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Abstract

Code of project : SOC 17/2561
Project name  : Design and development of biomass gasification reactor for the
community

Researcher name : Mrs. Wilawan Naunsri  Asst. Prof. Dr. Kodchasorn Hussaro

Biomass is a source of energy for plants that require sunlight to grow. It turns into a
solid or liquid that can be used as an alternative energy from fossil energy. Biomass is
classified as renewable energy. In this research to study of the design and
development of biomass gasification for the community to bring benefits from
biomass to produce heat and the waste heat obtained from burning biogas into the

energy source for thermoelectric

Design and development of biomass gasification reactor and install the electricity
generation system from the thermoelectric plate, it found that the area around the
stove is high temperature to 300 °C, therefore ther were designed a rectangular steel
box to increase the air gap between the stove and the iron box. The rectangular stell
box will receive heat from the biomass stove with a temperature less than 160 °C.
the result shown that the temterature difference was obtained in the production of
electricity is not more that 70 °C and there were install power generation kits with
rectangular stell boxes. The results of the satisfaction evaluation for the technology

transfer shown that the participants were mostly satisfied.

Keywords: Gasification reactor, thermoelectric, and renewable energy

E-mail Address : wilawan.t@rmutr.ac.th
Period of project : October 2017 - September 2018
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1.27FCR 7

SGR

Ty FCR (Fuel Consumption Rate) fie 8nsinisidideimds (Rlansi/dalu)
SGR (Specific Gasification Rate of Rice Husk) A® 9ns1uAadW At
wnau (Alansu/msngumns-3alus)

MANLEUB DN N TInaueaLl

SGRXT
H=
p rh

2)

g T (Time) Ad @l (Talus)
P, (Rice Husk Density) fia Aamuwinvesnay [Rlansu/gnuieiiuns)

13.4 mﬁmaauamamﬁ’aﬁamﬁa
vontuaasifimefiduinieslofldamiunaasumiaiaiiuieuves
CCRGE 1AgIAENAaNN1TIIUAIENTEUIUNITAIUNIATFIU ASTM dedomduinnis
duniudnglindsnunnufeusenindaziuusliedlusuresiauioumademasio
shetuiin wu Alaga/Alansu vie Sy Jous vie Alaurasd/Alansu (9]



AAuSeunateinas fo Usinunudouiidesdemeanainidomas
desnnsdunuiiAatueisauysal mamaanuounatemadaglduouiunaes
fmeslasnninendemdsfiaznaaeuludaiminedvaziBemunmnniiusendiauuians
aeldmmsuneluventunasiiines mwdeuilsannsienlnsiazaemliusivend
wAae3lnes tivaeiBuseudveutianeifinesuazgunsaidu 1 lassou Tsamnsaia
paungfivesilngldivelufimefuas iumnuiouanaduinmildainaunis

WAt=Q x g
(3)
lng W fie AuseudTYes Calorimeter (WINEYa/DeALYALTYA)
At Fe guugiiviUdsuuUad (asriaaldes)
Q Ag A1IAUTOUTDLTBINEY (Wngga/n3N)
g Ao USuueddainds (nsu)
2. ¥um

WAINLHATINIA (¥ Wenwiugsni wazane, 2555)

1) Fanadldnmaudszdaudmisnsnues dulngdnsianlidudemas
Fanauazifuiifosnisuesgaanvnisy iesnifusiunaliie

2) Funafildainlsarunazuidn dnmahludidudemadudndiuitesin
dulngjazgnudesiisliluiiufinisinens udegnnniis esandoudealddnslunis
FWTMUATIANAY

3) Fanavgnlmieifundsnulagiany Wunsugniteladuiedluidy
domdstunalasiame widdliduiiftomnnidesnndslidualunisamu

andnwaglaginluvesdang

1) N15N5¥A1YAIVBIUNAITINIA JULUUNITNTEANYAIVOIUNAITINIA 3 2
anuwaizfe egsaulunquuazegnizdansyay

& ! A

- ey siulungy As AwiNIaINNIEUIUMTHUTIY o Nlaninds wu

Y 9

1598917 lssmundninanse Tssnuwlaludivenas lsanuadindquuaslseanuulssy

TaTenamnsn Wudu



- Punafiegnszdanszans Ao wWwiagnienisineasivdeldnuiiuiinizuan

I [

Ane 9 waglifinsmiusm wu wsldainaiutiensmns Wudu Tnensihdunafiednszdn

Y

A a1

nsvaneulduasidedaiouie failddnslunssiusaniiniy

2) vuevesdialdudnesduszneunisiidfydiraiiflvuslvg wu el
Mnauenas Inliifldanlsadeslfonamnslimangiestanunnidudomadanse
mswUsEans A lndiazen msasindaliidududng aviilvussansaimnisien
Tyt wavilsialdaglunisansuadanaditu

3) Anutuvestialudiidosdilisegnann dmsunsunaldiduiemas
frdanadaudugann wu mndudends eliandulszann 80 s 90% lwangdtay
e lndlnense uaenaagiiuaiunssuIudusn (Dewatering) \ivannuduneutild
w1 w3t RunszuIun st TanuUlSennaiendninadaninuny Tunsdivoaauld
AMATUYSEINM 50 B9 60% Anhwnfuliasssesniisrnutuazanadaonusssued wadl
foudefe soddfuilumsiniusasduiuliuudulufilonianls

4) Audevu dufeuulufnaivatuedie Wy AUy ey A N30
vy Wudu dudevuiidesseinsedliunde mwﬂfﬁﬁumémﬁam@wzmsLLazﬂzm
Uy mezLﬁbﬂimﬁwﬁuméugﬂmm%@mmmsJLi‘]usmmﬁmLmzamiuﬁamﬂwﬁ oty
Tunseenuuutiessnlviiosfiansangaiiufivmy

5) USunaitién Usunaididrvesiamnatinasenisiwalug wu wnavasiivsunm
N 16% Taerimiin daduniseenuuuientniisdesinnsanianissiusutidresnain
o ey 19lUsEaNS AW

sULUUNS AU sElag AT NG 1Y

mahaa Ul udomdaiuninudsusuiunatadundsnuadlfidy
wsnuenudou BnslunaudeutnnaliidundsnuaisdoudisUuuusine, il

