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Abstract

Plastic waste management and its residues are critical environmental challenges requiring urgent
sustainable solutions. This research aims to evaluate the potential and assess the fuel properties of converting
mixed plastic waste into energy (Waste-to-Energy) via pyrolysis. The study analyzed pyrolysis oil samples
obtained from the commercial production process of Current Energy Co., Ltd., utilizing a compact skid reactor
system. The physicochemical properties of the resultant oil were assessed based on ASTM standards. ‘
The in-depth testing results demonstrate superior fuel characteristics, with a Cetane Index of 59.6 and a Gross
Heating Value of 10,184 cal/g, indicating high ignition performance and thermal energy comparable to
commercial diesel. Notably, the sulfur content is exceptionally low at 26.92 ppm, making it a highly suitable
clean alternative fuel for industrial applications. A significant advantage is the complete thermal cracking
process, resulting in the absence of heavy waxes that cause nozzle coking. However, the kinematic viscosity
(1.359 cSt) and flash point (< 40 °C) fall below the standard requirements for high-speed diesel engines. This
is primarily due to the presence of light hydrocarbon fractions (naphtha group), as evidenced by the wide
 distillation range (83.7 - 280.5 °C), |
| The study concludes that the compact skid reactor holds high potential for producing alternative
fuels suitable for external combustion, such as industrial boilers and agricultural burners. Furthermore, a
fractional distillation process is recommended to separate the light fractions boiling below 150 °C, thereby
significantly enhancing safety and engine compatibility. This innovation concretely supports the Circular
Economy model and the Sustainable Development Goals (SDGs) by turning municipal waste into high-value

clean energy.

Keywords: Pyrolysis oil / Plastic waste / Alternative energy / Circular economy / Waste-to-Energy
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asAUszneUvavszyalasyuvuluUsmelneg o anuiidndavezyades @ 2023) dadau (Sowaz)
YerdunsduaztAwems (Food and Organic Waste) 47.84
Yugnaadin (Plastic Waste) 28.13 - 29.00
wnwdalsiuaglulsl (vard Waste) 10.00
N3¢ (Paper Waste) 6.27 - 7.00
Ia‘VizLLazﬁlus] (Metal and Others) 4.00 - 7.76
wwlil (Wood) 1.00

Yyznaranntuyuyudulvaidunaiafingiu (Mixed plastics) ﬁﬁﬂ’]iﬂuLﬁGUQQ MlnszuIunSs lLAaldana
YIANNANAIILATYgAans luyutesvesimingsundsay mMadsuvezidundsau (Waste-to-Energy) Ffiu
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Mnmsiuszuulasdeuingiunatain 300 Alandy nuiranansordaisulnlsladaiuld 200 - 220 A
(isuwhinatssana 157 - 172.7 Alansw) Anidudesaznandn (OIl Yield) idsdonas 52 - 57 lasthniin Ssaenndos
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A19°99 2 wansveaeuanURdemAmesidulnlsladadiu (Pyro-1) Wisuileuiuuinsgiu ASTM D975 uagdszniAnsugsiandsny

W.A. 2567
. . wnauat wnauat
Ay Fsnagau NaN1SNAGBY
a s19n15Magdau (Fuel Properties) e | wesgiulng | w1esgauena
N (Method) (Pyro-1)
[61* [7]**

1 | dvllfnu (Cetane Index) ASTM D976 - > 50 > 40 59.6

2 AANNSBUTIN (Gross Heating ASTM D240 cal/g - ~10,700*** 10,184
Value) MJ/kg (~44.77) (~42.61)

3 mmdw'ﬁm‘wwﬁ 60°F (Specific ASTM D4052 - 0.810 - 0.870 - 0.7851
Gravity)

4 | anunilneand 40°C (Kinematic ASTM D445 cSt 1.8-4.1 19-4.1 1.359
Viscosity)

5 Usaaiugau (Sulfur Content) ASTM D4294 ppm <10 <15 26.92

6 37210l (Flash Point) ASTM D93 °C > 52 > 52 <40

7 | msndudrdiudiu (Distillation) ASTM D86 °C
- qaufenFusi (BP) - - 83.7
- gamgiifisemedesas 10 (T10) - - 149.8
- grumgiifisemedosas 50 (T50) - - 2227
- qmmﬁﬁszmﬁaaas 90 (T90) <357 282 - 338 280.5
- yauitendugn (End Point) - - 280.5

BN * 81989UsEN1ANTUTININAIL 1309 fvundnuaiziarAun e fuRwanyuIIeIINaT WA, 2567, ** 81981mIgIU
ASTM D975 tnsa Grade No. 2-D S15, *** Aaaruseusiuduaiquaud@niluiieldlunisilieuiiieudgavnanmans luldszydu

