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1 Introduction

This work builds on earlier work byCiroth & Kuoame (2019)that aimed to support the modelling
of plastic litter in life cycle inventories. Plastic pollution is a globally identified problem currently
receiving much attention, yet it is still overlooked when performing life cycle analysis (LCA). The
idea presented by Ciroth & Kuoame is that the plastic litter of a certain (unit) process is
calculated bymultiplying the total amount of expected plastic inflow to that process (by adding
the plastic content of flows entering that process) with the littering probability (th e expected
amount of litter) of that process, see equationbelow.

- PL= plastic litter from process j [kg]
- PBiter = expected probability of litter from process j[%]
- PG=plastic content of flow i [kg]

- n=number of incoming flows for process j

The aim of this work is to create an extension of the ecoinvent database to be able to perform
this calculation, i.e. add a new feature to the database to make this calculation possible. This
includes to make an estimation of the plastic content of all flows as well as making estimations
for the weight of flows in cases where the flow is not expressed in mass to be able to convert the
unit to mass. It also includes estimating the littering probability of all processes. Important to
keep in mind is that these are initial and rough estimations. Since the database contains over
3000 flows and more than 20 000 processes, they are estimated in groups. The content and
probability are estimated according to classes further describedn section 2, GAssumptions and
extension of the database . Hence, the resulting output should not be taken as an accurate
number, but rather be used to evaluate potential internal relationships (i.e. what flows imply a
potentially high vs. low risk to create plastic pollution?) and hotspot analysis. This is also an
initial attempt to test a calculation method that could be further refined to give more accurate

results.



2 Assumptions and extension of the database

Both plastic content of flows and the littering probability of processes were defined according to

pre-defined classes.

For all flows, the plastic content is estimated as weight% of that flow. Flows are evaluated as

groups, e.g. all flows within the category
are assumed to have 0% plastic content, and are not evaluad individually. All flows within
the category ©2013: Manufacture of plastics

assumed to have a 100% plastic content. The plastic content of flows is in general grouped as:

1 all plastic 100%(example: primary plastic flows, e.g. polyethylene)

1 very high 95% (example: plastic products, waste plastics)

T high 50% (example: paints)

1 medium 10%(example: vehicles)

7 low 0.1%(example: fibreboards, soap$

1 verylow 0.0001% (example: most waste flows with no obvious plastic content)
1 none 0% (example: metals, electricity)

In some exception cases, these classes are not used, e.g. when the plastic content could be
generalized by another source. For example, the plastic conteref computer, electronic and
optical productswas assumed to be 20%, based on the plastic content of@aste (Sahajwalla
& Gaikwad, 2018) The contents of flows in group A: Agriculture, forestry and fishing were
estimated based on work byRichardson, Hardesty, & Wilcox (2019nd the report Sowing a
plastic planet - how microplastics in agrochemicals are affecting our soils, our food and our
future by Carlini & Drugmand (2022)

For all processes, the plastic littepotential is estimated according to the samesystem and
refers to the expected littered amount. Processes are also categorized as open (the pollution is
directly released to the environment. e.g. tyre wear) or closed (the litter is kept within another
system, such as inside an airplane), and based on what typs release it is; use, unforeseen

disposal or accidental.

For all flows with another flow property than mass, the mass per unit is estimated. This is done

in a similar way as the plastic content, i.e. in classes, for most flows. Most flows thdt a v e n
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got mass as a property has ©number of iitem(s) -,

classes accordingo the following list:

1 very large > 100 000 000 kg, all objects in this category have the weight 5 000 000
000 (example: airport or reservoir for hydropower plant)

1 large > 1 000 000 kg, = 50 000 000 kg(example: factories or smaller
infrastructures, e.g. mining infrastructures)

 medium > 10 000 kg, = 500 000 kg(example: most buildings, airplanes, ship3

7 small > 100 kg, = 5000 kgexample: vehicles and largermachines)
very small <100 kg, = 50 kgexample: domestic goods and everything smaller than
that)

For other units (e.g. area, length or volume), the weight/unit was either defined in the
description of the processes producing the flow and could be used directly, or the weightlass
was estimated according to the list above. Hence, some numbers are veexact while others
are more general.

3 Implementation and examples

Potential plastic litter is added to the database as a new exchange, i.e. as a new elementary
output flow from all processes of concern (where the plastic litter > 0). It then appears as an
output flow in openLCA, seeFigurel.

Lea [m]

