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Abstract

From the constantly increasing volumes of waste problem situation and the amount of the
waste that is not proper disposal and cannot be utilized for benefit in the high volume, waste-to-
energy is an interesting alternative to bring non-valuable wastes for the maximum benefit and waste
reduction before dumping into landfills that affect an environment in the future. Furthermore, the
waste-to-energy is one of the most efficient and sustainable waste management and can be a circular
economy system. This review article focuses on the three types of waste-to-energy technologies;
thermal technology, biochemical technology, and physical technology, including a comparison of the
benefits and drawbacks of each technology and a study of policies and guidelines in waste-to-energy
management of three countries; Thailand, the United Kingdom, and the United States for leading to
waste-to-energy efficiency. Thermal technology is the most crucial technology for converting waste in
three countries, and waste-to-energy is vital for waste management in each country. Policies of three
countries have explicitly supported the waste into energy that there is a trend towards increasing and
continuing technology development. Thailand should promote a section of policy development in
the concept like the renewable obligation (RO) that encourages a generation of renewable energy
to increase financial incentives for the amount of waste reduction before dumping into landfill and
to find the energy that can replace fossil fuel as well as increasing efficiency of CO_ reduction; 1 kg
of waste reduction will be able to reduce 6.3 kgCOZe per year. Moreover, it positively impacts on

economic, social, and environmental development.

Keywords: Technology and policy of converting waste into energy; Alternative energy; Waste

management; CO2 reduction

1. uni thndululduselov 7.89 &y (32%) vesitindn

dagunnuszinainlanmdundgiu  egngndesmumdnivinig 9.28 dsiu (37%) way
Fngenisaidundsny esanndenundndild yogitldsunmsiidauuulsigniosmnamdnguniua
1unw5%’um?iaumwgﬁaLLaxé’qﬂumaqwuquaﬂﬁa 7.81 &y (31%) [1] Fuvhlinsuiinames
nErlFudmunly (Non-renewable Energy)  filailsi¥unisindnegregniasuarliianuisaian
Usgnoufudumudsseinslaniifinganndedu  WliAausslenidsnsduinug Fefunisudsgy
VnliUsiname s deafintugiemuiu NNntoya vezilundaau (Waste to Energy) Jallumaden
anmumsalvezyalogvasUssmelve Tul w2564 Tmitenansaanmsdndinuidomameadauazan
WU ﬁuasyjawaaﬂgmul,ﬁms‘z”fu 24.98 Fudy v Usmnamerneudithluilsnauldiogeduszavaam
68,034 fu/Su vioaulnelnewndondnuey 115  Bedegtulszmalnedussinnunaamdnesi

an/au Tasansouvseondurssiigndauenuas  aansawdssuidundsanu ldun nistlnaugnmdn
Y

20



T 30 atvil 6 woASN1EU-5UIIAY 2565

5a15mermansiasimalulad

1M 70 ura Msndniinde 5 Une e eREn
WHNIU 8 W LLazmiwémfgaLwawaz (RDF) 7 WA
[2] dmsumalulagvesnisuussuvegilundsany
ga5auUsle 3 Usem Ae wialuladnieaiuseu
walulagne@iedl wazwmalulagnienienin [3]
agslsAmumsiivezannandundinudesende
asdanisidussuy lsuAnusmdeanynaia
du ﬁgqmﬂ%’g AANTU wagUsyrwunnau Tuns
wenUszinaezuaslfinaluladlunisdnnisfiuny
au [4] anuleuigvameniasglulsenalnglad
m?ﬁ’um?iaul,l,amLa’%mmiﬁwewﬂawadmﬁmﬁa
wdadendalidin [5] fiaunsoanUSinanezieu
i lUilanautasSaenunsanaunungsudiomas
Woada wazn1swWasuduniinsidavezanng
Hanauidunisiheezan i undanunyuisunes
avswonandns Wewnileveiidunanndiu
[6] ¥ilanswerandnsiuunames sy
Wuwdsauannis 7.3 A wiulud 2561 Fadfiniy
Wwinanl 2559 [7] uaﬂmﬂﬁluﬂsxmﬂﬂm%gam%m
fafinsaduayunisulszuvezsilundanu Tuvae
WerrulafinnsivunaEndinuidewamieada
WisnnBetu Wieannsiemndanuiomdmeada
8] setunlouglunsdanissadudefidfauaz
Juwwamslunisujifinisudssurezidundsny
I¥oghamnzan lunsinsadedllddnwunalulad
miLL‘UiEU‘UEJ%LﬁUWéJN’mﬂgQ 3 Usziam uagfinw
nsalfegeulunslaguuInIsunsInnIsIee
ieranudssuilundsnuvessemalng anay
P1UNANT avanigeLusn Farts 3 Usnadiaon
LANAN9YB9IAUTENDUVELDE1TALAU LAgDIA
Us¥nNoauvesuesans e uIdnsivesslufa vy
govaanels wazvezdnmndniug agjﬁ 50%, 34%
uaz 16% muainu [6] d@iusiAlsenauvyzaed
ansgeusnilvegilufa verdosaansld uazvyy
\Innanaun a4 57.16%, 39.89% uay 2.95% Ay

