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Ad1aY: NMNazNawiEy, NaaaUUNUNIRwIATEZAEaS, W19T17, WaaniIngy
Abstract

This study investigates an approach to improving the properties of fuel pellets derived from wastewater
sludge, which typically exhibit low heating values and poor mechanical strength due to the absence of natural
binding components within their structure. Rice straw was incorporated as a co-feedstock in the production of mixed
sludge-based fuel pellets. Five mixing ratios were formulated and pelletized, after which their physical and energy-
related properties were analyzed. In addition, an economic feasibility assessment was conducted at both laboratory

and industrial scales using NPV, IRR, B/C ratio, and payback period as key performance indicators.
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The results indicate that the incorporation of rice straw enhances the heating value of the mixed pellets, with the
value increasing proportionally to the rice straw content HHV 12.56—17.19 MJ/kg. Higher proportions of rice straw
also significantly improved pellet durability due to the presence of lignin, which acts as a natural binder that
strengthens the structural cohesion of the pellets, thereby reducing the likelihood of breakage. From the economic
evaluation, it was found that mixed fuel pellets at laboratory scale begin to show favorable economic returns from
the SS50:RS50 ratio onward, yielding an NPV of 6,060.29—-48,328.03 THB, an IRR of 4.97-31.19%, a B/C ratio of
105.17-144.64%, and a payback period of 3.00-7.94 years. At the industrial scale, positive economic feasibility
was observed starting from the SS65:RS35 ratio, with an NPV of 14,393,556.80—43,271,672.47 THB, an IRR of
8.75-23.64%, a B/C ratio of 111.11-135.17%, and a payback period of 2.85-3.96 years.

Keywords: sewage sludge, financial return, rice straw, CO-fuel pellets
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- LLuaﬁ@LﬂiwgﬁamuLﬁ'su (Circular Economy)

- Waste-to-Energy

- ulﬂmﬂa@m'ﬁlﬁ%aLwﬁov\laasﬁmmmmﬁuauvjmw’%yu@i‘

\Hawassadanmnaznautindssansalgnaununssnuluniolain ey LANNIATINNTTY 3D
sruundalavihfidacldifonasuds i dufin Sau0s

2.2 Qmauﬁ?mazaaﬁﬂsznaumamﬁ (Chemical & Physical Properties)

wa o o

wihmnaznewezfianadugslugUuuudy udndikiunszuiumavhudiuazdailaudaziiaguaniadamyas

FDe
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Tagrilumnagnenannlssamamsiiansoeiialy
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VB OLNAINANALSUIRNAUINNRAFIWIIN LW T B a1NEa U IﬂmmnjaLwawamwmm’]maugqqma SSO :
=3 g a { 1 v °l td v = U U o v U v
RS100 uaztiialanisnauniainnuiaudigana SS100 Gmmmjagaﬂmms’wﬁmmumi%m’mvlm’] wnls
B OLNAINENINNAINAZNAWINLRULN 908191 A8V I AL T AL WA INFUTAGT LARINADINITINNAIRINN T
A/ o v Y QI L 1 U =3 U g v =4 g a (; v
WInIu ;s laagmaRusasIwIWTn2 Aezauirauntymiainnusanludaiiaindnandias la
~ ﬁq/ a Q 1 09/’ @ A v AA 1 = = a = tdl <; A (< = >
LLa:LmLﬂjaLwadNauiuﬂﬂa@aauuuﬂauma@aﬂamdﬂauﬂimmm@yﬁmwa%ﬂmmﬂ Faduldlunwinadeny
NWI38289 Ersel Yilmaz Wazatue (Ersel et al., /2A) Laz Longbo Jiang Wazatke (Longbo et al., 2014) Liati Ui
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M13191 3 3m‘n:ﬁqmauﬁauuuﬂi:mm adﬁﬂi:ﬂﬂ‘ﬂﬁ’]@]‘LLa:ﬂmaNﬂa‘ﬂ%‘iL%ﬂLWﬁGTﬂGLﬁﬂL%SLwaxﬂwﬁui:‘ﬂ’j’]d

