Nafion (. (1;23;22)
£ platinum group metal ... 072:Mining of non-ferrou 0.23000 @ kg none &) marketf.. (1:3;3;41)
& reinforcing steel 241:Manufacture of basic... 1600.00000 ™ kg none &) marketf. (1;23;41)
£ silicone product 201:Manufacture of basic... 1.30000 ™ kg none &) marketf. (12341
2 steel, low-alloyed 241:Manufacture of basic. 3.60000E4 ™ kg none &) marketf. (1;2;3;3;1)
1 tap water 360:Water collection, tre... 1.10000 ™ kg none &) market.. (1;2;3;23)
£ tap water 360:Water collection, tre... 342000E7 ™ kg Bl market f..

£ titanium 242:Manufacture of basic. 0.76000 ™ kg F = P(l + T)n k) market f.

@ price 9.0E7*0.017%(1+rate) *year ™ EUR 2000

Step 6 Got to -> tools -> parameter analysis

L3 FCH-LCA 2.0.5.SNAPSHOT - ecoinvent_391_apos_upr_n3_29%une2023
File Database Tools Help
A DB § Show views >

[ : = =
:angaon Developer tools > :
@k ]
« B Proc Parameter analysis
Bulk-replace )
> 2 P Parameter ana
>ImE Flow mapping (experimental) —a———
> Library export (experimental)
>l C kg)
v @ Get EPDs from EC3 o
>l

Formula interpreter
> Ib veis Fivuucoen
« B Uakhicla lHlea Chnma

Step 7 Add the parameter and adjust end value (e.g. 10 iterations = 10 years)

P J This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen
Partnership Partnership) under Grant Agreement No 101007163. This Joint Undertaking receives support from the European
T, Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe Research.
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163 Parsmeter analysis *

| Procuctsytem [FiPpirugen Production & Use oramporaion v
Impact assessment method | ecamvent - £F v1.1 |

Alocation method [Resdstmporases v
Mumbes of #terations 0 [

Parametes Conest Startvalue End value
Feyear global L] 100

© Crentenew
% Remove sebected

[ o Cancel

Results can then be seen in tabular and graphical form (Figure 18). The results can be exported
to excel format for example, for further analysis.

~ Impact assessment results

ppact category 1 2 3 4 5 6 7 8
2conomic assessment (Euro) 0.95238 0.90703 0.86384 0.82270 078353 0.74622 0.71068 06768
~ Impact assessment results per category
Impact category |:= economic -
8.0E-14
6.0E-14
°
5
3
4.0E-14
2.0E-14
1 2 3 4 5 6 7 8 9 10

Iterations
Figure 18 Results of a product system

A full tutorial for this feature can be found on youtube on the openLCA channel.
3.2 Direct SLCA calculation approach

The other new modeling capability implemented in the FCH-LCA tool is the calculation of SLCA,
so social life cycle assessment, without need to use risk assessment and activity variable. In
SLCA, results are usually viewed in the form of medium risk hours which are obtained by
classifying the risk for an impact indicator and quantifying it with an activity variable, which is often
worker hours. This is not perfect especially for social impact indicators not linked to the work
environment. The direct approach method? was proposed as a way to overcome this, using a
specific algorithm to scale indicators that do not scale with the system size and thus cannot be
aggregated simply. Examples are unemployment rates, presence of indigenous populations, and
others. This “direct calculation” in the FCH-LCA tool provides this direct calculation of SLCA,
without the need to have an activity variable or risk assessment. The traditional SLCA calculation

! https://www.youtube.com/watch?v=ocmWcnEGUxo0&t=383s&ab_channel=openL.CA

2 Ciroth A, Di Noi C, Srocka M (2019) Revisiting the activity variable in social LCA, beyond worker hours. Presentation
LCA XIX, Tucson. https://www.greendelta.com/wp-content/uploads/2019/11/2019 LCA_XIX_Revisiting-the-activity-
variable-in-SLCA.pdf

| J This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen
. Partnership " Partnership) under Grant Agreement No 101007163. This Joint Undertaking receives support from the European
Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe Research.
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via risk assessment and activity variable is also performed, as long as both risk assessment and
activity variable are available for the life cycle model processes. Both are performed when
calculating a product system. It needs to be activated in the tool, however. To activate this new
feature, go to “File” —> “Preferences” —> “Experimental Features” —> check “New Social Impact
Assessment.” Then, restart your software for the changes to take effect. See above or in the
openLCA handbook for details on how to start a calculation.

