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Context
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Source = S. Valdivia



"Sustainable development" concept
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▶ 1987 – United Nations World Commission on Environment and 
Development (Montreal)  - "Brundtland report"

▶ 2015 : UN summit (USA)

https://macaulay.cuny.edu/eportfolios/akurry
/2011/12/21/sustainable-development/

https://cifal-flanders.org/focus/sustainable-development-goals/



Context
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► Environmental considerations  essential!

► Increasing demand from consumers

« I choose environmental-
friendly products » 31% of consumers would like to buy a 

product depending on the environmental
performance

16,6% 2 years before (2004)



Context
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► Environmental considerations  essential!

► Political focus



Environmental management

► Environmental considerations essential!
► Companies, public services, ...

► Research programmes

9

Objective 
characterisation tool!
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Objectivising environmental impact

Eco-Conception : Principes et outils, J.-B. Puyou, 
5ème rencontres des Eco-industries, Niort,
25-26 novembre 2009.
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History
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UNEP (PNUE) = United Nations Environment Programme
Programme des Nations Unies pour l’Environnement au service du développement

SETAC = The Society of Environmental Toxicology and Chemistry



Life cycle assessment (LCA)
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Life cycle assessment – ISO 14040/44:2006
▶ environmental aspects & 

potential environmental impacts

▶ throughout a product life cycle

https://www.totem-building.be



Carbon footprint   LCA
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What is LCA?

https://ecochain.com/knowledge/life-cycle-assessment-lca-guide/
https://www.researchgate.net/figure/Stages-of-products-life-cycle-4_fig1_312073799

Method

IPCC

4. Interprétation

Identification

Verification

Explanation

Conclusions & Recommandations
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Different levels of details for LCA

► Life cycle thinking = qualitative discussion

► Answers with no number

► Quick study to identify important steps

► Simplified LCA

► Study based on the global life cycle but using generic data for some

points (example: generic data for transport or energy)

► Environmental impacts quantification 

16



Different levels of details for LCA

► Detailed LCA

► Detailed inventory and specific data use 

► Iterative definition of the scope 

► Consideration of all important impacts 

► Full and long study

17



Life Cycle Assessment: why?
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Marketing

•Product or service 
comparative assessment

•Promotion of the most eco-
efficient solutions (impacts on 
environment + costs)

Strategy

• Identification of potential 
environmental impacts due to 
a product

• Investment decision support

R & D products/processes

•Early identification of 
problems/opportunities

•Help in project choice

•Help in objectives definition

Policy

•Better information to leaders, 
authorities, consumers, etc. 
(regulation/ecolabel/…)

•Comparative assessments

Internal

External
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► Diagnostic: what is
► Picture of environmental impacts
►  Environmental  communication

► Ecodesign: what will be
► New product (from scratch)
► Improvement

► Identify the areas where environmental 
impacts are most significant 
► human health, climate change, etc. 

► Rank the life cycle stages according to 
their environmental impact

► Identify the "guilty parties"

Objectives of an LCA



Life Cycle Assessment: limits
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► LCA = decision support tool

 decision tool
► LCA: environmental impacts only

► Other aspects: economic (→ LCC), social (→ SLCA), operational, ... 

► The results depend on the model and input data

 Need for transparency of studies 
(inventories, models, hypotheses, ...)
► to understand the results

► to compare studies

► Validation by an objective external viewpoint 
→ critical review (by experts)



Agenda
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Four stages of an LCA study

► ISO 14040 – 14044:2006 standards

Goal and Scope definition

Life Cycle Inventory (LCI)

Life Cycle Impact Assessment 
(LCIA)

Interpretation
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Four stages of an LCA study

► An iterative process

23



Four stages of an LCA study

► ISO 14040 – 14044:2006 standards

Goal and Scope definition 

Life Cycle Inventory (LCI)

Life Cycle Impact Assessment 
(LCIA)

Interpretation
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1. Goal(s)

► Application/reason of the study Why?

► Week point analyze

► Ecodesign

► Comparison

► Etc.

► Target audience Who?

► Internally? For customers? For government? Publication?

25



1. Goal(s)

► Partner
► Who are the concerned stakeholders?

► Where the information will come from?