|
&) hake, capture by long liner and landing whole, fresh | demersal fish, fr.. % =8\
5) Inputs/Outputs: hake, capture by long liner and landing whole, fresh | demersal fish, fresh | APOS, U - RER o
1
* Inputs © % w |
Flow Category Amount Unit Costs/Reven.. Uncertainty  Avoided wa.. Provider Data quality.. Location Description
& diesel, burned in fishing v.. 031:Fishing/0311:Marine fis. 5564842 = M) lognormal: ... &) marketfo.. (41,5%1) Combustion...
@ Fish, demersal, in ocean Resource/biotic 1.00842 = kg lognormal: ... 36511 Demersal fis.
% landed anchovy, fresh 031:Fishing/0311:Marine fis, 041082 = kg lognormal: ... &) market fo.. ( %33 Baitused in ...
1 long liner maintenance, s.. 031:Fishing/0311:Marine fis... 0.01404 = kg lognormal: ... &l long liner.. (31,5 22) Amount of L.
@ long liner, steel 031:Fishing/0311:Marine fis... 0.01404 = kg lognormal: ... o] marketfo.. (3:1:522) Amount of L..
& lubricating oil 192:Manufacture of refined 001474 = kg lognormal &) marketfo.. (31,511 Lubricating .
& operation, reefer, freezing 522:Support activities for tr. 064302 = kg*d lognormal: ... &) marketfo. (3;1,5711) An ice cons.
~ Outputs © x w |
I Flow Category Amount Unit Costs/Reven.. Uncertainty Avoided pro.. Provider Data quality.. Location Description |
| @ antifouling paint emissio... 031:Fishing/0311:Marine fis. 1.24878E-5 =™ kg lognormal: ... &l marketfo. (3;1,322) Mass of soli...
@ demersal fish, fresh 031:Fishing/0311:Marine... 1.00000 = kg 1.17000 EUR lognormal.... G311 Other landi... 1
J Discarded fish, demersal... Emission to water/ocean 0.01014 ™ kg lognormal: ... 3 L5%1) Demersal fis... |
D Methane, chloredifluoro-.. Emission to air/low popula.. 0.00070 = kg lognormal: ... Eu5nu1) Cooling age... |
@ plastic litter 0.00014 = kg none |
1 waste mineral oil 239Manufacture of non-m 0.00036 = kg lognormal: ... 6l marketfo. (1,322 Waste oil fr. |
@ waste mineral oil 239:Manufacture of non-m.. 0.01438 =™ kg lognormal: ... &) marketfo.. (31,322 ‘Waste oil fr.

General information Inputs/Qutputs Administrative information Modeling and validation | Parameters| Allocation  Social aspects Impact analysis

Figure 1 Demonstration of how plastic litter appear as an output flow in openLCA.




The total plastic litter of a full life cycle could be calculated by creating a new impact category
that accounts for the plastic litter. SeeFigure 2 and Figure 3 for example calculations of two
different processes.
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{a (]
 Results of: maize grain production | maize grain | APOS, U - RoW X e E)

£ maize grain production | maize grain | APOS, U - RoW
t
~ General information

Reference process 8] maize grain production | maize grain | APOS, U - RoW
Allocation method As defined in processes
Target amount 1.0 kg maize grain

Impact assessment method {® plastic litter

@ Export to Excel B Save result as ...

~ Top 5 contributions to impact category results - overview *

Impact category |:= plastic litter v/

=== 0.109 kg: maize grain production | maize grain | APOS, U - RoW |
= 4.276E-4 kg: maize seed production, at farm | maize seed, at farm | APOS, U - GLO
4242€-4 kg: irrigation, drip | irrigation | APOS, U - RoW
=== 1.281E-4 kg: irrigation, sprinkler | irrigation | APOS, U - RoW
"= 1.156E-4 kg: packaging production for fertiliser, per kilogram of packed product | packaging, for fertilisers | APOS, U - GLO

= 9.853E-4 kg: Other

General Inventory results| Impact analysis| Process results| C tree| Grouping| Locations| Sankey diagram| LCIA Checks

Figure 2: Example of plastic litter from process "maize grain production".

© o X
L Results of: packaging film production, low density polyethylene | packaging film, low density polyethylene | APOS, U - RER % =8

& packaging film production, low density polyethylene | packaging film, low density polyethylene | APOS, U - RER |

~ General information

Reference process & packaging film production, low density polyethylene | packaging film, low density polyethylene | APOS, U - RER |
|

Allocation method As defined in processes

Target amount 1.0 kg packaging film, low density polyethylene !

Impact assessment method @ plastic litter |

@ Export to Excel | B Save result as

- Top 5 contributions to impact category results - overview -

Impact category [i plastic ltter v

= 5.478E-3 kg: treatment of waste plastic, mixture, sanitary landiill | waste plastic, mixture | APOS, U - RoW

=== 1.970E-3 kg: packaging film production, low density polyethylene | packaging film, low density polyethylene | APOS, U - RER
1361-3 kg: treatment of waste plastic, mixture, unsanitary landfill, dry infiltration class (100mm) | waste plastic, mixture | APOS, U - GLO

== 1.338F3 kg treatment of waste plastic_mixture, unsanitary landfill,. maist infiltration class (300mm) | waste plastic_mixture | APOS U - GLO

== 1.006E-3 kg: treatment of waste plastic, mixture, unsanitary landfill, wet infiltration class (500mm) | waste plastic, mixture | APOS, U - GLO

20634 = 4.351E-3 kg: Other

General information Inventory results| Impact analysis| Process results| Contribution tree Grouping | Locations| Sankey diagram | LCIA Checks

Figure 3: Example of plastic litter from process "packaging film production".

It is also possible to display the contribution of different processes connected to the studied
process to its total plastic pollution, seeFigure4.In the @ocations +tab, it is possible to see where
the biggest impact occurs, seeFigure 5. In Figure 6, the Sankey diagram produced when
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calculating the resulting plastic litter of O©Opat

shows how different processes contribute to the total plastic litter of the studied process.

Figure 4: Contribution of other processes (contribution tree) to the plastic litter of "maize grain production”.

Figure5: Locations of plastic litter occurring as a result of "maize grain production".
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