MNaznawIiLRENUNIITN

T a 5
AARENUUILEY © W91
Parameter

S50 : RS100 5550 : RS50 S565 : RS35 5575 1 RS25 55100 ANMIMTFIM i
Proximate analysis (%Weight)
Moisture 550(+1.75)  21.68(+1.72)  33.56(+1.94)  40.12(+1.80)  47.91(+1.64) - -
Volatile Matter 86.02(x1.65)  65.48(x1.45) 52.06(x1.36) 43.26(+1.67)  37.38(x1.59) - -
Ash 8.34(+1.24) 9.52(+1.65) 9.17(+1.44) 7.75(+1.71) 8.34(+1.62) <20.00 AUl
Fixed Carbon 0.14(+1.17)  3.33(x1.02)  521(+1.53)  888(x17/)  7.22(+1.77) >1500  @neEnwnsIl

Ultimate analysis (%Weight)

C 40.55(+0.93)  36.68(x1.32)  29.02(+0.59)  18.08(+0.87)  39.71(x0.05) - -
H 7.01(x0.31) 5.34(0.18) 4.56(+0.32) 7.73(=0.81) 6.94(+0.02) - -
N 0.00(x0.00) 1.27(x0.01) 1.29(0.02) 0.54(=0.06) 5.58(x1.82) - n3ulseanu
S 0.00{+0.00) 1.00(x0.01) 1.12(+0.05) 1.00(=0.09) 1.01(+0.04) <2.00 DNEAIANTIL
Calorific value (MJ/kg) Asulsaey
HHY 17.19(0.21)  14.59(0.23)  14.14(+0.26)  13.61(£0.33)  12.56(x0.39) 12.56 DAATANITY

Non-Combustion (%eWeight)

Non-Combustion 9.10 7.90 8.30 7.70 12.70 - -
Duration (%Weight)

Duration 92.60 90.20 89.40 88.40 20.00 96.00 uan.

®  NAMIUATIEAMIANANNNUNIULBILTATDINRINS
MINAREURITR LT NI INRULARZFARIUNITLATIZAAIANANUNIUAINNIAIZIUNATEY DIN

EN 15210-1 I@ywamﬁmﬁ:ﬁﬁagﬂﬁ 7

(%)
100.0
98.0 B Duration (%)
96.0
94.0
92.0
90.0

88.0
86.0
84.0
82.0
80.0

SS0: RS100 SS50 : RS50 S S35 SS75: RS25 SS100

Sewage Sludge : Rice Straw

Ellﬁ 7 Namﬁmswzﬁmmﬂumum 2914 Sh) INRINRNTZRIININaznawiLFaLaz N9

mngﬂ'ﬁ' 7 fonamaBaneanununmuvesdaifainasnansznitemnaznawin donazvedn :anms
3LﬂﬂzﬁwudnﬁﬂL%al,wﬁdﬁﬁdmwammﬂwﬁnga zanuudaussuaznunudannioniolad lasgasin
SS0 : RS100 azﬁmmﬂumugaq@agﬁ' 92.6% uazFnaNINwHHazSuanasLodasuvosnstddtanas
s Taoidatainasnaufigasin SS75 : RS25 a:ﬁmmmwumuﬁ’]q@agﬁm 88.4% ﬁzaf:mmqmaa
AMUNUNUBDILT AT DLNRINFUNIN lignin ﬁaQ’Luﬂwaﬁnazﬁmﬁwﬁﬂuﬁaﬁﬂﬁmﬁﬂwaa cellulose 1ﬁa§