1) mswnlnglinenss Direct combustion) 14fueET a7 ud oEud

o
Y

fTumeude WYomdRialaensslunausauiliazgniluldlunszuiunisndn

#1199 visenanlounnilonmninasAunuas

2) N1SNANATY (Gasification) NSEUIUNITHANAILANATA D un1SIURe Y

& a < v e v & a I3 a A a o w o =
L%aLWﬁﬂ%'ﬂ@J'ﬁaLLGUQIWLUUﬂ']% IﬂﬂﬂqiLN'ﬂfVTNL"U@LWﬁQLLGUQIU‘UiL'JmV]N@']ﬂ']ﬂQ']ﬂ@I AIMUIBUN
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Antuiagiseiiseuvudadedinaneduineg dallesdusznaundn fio Aulelnsiau A
fvouteuenlys wasfefing Sefeiindnldansohlulddudemaddtssuuiiy
A% (Gas turbine) wazta3oauddnsunannszualiili (Gas engine) wazn1snAncI199
anunsoldlitaguremdanuanudoulodmdondnnszualiil Tneazlfideindedamanin
TowilanilvFovansuiasuiufls

9IAUTENDUTDITINIA (FANT NAIBNITNA UavAn, 2558)

<

29AUTENDUVRITILNANIBAANT MU LUIRaNWU 3 dunan Ag

=

1) AUTU (Moisture) B89 USUIMUINADETINIE dIUNINILUAIINTU

Y

Aoudsgansslunandnniinisinens d1sesnsii@aunalulddundinulaenisimilngd

msiauulaiAy 50% JAT1gsimuansgIu ASTM D 3173-73 fsaunnsi (2.1)

V3100 (%) = | —— |x 100 (2.1)
A
e A A9 UNUNADUBULIS (Air-dry weight) (g)
B AD UNUINNAIaULIAY (Oven-dry weight) (g)

2) druienlngild (Combustible substance) wutaanidu 2 d@1u @9
- @358 (Volatiles matter) fio dauusenaunignurnludiladng Famdiuiadl

A1 Volatiles Matter asuansinfnluladng 3iAs1ein1uuInsgIu ASTM D 3175-77 Aaunis

7l (2.2
2 B—C
Usuaansseing (%)= —— | x 100 (2.2)
B
h B A9 UINUNNGIBULIAT (Oven-dry weight) (g)
C fio Uniinveatelndmidseuiigaumnd 950 °C (g)

Y

¢ a - & ' Ao v v a ¢ aa

- ANSUBUAIN (Fixed carbon) AD aQUUigﬂ@‘Uﬂi‘V]ﬂqqﬂsau YIANTUBUAINU

! ! v a = | A a o = U & A Aa
ATHIN ﬂqﬂquiauzﬂgﬁﬂ'ﬁﬂ GINL‘Uua’)u‘mLﬁﬂEJisﬂaﬂiﬂi\‘iaiqxﬂﬂLaqaﬂ@ﬂ‘lﬂlﬁa PNUUBININNU

A1 Volatiles matter aunsafulnlaaInaunisi (2.3)

11



FC = 100% - MC% - VM% - AC% (2.3)
e FC A9 YSunumsusulaies (Fixed carbon) (%)
MC e USunamuiu (Moisture content) (%)
VM f9 @155uine (Volatile Matters) (%)

AC  fA» USunauwd (Ash content) (%)

3) USunaudn (Ash) Bawadiulugaziiidnussann 1-3% sniluknaulazniedng
fdndmdonUssunu 10-20% Fedidgmlunswiluduagmianeguaisusuiaai fe nan
a15dun3dnmaesainmsenivdivemadusinasudumina neldanizniinisaiuay

QUMD 1181 UATANTITUTIVINIA IATINAUNINTFIN ASTM D 3173-73 feaun1si (2.4)

) D
YSHaunn (%)=| — [x 100 (2.9)
B
e B A9 UINLNNGIBULIAT (Oven-dry weight) (g)
D fio Unlinndseuiigamgil 750 °C (g)

nMs¥nAALSeuTe LtoIWasTIa
Frnausardsennazliasnuannisen lndilanaeiunua neuz asrUsENY
#197 vesTunautazelinuardndiuanutuiiazanegluinnalasenaudouniendanudi
laa1nnsnlusitinasvuanslaiduaimiusou
1) Araudaus (Low heating value, LHV) tfua1ndssuiianuisauiunldle
senmaindifemasiama deldinndsnudumisided flunssameihiiasaueglu

Frnavenluseninansinlug Tnevialuaziiviedu ki/ke v5e kealzke

A1AITNFBUEY (High Heating Value, HHV) Wudndsuianuanildainniswnlnlidwog
wihedu k/kg 138 keal/kg

12



3. NISNUNIUITIUNTIU/AN5aUnd (information) M99

Isenad MunsEInnlazane (2557) NsANWINTISHARLAAINLAYTILalae Y
windaufasialuaasuiadn nseanuwiadiuiaanesdiuna 3 via lawa nzaiugnin
lifnszaudng uagliganauda wlefnwinalnnsndauiadama samnfivennwdnufad
178 LavadAUIZNaVTOMAE TI78 B3935 UUNSHARLAATINaTWIMLENUSE N U YALAY
HAnUAaTINIakuUlnaas (Downdraft gasifier) A3 0.01 m? UYL IBBINNUA

nqug s way AT Suseifudi (2552) IdvinasAnwissuundanuda
nszualviiuazdeusinannnisseudlafiadinim Ingldinsessudutaleduauin 2,800 33

=

Audnnsualnfinina1usasou 1,750 , 2,000, 2,250 , 2,500 uag 2,750 soUsauIil
padrdu wuindlaldledeusinhdoulssansamanazegsening 20-39 % uidhiinisi
lodoanldnanihdouseUssavsnmuazogssning 24-43 %

sng9 U1uadu (2557) AnwnAsadulsslniidunawuuufadindu aundn
dmduusuiuiuurun 200 kw 1fanmdeldmanisinunsluiiuili@udomas wu &
T1lwe idsiudUsvas Waenldyaauda wasiawlyd

ugruas vylawivs uazanz (2553) AnwuAgafunseenuuuuazaramuias
Inwevuraidndmdundanszualiiningusrasdiiossnuuunazanunufadlioo fald
unauidudemas Inednnseenuuulinndnufaddnvaznduds 2 4u dteusiniman
Fruansdugiuuu lunusdufaildlnandunslueannisiaduaisuasds Tnoufadidv
nsedanses 2 $u fe dawth LLazﬂiaammﬂﬁﬁwmmﬁu‘lamw%ﬁaLﬁaﬁﬁmguuazﬁwﬂu
fiu MnmansvadeUiulAIseudLAalsdauTIn 5 usah

