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Life Cycle Assessment
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The inputs and outputs of a product system throughout its
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potential environmental impacts LIFE CYCLE
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LCA helps us to understand the impact of a product or ssembly
service on available resources and pollution in
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DEEP Project Plastics Life Cycle Analysis

The purpose of the LCA for plastics is to demonstrate
the comparative environmental impacts of 10 selected
single-use plastic products and their non-single-use
plastic (SUNP) and reusable (MU) alternatives from
cradle to grave, starting from raw material
procurement, production, shipment, use and end-of-
life management.

The findings of this study will examine the
environmental impacts of single-use plastics and reveal
the extent of negative impacts in categories such as
human health, ecosystem quality and resource
consumption.

The results of the LCA are intended to provide input to
the ongoing regulatory impact analysis for the Single
Use Plastics Directive.

No Single-use plastics Raw material Alternative products
1 Cotton Bud Sticks Polypropylene SUNP: Kraft Paper
SUNP: Wood
2 Cutlery (fork, knife, spoon) Polypropylene
MU: Steel
3 Stra Polypropylene SUNP: Paper
w
VEARRY MU: Glass
SUNP: Paper + PE film composite
4 Take away food containers Expanded polystyrene
y P POIYSHY SUNP: Cardboard
. SUNP: Paper + PE film composite
5 Hot beverage containers (0.35L) Expanded polystyrene
MU: Glass
SUNP: Glass
6 Beverage bottles (1L) Polythene (HDPE)
MU: Steel (thermos)
7 Cigarette filters Cellulose acetate SUNP: Cotton + Hemp
Plastic carrier bags SUNP: Kraft paper
8 g Polythene (HDPE) _ bap
(40 cm x 45 cm) MU: Textile
9 Packages and wrappers Polypropylene(LDPE) SUNP: Paper + PE film composite
10 bvai I Callul ot ACN— M Tosctil
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System models and LCA system boundaries

National-scale models representing the substitution of SUPs with
SUNPs and MUs at various rates in the market have been established. P TS 108 kiyear
‘ Oil Processing }—~ Polymerisation Sales/retail |=mmm———— »[ Recovery
. . \ y - J y | S
Product Substitution Rate ; |
|
[}
SUNP MU : 8
Mot g 0 : 2| 20 year (U
Cotton Bud Sticks 100% - 09 e ' -\ prmemasa. ﬂ Saritary landfilng
ol ol of 9 el 8 ss ) | ‘
Cutlery (fork, knife, spoon) 50% 50% P f 2 g g gaE, @ 0 2 | ! |
Straw 50% 50% Rawhaeiaetan 5| 2|3 S g2 §| Bls : i R
° ° . ’ = a3 IE| g ]\i § :- 20 t[yga_r_é Disposal J o220 -{ Unsanitary landflling
) o o= |
Take away food containers 50% 50% § al N R : e —
]
[} |
Hot beverage containers (0.35 L) 90% 10% ~ ;
Polypropylene :
0, [0)
Beverage bottles (1L) 60% 40% 357 kiyear :
f [, S\
Cigarette filters 100% -- Consumption === -:- 25 k_t/ye_a r*f Uncollectable % L -ﬁ Marne iter
. . Anti-UV additives — ) ' \ )
Plastic carrier bags 50% 50% Plasticizer (Paraffin oilKerosene) ( PSI;lgletl}J:e f'.me{.y
(40 cm x 45 cm) Fixers (Oi Based) —'L i E’,( niecton
Repellant Components (Silicon) oking)
Packages and wrappers 100% --
Hygiene products -- 100% 341 ktiyear
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Data processing and analyses

e Professional; DEEP_Plastics - [View calculation setup 'Uriin 3 - Pipet - MU - Cam MU/4] <
s File Edit Calculate Tools Window Help - &

General Parameter sets Analysis groups Chart options I

SimaPro 9.5 software and Ecoinvent 3.9.1 database were used. [ ce o1 viaon: i vios) word 2010 |

