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Abstract

This research presents the results of the environmental impact assessment
and carbon footprint of oil production from plastic waste in Thailand, utilizing the ISO
14040 series guidelines and Life Cycle Assessment (LCA) ReCiPe 2016 Midpoint method.
The assessment takes into account the activities of raw material acquisition,
transportation and production processes in the factory (Candle to Gate), including the
amount of waste and air emissions. The study showed 18 indicators of midpoint
impact. Combustion of fuel to generate heat energy in the production process is
considered a significant factor in the impact on environment. It was found that 1 cycle
of oil production (3,000 kg) has a global warming of 13,200 kg carbon dioxide
equivalent (kgCO,-eq), fine particulate matter formation of 13.4 kg equivalent (kgPM2.5-
eq) and water consumption 29.7 m’, associated with the endpoint impact on 3
indicators: human health impact (0.177 daily), ecosystem damage impact (0.000332
species.year) and resource depletion impact (0.593 USD2013). For the Carbon Footprint
assessment, there was an overall total value of 528 tonnes of carbon dioxide
equivalent per year (tonCO,-eq /year) based on oil production at 40 cycles/year. The
results of this research can be used as a basis for improving the production process and
considering an alternative fuel. It is also used as a policy guide for decision-making on
environmentally-friendly activities. This will contribute to the sustainable development of

energy and the environment of Thailand.
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AISUBUNANTUVIVRINENID Wag 5) N1SWUsHa AInd 1 (Figure 1) fall

Goal and scope definition: Interpretation:

®  Purpose: assessing Environment impact and carbon footprint of pyrolysis - The main aims of this

process - study are:
® System boundaries: Material, Production, and Transport (Cradle to gate) *  Accounting the
® Functional unit: 3,000 kg of pyrolysis oil form plastic wastes environment
‘ t impact and carbon
footprint of

Inventory analysis:

= pyrolysis process
® Input inventory : Raw material, energy and water o Identify th
- enti e
®  Output inventory : Product, waste and emission hotoots of
otpots of

® Secondary database: openLCA software developed by Greendelta i
environmental

‘ t impact

®  Suggest the

Impact assessment:

*  Criteria : ISO 14040 < options to improve
*  LCIA Method : ReCipe Midpoint (H) -—) environmental
® Software : OpenLCA version 1.10.3 software developed by Greendelta management in
process
LAl
Carbon footprints assessment: _
® Greenhouse gas emissions (CO,) : LCA method by IPCC GWP 100a -

Figure 1 System boundary of the study

1. nmsnmuadnanguasvauln (Goal and scope definition)

1.1 e (eoal) Whvanevesmsineadedl fe 1) Ussilunansenudanden
wazenivouleaivasmsHAniunnussmaaRnnellssnuduuurnadnuessemelne
uaz 2) srylstiiuNansznuAandondidifny (hot spot) ilelaueuuzmadonlunisuiuuss
Uszavsnmsnudandeslunssuiunsnaniiteysgnsdiiuauiiduinsdedanaden

12 woulmmsfinm (system boundaries) va3nsidbilldsumudeyadu
nszuIuNsldndeingAu (raw material) nszurumanAmingu (production) wagnszuILUNTT

yudsigdes (transport) Fslunsdlilidunsusyidunansenunaeningingeasvenansioue
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Tudinihifuuasnsessiumielitugndminluliou wu M dudemadulssugaamnssy
ﬁaﬁﬂﬂﬂé’mﬂuﬁ’lﬂu@mqud (Fiwa) deld nsvvrunskAntitunnueznataAna LT

wislalBu 4 Tuneu Aanni 2 (Figure 2) fail

I Peraration & Feeder [ Pyrolysis [ Condensation Dust Treatment

Clean Gas

Flue Gas from ¢ 7 \

Wet Scrubber

Make up Water
Syngas back to Combustion {
Pyrolysis Oil Gas \ j
* Water Tank

Condenser

|
A [Rotating Reactor| Make up Water
Plastic
Wast :
- I OQQQ I as Condensate
| T |

