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Fuel Oil Production from Used Lubricants via Continuous-Flow Two-Stage

Thermal-Catalytic Pyrolysis
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Abstract

This paper proposed methods of continuous-flow two-stage thermal cracking and
catalytic cracking pyrolysis for producing fuel oil from used lubricants from engine lubricant, gear
lubricant, hydraulic oil, turbine oil, and transformer oil. The catalyst used in the second stage was HZSM-
5, with a weight of 50 and 100 grams, and the whole process was performed under a nitrogen atmosphere
with a flow rate of 1,000 ml/min. The pyrolysis temperature was controlled between 450-500 °C for 1
hour. The results showed that the process without catalyst (thermal cracking only) yielded a lower
amount of pyrolysis oil, but the process with a catalyst (thermal cracking followed by catalytic cracking)
produced pyrolysis oil with better heating value and lower viscosity. The fuel qualities of all pyrolysis
oils, even those obtained thermal cracking only, were found to be better than bunker oil and close to
diesel oil. From economic analysis, the unit costs of pyrolysis fuel from thermal cracking only were

lowest, at 27.04, 20.27, 20.93, 18.02, and 19.08 baht/liter, respectively.

Keywords: Used lubricant, Pyrolysis, Catalyst, Pyrolysis oil, Fuel cost
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UAATe1uuv Fluid catalytic cracking (FCC) THd TudFunaiusaufionsosas 30-60 Insuiunnsveanios
Uinsal vhuFaselueiesufnsaiuuuseiiies v 3 Gns wudn Windedusiidudomdaan Sevas
96.47%wt Inerlufia 43%wt 51 2esdneryinsuazund dufnanasal (2561) [6] AnwufAseunndaiog
Fussufisevesitundeduliuda neldiise fisendlolaineuasausuiud Meiduazlifidissfizen
KuASEIURNIRILUY Fixed bed Tlgamgfi 400 °C léwanfausifuuudu gean 42% Taetndn sauf inlsdu
12%wt AL 16%wt uagn1nuindu 31%wt §2396i 955 munaziand uuzauysainus (2554) (7] Anw
anmelnlsladavosnidunseduldudr kueiosfnsauvung Mhsfundeduldud 1 e lunsmeaey
Foulunsvaaouiilindntusiudomdavaigean 54.5% figunad 350 °C Smsnisinavedlulnsiau 450

mU/min ©a1vuAzen 120 wii lunsalingAuiinnanuiduiiy Mustafa Balat (2008) [8] Anwianiiglnlsla
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Favosiunasduldua H1udusaufasen Perliter uaz Wood Ash Tuu3unas 2.5, 5, 10 %wt Lagvinuizen
lupIosunsaluuung wudn daseUjisen Perliter A 109% Tindndamindudiomdunas Soaay 92.5%wt

a av ya va v v 8o o a a a ¢ & a av ad v o = o
nananilasaulRnanenuidusialedu 96 Tludawnalvd wenani Seuddeiiientestunisfnwinisunnsa

AEALI AT AR50 1

a aw o a % v S o = Y oy v 1 a a a
M990 1 mmﬁ]ﬂ‘wLﬂm%mm%umumiaﬁ‘mmamumLiﬂ‘Ugﬂim%ummdﬂ

Usua -
. . - 4 UJsuu
a1y ingAu Aasaugiszen T:fq ey Liim‘ HARSTLE | Ref.
Ufneen O ugnsad
(Y%owt)
1 Waste machinery oil | Spent catalyst from 12 ¢. 300 Wuune 18.4 [9]
FCC Process
2 Waste machinery oil | Spent catalyst from 12 ¢. 370 WuunNg 45 [9]
FCC Process
3 Waste machinery oil | Spent catalyst from 28 g. 370 WuunNg 75 [9]
FCC Process
4 Waste engine oil MgO, Al203 1-5 wt% 380 wung 77.08-81.15 | [10]
5 Used  Lubricanting | ZnO nanoparticles | 500 mg/l 400 LUULY 73 [11]
oil aila
6 Used  Lubricanting | ZnO nanoparticles | 500 mg/l 450 (RTRINSI] 75 [11]
oil aila
7 Used  Lubricanting | Graphene 500 mg/l 400 LUuULyY 75 [11]
oil Nanoparticles aila
8 Used Lubricanting | Graphene 500 mg/l 450 (RTRVRRT] 76 [11]
oil nanoparticles aila
9 Used  Lubricanting | - Fe,0, 500 mg/l 400 WUULY 81 [11]
oil aila
10 Used  Lubricanting Y - Fe, 05 500 mg/l 450 LUULY 83 [11]
oil aila

A. Budianto et al. (2014) [12] AnwrUfATeunndaniednsaufisevesiniulidy iudaise
UfATeN HZSM-5, Pt-HZSM-5, Pd-HZSM-5 TuuSanasiaissufiten 0.6 n3u Tnevhuiasenluedesufnsaiuuy
Fixed bed Wuddsaufiisen PYHZSM-5 uag Pd/HZSM-5 inzdmsunsusulsadsfudulidululefiea

Reulvnisneaesiilindndueiilululefiwagsan 7 94.6 %wt. of pyrolysis oil Jins1evinanisnaaaulay FID

aaa

Gas chromatography laglddaLsauiizen P/HZSM-5 ﬁqwqﬁ 450 °C 0. Y. Sang et al. (2003) [13] 1

Anwnsuansavesiiiuidu kiueiesUfnTaiuuy Fixed bed Tagld HZSM-5, AIMM, CZM idnsndau Si/Al

aaa

A9 Wudaseuisen ludsinadusaujisen 1 ndu Jeulunisnaaesilindndanidululesialedug e

a

60%wt lulowalsau 10%wt uazlulofima 8%wt fiemsidau Si/AL(15/1) A. Budianto et al. (2014) [14] finw
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NIEUIUNSWANAWIEMILSUS RS v tuivanuAuGaTY HIufLTURsen Zn/HZSM-5 Tagvujisenlu
vA3 99U n30llUU Fixed bed nu31 a1unsandnlulefwaainuiuiiy lnendndusiidululediva qegn

80.75%wt. of pyrolysis oil Ingn1531AT 131 1A8AS Gas chromatography (GC) ﬁ'qamqﬁ 325 °C 9M51N15ka

aaa

vaalulasiau 60 mi/min Fssius ansenzsuazane (2562) [15] Anwinszuiunisuandiiedissliisenves
nuddauAviazUausing diuiusauisen HZSM-5 Tuusuna 0-10%wt Tuesesufnsaliuusiotiios wuii

nanAeianduUduAU Wuuuduuazialsduludiulvg 7 15uag 45%wt. of pyrolysis oil MLE1FU A

v

991U

A

TdAsaU AT HZSM-5 UTuna 10%wt igaungd 450 ssmneaidea uena1nil d91u3dediiien

N3ANYINITUANAIAIEALIIUATEN HZSM-5 vesnduriindus Aam131e9 2

o

A13197 2 el IUHATEY HZSM-5

o Usua - Usuned
o v a W3 aaa qﬂ‘mﬁu o a < a o  ¢dny
a1nu L — uinaen w30sUfnsal | wAnAueinla | Ref.
Ujnaen @)

(Yowt)
1 Vegetable oil HZSM5 - 400 Wuung 60 [16]
2 Waste machinery oil HZSM5 0.5%wt 400 uunNg 65 [17]
3 Palm oil HZSM5 le. 450 wuuLUAl 28.87 [18]

NNUITEN NIUNINISRNAAUIN U BLNES 310U TULAS 89LTLAT AIEATEUIUNITRANG IRIBA LT

' %] '
o Al o a o Al o

Ufiserdwlugidu leolad warUuandasusitduildreudiedes Snisdsflnwideqlddtuniedduds

' aaa

Fafiudusauizen HZSM-5 lixn

v
)

FanuluruideifdivuAnlunsvmuinunmeesnduas auldud N TEUILNTLANAINI8AIY
¥ a ! a Tl =) U v Y vV U ! aaa gj a
Souiesegadie Wisuiwleuiu nszuiunsuandiseanuSeukasiusiize s 2 Juneulae fimsteu
I v ' oA a ¢ v S v Agvvuy 15 o « ¢ 5w a ¢
ansnsruegrallesiuluufnsal aneldussernalulasiau ansaeiuild laun dndueIeseud, dnuwies,
) = a Y ¢ Y o = = a o aaa A
uunaedusyuulansedin, unumeslud wazundunieudas Tunsfnwiasdniswdsudussjised o
(NFEUIUMITUANAIAILAUTBULNEIBEIUALI) Uagdl 50 wag 100 NTU (NTLUINNTHANAIRILAIINTOULEY
fuseujnsen) Tneddnsinisivalulasiau 1000 mUmin wdndasildavinluleseiviinavenndulnlsla
Fa uarauURsng 9 laud Arnufeu warAinumile Weuduiasguvenhdufiwatasdidumvensugsia

