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Plastic

J— Plastic iS an impor‘ta nt and ubiquitous material in Our Society SevenrecyclingcodesdeﬁnedbytheEgnCommissionandpercemageoﬂotalquanz;oducedwgldw'de2015
— In Europe over 57.2 million t/a of plastics are produced @ PC“" g: DW
— By 2050, plastic production is projected to triple i %w
— contributing to 15% of global greenhouse gas emissions _ e
— 99%+ of plastic is sourced from fossil fuels currently R % @5 i &D::ﬁi"“”
— Performing Life Cycle Assessments (LCAs) of plastic products is A A
. . . . . Food packaging, 4 Plastic bags,
crucial for understanding their environmental impacts %m i E ol

— Lack on latest and transparent LCl data for plastic precursors
hinders accurate impact assessments

— LCl data is often aggregated (CarbonMinds, GaBi, EF 3.1 database)

— A higher degree of transparency concerning the production of
plastic and attributed environmental impacts is needed

& HORIZON EUROPE GA No. 101057067 Heinrich-Boll Stiftung and Bardow et al. Nature 2022, 612, 214.




Modeling plastic, current approach:

hydrogen chloride

Brine extraction

eledrolytic hydrogen

Brine purification

- EcoProfiles can represent up to 100% of the producing industry in Europe (based on prod. capacity)
- Yet, processes are aggregated preventing transparency in the supply chain

- Ecoinvent, GaBi, Environmental Footprint database etc. use those EcoProfiles for their datasets
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Modeling plastic, current approach in ecoinvent 3.9.1:

Plastic datasets in ei 3.9.1 are based on EcoProfiles by PlasticsEurope:

[@ &) market for ethylene glycol | ethyl.. ()

[@ £) market group for electricity, me... (@)

(® &) market group for heat, district o r O

— The chemical supply chain is cut-off at the
& 8 s ethylene, propylene level

(® &) chemical factory construdtio @

[@ &) market for steam, in chemical in.., @

— This comprises strongly any further
analysis of hot spots!

— Even PlasticsEurope states:

WAl
m rhea istrict or.
|
[ &) ethylene production, average | et. (3, (&) &) market for ethylene | ethylene | ... (B,
|
m ea ram steam, in G. t

(® &) market for heat, from steam, [5) (5 5 piesticmix

(® &) market for solvent, organic | solv.. ()

C T e emmm= N e Current  Polyolefins  eco-profiles

[@a market for hydrogen, liquid | hy... (&) \II"I @ap°|yemy|eneproducton,lnear@/z:::;:;:::n;:::::tmm j\i::: dqtqsets keep O gOOd prOdUCtion

[ market for chemical, organic | ¢ 2 polyvinylchloride, bulk polym... 1.00 kg .

— =\ ‘“ process representativeness  but
mpressed o, 0L ‘ 2 plastic_mix 1.00 kg o ° °

(O moserrw e ‘h[ - / need now to be aligned with main

08 mssts i 9 LCI databases regarding Oil and

(® &1 market for natural gas, high pres. @)

Gas datasets, inducing an increase
L of the Carbon Footprint of polymers.

[ [ ﬂ polystyrene production, general . (%)

[ (& propylene pmdumnmpropylen..@}}—q@ &) market for propylene | propylene. ()

[@ &) market for polyvinylchloride, sus. (3

(=) £] polyvinylchloride production, bu..@y

[@ &) market for polyvinylchloride, em.., (3)

& HORIZON EUROPE GA No. 101057067 ecoinvent 3.9.1, cut-off in openLCA 2.1




Modeling plastic, our approach:

Hydrogen - HDPE -

Cracking ‘ Polymerization
— N
Propane Feed EU Ethylene = LLDPE -

Cracking Polymerization

Ethane

Naphtha

Propylene - LDPE -
Cracking Polymerization

Gas oil

LDPE

Raw materials Processes

Products

Pl
ecoinvent 3.9.1 From Franklin Associates, ERG Our Result

The inputs from Franklin Associates were adapted to EU feed (naphtha-rich)
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Modeling plastic, our approach:

