ISSN 1512-4649(Print)
ISSN 2667-9752(Online)

WASTE OILS: SYSTEMIC MANAGEMENT EXPERIENCE
AND GEORGIA'S CHALLENGES

Copyright © 2025 the Author/s

Peer review method: Double-Blind
Accepted: November 17, 2025
Published: December 12, 2025

Original scientific article

DOI suffix: 10.36962/NEC20042025-63

Gela Aladashvili
PhD in Economics,
Professor, at Georgian International University,

ORCID iD: https://orcid.org/0000-0002-2786-3346
E-mail:gela.aladashvili@giu.edu.ge

ABSTRACT

This paper presents global trends in waste oils; discusses technological innovations, policy instruments,
economic and infrastructural factors in waste oil processing; examines Georgia's experience and international
practice, based on which recommendations have been developed for the systemic management of waste oils.

Waste oils are classified as hazardous waste, and their improper management, including illegal burning or
incorrect disposal, significantly damages the environment, causes soil, water and air pollution, and reduces
biodiversity. The purpose of the paper is to analyze existing systemic characteristics using examples from differ-
ent countries, assess the effectiveness of collection and processing methods, and identify factors that promote
sustainable waste oil management. The article examines the experience of developed countries, where regen-
eration rates often exceed 80%, which is driven by strong policy frameworks, economic incentives, and the
implementation of modern technologies, such as vacuum distillation and hydrotreating. Particular attention is
devoted to the Extended Producer Responsibility (EPR) system as an effective policy instrument for increasing
collection and regeneration rates. The findings demonstrate that waste oil management requires an integrated
policy framework, robust oversight, and clear traceability. In the Georgian context, the paper highlights local
challenges, which include infrastructural and technological backwardness, weak regulations, and low awareness.
The article emphasizes the necessity for Georgia to transform its own management system in accordance with
circular economy requirements, in order to achieve sustainable development goals.

Keywords: Waste oils; Extended Producer Responsibility; EPR; Georgia; Environmental policy.

REFERENCES: 4. Parliament of Georgia. (2015). Waste Manage-

1. Ministry of Environmental Protection and Ag-
riculture of Georgia. (2016). National Waste Manage-
ment Strategy and Action Plan 2016-2030. Thilisi:
Ministry of Environmental Protection and Agriculture
(in Georgian).

2. Ministry of Environment Protection and Agricul-
ture of Georgia. (2024). Annual Waste Management
Report 2024. Thilisi: Ministry of Environment Protec-
tion and Agriculture (in Georgian).

3. Ministry of Environment Protection and Agricul-
ture of Georgia. (2024). Oil Waste Management Report
2024. Thilisi: Ministry of Environment Protection and
Agriculture (in Georgian).

ment Code. Legislative Herald of Georgia (in Georgian).

5. Technical Regulations on Oil Waste Management
of Georgia. Resolution of the Government of Georgia
No. 327, 2020 (in Georgian).

6.Order of the Minister of Environmental Protection
and Agriculture of Georgia No. 2 773. August 31, 2020
- On approval of the rules for maintaining of electronic
register of producer extended obligations regarding to
oil waste management (in Georgian).

7.Cabrera-Escobar, C., Moreno-Gutiérrez, J., Ro-
driguez-Moreno, R., Pdjaro-Velazquez, E., Calderay-
Cayetano, F, & Duran-Grados, V. (2025). A review on
global recovery policy of used lubricating oils and

N4 (79) 2025, Vol. 20, Issue 4.

SCIENCE /8936036385 %

THE NEW ECONOMIST / 5650 33M6M306B0



ISSN 1512-4649(Print)

% SCIENCE/33G603®@3J35

THE NEW ECONOMIST / 5650 33M6(M30LB0

their effects on the environment and circular economy.
Environments, 12(5), 135. https://doi.org/10.3390/
environments12050135

8.CONOU. (2021). Annual report on waste oil man-
agement in [taly. Consorzio Nazionale per la Gestione,
Raccolta e Trattamento degli Oli Usati. https://www.
conou.it/en/

9. Environmental Protection Agency. (2024). U.S.
recycling infrastructure assessment and state data
reports. EPA.

10. European Commission. (2023). Circularity
of mineral and synthetic lubrication and industrial
waste oil management in the EU. Brussels: European
Commission.

11. European Commission. (2023). Study to analyse
lubricant and industrial oil management systems and
waste oil collection schemes in EU Member States to
support measures to increase collection rates. Pub-
lications Office of the European Union. https://doi.
org/10.2779/948514

12. European Environment Agency. (2024). Waste
oil collection and recycling in Europe: Trends and
challenges. EEA.

13. Global Growth Insights. (2025). Waste oil recy-
cling market. https://www.globalgrowthinsights.com/
market-reports/waste-oil-recycling-market-110225

14.JRC. (2023). Environmental and socio-economic
sustainability of waste lubricant oil management in
the EU (JRC133752). Joint Research Centre. https://
publications.jrc.ec.europa.eu/repository/handle/
JRC133752

15. Khalid, M., Rahman, M., & Singh, R. (2023).
Advances in re-refining technologies for waste lubri-

ISSN 2667-9752(0nline)

cants. Renewable & Sustainable Energy Reviews, 160,
112-129.

16. Klenert, D., Garcia-Gutiérrez, P., Tonini, D.,
Saveyn, H., & Marschinski, R. (2025). The economics of
waste oil recycling in the EU. Journal of Environmental
Economics and Policy, 14(1), 1-22. https://doi.org/10
.1080/21606544.2024.2318385

17.Niza, S., Santos, E., Costa, I., Ribeiro, P, & Ferrio,
P. (2014). Extended producer responsibility policy in
Portugal: A strategy toward improving waste manage-
ment performance. Journal of Cleaner Production, 64,
277-287.

18.0ECD. (2022). Extended producer responsibil-
ity and waste oil management: Global practices. OECD
Publishing.