W& FENTIATIBRUUNIATYEAaRsvehduNEals annsEuIunsTNeY

¢

Fupeumsnaaoy awvhnmaaesiuiaiesUfnsaifioonuuuuansiamd 1 %Uiﬁpfﬁﬁwﬁa?{uw
ualu Oil tank (1) trsfuazgndeudlulumufneaiil 1 @) Wanudeusieusa LPG (12) wasiiwsninuoa
(14) us39egsnuavesmMUFnsaiiienstmeausoutaziiurmgauieutislunsinweumgiiviasildd
Tnogaumgiivihauegf 350 - 500 °C (Fuogfuriinvasansiedu Aldnmsieneimauiou TeA) neld
uvssemAlulasiau fsamnslvalulngiou 1000 mUmin asdasudieldsueuiouddsuanusnaadule

lyaludanugnsali 2 (5) wesuanuiou andawmesini (6) fnruaugumiivhaududeItuugnsaifusn
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v

wazdlaseiuiiuluufneaifl 1 anas aed iwuwesinseduagyiintsdslit (2) deuhsfuann oil tank 11
Tunufnsaid 1 vlfnsvinudiduluegdeliios

Ufnsalfl 2 awussaiauseufiser HzsM-5 Tuuuna 0 (Thermal cracking egaien i 2 dunou)
wazU3una 50 wag 100 nsu (Thermal cracking muene Catalytic cracking) mmfulaﬁﬂﬁuﬁﬁmﬁﬁ%mlﬁa w
ndusaiinewauizes (7) igamnfl 15 °C axldvoavaaiindus Tugy “thiulnlsda” lumsvngeuarlfiaa 1

Hlue Fudunandegumgiiunsalegi 350-500 °C uwazthidulnlsladanliazgniilvimsgininnueuuas

ANAIUATR
P '
1.0M eank
2 Pump
3 Hescior
- . 4 Resci|
F 5 Rearie
—1 fiHezter
Keactor 2 (Catabyie lliffnm_\lgi: s
Craclan
) (T .= 9 Setmerwbile Dewsiariag Pucp
s ball . Woaser Tank
F | Nitsagen
damseter | Smum.
12Lig ol 0 G
: (damsteshaght] U.l' i"““‘:‘ chen
1020 o k. / 0 14.Cerame Ball [amster M
(i) - | 15 Electric Contral Cabmet
Nitsegen Flow_ | | g
Mot )  E—
Freuae I
Gaugse \
Bector | (Themal ' I_l:! _”5 Water
()| Liueted Crading) i i |
2| Petroleum (hmiecbeighe) |
Gn 1020 em |

Nengen

= = a ¢ oA i
AN 1 LLNum‘WLﬂim‘dgﬂSMLLUUGlaLuaﬂm"mumﬁWﬂaaU

o o = = o
NANTSAAYLLALDAUTIYNANITIY
1. AAnuSeusarAmurinvassuraeauldLan
Y o A Al ¥ o A vy v oA L vy 1 % o 4 s % o a e
vifunaeduiildlunisveaeuduintunded uldudaiignie laun drduins eseud, dnduifes,
Prsfunaeduszuulansedn, drduweslud wazdumianvas Ingaianuseuveaitunasaulduaimlaain
\A3BIUBNULARTENeT (Bomb Calorimeter) uazAtanuminigamail 40°C fa81AT8Y Saybolt Viscometer

AUNINIZIUNIVIAETDY ASTM fauanslumnsnei 3
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= wa ) oA v v & a ' a = v 3 o & a a
7157199 3 guURvesdnsTunasduldlaIng 5 vilna ﬂaumsmumﬂvﬂﬂa% WgUNUUILULTDLNAIINNDETA

Srsfunaoauliuda \onaeada

a s . 4INTFIUNTS 7 z— 7 7 z— 7 z—
wfimes 92y Ungiy Ungiy Ungiy Ungiy Undiy Vb Unglu

nagay o a ¢ a < o a

1A309 wHes  lonsedn weslud wdsudas  fwa [y

High Heating 42.675
(MJ/kg) ASTM 240-64 45.07 44.84 44.6 44.79 43.8 42.7 [19]
Value

at 50 °C
Viscosity at 40 °C (cSt) ASTM D88 76.89 329.7 31.44 46.26 10.09 2-4.5 [19] [20]
4 [20

915197 3 wansliiuinidunaeduldudsdranudougininiduiiganaziiem uadainiy
A v = ' v g ¥ o & a Y o o wa | P A kg a
nilnAoud1getdliamnsaldduiiudemadasnss sedinsuivlsauifioandininamila e dudeinds

= Yo o T = s o % a i d' |
Pannsaldiuniieleumiaintessudmillld nefinansenusieinioseudiesiian

2. Mawszimssundaniminvesansiiosurudeu (Thermogravimetric Analysis)
Aeutarsdsdus udulunrunszuaunisinislada azld35n1snaaoudrensiinss s
Thermogravimetric Analysis (TGA) Lﬁamqmmﬁﬁmmsaaﬂ,uﬂmmﬂﬁmaﬂfﬂﬁwﬁa?{uisi’mﬁ's Taglianu
Souluthesgamgdl 30-700 °C Sms1nsiiisgamglivindy 10 °C/min. naasumeldusseimAlulasiou wauans
Tumsait 4 Famavesiifuiineaey qmmﬁﬁmmzauﬁm%’mﬁwﬁum%q dhifulensedn waghiumeslud ogfl

450 °C vauzfivduiies og# 500 °C Fegaumgdfinan wagdhdfuniioudas agil 350 °C azgniuaniaslily

nszuiunstnlsladavesufnsal

a a ¢ wa 1Y ) oA
M990 4 Nam'iaLmﬂzu@mauumm\‘im’]mau (TGA) Y99UNUUNADAUNAHDU

anamady aaumgiilunsaangsia (°C)
1 dsfuedes 450
2. shshufes 500
3 difulensedn 450
4. shfumesluy 450
5 Ysfundioudas 350
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3. YSnamdasiueiilaainnszuiunisinlslada
Yunauhduildannnszuiunisinlslada asgnihluieudisuiuusnaiiulduaasudiu faunse
Taldanszavdndunasduiianaslu Oil tank evazvewmandusivesiiunasiuldudys 5 via Aldan

nszUIUNSNAMA MYl uaeaulduad wanslunini 2

=] 75.48
... . 78.47
s A o 82.87

1ndwATad (450°C)

[£ 100 g.

fhaiulfies (500°C)

350 g.

waiulaasedin (450°C)

0g.
88.47 M09

haiunasluil (450°C)

isunaautas (350°C)

0 20 40 60 80 100

% Yield

At 2 SeravUSinuveskanfasiilinnssuiunmsiunuaweeshiundedusi 5 ole
figmsnnsinaudalulmsiau 1000 mUmin fgaumgiinszurumsuandasenuiou
wagsaUiAzen 450-500 °C natlunsvagey 1 92l

namd 2 wud dislaifinislédusfisen sasdwreatomdanatetiildugidutagi &
AN5EnIng 82.87-94.17 % Faflendouga sy evhauswiudinssufazen Hzsm-5 iiesannnsldfige
UFA3e1 awviliAnufaluanaidnilldauuiuinntu ldusinaideomaavaianas dmduisuleasednld
w1 ¥AI9INHIUNSEUIUANS Thermal Cracking wawildnarundndnsigs usifloniu Catalytic Cracking Tuatna
a0s wuin dadaundnsusianasnniige esnindulensedndaislelelnsanvouiidusguds Weru

Catalytic Cracking azvhviuftaniluanaidnuazldauuiuannninigduidu
4. ArPNSouTRLIBLNALa)

arrnusay vanhdulnlsladaaniidunasdultudnia 5 vila Aldarnnszuiunsinlsladamernsas

vanUwAaastmas (Bomb Calorimeter) @nunsaunanatunIng 3 fail

JISFISINMS WA IUNGAINUGSUBU
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ailiATad (450°C)

b T C
e eeeerreees]. 45.94

Yoeoae : ] 46.34
alufAng (500°C) [ 45.99

ihaiwlaasedn 450°C) 1100 g.
£150 g.
shaiwnasluyl (450°C)
0g.

