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Provision 3: Product system description

Theauthor of the LCAstudyshallprovidea generaldescriptionof the FClife cycle, including
the main componentsthe productionprocessesnd the usephase Toshow the evaluated
system,a procesdlow diagramshallbe included Generallythe descriptionof the FC(stack
or system)hasto includeinformationon:

A Technology used
A Year of construction
A Type of production site (laboratory, pcemmercial, commercial scale)

If the study evaluatesonly componentsor a part of the production chain, only these
components/partdhaveto be describedout the productsystemwhichthey are part of shall
benamed

29.09.2011 Training Course, Bologna
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Provision 3: Product system description

Molten CarbonateFuel Cells (MCFCs)re hightemperature fuel cells, that operate at
temperaturesof 650° C

MOLTEN CARBOMNATE FUEL CELL
Electrical Current
Hydrogen In oo =, Oncygen In
HE 1‘ L= {::I I::'E
g +
= e- anode:H, + CO;> A H,O + CO, + 2¢e
COzfle coyf |.ox Oy cathode:CO, + %2 O, + 2e A CO%
"bﬁ'- :—c% global reaction:H, + %2 O, A H,O + electricity + heat
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Provision 3: Product system description
Eachactivecellcomprisesone anode, one cathodeandthree layersof matrix.

Eachstack consistsof 230 active cells assembledogether by meansof specific
steelcomponents suchasanodicand cathodiccollectors bipolar plates, tie-rods,
fittings etc.

The BoPincludesreformer, pressurizedvesselsstart up electrical heater, steam
generator, power conditioner, pipes valves cathodic recycle system and

microturbine). P N
f::':::m licroturbine ca::I::ner E"I':u'lcal @TE‘EEE;] :;:: Pressurised
Balance of Plant + 4 Stacks
(BoP) (with Reformer)
L MCFC System Boundar}p
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Provision 3: Product system description

PHASE VI:DISMANTLING OF THE SYSTEM ASSEMBLED

PHASE V:OPERATION AND MAINTENANCE OF THE SYSTEM ASSEMBLED

PHASE IV: INSTALLATION AND STARTUP OF THE SYSTEM ASSEMBLED

PHASE III:SYSTEM ASSEMBLY

SYSTEM COMPONENTS (BoP)
(reforming, pressurised vessels, startup electrical
heater, steam generator, power conditioning,
microturbine, pipes and valves etc.)

PHASE II:STACKASSEMBLY

asdcidl STACK COMPONENTS

(anodic and cathodic collectors, bipolar
plates, insulators, fittings, tie-rods etc.)

MATRIX

CATHODE

PHASE I:COMPONENTS PRODUCTION

ANODE SYSTEM COMPONENTS (BoP)

(reforming, pressurised vessels, startup electrical
heater, steam generator, power conditioning,
microturbine, pipes and valves etc.)

STACK COMPONENTS
{anodic and cathodic collectors, bipolar
plates, insulators, fittings, tie-rods etc.)

MATRIX

CATHODE
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Provision 4: Goal of the LCA study

The goal of the study shall be clearly defined in the report according to the goal and sc
definition of the ISO 14044 standard.

GOAL
Aevaluationof the generatedimpacts
Aidentification of the most significantand sensitivesteps that can be improved in their
environmentalperformanceby meansof carefulmonitoringand strict environmentalrules
Aidentify the technologicakchallengesand weaknessesf productionandusechains

U the breakdownof productionanduseprocessesnto steps

U the detection of unsolved problems, risks, environmental aspectsrelated to

specificproductionand usepatterns
U bottlenecksaffectingthe whole performance

SPECIFIESPECTS

Intendedapplications Method, assumptionand impactlimitation; Reasongor carryingout
the study, Target audience Comparisonintended to be disclosed to the public
Commissioneof the study

29.09.2011 Training Course, Bologna
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Provision 6: Method, assumption and impact limitation

Sufficient consistency of methods, assumptions as well as data throughout ti
LCI/LCA study shall be assured. Any inconsistencies shall be documented
consequences on the conclusion of the study documented.