19. Product Stewardship for Oil Program. (n.d.).
Australian Taxation Office. https://www.ato.gov.au/
businesses-and-organisations/income-deductions-
and-concessions/incentives-and-concessions/fuel-
schemes/product-stewardship-for-oil-program

20. Smyth, J. (2024). Waste management chal-
lenges in developing countries. Environmental Policy
Review, 12(1), 44-59. https://www.hilarispublisher.
com/open-access/waste-management-in-developing-
countries-challenges-and-solutions.pdf

21. UNEP. (2024). Global Waste Management Out-
look 2024. United Nations Environment Programme.

22.Waste Oil Global Market Report. (2025). https://
www.thebusinessresearchcompany.com/report/
waste-oil-global-market-report

23. Waste Oil Market Size and Forecast 2025 to
2034.(2025). https://www.precedenceresearch.com/
waste-oil-market

6I®HRIBO BIAMJ60: LOLOIFI®HO IGHM30L 3OFMBONIBdI
©9J LYIFI®NZIT (ML 303ME333360)

39mo d@oRsdgogmo
93Mbm3o 3ol omg@meo,

LogoGmnggmmb bagMomsdm@abm ¢bogg@bodg@ab 3Gmaggbmen

ORCID iD: https://orcid.org/0000-0002-2786-3346
ge.ggmb@o: gela.aladashvili@giu.edu.ge

03LEMOTSN

65dmm8dn dmz98memos bomhgbo bgmgdol gemmdsmmamo §9bwgbi30930; gobbocrmmons B946menmgon
nEmgoGngén 3mqm@ndnb 061)@6‘3835@360, UJmEmandgjﬁo ®o 060,3(60[)@6‘3]"]@@6{7@0 goj@mﬁgén 5065350
Bgmgdob gosodndsggdado; dgbbsgeraemos bogsGamggmmmb godmzmaemgds s bogGHmsdm@obm 3658039,
Hmdmob gomzgomnbnbydoom dgdndsgzgdamns Gg3m89bws(30980 bomhgbo gmgdol bobBgdxmn domogabogab.

N4 (79) 2025, Vol. 20, Issue 4.



ISSN 1512-4649(Print)
ISSN 2667-9752(Online)

bomhgbo Bgogdo gemsbogozommgds Hmgmes boboggsomm bomhgbo, Gmdemol smobsmsbsm dommgs, oo

dmEob @306mbm 5630 56 0Mmsbbmmn gsbmoglbgds, 860d369mmmzbsm o D0sbgdl gomgdmb, nb393L boswagol,
bycemobs o 3960l ©3806dmmydolb s BomdFmsegemagemzbgdal dgdz0m9d0b. 6odmmnl dndsbos bbgssbbgs
J39960b 3sg5m000 B9 563698 mema bob§ gdnEo osg0bgdamgdgdol sbsenado, dygmmzgdobs o go@sdmdszgdab
8900mydob 9598056m30b dyggobgds @s 08 Gog@m@gdob nwgbBogorzomgds, Hmdemgdors bgemb mbymdl bs-
@Bgbo dgogdob dog o dommgsb. bGso@ns gobobomogl gobgomamgdmman 939469800 go8m3aemgdol, bos(s
989690530006 8563969890 bdomsow 80%-bscs 56398, Mz gob3nmmdgdaemas dmogmn 3meno@ogmEio
Bs@Bmoo, g3mbm8ngm&o bodmmagdoms s msbsdgmmmay Bgdbmemmagongdab, dsgoemomaow, g3sgmmdnto
@obGoemsz0obs s dnEHmoodndszgdol, @sbgmaz00. 3obbs3mmmgdamao ynmspmgds gordmds d6smdmgd-
ol gogomomgdmmon goemoydaemgdol (333) bobBgdsl, Mmgmeis dgammggdobs s Hga96g6sz00l 8sh39-
698980l dE0b 953948056 3menoogme 0bb&Em8g68b. 8ngbgdgdo (3boymeab, HmP bomhgbo bgomgdab
8969%89660 dmombmzlb 068 ga@omgdaen 3menod oz BomBmb, 8dmmag® bgwedbgrosgemmdabs s djo0m
dnggemggomdab. bodsoggmmb 30mb6894b@dn, bsdmmdn bomdmshigbl sgoemmdmng godmb39393b, Hmdemg-
3oz dmozo3b 06sbEFHNfG@mmen s Bg76mermgon® Bsdmmbgbommmdal, Gggmensz09d0b bobabdgb oo
@85 (36m309(93850. bGoBos bsdL mbzodl smiz0mgdenmdsol, Gmd bogoGmggmmd gomoddbsl bszmomomn
dsmangab bobBgds (306 3memeGraemo 93mbmdn ol dmambmgzbgdorsh dgbededobmdsdn, drogmowmn gsbzomstigdals
80069800 dobobg350.

boggebdm boByggdo: boch9b0 dgmgdo; d656:3mgdemol gogsmmmgdaemo 3oemmgdamads; 833, bogsGmggemm;
3omgdmboozgnomo 3menndojo.

OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO0

330LO3OR0

bomhgbn Dymgdol dommgs Bomdmawagbl gfo-
960 yzgmodg 360d36gmmgzab Lsgombl gomgdm-
LEs(3300 Mm@ 03930, Mo@asb doma sGdLbmMa
a0bmagbgds 063930 boswagnl, bymabs s 3ogMab
©5606d9Mgdsb. abobo gmobogazaogds Amam s
Lobogomm 6aMhgbo, Mowasb dgnzo3L 3dndg dg@)e-
mgdL, 396(396maq693L, 3mmasmBs@ e bobdom-
Byomdomgdl s Lbgs §mJbogne bogmogmgdgdl.
bomhgbo bgmgdo 35364 oboboomgdmgdabs s bab-
afmdmongzo gamamas300b godm g3mbob@gdgdabogal
LgFombye LogMmbgl BomBmaowagblb. dsma gomyg-
dmdo dmbggms nB393L boswsgabs s Bymob ada-
BdnE9d5b, bam3Magomegmmzbgdal 393 (3069050 o
®o63Bngemmdals Hab 3gdb.

ammdamy&o §qbwgb309d0 doymomygdl, Gm3
bochgbn bgomgdal BodmJdbs nbdMgds GEsbb3m-
& 0b, 0bmbGMaal, 5369358gd0b s 860 3ol Ids-
61000 IMbIogbol 3oMamgmeMa. bamhgbo Dgmgdab
ammdame@o 3odMab Im3mmmdsed 2024 byl 78,9
Bom0aMEo 933 @MEsMn dgoanbs. 3mbammmobgmoas,
™3 2034 Broobogob 85BG0b momgdymgds ©ss-
bermgdom 147,2 dommosti 933 ommamb dosmbagsl
5 BO©ob Ladgamm 89330 6,4 % 0gbgds [23].

bomhgbo dgomn mgaMmoatgdmmo 3GmndEns,

Mm3gemo(3 390 358mM0Yygbgds Mmegse30M39mn o-
603649300 0b doFoms@aw BaMdmngdbgds bo@me-

BL3MEEG™M s LodEMgB3gmm dMoggdda. gemmdsmy@o
bahgbo bgomgdab gosdndsggdal dobotn ndMwgds,

obo gofg3gmma bgmb Bymdl msbsdgommgy
89dbmmmangdal bodnomgdoom gsdmygbgdamao
Bgomgdal Mgagbamozns Lobgogom ob Lodmb badye-
mgds@. 3mbGFmmmm sbgabs 56 Boswsgdo Roma-
0L LadoMob3omme Lym YRGm Ig@o ynMoomgds
903mds 3ol Mg303m0Mgdsl. m9dge dgatmggdal
5 3053353930l LobBgdgdab gi3g9@0sbmds 8603-
369mm3ba gobLbgegmgds Mganmbgdal dobgogao:
936m 35330630 36m(39L0 3303600 Mgammotigds,
bomm gobgomamgdem 439969830 bLob®gdgdo bIoow
@b MEmymgamos [20]. gobgomatigdam 439969630
boRgb0 bymgdab Bgz03mamgdals 3oR3969dgma
Bmgxg® 80 3m 396G LG 3o 9FoMd7dL, gobgome-
19650 939469630 30 8@ o@ adamns.

