
Objectives: 

• Basic understanding of LCA

• Position yourself on a relevance/complexity chart

• Specific and appropriate tools and data sources
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1‘000 pkm Transport 

Source:  

Rolf Frischknecht 

What is the environmental impact of…? 



Often comparisons:  
what is better for the environment? 

Products  Services  



Biosphere 

Resources Emissions 

Resource extraction 

Manufacture 

Use 

Recycling /  

Disposal Transport 

Life cycle assessment (LCA) is the compilation and evaluation of the 

inputs and outputs and the potential environmental impacts of a product 

system throughout its life cycle 

Technosphere 



Elements according to 

EN ISO 14040, 1997 

Direct application: 

• Development and improv-  
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• strategic planning 

• political decision making 

• marketing 

• others 
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Goal and scope definition  
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Goal and scope: typical questions 

• Aim of the study? (e.g. product comparison?) 

• Functions of the system?  

• System boundaries (geographical, temporal, technological, etc.)? 

• Allocation approaches? 

• Assumptions? 

• Environmental indicators? 

• Target audience? (internal vs. external) 



Function, functional unit and reference flow 

• Function: what the system is supposed to deliver 

• Functional unit: unit and amount that the 
function is measured by 

Coffee 
beans 

Coffee 
beans 

90 g 120 g 

Function: hot beverage 
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System boundaries:  
“Cradle to gate”,  
“cradle to grave” and  
“gate to gate” 
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LCA Systematic procedure 
Proceeding to establish an LCA:  

ISO 14’040 and 14’044 



Up- and downstream processes  
Example “flying” 

Source: 

Rolf Frischknecht 



Example: Fossil Energy Demand of Biofuels 

Harvesting Sewing Processing Transport 
 100% savings of fossil energy sources ? 

Cultivation 

Seed 

Production 

Fertilizer 

Production 

Tractor 

Production 

Auxiliaries 

Production 

Truck 

Production 

Car 

Production 

Building of 

Fertilizer 

Plant 

Building of 

Tractor 

Plant 

Building of 

Chemical 

Plant 

 

Building of 

Truck 

Plant 

Building of 

Car 

Plant 

Setting up 

Seed 

Plantation 

Material flows 

Fossil Energy flows 

Source: Empa 



Background data: ecoinvent database 
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v2.2: ~4000 

inventories 

 

V3: ~11000 

inventories 

www.ecoinvent.org  

http://www.ecoinvent.org/


Production of several products within the same process 

 

Example: Chlor-Alkali-Electrolysis 

„Fair“ distribution of emissions and resource inputs to different products? 

2H2O + 2NaCl  2NaOH + Cl2 + H2 

Multi-Output Processes 



Allocation approaches 
 

 Distribution of emissions and resource inputs to 

different products 

 
Procedure according to ISO 14044:: 
 

1. A) Subdivisioning of processes 

     B) System expansion: Expansion of a system with additional 

functions in a way that all compared systems fulfill the same 

functions. 

2. Allocation according to physical or chemical relationships 

3. Allocation on the basis of other relationships: e.g. economic value 

ISO 14044, 2006 



Name Category Unit 
methanol, 

at plant 

methanol, 

at regional 

storage 

Oil, crude, in ground resource kg 0.0057 0.0191 

Gas, natural, in 

ground resource Nm3 0.93 0.932 

Carbon dioxide, 

fossil air kg 0.517 0.524 

Nitrogen oxides air kg 0.0008 0.0011 

Methanol air kg 0.00053 0.00103 

… … … … … 

Direct 

interpretation 

Impact 

assessment 

Result of the inventory analysis 

Sum of all biosphere flows 

(environmental interventions) 

throughout the product system 

Source: Stefanie Hellweg 
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Biosphäre 

Ressourcen Emissionen 

Ressourcen- 

aufbereitung 

Herstellung 

Gebrauch 

Entsorgung 
Transport 

Technosphäre 

How bad is 

this? 

How bad is 

this? 
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Biodiversity loss 

   Air pollution 

Water contamination 

Climate change 

Ressource depletion 

Soil degradation 

Ecotoxicity Human toxicity 

There are 

interconnections between 

environmental issues 

Range of environmental problems 

http://www.ikzm-d.de/abbildungen/60_Icebergsbig.jpg
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4. Aus- 

wertung 

1. Ziel und  

 Rahmen 

2. Sachbilanz 

3. Wirkungsbilanz 

Ergebnis der Sachbilanz Inventory 

 

 

Emission unit compart- amount per 

  ment FU 

 

CO2   kg air 0.5 

CH4   kg air  1.0 

N2O  kg air  0.01 

NOx  kg air  0.5 

PO4  kg water  0.5 

Cd2+   kg water 0.0001 

Fe  kg soil 0.5 

Cu  kg resource 3 

... 

 

Impact assessment 

 

Global Warming 

Emission    CF CO2–eq. 

CO2      1  0.5  

CH4    23                 23.0 

N2O       296  2.96 

Summe                        26.46 

 

 

Eutrophication PO4-eq. 

NOx   0.1 0.05 

PO4   1 0.5 

Sum   0.55 

 

Human toxicity 1,4 Dichlor- 

   benzol 

NOx   1.4 0.07 

Cd2+    23 0.0023 

Sum   0.0723 

Impact assessment 

Source: Stefanie Hellweg 

http://www.ethz.ch/
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http://www.ethz.ch/


Elements according to 

EN ISO 14040, 1997 

Direct application: 

• Development and improv-  

  ment of products 

• strategic planning 

• political decision taking 

• marketing 

• others 

Interpretation 

(ISO 14043) 

Goal and scope definition  

(ISO 14041) 

A 

D 

Systematic procedure 
Proceeding to establish an LCA according to ISO 14’040 

Inventory analysis 

(ISO 14041) 

Impact assessment 

(ISO 14042) 
C 

B 

Interpretation 

(ISO 14043) 

D 



Biodiesel 

Bioethanol 

Biogas 

Fossil 

Source: Empa 

Example: Fossil energy consumption of biofuels: 

30% reduction 

75% reduction 

Global warming potential 



Trade offs between environmental concerns 

Source: Zah et al. 2007 

Most biofuels show GHG 

benefits 

But: many show higher 

impacts in other 

categories 

 often trade-offs 

GHG 

EI’99 
petrol 



Main questions 

What are… 

• the results? 

• the uncertainties of the results? 

• the results most sensitive to? 

• the limitations of the study (e.g. what was not 
considered?)? 

• the conclusions and recommendations? 



LCA can be an iterative process 



Software 

Simapro: http://www.pre-sustainability.com/ 



Software 

GaBi: http://www.thinkstep.com/ 



Software 

OpenLCA: http://www.openlca.org/ 



Software 

Brightway2 Activity Browser: http://brightwaylca.org/ 



THANK YOU FOR YOUR ATTENTION 
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