ihaimatautss (350°C)

40 42 44 46 48 50

High Heating Value (MJ/kg)

AN 3 AnAnuseugaemdndaeinldannnsyuiunmsiinaun muesanturaeduns 5 viia
Ao o .oa a o v v
mnsmslvauialulasiay 1000 m/min figaumgiinssuiumsuandimennuseuuas

aaa

FussUFAZe 450-500 °C Laalunisvasou 1 Falug

N7 3 Arpuseugeemdnduainlanniidundeduldudang 5 ¥ia ndRinE1unTEUINNTS
Thermal Cracking U2 $A1 43.2-45.94 MJ/kg Gl uanm1991ALANNINTA LANEI9INTINAUNTLUIUNNS

Catalytic Cracking wudiananuseugeestsiulnlslaganlfiutusgesdniau de1 45.33-48.35 M/kg
5. ANANUNLATDLTBLNAIAD

nsnadauAInNunin vawdulnlsladaaninsunaedulduaing 530 Alaannszuiunisinlsla

Fa ApLAIed Saybolt Viscometer uaaslun il 4 fsil

NSFETEMSWATNLNGINUGEUBU



] 5.62
"] 5.78
T T ——— 6.42

ihalwedas (450°C)

dhalfipd (500°C) T ] 497
s S 5.16

v 4.41
idulaasedn (450°C)  |-ir oz mmimym s e mr e s s rme | 567 f7 100 g.
A o
150 g.
. . | 7.87
shaiunasluyl (450°C) Hog.

7] 8.09
T R e

ihsumslauda (350°C)

Viscosity (cSt)

' =~

AN 4 Aenuviiavesndaduannliannnszuiunsiiuaun muesliuraeauns 5 uie
8nsnstauialulasiau 1000 mU/min Mgumgiinssuiumsuandineainuioulay

Fu3sURAZe 450-500 °C Lialunisvasou 1 Falug

Al 4 aenumiavemandasiildannitundeduliudai 5 vl Fiunszuiunsinlsladaiild
msldFussiisen nui aanumdavesisulnlsladadlianassnn Wedlsufuitundedudounssuiuns
Inlslada uasdlefimsldmissufisen Hzom-5 diulwisladaildfienanuvilfianassn Tasiawendniosi
fananisulensedn ilesnlassadsvesthiuasiiaelelalnsasuouigniliduas Amnumiiniidesiin

Aandndaueiilanuiduies unsdindnsldsisesufisen drnnunia 3.81 cSt

6. mﬁmﬁzﬁé{unumiwamﬁﬂﬁwﬁy@maa

TumsTinsesidununiswdn asdumsnunudunulunssdmbiulnlsladaromn Tasasfinnsan
Funusednsvesnisudnindulnlslafafisusunathiufisanasguludended dunuithinfiansanldun
anaiesfnsallnlslada (investment Cost) duilélunsmasgeu WaZAUNUNSAILIATE (Operating
Cost) Famsiiasgidunuaziinsgiluguvesnadeniis Ae un/ans Tnglfinalinvesnmsiiaszsiyarine
3 uninsieszd Taesnaiesufnsallnlslada eg# 43,500 v wazdunumsiuiunuide ey
97,081.72 way 115,081.72 U /% ﬂﬁzﬁﬁiﬂﬁLLazﬁmﬂ%'ﬁaLi'qUﬁﬁ%m Tnes1eazidenanlddne uanddunisiei

5-6 lnglun1sTasziisuyuaing Tuwdaziwinnu aunu 1 avazaiunsanuauesosunsallnlsladala 3

U
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M15797 5 sunumsasuisadmsuinsesufnsallnlslada (investment Cost)

3189 517U 2565 (UW) % Contribution
Lﬂ%&ﬂﬁmﬂﬂw‘lﬂa% 25,000 57
\ndosiiauazynndu 3,000 7
szuulihuazgaiuay 2,500 6
Foimos 4,000 9
Wigeaswazsimasludulda 5,000 12
Uzt 3,500 8
Buq 500 1

33U 43,500 100

M990 6 AuNUMIANTUNEIY (Operating Cost)

. . Vsanauiild
50013 $1A1/90Y e
Value e 511 (U /)

Tngaiu

HZSM-5 (700 g.) 9,000 (u/kg) 375 (kg/year) 33,750

Uzifiu 3,500 (/) 4 (n/J) 14,000

5'1461 100 (Um/\fou) 1,200 umA) 1,200
Buq

Tulnsiau (6au.a.) 200 (U/69) 9 @) 1,800

LPG (15nn.) 455 (Um/e9) 24 (/) 10,920

Tl [21] (U/muae) 43338 Ala¥ni/A) 1961.72
MU

Employment (8441319/3w) 300 (V/ ) 67,200 (U w/A) 67,200

31NA15NT 5-6 anansadiasevinunu Wngldinadavensinsgviyarisel 1vihnsiesed lay
Falusnsinuiuay 8 vu. uazimualiszeiiailasanis 10 U dmua dasdiuan (Discount Rate) diAn
Wi 6.15 % [21] waglninAamusianinisinidugiinalanmualy [22] Aldinesiusied ag

Aulaanaunsy 1

At suelvedgunsal = AlEemelantuamuasausn + AldangseUilesaine Operating &

Maintenance - yjaf318Uanyam 19N )

wazthlumyarisoniie luaunisi 2

el mldeswselvesgunsal, (UnA)
YanuuRvIYg = — . - (2)
YSunanhdulnlsladasied, GesA)
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ihswe3as (450°C)

isiwfed (500°C)

isiwlaasadin (450°C) 100 g
[150 g
a3 luid (450°C) 0g

]| 63.05

hdundauilas (350°C)

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00

yanaudeniaY (Um/Aas)

Ml 5 yarsieviisvesdsiulnlslaganiiiunaeduliudia 5 vie Mliduaziinmslddiseujiten

Mnmsleseiyademisvesiiulnlsledanniuiundeduldudnts 5 4da Aldnaunsi 2
wansdlunmil 5 Tnglfiedesuinsallumsnnaey 3 1a3es wui Tunsdiliffausejise yarminfuremied
gefiande 1hifuadesdl 27.00 vIn/ans uarmaeiigafeiiumesluiil 18.02 vw/Ans Wellfassfizend
50 n¥u yadisiudemieiigaiiande duiesussiifuniouasil 55.17 uw/ans wesmadhiiandetntu
wiflutifl 33.95 Un/ans wandlefifaudeUjisend 100 niu yarusiudemisefigeiiande vntuiesi 67.9
uI/ing LLasiﬂﬂwﬁwﬁqmﬁaﬁwﬁﬂﬂmﬁﬂﬁ 51.93 /303 s nUSinanandusinlsnnszuiunsves
it Alidnsldfasejiten Wusuugsigadmihted 4.3 hlildusmadsilusias funnndniiiy
yindulumsasuassusziivifuiilinadeniemiign Sniadelimsléiusaufisen sraniufude

Mi8ArgWULleannTIA s AsedsimaAeudsung

d3UNan1339Y

Pnmsnwmafinaunmihduaeduldudariunssuiunsinlslada deldiusaiisen Hzoms
71 0, 50 way 100 N3y Imwﬁ’wmiﬁﬂmﬁqquﬁ 350-500 °C 8w 15bnavaalulasiay 1000 ml/min WU
nszuumsAlaiimslEiuseiiten Wusuaudhiulnisladarinnninssuiumsianisldfusajizend 5o
uay 100 n3u wazidlethlunageunmautfsnnufeunazaeumia tsulnlsladadifiingldsisegased
100 nSu Tﬁmmm%auﬁqaﬂdw 1 5.06, 3.9, 10.39, 3.35 uaz 1.21 % AwaRu wazdaanuniiafitosasni
ﬂizmumiﬁhjﬁmﬂ%ﬁaLéqﬂﬁﬁ%w 7 91.76, 85.11, 22.86, 97.86 Uz 82.16 % MW U

doisuifieunuandivenidulnlsladatuidufisaasguasidiunuda nud nssuaumsiill

al Y ' aaa a0 Y a o ’; v a g L 1 v
Mﬂ']'ﬂ‘l]@]’]Lix‘ﬂJi]ﬂ'ﬁEJ’]@JﬂﬂﬂaLﬂENﬂ‘U‘LJ’]lI‘u(?‘IL‘UaLLﬁ%‘LJ']ﬁJULC‘HEJQLLaﬁ
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v