Ethylene

L=

(EB &] natural gas liquids fractio... [_@ &) Catalyst preparation S

( - [@ &) Steam cracker, ethylene ... ]
@® heat and power co-gener...
[@ &) activated silica productio... @]\—- % activated silica 098 kg
@ &) heat and power co-gener... £ butane 4.00E-2 kg . . } e,
( @ electricity, hi.. # 000 M) (@ 8 market for chromium oxid.. @F— | = _chromium oxide, fl.. 200E-2 kg (© 8 HDPE resin ethylen from... ©)
[@ &) market for electricity, me... & electricity, hi.. 000 M)
ici #F Catalyst 1.00 kg [——» @ Catalyst 0.22 kg
(@ @) natural gas liquids fractio... £ electricity, m... 2.27 MJ \ ¥ :
@ ethane 4.00E-2 kg (© 8 natural gas liquids fractio... © @8 chem .}/" @ chemical fact.. 4.00E-10 item(s)
@ &) market for fraction 1 from... . y chemical factory construct...
[ @ fraction 1fr..  6.00E-2 kg [@ & heot and power co-gener. @ [ & cyclohexane 0.48 kg
; & heavy fuel ol 037 k @ &) market for cycloh ® @ electricity, hi..  8.20E1 kWh
(@ @] market for heavy fuel oil | ... Sl g mal r cyclohexane | c...
& naphtha 0.74 kg [@ &) natural gas liquids fractio.. @ @ electricity, m..  3.09E2 kWh
(@ &) market for naphtha | naph... @ natural gas, ... 012 m3 : [GD ] heat and power co-gener.. ® @ ethylene, ste..  9.83€2 kg @ 8] market for hazardous was... @
[@ &) market for fraction 1 from.. @
[@ &) market for natural gas, hi... % propane 012 kg [® &) market for electricity, me.. @ % hydrogen, st.. L] @ 8] market for municipal soli.. @
£ tap water 1.91E1 kg [@ &) market for heavy fuel oil | .. ® £ natural gas, h.. 2.82E1 m3
[@ %] natural gas liquids fractio... £ transport, fre.. f& 3.81E2 kg*km [ = © &) steam cracker, ethylene (.. @ & nitrogen, liqu..  1.02E1 kg
i @ &) market for naphtha | naph.. @
£ transport, pi.. & 000 tkm % tap water 1.37E3 kg
( %] market for tap water | tap... . [@ #) Steam cracker, hydrogen (.. @
£ transport, pi.. % 000 t*km [@) @) natural gas liquids fractio.. @ (
(@ %] market for transport, freig... @ &) market for natural gas, hi.. @
[@ &) market for transport, freig.. & ( & HDPE 1.00E3 kg
[@ ©] market for transport, pipe... @ ethylene, steamc..  1.00 kg @ &) market for nitrogen, liqui... O hazardous waste, fo..  0.23 kg
L [ municipal solid wa... 5.30E-3 kg [@ %] market for transport, pipe.. © @ municipal solid was...  0.28 kg
[@ 4] market for transport, pipe... / ( 2] market for tap water | tap.. @ - /
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Modeling plastic, our results:

. HDPE . . .
! 100%
Impact categories Ailis stk HDPE, ei 3.9.1 Unit Diff.
Acidification 4.51E-03 6.01E-03 mol H+-Eq -25% 80%
Climate change (GWP100) 1.70 1.90 kg CO2-Eq -10% c0%
Ecotoxicity, freshwater 27.83 2.33 CTUe 1094%
Human toxicity, carcinogenic 6.54E-10 4.56E-10 CTUh 43% o
A _ 20%
Human toxicity, non 1.33E-08 1.02E-08 CTUR 30%
carcinogenic -
Ozone depletion 1.32E-07 1.28E-08 kg CFC-11-Eq 935% P @
Particulate matter 4.85E-08 6.95E-08  disease incidence  -30% & 2 o G .\iae““‘ﬁ’
i | @ ESE .
Photochemical ozone 1.13E-02 6.49E-03  kgNMVOC-Eq  74% o o
formation @ e
o o A
Resource use, fossils 83.65 71.66 MJ 17% ° o
Water use 0.222 0.850 m3 world eq. -73% N HDPE, econvent [ HOPE, this study

- Comparable impacts vis-a-vis the aggregated data (Global warming potential, Resource use, fossils) v
- Ecotox. values are higher than in the ecoinvent (1094%) due to crude oil extraction (Cl-, Sr?* release)

- ODP is highly increased (935%) due to CO, and CH, release during raw material extraction (crude oil)

& HORIZON EUROPE GA No. 101057067  ecoinvent 3.9.1, cut-off in openLCA 2.1, LCIA EF 3.1, selected impact categories




