
www.carbotech.ch

Plastic Waste in Water in Ecological Scarcity 2013
Development of an Eco-factor and its Relevance in 
Packaging LCA
Event
SETAC, Helsinki, 27 May 2019

Authors 
Thomas Kägi, Fredy Dinkel & Gavin Roberts (presenting author)
Carbotech AG, Basel, Switzerland
g.roberts@carbotech.ch
Page 1 | Eco-Factor Plastic Waste in Water | SETAC Helsinki | 27/05/2019



www.carbotech.ch
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Carbotech AG 
About Us
• More than 30 years of experience in environmental consulting
• About 30 specialists  in the field of environmental science, 

chemistry, physics, toxicology, biology and economics 
• Team of 9 members using LCA, amongst other methods
• Our clients are from the private sector, public authorities, 

international organisations and NGOs
• Advisory activity all over the world, but with focus on Switzerland 

and neighbouring countries.
• Independent, neutral and objective
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Introduction 
Plastic Waste into Water
• The problem:

• The concerns about plastic 
pollution are ever increasing

• There is no answer yet as to the 
extent of the damage

• There is no evaluation method in 
life cycle assessment (LCA) either
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Plastic bottle in a river near Bern, Switzerland
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For every environmental pressure, the eco-factor is defined as follows:  
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with:  
K = Characterization factor of a pollutant or a resource 
Flow = Load of a pollutant, quantity of a resource consumed or level of a characterized 

environmental pressure 
Fn = Normalization flow:  

Current annual flow with Switzerland as the system boundary 
F = Current flow: Current annual flow in the reference area 
Fk = Critical flow: Critical annual flow in the reference area 
c = Constant (1012/a) 
UBP = Eco-point: the unit of the assessed result 

Characterization factors are determined for pollutants and resources that can be allo-
cated to a specific environmental impact (e.g. global warming potential). Here, the 
effect of a certain pollutant (e.g. the global warming potential of methane) is placed in 
relation to the impact of a reference substance (carbon dioxide in this case). Section 4.4 
in Part 2 discusses the rules for applying the characterization. Characterization was 
already introduced in an earlier version of the ecological scarcity method (climate 
change, ozone depletion, acidification and primary energy). 

Normalization serves to adjust the scarcity situation (weighting) to the current emis-
sions/resource extractions in a region. ISO 14044 and the relevant SETAC publications 
(e.g. Udo de Haes 1996) also propose conducting normalization on the basis of the 
current flows in a region. 

Scarcity (weighting) is a dimensionless quantity determined exclusively by the ratio of 
current to critical flow, but not by the absolute values of these flows. Normalization 
adjusts (normalizes) the assessment to Swiss conditions. Therefore, normalization is 
performed on the basis of the annual pollutant emissions or resource extractions for 
all of Switzerland. 

The final weighting of pollutants, resources or characterized environmental impacts is 
performed on the basis of their “distance to target”, or “ecological scarcity”. For that 
purpose, the method usually uses the total present flows of an environmental pressure 
in Switzerland per year (current flows) and the maximum permissible flows of the 
same environmental pressure in Switzerland per year (critical flows) within the context 
of environmental policy goals. Depending on the way the specific environmental target 
or environmental legislation is formulated, either individual substances or (character-
ized) environmental impacts are considered. 

The ratio of current to critical flow is squared. The effect of this is that a major ex-
ceedence of the target value (critical flow) is weighted over-proportionately, and if the 

Characterization 

Normalization 

Weighting 

Approach 
Ecological Scarcity 2013
• LCA method developed by the Federal Office for the Environment in 

Switzerland
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Approach 
Ecological Scarcity 2013
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• Distance to target method

Critical flow: determined by environmental 
policies and targets

Current flow: annual flow of a substance
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Method 
Eco-Factor for Plastic in Water
• Current flow for Switzerland: 4 980 tonnes per year [1, 5, 7]

• Critical flow: 50 % reduction
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Method 
Eco-Factor for Plastic in Water

800 eco-points per g of plastic waste to water
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Method 
Eco-Factor for Plastic in Water
Eco-factors of selected emissions [3] Magnitude of 800 eco-points

• 5 km flight in Europe
• 6 ½ cups of coffee
• 0.8 l of beer

Page 9 | Eco-Factor Plastic Waste in Water | SETAC Helsinki | 27/05/2019

1 g eco-points

CO2 (to air) 0.46

NOx (to air) 39

Oil (emissions to the sea) 270

Phosphorus (as P to water) 890

Plastic (to soil with 
similar approach)

250

Copper (to soil) 14 000
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Results 
Plastic packaging
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Results 
Plastic packaging
• Assuming a loss-rate of 0.3 % for packaging, that ends up in water in 

Switzerland (source), the impact of plastic to water is in the same order of 
magnitude as the production, processing or disposal of the packaging.

• From the consumer’s point of view, the packaging is either disposed of 
correctly or it is thrown into the environment. In the latter case, this has a 
huge impact on the environmental footprint.

Page 11 | Eco-Factor Plastic Waste in Water | SETAC Helsinki | 27/05/2019



www.carbotech.ch

Results 
Single-use vs reusable synthetic cloth
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• 100 usage cycles in the health sector
• Every washing cycle generates 0.02 % of microplastic [4, 8]

Single-use

Reusable

Raw materials
Washing

Processing Energy
Microplastic

Transports
Disposal

Eco-points per 100 usage cycles (ecological scarcity 2013)
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Results 
Single-use vs reusable synthetic cloth
• Regarding microplastic pollution of cloth washing, plastic to water contributes 

substantially to the environmental footprint. However, the reusable cloth 
remains the better option than using single-use fabrics.
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Results 
Plastic vs packaging paper
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The two packaging materials have 
different weights, hence the 
functional unit of one m2.
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Results 
Plastic vs packaging paper
• Without considering plastic emissions to water, the plastic foil would appear 

to be the environmentally better option
• Taking these plastic emissions into account inverts the conclusion. Now the 

packaging paper is the environment friendlier option
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Conclusions 

Insights:
• Plastic to water shows a relevant contribution to the environmental footprint of plastic 

packaging and synthetic cloths using our eco-factor with the ecological scarcity 2013 
method

• For most comparisons this does not change the general conclusion. However, some 
comparisons might produce the opposite result with and without this plastic eco-factor

Remaining questions:
• On inventory level: amount of plastic waste to water along the process chain is not 

considered so far
• On impact level: The extent of the damage of (micro-)plastic in the environment is not 

yet considered / not relevant in the methodology of ecological scarcity method
• Generally: More research is needed on how much plastic gets released and where it 

ends up in the environment
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Thank you
for your attention!
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Gavin Roberts Carbotech AG
Project collaborator P.O. Box
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