► Critical review?

► Results depend on the goal of the study
► Country

► Current or future technology

► Target audience

 Results can rarely be extrapolated!

26



1. Scope

► Functional unit (FU) = performance characteristic

► Example: 

► Mobile phone : to communicate

► Painting: to cover an area

Reference flow

► Boundaries

► Which step are included and why?

► (Impact categories selection)

► Criteria to include inputs and outputs

Objectives

27



Functional unit

► Comparaison:

► Comparison: systems of the same function!

► Different functions are possible for a same product

► Mobile – to look smart, to go on the internet, to play, videos, photos, etc. 

► Painting – to protect, to be nice, etc.  

► Soap – ……………………………………..

► If the second function differs, pay attention to the validity of the 
comparison!  

28



Functional unit

► Functional unit 

► What: Which function/service is given by the product?

► How much: What is the needed amount of the required product to 

fill the function? 

► How long: What is the lifetime of the function? 

► How:  What is the expected level of quality? 

29



Functional unit

► Functional unit (FU)
► Value quantifying the system function which is the basis to compare 

scenarios 

► Should not be the real capacity

► Mobile phone

– What: communication 

– How much? 1000 h

► Painting 

– What: cover on area

– How much? 10 m²

– How long? 10 years

– How: stay nice

► Soap – …………………………..

► Cobbles: cover an alley

30



Functional unit

► If a component is studied, the functional unit is relative to 
the general function
► Example: phone battery

► FU = batteries numbers to perform 1000 hours of communication

31



Reference flows

► Quantity of needed products to fill the function for the 
defined FU 

► What is bought to perform the function
► Mobile phone – 1 phone, electricity to charge

► Painting – painting and brushes to paint 1 m² area 

► Soap – ………………………………………………………….

► Lifetime and reuse are taken into account
► If the lifetime of the mobile is about 500 hours, 2 phones will be

needed to fill the funtional unit

► Lifetime, numbers of reuse = key parameters

32



Example: scope

Product Painting A Painting B

Function

Functional unit 

Reference flows

• Cover a wall

• Protection

To cover a wall of 10 m²

1,5 L 2,1 L

33



1. Wrap up

► Goals = study objectives, target audience and applications 

► Scope of the study: functional unit, reference flow and 
system boundaries 
► Functional unit

► ≠ unit!

► What?

► How much?

► How long?

► How?

► Reference flows

► Quantity of needed products to fill the function for the defined
FU 

34



1. Goal and Scope

Goal

► LCA of  flat cobblestones
(Platines) (for a B-EPD)
= "pavé platine" (PP)

► Cobblestone: 15 x 15 x 8.5 cm

► Quarry of the Grès du Bois 
d'Anthisnes (GBA) (Poulseur)

35



1. Goal and Scope

Scope

► Functional unit (FU): To cover 1 m² with flat cobblestones
(15 x 15 x 8.5 cm), without installation
1 FU = 196 kg of cobblestones

► Boundaries: cradle to gate + End of life
(A1-A3 ; C1-C4 ; D)
Modules non declared: A4-A5 (intallation), B1-B7 (use)

► Reference service life: 60 ans (mandatory!)
→ several hundred years, reuse 6 x

► Suggested installation but not included: on stabilised
sand, with cement joints (1 cm wide)

36



Four stages of an LCA study

► ISO 14040 – 14044:2006 standards

Goal and Scope definition

Life Cycle Inventory (LCI)

Life Cycle Impact Assessment 
(LCIA)

Interpretation

37



► Quantification of flows →Mass and Energy balances

2. Inventory 

38

Raw 
materials

Product(s)

Resources

Energy

Emissions
Air
Water
Soil

Elementary 
process

Identify included processes

Allocations
mass or economic (m x €) 
(energy)

nature, origin

water, natural resources

electricity (kWh) (mix, voltage), 
gas (m³, MJ), diesel (L, MJ), ...

annual quantities
coproducts

direct emissions



2. Inventory

39



► What is needed 

► Accurate description of processes 

► Collection of available data

► Technical data, simulation, …

► Definition and justification of calculation assumptions

2. Inventory

40



► Types of data
► Activity factors 

(transport distance, kg of cardboard, electricity consumption, …)

► Emissions factors
(emissions of GHG or PM2.5 per kWhe, per km, per activity, …)

► Data sources
► Primary data: collected directly on site

► Secondary data: from generic databases (Ecoinvent, GaBi, national 
databases, industrial sector, Agribalyse, Agri-Footprint, …) 

► Specific data: THE modelled process

► Generic data: data from a similar process 
(from Universities, research centers, literature, ...)