Groupl

MAINASSUMPTIONMADE

oL HV(lower heatingvalue)is usedfor energycalculations

wTheCML2001is usedfor Life CyclelmpactAssessment

wThe study meets the data quality requirements of ILCDHandbook (and ISO

140402006 and 140442006. Only very recent data have been entered(last 5

years)

uihe selectionof impactcategoriesderivesfrom the specificcharacteristicof FCs
GlobalWarming (GWP),Acidification (AP),Eutrophication(EP),PhotochemicalOxidation
(POP),0zone Layer Depletion (ODP),Human Toxicity (HTP)and Abiotic (ADP),Water
Depletion (WDP) Other impact categoriesrelated to, e.g., radioactivity and noise are
consideredrrelevantandtherefore excluded
wAccordingto previousstudiesin literature, industrial machineryand plant buildingsare

considerednegligiblecomparedto FCcomponentsand operationalinputs, althougﬁ

technologyis not yet in its mature phase
29.09.2011 Training Course, Bologna
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Provision 6: Method, assumption and impact limitation

AThe three case studies refer to the the same functional unit, same system boundaries,
same datdegree of accuracy, same LCIA methods

HOWEVER

In the comparisonamong MCFCsSOFCsind PEMFCssome limitations due to scale
factorsandto differencesin the operationalconditions(temperature,usedfuel, power
output andusepattern) haveto be considered

Forinstance

APEMFCare for mobile application(vehicles)while SOFCand MCFCsre stationary
APEMFCare low temperature,while SOFCand MCFCsire hightemperature
AMCFCase methane internally reformed to hydrogen,while SOFCsind PEMFCsire
directly fed by H2 from previousreforming

thus addingto the difficulty of a direct comparisonof the LCAstudies

29.09.2011 Training Course, Bologna
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Provision 11: Scope of the LCA study

The scope firstly defines the object of the LCA study. The object may be either an FC s
a whole FC system. They cover all the single components and process steps, such a

29.09.2011
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active components (anode, cathode, matrix) and the steel parts.

Our study include:

Functionand Multifunctionality

Functionalunit andreferenceflow

Units

Systemboundaries

Definition of relevantflows

Cutoff criteria

Life CyclelmpactAssessmenmethodsand categories
Typeand sourcesof requireddataandinformation
Dataquality requirements(primary, secundarygeographi¢
Comparisonsriteria

Reviewaspects

Reporting
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Provision 11: Scope of the LCA study

Theobjectsof MCFQ.CAstudyare:

U MCFGtack(125kWel);
U Completesystem (4 stacks+ BoRBalanceof Plant, 500 kWel over its

completeturnovertime (20 years)
U Completesystem operation for electricity production fueled by natural

gas
Eachactivecellcomprisesone anode, one cathodeandthree layersof matrix.

Eachstack consistsof 230 active cells assembledogether by meansof specific
steelcomponents suchasanodicand cathodiccollectors bipolar plates, tie-rods,

fittings etc.

The BoPincludesreformer, pressurizedvesselsstart up electrical heater, steam
generator, power conditioner, pipes valves cathodic recycle system and
microturbine).

29.09.2011 Training Course, Bologna
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Provisionl2: Functionalunit

U FCstack The functional unit shall be the power capacity of the manufacturedstack
expressedin kW (energy if electricity is the only valuable product, exergy if both
electricityand heat are valuableproducts in this casethe shareof electricityand heat
shallbe declared)

i FCSystem Thefunctionalunit shallbe & LINE R 0£@ detath gmountof electricityand
useful thermal energyin a given numberof & S | M#préssedn MJ,,. The share of
electricityand heatshallbe declared If the thermal output of the FCis not used,the FUis
onlythe productionof electricity,expressean MJ,,.

The service life span shall be chosen with respect to the expected lifetime and in context

time the facility is already running, and adequately supported with experimental results ar

other technical analysis. It is suggested to define the service life using a 10% of degrada
the FC performance.