21

a19u [9] wazUsedalnefiveylufalazassees
aanelel oeffl 36% uaz 64% AudFU [10] uenan
i 3 UseagaiinuuansineesseuuLATY e
dusnnilstadeddnildlunisdadulalunisiden
mnzanveunaluladussamangg fiuds
IFennsdifnvesusazUssmannUioudiou e
L‘TJuLLmVINﬁmmmﬁﬂﬂgjmﬁmmisuaal,?masm
Fefuuarvanunsaudlatgmitadundsnuuaz i
danndouldognadiuszaninm

2. n'lsl,l,ilsgﬂmazlfluwé'amu
n1suUszUvezidundeanu (Waste to
Energy) Ao n3dnnisvesdedildaninsosludanie
youdeiiliannsathndundlndls Tnsaziuaeu
voudowadulinaedundsnunieTaniinduan
Wlxsnads endnidesnisiluilinavdadudu
nougavnglunisidnveuds [11] lunsdesiu
nM38519984ds (Prevention) N15i1v0udsNaUNT
14l (Reuse) wagnsiluAa (Recycling) Wuns
aﬂ‘lﬁuﬂm“uﬂzﬁ‘uaﬂLﬁﬂﬁLﬁﬂ%‘umﬂﬁﬂﬂﬁm‘uawmﬂﬁ
Fauddunaiieldlfdeuafiviianunsadinanse
uReAEITIN Fensanvezadluls 1 Alandu 9z
a1u1saann1suaseiwisounsranaslauseuie
6.3 tlansuasveulneenlymiisuinned [12] 8n
widadudanisvendefifiuszansawuazanunse
FliAnauddumundnnisaifuauddiyues
N139ANT5Y8E (Waste Management Hierarchy)
(Figure 1) agslsimuvesdsunslszinnena
lignunsaidnduandlmivsesludala enmeeis
Wi voadefiinsUuiiouansiad mauﬁaﬁﬁqmmw
miilasninisilafavatonds [Hudu daduns
wsgUveglidundsmdadumadendiilunis
Sansveadeiiliannsadindualdlasn Fden
Junsliusslevinnaezneuiaziluidngae
Fmstinau Snviasadumelilafiannsoativayy



Thai Science and Technology Journal

Vol. 30 No. 6 November-December 2022

\iswgRavyuioy (Circular Economy) [11] My
wswgRauuulnilagyaunisesnuuuiivagli
ningnslunszurunsuazAanssunneg luaia
gamnTN annsainunueliuiuiign Fee
annnsli¥an Inseonuuutaglviitelilivswens
tevas uazdivesdendunndunineinslunis
wanTanuaznanduailv [13) WieliAnnsiaun
ogadifunaziAnanunaszninaywdlagssuA

[14] Tl w.A. 2562 1599IUNAANEIIUINYBLEY
aeluglstaunsondalifinlafs 40 Wuduila
Sad/ilus waranudeuldds 90 udwAlatas/
las Ienmsthwesdsandiudeu ddnau e
assnAud TsaBeu l5ame1una uazenanunssy 39
wanslisiunanansaihvevinnan Jundsanulaass
Snvsdianansadiondsaulniiuazanufeuliun
Uszavule [15]

Prevention and source reduction

Most Prefi

Re-use

N\

A

/

Recycling

Recovery

(Waste to Energy)

Disposal
(Landfil)

Least Prefe

Figure 1 Waste management hierarchy [16].
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Figure 2 Waste incineration plant using heat to generate electricity [3].
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Figure 3 Illustration of the plasma gasification melting plant [23]
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Table 1 Comparison of advantages and disadvantages of Waste-to-Energy technology in Thailand,

United Kingdom and United State.