MYIAN LY wazaay (2552) AnwiAeafunsmanndanuluiianvesya
Neyury AingAndsnuvedlanludagiu vildussmalvnedsiundmineinsdy
Wé’qmuﬁasé’faaﬁqumaﬁﬂLﬁﬁ’]‘wé’qmumﬂthizmﬂugﬂLL‘U‘U@'NG] I dnuiu fne
535077 wagliin Wudu Fauenanihligydsfunsioenuentszmands Saiilian
IngAsudsnndenainnisuanddesfieiieunszan (Greenhouse Gas) Miuavgvesnis
innelaniou

afln BnsATNeY (2552) WAnwinseenuuy waradaawdulsindnu
yuadndmiundaseu newnilassairadulanzanstu lnssewisdulansunsndeiu
wmilen gednluEudufoufansdy nansfnwnuitmsnswlifmunzaudmiulily
91A15UUEUATTHUUIAAURLEAL 0.1 gNUIAALAT S8EEIaTtUNITHIAIELAANAY
Uszaas 56 Falua Tuiuuunalifiy uasdnuazianizeesity lnediuszaninwnsiin
duusvan 25% Wewtsuduimdnlifiy

13



Ui 3
52 08U3TN1578

nsfnwnaziiaszideyadmiveanuuunasiaunszuumuJnsalineduna o

(%
=]

Funeulunisiiiunisssil

o Fnvuazsrunndeyafiieaiunsideningiuiimnzauiunsussansnmyes
fafnannveundefisannanuns 1uﬁu17'i%’mi’mwmq% ofiunaemalaun Jaded
finasieUSinnuayaunwidnails

(%
Y

*gonuuulATsaamUnsalinetinle wasivuadwtnIsiafsgUunsallag
A A A =

wsasilanlglunisfinw

* fonuazdamianaunsal nlslunisasianunsalinetiua lagldianaunsaing
MyBgAITIBINAIANEANAEAINIUNTIAILagLioAUUSEVER

*fiun1saialassaienuwuneld Ingaiaadnsaiinedunanuila
PNKUUKATANATOINDTA

*ySulgaudly Usudsaudluszuuibiduluaundesnis

*Anwiuys Anwdulsninansenusiayusednininvesnunsalinedima uas
udoyananisfinennuie

a ¢ Y = a a a cev A
*AmeinakavasuranliannIsAnwussavanmeeununsalinadima

Y

* ingveANaITegrury Inansaevenliyuruaunsaldauseuule iensld

AN oa
NUNEIEY
*Jsziliunanslidauidsluguuu NvulsEansamiasUseansng

1. M3l nILazANNABINITVRIYNYY

msfnwuaziudeya 3UTINToya ANIMNINEATTRITIIAMYIYS Weviinis
28NLULLAZHRILITZUUNAAT19TIn I INAalaund S ugusumuzausaly Tudnis
wzdgndandamesysinuineaseiianisinensiazNuniin1sinensl 2558 198y
876,095.75 13 Inadiudiviiunde 333,662 15 Faluiunvgndin dnunvgnaialaun
336,027 13 Nunugnuenin 8,668 15 Hiiuiignasy 34,113 15 uasiwdu 9 8n 163,625 13
= & Ao = o &
FPINUNNINTTNEATU 2558 UAAIATU
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[ '
=] ]

A15199 3 WuNvinsinens U 2558

Gty fuivgn (19 | Aufen ) | wande G)
1. | ealaun 336,027 296,125 101,156
2. | 9ud 333,662 332,182 254,180
3. | wgndn 8,668 8,439 7,910
4. | ooy 34,113 32,946 167,210

ANYAINNFIUNARNUUTETIY 2558 VOITIWTALNYTYS ANUNEINGNY 117
UNINT 008 UALANALAUA TIAAIFIAITIN 4

A151991 4 LARIANENTNNAINUNARNUUTEIY 2558 VBIFIMIANYTUT INUNAINEGIU

17 UTN5T 9BY LATAIALAUA

WABINAINU LAEIWANUE B FANUANMMNAINUNALNY (F11)
) Wag 57,267.21
Slige)

bAAU 21,238.17

NZANUZNIT? 338.44

¥NIM NULNT N 1,018.61
Wasnuzni M 1,205.32

998 Tudae 106,144.40
nza1na 9,843.86

AaLaUA NeNORT 857.32
N9AA 4,143.21

wieliinna 6,281.32

i http://www.thaienergydata.in.th/output_potential.php
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nannaananalaundulngazdugnaauwngnana neena wazluana ludiuvesgn
madnlngjazgmirluuussuvhons lududedimdelfainnisnanainnseuiunisulssy
palaun aeddrniuasnmniwdonnszuiunsulssuems ldldgnunluldvsslovdsu
2 9 WognitsdasaumfasAniymidudanndon dwalidosnisliiinsasiimaoldan
nsHARINNTEUINNSHUTUalaualUldUsslevdsely

2. AsRNLUULATHAINIAIUNIAlTINE

IS d’{ a a
E‘ULLUU“U'&NLG]'VU'JN'JQLLUU‘LWWUU UM 15 a9

AN 3 WUULMITILIE CG-40

weuUasuuuieaN vl SvtnnUalilviietiuiaasgeanwasiafuieni1enis lavaeiie
AU FDBHALFIUT 2 TYUINAININA 4

g2

“ piso

3

AN 4 wHuTnve s kgl
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POLNALEIUN 1 T AT NAITILNaRaLNANNTTILIE TINTILIaN
AR lazgnin bnluie s lygldiun 1 Jvuiadenndg 5

106 © & © © © 01
® ¢ © © Q0

300

o
R

eoq&@{a@@T@@

Ji260

AN 5 o bugidiud 1

o vsdIuN 2 Tnthndudidetednug Nuanla i lratnreaut sidiun 2
Ao v oA v ~ ) ~
munizaely deldwnlndsislulivuindsning 6