Modeling plastic, details: GWP

(& HOPE resin estylen from steam ra

i Our Model

1696 kg CO2-fg

i Ecoinvent 3.9.1

Upstream total (100.000%):
1902 kg CO2-£q

— Our model provides detailed

& market for electrciy, medim volt 1 market for natural gas, hgh pressar. 3 Steam cracker, ethylene (otheanputs) |

5 i wat . . . .
6] mm'mmmmmnmgL1 (@) market or chemical,organic | che. 7\ 6] mmmem#nﬂmmelmamm (81 market for heat, from sieam, in che__ T] (81 market group for secority, mediu.. 1 z?;ﬁ;?o?;q ,':‘;;:?ﬁ:ﬁ.’,‘; 0000 kg C02 g I n -FO r m atl O n a b O ut e m I SS I O n S
Direct (0.000%): Direct (0.000%): Direct (0.000%): Direct (0.000%): Direct (0.000%):
0,000 kg CO2-Eq 0000 kg CO2-£q 0000 kg CO2-Eq 0,000 kg CO2-Eq 0,000 kg CO2-Eq 0439k COZ-8q. 010949 C02-q A Lol ]
Upstr 327%): Upstream total (76.285%): total (6.518%): Upstream total (9.875%): . . . .
0.055 kg CO2-Eq 0044 kg CO2-£q 1451 kg CO2-Eq 0124 kg CO2-Eq 0.188 kg CO2-Eq | S I | S | | I I S I I | a r
@ y voltage a vy fusl of [ hoavy fu_ || ([ market for naphtha | maphtha | Cut 8 ratural gas bquick fractionation .|
s e e e overall values
000045 C02-£q 0000 kg CO2-£g 0000kg CO2-tq 0000 kg CO2-£q
f e - 3875
81 ethylene production, average | ethy.. )| (41 steam production, as energy camer._ )/ (& market group for éectricty, mediu.. | 0435 kg CO2 0 02545 C02 1. 0554 k5 CO2 & 0125 kg (026
Direct (75.895%): Direct (0.000%): Direct (0.000%):
1444 kg CO2-Eq 0,000 kg CO2-£q 0,000 kg CO2-Fq / /
Upstream total (76.285%): pstr : st
— The hot spots of ‘Scope
3 market for clectricty, highvohage | | &) heawy oo | (& preum e | & Tnan | M M
s smea smean smee emissions can pbe locate
1328 3kg CO2-£q 0035 kg CO2 g 006845 CO2 £ 0000y C02-£q
0435 C02-q 0245 k5 002 9. 0532kg CO2fq 0145 &g C02-fq
(@ heat production, natural gas,atind
Direct (2.794%):
M“:::n;;:“,: |(E| market for natural gas, vented | naL..“ ”ﬂ market for sweet gas, burned in gas‘.‘“
0068 C02 £ Direct (0.000%): Direct (0.000%):
1 cecvicny producton g e | [ marketor peveleum  pevoleum] 0.000 kg CO2-Eq 0,000 kg COZ-Eq
Direct (13.264%: Direct (3.260€-3%): (02645 . :
0225 by 3.4 prelrripmte s sl Upstream total (27.307%): Upstream total (8.568%):
Upstream total (8.560%): 0.463 kg CO2-Eq 0,745 kg CO2-Eq
0232 kg C02-q 0575k 0219 0145 kg 021
9 potroioum and g production, oms. @ market group for naturs gax high._ |
aam:qn(.ozrm BM::D! g
Upstream sotal (7.996%):
0143 kg CO2.8 0136k CO2-£ -
= |rﬂ natural gas venting from petraleum_ ]‘ ”ﬂ sweet gas, burned in gas turbine | 5. "
Direct (27.307%): Direct (8.551%):
0.463 kg CO2-F 0.145 kg CO2-Eq
q q
Upstream total (27.307%): Upstream total (8.568%):
0463 kg CO2-E 0.145 kg CO2-Eq
q 4
& market for ratursl g vented (st | (3 marke for sweet gas bumed 1 om_| | 2] market for weste naturd ges sweet_ | .
Direct (0.000%): Direct (0.000%): Direct (0.000%):
2900 kg C02-Eq 0000 kg CO2-Eq 0000 kg CD2-Fq
ol Lo SR Tl (R || W L b
(@) natural gas venting from petroleun. (@ sweet gas. brurned in gas turbine | <.
Direct @27.307%): Direct (85515
0463 kg CO2-Fa. 0145 ky CO2-£q
sors:
0463 kg CO2 2 016543 210

-
@ HORIZON EUROPE GA No. 101057067  ecoinvent 3.9.1, cut-off in openLCA 2.1, LCIA EF 3.1, selected impact categories




Wow, talk about a plot twist!