Wethusiulnlsladaanidiunaeduldudins 5 wia lUiwszinaesvgmans lngldasosujnsailu

'
a

N15MAADU 3 L1AT0Y WU yaruudentieigaanfeuniuinIes 7 27.04 UIMEENS Lasinanfounsiy

washuul 91 18.02 usedns

naAnsINUsENA
YoUaUANlATNITANNTINTDTENI N NS tendnuisUsemalng (N, Auaminerdeleddyan

laaduayunuITenasnyi83T85sUUNIQUNAIN A1ATTITAINTIULAS BINE AMETAINTTUANAAT

oy
A A

~ o o X ; cava LA
uneaededlyd Aeedauilunisiniideluasad

LONE1591999
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Abstract
The agricultural area in Mae Moh district, Lampang province, produces around 45 percent of
its field crops in the form of corn for animal feed. The area covers approximately 25,293 rai, and
farmers earn mainly by selling corn products. Scraps such as corncobs and cornhusks are sold as fuel
to biomass power plants in Lampang and nearby provinces. Since October 2021, the EGAT Mae Moh

power plant under Biomass Co-Firing Project has been studying the process of grinding agricultural

{Energy for Community)

=]
=
=
£
3
=1
&
=

biomass from corncobs and cornhusks, pelleting them into biomass pellets for co-firing with lignite in

the power plant's production process for units 12-13 (300 megawatts per unit of capacity), with a

EC

mixing proportion of not more than 2 percent of the total heat. It was found that this process did not

affect the power generation process and that the concentration of pollutants released was within the
standard.

EGAT Mae Moh has been continuously driving the Biomass Co-Firing Project, and the total
accumulated biomass purchase volume is 642 tons, directly generating income for the Mae Moh
community farmers. This project can also reduce greenhouse gas emissions by 546 tons of carbon
dioxide equivalent. In addition, EGAT Mae Moh is determined to collect corn plants, stumps, and
leaves that farmers typically burn while preparing their fields for planting corn for the next growing
season, and then send them into the biomass co-firing process. This initiative aims to encourage
communities to make biomass pellets on their own for a sustainable income and to reduce
environmental pollution problems. This is part of EGAT Mae Moh's efforts to develop Mae Moh area
into a smart city (Mae Moh Smart City) towards a low-carbon city in response to the country's policy
toward carbon neutrality.

Keywords: agricultural biomass, biomass pellet, reduce greenhouse gas emissions, Smart City, Carbon

neutrality
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Abstract
The biomass stove has been an important equipment for cooking and has been a part of Thai
people's lives for a long time. The development and selection of suitable biomass stoves can help

reduce costs and create energy security for the community. This research aimed to experiment and
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analyze the performance of different biomass stoves and provide guidance on their use with different

types of biomass. The tested biomass stoves included the brazier, high brazier, and corn stove, using
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longan wood chips and bamboo charcoal briquettes as fuel, with a calorific value ranging from 15,940

to 27,010 kl/kg and a fuel input limited to 1-5 kg per experiment. The results showed that the high
brazier provided the best performance in terms of fuel consumption and thermal efficiency. The brazier
was particularly effective in boiling water at the fastest speed. Longan wood chips were advantageous
in terms of high heat and quick boiling of water, while bamboo charcoal briquettes were suitable for
continuous and long-lasting heating. The high brazier achieved the highest thermal efficiency of 59.22%
and 81.77% for longan wood chips and bamboo charcoal briquettes, respectively, with specific fuel
consumption of 0.60 kg, /ke,, and 0.41 kg, /ks,.. The high brazier and brazier were suitable for promoting

the use of charcoal briquettes and wood chips as fuel in communities.

Keywords: biomass stove, bamboo charcoal briquettes, longan wood chips, thermal efficiency
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Abstract

D3,

The aim of this study was to investigate the effect of temperature on the drying process and
quality of Phad Kaprao Pla using a dryer that employs long-range infrared radiation from ceramics. The
dryer had dimensions of 120x75x60 centimeters, and was operated at temperatures of 90 °C, 100 °C, and

110 °C, with initial moisture levels of 160-190% dry standard. The drying process continued until the final
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moisture content ranged from 8.8% to 64% dry standard. The results showed that the drying time of

Phad Kaprao Pla at 110 °C was the shortest, taking only 240 minutes, and resulting in an average final
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moisture content of 6.4% dry standard. Drying at 90 °C took the same amount of time, 360 minutes, but

resulted in an average final moisture content of 8.8% dry standard. The dried Phad Kaprao Pla had a
medium brown color and the aroma of basil, with a salty and spicy flavor. Moreover, the drying rate
decreased as the drying temperature increased, as the higher energy from infrared radiation led to a
faster evaporation of water from the Phad Kaprao Pla. As a result, the dried Phad Kaprao Pla had a

medium brown appearance, full flavor, and aroma, and could be stored for a long time.

Keywords: Drying, Phad Kaprao Pla, Far-infrared radiation
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Abstract

The 5G communication system and electronic circuit design have made significant progress in
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various applications. As a result, the design of measuring instruments has also advanced, leading to higher
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efficiency. Water quality measuring equipment is an essential tool for industrial and environmental

applications due to water contamination problems. Water quality management methods such as

EL

dissolved oxygen levels and pH values can affect the risk of disease in aguaculture and human

consumption. Therefore, in this study, a water quality measuring instrument was designed and built using
a sensor system with wireless data communication and warning system to measure pH, temperature,
and dissolved oxygen levels in the water. The measured data can be recorded in Google Sheets through
an Arduino WIFI board linked to Google App Script, while the design can be notified in real-time using
the Line Notify application. The system design is buoyant and has low power consumption, operating on

a 12Vdc 9000mAh power supply for up to 85 hours.

Keywords: Water quality meter, Buoyancy, Embedded System
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Abstract

This research aimed to optimize the efficiency and productivity of Khao Tan using a solar drying cabinet
combined with energy from LPG gas and an automatic temperature control system for the Ban Non Nai
community enterprise group. The solar drying cabinet was designed with a structure that included moving
wheels, six drying trays, and a top lid that can be opened. The dimensions of the cabinet were 100cm wide,
150cm long, and 157cm high. The performance of the solar drying cabinet combined with LPG gas and automatic
temperature control system was compared to solar drying cabinet and natural sun drying. The results showed
that the average temperature of the solar drying cabinet combined with LPG gas and automatic temperature
control system can be controlled at 44.9°C, which is close to the optimum drying temperature for Khao Tan,
whereas the average temperature for natural sunlight was 39.4°C. The average percentage of moisture content in
Khao Tan was 13.0%db. Additionally, the developed drying cabinet can increase the production capacity by two
times compared to natural drying because it can be used at night, resulting in increased productivity, revenue,

and competitiveness for the Ban Non Nai commmunity enterprise group.

Keyword : Khao Tan, solar drying cabinet, LPG system, Automatic temperature control system
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Abstract

This paper presents a control system that uses a Peltier plate to regulate the temperature and

®

report the water condition in an aquarium via a smartphone application. An aquarium with a width of

uen

23 centimeters, a length of 46 centimeters, and a height of 29 centimeters was tested with a control

system using Node MCU. During a 3-day period from 9:00 a.m. to 6:15 p.m., the automated system

successfully adjusted the temperature using a heat pipe single core radiator and cooled by Peltier
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plates according to the set work conditions. The test results showed a mean temperature value of

28.35 °C and a standard deviation of 1.45, resulting in a low temperature variation suitable for use in an
aquarium. The water condition turbidity in the clear water test showed a mean turbidity value of 1024
and a standard deviation of 0, indicating no change in the water state. The manual system using the
Blynk application combined with the Interet of Things (IoT) technology was found to be responsive
and convenient to use. This research approach can increase the capacity and benefits for those who

breed other animals.