165

H
»YT T T T TP

540

Eoi T4 AT AT ATAATL AT AT

114

170 42

B350

AN 6 ok lnidIun 2

(%
Y

1 & o = ] v a a 1 a & a o A
nagdtnandlael ?ﬂWﬁUG](ﬂ@lﬂﬁﬂma@lwmﬁﬂﬂLLNULW@ﬂN@LﬁﬂV]iﬂ@Qﬂ’]W% 7
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345.40

=

AN 7 NADUNANALNAE

3. NMsnagauUNIaldINIg

N a v v i & o o o, da O
N5A QWWWUWU’]“U@Qﬂa@\TLWaﬂaL“VTaEJlI L‘Uu’ﬂqﬂmm@mﬂﬁﬂwam

NSNAFBUAIUTOUYDLANYINIA BelATTUATA
e invnAguMIuAREAUTAMTING LarInvAIgY

[

]

Y
a

TPRUNNNNIIUA 8 97 FININT 8

Y
a 1

& o A
NUVDINABILAANTLNAYU IWEJ‘Q@

I H191nuH s ludidnnsn

AW 8 99 TRV iITaLMITIIA

1 #ie gaungimaunii (°C)

DD oD

gamailindsde (°C)

mo))s

gamniiensumas (°C)

o))

amgfivndnewan (°0)

o))}
o)

Db

a & o A Y v o
gamgiinaesnandwieutgne (°C)

a 1 & d' k% o @]
unNUNaBIMANAIANAIUNAS (TC)

o))}

A
Q)
G
9
o grumgiindeamanamdensunth (°C)
B
9
B

a | 2 o A v o)
gauniinasamandmagudien (°0)

o)
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L o/

4. Y89 aunsaluazinsesilanldluniside

[

4.1 Jannldlun1sideiineaiden 6ail

(1) lflnen1e vnadusigudnansUssana 3 cm

i 9 8lnanna

(2) uHusTUIBANTOU YInegililen YR 7.5x15x dcm AduusyansNISIEUIEAY

Sau 237 W/(m-K)

AN 10 LEUTTUIEAININTOU

(3) wriumesludLann3n wuu SP1848 27145 SA WARNAINTAR ceramic Lag Bismuth

telluride ¥unM 4 x & x 3.4cm Ymidn 26 g

A 11 welumedludidnyisn wuu SP1848 27145 SA



(a) Waauszungenia dwduluiiinszuanss DC 12 V 8% HI $u DCB025B)

AW 12 WRauszuteaInid dusuliinnszwanss

(5) wusimes 12 V Bke NEW POWER §u NS12-7.5

e

NEW POWER

AW 13 UUALES 12 V Bvio NEW POWER $u NS12-7.5

(6) iaanln LED

AR 14 viaealy LED
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(7) Alausgureauseu (Heatsink compounds) §u ZP-340

A il 15 FalAuszuienudeu (Heatsink compounds) §u ZP-340

4.2 gunsaintdlunisveaes

wsnawazgunsaliildlunisveass laun

(1) \n3esdamiinnation 5 fuvis 8% OHAUS $u DV215CD

AN 16 PIDITIUNNUNNATYN 5 ALALS

(2) lagaAduy

A il 17 lagaadudy
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4.3 1p304l0398

i3osilefldlumsiiuamnsimed fissd

(1) \n3eauantnaeitines (Bomb calorimeter) 8% u Calak-1 1Hlunsmarauiou
YOI

AT 18 LATBIUBUULARDI IS

(2) \nFesinAdneatafiines (Digital multimeter) 8¥o KYORITSU u KEW 1051 143a
w39 (V) uaznseua (1)

AN 19 LATRIIPRINBALARLLADST

(3) \n3eatufintoyagmmgdl (Data logger) 8% OMRON §u ZR-RX25

il 20 ip3estuintayaanmad

Y
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(4) | 1ANToUge (Muffle Furnace) §%e Lenton u AWF 12/12

AN 21 19H1ANTEUAS (MUffle Furnace)

(5) gouluih B Memmert Ju UF100

awil 22 gaulylin

5. MseRnUULLAZARRITUUNEA T nuHmesTuBEnvan
(1) NMsnedauMIYNUYaLNesiudianyn
fmualiianliii (hot plate) WWuunaslianudeu Tsuuiumesludidnviniie
nanli Tnegandnlnianunumesiudidinnin Ysgneusmeurumesiudidnnin 91uau 6
weY 1199aTeYNTY Uazth lUAasunawesHusEUIgAuTey Inglddalaussune

o

Aol usEakumasTuBA NS N IARATULNUSZUI8AIUSDU WaZtNWAAUI LI 2 F1
URANUSATUAI UMY ILNUsEUIsALSau Tnslduuninesidusanelwlviuinay
3 ) o a 1 6" a < a
nduvnIsneaeddagnisiiyandalniiainudumesludianninineuuniluii (Hot
plate) wazUSugaumaiiniluil (Hot plate) ligemuiisednis antudnslnainuuanes
Tnuimay wislvinaussu1e1NIASDUNASUTDILHUSEU18ANNSDU A NUUTINISTUTNAN
a v ¥ ¥ < ] a & a L= 1 U n:l' a
AUNNIAIUSOU AU UVDILH NS IUBLANTSN aztuiinAksInulWinAssuunanldn

9 Y

a & a
PnNWBIIUBLENT3IA
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(2) MIvenLUUKaZAnRIsTUURARLNThNWneSIUBLEnYEn
1) 1w esluBianvind iy 6 iU YA 4 x 4 cm WIRDIITUUUBUNTY

INUUE95NFBLAY WrlUsai U uraaalWdn LED wum 3 W DC 12 V

+ |-+ -]+ .

