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Examples of application of FC Guide to:

Solid Oxide FuelCell (SOFC), Proton Exchange
Membrane Fuel Cell (PEMFC), Molten Carbonate Fuel
Cells MCFC)
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FC-HY | |
J Guide Presentation outline

A Background information on the case studies and the project

A Guidance document applied to SOFC, MCFC, PEMFC:
I Goal and Scope of study
I Life Cycle Inventory Analysis
I Life Cycle Impact Assessment
I Interpretation of results

A Next steps




Y The problem

A The Fuel Cells and Hydrogen Joint Undertakiid){FCH

A fBustainability is a key driver of the FCH JU activities and i
necessary to assess the new developments towards these
Life Cycle Assessment will therefore be applied throughou
the FCH JU on a programme level.

A However, the present main critics addressed to LCA ai

A Weak comparabiligmong different studies on the same
product

A Complexityf the method, which hampers its applicabili
the industrial context.
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J RC Weak comparability

A 1SO standards leave high degree of freedom to
practitionersubjectivitinked to some
methodological choices (e.g. allocation, system

A

0OUNC
LCD

ary definition, modelling, etc.)
Handbook (HB) addresses this guestion,

DroVIC

inguidanceon all the LCA process, from the

definition of the Decision Context, to specific
requirements for review process

A However, ILCD HB is necessarggstticas it
applies to all possible sectors, technologies, deci:
contexts, LCA applications
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J RC Complexity

A LCA is necessarilgaamplex methadhs in a generic life cycle
system many parameters can affect the final results

A However, when a suffidcieotvledgef a specific
product/technology/system is available, the practifamer can
her/his efforts on the rel@vant aspectsf the life cycle

A This is the only possible way to reduce the complexity of an L
study, keeping a suffigemntific robustnessf the results
(relevancef results)




€ yci ILCD Handbook

XY Association |

INTERNATIONAL IS0 ationa
STANDARD 14044 Method ” IL@@ handbook

handbook o e e S
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National
LCA project
Country X

Emvironmental management — Life cycle
asgessment — Requirements and

guidelines ancch i Manual for LCI

Hassgpirren aterasmants — LAk du ol e e — Degasead
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3 tier

Third tier of harmonisatio

s

FC-H
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group.
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2nd tier

JLCD mansboo

Review

Life Cycle Impact

Life Cycle Inventory J[ Assessment

oy

@EHEI‘&' guide for Life Cycle Assessment
+ General guide for Life Cycle Assessment (LCA) -
Detailed guidance (this document)
+ General guide for Life Cycle Assessment(LCA) -
& Frovisions and action steps

Documentation, Nomenclature, Terminclogy

1st tier

IS0 14040, 14044

Specific guidance for a product

Provisions dependi
on the decision
context and
application

General rules



Y Output

A Prepare and make available to the final user
knowledge and a petaborated set of informatjon
ready to be used:

A FC Guid¢information and provisions)

A TemplatesData collection, Data documentation, Repol
A Examplegrom case studies

A Training

A Targettechnology developers, LCA practitioners
A fless and corréct
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-FC-Hy
J Guide Other background information

A Studies performed by FC experts, not directly involved in draf
Guidance Document

ARExerciseso: not always pri

A Studies developed following an andvanced draft of the guidar
document, not the final version

I Time constraints of the project: work in parallel

I Comments from the open consultation included, but comn
from review panel not yet included

I Exemples not complete. In particular:
A data quality aspects not included yet
A Limitation in the interpretation phase
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( FC-Hy
J Guide Presentation Structure

Data Reporting T. Case studies Guidance
Collection T. document
FC
Intro
charact Prov 1

Prov 2

Phase X P
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Goal & scope

LCI

LCIA

Interpretation

( I: C—H L_J Intrato FCtec
J Guide

ntroduction to FC techno

ogies

Provision B Product related information

Shall Describe the FC system or stack. Information on the main
properties given by stating the FC standard being met.

Shall If no standard is applicable: see table below




Intrato FCtec Goal & scopé LCI LCIA

\1%4

Interpretatior

FC-HY
Data collection template

MCFC repetitive units

Legend:

cells to be filled out with requested data

Production specifications Value Unit Data source
Expected cell lifetime yIS
Cell annual working hours hrs
Electric power per module kW/module
Number of modules, for a 500 KW plant #
Cells per module #
Cell active area cm”
Outside dimensions cm”
Length of anode cm
Width of anode cm
Weight of anode per square meter kg/m”
Length of cathode cm
Width of cathode cm
Weight of cathode per square meter kg/m”
Length of matrix cm
Width of matrix cm
Weight of matrix per square meter kg/m”
Nominal cell potential, Vo, A\
Nominal cell power density @ Vnom W/cm”

ENEIa
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Introto FCtec

Goal & scopé

o

LCI LCIA Interpretation

( }Eade

Introduction to FC technologies: SOF(

Product information Value/description

Trade name
Type of electrolyte

Primary function

Electrical power
Thermal power
Efficiency

Rated voltage, Current

Operating temperature
Weight (estimated)
Dimensions (system)