29.09.2011 TrainingCourse Bologna



-C-H
Ggmg Groupl

Provision 12: Functional unit
MCFGtackand System(4 stacks+ BoP

In the analyzedsystem electricityandheat are the mainoutputs: both an electricpower output
and athermal power output canbe provided Considerindgoth the productionof the MCFC
stack module, the stack+BoPRsystem,and finally its operating phase, different functional
units should be chosen,calculatedon the basisof the deliveredelectricity and heat The
following equationappliesto the output power, in orderto convertenergyto exergy

Total Power output (kW,) = Electric Power (k\y +e* Thermal Power (kVY).

where e=1-(Ta/Tm) is the Carnot factor T, is the ambient temperature and Tm the
thermodynamic mean temperature between T, (temperature of delivered heat) and T,
(return flow temperature)

Asimilarequationappliesto deliveredelectricityand heat
Exergy delivered (kwW}) = Electricity delivered (kW}) +e* Heat delivered (kWh,)

HOWEVER

in the presentcasestudythe & & & (usabléheat output is not convertedinto an actuallyused
serviceby meansof cogenerationdevices Therefore,the only valuableproduct takeninto
accountis electricity. Thefunctionalunits chosenare therefore only referred to the electric
power capacityof the manufacturedstack(125kW,) and system(4 stacks+ BoP,50 Clitiis

29.09.2011 TrainingCourse Bologna
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Provision 12: Functional unit
MCFQ @& & U ¢parddian

Sincethe thermal output is not used,the functional unit for the operatingMCFCsystem
refersthe electricitygeneratedoy a TWINSTACKodulein its lifetime.

Considering
* anelectricalpower output of 500kW,
* anexpectednumberof operativehoursper yearof 8000hours
* an estimatedlifetime of 20 years,
the systemfunctionalunit wascalculatedas
power output (500kW) x servicetime (20 yearsper 8000hours/yr=160000hours)=
=80 GWh, (2.89E+8 MJ,)).

Thisvaluewaschosenasthe operatinga & & 0 fénetionalunit.

29.09.2011 TrainingCourse Bologna
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Provision 15: Multifunctionality

FCs are a typical example of multifunctional process as their main products are electri
and heat. The use of the produced heat shall be analysed in order to identify if an alloc:
problem exist.

Allocation alternatives:

wAllocating to mass, energy, exergy, economic value of products
wSystem expansion and no allocation

wOnly one product considered

Iternati
Co-production Alternative . P?otleu:t?::if
of A+B Productionof B | ~~ A

X Units of
Electricity

Figure 6: System expansion for solving multifunctionality (Source: JRC 2010) (modified)
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Provision 16: System boundaries

The system boundaries of an LCA on FC are defined according to the assessed proc

aeaidsSyoe Ly (KS OFrasS 2F C/ aeausSy yvYzauf e

instead used in the case of FC stack, where the absence of the BoP makes it impossil
assess the use phase. In both cases, the production of the fuel is not included.

System 1
MCFCstack (125 kWel), includes
the production phase, analysed
starting from the extraction of
resources and the supply of
energy and chemicals in the
preparation phase,also properly
accounting of the related
emissions

Bipolar-Plate with Flow Field

Membrane

Gas Diffusion Layer with Catalyst

End Plate
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Provision 16: System boundaries

£ I
Speam P—— Start up Connection Catodic Pressyrised
Ganaraior Microturbine Canditrianer Elatrical Devices Recycle Vesgsl
Heatar {pipes, valves) System
System?2:
500kWelMCFC
Boundary as for the
system 1, also foBoP
| component§ (mining,
manufacturing, etc.)
Balance of Plant + 4 Stacks
(BoP) (with Reformer)
* MCFC System Bnundar}p
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Provision 16: System boundaries

System3TWINSTAGK-uel Boundaryincludesfuel extractionand processing

Cogeneration System
"

L] &
'+ COGEN. HEX

Demineralized
water
Air Treatment
-

Air

498 kW DC |

Air Compression System

) -
1 l ) L [ T

CHa ! !
Trestment _ Stack i Stack
A C

A |C|Z

MNatural
Gas

REG
- - HEX

i Burner
cB cB

! REFORMER | REFORMER

Fuel processor = - !
New Compact Unit con steam reforming
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VPink area stacks and
reformers

VYellow areaair compressar
an exhaustgasesburner and
a small turbine supporting
the air compressorand the
naturalgaspre-heatingstep;

V Light blue area natural gas
Input and pretreatment

V Orange area the
cogenerationheat exchanger
for potential use of waste

heat
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Provision 18: Cubff criteria

All cutoffs shall not go beyond 2 % of mass or energy balance of the entire system
(foreground and background). If the &ft is too coarse the system boundaries might be
reconsidered.