Logomggmmda boMhgbn bgmgdal JoGmgals
358mb393980 Ima(303L 0bgMab@ M@ nmab stsbs 3-
oMol 3063000069050, &gdbmmmann® Redm@mAgbo-
mmdsb, §3mbmdogn&o bGedymgdalb bogmgdmdabs
5 05 (36mdngfMgdsb.

6536m30b JoDobos godmdszgybgdama 33mggzoma
3obomgdal sbomobal boggydggmby bombgbn bgog-
30l dgammzgdobes s gomsededsggdab asdmbgggzgdol
a0dmgmgbo, admggol 3Mad@nggdob gosbmds wo
93m39bs(30980L dg3ndsggds Lodomggmman o3
36 39b0b Lob@gdyMo gondxgmdgbgdabmgab.

N4 (79) 2025, Vol. 20, Issue 4.

SCIENCE /8936036385 %

THE NEW ECONOMIST / 5650 33M6M306B0



ISSN 1512-4649(Print)

% SCIENCE /3336036355

Q0&IGIGIVANL 3N3MBLNERBD

ammmdsmamom dgammggdmon bomBgbo dgmgdal
oobemmadoom 38% aowsd9ds3009ds bob3sz 3Mmwn -
&9050, bengmm 25%-0b Ladmb Ladgemagdgdsw Mgag-
BgF0Mgds brgds. 3mmabmbomgdaymas, Hm3 batmbgba
Bgmgdal Mg03m0c960l LagHomm momgdamagds
2025 Bgemb 4791.1 Bomombo 593 @meao, begnm
2026 bobogob osbemmgdno 5239.55 8nmombo 533
M0 0gbgds. 35DM0 3093 YBRO™ 350DM©YdS
052033 Bemobogal 9801.6 Joemomb 533 emema@b do-
ombgglb [13]. M3 3ggbgds bgmobaom gowmsdndsggdal,
a0dm0ynbgds gobmgbo §g46mmmangda gs 3mmdnma
abomaszoal, bysmdswanm ©s84353980lL ©s god-
bLbgmagdom ggbEMs300L 3Bm(39Ld0. gb 860dgbgemm-
3600 @b Lododabm Dgmgdab go8mbagmasbmdabe
5 bamabbol doRzq69dgmb. 535bmsb, demm 3hgnbdy
og3ydbgdymo 6omABgbo bgmgdol 8mbo@m@abaol
LobBgd> > bymmzby® 0bGImyd&vY RBYdby-
S0 3Mmabmbofgdemo 894603960 dmababycgds
098 mdgbgdlb dgammggdal, bgamgas300bs s go@s-
31353980b g8399&056mdsb. 50b0dbgmn doymncmygdl,
8 boMRgbo bgomgdol d5bo0 MbIMSE gowawanl
MRO™ Jomamo oM gdnmgdob go@sdndsggdol dm-
©qmqddy. 356bs3m0Mgdnman 3bsMmmns bgmabme
350539353900 LadsDabm bgogdals Bomdmgds,
MmBgmag dmemm sbmgmmda 35%-00 gondaMe.
berenm domeabgmob 36563mgdmgdal ssbermmadom
20% 3omggmbyscimw bs 3g9d @s dMsgal bacRgb bg-
09db 0ygbgdlL [13].

bomhgbo Dgmgdal 85DoMby @MBnbob@ Ao
$9bgb(3005 0bmgaoz0Mo 0bGgaMofgdyma bot-
Bgbgd0b 8oMmzgal LyMzobgdol sbgMags. o8 &Mo-
BLbgzmMdoz0ob bgmb 0Bymdl Hmame(z damga«-

THE NEW ECONOMIST / 5650 33M6(M30LB0

moMgdgmo dmmbmgbgda, sbgzg, 3gMdm bgd@mmab
LEGGgaPmo 0bBgMabgdo, Moz B0bbs© ababagl
BomRgbo Dgmgdol gomsedndaggdobs s Mgagbgme-
(3000 35R39693malb bFsl. s3g3560 3Gm3gLgda
mdmemmme Mbymdl bgmb dmbgdMogo Mabambgdol
3M6LgE3s(300L o 83(30678L bomhgbo bgmgdal dm-
EHemdab bagogbagmgmaddg [22].

dbbgomo 3m@3mEa30gda 3603369mmzsb nb-
39L0E0sb sbm@(309mgdgb mmxabGozymo s
&9dbmmmgon@a 3Gmi39bgdal as3sMmEG0nggdada.
3m33560s Averda-b obozos@oge (2022) sMedms
3590 ®006909m Losdommgddn, ImbIMAL, Hm3
3M335609d0 sggefmmgdgb dgacimggdal sGgomb
&Mo0307mo basg@mImdomm bgmgdal Jomds. bo-
33900 Dol 656R56550L dgacimzggds Mgb@mmbgdals
LgdEMEEESE (10 domamba Mo Ho) sts Jbmemo

ISSN 2667-9752(0nline)

03 mdgLgdl saammdmaga bamhgbgdal domgal
bamabbl, s6edgw 360336gmmzba 38(30M53L bog)-
36L3MOGM Lodnamgdgdal bobdoMdawal 43nbogdl
393mygbgdymoa Jgmabsdogmoa dgmal dgdwmamdda
dombobgogem ao8mygbgdol aboo. sbggg, bLonbdg-
gbms Shell-ob 80g 2022 bgemb nbmgmdn sbyg-
dqgmo g5dmygbgdama dgmab dommgals bgAgabo,
mB8go(s bomdmomaqbl b & memma dooamdal
dagamomb. 83 bgMgobol 30Dsbas nbomgmals bo-
Rgbo Bgomal gobmsagbgdals Lol gdal gmEdsmym
93mbLoLE YDy gosy3z96s, Mo@ash bamhgbo Dgmab
3Mobomabom g8 obs smosMgdymos, HmamM(s
E0gLo 3G 3Mmgds 0beybGMoyma (306 34-
ma@mmdobmgob. 8333560 0bazns@nggdo dHwob
Bgmab bgmabama Mgaqgbgcsnal dohzqgbgdgmb wo
3bomb dgmb daMoman 3obgz0mamgdal gmmdsmey®
80b6g8L [22].