Keywords: Control System, Peltier Plate, Smart phone
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Abstract
In this research, the installation of solar photovoltaics (PV) in the Gas Turbine Combine Cycle

(GTCQ) power plant for supplying the auxiliary equipment of the power plant was studied. The economic

dnuwannu

analysis and environmental impact were conducted by a case study of an Independent Power Producer

(IPP) 700 MW. GTCC power plant in Thailand. The methodology of PV energy generation and calculation
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were according to National Renewable Energy Laboratory (NREL) by using PVsys version 7.1.7 software

E!

simulation through 3 cases. The first case was the solar PV rooftop, the second case was the solar PV on

the ground with tracking system, and the third case was the solar PV rooftop combined with solar PV on

the ground with tracking system under the limitation of space area in the existing power plant. The tools
for economic evaluation were Internal Rate of Return (IRR) and Payback Period.

The results indicated that the PV system could replace as the auxiliary power for the
consumption using renewable electricity to reduce internal power consumption and emission. Utilizing
the solar PV rooftop combined with solar PV on the ground with tracking system was the best choice for
auxiliary energy reduction. The electrical power generation was 2,773 MWh per year which natural gas
consumption and CO, emission could be reduced by 19,027 MMBTU and 1,660 tons per year respectively.
According to the economic point of view basis, the first case was the best choice which its IRR was 19.9%
and Payback Period by 4 years 2 months was the shortest. Due to the feature of the integration of the
solar PV into the power plant, PV electricity could supply to the power plant, either on operation running
or being on shutting down, therefore, importing energy from EGAT system grid could be reduced.
Furthermore, the solar PV was installed in the existing space area in the power plant, that was the

maximum area utilization.

Keywords: Combine cycle, Photovoltaics, Auxiliary power consumption, Emission, IRR
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Introduction

The novel method to improve Conventional Fossil Power Plant (CFPP) efficiency is the
integration of renewable energy, particularly solar energy that is noticeable in several pieces of research,
the integration of solar thermal with fossil fuel electrical power generation was studied [1], and the
performance of solar aided power generation under different types of solar collectors and operations
was discussed as well [2]. The mentioned researches focused on solar thermal to assist the electricity
production process of CFPP, especially thermal power plants, and the integration of solar energy in Gas
Turbine Combine Cycle power plants was widely studied on the solar thermal energy basis [3]. The most
of the electricity generation in Thailand is 51.52% (8,262 MW.) [4] of the total installed electrical capacity
that was from Gas Turbine Combine Cycle (GTCC) power plant that Natural Gas (NG) is used as a major
fuel of power plant, while the energy price, especially NG, is going high because of Russia-Ukraine crisis
and declination of NG supply source resulting in electricity tariff of Thailand (during September to
December 2022) will be increased by 18% to be 4.72 Baht/unit in average [5].

According to the mentioned reasons, the economic assessment of a Photovoltaic Aided
Combined Cycle Power Plant is extremely interesting for discussion from the economic point of view

before performing investment. PVsys instant software is used in this research to simulate the electricity
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generation through 3 cases, they were 1) Solar PV rooftop capacity of 980.2 kW., 2) Solar PV on the
ground with a tracking system capacity of 994.5 kW., and 3) Solar PV rooftop capacity of 980.2 kW.
combined with solar PV on the ground with a tracking system capacity of 994.5 kW. The Internal Rate of
Return (IRR) of all 3 cases were studied for finding the best IRR, and the payback period (PB) also is

considered to find the shortest one.

Methodology
2.1 PV system output
According to National Renewable Energy Laboratory (NREL) [6], PV output generation EN,c is

calculated as follows:

EN,. = PR X [PSTC X (GPOA)]

Gstc (1)

EN,ac is the PV output (kWh); PR is the overall efficiency coefficient = 0.82 for this study; P« is the capacity

of installed PV system by 980 Kw for the first case and by 994.5 kW for the second case of this study;

Gpon is local horizontal irradiance (kWh/m?; and Ggc is the standard test condition of PV = 1000W/m?.
2.2. Natural gas consumption is reduced by PV system

The amount of natural gas consumption is reduced by PV system. Ny is calculated as follows:

NR=ENACXNHRGTCC ()

Ng is the amount of natural gas consumption that is reduced by PV system (kJ); where NHRgrcc

is the net heat rate of GTCC (kJ/kwWh.) and it is calculated as follows:

Input Energy

NHR =
GTCC ™ Net Output Energy (3)

Input Energy is the amount of heat from natural gas consumption supplied to GTCC (BTU); Net
Output Energy is electrical energy generated by GTCC (kwh) [7].
2.3. CO, emission is reduced by PV system

The amount of CO, emission is reduced by PV system, E_, is calculated as follows:
Eco, = ENyc X EF¢o, (@)

Ecop is the amount of CO, emission that is reduced by PV system (kgnye); Where EFq, is the
emission factor of CO, per kWh = 0.5986 for this study [8].
2.4. Formula and Calculation for IRR

The formula and calculation used to determine the figure are as follows:

— _NT Ct _
0=NPV = Zt=1(1+1RR)t Co (5)
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C, is net cash flow during the period t; C; is total investment costs; IRR is Internal Rate of
Return; where t is number of time period [9].

2.5. Payback Period

PBP simply computes how fast a project will recover its cash investment. A simple payback

period is calculated as follows:

I
PBP = — (6)
P

| is the investments; where P is annual savings [9].

Result
The calculation was carried out to investigate the performance of a PV aided GTCC power plant.
The main parameters of a 700 MW GTCC power plant located in the west area of Thailand are shown in

Table 1.

Table 1 GTCC parameter

Parameters Value Unit
Capacity 700.00 MW
Heat Rate 6,861 BTU/KWh
Average Gross Generation (2017-2021) 3,218,147 MWh
Average Net Generation (2017-2021) 3,131,625 MWh
Average Auxiliary Energy Consumption rate (2017-2021) 2.76 %
Average Auxiliary Energy Consumption (2017-2021) 86,521.66 MWh

The 3 cases of PV system were simulated to aid GTCC as figure 1 and figure 2. The simulation resulted
according to equation 1 and the local solar radiation data from PVsys simulation, the output of the PV
system can be predicted and shown in table 2.

1) Solar PV rooftop capacity of 980.2 kW.

2) Solar PV on ground with tracking system capacity of 994.5 kW.

3) Solar PV rooftop capacity of 980.2 kW. Combined with solar PV on ground with tracking system

capacity of 994.5 kW.

Figure 1 Solar roof top capacity of 980.2 kW. Figure 2 Solar on ground with tracking system
capacity of 994.5 kw. [10]
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Table 2 Predicted electric energy generation from 3 cases of solar PV by PV Syst simulation

Year Case 1 generation (kWh) | Case 2 generation (kWh) | Case 3 generation (kWh)
1 1,431,000 1,573,700 3,004,700
2 1,402,470 1,422,931 2,825,401
3 1,392,653 1,412,970 2,805,623
a 1,382,904 1,403,079 2,785,983
5 1,373,224 1,393,258 2,766,482
6 1,363,611 1,383,505 2,747,116
7 1,354,066 1,373,820 2,727,886
8 1,344,586 1,364,204 2,708,790
9 1,335,176 1,354,654 2,689,830
10 1,325,829 1,345,172 2,671,001

Average 1,370,552 1,402,729 2,773,281

From table 2, due to the tracking system resulting the second case had more generation than the first
case that is equal to 32,177 kWh or 2.35% and the third case was the best choice for maximum electricity
energy generation.

3.1 Auxiliary energy consumption reduction

The average auxiliary energy consumption rate of the last 5 years was 2.76%. The average annual
energy output and the auxiliary energy consumption were 3,218,147,020 kWh and 86,521,660 kWh,
respectively. The third case of the PV system is the maximum generation generating 2,773,281 kWh
electricity yearly that is equal to 3.21% of total auxiliary energy consumption and effecting the auxiliary
energy consumption rate decreasing from 2.76% to 2.67%. Although the third case is the best choice for
energy-producing but the reduction is not significant compared to the total auxiliary consumption
because the installed capacity of the PV system is too small for covering the auxiliary energy
consumption. However, the cost of installation of the PV system on the power plant with the existing
facility is low when compared to the new project. Hench a feature will be important for the consideration

on solar PV system’s capacity to aid GTCC power plant.

3.2 Economic analysis
The cost of PV system included the initial capital investment cost for the PV system and the

Operating and Maintenance (O&M) cost of all 3 cases are shown in table 3
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Table 3 summaries of the initial capital investment cost categories for 3 cases of PV system.