In this LCAstudyall the cut-offs are setat 2%

Inputs that contribute lessthan 2% to the massor energy of the total product

a & a ( bpatQ as well as less than 2% to the environmental impacts are not

accountedfor.

Environmental impacts calculated with and without 2% cut-off do not differ

significantlyin mostimpact categories In somecaseshe differenceis larger Forthis

reasonthe choiceof the cut-off percentageremainsup to the experienceof the LCA
analyst,who may decideto adopt a smallercut-off in order to highlightand discuss
the importanceof selectedinputsto specificcategories

29.09.2011 TrainingCourse Bologna
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Provision 18: Cubff criteria

IMbact catedo Unit MCFC stack MCFC stack
P gory (without cut-off) (with 2% cut-off)
Abiotic depletion kg Sb eq 3.56E+02 3.53E+02
Acidification kg SO, eq 1.46E+03 1.45E+03
Eutrophication kg PO~ eq 1.76E+02 1.70E+02 MCF 25 k\W.
Global warming (GWP100) kg CGO, eq 5.05E+04 4.96E+04 CFC Stacm 5 e)
Ozone layer depletion (ODPkg CFG11 eq 1.78E02 1.76E02
Human toxicity kg 1,4DB eq 3.96E+05 3.70E+05
Photochemical oxidation kg CH, 6.01E+01 5.79E+01
MCFC system MCFC system
Impact category Unit (without cut-off) (with 2% cut-off)
MCFC systerf00 kWel
y I(f) _)’ Abiotic depletion kg Sb eq 2.71E+04 1.03E+04
supposed to be operating acigification kg SO eq 1.37E+06 1.37E+06
for 20 years Eutrophication kg PO~ eq 2.18E+04 2.09E+04
(including 16 stacks and / Global warming (GWP100) kg CO, eq 3.78E+06 3.50E+06
Ozone layer depletion (ODPkg CFG11 e 5.27E01 5.24E01
reformers) yer depletion (ODP)g q
Human toxicity kg 1,4DB eq 2.08E+0Q7 1.87E+07
Photochemical oxidation kg CH, 5.50E+04 5.48E+04

29.09.2011 TrainingCourse Bologna
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Provision 19: Life Cycle Impact Assessment

Scoping the LCA study, the LCIA methods to be applied shall be defined. When availal
the methods, models antharacterisatiorfactors identified in the Guidance document
under preparation by the JRES, through the European Platform on LCA, shall be used.
Until then, the CML impact assessment methods shall be used (CML 2001). Within th.
CMl=method the Global Warming Potential (GWP), Acidification Potential (AP),
EutrophicatiorPotential (EP), Photochemical Ozone Creation Potential (POCP) and
AbioticDepletion (ADP) (vaDerset al., 2001) shall be used.

29.09.2011 Training Course, Bologna
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Provision 19: Life Cycle Impact Assessment

Themidpoint CMLimpactassessmeninethodsare recommendedoy JRAESo convertall
the inputsand outputs flows, collectedand reported in the inventory,into impactindicator
relatedto humanhealth, naturalenvironmentandresourcedepletion

The CML2 baseline2000appliedto the MCFGCstudy is a mid-point method developedby
the Centre of Environmental Science at Leiden University This method provides
characterisationand normalisation factors updated on a regular basis, which can be
profitably usedto quantify environmentalimpactsfor differentimpactcategories