Chemicals .

The Chemicals sector is updated to improve the data representation for essential chemical
precursors and their derivatives, such as short-chain alkenes (ethylene, propylene, butene, and
butadiene), monocyclic aromatics (benzene, toluene, and xylenes [p-, o-, mixed]), ethylene
oxide, and ethylene glycol. Industry data for European conditions was provided by Plastics
Europe. Additional key updates comprise of technological and geographical coverage
expansion for ethylene, propylene, hydrogen, and methanol. Specifically, ecoinvent v3.10
introduces data for China, United States, and Europe.
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Recent development: Ecoinvent 3.10

ecoinvent 3.8 vs. ecoinvent 3.10
Carbon Footprint Change of Selected Fossil-Based Chemicals and Polymers

+107 %

. ecoinvent 3.10

. ecoinvent 3.8

fossil-based fossil-based fossil-based fossil-based

Naphtha PE PP PET

IOI0) ﬁmm‘mw 12024

available at www.renewable-carbon.eu/graphics
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Table 30. Comparison of relative change in scores (EF 3.1) between version 3.9.1 and 3.10 (system model:
allocation, cut-off) for the market for ethylene and propylene for RER (and RoW is provided in the

parenthesis).

LCIA impact category — EF 3.1

acidification-accumulated exceedance (AE)

climate change-global warming potential (GWP100)
ecotoxicity: freshwater; comparative toxic unit for ecosystems
(CTUe)

energy resources: non-renewable; abiotic depletion potential
(ADP): fossil fuels

eutrophication: freshwater; fraction of nutrients reaching
freshwater end compartment (P)

eutrophication: marine; fraction of nutrients reaching marine end
compartment (N)

eutrophication: terrestrial; accumulated exceedance (AE)
human toxicity: carcinogenic; comparative toxic unit for human
(CTUh)

human toxicity: non-carcinogenic; comparative toxic unit for
human (CTUh)

ionising radiation: human health; human exposure efficiency
relative to u235

land use; soil quality index

material resources: metals/minerals; abiotic depletion potential
(ADP): elements (ultimate reserves)

ozone depletion; ozone depletion potential (ODP)

particulate matter formation; impact on human health
photochemical oxidant formation: human health; tropospheric
ozone concentration increase

water use-user deprivation potential (deprivation-weighted water
consumption)

Ethylene

14% (82%)

35% (56%)

2572% (9353%)
6% (9%)

2104% (3967%)
25% (85%)

20% (79%)
11719% (12917%)
943% (876%)
53174% (59955%)
36346% (45207%)
31522% (38511%)

27872% (21880%)
-22% (63%)

132% (149%)

-44% (-12%)

Propylene

11% (90%)

31% (99%)
2506% (14182%)
4% (17%)

1961% (4798%)
31% (110%)

26% (101%)
10891% (11221%)
890% (1207%)
51204% (81179%)
34442% (45480%)
41489% (43954%)
27291% (22470%)
-25% (122%)
137% (153%)

-44% (46%)



Modeling plastic, details: GWP

(&1 HOPE resin ethylen from steam cra

sy Ecoinvent 3.9.1 i, Our Model

total (100,000%):
1902 kg CO2-Eq Ll L]

|8 market for electricty. medum vor. (31 marke for natural gas hgh pressar. 3 Steam cracker, ethylene (otheanputs)