Capital category Case 1 (THB) | Case 2 (THB) | Case 3 (THB)

PV module 7,000,000 7,000,000 14,000,000
Inverters 1,364,000 1,391,000 2,755,000
Monitoring and control system 447,140 465,840 912,980
DC cable 988,932 756,675 1,745,607
AC cable 2,453,400 568,340 3,021,740
Grounding system 382,887 198,178 581,065
MDB and protection 1,492,400 1,780,400 3,272,800
MV system - 1,475,010 1,475,010
Mounting structure 465,906 5,017,000 5,482,906
Race way 653,770 164,207 817,977
Walk way 504,800 - 504,800
Life line roof safety 151,000 - 151,000
Ladder 55,000 - 55,000
Pole and Equipment - 150,000 150,000
Civil work 294,500 2,392,500 2,687,000
Water cleaning 259,641 358,800 618,441
Man power 956,611 1,068,550 2,025,161
Machine 230,000 290,000 520,000
Operation & Maintenance in first 2 years 133,712 171,000 304,712
Transportation and miscellaneous - 715,000 715,000
License permit 300,000 900,000 900,000
Total Investment Cost 18,133,699 24,862,500 42,696,199

From table 3, it can be seen that the third case has the highest investment cost and electricity
generation. While the first case has the lowest investment cost and electricity generation. Moreover, the
highest category of investment cost is the PV module which is around 30% of total investment cost. The
major portion affecting the investment cost differences of the first and the second cases are mounting
structure and civil work. The solar PV on ground with tracking system of the second case needs more
structure equipment, piling, and civil work, resulting in a higher budget compared to solar rooftop
approximately 6.65 million THB.

The IRR and PBP according to equation 5 and equation 6 were calculated and the results could

be concluded as in table 4 (base on NG prices 473.36 THB/MMBTU as per PTT billing of May 2022)

Table 4 The summaries of IRR, PBP, investment cost and cashflow of solar PV 3 cases (million THB).

Year 0 1 2 3 4 5 6 7 8 9 10 | Total IRR PBP

Case1 | -18.1 | 4.6 4.5 4.2 4.2 4.2 4.1 4.1 4.1 4.0 40 | 239 | 19.9% | 4Y2M

Case2 | -249 | 5.1 4.6 4.3 4.3 4.2 4.2 4.2 4.1 4.1 4.0 18.2 | 12.0% | 5Y5M

Case3 | -43.0 | 9.7 9.1 8.5 8.5 8.4 8.3 8.2 8.2 8.1 8.0 | 421 | 15.4% | 4Y1OM
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From table 4, due to this GTCC lifetime is 10 years remaining, so IRR is based on 10 years
assumption. As per the result, the first case is the highest IRR at 19.9%, in accordance with the PBP of
the first case that is the shortest payback period by only 4 years and 2 months as well as the lowest
investment cost at 18.1 million THB. Although the electricity generation is less than other cases but there
is the most influence by the economic point of view.

3.3 Environmental benefits

According to equation 2 and equation 3, the net heat rate provided by GTCC power plant was
6,861 BTU/KWHh, so the third case of PV system assists in saving maximum 19,027 MMBTU of natural gas
yearly. According to equation 4, the PV system also assists in reducing 1,660 tons of CO, emission each

year.

Conclusion and Discussion

In this research, the 3 cases of PV aided GTCC power plant technology were proposed, and a
700 MW power plant in Thailand was selected as a case study to evaluate from the economic point of
view basis. The results showed that the third case of the solar PV rooftop combined with solar PV on
ground with tracking system with capacity of 1,974.7 kW could compensate as the auxiliary power for
the consumption of 2,773,281 kWh and reduce 1,660 tons of CO, emission annually. With the
consideration of economic point of view, the first case was the best choice even though electricity
generation was the lowest but due to there was solar roof which initial investment cost was also lower
resulting in IRR and PBP indicating the best. Anyway, the results of IRR and PBP were based on NG price
of 473.36 THB/MMBTU from PTT billing of May 2022, if NG price is going up, the IRR will be getting higher
and PBP will be shorter on the other hand if NG price is going down, the IRR will be getting lower and
PBP will be longer. Moreover, it recommended in this research that it can supply auxiliary power to GTCC
power plant either during GTCC is on operation running or being shutting down condition which is more
beneficial when comparing to the importing energy from the grid system when GTCC is being on shutting

down.
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Abstract

This study aimed to estimate the payback period of a solar water heating system that uses
evacuated-tube solar collectors with photovoltaic-assisted heat pumps, and compare it with the existing
system at Male Dormitory 5 of Chiang Mai University, which uses flat-plate solar collectors with on-grid
assisted heat pump. The simulation was based on the hot water demand of 504 residents for bathing
twice a day (morning and evening), with each person consuming 50 L of water in 13 minutes at a
temperature of 35 °C. The study found that for the same heat pump capacity of 10 kW, the existing
system required 147 modules of flat-plate collectors while the new system required only 60 modules
of evacuated-tube collectors. The payback periods of the two systems (20 years project, 6 % annual
discount rate and electricity charge of 4 baht/kWh), compared with an electric water heater, were 8.41
and 7.69 years, respectively. Furthermore, the study found that when 25 solar cell modules, each with
400 Wp, were used to supply electricity to the hot water system through a 12 kW single-phase inverter,
the payback period was reduced to 7.12 years. This approach also resulted in a 73.45% reduction in grid

energy consumption.

Keywords: Solar hot water system, Evacuated-tube solar collector, Assisted heat pump, Solar cell

module, University dormitory
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f19197 2 AldaneszuurdninSeuainuaserindniinisldfunusdofinduuuriegyaniaruiuluauiou

a

Esukazisyuunanlifiiannuaseniing

Solar collector waamﬁaqmmmm 25,000.00 60.00 1,500,000.00
Pressure tank 250,000.00 2.00 500,000.00
Pump sw-61st 9,300.00 5.00 46,500.00
Pump sw-251st 15,700.00 4.00 62,800.00
Aeroflex ‘
for 1 1/4" ,1/2" thickness (vie return) 115.00 83.00 9,545.00
for 11/2" ,1/2" thickness (vioriou/vaa circulate) 130.00 134.00 17,420.00
for 2 ,1/2" thickness (iedainld) 165.00 164.00 27,060.00
Kitz valve 2,760.00 1.00 2,760.00
Temp diff controller 1,659.00 1.00 1,659.00
Wioth¥eu
w1 1/4" (Vi return) 836.00 25.00 20,900.00
JuIn 1 1/2" (vieneu/ved circulate) 1,300.00 40.00 52,000.00
Qun 2" (Modednld) 2,044.00 27.00 55,188.00
YR 1 1/4" (Vi return) 33.00 19.00 627.00
un 1 1/2" (ianaw/va3 circulate) 55.00 11.00 605.00
un 2" (Medaild) 102.00 7.00 714.00
Heat pump 10 kWy, 95,000.00 1.00 95,000.00
Fasie 3 N9 44.00 25.00 1,220.00
Solar cell 4,500.00 25.00 157,000.00
Inverter 60,000.00 1.00 60,000.00
analvl 1,650.00 2.00 3,300.00
FfnsaAndy 10% vessiarTaniown 256,879.80 1 256,879.80
1AW 2,825,677.80
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A15197 3 AnlFIeseuunanthfauInuaIeRind Nl LAUS e Anduuumius U udunnu oSy

List Price U total
Solar collector waiwSeu 13,000.00 147.00 1,911,000.00
Pressure tank 250,000.00 2.00 500,000.00
Pump sw-61% 9,300.00 5.00 46,500.00
Pump sw-251% 15,700.00 4.00 62,800.00
I T f
for 1.1/8" 1/2" thickness (Viareturn) 115.00 83.00 9,545.00
for 1 1/2" ,1/2" thickness (Vienou/viacirculate) 130.00 134.00 17,420.00
for 2 ,1/2" thickness (viodaninld) 165.00 164.00 27,060.00
kitz valve 2,760.00 1.00 2,760.00
vieth%ou -
ua 1 1/4" (vie return) 836.00 25.00 20,900.00
U 1 1/2" (Mereu/vas circulate) 1,300.00 40.00 52,000.00
yun 2" (viedwhld) 2,044.00 27.00 55,188.00
Heat pump 10 kw 95,000.00 1.00 95,000.00
4090 90 B3¢
un 1 1/4" (vie return) 33.00 19.00 627.00
U 1 1/2" (Mereu/vas circulate) 55.00 11.00 605.00
qum 2" (viedahld) 102.00 7.00 714.00
FW’WWWNF‘W]LUU 10% maqiwmaamwwm 267,999.80 1.00 267,999.80
EAGACRHY - - 2,947,997.80
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Factors Affecting Kim Sung Bamboo Production Cost for Biomass Power Plant

in Mae Moh, Lampang Province
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Abstract