Thisstudyconsiderghe impactcategoriesof:
U GlobalWwarmingPotential( GWP)
U AcidificationPotential(AP)
U EutrophicationPotential(EP)
U PhotochemicaDxidationPotential(POCP)
U AbioticDepletion(ADP)
U OzonelLayerDepletion(ODP)
U HumanToxicity(HTP)

29.09.2011 Training Course, Bologna



-C-HY
Guide

Provision 20: Type and sources of data and information

Inputs and outputs to and from the foreground system to other technical systems shal

be included. All resources from nature and emissions to nature of the foreground anc

background system should be taken into account. Exceptions are allowed in accordan

with the cut off criteria (section 6.3.3). Data used shall reflect the technology actually

used, depending also on the region where the process occurs. If specific data is nof

available, comparable data can be used. The closing of data gaps with comparable de
shall be described in the LCA report.

29.09.2011 Training Course, Bologna
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Provision 20: Type and sources of data and information
Datausedin this LCAstudyreflect the mostrecenttechnologyusedby AnsaldoFuelCells
in the production of MCFCsand were provided by Ansaldoitself within a collaborative
agreement(primarydata). Therefore,mostof the input and output flowsto andfrom the
foreground system as well as resourcesfrom nature and emissionsto nature of the
foreground and backgroundsystemare qualitatively and quantitatively assessedased
on the information provided by the producer In the caseof the backgroundsystems,
data from existingdatabasesmainly EcoinventUnit Processedibrary, are used Someof
the data not accessiblefrom the company were obtained from recently published
scientific literature. Other sourcesof data were ENEAand FN-FabbricazioniNuclearj
operatingin Italy for the design,manufactureand commercialdevelopmentof MCFCs

FOREGROUND PROCESSES BACKGROUND PROCESSES

9 anodeproduction 1 mineralextraction

1 cathodeproduction 1 mineralmanufacturing
1  matrixproduction 1 rawmaterialssupply

1 otherstackcomponent@roduction 1 energysupply

1 BoPcomponentproduction 1 electricitymix

1 stackassembly 1 naturalgassupply

1 systemassembly

)l
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Provision 25: Identifying processes within the system boundaries

It has to be defined which foreground and background processes are taken into accoult
the LCA. Foreground processes are identified following a scipgiy logic. For the fuel cell
stack they include e.g. the manufacturing of the anode, cathode and the matrix, their
assembly in a FC module, stag and maintenance. For the fuel cell system, the foregroui
Includes also the manufacturing of the BoP. Details are provided in figures 11 14, 15 an
The background system comprises related upstream processes (supply chain of energ
materials) and downstream processes as well. The important upstream processes like
material extraction shall be included; the related infrastructure may be included. It is
recommended to use already existing aggregated data e.g. from ELCD, which compri
complete upstream processes (e.g. energy supply), including the infrastructure. The
infrastructure (e.g. means of transportation or pipelines) may be included in line with tf
cut-off criteria (section 6.3.3).

29.09.2011 Training Course, Bologna
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Provision 25: ldentifying processes within the system boundaries

Emissions

| [ emissions | [ Fuel

T

Energy

Resources

FC stack

Manufacturing

----- K S

Operation

End of life |

Manufacturing |
BoP .

Material
Resources

* Anode
* Cathode

* Matrix
* Catalyst
¢ Other

29.09.2011

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

*air delivery system

[ Wastes ]
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Provision 25: Identifying processes within the system boundaries

In all cases(MCFC stack, MCFC system , TWINSTACK) the systemboundariesinclude
foregroundandbackgroundiows.

U Foregroundflows include all processegelated to the production and use of the MCFC
itself, consistingof all the main production processedike the manufacturingof anode,
cathode and matrix and their assemblyfor the MCFCstack,the manufacturingof the
Balanceof Plantandthe start-up of the MCFGystem

U Backgroundflows deal with almost all material and energy flows to and from the
foregroundsystem,suchasinfrastructure processedor the supplyof the energy,power
plants, power lines, mining, etc. Raw materials, used resources, primary products,
additives, auxiliary materials and energy entering the system and electricity, heat,
emissiondo air, emissiongo water, residues,waste and energyleavingthe systemhave
to be all takeninto accountasbackgrounddata.