3m0bmgds, Hm3 botBgbo bgomgdal domgals
35bon gomomal oM@ ngn 3obmagzbgdawsb domes-
@&9dbmmmaog®, 0b@gatomgdge byMgobgddy,
MHm3mgdas g3mmmaon® dggagdb gzmbmdegy®
LM gdgmMseb 835330658, sbamoa dmba393gda
3boymal, Gm3 bombgbo bgmgdol gomsdydaggds
dm3dagd05b g3mbm3dogn® Logdnsbmdow gswsngge
(8Lbgaa 3m33s60gdabmgals), cd(zs Labgmdbogm
Mganms0gdo 3gmseg 360336gmmgab abb@maadg-
bBo© Mmhgds bob@gdynmo Jommngal 3Gim3gLbda.

bomRgbgdal, dom dmMal bomAgbo bgmygdal,
dgatmggdobs s gomadydaggdolb 3Mmzgbgddo
3656M3mgdmal gogammmgdamo 3omEgdemgdol
LobBg3s (8a3) nmgmgds ghm-gho baMds@gdym
3meo@ogolb 0bb@MMBgbG o (ndie oM (3ombe-
bow), HmIgmoi 865M3mgdmgdbs s 083m@Eom-
98L 6oMRg6gd0L Jgammggdal s gosdymdaggdol
30m39Lbgddg 3obbobdagdmmdal smgdol s30-
qdmadl. §3mbm3n Mo msbsddmmdmmdobs o
35630056 7980b mGas60bs(305 OECD 5badbsgl, Hmd
demogn dag LobBgdgdo BBl Jgammggdab dohgzg-
6gdmgdL, 83(30693L sGsmgasm® Rodatgdol wo
D bHY639mymnl Gabsbbya bsJowgdal gsdggam-
35mdal [18]. dogomoma, 3mMExyasmanl godm(s-
©omgds 5Ag9690L, H™3 LEmE o Rodmysmndgdemads
333 LobBdsd bomBgba bgogdol doFmngol batabba
83390050 goo8xmdgbe. 33mg30L dobgogom, Igbe-
35800 35L9babdggdmmdal MmMasbobs(30gdds dg4-
369L g39960b 85L3Godaom goMgs mMasbobgdama
dgammzgdobs o ao@a84353930b Jbgmada, Mods(s
3603369mmzbo goDoMms Mmam(y 3gatmggdols
35hg96gdmgda, abg Mgagbgfs(zoal bacabbo. 538 m-

N4 (79) 2025, Vol. 20, Issue 4.



ISSN 1512-4649(Print)

ISSN 2667-9752(Online)

61980 5060365396, BB MGG asmasdn Joembgmma
56870 3>99%M3gLYSYme ggmmma0Ho dgrgagsoe-
M(3 398mM0bsB)gds. 99850, §39456s g36m 3933060l
Lo80bbg oh3z9698emadL MLEM AL, Mo(3 8g3 Immgemals
9899&05bmdal 3 3o530m abEyymas [17].

936m 35330630 baMRgbo byogdol dpaMsewo
dommgs 3oMqd3mbmszgnmo 3mma@ogzob ghom-gfmo
300803nmo dodsMommgdss. LbmMgo sd0@m3,
936m 35330600 3mmo@03s Jabbow absobaglh bomhgba
Bgogdob dgacmggdal, aomsedydaggdabs s bymoe-
bomo g453myqb9d0b LobEGgdmHa dotrmgal mbEX6-
39ymgsb. 6s@Rgbo bgmgdol gygd@nsbo dsmmgs
©535330653mmos Mgamms30980L bamobbmab,
93mbm3ogn® LEGN3YMgdmsb, nbyMLE MGGl
356300061965Lmsb, 833 dmEgmgdal I9domdabs ©s
LobdmgsmgdMog (36mdngMgdobmsb. smbodbamema
bomhgbgdals Jomzgs gMm-go 360d369emm3s6 godm-
b39390 Mhgds, Mowasb mgmGagmae dgafmmggdawa
omEgbmdal osbmmgdoom 18% do0b(s ngotggds
5 56 b30gds MP(305eYM0 sen(3630L LogMzgdo.
9L 603653, Bm3 6omBgbo Dymgdolb momddals gmggma
3gbog boboemo Lsdmemmm %8830 badsMomgdMngawm
36 3MbBOMmEads, Moz Jomsmo Mobzob dgd339mo
3657@03900b g036(39mgdal qbymdl byeb. dagbyg-
5350 030bs, HmB gg@mzo3306ab 363567 ggmbm-
3030l 3mmo@ngs 33og0mE nmbmab bomRgbgdal
36193963000, Bgmab batabbosb Jgagcmggdsbs oo
93969653000, 6936 LobgmBBoggmgdda s@bgdama
365480 3s 3603369mmazba aobLbbzogogds o 38%-
56 100%-30g 3gMygmob. gobbbgeggds gsb3omm-
dgdmmos Mmam g Mganms3ngdol smbEmmagdab
bacabbom, aby g3mbmdogydo bGedymgdobs ©s
3Mmagd30ob mmxgobogn®o bobgdgdal mbymdao.
EesE dstormmo bogM3g9ddo bdoMow gbzogdoc
36mdmg393L, HmamMa(zes )356mbm sbgs d(306g
038™MbgAgobgdlbs s nbmagopsmy® Ladydom
s@anmgddo; bgmab dgMggs bbgs bobob bamBgbgdmasb,
a56bos 3gommgdam babdmgem Lgd@m™do; sbgzg 3030
35Dl 5L gdmds, HmIgema(s bRy dgmb nygbgdl
oG gMbaGogmo bobgegob Imbeddowgdmaw [10].