f (¢ f [r [ Direct (0.159%): Direct (0.000%):
&) chemical factory construction, orga.. 1 &) market for chemical, organic | che.. ‘m (3 macket for ethylene | ethylene | Cut_ ] &) market for beat, from steam, in che... T] ) market group for electricity, mediu... ? 270063 kg CO2-Eq 39393 kg CO2-q 0000 kg C02 g
Direct (0.000%): Direct (0.000%): Direct (0.000%): Direct (0.000%): Direct (0.000%):
0,000 kg CO2-Eq 0000 kg CO2-£q 0000 kg CO2-Eq 0,000 kg CO2-Eq 0,000 kg CO2-Eq 0439k COZ-8q. 010949 C02-q A Lol ]
Upstr 327%): Upstream total (76.285%): Upstream total (6.518%): Upstream total (9.875%):
0.055 kg CO2-Eq 0.044 kg CO2-Eq 1451 kg CO2-Eq 0.124 kg CO2-£q 0.188 kg CO2-Eq
& Y = I E
prr— o= [
a e I . Viimacite et o
[ clctny votage £ vy b ol heary | (@ . a | eyt ey e
Direct (0.000%): Direct (0.000%): Direct (0.000%): Dwect (0.000%): T g
000045 C02-£q 0000 kg CO2-£g 0000kg CO2-tq 0000 kg CO2-£q
fz e = 387%):
&) ethyiene production average | ethy.. )| 41 steam production as energy camer._ )| (8] market aroup for secricty, medu.. | 0435 k9 CO2 Fq 0256 k9 C02 € L 0554 kg CO2 £ 0125 kg C02-&a
Direct (75.895%): Direct (0.000%): Direct (0.000%):
1444 kg CO2-Eq 0.000 kg CO2-Eq 0.000 kg CO2-Eq
total (76.285%): pstr pst — ~
1451 kg CO2-£q 0.124 kg CO2-Eq 0.188 kg CO2-Eq 1 | '] |
- [ ey e e
o [ i i
i) e e ey
[ market tor clectncay, tigh votage || [3 beawy powroieu|| (& pevoeum i | (@ |
1328 3kg CO2-£q 0035 kg CO2 g 006845 CO2 £ 0000 g CO2-£q
394y
0436 kg CO2-fq 0245 kg CO2-fq 0532 kg CO2-Fq 0,145 kg CO2-fq
‘Pil heat production, natural gas, at ind.
Direct (2.794%): [ | g T E 3 E 3
0053 kg CO2-£q bt et p ey
Upstream total (3.580%): [ [y o [
prsbielig s e Pl
. Lo — ~7
{3 clecwrioty production igrite | clect_ | & market for petroleum | petrolesim |_
Direct (13.264%): g Direct (0.264%):
0225 kg CO2-q 552865 ky C02-Eq 44693 kg CO2-Eq
Upstream
0232 kg C02-q 0575k 0219 0145 kg 021
] )|
ittt e
= || = |
ooy e
@ petrolom and g production. om._ {8 market group for natursl gas, high
Direct (0.000%): Direct (0.000%):
0000 kg COZ-£g 0000 kg CO2-£q
rotal Upstream total 7.996%):
0143 kg CO2 g ) 0136 kg CO2-£q
& market for natural g vented | nat_.| (&) market for sweet gas, bumed mgm| | 2] market for waste naturd gas, sweet_ |
Direct (0.000%): Direct Direct (0.000%):
0000 kg CO2 0 0000 kg CO2-£q .00 kg CO2 g
)| ] |
0463 k5 CO2-15 0145 kg CO2-£q 0087 kg CO2 g [T [re——
[ oty e
. . [eS—
v pireerey prrivere
(& rstural gas venting from petroleurn.. | ([ sweet g, burned in gas turbine | 5.
Direct (27.307%): Direct (8.551%):
0,463 kg (02 0,145 ky CO2-Eq 3] ] E ) = |
307%): 016004 o R O IaCE 4
0463 kg C02 g 0145 kg C02-£q vt b e
pteviaen P P

-
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With ecoinvent 3.10

Differ. Differ.
Impact categories Study vs. é—III%F;El th|i-|stF:5éj ZD3PEO Study vs. Unit
ei 39.1 > y ' ei 3.10
Acidification -25% 0.00601 0.00451 0.00743 -39% mol H+-Eq
Climate change (GWP100) -10% 1.90245 1.70345 2.41752 -30% kg CO2-Eq
Ecotoxicity, freshwater 1094%  2.32923 27.82664 6.53875 326% CTUe
Human toxicity, carcinogenic 43% 456E-10 6.54E-10 4.53E-10 44% CTUh
Human toxicity, non-carcinogenic| 30% 1.02E-08 1.33E-08 1.66E-08 -20% CTUh
Ozone depletion 935% 0.12847 0.14234 0.19391 21% kg CFC-11-Eq
Particulate matter -30%  1.73497 5.00155 6.80458  -12% Gl
incidence
Photochemical ozone formation 74% 1.13E-02 6.49E-03 1.32E-02 -11% kg NMVOC-Eq
Resource use, fossils 17% 71.66 83.65 75.70 11% MJ
Water use -73% 0.00649 0.01128 0.64350 -65% m3 world eq.
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Conclusion

