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ABSTRACT

The research focused on biomass properties, components, thermal behavior and
combustion characteristics in a swirling fluidized-bed combustor using palmyra palm
shell, leucaena and water hyacinth, which are widely srown in Phetchaburi province, as
raw materials for this experiment. The results showed that biomass properties,
proximate analysis were found that fixed carbon and volatile matter were highest found
in palmyra palm shell with 97.97%wt db. For the ultimate analysis of selected biomass
were found highest percentage of carbon with 50.31% in palmyra palm shell and highest
percentage of hydrogen content with 6.01% in Leucaena. While, the three biomasses
contained low percentage of surfer and nitrogen content. Additionally, biomass
component of palmyra palm shell was found highest with 58.61%. The net calorific
value in terms of heat generation, palmyra palm shell produced the highest value of
18,670 kJ.kg* and the thermal degradation behavior evaluated from the weight loss was
maximum in the range of temperature of 330 °C, of palmyra palm shell.

Under working conditions, combustion efficiency can be achieved at highest with
higher than 99% for, palmyra palm shell and Leucaena, while the water hyacinth was
higher than 80%. The empirical model of biomass component and excessed air to CO

and No, were produced and gave R? of 0.9452 and 0.9234 respectively.

Keywords: Biomass, Biomass component, Swirling fluidized-bed, Emission, Combustion
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Ugnluusnaniiusinanisudey 1,200 mm. Asvezdan 1x1 m? JUTnarandnanunianse
Ufle 6.144 ton-rai* sesasuAsnseiudnenuanluusinaunisuiadidused 1,000 -
1,200 mm. wazushamdvsuudicugat 800 - 1,000 mm. auserUgnNvi1aTuniuaisiu
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U 2.2 nssdiugnyg Leucaena lencocepala (lam.)
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AN 2.1 USunaunandsiedsvadnseaudng Anutinminannalsnet lagsuunniuusunn
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Usnonirusted Hanananfal (ton-rai?) wenausyezUgn
(mm.) IxIm?%  Ax2m? o 2x2m? . 2x3mi 4x4 m?
800 - 1,000 3.589 2.050 1.910 2.965 0.944
1,000 - 1,200 6.144 3.234 2.700 2.164 1.628
17nA77 1,200 7.213 4.405 3.488 2.965 2.442

PMnUSUIMRaRaRNSEAUSNYadenals MU LINa1IN 1T WARS1AS] 155048100 (2553)
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nunfiliugnnszdudnddmiunaasaduiivndiulugudfnyinsiauenseduiomnain
W3z31wa3UsER 1,000 13) wasanunsadnlaseuasUssana 2 - 3 U dwudnauanthnisde

Aswannue sz lilasminlvldne i dundsuiitesiiniin wassnundudasenidsly

N3¥UIUNIINITHERVRIRAaIMNTIN avtudadunisndnasdisimadlils Asunisugnivisesy
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1 ¥ = =

vinlisuuAsudiags Judenydaiugidaudramisawnnvusduunlvi ieiaziiuieala

9 Y
(%

nawe) AT wagyiliaunugnas

Y
'3 1

Uz dad neVEsUIFUR wazANE (2562) MUHUNITNARBILUY CRD WiadgniUSeuliiey

o 6 a a a

Fnonmluninidulindssuuesliilagi 4 vfialoun nszdudng eadUfa nseduln way

Y

nszfiumnased Yanlununusevanlau n3u 91da dunendunsys Jamdauniuys lagly

9
seezUgn Ix1 m. wudl gandudaiinisiaseiulnlaesiuaiian wasiuniadinimyessidunay

Y Y

(% '
1A

Wminanvesdundududldsnelsidlledniieny 24 \eu gananegrsfidedfayiniu 5,916 uaz

12,857 kg'rai! sy wanainigslirmdnuninuiougangamniu 27,225,432 keal'rai

v

TuspUNIIAALINDIY 24 tROU 599890 L ALA ATLAUMNUTIA NTLDUNNILALNTLDUSNWIAN
WINAU 19,920,672, 19,401,571 way 15,297,132 kcal*rait eudnsu

a U A v s = o a A a a Y
aiﬁ’gw ASUUMININY (2553) ﬂﬂﬂqwasﬂaﬂaﬂqjgWWLUUﬂqi‘WﬁJG’]@Uqum@@ﬂ‘UL"ﬂua‘LuuqﬂJu