9360m 3533060l 9Momdmogo 33mg30m0 (39680
JRC [14] a56bos 3omtigdam yumomgdsl sdsbzamgdl
bo®Rgbo bgomgdal Bommgol Lob@gdolb LE® G-
e 309mb39398bg. 306390 3GMmgds sGals dg-
360m3960b s olo jdomalio mb g: Joybgwsgaw 0dobs,
M3 ggemgegdomal 306mb3gdmmds ombmgl bs-
Rg60 bgogdab 3o4Lodsen® dgacmazqdsl, 3God@o-
3980 86033b6gmmgaba Momogbmds 33mag 03oMggds

SCIENCE /8936036385 %

86 1 30bmbm abgdom gobmagbegds. gb J3bal Gm-
am& (3 306gdmbrszzom, by ggmbmadn & Mabgqd,
o356 MgagbgMsznobmgal bogoMm bgomgnma
LENmoE o6 Bogbmegds Lob@gdsb. dgmeyg gsdm-
63939 393806©gds M9396 9653000 93mbm8o &
bogmzbemol mbofmosbmdab. sbgscaddo babgolbdy-
03, B3 sbamo LadsDabm bgmal sdsmo gabo s
bR gb0 bgmab Bgammggdabes o go@adndaggdals do-
a0 bafggdo bdoMo sGmnmgdb Mgaqgbgmsgool
3M63996 968 boGnsbmdal. dgmgasw, 3m33s60gdL
bdomow qMmBggzosm, Jogomomam, odsmmb Bgab
LoBomBmm 3m(39Lgddn, Mo aoMgdmboszzoma
»gombadMabom bs3mydsm dgMomans. dgbady
Logombo dmemnGn job 0bb G 9dgbBgdolb ofsbs jds-
mobo gome obos (3000, 9360m 3533060b dobd@odom
8cmddgo @0Mgd@oggde Dmaxg® 30bLbgeggdamar
0b@gM3MgG0Mmgds gHmgbumm ©mbgdy, Moz §86ab
©93969Mo300be ©o 9bgMag@oggme seragbob
3mmo@ognc 3mbinegbosl. 563560330 sxmbad-
bymos, M3 LYdbowogdabs s dmbagMgdemygdals
394060b3gd0 B3oMow oF sM0lb Meb3ndgzcivmo,
ol dgogaswss d0Domdg bGednmgdol @abdsome-

bLbo Rbgds. gmmbyg aodmbgggs §g76menmaom® s
0bgMobB® 998 9% g Igb @393l 93°330MRgSe.
69396965300 Mobsdgemzgg dgommegdo (3npcm-
389353900, g53bbbgmom gdbEMsogdz0s, wob@o-
md(300) 35M98mbes(3300m0 M38mbsbdGHaboo MRGH™
989d&00b0s, mdie Jomn sbgMags dmombmgl
doma 0b3qL@0(3090L s §gdbmmmaoy® (3mEbsl,
65(3 Y39ms 6936 Lobgmdbogmadn gMmbsntow bgem-
dnbobgomadn o6 sMal.

9360m 38330630 bombgbo Dgmgdob dommgal
LobEgdgdo MM doMomae ImEgmoe aymgos: dbs-
@3mgdmol gogommnmgdym gomeydgmgds?y (3a3)
og3ndbgdmma Lol gdgdo s bLadadmm Labdgdgdoa,
Mm3mgdag o6 9yMebmds d33-b. g3mm3zmadnboal
98000001 Ao gdgmo 33mma3e Jomamgdl, Gmd Hmd
333-0b BMAIsEo 3Mbgdmds 938MBoG Mo oM
0b393L domamon Jgammggdal dohggbgdemgdl. doge-
Mmoo, 390360 o 53L@M0s, bowas(z3 dgg LobBgds
o6 8mgddgwgdl, gsdmambgznsb damamo dgammgg-
doo. 5dab dmagamn gobdsdnmmdgdgmo god@mma
ool demogfa Labgmdbogm Dgosdbgoggmmds,
358590 LodsdMm Bobomobgdgdo s bamARgbg-
30l Igmmdgmgdabogol bymdnbabzoman, bdoMaw
Bobm 0bxy®msb@myd@ncs. dab bodoMobldomme,
3mmmbgobs s dymasmgmdon, bowas IMogama
Bgmos 3mddqwgdl 33, dgmgagdo adomns, Moy
dgodemgds s0bLBsL Dgedbgggmmdol LabybEom,
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55050653560 GoMnggdam s Lol gdnca abigyb-
Jiogdoo [11].

9360m 30330630 boRgbo bgmal gowsedydsgg-
dob g3mbmBogyma s 3mmoadognto sb3gd@gdob
aobbomgabob 833mg36gda Klenert et al, (2025)
dommomgdgb 0d bobsomdgamdadyg, GmIgmas
06bgdmdl 9360m3s3306alb 2008 bral BomAgbgdals
Ro@Rm Qnﬁ)ad@)o:snb 360(\060@)3@)[}0 o 630@‘36
93Mbm30gn® LEEINmgdL ImFHabl. Joybgosgowm
080bs, ®m3 ofMgd@ogs Mga9bgMaosl - Ladsdm
Bgoob bgmobam Bomdmgdal - @dsmmgl saomb
sboggdl, 3Megd@0zedn bdoMow maglb 0hgbl abgmo
93mbmBo3nco Bod@mMMgdo, Hmdmgdars 53 30bbol
30bbm&(30gmgdol ogggMbgdl. s3@mMgdds bodo
doGomsma d0dsMonmgdol 3Gmdmgds Bamdmo-
3069l - Mgagbgfa(s0s, B30l go8mygbgds gbgFaonls
dabomgdom s 1 3obmbm gowayts, Mmdgma s ggmbm-
30360 bGN3Ymgdal godm 33msg dd@yonE 3Gm-
dmgdo@ MRgds. g3mbmdognmo dmegmoamgdabs ©s
L39baMgdab 865m0Dal Lodmamgdom 833mg3Mgdads
356boDMgMgL, Mo 30MmMdgddn brgds MgagbgMszns
30bsbbyMoe Lombmabybomasba. domn wobyg-
Boo, bgemabmgdgmo Ladsdm dgmab @edsmo gobo
5 65MAgba Dgonl dgacmazqdal domamon bafmyggdo
Bom8maagbl yzgmodg 860d36gmmzgeb dotng@l,
mdgmo(z 9396965 (300b 3GIM(39LL v539MbgdLI16].

93Mbm3ogmco bGndYmgda, AmamEozos biydLbo-
0930, b3g3636@0m 8g4s60D3gd0 s ggmEGotoggdoa,
Bomhgbgdob goadndseggdol dsbMob gobzomamgdals
Loggydggmas. 3sbbs 3mm@gdom 33069 bLobs@mdmgdo
30656LyMa Bobomabgdal gofmgdg g sbgMbgdgb
&qgdbmmmaon® 0b3zgb@nmgdsb. 9g39 smbsbadbsogons,
™3 LadmgsEmMgdMnga (36mdagcgds MRgds 3bnd-
369mm3zo6 Bod@mMMo. sMoghma 333mmgzotn doyy-
®0093L, O™ 0bgmEBszommo 3033560550 DML
Mmam 0bybGmMoymao, aby boagmgsbmamgom
Bochgbgdal Rodagdals Johggbgdmadl.