Product Amount Unit Project Comment
. . . . DEEP_Packaging glass, white {DE}| packaging glass production, white | Cut-off, U 9.61E4 kg
Processes with geographical and technological representation Transport, freight, lorry >32 metric ton, EUROG (RER)| transport, freight, lorry >32 metric ton, EURO6 | Cut-off, U 3.36E4 km
Packaging glass, white (waste treatment) {GLO}| recycling of packaging glass, white | Cut-off, U 4.14E3 kg
were selected fro m th e d ata ba se. DEEP_Packaging glass, white {DE}| packaging glass production, white | Cut-off, U 3.63E3 kg
DEEP_Municipal waste collection service by 21 metric ton lorry {RoW}| municipal waste collection service by 21 metric ton lorry| 1.66E2 tkm
Transport, freight, lorry 7.5-16 metric ton, EURO6 {RER}| transport, freight, lorry 7.5-16 metric ton, EURO® | Cut-off, U 1.45E2 tkm
H HY o H H DEEP_Municipal waste collection service by 21 metric ton lorry {RoW}| municipal waste collection service by 21 metric ton lorry| 3.85E1 tkm
SI nce COU ntry_speCIflc processes a re nOt genera I Iy ava I |a ble I n Transport, freight, lorry 7.5-16 metric ton, EURO6 {RER}| transport, freight, lorry 7.5-16 metric ton, EURO6 | Cut-off, U 1.47E4 tkm
Transport, freight, light commercial vehicle {Europe without Switzerland}| transport, freight, light commercial vehicle | Cut-off, || 1.68E2 tkm
the databases, the flows of the processes were analysed and Flectciy, low voltage (TR}l mrket forelecticiy,low voltzge | Ct-of, U a02es |wn
oo . . . DEEP_Tap water {Europe without Switzerland}| tap water production, conventional treatment | Cut-off, U 5.75E5 kg
data modifications were made to increase national Non-ionic surfactant (GLOJ| market for non-onic surfactant | Cut-off, U 267535 | kg
. . DEEP_Wastewater, average {Europe without Switzerland}| treatment of wastewater, average, wastewater treatment | Cut-off, U | 5.75E5 |
represe ntatlon . On ha |f Of the nea rly 100 ec0| nve nt processes DEEP_Municipal waste collection service by 21 metric ton lorry {RoW}| municipal waste collection service by 21 metric ton lorry| 5.45E3 tkm
. . . . DEEP_Municipal waste collection service by 21 metric ton lorry {RoW}| municipal waste collection service by 21 metric ton lorry| 7.73E2 tkm
used for 12 d |ffe re nt mate r|a| types’ data m0d|f|cat|on was made DEEP_Glass cullet, sorted {RER}| treatment of waste glass from unsorted public collection, sorting | Cut-off, U 9.2E4 kg
Packaging glass, white (waste treatment) {GLO}| recycling of packaging glass, white | Cut-off, U 1.93E4 kg
an d fl OWS that d id 1] Ot fit Tu rkish con d itio ns were mOd |fi ed . DEEP_Packaging glass, white {DE}| packaging glass production, white | Cut-off, U 1.69E4 kg
DEEP_Municipal waste collection service by 21 metric ton lorry {RoW}| municipal waste collection service by 21 metric ton lorry| 1.80E2 tkm
Transport, freight, lorry 7.5-16 metric ton, EURO6 {RER}| transport, freight, lorry 7.5-16 metric ton, EURO6 | Cut-off, U 8.22E2 tkm
H H H . H Waste glass {GLO}| treatment of waste glass, unsanitary landfill, moist infiltration class (300mm) | Cut-off, U 1.28E4 kg
ReCIPe 2016 (H) 1'08 methOdI Wh ICh Ca n prOVIde bOth mld pOI nt DEEP_Inert waste {CH}| treatment of inert waste, sanitary landfill | Cut-off, U 6.27E4 kg

and endpoint results, was selected for life cycle impact analysis.