Carbon black Water Tank

Wood Combustion Wood Ash ﬁ

Figure 2 Production process of pyrolysis oil

Air

121 nawmsenlazlouvsznaiain (preparation and feeder) Uazwanain
Al dutngdvredlsanuldunnnlssdauentey duduvesiiintuanyusiluiiuiised 30
Alawuns souiuilseu Towdlnaidugananafinuszinneng 9 fiunsdrauagainii
Buvdonudn warlimsfnuenduanUasy enft wslanesing q wasnanafnufislndlidanaslsd
(PVC) vitetlaaftumsifnansiivlndondu (dioxins) Mduansenzifeszugsangussornld
yoznaaRniignAnuenudazgndadufousuin 0.9 x 0.9 x 2.20 lwas fnrwdosnslde
soumaviulszanm 9 fu deuaggninendesnentoudngyatou (feeder) Alduisufina
Huidounds

122 meiwjisenlnlslada (pyrolysis) vezwanadniignilewsnesnunay
gnidgunuinsaivierioasnlwiindusuumsuiu (rotating reactor) sunaduRIUgUInANS

2.7 wes 81 7 wns lngidunisialbuduuy slow pyrolysis w3 Tnlsladauuud iflgaumnd
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1.2.3 msmuuiulewiia (condensation) lavernaraingnlvininuieuau
& Y o ' d' :4' v o 3 & v
naneilulevzgndadnludmeniuuiu (condensen ananiUdsunnuseuivinvaeduli

gaumnivewiaseuanasunanauresvaivseissnidsiulnlslada (pyrolysis oil) Aewinly

9 Y
v I3

fnfvludsvunn 15,000 dns iensosdmhesuazthluliuselowisold
124 mafnduduazens (dust treatment) iudumeussuvatvayuii

wihdidniuduavessiiAntuainmawilndidemds Inssenuuuidussuvaniuivasuuuden
(wet scrubber) n1s¥iuizuandatluszuvaniuueslitduufadouiiiuazesdovu
ihilddnduduazoosasgnuuisudunlussuudnadainlilimindoAetuluduiusaed
msiutudlUluszu (water makeup) Lﬁ@ﬂjmﬂjﬂ‘j’lﬁq%@ﬂﬂ Aeuszueufaseufiavenn
ponnsUdesguseinia tngluduneuiazivaiviludosoengdusssnieldun duazess
fingansuauneusanlen iglulasaulasenled uwasfedauesinoanled

1.3 mwnsen (Functional unit) nsiaseideyasuaandensniy
Fosdmheiuguielfilssuiisuniedenit mhenmsinu Fadseildhmsfunus
fFoyansiiiurmmedsnuiifetulu 1 soumssaminiu @nawEemisild 3,000 Alansu/seu)
wagvinsudsteyaidudoning 1 Alanfuveniiiiy (ke-Oil fiwdnlFanvernanadnifioridi
lUsunsuussananatoya

v Y o

2. MyinTgtydnensaudandes (inventory analysis)

mafurusdeyaiiisadestunssuiunandniituannegwarainiiedar
Hultiydsenseuawnden Ussneulddiedeyavid leud Ysuuwes wdsauladi
w¥audoinds 1l uazihifufisa dwiudeyaveen éud Uinanhduiinaald veads
wafieneenIA waznsudsingav lnevinsiiudeyalaemrsminnisndsvedssnu dmsuuaiy
ymsormmazlideyansifisunmsseuneuafivainenans AP-42 (EPA, 2003) 517l 1 (Table 1)

3. msUseiiunansenudanindan (impact assessment)

n337enseifle35 sy dunansenudieiinisuuy ReCiPe 2016 Midpoint
iosnfuitiianunsasinunnansenuldvannvanauasdanudanguanansathandssgndld
JudeyalussivUszwmanazszaunivle (Huijbregts et al, 2016) uazyinisuszuiananie

TUsunsud5a3u OpenLCA Version 1.10.3 fiwmunlpenmine 1y Green Delta (Green Delta,
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2012) Judsnisussidiunansenumsdwindenlulusunsy LCA wazdagiuiinisdwnldly

AMsANEITERE1NIae (Silva et al,, 2019)