► Importance of data quality (verifications, ...)

2. Inventory

41



► Inventory distribution

► Overall emissions and consumptions quantities by functional unit 

► How to divide them if process leads to several products? 

► Allocation rules 

Data inventory

42



► Inventory distribution 
► Some processes lead to several products 

► NaCl electrolysis

Allocations

43



Inventory distribution 

► Some processes lead to several products

► NaCl electrolysis → NaOH, Cl2 and H2

► During an electrolysis, there is an emission of X g of CO2. 

Which product should take this impact? 

► Environmental load to divide between products 

► Need of allocation rules:
► Mass allocation

► Economic allocation: mass x market price 
(cf. main product  co- or sub-product)

► (Energy allocation)

Allocations

44



► To avoid allocation by dividing elementary process in several 
sub-processes (not always possible)

figures from: Life Cycle Assessment: Quantitative Approaches for Decisions That Matter – lcatextbook.com

Allocations

45



► Recycling of waste → secondary material or energy production

► Who gets the benefits?  allocation of the recycling of waste

► Definition of system boundaries

► The producer gets the benefits

► System expansion (extention) approach or avoided burden

Allocations – End of life and "waste"

46

avoided burden

image: Quantis



► The user gets the benefit

► Cut-off approach: waste is "free" (not its processing or 
transport)

► 50/50 between producer and user (PEF)

Allocations – End of life and "waste"

47

"processing" of waste

image: Quantis



Allocation: wheat cultivation

Allocations (Mass, Economic, etc) 

48An introduction to Agri-footprint 3.0 and OpenLCA of Blonk Consultats and GreenDelta, 2017 
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2. Inventory – PP: A1-A3: Production

► Several products with  values

► Allocation of impacts?

► Physical (mass)  economis (revenues)

► Weighting : 
mass (kg) x selling price (€/kg)

► → Economic allocation: € PP / € total



50

2. Inventory – PP: A1-A3: Production

► Likewise for End of life  (EoL) (dismantling→ reuse, recycling) (C, D)

► End of life: 

► 85% cobblestones reused

► 15% crushed→ natural aggregates (with 5% losses) (→ concrete)



2. Inventory

► Ecoinvent database

► Example of insulation materials

51



► Balance of inputs (consumptions) and outputs (emissions) 

► List of emissions in the air, in the water, in the soil and 
resources use 

► Only an inventory, not yet environmental impacts 

► Mass Balance!

► Allows a first interpretation 

► Gestion of boundaries (limits, allocations)

► Different units  difficulty of comparison

Evaluation of impacts

2.Inventory: wrap up 

52



Four stages of an LCA study

► Defined by ISO 14040 – 14044 standards

Goal and Scope definition

Life Cycle Inventory (LCI)

Life Cycle Impact Assessment 
(LCIA)

Interpretation

53



3. Impact assessment 

► To assess environmental impacts related to data inventory 

► To express environmental impacts in an understandable 
way 

► Goal and scope guide the used methods and the choice of 
studied impacts 

► Mandatory and optional items are given by ISO 1404X 
standards 

54



3. Impact assessment: tools

Software 

and database(s)

► GaBi: Thinkstep (DE)
► proprietary database + Ecoinvent (CH) + ...

► SimaPro: PRé Sustainabillity (NL)
► Ecoinvent (CH) + ...

► OpenLCA: open source, free
► Ecoinvent (CH) + ...