% L il '

| e
IRV s atals -

AN 23 29955 LuBLENNSN

2) dwiumesludidnn3ndIuiu 1 9a fe2995wuuaynIuLa WA uduves

a

weUs BN NAANAUSSEUIeALS U 1 1 Testhdalautiainuseudusinsa
3) UWAUSZUIEANLSDUNUTEND U AULKULNSTUBIANNSNATU 6 WAUKAD 17

Y v v

AANAUNAaY DC UA 12 V 37U3U 2 7 UINPaNARAIUT1IE09AU LAgNARUATWATIS

al

LVNUINANDINA  WALDNANUNTILVINUINTZUIE AU OUBBNIINLRUTEUIIAINS DU

Mt aauReAULUAAeT DC 12 V

8) PurusyuIsaLSouTiinssinausyUIseNFLaTLNUIN D SUBIE NS LAY
wfniulasandndmas Tnedduiifaudumneudidnvsndaduiuseusndsznauia
funaesnanamasulaglddondusin

(3) MInageusruURaRlnTInuHLmasludanysn

nsvaastiimualidnsaiemenudeuiidhufuvewnesludidnnin Tneviinns
AArUSEUIEANNY0U HATARRITARLSEUIEEINA TEUT WD INUST U AINLS BT D
$19 19718 lUNITE U ALSDUVDILHUTEUIBAINS U LR LENNTENBIAIILSOUR
Sournundounanamasy lesuaudounniinudeuvewtanTaua dmsunisnaass
azUlilnan1e 3 ke wrvdaunue wardinsinugangliudazatusesniteniswalng

MntuTaAmasTunnas Ui Assuunanwinanmesiudianynsn
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uni 4
NaN15738

nsfnwIn1seenLuukaziauLaUgnsaiiunaieliifundinunaunudmiu
v FI3ulanndunsinideussainguszasdasuynaiu Usenaulme Anwimiignisds
Funadadutagmdsltluesduunliusylovd eonuuuuaziauiuszansamyean
Uinsaifine@auna ieanuiinunisléfnenssdiy Wunsadadneamuaganuannsolunis
fauungusy Tudunsdanisasundoutassulsgiveandefiauuudsiu wasifomouns
TiguguLaznnInaIuutUsE g Al U NIl TIUIaN A TUNS R UNARNUBNT DN
uils Tnenan1s3dendudel

1. HaN193ATIZRRUENTRANI ANV L YBLNES
nansmaassautivesiagnavihunduwemadduniswnld laun Ysuaanudy

USunaansseiy Usinada Usunumsuounssii Laza1ausou
1.1 U1ty (Moisture content) 9aelillngnis
NANITNAADULNONIUTUIUAIUTY A unIasgIu ASTM D3173-73 gaebkilnan1s@sldidy

& a o a' a &
LGU@LW@QIUﬂWiLNWl‘Vi@JLLaﬂﬁIumqﬁqﬁﬂ ) LLaﬂQUimqmﬂquﬂfusﬂaﬂlmﬂﬂﬂqﬁ VIANANTITNNA D

IS o

nuIAUIuIaANTuYedlilninalinwisfe 5.356 % FIAIMINIIUINTFIUNERA S

=2 = o [ & a
YUUTU ANUIZNAL LN WU UL DLNGS

A15719% 5 USunaumnuduveslalngnig

el ldinenns
19819 A (nSu) B (nSu) US1naInLTY (%)
1 1.002 0.952 4.990
2 1.001 0.945 5.594
%) 1.003 0.948 5.484
\nde 5.356
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1.2 Ysuneuansseine (Volatile Matters) voldilnanng
Nan1sMAdeuLienIUSuuassEImeY MINNINTFIU ASTM D3175-77 vaekilnanig Feld
Fowaddunswilndiuandunised 6 wansnismaSinaassemevewadulilnania
I1NNIINAaRINUIAUS AT ee IR U lsTnene aadefie 61.717% Gl
1INNIWIATFIU WU AIUTUIUEII ST B dNasauTR lnInsAei U Inaasszmenn

dealidemisiindie larausaugs

A15199 6 USunauansseinevaslilnanig

Tain 1eilnanne
981 B (n3u) C (nfw) USunaansszive (%)
1 1.000 0.397 60.273
2 1.000 0.374 62.622
3 1.003 0.379 62.256
\nde 61.717

1.3 USunau (Ash) vebiilnanis

HANIINAADUNEMUSHIALT ANULINFIU ASTM D3173-73 vasldlnanig &ld
I & a B a | a 1%
Wudomadlunisenluduanslunisied 7 kaneni1suiaiusunananvadlalnenig 21nnns

NAADINUINAUSLAAve Tl NINRAsTA WA U 26.104 %
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A15199 7 USunananveskiilnenig

789 1ailnans
RN B (N3W) D (NW) UFumlnn (%)
1 1.001 0.273 27.243
2 1.000 0.208 20.800
3 1.001 0.303 30.270
1dy 26.104

1.4 YSunaumnsuauassi (Fixed carbon) v84bitnanna
NANITNAARULEMIUSUIIANS U UAIdvadliTnane B9l dudownadlunng
I sbER Sl UANSI97 8 WARINITIIAIUSUIUANSUBUAIAITBILITNINIY A1NAISNARBINUIN

ANUSUIUATISUDUAIFIRAELYINAY 6.822%

A15199 8 USuauAsuauAIalvaakiilngnig

a

189 Tailnama
fa8n9(USIN AT (%)| U aaI3eine (%)|USumiin (%)USanmasuauadan (%)
1 4.990 60.273 27.243 7.494
2 5.594 62.622 20.800 10.984
3 5.484 62.256 30.270 1.990
o 6.822
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1.5 NMSMANANN3aU (Calorific value) valilnanig
INN1SNARBINILLASOIUBNULARDINLWES (Bomb calorimeter) ANN1A5§IU ASTM D 2015-
66 LAEYININITNAABINIAIAIUSBUVDI LI NIN1LAAILUATITIN 9 kaAnIAIAINSoUVB L

1NN nNNsRaesnuInAIANsauTedlilnine Ao 13.231 MJ/kg

A157197 9 APNSauadldlngnng

f79814 1 ) 3 LA

A1ALSOU (MJ/Kg) 13.380 12.719 13.594 13.231
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NA9IUIFYRANUNINTAITIVINITILAVUIUIYRA

AT LS |

Year

Publications

2018
(TCI Group
1/ACI/SCOPUS)

%aﬁwaawamu K. Hussaro, J. Intanin, and S. Teekasap

Fowaau Biogas Production of Animal Manure with Wastewater from Toddy
Palm Process with Circulate System for the Community: Case Study
Phetchaburi Province.

UREIRARUN LB LWIHA U GMSARN International Journal, Vol. 12 No. 1 March
2018. (Published by the GREATER MEKONG SUBREGION ACADEMIC AND
RESEARCH NETWORK)

2017
(TClI Group
1/ACI/SCOPUS)

%ata’l’wmwamu K. Hussaro, J. Intanin, and S. Teekasap

Fomaau Biogas Production from Food Waste and Vegetable Waste for the
Sakaew Temple Community Angthong Province Thailand.