JEET 2025; 12(2): 57-70

65



4.2

66

mydiulpnmauiavasdaiawiinannmnaznawhiFouas N naALaT el
3

http://jeet.siamtechu.net

U Q/ > ﬂq/’ a =3 g a 1 1 =3 g a v ¢§/
AILNU muumﬂﬁﬂimm Iignin 1%LN@]L%6LWQ\1Nﬁll&nﬂ"imﬁ\?Na@]E]ﬂ':]']ll'ﬂu'ﬂ']u"llﬂ\'iLN@L%QLW@GI%%ON']T]TH@']NVLTJ
A28
= & o a v = & a
Naﬂ']iﬂﬂ‘l:ﬂa(iﬂl]iznaﬂLLﬂﬁva’JLﬁﬂﬁnﬂﬂ'ﬁLN']vL‘ﬂﬂJLlJ@]LTaL‘WENNE‘T&I
ﬂqﬁﬂﬂﬁaﬂﬁﬁlzﬂ"lL%aLwax‘iNﬁN LL(ﬂ'ﬂ:f‘q{@lﬁl'}%NW%LﬂiﬂzﬁW"laGﬁﬁizﬂa‘].lLLﬁuﬁvLﬂLaﬂ%ﬁ\‘i’\ﬁ]"lﬂﬂqiLqulﬁﬁLﬁﬂ
L%(”JLwax‘iNﬁN IﬂﬂNﬂﬂqiaLﬂiqzﬁﬂuﬂﬂﬂiqﬂﬁ 4

A13191 4 wamsfinasslznavuiladoanmarn lrlldadoniinauFas1ueAn9 9

mnaznawiEe : Wt
Parameter
SS0 : RS100 SS50 : RS50 SS65 : RS35 SS75 : RS25 SS100
NO, (ppm) 0 0 0 0 1.3
NO, (ppm) 0 0 0 0 1.3
CO, (%) 6.47 4.02 3.91 4.28 5.05
SO, (ppm) 0 0 0 0 67
T Flue (°C) 193.7 198.3 2001 204.3 219.0
T Amb (°C) 35.1 35.1 35.3 354 35.1

nesi 4 \unsnenasddsznavuialodsanmisn indidedamninaslugagindns g lagas
Lﬂ%ﬁuLﬁwﬁwﬁ"’tﬁmnmn’i’@ﬁ'ummmg'mmawamsﬁ’m”rgﬁﬁusamlﬁi:msJaanmmJdammﬂizmﬂnizmm
9ARINNTTY W..2549 &un NO,, NO, uaz SO, T9azdrsbenuiBainasimnadunan lagnaannmsaiaiauda
NO, uaz NO, ﬁ'ﬁawamnmimaai’@wu'jwL‘%TaLwﬁawaunﬂé‘@dmﬁ@h@‘imlﬁzaglummsﬁmmmgm (NO,, NO, < 200
ppm) ﬁ'ﬁaﬁmmqmmm%L%mwﬁwamnﬂé‘@muﬁﬂ%mm N ¢ ﬂi:ﬂauﬁuqquﬁmﬂumﬂm%ﬁa:agszwjn
250-350 °C s‘fﬁLf]uaquﬁmmmulumﬁmuqmLﬁ"a NO, uaz NO, uananniigildvinmsnsiaiauda SO, Tawa
ﬂ'mﬂ’ﬁmmi'ﬂwud']L:ﬁm%mwﬁdNaunﬂé'@mm:ﬁm SO, @‘%um:ag‘l;slummsv‘i’mmmgm (SO, < 60 ppm) BNLI%
qA&I% SS100 ﬁifugﬂmmnmﬂmnauﬁnﬁﬂﬁﬁadﬁﬂs:ﬂawm s asiufoihuenlndsdilamafiezrialiiia
wis SO, duld
wamsﬁnmm"mmm:aué’wmﬂsugmam%‘lum{lﬁmmﬁﬂL%vmwﬁawau