This study aimed to investigate the production costs of Dendrocalamus asper (Kim Sung
bamboo) used as fuel for a biomass power plant in the Mae Moh, Lampang Province. The study covered
the entire process, from cultivation, plant nursery, harvesting to transportation of the biomass. The
production cost of Kim Sung bamboo was found to be 660 baht/ton. Sensitivity analysis was conducted
to determine the impact of various factors, including discount rate (i), labor cost (C,), fuel consumption
rate (Cp), and transportation distance (D), on the bamboo production cost. The results showed that labor
cost had the most direct effect on the production cost. The range of Kim Sung bamboo production cost
was found to be 653-668, 651-669, 656-664, and 654-674 baht/ton/rai at varying discount rate of 4.376 (-
20%) - 6.564 (+20%) percent, labor cost of 252 (-20%) - 378 (+20%) baht/day, fuel consumption rate
and of 4 (-20%) - 6 (+20%) baht/km and Distance to transport biomass to power plants of 10.2 (-40%) -
34.0 (+100%) km, respectively. The production cost of Kim Sung bamboo (baht/Ton) was related to
discount rate, labor cost, fuel consumption rate, and transportation distance. The value of Kim Sung
Bamboo production cost from simply equation was close to the value obtained from the experiment.
The result showed that 99.39 % of the experimental data were consistent with the simulation data within

+1%.

Keywords: Kim Sung bamboo, Production cost changing, Biomass power plant, Sensitivity analysis
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dmsulsalaiindaunaluiiud o wisng 2.8 lnefinrsandaudtuneunisinizlgn msthgsdnwduiio ms
\Fuifer uaznsvudsdanadigladlain wamsiiasigd wuin duunisudndiualufuegdld davindu 660
vsesuRsls EMsuNanIsIATIEYALBaUlnd WUl JaduaudnsiAnan (i), A1WSS (C), Sasmsauies
ihifudemds () uagszzmevudsdunadiglsdliii (0) svwdsiussstumalBsuulasiuyunisudnla
Tnetadesnuauswoansiny asulsiunsaiuniaudsunlasiuunisndnbifuganniian annisiasg
Fununsaanliiues axdiaeglutig 653-668, 651-669, 656-664 WAy 650-674 Uwsasiusiels 1ilednsAnan,
Ause, Smsn1sAuUEosisudainds uarssszmnarudsdunadiglsslnil danegludag 4.376 (-20%) -
6.564 (+20%) WWosidus, 252 (-20%) - 378 (+20%) Undeaustety, SnsAuUAouhTuloG: 4 (20%) - 6
(+20%) U msieflalns uaz 10.2 (-40%) - 34.0 (+100%) Alalns MUAIAU SMSUANNTYITUNEAUUNIIHER
THfngs (Unsiadiv) ﬁa%w??umﬂmmé’uﬂ’uéswdwﬂ'wﬁmiwﬁmam, ALY, Snmsaudoninsiudomas uay
svoymevudsdnainglsslii asnsadwuduumsnanlifugsldlndidssiuaildannmsmnass Toe
99.39 Wadldudvesrsununisndnlifugsitldanmavaassdanuaonadosiuaildanmssuinnuaunis

aglu +1 Wosidud

AdAey: Angs nsiuasusUassiununisngs lssliihdauna msteseianuesulm

o
Unu
wwrulgugmuuEuimuImMEIunaug 2018 (AEDP 2018) laduasulvvnaiadiuinislindanu
' | a a a . & =3 ' a a Y o
nawnuUszIaNeng o nsdaasunisudalniiaindiuaa (Biomass) fatdunisduasuniswdauasldndsau
nawnunglusemasuuuunila Jsdenndesiugnsmansiiuanuiuamdnuewsswalnefgwiuns
nsgeuaRtemadmiundalniiegangay [1-2] Msliihiendauwistssmelne (nvis.) uwisng Wudn
wilsmhenunduleuieissinumdudananaden dwelddugeamadunswdaliih lnglddnsesdinuis

fnenmuazanumnzaslunsugnitsdauia Weltiduluealunsnununsinnisuandnneudoudng
Taslwihdaanaluiiuil o.uiung 2.8 defiednanaiifidnenn wasma i, wiisngliarwaulalunisine
1hdes 18un Tifne (Dendrocalamus asper) flpsnnidufivtiunafiugnite Tl Ugnldmnitudl nudeaniay
CANEREE LLaﬂﬁfwuﬂfﬂ%maﬁiaﬁqq [3-4]

nsardaadilfinemans lusuneusiuny Smiadiune dudumananlifietoudngladluiinlufiuddy
¥ v, (waitng) S dudomusununisuaanieinsgnl dausdusounisugn msthssnw msifiuifes
waznsvuéne sudstladeiifnadonisudsunlasiununisuan el sslwinannsosruasafuietn
wavelilanninensnslussiusafivanzay
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iwdesdodmiulfludunounisndn Fuunsduiunusagnstisne uasduyuiundsny venaind Geld
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15N13798
a L8 a
. NITAATISRAUNUNITNER [5]
nsAnwdununsHaa LRy iieleudiglsdlnihdna asfinrsandunuiunisasmu duuiu
AN wagiunuAUNSAINOUkazNTUI59SNY Inefinsandausduneunisign Msunsesneaung n1s
WiuiAes wavnissudaiatauna lunmsleseiduyuazerdedSnig Life Cycle Cost Analysis (LCC) &alwisns

a '

AnAldanenaeneglasinig amnsadIRaAdunuNIsHanLAdaNnIs (1)

Ce
C = = (0
PU Ep

Wlo Cpy Ao duyusiambensudn (L/mihemswan), C, fe dunuimsel (VmA) uag E, Aemandai
Hanlased (ien1suie/d)

NMIMAUYUITINTIETveINTHAALHANYY AwAIMAINNIITIANAaR UYL AaNns (2)
Cp :CC+CE+CO&M 2

e Cp Ao funusmsed (W mn/A), C¢ fie arluamugns Gadkuasmuivingadwinudd) (umAd), Cg As
Algemundanunldlunisads (L) uae Cogy Ao Alddglumsiiliunisuasingssnw (unA)

lunsAwiuiuunuseUasdesuuyaridulunisaiuin uazalddngluurazdiu mugiaumn

o

&
JUY

1) yarRduawugvzsed ssdmialdnnmsvsuyartuamuiavludiuvesyaren o YUagdu Widu

1A

yarRuselnuihiunnl Feaunsarunlafeanuduiusauaunisi (3) - (5)

U

Cc = NC¢py X CRF €)
Sn
NCepw = Cepw — a+or @
i(1+0)"
CRF = —XF— (5)
A+ —1

e NC¢ py Ao yarnlduamuaumeyariwn o Uty, Ccpy Ao yarduamu a Yty (uwm), S,

fio agaﬂ'wemﬂ o U9 n, CRF 9 capital recovery factor, [ fio discount rate Way 1 fio mﬁﬂﬂidmi @)

2)  dwsualdirgsetlivdinveinislindsnu uagnisandunisiasnisungednw agiansanaildangi
Antuynd waziheldieseUluldlunsiwndununmsndnlifug dieldilugemadulsddui e

aunis (1) wag (2)
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9. MFAAsIziausaulnl [6]

n5IATIEiANeaulwl (Sensitivity AnaLysis)’Luummm%”m’f asfnsanandadeiisadoaiu
Tasannslngnss wagiinadesngnisidsuniaesfuunissdnfivdaua léun sasiAnan (Discount rate, i),
AnWse (Labor cost, C,), §asnmsauldesisudemas (Fuel Cost, C,) wazszanavudsdIatglsslng

(Distance, D)

AUNAIN wazn1siasanRaulyluntsAuIn

v
=] s

nsasziiuunsnanfivdanaiedeudnglslwihivnausluumanuided asdunmsinsey
nawdnlifugs luiud o.wiung 2.410 Ingfiarsandasduneunisimigdgn nmsvigesnwduiia n1sii
e wagmsvudaigidnglasslnin viedl deyanisinizdan waranufgnulunisiuinduyunisnaniandsny