55



3. Impact assessment

► 6 steps

► Mandatory

► Impact categories

► Classification

► Characterisation

► Optional

► Normalisation

► Grouping

► Weighting

56



3. Impact assessment: categories

http://lct.jrc.ec.europa.eu/assessment

57



3. Impact assessment: categories
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Depending on the magnitude/scale

► World

► Continent (< 1000 km)



3. Impact assessment: categories
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Depending on the magnitude/scale

► Region (< 100 km)

► Local (< 5 km)



Impact assessment 

► 6 steps:

► Mandatory
► Impact categories, indicators and methods selection

► Classification

► Characterization

► Optional
► Normalization

► Grouping

► Weighting

60



3. Impact assessment: classification

Preliminary step

► Inventary Input and Output flows
(substance/energy consumed or emitted, produced)

► "Breakdown"  "list" of everything that goes in/out in 
elementary flows & affectation to impact categories

► Use of databases (generic records)

61



3. Impact assessment: classification

► Goal = to class inventory results in impact categories

► No influence of the user in this step

62

GHG
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64
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3. Impact assessment

► 6 steps

► Mandatory

► Impact categories

► Classification

► Characterisation

► Optional

► Normalisation

► Grouping

► Weighting

66



3. Impact assessment: characterisation

► Aim = To express the different pollutants of a same category 
in equivalent amount of a same pollutant

► Impact indicator =
Inventory data x  Characterisation Factor (CF)

► Characterisation Factors (CF): depend on the models
(No CF = no impact!)

67

CH4

CO2

N2O 

(GHG) 

Climate change kg eq. CO2/UF

kg CO2/UF
kg CH4/UF
kg N2O/UF

Characterisation factor → GIEC/IPCC 2013

x 1
x 28
x 265



3. Impact assessment: characterisation
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GWP = Global Warming Potential
AP = Acidification Potential
EP = Eutrophication Potential



3. Impact assessment: characterisation

► Method = set of specific models for each impact category

► No unique reference method for impact assessment 

► Depends on the willing goal and method characteristics

► ISO standard allows scientifically recognized methods 

► Examples 
► CML-IA (EN15804+A2:2019)

► ReCiPe 2008/2016

► ILCD 2011

► Impact 2002+ ; ImpactWold+

► Eco-Indicator 99

► Models: different level of maturity
 JRC

69



LCA standards

► LCA standards: ISO 14040 et 14044

► ISO 14040:2006  Principles and framework

► ISO 14044:2006  Requirements and guidelines

► Defines the 4 steps of an LCA

► Lot of freedom degrees

► Defines the critical review

70



LCA standards

► JRC = Joint Research Centre
The European Commission's science and knowledge service which 
employs scientists to carry out research in order to provide independent 
scientific advice and support to EU policy.
https://ec.europa.eu/jrc/en

► EPLCA = European Platform on Life Cycle Assessment
The EU's knowledge base that responds to business and policy needs for 
social and environmental assessments of supply chains and end-of-life 
waste management, otherwise known as life cycle assessments.
https://eplca.jrc.ec.europa.eu/index.html

71



LCA standards

► EPLCA  ILCD International Life Cycle Data system
► Guidance and standards for greater consistency and quality 

assurance

► ILCD handbook(s)

72
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Impact assessment methods: diversity

74
Dong, Yahong & Hossain, Md & Hongyang, Li & Liu, Peng. (2021). Developing Conversion Factors of LCIA Methods for Comparison of LCA Results in the Construction 
Sector. Sustainability. 13. 9016. 10.3390/su13169016. 
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Three types of labels

78
http://stockage.univ-valenciennes.fr/MenetACVBAT20120704/acvbat/chap05/co/ch05_010_acv_2.html

ISO 14024 – Type 1 ISO 14021 – Type 2 ISO 14025 – Type 3

Ecolabel Self declaration
Environmental

declaration
Ecoprofile

Criteria fixed by a
competent agency

Fast, partial 
(mono criteria)

Complex and complete

Multi steps
Multi criteria

LCA not mandatory

One or two criteria
One step (end of life, …)

LCA = mandatory



Three types of labels
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http://stockage.univ-valenciennes.fr/MenetACVBAT20120704/acvbat/chap05/co/ch05_010_acv_2.html

ISO 14024 – Type 1 ISO 14021 – Type 2 ISO 14025 – Type 3

Ecolabel Self declaration
Environmental

declaration
Ecoprofile

Criteria fixed by a
competent agency

Fast, partial 
(mono criteria)

Complex and complete

Multi steps
Multi criteria

LCA not mandatory

One or two criteria
One step (end of life, …)