miﬁﬂmmwmm:auﬁmmmgma@ﬂumﬂ'ﬁmmﬁm%aLwﬁawaumLmumﬂﬁmuﬁmﬂm%mwaa
LflumiaEﬂwamiﬁnmmaawamauLmuma@T'mmﬁ:@mam"mnmﬂ’ﬁmmﬁ@L%aLwﬁamamzijmnmﬂauﬁnﬁs
Puruwddasiuds g lussdurasd jianns laenslsasisiade 4 é1 leun wanouunusiugns (Net
Present Value : NPV) 8amwanauunun1adunslu (Internal Rate of Return : IRR) 8a31WAABLLNUADIETUAINY
(Benefit/Cost : B/C) Waz3z8izlIaAnyL (Payback Period : PB) laaniliamzikanauunudmasugaanizad
Lﬁ@L%@Lwawauﬁé’@mumm Usznaushodauds 2 dauda dauf 2 @T’JLLﬂiﬁmmsamuﬂi:ﬂauﬁam@iwsl“ﬁﬁiﬂﬂu
miai”wm%ia{l5’@Lﬁ@L%mwﬁdNam:ﬁuﬁmﬂﬁﬁams (Investment Cost) iif89nIH&a (Capacity) 1.00 kg/hr 19
JURINYH 20,650.00 Baht 1umsé’<ﬂLﬁcﬂL%aLw5\1ﬁﬁunumwﬁmﬂﬁuﬁﬁﬁhqﬁu (Material Cost) n3diiaas Ay
0.20 Bahtkg A3 elumssaiiadainaslaunenlwiiuazA1uss (Operating Cost) @aft 1.00 Baht/kg uazdauit
2 dadaudsiunansuunulduineldannsaanisinsaninaznawinge (Disposal Cost) %dﬁga@h 1.00
Baht/kg FINANIIANHILUEAIGIANTIIN 5 LLazEﬂﬁ' 8 1agNan13ILAMTHNANDLUUNUNIGIULATHEAEA3UDILTA
Fondonanszninemnaznewinisuasiitnfigasiude g lagnaanmsiensinuindadondonanln
fadin 55100 aldrmianaunumslddmimdwdamndond s:dnalssndadldiieme 59.58% uaslasy
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nanauunuluglrainadszndannnisaadiliiieraldgega (1.79 uanikg) id1 NPV 48,328.03 un IRR
31.19% BIC 144.64% uazil PB 3.00 yrs dwiuiiaiainsinaufidnanauunusasasaunde SS75 : RS25 , SS65 :
RS35 Uaz SS50 : RS50 MuENSY TINanauunuildunasInszninnalszndaanmaamslsiuiuiasne
Uszngaannmsaasisamnaznowinde asiwdamuisaldnudadomdsiddasiuaesnnaznasindeun
Aazanunsaaasisanmnaznewindsdedeiniunaneuunudnmaldifndn sonalimsldnuiodowdnas
ﬁmw@jummﬂ"fuwmvlﬂﬁ’m LA AT LNAINFNAAEI SSO : RS100 TnaUsz e a1 F3185TINLAZNAABLLNY