-Preventing the formation of

dioxins, furans, and NO,.

maintenance cost.

-Suitability for the same waste

characteristics.

Technology Advantages Disadvantages Country
Thermal Technology
Incinerator -Capability of various types of -High cost due to the -Thailand
waste disposal. requirement to install the air -United
-Capability of waste disposal up  and water pollution control Kingdom
to 90% systems. -United States
-Capability of energy utilization ~ -Some incinerators require
from waste combustion. waste to be dried first.
-An expertise is required to
operate.
Gasification -Obtaining a clean thermal -Installation of a syngas -Thailand
energy is better than that’s of treatment and cleaning kit. -United
combustion. -High operation and Kingdom

-United States
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Table 1 Comparison of advantages and disadvantages of Waste-to-Energy technology in Thailand,

United Kingdom and United State (Conts)

Technology Advantages Disadvantages Country
Thermal Technology
Pyrolysis -High calorific value. -Need to be efficient waste -Thailand
-Capability of usage in a large sorting system. -United
scale industry. -Catalytic requirement of Kingdom

Plasma Arc/
Plasma-
assisted

Gasification

-Capability of the conversion of

plastic waste into liquid fuels.

-High efficiency of waste
disposal.

-Suitability for industrial waste.
-Low syngas generation is less

than the gasification system.

charcoal, zeolite, and dolomite
to be increasing cost.
-Conversion of plastic waste
into liquid fuels, especially
some plastic types such as
polyethylene (PE),
polypropylene (PP), and
polystyrene (PS).

-High energy in operation.
-High construction and
operation cost.

-Usage in the industrial sector.

-United States

-United States

Biochemical Technology

Biogas
production by
anaerobic

digestion

-Reuse of organic waste into
biogas production.

-Capability of remaining waste

to be used as a soil conditioner.

-Need to be efficient waste
sorting system.

-High construction cost.
-Odor problem by a
degradation.

-Need to be a safety system
due to prevention of gas
leakage.

-Requirement of a heating
system in a suitable digestion

in cold countries.

-Thailand
-United
Kingdom
-United States
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Table 1 Comparison of advantages and disadvantages of Waste-to-Energy technology in Thailand,
United Kingdom and United State (Conts)
Technology Advantages Disadvantages Country
Thermal Technology
Biogas -Elimination of all waste types -Requirement of a large area -Thailand
production by  within the landfill site. and a far away from the -United
landfill site -More cost-effective than other ~ community. Kingdom

technologies.

-In @ methane gas generation -United States
system, a small proportion of

methane may be obtained due

to the presence of other waste

types in the landfill site.

Physical Technology

Refuse Derived  -High calorific value and good -Need to be efficient waste -Thailand
Fuel (RDF) thermal energy production. sorting system. -United
-Easy to store and transport. -Effect on an equipment using  Kingdom

-Compatible with gasification

and pyrolysis technology.

a heat production more than -United States

other fuel types.

91NA19519019:UTBULTIB Ut e AT BB
wazn1sumaluladeaneg vesnisulsguvesiiu
waseu aziuladnlunisiivezdissuuazdies
uMsARuenueziou Lilelrgunsaluaziaieaile
99 aldegeiussaniaminniian uaz
vaalulaffiniiduyulunisiadauaznistngs
$nwige Bniedsemadifinnsinvsenduanlding
(Recycling) Tédfigalulande inmald wonang
waluladnanauionsa (Plasma-assisted Gasifica-

tion) efinslamuieslulssmeanssonidnuvindy
\esniulsemeusisgnanmnssufianansatian
THudnAnusslomigaan Maludeswesnmsasmuuay
Usgdnsnmlunisinnsvezeaavnssy Tudiuves
Ussnrlye elulaBnanauonindsnsegludumon
My Sedsosinsdinafminduluns
amuidlesnndumeluladffidldaiegs fuans
Toyan1sinn1sverlunInINves ans1venandng
ansgowisni wazUszinalve (Table 2)

Table 2 Waste management in UK, USA and Thailand (unit: percent)