Table 1 Input-output data for pyrolysis of mixed plastic waste

ltem Category Flow Quantity Unit Transport
(kg/kg-Oil)

Inputs Material Mixed plastic waste 3.00 kg 30 km by Truck
Energy Electricity 0.0006 Mj -
Water Ground Water 1.67 Kg -
Energy Wood 0.67 Kg 70 km by Truck
Energy Heat (wood combustion) 14.00 MJ -
Energy Diesel 0.07 kg -

Outputs Product Pyrolysis oil 1.00 kg -
Waste Carbon Black 110.00 kg -
Waste Wood Ash 0.0133 kg -
Emission* PM 0.0012 kg -
Emission* NO, 0.0088 kg -
Emission* Cco 0.0108 kg -
Emission* SO, 0.0005 kg -

Remark AP42-Emission factor for Wood residue combustion in lb/MMbtu unit, Emission factor Rating a for

PM = 0.066, CO = 0.6 SO, = 0.025 and Rating C for NO, = 0.491) (EPA, 2003)

msUszilunansgynurinlalaenisilanUaesnaivuagnsanasuaInsngInTnia
sysupmdupzuuunansznusedwnndey Jalaemnununeiiluisenindededunistivun
SnunizvamansynUTIAR (characterisation factor) S3amsimunutsléifu 2 seéu Toun
s¥fUNa18 (midpoint  indicators) fidavsd 18 Yade 1dud n1sradveseyniavuIaLEn
(fine particulate matter formation) N5V ALAAUNTNEINTWOATE (fossil resource scarcity)
auduiwresyuuindluinge (freshwater ecotoxicity) milﬁmgiwﬁ\ll,ﬂ%'ﬂuﬁﬁm (freshwater
eutrophication) m3tinani1izlaniou (global warming) ANuluivseasnouzslunywe
(human carcinogenic toxicity) mmLﬁuﬁwﬁlﬂﬁamﬁﬂuuwwé (human non-carcinogenic
toxicity) M3vinsadleaslud (ionizing radiation) n1slduselewtifinu (and use) Aandudiv
AOIEUUELIANIMELA (marine  ecotoxicity) mnﬁmqimﬂm%u’lumm (marine  eutrophication)
MIVIALARLNTNEINTUS (mineral resource  scarcity) nsnesveslolauiidsuasiogunimn
Y8aLwe (ozone formation, human health) msnefvedelaufidwanoszuuinauuun

(ozone formation, terrestrial ecosystems) mifqiy,L?{EJIEﬂ%u‘lu‘i‘fuamﬂmaLWEJ“E (stratospheric
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ozone depletion) nsyliilunsalufiu (terrestrial acidification) Anuiduiiwrasyuuiinag
YUUAN (terrestrial ecotoxicity) LLaz“lEzJ’mm’lislﬁfﬁfﬁ (water consumption)

fustszRunasaiulufitgmAuadonnuuddnvnsnanseny Saiayed
szfuUaten1e (endpoint indicators) 1unsuanidnunzvenansgnuieduindonly
amsamvasnguRansyny TiuA 1) mansenusieguamuesuywd (human health) fluanseinis
gogdeUguanie Tumiie Disability Adjusted Life-years (DALY) 2) A1UM@NVANENHINN
(ecosystem) 17'iLLamﬁhﬂwsamamn?ﬁﬁ%?miuwm&Jaﬂ%é@mﬁwmuﬂ (species.yr) Loy 3) AL
PIMRAAUNSNEINS (resource  availability) Tumirevesriuneaa i 2013 (USD2013) vl
ansnedusisngunansnuiifsdeidestudanndenlddaounnty

4. msussdiumiusuaniuvivesnansinst (Carbon Footprint of Product: CFP)

nsUssiiuansueuinniurivesnda fausivinisusedudnennlunisiliife
amzdounsranrianzlandeulutie 100 U fauelaeniieny Intergovernmental Panel
on Climate Change (IPCC) #2838n151UU IPCC GWP 100a (IPPC, 2013) %ﬁﬁ]ugm%gaﬁm%
fisaegluidues ReCiPe 2016 Midpoint Seuiesuds tleynavenaliiinnudaaunas
aonndasfunmhesnuiidavhgudoyannty

a o e,

5. MswUsnanazUTuUTmanAue (interpretation)

q

v
av da v

nswlswavesddedfimnendnAsinailavnnisiivieyaladsenis
Fuwnsounazn1susviliunansenudsndeuiniinnsaie vlauddeailuasdoiausiue
auingusvasduazvauwnnuidenivuaiieldiludeyanisuiulsanszuiunsndnves