ndumMIdudinann eldnuwdadamdwauludadiuaindnislifionuduamdweaisgmand

A132971 5 ANINMIVATIZENRADLUNUAWATEIA RN T ILTALTOLWRINRNNFAR UG 9

ﬂ’]ﬂ@lzﬂ@%ﬁ’uﬁ{l s W9t
Parameter
SS0 : RS100 SS50 : RS50 SS65 : RS35 SS75 : RS25 SS100
Capacity (kg/yrs) 8,760.00 8,760.00 8,760.00 8,760.00 8,760.00
Investment Cost (Baht) 20,650.00 20,650.00 20,650.00 20,650.00 20,650.00
Material Cost (Baht/kg) 0.20 0.10 0.07 0.05 0.00
Operating Cost (Baht/kg) 1.00 1.00 1.00 1.00 1.00
Net Heating Value (MJ/kg) 17.19 14.59 14.14 13.61 12.56
Specific Energy Cost 0.070 0.075 0.076 0.077 0.080
(Baht/MJ)
Energy Saving (MJ/kg) 0.04 0.03 0.03 0.03 0.03
Energy Saving Cost (Baht/kg) 1.06 0.90 0.90 0.86 0.79
Disposal Cost (Baht/kg) 0.00 0.50 0.65 0.75 1.00
Total Saving Cost (Baht/kg) 1.06 1.40 1.55 1.61 1.79
Total Saving Cost (Baht) 9,285.91 12,306.03 13,552.41 14,068.78 15,657.80
%Energy Saving (%) 35.33 30.16 29.90 28.53 26.25
%Total Saving (%) 35.33 46.83 51.57 53.53 59.58
NPV (Baht) -32,910.94 6,050.29 21,142.14 28,057.79 48,328.03
IRR (%) N/A 4.97 15.41 19.67 31.19
B/C (%) 73.83 105.17 118.48 124.91 144.64
Payback Period (yrs) N/A 7.94 4.98 4.74 3.00
(%) (Yrs)
200.00 20.00
0 0
000 mmm [RR (%) B/C (%) 16.00
12.00
100.00
8.00
50.00 4.00
0.00 - - i I 0.00
SS0 : SS50 : SS65 : SS75 ¢ SS100
RS100 RS50 RS35 RS25

Sewage Sludge : Ricestraw
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NNTDYITAH dunsTiensinananunudmuassgemsaftaadadandnaumonmiu
MnMsININAnTeATaIsaTIaRasl fURM LN é’aifuﬁdﬁmsﬁﬂmlm:ﬁuq@]m%ﬂﬁmﬁmaulu
mrﬁiiammmﬁgﬂﬂmz}mﬂizﬂawﬁasmﬁﬁmﬂf%ﬂavlaf:n%mwadLw‘hﬁw%’um:mummﬁmm@
15.00 tonhr lasfsasinsldidaindediufiniade 35,000.00 kg/day Tagn1s3iasnzinanauunuein
Lﬁmgmam?maal,ﬁ@L%@Lwﬁamaulmzﬁuqmm%msuﬁﬂi:nauﬁwéﬁLms 2§ fa Fawft 1 s
miamuﬂizﬂauﬁaﬂﬂ'ﬂ"ﬁﬁhﬂumsn’aaﬁ’wﬂsamwﬁ@lﬁ@lfﬁ?ﬂLwﬁaﬁﬁﬁwﬁ'\ammam 1,500.00 kg/hr 13w
§1943%3% 30,000,000.00 Baht wazenldsnglumssadadainas laun quNWIan@Ay (Material Cost) lu
nydinsT ey 0.20 Bahtikg dnsuanldsnslunissaifadamndslaun drlWiluazauss
(Operating Cost) @Al 1.00 Baht/kg uazdaufi 2 Aadautssunanauunuldunneldamnmsanmsa
mneaznawinLiin (Disposal Cost) s‘ﬁaﬁsﬂam 1.00 Baht/kg LLazﬁwfa‘aé’mmaﬂu’fﬂmaaﬁmmsn;ﬂwzJLﬁau
L% 2564 ﬁa"’mmamﬁmﬁuﬁ = 6.22% s'fidNamsﬁﬂwwmam@”@gﬂLLazmiN@TwiavLﬂf‘: lagwna