9360m30b godm3amgds shzqbgdl, Mm8 gi3gd@o-
sbo da3 Lob@gdgdo 08 J39yb53do a3b300gds, bLowas(s
56LgdmdL domomo go8ggnMgommds, d3ogom dm-
Bo@mEmnban s Inwdngo GoMoxygdab gomobgogal
399960%80. 35053bnEs3ms ©3G0bsLLds Ybo
95399698mEgl Mgommn® 3Dl 30mmdgdl, bonemm
BomhRgbgdal 8ggmmmdgmgdobogal bgMgobo 56 Megabm
6o 0gmb, 56 53mbm3dogyden dmdggdnsba. aobbos-
39069300 8603d3690mmz5605 Dgoals baGabbals 3mbE-
Mmoo dgammggdob 9@ e3dg - @adabdymgdamao dgma
80603060mdgdb MgaqbgMo300b Jgndmgdmmdal
5 Ladmmmme JogdsMmgds 0bbabgfsznadyg, Mo
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936m 333060l 3GomEodg@nm dodstmgmgdgdl
9b0bssm3mgagds. g3mbm8n o Babamabgds gfo-g-
Moo yzgmadg demago 0bbHMdgbE0s, Hmdgma(s
936m 3533060l 3Mog8n3ed0 d3oxn0mm 0339m9ds.
dgmanado Ro@omgdamds d98mb3gdgdds sh3ggbs,
M3 538mbgM30bgd0l @osbmmgdom 5% ¢ 356m-
b b30305 baMRgb bgob, 4obLs3nmigdom 35306,
MmEgbsz 8ob mgasmu® gos393sbmsb s jogdo-
M 90mmo baMggdn domamn ngm. 3mMGasmasbe
©5 bn@gs@nada 30 ogn dadata gsbbagnmGgdom
2d&0Megds adgmob Bsmammo g3abgdab 3gMomodo,
o3 3bdymuL, Mm3 g3mbmdagnmo gojdmmgda
3068306 a56badmgMagh bomAgh bgmmab dnds-
09800 (393000 gosby3g@nmgdgdl. dgbsdsdaba,
936m3038060b 439469d0bmz0lb ghm-gfma 36G0d0-
310 636000 Babablyyo bobarmalbgdgdal LEmMsw
356960 - 3500 ImM0b bmdbowogdo 306y bohgbgdab
6o6(3m3J3bgemgdobomgal, Gomoggdol ©oxggcgbso-
905 agmafMogogma boMoyymaggdol dobgozom o
dgammzgdob mo396bamgdob 3353690 Bqbgdo [10].

3393950 00mddob yzgms bobgmdol Dymgdab
Bomhgbgdal Bg303mnfgdal 3Gm3gLbdo Remmgady
domonmgdgb. Cabrera-Escobaratal. (2025) s060360s-
396, ®m3 Ladmbo Dgmgdob bomhgbgdal smwagbs o
303mygbgds bomdmowggbl 8603369mm3ze6 Bodaxl
Bamomn Mgba@mbgdol aMmmgobs s bamma g3m-
6m3do3abzg6 [7].

bomhRgbn bgmgdal Bgagbg@sozos g3cmzsgdo-
Mobogab yzgmadg 3Gomo@g@mmoas, omdgs dobo
bodmomm 3ohzgbgdgmoa Abmemme 61%-b smbBgab.
©3dsmo bamabbol BomRgbo bgomn, ©s8530bdymgd-
mgdab g6 g3s, dDM0L BgMygmds s sMdbs3dsmabo
dmbo@mMabgn Mga96g6e300L LgFMam by godm-
630350 2J393L- 0bmgsgagMo gzBm3gren J3gybgoo
(8og., 3mOGmasmos, bLagMsbggmn) Bogomdgdal
LEMOG OGO Fgatmzgdal 0ggbgdgb, Mocs
6036o3b Bgmal 39@gamEodgdagm s bgamggo-
®939e 89aMmzgdaL - dgrgar HgagbgMoiool
35h396939m0 0DM@yds, beemm ©odabdymgdmma
3M@0gd0 3(3060©9ds. 936m30b 39946950 Loyzg-
ogbm 36803900 s@dbGMMgdL, Hm3 bomBs@ g-
oo Lob@gds AMsgzomagsd@mMmasbns. ggMdsbos
boBL bgedL ©s330M39d500 LadsDH™ dmEymal
989d@096mdsL, LogMobagmo - (396@Momabgdama
da3-0b dmg6oem dgbodmgdemmdgdl, 3mmEmasmoas
- bamabbol yzgemedg 83036 gmbBHMEU, bmmm gb-
30bgma - doggmggamdal gsdstormm bob@gdsl [11].

3mmo@nzob dsgamomagdol (936m 303060, 533, Ro-
690, 53L@MdmNs) 3o5b6smabgdabsls Cabrera-Escobar
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at al. (2025) go3mogmabgl, MHm3 Ggammsz0gdo,
Lmdboogdo s bGIymagda 3G 0 MEos doDMal
25630056 7580bs s 39Mgdmbrszgoma Malggdal
393 (306980bmg0b[7].

3mmo@ogzob 0bbE&mdgb@ goal gobbomgabsb
3603369mm35600 batigal, 9539480l s gomgdmbos-
(330000 LoFggdmal 30035mabBabgds. dogsmamac,
LodmogMmdm Lydbawons gmmabbdmdl Hgagbgce-
300b @obgLgdmmgdgdol 30MEed06 oGnbabbgdal
Lobgmdbogm doyxg@owsb. md3s, gb dogmads
Logotm goboblgdl 3dadg GgoMob 595696l o
acdgmgo0056 396ML3gd@ 03530 Bgbademmos ssdygsn
5ImABrogL. Bgaqbg@o300Lmab s 3ogbaMgdom abo(s
Mbos 5006036mb, bgmubmgdgmoa dsbob dgmab
©adomn gobo s dgaMm3zgdal domomo bofgqdo
bdofow 5396bgdL Job gobbm(30gmgdsb. sgdgwsb
353m3nbomy, 3mmo@ongzol 0bLEEMM3968gdab
LEmEo© dgMhggs aosdbyzgdns. mbszMmgdmabe
5 bydbowonl 3g4960Ba Ima3o3L bgemmbermgdgma
35Bob bgonb gognwzedy Imbs 3G gdmab sbgbgdsb,
domgdyemn dgdmbogmgdal aodmygbgdom 30 Mgaqby-
0@ mM9d0lb dboMmadgMab. gb dmmgmo s3@mEgdals
Klenert et al., (2025) dgg30bgdoo qgcm dpg®smos,
61500356 398mbagomn 80bsb3ndsmmyymom nbsxgds
5 65 3mmygd BobssmBogamdal sbywgds[16].