AuNsauanslAnamnsnan 1

P o o  w a ¢ v a 1a & A '
MA1519N 1 ‘Ua%aﬂ’mﬁ‘UﬂTﬁ’JLﬂﬁ?z%@]unuﬂﬂiwaﬁliwﬂu"qﬁuwuw 113

nsawuBudy

Gevsusdmsuiuiie (Lmdewa3es) [7] 6,500
furitug (Ugnliiugs fiszes 4 x 4 msrans 115 anansaugnlé 100 fu, vinsels) 5,000
U8 (Umdials) 450
ﬁﬁwmmﬁw?aﬁuﬁ, Ugn wiewldds (Umsals) [8] 3,900
yaren 10% vessIAndessuddmsuiuies 650
Anld3e3167 - Frunisdanisudasign @ag 1 A%9)

Ftls (wriels) Mar 1 AdY) 50
Ausslunsdamsudasuagliile (Umeiadu) [9] 315
Iuunssulunsinnsulasuaglvle (au) 1
Suniulunmsdanisudasaglnde (Ju) 1
Anldsnesned - Arumsiuieawazaugie (Audeludi 3-12 Taz 1 as)

Ausslunsiiuieauazaudine (Limsetu) [9] 315
Sauussud s UREmaruie (Aw) 2
S Tulumsdanasnsuu () 1
Sasnauddeniiudomadudossud Gas) [10] il
samihsuuialesed 95 (Umdedns) [11] 30.16
Aldd1a5189 - Arldanedunisauds

srernnulasugniialsslnih @lawns) 17
mﬁwﬁuvﬁaLwaaﬁm%’mamsnﬂ 6 &8 (UsaRlawng) [12] 5
Sruausoussyn 6 deildlunsvuds (fu) 4
ANTITATAUTINN 6 HOUUIANAN @NNTAUTIYNTINALALAY 7.0 fu (Unsiadu) 3,000
sreldannsifiuieananan (Fudedludil 3-12 Jaz 1 A%

USinamananiitienfedld Gusiels, thniinan) 24
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1. gumsAwnaziansasuunsUgniiendanuluiuivuin 113
Anlniuegs o1g 3 U 1 udiuly wazdinlay 1 As

USunaunandnndslifuegs wiriu 24 dusielssed

v
Y Y v a

2
3
4. mwuneglasans wiriu 12 1
5. 8m31Anan (Discount rate) wiriudnsinenidedudanAdufd (MLR) vessuiA1sndnsing (Suldnaus
1 Wy 2564) Wiy 5.47 Wasidussad
6. AmUgeshwidegsud Muualvdaniiu 1 % veaiuamuiadeidoseus
| A v a ¢ o & v o v | Y
7. yasenfiliainnisnedeseud Wedusgnslaseins (@gmsldi) dvualiyasein windu 10
% VDITIANFUYU
8. muiuigdldiietoudrglsdluil azifuifsnduvould vunaauenIUssunm 1.5 was fasan
J1vdnan warliiinisanmnudu 81989 auraanueiliiiy 1.5 wes anlselifindesnudiuoe
AT 2.81U19 [13])
v a a P ° v a A ) v v °
ndeyaanufgiu wazdaulvildlunisanaduyunisudatsng sy 91y azgninluldlunig

AasRsuuN1sHANTINIE warinsiziaiAueaulm (Sensitivity) Wdedialy

NaN153uLaTaAUTIUNANITIVY

a < v a A oA
. AAIATISUAUNUNITNEANYYIUIA

P
< Sl a

TumsAnnasuunsednlifugs Weldiduiomaddeudhglsalnin livinsimseiyarveiu

' v
= =

AU UaryaAvealunua lnefiansanaldaneiiiaduluwiasl dedunsduimazuiuygantuasuiiay

'
o v a

Tudwreaarzn a YUagtu i duyarduseliivihdunnd wazduamsuunisnan bifugs suaunis
71 (1) - @) annsewnn WneimualidnsiAnan (Discount rate) Wi 5.47 Wesidudnel ware1glasenis
12 ¥ na AT g un1SHARTIIA ALY WUl duun1seanliings aeliawiiiu 660 uinsslsdedu 7

USunaumandnlifuesols winiu 24 du

9. WAATIZIANBIUlWY
n1snTeiauseulnl (Sensitivity Analysis) lannnuntadeninasenisiudsuwdasvasuyunig

wAnlkAs 1dud SnarAnan (), Auss (C), ShansAuddonindudomas () uazssznsaudsdunaiing
1salviilh (D) Inedadusing q fr1eglutas 4.376 (-20%) - 6.564 (+20%) LWaslaus, 252 (-20%) - 378 (+20%)
YMeeAURDTY, 4 (-20%) - 6 (+20%) UMABNLaRS wag 10.2 (-40%) — 34.0 (+100%) Alawms a1uansu
MNEENTIATIERANgaulnl Tadn WesnsAnan, Auss, Shsmsaudesiiudemnas uay
sveynsvudidnadnglsdwi denfuty wdnavlidununsudalufanfistuie uazdadoduads
w531y szudsiunsafunsasuulasiuunssdnlifuganniian Taoduyunissdnlifues danegluti
653-668, 651-669, 656-664 WAz 654-674 umsasusals ednsAnan (), Auss (C,), Sasmsauaeaiuiu
Hounds (C) uarszszmnevuasdunadiglssdih (0) feeglutag 4.376 (-20%) - 6.564 (+20%) Wosidus,
252 (-20%) — 378 (+20%) UnsaAuADiu, 4 (-20%) - 6 (+20%) UInaadlaluns waz 10.2 (-40%) - 34.0

(+100%) Alaluns n1ua1dy 79 Arueeulng (Sensitivity Analysis) ¥03d uNUN1ITHE ALK ANYI013N13

NSFETEMSWATNLNGINUGEUBU
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Auil 1 Augeulnl (Sensitivity Analysis) vawiununisadn sudadudmudnsfnan, Ay, Sasn1s

Aunfonhffuamas uagsveymerudsdainglsliih

9nnmaziu Jadefumusensany ssudsiunssiunsasuulasdiununmandnliiuegmnn
fian TngilethdeyamaisaunisamduiusseninsdmsAnan (Discount rate, i), A53 (Labor cost, C,),
$nNsAUUBRINTULT BINES (Fuel Cost, Cp) wazszaynvuasdnadiglsalui (Distance, D) agvilila
auNIAUNUNIHARTTIA AuaNn1sT (6) uazanusaLansiuun AR AR ldannsAuuN

= = o Aoy =
AUNIN (6) LV]EJUﬂU‘WIﬂ"ﬂ']ﬂﬂ"li‘Wﬂaaﬂ AIHAINN 2

Cost = 467.85(i0'055325) (C£.065388) (CF0.027365) (D0'025661) (6)

dlo 4.376 < i < 6.564 WasiFud, 252 < ¢, < 378 UM, 4.0 < Cp < 6.0 UIMFOAlAWAS UAE 102 < D <

34.0 AlaLuns
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MR 2 aunsihuneduunsidningaiawnanANudiussEning sndnan (), AT (C), 89IN1S

Audsnhniuomas (Cp) uagszznaudsdiainglsaliih (0)

Wenasausuvunsnaalifugiildannismaaesiisuivaunisaudunus (6) Na35190u wuil
99.39 Wasidudvesrsununisnanbifugsildannisnaasdinnuaenndesiuaildainnisiuimmuaunis

aglu +1 Wesiiud

°o w a ¢y o Ao i P v a 1a & | a 1
dwfunaliasevidunu uastadendunadenisivdeuudasiuunmsndalifvged mslihdondauns
Uszinelng (Wiane) v3e nvln. wiwng aunsaddeyaluld eivuasimsutedinavedsslniliegly
Y PN < v = v a A @ & A v 4 & Adav oy yo
seAuTIATmangay W elitnuwasnsiisgldannisdaienduuuiiuiisnie vienuiilalaiinis
A o a a v W a ) ) a o .
Wnunsnssa detdunisandununasasuivulevieiaswmuimdsnuiaulaniuien (Altemative Energy

Development Plan: AEDP2018) e
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N1531AT1E% AN oUln (Sensitivity Analysis) Ta98A1UATLIIVOILTINY LUUTHUATIAUNNS
Wasuwasiununsuanlifugsniian Taeruss (C,) Aeglutas 252 (-20%) - 378 (+20%) v mseausieiu
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