mifnwHanauunudwaTEImaairaudasawinanluszaugamnnImaziduaua i 6

@132911 6 MIWMNTUATEWHANDUUNUIULATHIANTA TYILIALTBLNRINFNTZAL AN TTNNIARIUGI

Parameter ﬂ’]ﬂ@l:ﬂa%ﬁ’llﬁ&l - WA9T
SS0: RS100 SS50: RS50 SS65:RS35 SS75:RS25 SS100
12,775,000.00 12,775,000.0 12,775,000.0 12,775,000.0 12,775,000.0
Capacity (kgl/yrs) 0 0 0 0
30,000,000.00 30,000,000.0 30,000,000.0 30,000,000.0 30,000,000.0
Investment Cost (Baht) 0 0 0 0
Material Cost (Baht/kg) 0.20 0.10 0.07 0.05 0.00
Operating Cost (Baht/kg) 1.00 1.00 1.00 1.00 1.00
Net Heating Value (MJ/kg) 17.19 14.59 14.14 13.61 12.56
Specific Energy Cost 0.070 0.075 0.076 0.077 0.080
(Baht/MJ)
Energy Saving (MJ/kg) 0.04 0.03 0.03 0.03 0.03
Energy Saving Cost 1.06 0.90 0.90 0.86 0.79
(Baht/kg)
Disposal Cost (Baht/kg) 0.00 0.50 0.65 0.75 1.00
Total Saving Cost (Baht/kg) 1.06 1.40 1.55 1.61 1.79
13,541,945.90 17,946,291.9 19,763,936.8 20,516,969.1 22,834,295.3
Total Saving Cost (Baht) 8 8 4 8
%Energy Saving (%) 35.33 30.16 29.90 28.53 26.25
%Total Saving (%) 35.33 46.83 51.57 53.53 59.58
- - 14,393,556.8 21,739,682.2 43,271,672.4
NPV (U1n) 43,024,144.28 1,637,710.21 0 1 7
IRR (%) N/A N/A 8.75 12.77 23.64
B/C (%) 69.63 98.76 111.11 117.02 135.17
Payback Period (yrs) N/A N/A 3.96 3.76 2.85
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AMANTN 6 UAzFUN 9 ABHAMTIATIZRNAADLUNUN A IULATHIAAATVBITAITDININEY
szndinnaznawiifouasitnluzaugamnIIuNdadInd1d9 lasnaannIiezinuiHanauuny
nIcuaTEImaaizasdaiianiinauszniinnaznawiiiouszwitnluszaugasnnn luly e

a a = Qt v a wa 1 A I3 d? a Hd U dl o dl ol
mmnummnmlmmu'ﬂaaﬂgummiﬂmaﬂa LN@L‘H@LW@GN&NI%&@@’J% SS100 LSJ@I‘EG']%LWEJY]G]LL‘Y]%TH?I‘E

\Warwasanuin axinadszngae 4918570 59.58% LLa:VLGi”%'uNamauLmulugﬂmaawaﬂi:%ﬂ‘ﬂmnmmmﬂ‘ﬁﬁhﬂ
7'l6g9ga (1.79 Bahtkg) fidn NPV 43,271,672.47 111 IRR 23.64% B/C 135.17% uazil PB 2.85 yrs §miLiiia
LB LNAINENATNANDULNUTBIAINAE SS75 : RS25 LAz SS65 : RS35 AMNENSU TINAABLUNWHLTWHATIY
FRIINALTTREANINTAAMN LTI T DN EITIN 8 AT AL HALITEREANMTAANANTANNNANBENLEY G355
Hemunsaldruiadanasidsasiusasninaznewinidoann fazmunsnandiinsamnaznowindudeion
unaaauunudnnsledifudn dawa‘lﬁmﬂ‘*ﬁmmﬁﬂLﬁmwﬁmauﬁmm@fw@hmﬂﬁumﬂﬂﬁm waLagoInaa
NEUFAEIW SS50 : RS50 Was SSO : RS100 Snalseneadnld81890uasNanauununIIs wnIIudmnn (d
NPV fd1@aau, ¢ BIC §1n91 100%) Lﬁaw\‘nmﬁﬂL°’§aL‘wfﬁmauluﬁﬂmu@ﬁnﬁhﬁavl&iﬁﬂ'smq”mi'mwﬁm
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LAIWIANRAY

(%) (Yrs)

160.00 8.00

mmm [RR (%) mmm B/C (%)

140.00 PB (Year) === total cost saving (%) 7.00

120.00 6.00

100.00 5.00

80.00 4.00

60.00 3.00

40.00 2.00

20.00 1.00

0.00 0.00

850: RS100  SS50:RS850 265 : RS35 S75:R825 55100

Sewage Sludge : Ricestraw
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5. AyLHALALYDIABUULITHITY
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2 A |a o A f a ) & ' S A oA a a )
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