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Presentation outline 

ÅBackground information on the case studies and the project 

ÅGuidance document applied to SOFC, MCFC, PEMFC: 

ïGoal and Scope of study 

ïLife Cycle Inventory Analysis 

ïLife Cycle Impact Assessment 

ï Interpretation of results 

ÅNext steps 
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The problem 

ÅThe Fuel Cells and Hydrogen Joint Undertaking (FCH-JU): 
ÅñSustainability is a key driver of the FCH JU activities and it is 

necessary to assess the new developments towards these goals. 
Life Cycle Assessment will therefore be applied throughout 
the FCH JU on a programme level.ò 

ÅHowever, the present main critics addressed to LCA are: 

ÅWeak comparability among different studies on the same 
product 

ÅComplexity of the method, which hampers its applicability in 
the industrial context.  



 Weak comparability 

ÅISO standards leave high degree of freedom to 
practitioners: subjectivity linked to some 
methodological choices (e.g. allocation, system 
boundary definition, modelling, etc.) 

ÅILCD Handbook (HB) addresses this question, 
providing guidance on all the LCA process, from the 
definition of the Decision Context, to specific 
requirements for review process 

ÅHowever, ILCD HB is necessarily still generic as it 
applies to all possible sectors, technologies, decision 
contexts, LCA applications 



Complexity 

ÅLCA is necessarily a complex method, as in a generic life cycle 

system many parameters can affect the final results 

ÅHowever, when a sufficient knowledge of a specific 

product/technology/system is available, the practitioner can focus 

her/his efforts on the real relevant aspects of the life cycle 

ÅThis is the only possible way to reduce the complexity of an LCA 

study, keeping a sufficient scientific robustness of the results 

(relevance of results) 



ILCD Handbook 

 



Third tier of harmonisation 

Guidance document 

for performing 

LCAs on 

Fuel Cell 

Technologies 

FC-Guide 

 

1st tier 

2nd tier 

3rd tier Specific guidance for a product 

group. 

General rules 

Provisions depending 

on the decision 

context and 

application 



Output 

Å Prepare and make available to the final user 
knowledge and a pre-elaborated set of information, 
ready to be used: 

ÅFC Guide (information and provisions) 

ÅTemplates: Data collection, Data documentation, Reporting 

Å Examples from case studies 

ÅTraining 

ÅTarget: technology developers, LCA practitioners 

Åñless and correctò 

 



How to use the information given in the 

Guidance Document 

CH4 H2 FC CAR Service 

Stack BoP + 



Other background information 

ÅStudies performed by FC experts, not directly involved in drafting the 

Guidance Document 

ÅñExercisesò: not always primary data from producers were available 

ÅStudies developed following an andvanced draft of the guidance 

document, not the final version 

ïTime constraints of the project: work in parallel 

ïComments from the open consultation included, but comments 

from review panel not yet included 

ïExemples not complete. In particular:  

Ådata quality aspects not included yet  

ÅLimitation in the interpretation phase 
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Presentation Structure 
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Introduction to FC technologies 

Provision 1 ð Product related information 

Shall ï Describe the FC system or stack. Information on the main 

properties  given by stating the FC standard being met. 

Shall ï If no standard is applicable: see table below 

Goal & scope LCI LCIA Interpretation Intro to FC tec 



Data collection template  
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Goal & scope LCI LCIA Interpretation Intro to FC tec 



Introduction to FC technologies: SOFC  
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Product information Value/description 

Trade name Hexis (stack) 

Type of electrolyte Solid Oxide 

Primary function Production of electricity and heat in domestic level 

Electrical power 1 kWel (stack), 2 kWel (system) 

Thermal power 4.7 kWth (system) 

Efficiency Electric: 25%; Thermal: 58,8% 

Rated voltage, Current N/A (Operational point: V=700mV, I= =.3 A/cm2 @82% 

utilization 

Operating temperature 800-950° C 

Weight (estimated)  100 kg (stack), 250 kg (system) 

Dimensions (system) 2.1*0.6*0.77 m 

Fuel used Natural gas. Specifications according to DIN 51857 

Expected service lifetime 40.000 h (stack operational target) 

Intended use Covering power and heat demand of a single family dwelling, 

in parallel to electric grid connection and a peak gas boiler 

Goal & scope LCI LCIA Interpretation Intro to FC tec 



Introduction to FC technologies: MCFC 
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Product information Value/description 

Trade name TWINSTACK® 

Type of electrolyte Molten carbonate salt mixture (Li2CO3 and K2CO3) 

Primary function Production of electricity and heat 

Electrical power 500 kW (system) 

Thermal power 300 kW  

Efficiency Electric: 25% 

Rated voltage, Current 700 V 

Operating temperature 650° C 

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

Dimensions (system) 11*5.5*19 m 

Fuel used Natural gas. LHV 3.45° 7 J/m3, sulphur content 35 mg/Nm3 

Expected service lifetime 40.000 h 

Intended use Electricity rpoduction 

Goal & scope LCI LCIA Interpretation Intro to FC tec 



System description 

Provision 3 ð Produt system description 

Shall ï Provide a general description of the FC life cycle, including the main 

components, the production processes and the use phase. To show the 

system under evaluation, a process flow diagram shall be included. 