WA TR AN LHEUNINAIIU GMSARN International Journal, Vol. 11 No. 2 June
2017. (Published by the GREATER MEKONG SUBREGION ACADEMIC AND
RESEARCH NETWORK)

2017

%al,ﬁ’i'mmwm'lu Hussaro, K., Intanin, J., Chaisawang, M., Sorndech, W.
Fomaau Municipal waste management from toddy palm processing for
biogas production to community; evidence phetchaburi province.

WA ST ATUNNELNSHAIY The 8th Rajamangala University of Technology
International Conference, Creative RMUT and Sustainable Innovation for
Thialand 4.0, 2-4 August 2017 IMPACT Muang Thong Thani, Thailand.

2017

%ata’iwmwamu Sorndech, W., Tongta, S., Hussaro, K., Chaisawang, M.,
Sripywan, A., & Worawut, Y.

Yomaau Structural, pasting property and digestibility changes of cassava
starch by 0i-amylase and branching enzyme treatment.

WaSTIRNUN NSNS NAIY The 8th Rajamangala University of Technology
International Conference, Creative RMUT and Sustainable Innovation for
Thialand 4.0, 2-4 August 2017 IMPACT Muang Thong Thani, Thailand.

2017

%aﬁ’i’mmwa\ﬂu Chaisawang, M., Sripywan, A., Worawut, Y., Hussaro, K., &
Sorndech, W.

Fomadu Influence of reduced-fat replacement on rheological and physical
properties of butter cookie with selected hydrocolloids.
WHASTIRNAWLEUNSHAIY The 8th Rajamangala University of Technology

International Conference, Creative RMUT and Sustainable Innovation for
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Thialand 4.0, 2-4 August 2017 IMPACT Muang Thong Thani, Thailand.

2016 %aLﬁ’f’mem’m Hussaro, K., Jantree, C., Intanin, J. & Teekasap S.
Homadu Biogas production from
food waste and vegetable waste for the sakaew temple community
Angthong Province Thailand wigafiiRameunInasu The 117 GMSARN
International Conference “Innovative Energy, Enviroment and Development
in GMS”, 16-18 Novenber 2016, Uchoice Hotel Kunming, China.
2015 %atﬁ’ﬁﬂla\ma\ﬂu Hussaro, K., Saitawee, L., Keanoi, N., & Teekasap, S
%awm'\u Optimizing
experimental condition of biogas production from elephant manure and rice
straw with chicken dung as inoculum in a mesophilic lab scale
WaSTIRNUNELNSHAIL The 10" GMSARN International Conference on
Smart Energy, Environment, and Community Development in GMS, 16-18
December , Hotel Cambodiana Phnom Penh, Cambodia.
2015 %au’iwaawamu Wiryaprakob, P., Hussaro, K., Hunsacharooroj, I. &S.
Teekasap
Fomasu Influence of pyrolysis temperature on products yield and bio-oil
product from leucaena \eucocephala branches, cassava root and
eucalyptus branches via fast pyrolysis
s TiARNINEUNINEU The 10 GMSARN International Conference on
Smart Energy, Environment, and Community Development in GMS, 16-18
December , Hotel Cambodiana Phnom Penh, Cambodia.
2015 %alﬁ’i’maewamu Kume-iam, P., Prommas, R., Bunnag, T. & Hussaro, K.
Fomau Analysis of specific energy comsumption for chiller using chiller
optimizer: case study centrara hotel Hat Yai
UWETIARINELNIHATU The 10" GMSARN International Conference on
Smart Energy, Environment, and Community Development in GMS, 16-18
December , Hotel Cambodiana Phnom Penh, Cambodia.
2014 Ford1veanasy Kanokorn Hussaro
Database Fomas1u Preparation of Activation Carbon from Palm Qil Shell by Chemical
Scopus Activation with NaCO3 and ZnCl; as Impregnated Agents for H,S Adsorption
WWASTIRRURNELNSNAIIY American Journal of Environmental Science 10(4):
336-346
2014 %alﬁ’f’wa\‘iwaﬁu Wasan Phooratsamee, Kanokorn Hussaro, Sombat Teekasap
Database and Jongjit Hirunlabh
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Scopus

Fonaeu Increasing Adsorption of Activated Carbon from Palm Oil Shell for
Adsorb H,S from Biogas Production by Impregnation

WS 9T AR U LU WSNA Y American Journal of Environmental Science
10(5):431-445

2014
Database

Scopus

%aw’iwawamu Lertluck Saitawee, Kanokorn Hussaro, Sombat teekasap,
and Noppadon Cheamsawat

Fowasu Biogas Production from Anaerobic Co-digestion of Cow Dung and
Organic Wastes ( Napier Pak Chong | and Food Waste) in Thailand:
Temperature Effect on Biogas Product

WAEITARUR B WNINA 91U American Journal of Environmental Science
10(2): 129-139

2014
Database

Scopus

%aﬁwaewamu Napon Keanoi, Kanokorn Hussaro, and Sombat Teekasap
Fomasu Effect of with/without Agitation of Agricultural Waste on Biogas
Production from Anaerobic Co-digestion- A Small Scale

WiAE ST AR UK B WNINE 91U American Journal of Environmental Science
10(1): 74-85

2013
Database

Scopus

Fordrvemany Napon Keanoi, Kanokorn Hussaro, and Sombat Teekasap
Fowas1u The Effect of Natural Water with Cow Dung and Agricultural
Waste Ratio on Biogas Production from Anaerobic Co-Digestion

WIAEST ANURNBWNINA U American Journal of Environmental Science
9(6): 529-536

2013

%au’iwawamu Leartluck Saitawee, Kanokorn Hussaro, Sombat Teekasap,
and Noppadon Cheamsawat

Fouasu Design Biogas Production from Mixed Napier Pak Chong I/Food
Waste at Thermophilic Temperature by Anaerobic Digestion in Cow Dung
and Chicken Dung

WWESTANUNAELNSHAIY 8" GMSAN International Conference on Green
Growth in GMS: Energy, Environmental and Social Issues, 18-20 December

2013 at Mandalay, Myanmar.