Help Calculate Close
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Data processing and analyses

«—Classification and characterisation———

' N
MIDPOINT INDICATORS

A Climate change

Results were analysed at midpoint and ™ e oy

endpoint indicator level. #P  Respiratory inorganics I

In addition, single scores results were Elementary | /7 | o e
substances |

also analysed. § _Photochem. Ozone formation g

@ Acidificaton g

A\ FEutofication o

1 Recipe 2016 is
N landuse S damage based
(unit points)
| Metals depletion —
________,___.§

Fossil Fuels depletion —

. J . J \ J

Normalisation and weighting (valuation)
s N 4 N

AREAS OF PROTECTION/ SINGLE
ENDPOINT INDICATORS INDICATOR

Human health e
\ Carbon footprint is a

single issue indicator

\ (basically 1 midpoint)

> Eco-costs 2017 is

prevention based
(unit: Euro)

Natural environment —
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LCA results - Midpoint indicator results

Example: Cutlery (Fork-knife-spoon)

SUP: PP

SUNP: Wood (%50 Substitute) + MU: Steel (%50
substitute)

The results presented represent a wide range of
products such as plastic forks, knives, spoons and
mixers.

Substitution of single-use plastics resulted in an 85%
reduction in global warming potential.
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E M Global warming potential kg CO2 eq Fossil resource scarcity kg oil eq Land use m2a crop eq § STRATOSPHERIC OZONE DEPLETION KG CFC11 EQ
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As a result of the sensitivity analysis, even
in cases where the wood is not recovered
or the number of reuses is reduced to half
or a quarter, the impacts are lower than for

This project is co-funded by the European
Union and the Republic of Tiirkiye

LCA results and findings - Sensitivity analysis single-use plastics.

10000%
1000%
100%
10%
1%
0%
5 - & . 4 4
é\\& .\z‘?-‘cb &é}oQ ‘@%{“ 6@‘:&\ & @'\. * é}oﬁ @'@d:‘ 0‘;@‘6 O%t@ ai'{}ﬁ 'a?& @&e. b&,t- 6@5}‘}0 ‘5}5&:\ q\‘p{‘
< & % 3 g &g(} & § & & & & v 5 & & 5 S
3 o & & g &
**E& o‘“u& &""\& ‘@6@ & ;@g «;@‘%‘b & s 46@0 'b"éa S s es"‘? ef’t'oo @ﬁi@ e}"o{\
o A :
- & 0 N o é'z-@ a‘-& 662, @"’& ;:\& o & ﬁ\é &0 ((39 ‘u% d’-"é‘ N ﬁxt'»“
o & 3 = A < « s 3 £ < ,<d'3’
s d:q \d‘ (P o é}\ B 6{& \.@
© & o & o & S &
& 0‘\9 @-'bq Q‘éb ‘&t"\(‘
& L
é\e
o¥

Operasyonel Programi

TURKIYE CUI’iAHllJRIIYETI 0 S Aty e e
| CEVRE, SEHIRCILIK VE evre ve lklim - @R I
4/ iKLIM DEGISIKLIGI BAKANLIGI Eylem Sekior S o |

10



This project is co-funded by the European
Union and the Republic of Tiirkiye

LCA results and findings - Endpoint indicator results
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While wood and steel alternatives are
better in terms of human health and
resource consumption, the land occupation
and water consumption effects of wood
production are evident.
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LCA RESULTS AND FiINDINGS - SINGLE SCORE RESULTS

B Human Health (MPt)

. 8.00E+00 W Ecosystem Health (MPt)
WHEN ALL DAMAGE CATEGOR'ES ARE N lReso\{Jrces(MPt)
AGGREGATED UNDER A SINGLE SCORE, o

THE SUBSTITUTION OF SINGLE-USE 5008100
PLASTIC CUTLERY PRODUCTS WITH 2008100
SINGLE-USE WOODEN ALTERNATIVES 2008100

. 2.00E+00
AND REUSABLE STEEL PRODUCTS IS -
1.00E+00
ENVIRONMENTALLY ADVANTAGEOUS. A
00000 Polypropylene Wood+5Steel Wood 100% Steel 100%
M Resources (MPt) 1.53E-01 1.20E-02 2.37E-02 2.49E-04
M Ecosystem Health (MPt) 1.62E-01 1.22E-01 2.43E-01 6.22E-04
M Human Health (MPt) 7.33E+00 1.63E+00 3.17E+00 7.07E-02
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LCA results - Midpoint indicator results
Example: Straws

SUP: PP

SUNP: Paper (50% substitution) + MU: Glass (50%
substitution)

In the case of straws, there is an approximate increase
of 8% in GHG emissions under the substitution
scenario.