Tasanstnduiinsfiudsindousoly

NAN153Y

mssuiunidelunssl annsaagUnaludunsUssdusanssnudanndenuasns
Uszidiuaueulaniuininnisndniitunnvesnaraiindenssuiunisinlalsda Tasld
FmsUsnduigdnsinvesdasiost (LCA) fvwaziduadsi

1. mansynuluseiudunans (midpoint impact indicator)

A7 2 (Table 2) wagamd 3 (Figure 3) 1WunsuLaLaNATIBAYLEYANANNT

v
P

Useuraantusensuuseiiiu LCA Fauussnustnansenuluseaunaamindusnuiy 18 faud

v ¥
a o o a =

PNATEVIUNSNARUNTUIINVIENAERNTUEIW N1STUES ‘quﬁ‘u LATNTZUIUNITNER V9Ll

nansenuUsziuddguesmswanhduiidminginluluneurenssuiunsnds 509090As

AMSVUES BaLAINNSHEUTITRRAU AuaeU TneludunaunsEuIUNISHARNB LM AAKNANTENU

q

WU 17 FIUe Msvudsnaliianansenudwiu 16 d1Usd wasmstaundeingiuneliiin
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¥
|

NANSENUIIUIY 15 AU Fasuarnlulasunansenulawn nsviawpraunsnensweada

saia a v

(fossil resource scarcity) MslgUsglewifinu (and use) wayn1siins s looslusd (ionizing radiation)

'
o v 1 a

wansenuiliuussiduddgydedunndeniiintulunndunouniswda Téun
msiinanazlaniou (global warming) lWurdnen wlunsvillimiinnglanseuluseu 100
Y (Global Warming Potential: GWP 100) wui1 neliAniaaisusulasenlamiiisuiiuinia
13,200 Alandi/mswaningiu 3000 Alandu @adu 4.4 Alandw/msuantisiu 1 Alansy) Tne
%uma'uﬂizmumimamaiﬁl,ﬁmamaﬂaﬂ%fauu'mﬁqm (7,680 kg CO,-eq) sesmunlduntuneu
NM5VUAS (4,740 kg CO,-eq) LLasﬂ’l'ibLﬁ?]jiJ’I%\‘l’quan (796 kg CO,-eq) AUAIRY ﬁaﬁmmwﬁﬂm
nmswlidemdaiieairadundinuanudounasmsUsssuaiivmsenmaisludines
fumeuntsnanthiunazAanssunisvudsiiinty dusunisnefvesoyniasuinidn (fine
particulate matter formation) fiuanslumieAlanfuvesiuazessvuialiiu 2.5 luasou
Flouwi (kg PM2.5-eq) wudnfienlaesan 13.4 ke PM2.5-eq dwdulnaiinduainiunoy
NITUIUNITHAR (6.88 kg PM2.5-eq) Wazn15vUas (5.69 kg PM2.5-eq) TudiuaasuSuianisldy
11 (water consumption) wuin fnslddlaesau 29.7 ANUIANLLIAS Tneudafunniunou