2013

Foid1v0anasu Jakaphong Kongpanya, Kanokorn Hussaro, and Sombat
Teekasap

Yomasu Comparative Studies of Biochar Produced from Oil Palm Residues
by Hydrothermal Carbonization

Lméﬂﬁaﬁmﬁmﬁluwiwamu 3" International Conference on Engineering and
Applied Science (ICEAS), 7-9 November 2013 at Osaka, Japan

2013

YoLA1V09KaIU Leartluck Saitawee, Kanokorn Hussaro, Sombat Teekasap,
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and Noppadon Cheamsawat

Famas1u The Effect of Age of Napier Pakchong | on Biogas Yield from the
Anaerobic Co-digestion with Cow Dung

LLﬁﬁiﬁﬁaﬁﬁJﬁLNﬂLLwiwm’m 3" International Conference on Engineering and
Applied Science (ICEAS), 7-9 November 2013 at Osaka, Japan

2013
Database

Scopus

Fordrvamay Prateep Pattanapunt, Kanokorn Hussaro, Tika Bunnak and
Sombat Teekasap

Fomasu Waste Heat Recovery from Boiler of Large-Scale Textile Industry
WHASTIRTNAWABUNSNEIY American Journal of Environmental Science
9(3): 231-239

2013

%au’m’waawamu W. Phooratsamee, K. Hussaro, S. Teekasap and J. Khedari
Foawaa1u Alternative Biomass Residues from Palm Oil Mill for Synthesis
Activated Carbon by Zinc Chloride Activation

WHASTIRTAWNBLNSHAU GMSARN Interantional Journal 7: 91-94

2012

%aﬁ’iwaewaew Pramarnsak Soatou, Kanokorn Hussaro, Joseph Khedari,
and Sombat Teekasap

Fomasu Potential Study of Biogas Production from Animals Manure with
Rice Straw in Thailand

WiaTiARUNHEWNSHaL 3 International Conference on Sustainable
Energy and Green Architecture (SEGA-03), 14-16 March 2012 at Bangkok,
Thailand.

2012

% 2191989 a91U Narawut Pluembumrer, Kanokorn Hussaro, Joseph
Khedari, and Sombat Teekasap

Fomas1u Potential Study of Bio-Oil Production from Agriculture Residues
by Mean of Induction Pyrolysis

WABITIRR NN NEWNINAIIY 3 International Conference on Sustainable
Energy and Green Architecture (SEGA-03), 14-16 March 2012 at Bangkok,
Thailand.

2012

%am’iwaawamu Naphon Keanoi, Kanokorn Hussaro, Joseaph Khedsri, and
Sombat Teekasap

Fomuaa1u Anaerobic Co-digestion of Cow Dung and Biomass Residues for
Rural house Hold

WIAEITANUR INEWNINA 91U 3 International Conference on Sustainable
Energy and Green Architecture (SEGA-03), 14-16 March 2012 at Bangkok,
Thailand.

2011

%au’l’waawamu Kanokorn Hussaro, Magnus Frohling, Frederik Trippe
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Fomanu Analysis of Costs Estimation for Biomass to Liquid (BtL)
Production in Southern Thailand

AT RLHLHEWNIHE1U 67 International Conference on Alternative
Energy in Developing Countries and Emerging Economies. 25-28 May 2011
at Hat Yai, Thailand.

2011
Database

Scopus

%'a bA1UBIN AU Dr. Kanokorn Hussaro, Assc. Dr. Sombat Teekasap,
Nisakorn Somsuk

Fomasru Synthesis of Zeolite A from By-Product of Aluminum Etching
Process: Effects of Reaction Temperature and Reaction Time on Pore
Volume

WIAEIT NN B WNINA U American Journal of Environmental Science
7(1): 35-42

2010

%a LA1VDINAIIY Magnus Frohling, Frederik Trippe, Kanokorn Hussaro,
Frank Schultmann

Fomas1u A Techno-Economic Assessment of a Second Generation Biofuel
Concept for Southern Thailand

WAEITI AU B LN NA91U 57 GMSARN International Conference on
Sustainable Development and Climate Change:  Challenges and

Opportunity in GMS, 17-19 November 2010, Luang Prabang, Laos

2009

%an’iwaamaaw Nisakorn Somsuk, Teerapot Wessapan, Seksan Sutthisong,
Kanokorn Hussaro, Sombat Teekasap
YaWad41u Development of a Heat Exchanger Used with Pyrolysis Oven in

Wood Vineger Production

WABITAANN B UNIHA9IY The Sixth International New Exploratory
Technologies Conference (NEXT 2009) October 12-14 2009 in Shanghai,
China

2009

%alﬁ’i’mmwamu S. Teekasap, K. Hussaro, N. Somsuk, T. Wessapan
Fowasnu Hydrothermal of Sludge Wastes with Formation of Zeolite A
Molecular Sieves

WABIT AR NN e WWIHA9IY The Sixth International New Exploratory
Technologies Conference (NEXT 2009) October 12-14 2009 in Shanghai,
China
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2009

%EJLR’]’WENNaﬁu Teerapot Wessapan, Seksan Sutthisong, Nisakorn Somsuk,
Kanokorn Hussaro and Sombat Teekasap

Fouaau A Development of Pyrolysis Oven for Wood Vinegar Production
WETiARNWINEUNINA1U The GMSARN International Conference 2008, 12-
14 November 2008 at Uchoice Hotel, Kunming, China

2008

Ford1veanasy Kanokomn Hussaro and Noppadon Cheamsawat
Fomasnu Development of Zeolite Granule from Aluminium Etching By-
Product for lon Exchange

WHASTIRRNHLHEWNINE1 Commemorative International Conference On
The Occasion of The 4™ CYCLE CELEBARION OF KMUTT, Sustainable
Development to Save The Earth Tecnologies and Strategies Vision 2050, 7-
9 April 2009, Millennium Hilton Bangkok Hotel, Bangkok, Thailand

2008

%atﬁ’l’waawamu Nisakorn Somsuk, Kanokorn Hussaro

Fowasu “Factors Affecting the lon Exchange Capacity of Zeolite Granule
WS ARUNRINELWIHAIIY The GMSARN International Conference 2008, 12-
14 November 2008 at Uchoice Hotel, Kunming, China

2008

Fo131999Wa 91U Kanokorn Hussaro, Teerapot Wessapan, Noppadon
Cheamsawat

Fomasu Development of Zeolite Granule for Gas Molecular Sieving

uia ST RANTINEULWIHASTY The GMSARN International Conference 2008, 12-
14 November 2008 at Uchoice Hotel, Kunming, China

2008

% @ Houssaro L3 19 @4KW a391U Kanokorn, Anirut Taikhao, Sirinuch
Chindaruksa, Jompob Waewsak