29.09.2011 Training Course, Bologna
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Provision 25: Identifying processes within the system boundaries

FOREGROUND PROCESSES BACKGROUND PROCESSES

1 anodeproduction T mineralextraction

1 cathodegoroduction 1 mineralmanufacturing
1 matrix production 1 rawmaterialssupply

1 other stack components productiiy energysupply

T BoP components production 1 electricitymix

1 stack assembly 1 naturalgassupply

T system assembly

1 energy requirements
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Provision 25: Identifying processes within the system boundaries

Chropad
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Floatation, Tefining Hydrosel 5
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refining *
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Tape Cusili
¥
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b

[Peroxitston |
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start-up
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Provision 30: Classification and characterization

Thefollowing impact categoriesalreadyidentify in the scopephaseshall be evaluated
global warming potential, acidification potential, eutrophication potential,
photochemical ozone creation potential, abiotic depletion When available, the
methods, models and characterisationfactors identified in the Guidancedocument
underpreparationby the JRAESthroughthe EuropearPlatformon LCAshallbe used
Until then, the CMLimpact assessmenimethod shall be used,with the most updated
version

- Globalwarming potential (GWP)IPPC2007); kg CQ2 eq.

- Acidificationpotential (AP)(Huijbregts 1999; kg S eq.

- Eutrophicatiorpotential (EP)YHuijbregts 1992); kg PGl- eq.

- Abioticdepletion(AD)(vanOerset al., 2001); kg antimonyea.
Themethodisimplementedn all the major softwaretools availablein the market If the
assessmens performedwith spreadsheetm excelthe list of characterisatiorfactorsis
available at the following addresshttp://cml.leidenedu/software/datacmliahtml. A
comparisonacrossthe impact categoriesshall not be done Summingup shall not be
doneacrossmpactcategories

29.09.2011 Training Course, Bologna
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Provision 30: Classification and characterization

The software tool used for the classificationand characterizationof the MCFCtechnology was
SimaPro7.3 and, among the methods availablewithin this software, the method CML 2000 was
selected

The classificationis the step in which the elementaryflows are assignedto one or more of the
selectedimpact categories whereasthe following step is characterizationj.e. the definition of how
muchimpactan emissioncontributeswith regardto a specificimpactcategory

The CML 2000 method automatically calculatesthe results multiplying the inventory values by
appropriate characterizationfactors Eachfactor has a different unit, dependingon the specific
impact categoryconsideredandthus the resultsfrom different categoriescannotbe neither directly
comparednor summed up. The units used for the characterizationfactors make referenceto a
specificchemicalspeciesor item, the environmentalburden of which is known basedon previous
studiesandistakenasreferenceimpact

Specieghat contribute to the samecategoryasthe referencespeciesare evaluatedin proportion to
the impact generated(e.g. a speciesthat contributesto globalwarming 10 times more than CQ is
crediteda GlobalWarmingPotentialFactorsof 10 g C2-equivalent,sothat its massis convertedinto
an equivalentmassof CQ by multiplyingby the GW.PFE).

29.09.2011 Training Course, Bologna
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Provision 30: Classification and characterization

Ioactieataaor Unit MCFC stack MCFC stack
P gory (without cut-off) (with 2% cut-off)
Abiotic depletion kg Sbeq 3.56E+02 3.53E+02
Acidification kg SO eq 1.46E+03 1.45E+03
Eutrophication kg PO~ eq 1.76E+02 1.70E+02 MCF 25 k
Globalwarming(GWP100) kg CO, eq 5.05E+04 4.96E+04 CFC stackl25 kW)
Ozonelayerdepletion(ODP) kg CFG11 eq 1.78E02 1.76E02
Human toxicity kg 1,4DB eq 3.96E+05 3.70E+05
Photochemical oxidation kg CH, 6.01E+01 5.79E+01
MCFC system MCFC system
Impact category Unit (without cut-off) (with 2% cut-off)
MCFC systertb00 k
y I(f) Wl)_’ Abiotic depletion kg Sb eq 2.71E+04 1.03E+04
supposed to be operating acigification kg SO, eq 1.37E+06 1.37E+06
for 20 years Eutrophication kg PO eq 2.18E+04 2.09E+04
(including 16 stacks and / Globalwarming(GWP100) kg CO, eq 3.78E+06 3.50E+06
Ozone layer depletion (ODF kg CFG11 e 5.27E01 5.24E01
reformers) yer depletion (ODF ko i
Human toxicity kg 1,4DB eq 2.08E+07 1.87E+07
Photochemical oxidation kg CH, 5.50E+04 5.48E+04
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Provision 30: Classification and characterization