Calculation results for SLCA are then provided under the “Social Assessment” tab (Figure 19).

E Manufacture of food products and beverages: Manufacture of tobacco preducts - RU

~ Indicator results

Activity value Raw value HO MO Lo NOP

v I Local Community 0% 0% 0% 0%
~ I Access to material resources 0% 0% 0% 0%

) &% Certified environmental managemen 008630 work hours [h] 1779860 [# of CEMS per 10000 em... 0% 0% 0% 0%

> & Extraction of biomass (related to arez  0.08630 work hours [h] 6703139 [annual /km2] 0% 0% 0% 0%

> & Extraction of biomass (related topop  0.02630 work hours [h] 448302 [annual t/cap] 0% 0% 0% 0%

> & Extraction of fossil fuels 0.03630 wark hours [h] £.77402 [annual t/cap] 0% 0% 0% 0%

> &% Extraction of industrizl and construct 008630 wark hours [h] 567299 [annual t/cap] 0% 0% 0% 0%

> 2% Extraction of ores 0.08630 work hours [h] 175079 [annual t/cap] 0% 0% 0% 0%

> &% Level of industrial water use (related | 0.08630 work hours [h] 117842 [% of total actual renewabl... 0% 0% 0% 0%

> 2% Level of industrial water use (related | 008630 work hours [h] 4768259 [% o total water withdra... 0% 0% 0% 0%

> B Environmental Footprints 0% 0% 0% 0%

> B GHG Footprints 0% 0% 0% 0%

> I Local employment 0% 0% 0% 0%

> B Migration 0% 0% 0% 0%

> I Respect of indigenous rights 0% 0% 0% 0%

> I Safe and healthy living conditions 0% 0% 0% 0%

> I Society oz [ o
5 I Value Chain Actors 0% 0% 0% 0%
v I Workers 0% 0% 0% 0%
> I Child labour 0% 0% 0% 0%

> B Discrimination 0% 0% 0% 0%

~ I Fair Salary 0% 0% 0% 0%

> 22 Living wage, per month (AV) 0.08630 work hours [h] 35658740 [USD] 0% 0% 0% 0%

> & Minimum wage, per month 0.08630 work hours [h] 17813004 [USD] 0% 0% 0% 0%

> i Sector average wage, per month 0.08630 work hours [h] 701.60971 [USD] 0% 0% 0% 0%

~ I Forced Labour 0% 0% 0% 0%

> &t Frequency of forced labour 0.08630 work hours [h] 541101 [Cases per 1,000 inhabitants] 0% 0% 0% 0%

> % Goods produced by forced labour 0.08630 work hours [h] 0.26023 [#] 0% 0% 0% 0%

=2 Trafficking in nersan: ik hours [hl 291291 [Tierl IS I IS I
General information | Inventory results | Impact analysis | Social | Process results| C tree| Grouping | Locations | Sankey diagram | LCIA Checks|

Figure 19 Direct approach method SLCA

They show the social indicators, the selected activity variable and its quantitative amount (0.0863
work hours in the figure), the raw, direct value of the indicator (e.g. frequency of forced labour
5,41101 cases per 1000 inhabitants) for the entire calculated system, and on the right the risk
levels for each indicator (HO, MO, LO high, middle, low opportunity; VLR very low risk etc.; ND
no data, NA not available). This shows the spread of the indicator across different risk levels.

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

18