Fomasu Development of Solar Dryer for Mulberry Paper
WHASTIRNAWARELNSHAIIY The 1% International Conference of the Council
of Deans of Architecture School of Thailand (CDAST2008): May 23925t
2008, Phitsanulok, Thailand
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Year

Publications

2016

%au’m’waawamu Kodchasorn, Chanida Jantree, Jutiporn Intanin, and Sombat
Teekasap
F9NAIU Biogas Production from Food Waste and Vegetable Waste for

the Sakaew Temple Community Angthong Province Thailand

LABINANUNHEWNINAI1Y The 11" GMSARN International Conference

2016 On “Innovative Energy, Environment and Development in GMS”

16 — 18 November 2016 Uchoice Hotel Kunming, China

2015

Fordrveamasu P, Wiriyaprakob, K. Hussaro, . Hunsacharooroj and S.
Teekasap

Fowaw Influence of Pyrolysis Temperature on Products Yield and
Bio-Oil Product from Leucaena Leucocephala, Cassava Root and
Eucalyptus Branches Via Fast Pyrolysis

WHASTIRNWLREUNSHEIY 10" GMSARN Int. Conf. on Smart Enerey,
Environment, and Community Development in GMS, 16-18 December 2015,

at Phnom Penh, Cambodia

2015

%au’;’wawamu Kodchasorn Hussaro, Leartluck Saitawee, Naphon Keanoi
and Sombat Teekasap

Yoradu Optimizing Experimental Condition of Biogas Production from
Elephant Manure and Rice Straw with Chicken Dung as Inoculum in a
Mesophilic Lab-Scale

WHASTIANANEUWNINGIY 10" GMSARN int. Conf on Smart Enersy,
Environment, and Community Development in GMS, 16-18 December 2015,

at Phnom Penh, Cambodia

2014
Database

Scopus

Fo1d1veanay Kanokorn Hussaro

Fowasu Preparation of Activation Carbon from Palm Oil Shell by Chemical
Activation with Na,CO3 and ZnCl; as Impregnated Agents for H,S Adsorption
WA TR NUNLHEWNSNAIIU American Journal of Environmental Science 10(4):
336-346
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2014
Database

Scopus

%ata’imamamu Wasan Phooratsamee, Kanokorn Hussaro, Sombat Teekasap
and Jongjit Hirunlabh

Fouaeu Increasing Adsorption of Activated Carbon from Palm Oil Shell for
Adsorb H,S from Biogas Production by Impregnation

WS 97 AR U LB W SHE 91U American Journal of Environmental Science
10(5):431-445

2014
Database

Scopus

ERAY % 131U 89Na91U Lertluck Saitawee, Kanokorn Hussaro, Sombat
teekasap, and Noppadon Cheamsawat

Fomasy Biogas Production from Anaerobic Co-digestion of Cow Dung
and Organic Wastes (Napier Pak Chong | and Food Waste) in Thailand:
Temperature Effect on Biogas Product

WA AR LNE LN NAIIY American Journal of Environmental Science
10(2): 129-139

2014
Database

Scopus

Y % DLANVBINAIIY Napon Keanoi, Kanokorn Hussaro, and Sombat
Teekasap

Fowas1u Effect of with/without Agitation of Agricultural Waste on
Biogas Production from Anaerobic Co-digestion- A Small Scale
WWASTIRNANEULNSNAIIY American Journal of Environmental Science
10(1): 74-85

2013
Database

Scopus

Y % DLANVBINAIIY Napon Keanoi, Kanokorn Hussaro, and Sombat
Teekasap

Fomas1u The Effect of Natural Water with Cow Dung and Agricultural
Waste Ratio on Biogas Production from Anaerobic Co-Digestion
WAEITIARLWHELNINAIY American Journal of Environmental Science
9(6): 529-536

2013

szq’i‘im%’wamamu Leartluck Saitawee, Kanokorn Hussaro, Sombat
Teekasap, and Noppadon Cheamsawat

Fomasnu Design Biogas Production from Mixed Napier Pak Chong
I/Food Waste at Thermophilic Temperature by Anaerobic Digestion in
Cow Dung and Chicken Dung

WAsTiRANNEUNIHaI 8" GMSAN International Conference on
Green Growth in GMS: Energy, Environmental and Social Issues, 18-20

December 2013 at Mandalay, Myanmar.

2013

¢y ¥oL91U 9N A 91U Jakaphong Kongpanya, Kanokorn Hussaro, and

Sombat Teekasap
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Fowasu Comparative Studies of Biochar Produced from Oil Palm
Residues by Hydrothermal Carbonization

WSS RNUWLHELNIHNAIU 3™ International Conference on Engineering
and Applied Science (ICEAS), 7-9 November 2013 at Osaka, Japan

2013

¢y % DLA1VBINAIIU Leartluck Saitawee, Kanokorn Hussaro, Sombat
Teekasap, and Noppadon Cheamsawat

Fomas1u The Effect of Age of Napier Pakchong | on Biogas Yield from
the Anaerobic Co-digestion with Cow Dung

WSS RNUWLHEWNINAIU 3™ International Conference on Engineering
and Applied Science (ICEAS), 7-9 November 2013 at Osaka, Japan

2013
Database

Scopus

szq%ma’iwamamu Prateep Pattanapunt, Kanokorn Hussaro, Tika Bunnak
and Sombat Teekasap

Fomas1u Waste Heat Recovery from Boiler of Large-Scale Textile
Industry

WA STIRNUNNELNSNAIY American Journal of Environmental Science
9(3): 231-239

2013
TCl nga 1

szq%m%’wamamu W. Phooratsamee, K. Hussaro, S. Teekasap and J.
Khedari

Fomaau Alternative Biomass Residues from Palm Oil Mill for Synthesis
Activated Carbon by Zinc Chloride Activation

WS TIANANEUNINAIIY GMSARN Interantional Journal 7: 91-94

2012

EEAY % LA1VBINAIIU Pramarnsak Soatou, Kanokorn Hussaro, Joseph
Khedari, and Sombat Teekasap

Fomad1u Potential Study of Biogas Production from Animals Manure
with Rice Straw in Thailand

unasARNNINEUNINAIY 3™ International Conference on Sustainable
Energy and Green Architecture (SEGA-03), 14-16 March 2012 at
Bangkok, Thailand.
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