Generally the description of the FC (stack or system) has to include 

information on: 

 -technology used 

 -year of construction 

 -type of production site (laboratory, pre-commercial, commercial scale) 

If the study evaluates only components or a part of the production chain, only 

these components/parts have to be described but the product system which 

they are part of shall be named.  
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Goal & scope LCI LCIA Interpretation Intro to FC tec 



System description: SOFC 

17 

Operating principles Cell configuration 

planar 

Goal & scope LCI LCIA Interpretation Intro to FC tec 



SOFC-based system 

18 

Goal & scope LCI LCIA Interpretation Intro to FC tec 



LCA studies: Goal definition 

ÅTest the FC Guidance document with full-scale real cases 

ïHelp carrying out the definition of relevant LCA features in order to make the 

FC Guidance Document more product-specific 

Å Identify which data are more critical for the final result of the study 

Åallocation,   

Åcut-off, 

Å impact categories, etc.  

ïCheck whether the provisions are clearly understandable by the target 

audience;  

ÅProvide examples to support future implementation of the FC 

Guidance  
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Goal & scope LCI LCIA Interpretation Intro to FC tec 



Goal & Scope definition: Intended application 
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Goal & scope LCI LCIA Interpretation Intro to FC tec 



LCA studies: goal and scope definition 
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Goal & scope LCI LCIA Interpretation Intro to FC tec 

MCFC SOFC PEMFC 

Scope 

Intended 

application 

Internal use 
Å Results will help FC producing companies optimizing the production and use steps by identifying the crucial 

parameters affecting the performance of the whole system 

External use 
ÅThe study contributes to develop step-by-step guidance for the applicastion of LCA to different types of FC 

technologies 

Method, 

assumptions and 

limitations 

 

Á CML update 2010 method 

Á low percentage of primary data 

Á waste created during the manufacturing phase were not considered 

Á recycling and energy recovery not included 

Átransportation of materials from the manufacturing plant to the fuel cell system manufacturing plant 

not considered  

ÁMachinery and plant buildings are negligible  

ÁData gaps: assumptions based on experience and use of data of similar products 

 

 

MCFC stack (125 kWel) 

MCFC system (4 stacks 

+ BoP, 500 kWel), 

including its operation for 

electricity production 

fueled by natural gas 

SOFC stack (1 kWel) 

SOFC system (2 stack 

s+ BoP, 2 kWel), 

including its operation for 

electricity production 

fueled by natural gas 

PEMFC system (1 stack 

s+ BoP, 1200 W), 

including its operation for 

electricity production 

fueled by hydrogen 



Target audience and decision context 

Target audience 

ÅUsers familiar with LCA but not necessarily expert 

ÅTechnicians dealing with technical and environmental decisions for 

full scale implementation of FC technology in the market 

ÅFCH JU project officers 

Decision context 

ÅSituation A micro level (negligible changes in the background system) 
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Goal & scope LCI LCIA Interpretation Intro to FC tec 



Short parenthesis: why situation B is not 

covered by the guidance document 

ÅFCs are complex systems, with a wide range of functions, depending 

on the specific applications (e.g., stationary, transport, portable) and 

a wide range of possible fuel production processes (e.g., hydrogen 

produced by water electrolysis can use electricity from any sources, 

MCFC have an integrated reforming process, etc.). 

ÅSituation A covers the scope of the FCH JU required applications.  
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Functional unit and reference flow 
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Goal & scope LCI LCIA Interpretation Intro to FC tec 

Provision 12 ð Functional unit (FU) 

FC stack 

Shall - The FU is the power capacity of the manufactured stack expressed in kW (energy if 

electricity is the only valuable product, exergy if both electricity and heat are valuable products; 

in this case the share of electricity and heat shall be declared).  

FC System   

Shall: The FU is the ñproduction of a certain amount of electricity and useful thermal energy in a 

given number of yearsò, expressed in MJex. The share of electricity and heat shall be declared. 

If the thermal output of the FC is not used, the FU is only the production of electricity, expressed 

in MJel.    

Shall: Choose a service life span consistent with the expected lifetime and taking into account 

the time the facility has already been running, adequately supported with experimental results 

and/or other  technical analysis. 

Should: Define the service life using a -10% of degradation of the FC performance. 

 

Provision 13 ð Reference flow 

Shall - The reference flow is the number of FC modules, stacks or whole systems, required to 

produce the amount of energy or exergy defined in the functional unit. 

 

 



Functional unit and reference flow 

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), estimated 

life time: 20 years 
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Goal & scope LCI LCIA Interpretation Intro to FC tec 

MCFC 

Stack: 1 MCFC stack (125 kWel) 

System: 4 stacks + BoP, 500 kWel, estimated lifetime of 20 years 

(80 GWel) 



System boundaries  
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Goal & scope LCI LCIA Interpretation Intro to FC tec 

Provision 16 ð System boundaries 

Should - The system boundaries of a LCA on a FC are defined according 

to the product system under assessment. In the case of a FC system a 

ñcradle to graveò approach is mostly applied. However a cradle to gate 

approach is used in the case of a FC stack, where the absence of the BoP 

makes it impossible to assess the use phase.  

End of life is optional and can be kept out of the boundaries of the study. 

However, it shall be described qualitatively.  

Shall - In both cases, the production of the fuel is not included.  

 

 



System boundaries - stack  
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Goal & scope LCI LCIA Interpretation Intro to FC tec 



System boundaries - system  
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Goal & scope LCI LCIA Interpretation Intro to FC tec 



FCs: system flow diagram 

Goal & scope LCI LCIA Interpretation Intro to FC tec 