Most LCI data sets of (petro)chemicals is based on EcoProfiles

- Various databases like CarbonMinds, GaBi and ecoinvent 3.9.1
provide mostly system process lacking on transparency and
Scope 3 identification

- Our modeling approach connected ethylene/propylene
production with the ecoinvent 3.9.1 database

- Results of our model:
- Similar impacts to the aggregated datasets from eocinenvt 3.9.1
- The largest contributor to GWP is ‘natural gas venting’ (27%)
- ODP and ecotox. are is highly increased for the emissions occurring during raw
material extraction (crude oil, gas)
- Ecoinvent 3.10 integrated unit process for the olefin supply chain!
- GWP ‘steam cracking’' (30%) and ‘natural gas venting’ (18%) v
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Sources and Literature

* Suh, S., & Bardow, A.(2022). Plastics can be a carbon sink but only under stringent conditions. In Nature (Vol. 612, Issue 7939,
pp.214-215). Springer Science and Business Media LLC. https://doi.org/10.1038/d41586-022-04164-8

* Heinrich Boll Foundation and Friends of the Earth Germany (BUND), PLASTIC ATLAS 2019, The plastic roundabout picture:
PLASTICATLAS | Appenzeller/Hecher/Sack.

« European Commission, Plastic waste and recycling in the EU: facts and figure,
(https://www.europarl.europa.eu/topics/en/article/20181212STO21610/plastic-waste-and-recycling-in-the-eu-facts-and-
figures, accessed 16.04.2024)

* Andre, S., Hundertmark, T., & Rao, R. (2012). Using microeconomics to guide invest-ments in petrochemicals.

« EU.(2018). COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN
ECONOMIC AND SOCIAL COMMITTEE AND THE COMMIT-TEE OF THE REGIONS A European Strategy for Plastics in a
Circular Economy. https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1516265440535&uri=COM:2018:28:FIN

+ EU.(2020). COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN
ECONOMIC AND SOCIAL COMMITTEE AND THE COM-MITTEE OF THE REGIONS A new Circular Economy Action Plan For a

cleaner and more competitive Europe. https://eur-lex.europa.eu/legal-
content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN

« European Integrated Pollution Prevention and Control Bureau (EIPPCB) & of the European Commission’s Joint Research
Centre (JRC). (2007). Best Availvable Techniques (BAT) Reference Document on Best Available Technniques in the Production
of Polymers.
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Sources and Literature

* Franklin Associates, A Division of ERG. (2020a). Cradle-to-Gate Life Cycle Analysis of High-Density Polyethylene (HDPE) Resin.
https://www.americanchemistry.com/better-policy-regulation/plastics/resources/cradle-to-gate-life-cycle-analysis-of-high-
density-polyethylene-hdpe-resin

« Franklin Associates, A Division of ERG. (2020b). Cradle-to-Gate Life Cycle Analysis of Linear Low-Density Polyethylene (LLDPE)
Resin.  https://www.americanchemistry.com/better-policy-regulation/plastics/resources/cradle-to-gate-life-cycle-analysis-of-
linear-low-density-polyethylene-lldpe-resin

« Franklin Associates, A Division of ERG. (2020c). Cradle-to-Gate Life Cycle Analysis of Linear Low-Density Polyethylene (LLDPE)
Resin (S. 38-40). https://www.americanchemistry.com/better-policy-regulation/plastics/resources/cradle-to-gate- life-cycle-
analysis-of-linear-low-density-polyethylene-lldpe-resin

» Franklin Associates, A Division of ERG. (2020d). Cradle-to-Gate Life Cycle Analysis of Low-Density Polyethylene (LDPE) Resin.
https://www.americanchemistry.com/better-policy-regulation/plastics/resources/cradle-to-gate-life-cycle-analysis-of-low-
density-polyethylene-ldpe-resin

¢ GlZ, & Okoinstitut e V. (2021). Recycled content in plastic material with focus on PET, HDPE, LDPE, PP.

« Jeremic, D. (2014). Polyethylene. In Ullmann’s Encyclopedia of Industrial Chemistry (S. 20). John Wiley & Sons, Ltd.
https://doi.org/10.1002/14356007.a21_487.pub3

-,
& HORIZON EUROPE GA No. 101057067



Sources and Literature

* McDaniel, M. P. (2010). A Review of the Phillips Supported Chromium Catalyst and Its Com-mercial Use for Ethylene
Polymerization. In Advances in Catalysis (Bd. 53, S. 123-606). Elsevier. https://doi.org/10.1016/50360-0564(10)53003-7
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