MINGR 16.7 gnUIAnLUnT TunauingAu 12.6 gnUIARUAT Lagn15uuds 0.418 gnuiAfiums

Table 2 Absolute values for the overall midpoint impact indicator

NO  Midpoint impact indicator Unit Transport  Material Production Total

1 Fine particulate matter formation ke PM2.5-eq  5.69E+00 8.63E-01 6.88E+00 1.34E+01
2 Fossil resource scarcity kg oil-eq 0.00E+00 0.00E+00  0.00E+00 0.00E+00
3 Freshwater ecotoxicity ke 1,4-DCB 1.45E-01 4.92E-02 1.78E-01 3.72E-01
4 Freshwater eutrophication kg P-eq 2.49E-03 4.83E-05 2.24E-03 4.77E-03
5 Global warming kg CO,-eq 4.74E+03 7.96E+02  T7.68E+03 1.32E+04
6 Human carcinogenic toxicity ke 1,4-DCB 2.03E-01 6.21E-01 3.05E+00 3.87E+00
7 Human non-carcinogenic toxicity ke 1,4-DCB 9.48E+00 2.28E-01 1.33E+02 1.43E+02
8 lonizing radiation kg Co-60-eq  5.67E+00 0.00E+00  5.18E+01 5.74E+01
9 Land use mza crop-eq  0.00E+00 0.00E+00  8.96E-02 8.96E-02
10 Marine ecotoxicity kg 1,4-DCB 3.92E+00 1.81E-01 2.53E+00 6.63E+00
11 Marine eutrophication kg N-eq 6.14E-03 3.30E-04 1.13E-02 1.77E-02
12 Mineral resource scarcity kg Cu-eq 1.50E-01 5.34E-03 2.41E+00 2.57E+00
13 Ozone formation, Human health kg NO,-eq 5.61E-01 3.85E-01 1.65E+00 2.60E+00
14 Ozone formation, Terrestrial ecosystems kg NO,-eq 9.03E-01 6.21E-01 2.07E+00 3.60E+00
15 Stratospheric ozone depletion kg CFCll-eq  1.37E-03 1.15E-10 7.64E-04 2.14E-03
16 Terrestrial acidification kg SO,-eq 1.59E+01 294E+00  2.04E+01 3.92E+01
17 Terrestrial ecotoxicity kg 1,4-DCB 4.19E+02 2.86E+02  2.71E+03 3.42E+03
18  Water consumption m3 4.18E-01 1.26E+01  1.67E+01 2.97E+01
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Figure 3 Comparison of midpoint impact indicator in pyrolysis process

ansdufivseszuudnauuun (terrestrial  ecotoxicity) lunansznuddgyd
et uuiy Tnedurfneanwosansiivsedu (Terestrial Ecotoxicity Potential: TETP)
Auanamalumihevesilaniuvesans 1,4 lanaslsiuuduseuivagaamnssy ( kg 1,4-DCB to
Industrial soil) wuiwansznulaesauiien 3,420 kg 1,4-DCB lagsnaindunsunszuaunsuan

a

wnfign (2,710 kg 1,4-DCB) sosasnlduitunounisvuds (419 kg 1,4-DCB) uaznsliingiu
(286 kg 1,4-DCB) muddy vaugidanuduiivitlinousislusmywd (human non-carcinogenic
toxicity) uanawaidurdnenmuesansivseanmeinmeluanies (kg 1,4-DCB to urban
air) fiAlaesau 143 kg 1,4-DCB Imammﬂ%u’umauﬂismumimﬁmumﬁqm (133 kg 1,4-DCB)
sosaunlduituneunisuuds (9.8 ke 1,4-DCB) wasmslingau (2.286-01 kg 1,4-DCB)
AUAIPU

wonani nansenuiidatuluussdiugu o taud auduiivdeszuuindluihia
(freshwater ecotoxicity) 1A 0.37 kg 1,4-DCB N5 LﬁﬂQI‘Wﬁ\I e (freshwater eutrophication)
flf1 0.0047 kg P-eq AuLduiiwsoasnousslunywd (human carcinogenic toxicity) fiAn
3.87 kg 1,4-DCB M3tinssdloaslud (lonizing radiation) &A1 57.4 kg Co-60-eq mslauselevil
fifu (land use) fiAn 0.0896 m’a crop-eq AUuTiwBsEULTINAMWILLA (Marine ecotoxicity)
A1 6.63 kg 1,4-DCB ﬂﬂiLﬁﬂgMiWLﬂ%ﬁW&@ (marine eutrophication) dA1 0.0177 kg N-eq
MIIALARLMSNENNSWS (mineral resource scarcity) fifn 2.57 kg Cu-eq Msnesvedlelauiidma