MCFC stack

100
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Abiotic depletion Acidification : Eutrophication . G!obal warming Ozone Iayer. Human toxicity Photochemical
(GWP100) depletion (ODP) oxidation

I anodic collector [ bipolar plates I cathodic collector [ fittings [ insulators I non repetitive parts [l cell

Analysing 1 p 'MCFC stack’;
Method: CML 2 baseline 2000 V2.05/ World, 1995 / Characterisation
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Provision 30: Classification and characterization

MCFC system

100
90
80
70

601

%

50

40

30

20 1

10

Abiotic depletion Acidification Eutrophication Global warming Ozone layer Human toxicity Photochemical
(GWP100) depletion (ODP) oxidation
[ cathodic recycle system [l connection devices B microturbine [ power conditioner [ pressurised vessel I reformer
I start-up electrical heater [l steam generator ] MCFC stack

Analysing 1 p 'MCFC system;
Method: CML 2 baseline 2000 V2.05/ World, 1995 / Characterisation

29.09.2011 Training Course, Bologna




( FC-Hy
J) Guide

Provision 30: Classification and characterization

Human toxicity (cut-off 2%)

1%

~ 16p 368E3p
|non repetitive cell
13.6% [4.62%
123 kg 513kg 149kg 368E3p
; primary, Platinum, primary, anode
at refinery/RU U at refinery/ZAU at refinery/ZA U
1% [14.4% 16.18% 13.06%
=& = e -
A R
EEEEEN I ! i
5.47E4 kg 1.1ME7 MJ 2.34E6 kg 8.98E6 kg 6.73E3 kg
Steel, electric, Electricity, Disposal, nickel Disposal, sulfidic anode
it | smetter slag, 0% tailings,
18/8, at plant/RER UCTE, at grid/UCTE| water, to residual off-site/GLO U
120.4% ! 3.83% 2.81% 123.9% 13.06%
1t
482E4 kg 1.2267 W) 1.52E4 kg
Ferronickel, 25% Electricity, high Nickel, 99.5%, at
Ni, at plant/GLO U voltage, i plant/GLO U
UCTE, at grid/UCTE|
3.38% |384% 6.22%
1.24ET MJ
Electricity,
production mix
UCTENCTE U
13.92%
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Provision 34 : Evaluation of results

U Completenessheck Evaluate LCI model completeness (process coverage):
A for comparative assertion, the coff shall always be met also by mass and energy;, in
addition to environmental impact
A the final achieved degree of completeness shall be reported. If the aimed at or necessal
completeness cannot be achieved, it shall be decided whether the scope or even the gc
needs to be revised or redefined.

U Sensitivitycheck identify the sensitiveamongthe significantissuesand analysethe sensitivity

of thesefor the overallresults
A evaluatethe sensitivityof the LCIAresultsto keyflows, procesparametersettings,etc.
A improverobustnes®f sensitivedata, parameter,assumptions
A reportfinal achievements

U Consistencycheck Especiallyfor comparative studies, check whether differencesin data
guality are consistentwith the goal and scope of the studies, check whether the impact
assessmenstepshave been consistentlyapplied and in line with goal and scope,evaluatethe
relevanceof anyinconsistencieglentifiedfor the resultsand documentthem.