Country Landfilling Incineration Composting Recycling
UK 49 12 14 25
USA 54 12 8 26
Thai 53 10 16 21
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Tariff (FIT) fafusnmsnisaaasunssugelniihen
wﬁwmmuﬁauﬁﬁmiﬁmumwmasjwffmﬂuuasﬁ
nAadusssy Lﬁa@Jﬂﬂﬁé’ﬂﬁxﬂaumﬁwﬂwﬁw
wamulugsialuilmdnunguideu [26) S99
nsanUSunuieasusulneenlenlavdaasuiin
mnen1sannislaseingiseunsanveslsemalng
fy [27]
4.2 @%IIYDIUNAINT

nguunevesannnglsy lennuniives
deiigosaaeldmatanmaglunguilinauagdes
anas 35% nelud . 2564 Fadunidlutleded
A mandunsulssUreslundse tne
wumsanUsunuveuds nsivesdenduunllu
wazmstanudalnd [7] Fannsluanseenanins
flssuruindniiaunsasesiuresiaziUaon
NHIUIINNSIEE eUSEUN 25,000 Ausal
wazlsenuawalvgausasessulans 600,000 fiu
ol Eﬁasummmaﬂsmu%uazﬂjﬁuﬂa%’wmaﬂisma
W AU Nuitnifivay warsvoriaananiui
fusansiuvey s (28] lnemalulagniswlsgy
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gezilundanuinsuniagldionuwn fedfiadu ln
Tslada nsuanuiadomamey nsdesaansans
dunsduuulildoandiau wazlalasivesueainan
(Hydrothermal Liquefaction, HTL) Fadunszuu
msdsudunalinareduisiudinm andu
vlundududemas 7] uarlud wa. 2550 nsy
AandoNe N ILazAINISYUUY (Department for
Environment, Food and Rural Affairs) U83a#s1%
9101903 esnsuuzihlissmadsnguiaziiad 14
wialuladnsgesaaisansdunsduuuldlyeendiau
diewdsyuveglidundanu iWesmndunuliigenn
thuazdadunszuiunsiddglumsussqimne
TuSowouasugianyudou [7] Fensudsguves
Wundwuagdisalanediulouiglumundsanu
wagnsdansveadeediededu lutlagiu anme
91u19nsHuleuy Renewable Obligation (RO) Tu
msatfuayunssanlifivgudou Jadudeuqun
GUENQ’NaG]ﬂixLLﬁlWW’]ﬁﬁ]zﬁﬂ’li%@ﬁmEJ‘WEquN’luVLWﬁ’l
nMvyudsunsnenshuudasl wazll Renew-
able Obligation Certificates (ROCs) 2n%128974
fndetmuanaiandsnuinawayliihvesansy
91841903 (Office of Gas and Electricity Markets,
Ofgem) [28]
4.3 UssnAanIgawsng
SpuavesUssimaanisousnilatinaiaih
vanefiagiiunssaandsnumuiouain 12.6%
u 25% anelul w.e.2568 [8] FeviliAnusedu
idevlumsivendoswdndundsnunyuiou
waglud w.r.2563 saloindiuau 65 wiannglu
Useina anansardalniilaussuna 13.5 Wuauila
Tndviedaluanvezyaneyusuussun 25 &
fu [29] TgUSunavezazuandsiulunugiinig
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vsene ludiueseslonnievesdunadiu
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finugs uenanidafinatnfediniwanuguils
naundusliuselenisnadufioannansenunieds
windeu [8] Funaluladfiden fe wwnvsyszuy
nslngduna (Mass Brun System) Tagaiuise
5895 UBE TN AA L ULARE TULASNARNSELLE
Tl uUszanwuluifui 8]

Tudagtudszinaanigaiusndvsunu
Yezfilfinunndedy nuilinavvoiSuanasuas
Tndfiufigury Sdunmsulssursndundsnui
Jusdeniimwanisduiulasenisifudesdion
g1un esannszuiunmsussifiunansenuves
Tasensuazmsinduvessvanvuluiiui Seviily
miLLUig‘Um&JxLﬂuwﬁqmuLﬁﬂﬁuLﬁ&N 34 33 ity
Fatugrmuaulounedaldiinisaiiausagdlans
\58513 laedl Renewable Obligation Certificates
(ROCs) Fafulususesiianisaanndouniale
Tudhwaugagafuivuleungvesd@nsvo1uIIng
fnmsifuulovsduaiunsinyunasguseduns
UanudesuafivesnadunalasnsifiunSigedu
uenandiimadreluihillduanmauyssueslu
sndisnlniindnanndnudemaneada
Wloadansveusumsdennlifusnndaty (8] 39
v liresenIsuansuulsuglaznelilianan
Aodunadayluauian
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Table 3 Policy to support the waste-to-energy in Thailand, United Kingdom and United State

