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Reduce, Reuse, Recycle. What can LCA 
say about the 3R’s and their 
environmental relevance?

Olivier Talon
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Life Cycle Assessment (LCA)

in a nutshell
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LCA identifies all the life cycle steps of a system

raw materials 
extraction

product 
manufacturingtransport

use phase

end of life
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LCA quantifies flows exchanged between the system and the environment

raw materials

primary 
energy

land

air emissions

water 
emissions

soil 
emissions
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glyphosate

CO2

methane

HCl

LCA makes links between these flows and environmental indicators

ozone depletion

acidification

ecotoxicity

land use

eutrophication

human health

climate change

...
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LCA translates these flows into environmental indicators

0

25

50

75

100

Climate
change

Ozone
depletion

Smog Acidification Eutrophication Resources Land Cancer
toxicity

Water

PU benchmark Bio-NIPU

Results of the CO2Green project financed by 
Région Wallonne
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By allowing the comparison of the impacts of two systems, 

LCA makes it possible to evaluate the environmental 

relevance of a choice (between two products, between two 

ways of optimizing a process, etc.) by identifying potential 

impact shifts towards other life cycle steps or types of 

environmental damage. 
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Impact shift towards another indicator
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Reduce

Reuse

Recycle
A preference scale 

for waste hierarchy
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How many Rs must a scale contain before you call it a scale?

Photo: Ramin Bahrani

Refuse

Rethink

Repair

Refurbish

Rot

Return

RefillRemember

Respect
Reach out

Resist

Recover

Repurpose

Regift
Remove

Repeat

Up to 12 Rs in the 

same scale
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Different types of reduction

Reduce weight

Reduce volume

Reduce number of 
parts

Design for reuse

Reduce
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Different types of reuse

Reduce weight

Reduce volume

Reduce number of 
parts

Design for reuse

Reduce

Reuse waste / reuse 
packaging designed 

for multi-use?

Refill by consumer

Refill by producer

At home / on the go

Reuse
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Different types of recycling

Reduce weight

Reduce volume

Reduce number of 
parts

Design for reuse

Reduce

Reuse waste / reuse 
packaging designed 

for multi-use?

Refill by consumer

Refill by producer

At home / on the go

Reuse

Thermomechanical 
recycling

Chemical recycling

Thermochemical 
recycling

Composting (?)

Recycle
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Environmental relevance of the 

waste hierarchy for packaging 

–

Insights from literature
(figures are based on references, not directly copied from them)
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LCA vs. waste hierarchy – Biodegradable packaging case study

Functional unit: EoL treatment of 1 kg dry 

packaging material as disposed by consumer.

Waste hierarchy makes sense for this case 

(TPS) - unless you consider composting as a 

recycling process.
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Design for reuse vs. design for recycling – Blush case study

Mass reduction does not 

result in impact decrease.

DfRe effect depends on 

effective recycling rate.
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Refillable bottles for water – waste reduction vs. climate impact

Important parameters:

- number of refills

- distance bottling plant / retail
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Reuse scenario enables 

significant reduction of impacts.

Reusable packaging for food delivery service
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Reusable packaging for food delivery service

Reuse scenario enables 

significant reduction of impacts.

Impact of reuse dominated by 

washing steps.

Room for improvement (by 

enhancing recycling rate or 

recycled content) is higher for 

single use scenario.
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Break-even point
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Waste hierarchy vs. impacts: energy recovery vs. landfill

Waste hierarchy may not be always 

environmentally relevant. 

Here, landfilling appears better than 

energy recovery for plastics.

Each case should be analysed beyond 

general a priori.
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Recycling vs. recycling

different recycling loops

=

different processes

= 

different impacts
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Recycling vs. recycling

All recycling processes do not have the 

same impacts, some may not be much 

better than energy recovery.

Hierarchy is case dependent, but a general 

trend can be “the longer the loop, the 

higher the impacts”.
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Conclusions
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• The waste hierarchy seems mostly environmentally relevant, 

but there may be exceptions

• Reduction of waste by reuse strategy does not always mean 

reduction of environmental impacts, mostly because of 

cleaning steps

• Each case is specific, LCA can help identifying hotspots and 

avoiding wrong decisions

• Other R’s (Rethink, Refuse…) may have a stronger impact 

than the best Reduce or Reuse scenarios… 
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Recent open letter

https://lnkd.in/eSh3fe5w
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Reduce, Reuse, Recycle. What can LCA 
say about the 3R’s and their 
environmental relevance?

Olivier Talon
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