Fuel used

Expected service lifetime

Intended use

ENEN

Hexis (stack)
Solid Oxide

Production of electricity and heat in domestic level

1 kWel (stack), 2 kWel (system)
4.7 kWth (system)
Electric: 25%; Thermal: 58,8%

N/A (Operational point: V=700mV, I= =.3 A/lcm2 @82%
utilization

800950 C

100 kg (stack), 250 kg (system)

2.1*0.6*0.77 m

Natural gas. Specifications according to DIN 51857

40.000 h (stack operational target)

Covering power and heat demand of a single family dwelling,
in parallel to electric grid connection and a peak gas boiler
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Goal & scope

14

LCI LCIA Interpretation

( }E&de

Introduction to FC technologies: MCF(

Product information

Trade name

Type of electrolyte

Primary function
Electrical power
Thermal power
Efficiency

Rated voltage, Current
Operating temperature

Weight (estimated)

Dimensions (system)

Fuel used

Expected service lifetime

Intended use

ENEN

Value/description

TWINSTACK®
Molten carbonate salt mixture (Li2ZCO3 and K2CO3)

Production of electricity and heat

500 kW (system)

300 kW

Electric: 25%

700 V

650 C

49.5 E3 kg (system) (4500 Kg each stack)

11*5.5*19 m
Natural gas. LHV 3.45J/m3, sulphur content 35 mg/Nm3

40.000 h

Electricity rpoduction
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LCI

LCIA

Interpretatior

l: C_H L_J Intrato FCtec Goal & scope
J Guide System description

Provision 3 Produt system description

Shall Provide a general description of the FC life cycle, including the
components, the production processes and the use phase. To shov
system under evaluation, a process flow diagram shall be included.
Generally the description of the FC (stack or system) has to include

iInformation on:
technology used
-year of construction

type of production site (laboratoogmmercial, commercial scale)

If the study evaluates only components or a part of the production cha
these components/parts have to be described but the product syste

they are part of shall be named.

ENEN
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O

Anode

Electrolyte

Cathode

FC-H
Guidg

Intrato FCtec

| =4

Goal & scope

LCI LCIA

Interpretatior,

System descri

ntion: SOFC

Operatingrinciples

Fuel H,, CO

H,0, CO,

e

External
chreuit

Cellconfiguration

Fuel

(H,. CO)

Afterburner

Alr

RO
---------

Interconnecior

Interconnector
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-FC-Hy
Guide

SOFC-Based System

/\

Introto FCtec

Goal & scope

o

LCI

LCIA Interpretation

Fuel
Preparation

Fuel pre-
_> P

processing

SOF@ased system

Air
Preparation

Reformate
Conditioning
Sulfur
removal

NG /LPG

* Pumps
+ Controls

Balance of Plant:
* Compressor/Expander

* Insulation & Packaging
+ Safety system
+ Start-up battery

Fuel Cell
Stack

Alr
(Licuid rmode,
Elec. Heated

at Sta)
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Intrato FCtec Goal & scope LCI LCIA Interpretation

-FC-Hy
J Guide LCA studies: Goal definition

A Test the FC Guidance document vatialeilleal cases

I Help carrying out the definitreteofint LCA features in order to make the
FC Guidance Document more papeedic

A 1dentify which data are more critical for the final result of the study
A allocation,

A cutoff,

A impact categories, etc.

I Check whether the provisions are clearly understandable by the targe
audience;

A Provide examples to support future implementation of the FC
Guidance
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Intrato FCtec Goal & scope LCI LCIA Interpretation

FC-H
y Guidg Goal & Scope definitintended applicatio

Provision 5: Intended application(s)

Shall: Clearly state the intended application, indicating if it is for internal (to the organization
commissioning the study) use or for external use (results of the LCA to be disclosed to the
public). Specific purpose could be (non exhaustive list):

Internal use:

- identification of Key Environmental Performance Indicators (KEPT) for Ecodesign
- hotspots analysis of a specific FC

External use:

- development of life-cycle based Type I Ecolabel criteria

- development of a life-cycle based Type III environmental declaration (e.g. Environmental
Product Declaration - EPD)

- calculation of a carbon footprint
Internal/external use:

- comparison of environmental aspects of specific modules of the FC

- benchmarking of a specific FC against the product group’s average.
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-FC-Hy
J Guide

v

Intrato FCtec Goal & scope LCI LCIA Interpretation

LCA studies: goal and scope defir

MCFC SOFC PEMFC
Scope MCFGtack125«We) SOFGtack1kwe) PEMFC systemsthck
P MCFC systemgtacks SOFC systemgtack s+BoP 1200 W),
+BoR 50kWe), s+BoPR 2kWe), includingsoperatiofor
includingsoperatiofor includingsoperatiofor electricitgroduction
electricitgroduction electricitgroduction fueledbyhydrogen
fueledbynaturagjas fueledbynaturaas
Intended Internalise
application AResultsvillhelp F®roducingompaniesptimizinthe production amsestepsyidentifyinthecrucial
paramete&ffectinghe performance of wielesystem
Externalse
AThestudycontribute® develogtepbystepguidancéor theapplicastiont LCAodifferentypesof FC
technologies
Method, )
assumptions and ACML update 2010 method
e Alow percentage of primary data
limitations