JaUsdulunaeinnsgu)

NA15NN 2 nuIduFegns Pyro-1 dAduiiEnuesde 59.6 FeganinnaeiinnsgiuivesUseinalng (Gu

o a

#1 50) wawanna (Fush 40) eeasudn uaziiFnnuieuin 10,184 cal/g Fevsuenadnunmmsgassidanagnnsl
wEaumsgammamanifiveaifen Unngnisaifiduneasiioumaailneassnningiudeduidnanainngunedle
wailud (PE waw PP) Tudndaugs uenaindl Usinaiueduiiinlaien 26.92 ppm dausinazgeniunasiunmsg gy
Aanyusilulaqiu (Ussniansugsnandsanu w.e. 2567 Wisumiiszau Euro 5 Avualiiiiu 10 ppm wag ASTM
D975 \nsa S15 MuualiliAu 15 ppm) Lwié’qm%’magﬂuizﬁuﬁﬁmmLﬁaLﬁzmﬁ"uLG?JyaLW%&W@a%aqmmmﬁimﬁﬂSu
annsaandgmnisuaesiedaaslanesnles (SOx) leedradidediny

ogslsfinnu nansvnaevdlfiduteditaduanutaonsomaimnsay Ifun eudisdunig (0.7851) M
msmiinaa (1.359 ¢St uazgaulil (< 40 °0) Faflednininasinnsgiu Unngmsaifananannsaesuneidan
Ieegsdnurungfingsunsszimenaanisnasunsndy (ASTM D86) Taswuingaiienisusu (BP) aefluszdus
Wies 83.7 °C foyanisgammamand tidundngiuduszdngdn asluddudvinnsuudeuvesansusznou
lelasmsuauluianaiunnguuunm (Naphtha fraction) ansnguilszmedreuasfalily Sshmihiliadioudavinazans

AdliganuliuazanumilavesasaraneTinaniIaeeeTIng
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Tuvauzifaiu gadunuiiddylumsiinseitaamsszievdnde aumgiiissineiesas 90 (T90) uazqaiien
??uqm (End Point) fidviheengsaawinduil 280.5 °C Fasiusnasgruvesuszmalng (FvualsiiAu 357 °C) usidae
NIvBUIARIIYBINATEIY ASTM DIT5 1ntios (fmuatas 282 - 338 °C) Jeyaidudiluiidimnssudn nsvuaums
lwlsladasieseuu Compact Skid aunsainn1swandan1aAusou (Complete Cracking) laag1sauysaliuy
Usirannisvasndevesansusznaulalasmsvsuassninguuwinguin (Heavy waxes) Msviamgluvasluiana
dwiinannd whniBudefesuiilianutssinewasenuniinsuvesihsiuanmas wilunendutu dedude

Ii3evegedunsandymasiuiiudgeduiuaieiida (Nozzle Coking) wavnisuaesaiudiiiotluwnlugd

300
250
200

150

gaungil (°0)

100

50

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Usanmsindule (%)

U7 4 nsmluanaduldsnsndy (Distillation Curve) vasnihdfulnlsladadu (Pyro-1) manasgiu ASTM D86

6. A3UNaN1ANEN
winnssumunsallnlslafauuungyina (Compact Skid Reactor) lasunisiigatuadriniidneningdunisuus
sUrgpnanaingurlfiudemaomadonfetnadugusssy dhiilnlsladafuillivnmandiunauveswinduiin 1%
NAIUANUTOUEN Fuilmumben (59.6) wariivsunaiuzdudeudneh (26.92 ppm) Feudasdlaifanasidii
fwadinsusasuduusieanuy (Euro 5) wifidanumnzanegadwazniosldsmsiuidmsunsunlninaiouen
(External Combustion) WiawAiassussaus 1y wifslothgnamnssu (Boilers) viowwniildlunianisinuas
Torauouuzdmiunmsinmszeyiely esnseduamsguanuUasnsouazUandendarmannsaliiluly
mul,ﬁulf??aLwaﬂ,ul,ﬂ%wuﬁﬁmamguﬁa (High-speed Diesel Engines) laognaifuusza@nsnm asidiunsiisi
Inlslagadulurunszuiunisndudiiuaau (Fractional Distillation) tieuenansuszneulelasasusuluanaiundiil
uftenshinin 150 °C oan (Fafisdau 1BP aufls TL0) nsvuaumssinsadiagtneviaiamnisssmede Aegaunniqn

Q

Mulnigetnaunaeiannsgiu 52 °C wasiiiuaanumilalieglussaunasiuninsgrueueudliegsauysel [8]
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