U Uncertainty check perform uncertainty calculation of data/parameters accordingto the
available techniquesreportfinal achievements
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Provision 34 : Evaluation of results

Completenessheck

Thevalidity of results achieveddepends,first of all, on the degreeof completenessof
the study In the MCFCQOLCAstudy, all elementaryflows of quantitative relevanceto the
overall environmental impact of the system as well as the relevant steps of the
productionandfunctioningof a MCFGystemare included
U Thecut-off criteria adopted (2% canbe consideredmet and therefore the goal
andscopeof the presentstudyare accomplished
U Foregrounddata about the active componentsmanufacturingprocessestheir
assemblyinto a stack,the production of Balanceof Plantand the assemblyof
the systemitself, and finally its operation phaseare basedon data provided by
producercompanies
U Backgroundlataare gatheredfrom updateddatasetsrecommendedoy the Joint
ResearciCentreof the EuropeanCommissiorand commerciallyavailable
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Provision 34 : Evaluation of results

Completenessheck

Datamissing
U Some data regardingthe energy consumptionin the assemblyphase were not
accountedfor, due to a lack of primary data, and should be included in future
studiesin orderto achievea better levelof completeness
U Thedisposalphasewasnot evaluated,due to lack of enoughand reliable research

on FCdecommissioning
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Provision 34 : Evaluation of results

Sensitivitycheck

Sensitivitycheckaims at determiningthe robustnessof the resultsof a LCAstudy and
allowsto determinewhat level of accuracyis necessaryfor a flow to makethe analysed
system sufficiently useful and valid. Sensitivity analysis can also indicate which
input/output valuesare reasonableo usein the analysis Sensitivityanalysigs helpful in
makingdecisionor recommendationssinceit providesinformationsuchas

X how robustis the scenarioproposedin the face of different valuesof process

parameters
x underwhat circumstanceshe scenarioproposedwould change
x howthe optimal scenariochangesn different circumstances
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Provision 34 : Evaluation of results
Sensitivitycheck
CONTRIBUTI
ENSITIVITY
IMPACT CATEGORY IiARiMETER ON TO THE
IMPACT
Nickel 91.30%
Cell Acidificati :
© claication Secondarickel 2.25%
Electrlc;'glélrjrlficil:rlq_:/oltage, 29 50%
Stack(125KW,) Globalwarming _p : :
Electricity, medium voltage,
. ; 24.40%
average production EAJ

Palladium 30.10%

Syst 50KW O | depleti .
ystem ( e Z0neiayeraepietion Secondaryalladium 2.01%

Natural gas
. 94.10%
(Industry Data, SimaPro) ’

System + Naural Gas  Abiotic depletion Natural gas
4 99.70%

(Ecoinvent, average EY)
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Provision 34 : Evaluation of results

Consistencygheck

Assumptions,methods and data were double-checkedfor consistencythroughout
both the LCland LClAstudy.
C Inventorydataresultto be consistentin terms of time-related, geographical
andtechnologicalepresentativeness
C Massand energyflows have been double-checkedin relation to the size
and power of the system,with specialattention to the consistencyat the
different scales(singlecell, 125 kW stack,500 kW module and operation
overtime).
C Thedatausedin the different stepsandscalesareinternally consistent
C Theimpactassessmentesultsare consistentandin line with the goaland
scopeinitially defined
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Provision 34 : Evaluation of results

Uncertaintycheck

LCAdata are alwayscharacterizedoy a givenlevel of uncertaintythat dependson source
of dataand processingteps Uncertaintycanrefer to:

U Foregrounddata: primary datais related to the confidentialityof data provided
by the producer,to the accuracyin data collectionand processingr to the level
of processoptimizationappliedin the producercompany

U Backgrounddata: accuracyand updatingof the databaseusedandit cannotbe
easilycheckedby the analyst
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Provision 34 : Evaluation of results

Uncertaintycheck

In the MCFGstudy the main uncertaintyand its consequencesn resultswere addressedn our
studythrough Monte Carloanalysiswithin the SimaPr¢/.3 software

TheMonte Carloanalysiswvascarriedout with a confidenceinterval of 95% and a fixed number
of runs(1000.

Resultsappearrobust against
uncertainty and possible
errors. Finally,the assessmen
Is multi-level and detailed
enoughto be able to provide
an overview of the
iImprovement potentialities
based on technical and use
recommendations
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