- Food-soaked paper straws cannot be recycled.

- According to the process inventories, the disposal
of plastics in landfills causes predominantly CO2
emissions, while paper largely causes methane
emissions.
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STRATOSPHERIC OZONE DEPLETION
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LCA results and findings - Sensitivity analysis

According to the results of the
sensitivity analysis, the most important
factor that reduces the environmental
impact of paper straws is to reduce
their weight.

This is an indication that circular
economy strategies such as eco-design
can play an important role.

In addition, it would be beneficial to
investigate ways to utilise paper
products at end-of-life.
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100000%

LCA results and findings - Sensitivity analysis
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LCA results and findings - Sensitivity analysis
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LCA results and findings - Single score results

THE STRAWS ARE AN EXAMPLE THAT EMPHASISES
THE IMPORTANCE OF THE MATERIAL TO BE
SUBSTITUTED.

IT iS POSSIBLE TO REPLACE PLASTIC STRAWS BY
REDUCING THE WEIGHT OF THE PAPER PRODUCT,
WHICH CAUSES A HIGH ENVIRONMENTAL iMPACT
FOR THIS PRODUCT, AND iNCREASING THE
PROPORTION OF REUSABLE PRODUCTS.
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5.05E-02 = 1.43E+00 @ 1.29E+00
2.27E+00 | 2.45E+01 = 2.24E+01
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4.27E-03
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3.56E-03
7.14E-01
1.24E+01

Glass 60%
2.86E-03
5.71E-01
9.96E+00

Paper 30%

Glass 70%
2.15E-03
4,29E-01
7.47E+00

Paper 20%  Paper 10%
Glass 100%
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1.44E-03  4.81E-03 = 3.19E-05
2.86E-01 = 5.11E-03 = 7.52E-05
4.98E+00 = 2.30E-01 = 3.13E-03
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When the results of the LCA are evaluated in general:

 The importance of considering the effects of materials that will be alternative to single-use plastics is appearant.
It will be necessary for the sectors producing alternative materials to intervene in areas that create high
emissions with eco-design.

* Itis observed that especially the production and end-of-life stages are evident in their contribution to results.

 The more consumer habits shift towards reusable alternatives, the higher the level of environmental impacts
avoided.

IN THE MEDIUM TERM, TRANSITION TO SINGLE-USE NON PLASTIC AND REUSABLE ALTERNATIVES UNDER CONDITIONS THAT DO NOT
CREATE ENVIRONMENTAL COMPROMISES,

IN THE LONG TERM, THE CHANGE iN CONSUMER HABITS AND THE TRANSITION TO REUSABLE PRODUCTS iN ACCORDANCE WIiTH THE
PRINCIPLES OF CIRCULAR ECONOMY CAN BE CONSIDERED.
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Limitations of LCA studies for plastics: Marine Litter and Microplastics

Plastic pollution can interact with biota and humans through various
exposure pathways and methods, such as ingestion, inhalation, dermal
contact and trophic transfer.

Plastics contain a variety of chemicals, including additives and
plasticisers. As plastics break down into smaller particles (such as
microplastics and nanoplastics) through UV light, mechanical forces and
wave action, these toxic substances can be leaked into the environment. |

Microplastics can also adsorb pollutants such as heavy metals,
persistent organic pollutants (POPs) and endocrine disrupting chemicals.
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Limitations of LCA studies for plastics: Marine Litter and Microplastics

Currently, LCA impact analysis
methods do not adequately
capture the devastating impacts of
marine litter and microplastics on
ecosystem and human health.

e e e
o o o
= R @

Damage on ecosystem quality [species*year]

e
o
o

Therefore, it is possible to state
that the life cycle impacts of
plastics on the environment and
humans are underestimated in

L e e DEaeeeess 00000 |

PP HDPE cardboard

I Physical effects on biota (worst-case LCI & LCIA)

[IGlobal warming potential
I Eutrophication potential
I A cidification potential

Source : UNEP, 2022. Single-use supermarket food

packaging and its alternatives: Recommendations from

current LCA studies..

life cycle Assessments.