Awaste created during the manufacturing phase were not considered

Arecycling and energy recovery not included

Aransportation of materials from the manufacturing plant to the fuel cell system manufactu
not considered

AMachinery and plant buildings are negligible

AData gaps: assumptions based on experience and use of data of similar products
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Intrato FCtec Goal & scope LCI LCIA Interpretation

-FC-Hy
J Guide Target audience and decision conte:

Target audience
A Users familiar with LCA but not necessarily expert

A Technicians dealing with technical and environmental decisio
full scale implementation of FC technology in the market

A FCH JU project officers
Decision context
A Situation A micro level (negligible changes in the background
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-C-Hy Short parenthesis: why situation B is
J Guide covered by the guidance document

A FCs are complex systems, with a wide range of functions, de
on the specific applications (e.g., stationary, transport, portab
a wide range of possible fuel production processes (e.g., hyd
produced by water electrolysis can use electricity from any sc
MCFC have an integrated reforming process, etc.).

A Situation A covers the scope of the FCH JU required applicati
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Intrato FCtec Goal & scope LCI LCIA Interpretation

-C-HY | |
J Guide Functional unit and reference flc

Provision 13 Functional unit (FU)
FC stack

Shall- The FU is the power capacity of the manufactured stack expressedyh KW |(
electricity is the only valuable predeictyf both electricity and heat are valuable produc
In this case the share of electricity and heat shall be declared).
FC System

ShallThe FU i1 s the nproduction of a cejrt
given number of .. Yhe shars af electeckymmddasasshall beideclard
If the thermal output of the FC is not used, the FU is only the production of electricity
in M.
Shall:Choose a service life span consistent with the expected lifetime and taking intc
the time the facility has already been running, adequately supported with experimen
and/or other technical analysis.

Should:Define the service life usii@® of degradation of the FC performance.

Provision 18 Reference flow
Shall- The reference flow is the number of FC modules, stacks or whole systems, rec
produce the amount of energy or exergy defined in the functional unit.
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I: C H Intrato FCtec Goal & scope LCI LCIA Interpretation

J Guide Functional unit and reference flc

SOFC

Stack 1 SOFC stack (1 kWel), containing 50 cells, casing,
flanges and insulations

System 2 stacks + BoP, 1 MJex (2 kWel, 4.7 kWth), estima
life time: 20 years

MCFC
Stack 1 MCFGtack125kWe)

System 4stackst BoR 50kWelestimatetifetimenf 20years
(80GWwsél
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Intrato FCtec Goal & scope LCI LCIA Interpretation

FC-HY
J Guide System boundaries

Provision 1@ System boundaries
Should- The system boundaries of a LCA on a FC are defined ac
to the product system under assessment. In the case of a FC sys
Acradle to graveo approach i|s
approach is used in the case of a FC stack, where the absence o

makes it impossible to assess the use phase.
End of life is optional and can be kept out of the boundaries of tht

However, it shall be described qualitatively.
Shall- In both cases, the production of the fuel is not included.
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Intrato FCtec Goal & scope

LCI

LCIA

Interpretatior

Guide

|

Energy
Resources

|

Material
Resources

System boundariestack

[

Emissions ]

RS X

(ruet )(Emsions)

_[ Manufacturing

—

Manufacturing

j_
F--+

Operation J':—'[ End of life ]

|=—=—==——=——F=-—¥<Z

Svstem boundary i

FC stack BoP I

| I I
Anode .

: *fuel delivery system . I+ Material
Cathode ! 1 recycling

| ‘*thermal mangnt. sys. ) ! I

- * Materia

Matrix I +power management | I rocove
catalyst . *air delivery system ! 1 . e

1 | I * Disposal
Other | I I

| I

1 System boundaryl  gptional

[ Wastes J
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Energy
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-FC-Hy
Guide

Introto FCtec

v

Goal & scope

LCI

LCIA

Interpretatior

System boundariesystem

|

Material
Resources

g pg

I
Manufacturing Manufacturing .
—[ FC stack ‘ BoP | {__Operation

Anode
Cathode
Matrix
catalyst
Other

[ Emissions J [ Fuel J[Emissiuns]

*fuel delivery system

*thermal mangnt. sys.
*power management
*air delivery system

End of life ]

*  Material
recycling

recovery

* Disposal

Optional
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-FC-Hy
Guide

Introto FCtec

Goal & scope

LCI

LCIA

Interpretatior,

FCs: system flow diagram