LCA = mandatory



Three types of labels
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http://stockage.univ-valenciennes.fr/MenetACVBAT20120704/acvbat/chap05/co/ch05_010_acv_2.html

ISO 14024 – Type 1 ISO 14021 – Type 2 ISO 14025 – Type 3

Ecolabel Self declaration
Environmental

declaration
Ecoprofile

Criteria fixed by a
competent agency

Fast, partial 
(mono criteria)

Complex and complete

Multi steps
Multi criteria

LCA not mandatory

One or two criteria
One step (end of life, …)

LCA = mandatory
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EPD – Type III (Environmental Product Declaration)



Allocation rules

► EN15804+A2:2019

► "Cut-off"

► Recycled = "free"

► BUT recycling at the EoL

► Module D → cobbles reused and recycled at their EoL

CIRAIG 82



3. Impact assessment

► 6 steps

► Mandatory

► Impact categories

► Classification

► Characterisation

► Optional

► Normalisation

► Grouping

► Weighting

83



► Goal = to express results comparing to a reference 

► Reference 
► Impact category results for all activities of a region

per inhabitant during one year 

► Allows to measure the relative magnitude of environmental 
impacts (ranking)

3. Impact assessment: normalisation

84JRC Technical Report - Normalisation method and data for  Environmental Footprints



3. Impact assessment

► 6 steps

► Mandatory

► Impact categories

► Classification

► Characterisation

► Optional

► Normalisation

► Grouping

► Weighting
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3. Impact assessment: grouping

► Goal = Classify categories in general category 

► Depends on methods

► Carcinogens substances, summer smog, etc. → Human health 

► Fossil fuels resources, mineral resources → Resources 
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3. Impact assessment

► 6 steps

► Mandatory

► Impact categories

► Classification

► Characterisation

► Optional

► Normalisation

► Grouping

► Weighting

87



► Forbidden item by the ISO standards when results are used
for a publicy comparison

► BUT... evolution and used by TOTEM and PEF  (EF 3.0)
(cf. standardisation by JRC)

► Based on value choices

► Subjectivity!

► Obtention of a single score

88

3. Impact assessment: weighting

High score  important environmental impact



3. Grouping/Weighting: MP & EP

89
https://www.researchgate.net/figure/List-of-impact-categories-for-characterization-at-midpoint-and-endpoint-level-5_fig2_326418521
Eggermont, D. (2013). Méthodes d ’ analyse environnementale - Analyse de cycle de vie , Bilan CO2 , Empreinte, 30. 

Single 

score

Disability Adjusted Life Years

Potentially Disappeared
Fraction

Level of characterisation

Scientific robustness



3. Impact assessment: wrap up
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Four stages of an LCA study

► Defined by ISO 14040 – 14044 standards

Goal and Scope definition

Life Cycle Inventory (LCI)

Life Cycle Impact Assessment 
(LCIA)

Interpretation

91



4. Results interpretation

► Identification of significant results
→ ranking of categories, steps, key 
consumptions and/or emissions, ...

► Hotspots

► Verification: identification of potential issues 
► Check completeness, sensitivity and consistency for theses issues

► Limitations explanation
► Transparency, hypotheses, ...

► Conclusions and recommendations

► Expertise required!

92



3. Evaluation - 4. Interpretation
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FU = 1 m² of cobbles - Characterisation – EN15804+A2:2019
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3. Evaluation - 4. Interpretation
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FU = 1 m² of cobbles - Normalisation – EN15804+A2:2019/EF 3.0
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3. Evaluation - 4. Interpretation
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FU = 1 m² of cobbles - Characterisation – EN15804+A2:2019
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3. Evaluation - 4. Interpretation
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FU = 1 m² of cobbles - Characterisation Production A3 – EN15804+A2:2019
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Conclusions – Sandstone cobbles

100

► Most impacting step: production of the cobbles (A1-A3)

► Most impacted categories

► Resource use - fossils (RU-F)

► Particulate matters (PM)

► Photochemical ozone formation (POF)

► Climate change (CC - GWP)

► A3: electricity (sawing) & diesel (quarry work, sawing)