O@OQOOBO amdaaQﬂ 86(")86"3@“ debmg)Gﬂ'
80 CONOU (Consorzio Nazionale per la Gestione,
Raccolta e Trattamento degli Oli Usati), @mdgmas
3obbabdagdgmos badhgbo bgmgdalb dgacmggdsbs
o MgagbgMa3nodg, 2021 Bmol sbgemndda dov-
®00dL, B3 bomBgbo bgogdols (306 3mmaGma
LobEgds godmamBgzs Bomamo gxgd@nsbmdom wo
300 93mbrsi3zoma dggaqgdoom. 2021 bgmb dom
dmabg@bgl esbmmgdom 186,000 §mbs bomRgba
Bgoab dgammggds, Moz momnddab bommow 8mazogb
939956530 bo8mJdboem dgatmggdow dm(zmmdsb.
dgatimggdgmao bamhgbo bgmgdal 98%-bg dg@o
9396965 (300b 039939809056, Mo3 60dbsogl, Hm3
0bobo bgmobms gofsngd696 Ladsbabm bymsc.
9L 3oRggbgdgma g36m 3ogdamals badmomm @mbgl
860336gmmgbam 5mgds@gds s oomoasl mowgm
3mbo300bg 549693L. M9a96965(300L Fggasm domy-
o badababm bgon 53(30693L Byema bogomdal
083m& 0L bognmmgdal, M3 §39960b 9bgHag@ogmm
Bomabbdg omgdomo dmddgmgdl. gomms 530bs,
CONOU-L sbg9603d0 badgsbdqmos, Gm3 ymgzgemb-
0O 5m0smabmdoc §mbs CO, gdnbos msegowsb
30(3009, brem byemal 3mbdamgds 3603369mmabac
393 (3060005. bobBgds bamma Mhggbgdl, oy Jomammo
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LogMmbal 358 oMgdgmo bathgbo Gmam gomma-
0436935 omgdaem Mgbamboo o bbmMow mmgasbo-
Bgdamo gMmzbyma bob@qds, Hm3gmos gi34dbgds
Logomegdamm dgafmggdsal, 33036 3mbaGmmabal
5 M3 96963000 3B0mE0@G 9@ L, dgndmagds gobrgl
bomhgbn Dgmgdal dgMemn doMmazal bowigmgbm
36og@ogo [8].

23b@Mamonl Product Stewardship for Oil (PSO)
Scheme o6l baMhgbo bgomolb docmgal 3g4s60ddo,
mdgmo(y gdyomgds dmbogMgdmabe s bydbowaol
(Levy-Benefit) 3606(303L. 3Gmamads sbgbgdl 8mbe-
36939mb (5d30B0b babom) dabamdg dgbmem sboem
bgordg s Jgamimggdama mebbom 5g30bs6LgdL (g30-
bbby batggdmob Lobom) 08 3m33s6053L, M-
mgd0(3 bomRgb byl s3MmM39896, go0s5343539096
5 bgmobam a00053dsggdL sbm(309mgdgb. gb
L35 JoBbsw nbabogh aosdndaggdol 3shz969emals
BEsL, 3omadmbosggoma Mabzgdolb dgdzomgdal
5 Mg-MoxnbaMgdal, Gmamcz 3GomMo@ g mmo
dgom@ob Babamabgdsb.

bamhgbo bgomgdal dommzal bsgomba d39960L m-
69y 93magcgbow g3mbman Mo s 3mmo@ ozt
3500693980 gdgdob Hormm Jugemdos RsGormmo, bs-
5(3 bbmMo ablbG M3 6@ qdab dgMhgss aosdbyzg@
el 09853m3dl, o330 sbggg 860d36gmmgabos
8abo MgagbgMs(300L b gombo, M8 gbsws(z bdnMaw

LEmAgE &gdbmmmaon 303mbzg390L 9 303306-

©qoo.
dsgomoma, Khalid et al. (2023) 50603630,

M3 05b53gMmzg babBgdgda ndmggs domamo bo-
&obbob bedsDabm bgogdal dabomgdaw 70-80%-056
30dmbo3mM0obmdab. §g94bmmmaona abmgsz0900,
a56bos3gmmgdam 353993 M0 @obGomsns, 3o-
MmE37dsggds (Hydrotreating) oo o@omadyma
3968960, goadmdsggdol batnbbl 86n0dgbgmmgbaw
BO oL, mmgobGoznco bsgombgda, dom dmmob
Jdgacimzgdol 39674@&9d0lb bgmBababgzomdmds, Lod-
06L3MEMEM bFMILEG NGNS s BoIMMEdal
M38030Dda (300, 350053353900b Lol gdab g9 0e-
bmdody o ao3mgbol sbogbl. b3sbonbsgaal J39-
469330 go3maygbgds milk-run 8megemo, HmIgmo(s
MDONb39mymal bofmggdol 53(306930L o 398
99899&056mdsb (EEA, 2024). gL 3megea botds@ gdooc
MBON639mympL bbgemabbgs Lobob L3gosmy®a
bochg6980L g539J@& 000 ogmmMzgdabe o GEebL3m-
@06 gd5b. 0g0 39mabbdmdl abgma mmanb@ognco
LE®sGganalb dg8daggdsl, HmIgmai MdMMEyg-
mymab bgomgnmal 3gacmmggdel degsmo, dog@sd
39MaMox0nma© Sbemb 3gdstg bystmesb ghma
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™38 080boMgdymoa domdGmEnb godmygbgdom[15].

bahgbo Dgmgdob Lob@gdnmo JoGmgal bamagg-
bgdo d93maa Momymgom dgogagdl bomdmddbab:
350M93mb ©606dyMgds, Hm3gema(s asbbs gmommgdom
3630390 s0bobgds Bymabs s Boswagal batnbbdy;
Bomhgbad0L go0s30bsdsMmgds adsmngMomdomem
039 3d03900bg, Moz boMhgbgdal byomgnmoaw gao-
©549(3935L 03(30693L; LsdaMomm 3mbinMgb(zns,
mdgmoz AOHommzgebo g3mbmdogzal dgogasw bo-
3m0g36535 05 byl ¢dmals emgasmaio bgd@meab
35630006gbsb, 3om FmEob domsm@gdbmmmanymmo
350053539353989em0 JoMbbgdab dpaMom Mm3gHomgdsb.