ARgUuNMUDIEY (ozone formation, human health) fifn 2.60 kg NO-eq nM3nafvalelau
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fidanasioszuuiiiaruuun (ozone formation, terrestrial ecosystems) ff1 3.60 kg NO-eq
LLa:ﬁﬂ’liq@Lﬁﬂi@l‘ﬂﬂu%uﬁmﬁ’ﬂmaﬂ&l% (stratospheric ozone depletion) 3A1 0.00214 kg CFC11-eq
2. wansynulusziutulans (endpoint impact indicator)

wamiﬁwwmmiwamLﬁa%’mmjumaﬂwmiuisﬁu%y’uﬂa’mﬁ;luwaﬂﬁwuiu
sveututane 3 ngu Fap15739 3-5 (Table  3-5) léfurl HANTENUADAVNINVBINYWE (human
health) wui1 Lﬁmmﬂﬁaﬁasﬁmaqmaﬂiwuﬁﬁﬁ@yaméﬁuLLiﬂmmﬂmiLﬁmamaﬂaﬂ%fau N9
rosvasaymAvuIndn uazadufiviilineussduiywd swddu Faduanmgmdnd
Aelmindgviduauainvesuywdlutegtu danisagdedavangleesiudndu 0.177
daily Ustifanmsgapderasonguesnisiiguniniiauysallus i 0.177 3 Susrafinainnisme
eudiiedunisvsenisiitinegdeanudvtieniofinis (WHO, 2013) dmsunansenuse
AUNAINTNAIENINTININ (ecosystem) WU éh‘tjq%mamaﬂizmﬁﬁwﬁmaméﬁuLLiﬂmmﬂ
anmelaniou anuduiivdesyuuinanimeia waznsvililunsalufu dansanaswes
deilT3nlnesaudiuiu 0.000332 adFdguiuiul (species. year) uazaavineludiuves
NANTENUADAIUVIALABUNTNEINT (resource availability) WU LARNANTENUIINAITVIA

wAAUNINEINIUSIAETIM 0.593 gLodneadny 2013 (USD2013)

Table 3 Human health impact results

Endpoint impact indicator Value (DALY)
Fine particulate matter formation 8.45E-03
Global warming, Human health 1.59E-01
Human carcinogenic toxicity 3.11E-05
Human non-carcinogenic toxicity 9.11E-03
lonizing radiation 4.27E-06
Ozone formation, Human health 2.37E-06
Stratospheric ozone depletion 4.40E-06
Water consumption, Human health 6.59E-05
Total 1.77E-01
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Table 4 Ecosystem damage impact results

Endpoint impact indicator Value (species.year)
Freshwater ecotoxicity 8.03E-10
Freshwater eutrophication 3.20E-09
Global warming, Freshwater ecosystems 8.67E-09
Global warming, Terrestrial ecosystems 3.18E-04
Land use 7.96E-10
Marine ecotoxicity 5.18E-06
Marine eutrophication 3.02E-11
Ozone formation, Terrestrial ecosystems 4.64E-07
Terrestrial acidification 8.31E-06
Terrestrial ecotoxicity 4.19E-08
Water consumption, Aquatic ecosystems 1.79E-11
Water consumption, Terrestrial ecosystem 4.01E-07
Total 3.32E-04

Table 5 Resource depletion impact results

Endpoint impact indicator Value (USD2013)

Mineral resource scarcity 5.93E-01

Fossil resource scarcity 0.00E+00
Total 5.93E-01

3. wansUssdiuansuauanuYve WA

namsUsdiuAASUauTlama LT IR InnsUsvananaresusunga LCA nuinfian
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eq) karMTINgAU (796 kg COreq) AUEIRY Heiaanandrdudunsusudiuly 1 seu
vosmsHansy (3,000 Alandy) eeundly 1 3 Tssnuasdinmsnantsildimundszanas 40 sou
wioAndu 120,000 Alandi/Al anUSunmwesnanaRnvadusEanal 360 fu fetiu AAnsuau
vﬂmw%yuﬁﬁ'LLﬁﬁwaﬂiwaﬁfiﬂmma:uwzmm 528 sunigasuaulavenleniisunined

(tonCO,-eq/year)
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