 Renewable electricity / on site production

► D: important benefit thanks to the reuse (85%) and recycling
(as natural aggregates) of the cobbles



Discussion – Sandstone cobbles

101

► Transport (to client)? (A4)

► Default value for B-EPD
► Lorry  GWP = 2.52 kg CO2 eq/FU

► Inde (Rajastan) : concurrent ( NB : quality?)
► Lorry/Container ship/ (~ 740/11 500 km)

/ Lorry 
 GWP = 42.25 kg CO2 eq/FU

► + Electricity mix!
Belgium : 0.248 kg CO2 eq/kWh 
Inde (Eastern) : 1.83 kg CO2 eq/kWh / Inde (Western) : 1.63 kg CO2 eq/kWh



DNSH

► = Do Not Significant Harm

► EU (green) taxonomy
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Reversibility
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Circularity index

104https://www.oneclicklca.com/fr/construction/building-circularity/
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Electricity mix 2019

EN15804+A2:2019
Uranium = Ressource use, fossils

ReCiPe (2016)
Uranium = Mineral resource scarcity
(Fossiles = "C fossile" only)

SPF Économie – Energy key data, juillet 2020



Influence of grid mix (2014, EI 3.4)
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Source (%) Belgium France China(Beijin) Germany

Coal 3.7 1.7 93.4 19.4

Lignite 27.5

Hydraulic 2.7 13.1 3.0 5.0

Natural gas 16.1 0.6 2.3 1.7

Nuclear 56.3 80.3 0.0 18.2

Oil 0.1 0.1 0.2

Wind 8.1 3.1 1.2 11.3

Cogen Biogas 0.5 0.1 6.2

Cogen Natural gas 10.0 0.9 5.6

Cogen Coal 2.4

Cogen Lignite 0.8

Cogen Wood 2.6 0.1 1.5

Blast furnace gas 0.1

Fossil fuel Renewable
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► Characterisation / Midpoint
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Undisplayed:
Agricultural land occupation [m²a]
Urban land occupqtion [m²a]
Natural land transformation [m²]
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► Characterisation by impact category / Endpoint
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DALY : Disability Adjusted Life Years
One DALY = one lost year of "healthy" life
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Grid mix (2014) – ReCiPe 2008

► Characterisation by damage category / Endpoint

[DALY] [Species.yr] [$]
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Grid mix (2014) – ReCiPe 2008

► Single score by damage category / Endpoint
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► Single score by impact category/ Endpoint
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Grid mix (2014) – ReCiPe 2008
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Agenda
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► Context

► What is Life cycle assessment (LCA)?

► How to make an LCA?
+ example(s)

► Environmental communication

► Conclusion



Conclusion

LCA helps to answer the questions

► What is the impact of my product on environment?

► Which steps are the most impacting? 

► Which are the key parameters?

► What are the limits of the study?

► Where and how can I act to improve my product/process to 
reduce its impacts?

► What are the expected results?
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Conclusion

► LCA = tool for determining the environmental impacts of a 
product (service, process)
► Framed by standards (ISO, EN)

► Scientifically based (models, JRC)

► As objective as possible (transparency requirement, specific 
standards - PCR)

► To be handled with care
► Complexity of end of life management / recycling

► Choice of allocations / attributions

 Transparency in assumptions and choices made (models, data, ...)

 Validation by external experts

► Requires good data and databases
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Limits of LCA

► Impact  Characterization factor (CF)
(for a substance in inventory)

► No CF  no impact!

► Not in database and/or not in inventory  no impact!

 Importance of collaboration and data sharing with
(technical) partners in a project
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Limits of LCA

► Model: responsability of developpers

► Inventory: responsability of practitioners

► LCA: fairly "young" science-based discipline

► In development

► Need of standardisation

► International conferences, working groups, JRC, 
CEN/TC,  ...
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Conclusion
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Take home message

Life cycle assessment (LCA) is ...

► A complex tool but

► Quantitative & Objective 

► Multi-criteria (including climate change)

► Multi-stage

► Decision support tool   decision tool

► A tool for Improvement - what is –
and Ecodesign - what will be ...



120

« We do not inherit the earth from

our fathers, we are borrowing it

from our children… »

Antoine de Saint-Exupéry
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