0@ gPoG Mol sbomada 3bopymyl, Gm3
BomBgbo bgomgdalb gi3gd@nsbo domomgs dMmagomas-
6Dm3nmgdnsbo 3Mmi3gbos, Hm3gmag ggndbgds
Mganma0gdol bLodysmgl, &gdbmmmganca 3g-
Lodmgdemdgdal gobgomamgdal, mmygabGozymo
Jbgmgdab gg39d@0obmdsl, gzmbmdogyma LGndy-
mgdal 394365 s Labmgsmgdal (36mdagmgdals
30dm0gfgdsl. dpamomn bab@gds Imambmgl ofo
dbmenme dgammg9dab 3sA39655mal dMwsl, s6edg©
93969653000 93mbmdogyMo Logmsbmobiybomos-
Bmdab BbommaggmMob, 3mmo@nzolb nbb@mdgb@gdal
3563mboboz0obo s ImboGmEabgal gsod3s(36g-
3ob. LBmMn Mgamma30900lb 3934353900 s 3gfdm
Ly JBMO6 5@ M0 N86FIMMBrnmds Bomhgbgdo
bgogdab LobGgdnca dommgzal 860d369mmzgs60
306mdss. LEmMgo 3 3m33mydLcn Joamadal go-
Bbm&m(309mgds dONbzgmymyzL Bombgbo bgmgdals
dommgal bEnmymagom dmegmb, Gmdgmag 3ggbe-
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358905 (306300 93mbmadn 3ol 3606303980 o
a6 dgm3zo0006 daMomdsb.

604RIGN BIMISOL 3I364M3IdNLY RO
30RO3V303330L IN3IMIVGIMBO RO
303MB333330 LOJOG3ITMBN

30693mb ©o(330L8 ©s bogmob dgun@bgmdal
Lo30BobBOML sbgsmado (2024) s gMmgbymo
LE®SG9a0ns (2016-2030) badL mbgedl, HmA Be-
©hgbo Dgomgdo ghm-gemn yzgmodyg Labogoomm
398983MmM00b BoMBgbgdns, Mowasb Joma sdbEmMa
306ma3L9ds 063930 boswsgobs s Bymals Hgbn-
Lgdal 3dadg sdAbINFGdSL (go6gdmb a3g0bs s
bemgemob 8gm@bgmdal baBabab@Mm, 2016). 88gbow
356bs 3mMgdaom 360d369mmaobas damn dgatimag-
30b, 8000539353930l s g56mo3Lgdal Lszambgdo.
LodeFmggmmdo bamhgbgdalb dommgs 3930bby-
0o bamhgbgdolb 3Mg396(300Ls @ Myg303macgdals

domamoa ©mbol abamBgge. 3mma@ngnma byogs
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98ygsigds 3g8ga MM0gbGomgdl: bamhgbgdal 36ig-
396300, bgmoboma gs8mygbgds, MgEogmamgdabs
©5 smEggbal mmbalidogdgdol ao@omgds; d¢bazo-
Baefn baRgbgdal Igammzgdol 0 dnbggmymaegs
bagdoMmggmmb Bogm GgMmoGmmosdy; bomhgbgdal
Bo6(3m 360l byommbmab LgdsMomgdol @obgMaszs;
boggdab LB s8memgdol sbgfMggs; IbsmImgd-
ol gogammmgdamon gomegdamgdol sbgMags;
060305803900l gobbmmMzngmgdom L3goxognca
Bomhgbgdals bo3ogddg Lagsmm-3gMdm oM@ bam-
mdob Radmyamndgds; LEMmsGganalb 80bbgdals 8o-
LombBggem Lagnmm Badsbaemabgdgma 39406093950l
©obgMags [1].

bodemmggmmda boamhgbo bgmgdaob domomgals
LobE s KYO 303 3563005690l 3rm(39L300s. 56~
LgEYmO 0bGBESLEYJG MO SMONSBIEMdES 3obo-
Bomgdmma: Igammggdob 30648 gd0 dofomsmam o
Jomodqddo dwgdamgmdl, s@bgdmmo mmgab@o o
30 ®ga0mbamo mbydg Lyyb@ns. IGsgsem 3306y
LoboMIML o6 543L BzmIs GEMObLMEMEBGoMgdab bg-
30L9dbg, Moz Bom sMsmgasmMa@ 356mo3bgdab
36154&030b396 9dndaqdl. Mga0mbgdda 3Emdmgdal
4860b Mmgm& (3 agmamogogmo ©sdmmgds, sbgzg
dgbodadabo 3gMbmbamnbs s segn@mzammdol bo-
3emgdmde.

Bomhgbgdab Bommzgal Bodsmormmgdom gobgmma
Lodndomgdowsb sMbgdomas 2020 bemal 3onlbido 86s-
Mdmgdmal gogemomgdnem gomEgdnmgdsbomsb
©53933060gd0m Lagdemggmmb dmsegmmdol dogm
Bomagdamo mombo 89460z Mgamsdgb@n (dome-
052022 Brmosb) 08 3501 3meiol Bomhgbo Dgmgdab
(358 9Mggdabs s 8 3mdgmo@mgdal bomhgbgdal,
botRgbn Dgmgdal, gmgd@cm ©s gmgd@Mmbama
3mbymdammdgdal bomRgbgdol o LadnMaggdal
Bomhgbgdab) Bomamgalb dgbobgd. Mgogzmomgdal s
503 960L 30bbmdMngzn 5R3969dmgdal dgbErmmgds
bogomegdamms 2023 Bmowsb. ngngg omyndgbdo
Bommomgdl, Hm3 bamhgba Dgmgdol Lodmemm Me-
mEgbmds dgomagbl 20 000 &mbab bgmabowmdo ws
Lobogomm bamRgbgdal @odndaggds dofomsaw
bm®(309m@gds 0bbabgFsz0alb gbom gbgMmanal owm-
©aq60b 306939, beaemm bmgogHomo abeyb@onemao
BocRgbals (dgomgdo, o393gmoGmmgda, gmagd@cm-
Bmemo BomBgbgdn) odmdaggds bmMzogmmgds om-
©aq60b gboo [1].

bagotmggmmb bomhgba bgmgdal dotrogals &gd-
Bogno Ggamsdgb@o [5] bomdmawaqbl 3bscdmgd-
mob gogammmgdymo gomegdymgdol bLEmmes-
Lemgseb RomRmb, BmBgmog JoDbow nbobagl badhgba
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Bgogdab 36193963000, LydoFaFgdmm JgaMmggdsl,
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