-

LDPE bag (10 uses)
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Source: Civancik-Uslu, D., Puig R., Hauschild, M., Fullana-i-Palmer, P., 2019. Life cycle assessment of carrier bags
and development of a littering indicator. Science of Total Environment, 685, 621 — 630.
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(kg SO2-eq/ 100 units drinking straws)
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Source: Moy, C., Tan, L.,
shoparwe, N.F., Shariff, A.
M., Tan, J., 2021.
Comparative Study of a
Life Cycle

Assessment for Bio-
Plastic Straws and

Paper Straws: Malaysia’s
Perspective. Process, 9,
1007.
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Table 1
Default physical effects on biota characterization factors (CFs) of aquatic microplastic emissions of different polymer densities (low, medium, high) and shapes
(abbreviated in the table: microbeads/spheres/fragments of unspecified shape, microfibers/cylinders, microplastic film fragments). More specific CFs for different

\ polymers, shapes and sizes, as well as the CF uncertainties, can be found in Multimedia component 5.
N Shape Polymer type Default size Midpoint CFs (PAF m**day/kgemired) Endpoint CFs (PDF m*"year/Kemined)
’ Marine Freshwater Marine Freshwater
Microplastic beads Low-density <0.8 g/em® 1000 pm 1.08E+08 8.12E+07 7.35E+01 5.51E+01

Medium-density 0.8-1.1 g/em® 2.12E+07 1.59E+07 1.44E+01 1.08E+01
High-density >1.1 g/cm® 1.74E+04 1.74E403 1.18E-02 1.18E-03
M H R I N E | M p H C T S I N LC H Plastic microfibers Low-density <0.8 g/cm3 10 pm 1.53E+06 1.15E406 1.04E+00 7.79E-01
Medium-density 0.8-1.1 g/em® 8.90E+06 6.68E+06 6.05E+00 4.53E+00
High-density >1.1 g/cm® 1.73E+04 1.73E+03 1.17E-02 1.17E-03
Microplastic film fragments Medium-density 0.8-1.1 g/em® 100 pm 1.92E+07 1.44E407 1.31E+01 9.80E+00
High-density >1.1 g/cm3 1.74E+04 1.74E403 1.18E-02 1.18E-03
Microplastic beads EPS 1000 pm 1.08E+08 8.12E+07 7.35E+01 5.51E+01
HDPE 1.93E+07 1.45E+07 1.31E+01 9.83E-+00
LDPE 1.75E+07 1.31E407 1.19E+01 8.93E+00
(L + PA (Nylon) 1.73E+04 1.73E+03 1.18E-02 1.18E-03
PET 1.74E+04 1.74E+03 1.18E-02 1.18E-03
PHA 1.63E+04 1.63E+03 1.11E02 1.11E-03
Phase 1 Ph 2 Phase 3 PLA 1.74E+04 1.74E+03 1.18E:02 1.18E-03
ase PP 1.35E+07 1.01E+07 9.14E+00 6.86E+00
i _ s 2.12E+07 1.59E+07 1.44E+01 1.08E+01
Provide a first Framework paper Coordinate and launch different Conser_ms building (_2023 2025) PVC 1.71E+04 1.71E+03 1.16E-02 1.16E-03
developing and illustrating the research projects (Master's and Deliver a harmonized and TRWP 1.73E+04 1.73E+03 1.18E-02 1.18E-03
different impact pathways PhDs) aiming at fillng identified consensus-based impact pathway Plastic microfibers ﬁpa 10 pm ;::i:x ;.;g::g: ;::E:% :lr.;z:féa
i i ina i framework and methods g : y .
associated with marine litter to be P LDPE 2. 41E+06 1.81E+06 1.64E-+00 1.23E+00
gaps and act as a central scientific ) o ) + +
developed and identify the gaps reference on the topic to avoid addressing P'US“F litter impacts PA (Nylon) 1.44E+04 1.44E+03 9.78E-03 9.78E-04
and building blocks (January 2019 — B (and potentially other PEL L6EE-04 L66E+03 L12E-02 1.12E-03
overlaps (2019 - 2022), welcoming | - )i PHA 3.97E+03 3.97E+02 2.70E-03 2.70E-04
December 2019). members wha are working and cemplementary maring impacts) in PLA 1.73E+04 1.73E+03 1.17E-02 1.17E-03
. o LCA. Pp 5.16E+05 3.87E+05 3.50E-01 2,63E-01
contrlbutlng onthe tOp\C. Fmdmgs PS 8.00E--06 6.68E+06 6.05E-+-00 4.53E+00
and updates are regularly PVC 1.71E+04 1.71E403 1.16E-02 1.16E-03
discussed with stakeholders via a TRWE 1.70E+04 L70E+03 115E02 1.15E-03
Microplastic film fragments HDPE 100 pm 1.45E+07 1.09E+07 9.84E+00 7.38E-+00
platform and workshops. LDPE 1.16E+07 8.68E06 7.86E+00 5.89E+00
PA (Nylon) 1.71E+04 1.71E403 1.16E-02 1.16E-03
PET 1.73E+04 1.73E403 1.17E-02 1.17E-03
PHA 1.35E+04 1.35E403 9.17E-03 9.17E-04
PLA 1.74E+04 1.74E403 1.18E-02 1.18E-03
pp 5.60E+06 4.20E+06 3.80E+00 2.85E-+00
s 1.92E+07 1.44E+07 1.31E+01 9.80E+00
PVC 1.71E+04 1.71E+03 1.16E-02 1.16E-03