Country Policy to support the waste-to-energy Reference
Uszinelny -Increasing the purchase price of electricity [4] [25]
-Exemption of import duty on machinery and renewable
energy production technology.
-Supporting energy generation projects from waste to
develop into Clean Development Mechanism (CDM)
project.
-Public-Private-People partnership (4P).
-The purchase of electricity from municipal waste
generation project in the form of Feed-in Tariff (FiT).
United Kingdom -Renewables Obligation (RO) scheme. [28]
-Renewable Obligation Certificates (ROCs) trading.
United States -Renewables Obligation (RO) scheme. (8]

-Policies promote maintaining strict environmental
emission level standards.
-Renewable electricity production is cheaper than fossil

fuel-generated electricity.

1nn15ANYINlEUILATLUINITIUAS
5@mimiu:dsgﬂﬁuaﬂﬁtﬂuwé’qmuﬂuaﬂﬁy’ﬂ 3 Uszina
fuansliiiufsgasamideriuluFosweinisain
LL‘N@QIW@amwmm%fglumimamwé’mumﬂsuaséfia
Hueadediliifasaule ansenunisldidemas
Tunisuaanasaulnilidnszuu [30] vilvinsu
uszmelneiiuualdulunisieesanldifuide
wasufistuednsieaides suilownanuloute
wazn1sasiausegela Yagdudseimalneladinns
snundonsvdhdmsuniesinsuazinalulad
NAAWIUNALNY Fetuadsinisadnsuludiy
nswanuleutefiduuifnadieiu Renewable
Obligation (RO) fatfuayuniswanlwilmyuiden

30

Lﬁaa%'wLL‘N@JﬂWNLﬁwgﬁwmﬁqsﬁu WLAeINU
ans1veIdnsuazanizeluin yausadunis
duasunsanUSinaieansueulasenled (CO)
Fovay 20 snuwnuUuRnIsanfinvisounsyanves
Usene U w.e1.2564-2573 anvindean [31] Tudau
vasnsidenmaluladnisuusyuvezlndundenu
TuusazUssmmzdennua sz Ay
wiswgiia daaw wardnden luudaziuil Seluan
worandnsuavansgeudniiimaluladiviuasis
wazfunuineudiegs Wesanuinaveadediil
Fruauann dnvagmaasgiadeauiidnnsiamn
agraLles uazngrineduAnnadeudidiung
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5. a3U

wialulagnisuusguveslundanulasu
nswan sy amannuiloanunsasesdu
Ginamesiiusnndetuluemen Snikdiduada
nsHAnndsunauuieantlymadunndon 3
aunsanaulandvesszuuasegianyudsulidu
98197 NMIUTeuisutenvenswazimalulagnis
wUsgUvezilundsnunansliiiuiannumunzay
vounaluladiiaenadesfuuiunvosudasuseina
fivhnsfine Samaluladuasulovefiddaluns
dansvezlundazyseinadie nalulagnisulssy
Yezdundennu Inglunisudsyuvesidundenu
szfosorfennusnilonnynaindiu Fauuimis
Tunsaniun1sueIn1anIASFILTI8EI1UIBAY
AzmININNBITY AtuayuLAENIERUNTTAUAIY
msimuauleuefiaunsaaiussgdlaliiiszneu
nsviusnaulansuusiUvelazduasuofniug
A lalviulssrsy nsiaumaluladlas
nsatuayuuleuiensuUsguves dundiunis
\Antuegreseiios ileanuSinaesiithluilnay
uardamanssnurodanadonlrivietosiian S
SranunsouiiymBeunaunsnsyaredelse nau
waziadionintuluidseslassou atuayuls
WWenisdnnisveadslaegndusz@ndnimuazng
Waneeadadiusely

There’s no such thing as being “good” or

“bad” for environment only “better alternative”
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