Kaynak: Corella-Puertas, E., Hajjar, C., Lavoie, J., Boulay, A, 2023. MarlLCA characterization factors for microplastic impacts in life cycle assessment: Physical effects on biota from emissions to
aquatic environments, Journal of Cleaner Production, 418, 138197.
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This report has been produced with the financial assistance of the European Union and The Republic of
Tiirkiye. The contents of this document are the sole responsibility of the consortium led by DAI Global
Austria GmbH & Co KG and do not necessarily reflect the views of the European Union or The Republic
of Tiirkiye.
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Assumptions

SUP - SUNP/MU substitution rates *

Product specifications - material, capacity/size, unit weights
Numbers of re-use for MUs (product number conjugates) *

Consumption amounts for raw materials and products in the light

of production, import and export figures

SUP, SUNP and MU production technologies

Production wastage quantities

Models of use - retail sale, use in the HOREKA sector or home

delivery

Impacts of use - impacts due to dishwashing and laundry
Logistics model parameters (logistics mode and distances)

Rates of conversion to uncontrolled litter and marine litter *

Recovery and disposal rates

Data category
Substitution rates
Product specifications

Numbers of re-use for
MUs

Consumption data

Production and
processing
technologies

Production wastage
Models of use
Impacts of use
Logistics mode

Uncontrolled litter and
marine litter rates

Rates of recovery and
disposal

Data sources

Data source
EU SUP Regulation Regulatory Impact Assessment

Literature (existing LCA studies), expert opinion
EU SUP Regulation Regulatory Impact Assessment

Calculated based on production, import and export data on product basis:PAGEV, TUIK,
Ministry of Trade and Ministry of Industry and Technology 2022 datasets, UN COMTRADE and
TOBB industry databases, sectoral reports prepared by public institutions and sector
associations (plastics, paper, tobacco products, glass iron and steel, etc.).

Literature (existing LCA studies), expert opinion, Ecoinvent database

Expert opinion

Expert opinion

Literature (existing LCA studies)

UN COMTRADE, Deniz Mesafesi Hesaplayici, Modiil:Konum haritasi modali

EU SUP Regulation Regulatory Impact Assessment
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