¥

I nkagSarazHalavesiiudInIw 1nnszuunsintsladatiuialueiesufnsainnusiu

N a i aaa =

3 Ngaunadsening 350 - 400 °C wewuulduas ildingsuizen auranldlunisfnepsld

9 Y

e 2D

nsgdufng uagiuuslunsfnel loun gurgll dasauiasen vattunisiindjisen uas
INIIAIUVDIUIRBTINIA ANWINAVDIALUSANBIUNITAINGINDBIRUSENDULALSDUATNALILAY
¢ s1d) 4 A v oa ¢ ¢ £Y LY (4 o A a ¢
24AUTENBUVBIUITUTINMALA ILATIEM09AUSENBUYDINANN IV IR ILLATBIILATILH
29AUTENBU (CHN analyzer) waguhalasualnasaduuaaiunlnsiuns (GC-MS) wagiiasnzi
29AUSENOUYDINAR N UNLAANILLATEILAALASUINNTIN (GC) INKANITNAADINUIN TunTUNALY
museUisentinifaluguitunionmgll 375 °C Insegazralavesiiuginimgan dnnadenian
Tunsiialfisenas dnsdiuvesidedmiaindy Sesavnalavesuiduginniuiliui
4? Qledll a = Y 6 a g v A 1 dll QI
899w uesnNililefansantefosaznansAusenaveengiauluiudinmnudn Weliunaily

aaa 1%

nMaAnUize Sovavasdusneveandiaulutiudnmilunituanas luvasiidednsd
vosivamaifiutu $evaresdusynoveandniluindudan wiuudlindindu a1nuanis
noansaguli Wedmiduvesiitetamaiistum mannsalunisvinesdussnoveandiay
ponntiudanmanas dsunnsfivngauiigalunsndauniiudaniwde gumgf 375 °C
narlunaiRaUiisen 60 min. Snsrdruvesinsiotuna 4 de 1 wiousislifusaujAseninia

Tuaudt



14

2.2.3 RNAUYIN

Y] ~Na a 5 . . . @ A aA a | A 8 o
Anauydn Fen1ainermansde Eichhomia crassipes Wufisiiasyeguuiiai Sy

¥ ¥
a v A

Uszuamasein (Floating plant) Insunfisinaghidafaduiududsgnnszuaauviotianluls
e withthiuudsnasndsdnfntuiuiuld Snvasnssiulssneumenguredtudosiudy
nszqnlusunile xdludwusasduiuluilaufuluazdniulu (Sheath) SnvasduBounsgd
rmunudeiseuq uiileforguintufvsudswiuiihna vinuesnulududimaunuag
widonfnsiefulasiilya (Stolon) Faduguiiealumuintislunisvereiuesinaurn
Tty funiiqwesinaurnsiinaunneeniuldvaresuilelwawnnoonluuda fezesatu

o [V a

< £ ' | a 1 a [ & o & a £ v [
Lﬂumﬂ,mmemﬂumumuagLLazmmL‘Uuﬂawmawqmmmmu IINVDINARUBINTULUUIIN

a = 1

Wow (Fibrous root) fefisngee | lunsygnsiniiunsesnasiianvazeavdvnidielenguiniuia
arilfnvugeounidimiaseu lulduuuuluines Simple leaf) Yssnoumsuauly (Blade) uay
Aulu (Petiole) unulusidnwazadiezula (Reniform) niaafiesUiala (Cordate) nfindny
¥ ! = = ! o ﬂl o/ ! L4 ! dl = d"
n119U1NNII81MToN0 UL N Aulliadigeudatgludinazuuy ualledengundudatgluay
wiaudddutu vevludauszuuduly (Venation) dwimiiidndesiiuazemisiluwuuduly

a 4! v o

guu Auluidnwaenan Beu eauiln drduinaurasyegrisgduairuasianuasiuly
v [~ 1 go’ [ 1 qu 1 1Y @ a 1 4'
iindgneseeniluruasyun ((nwazduiiisenin Buoyancy leaf) wrn1lnauyasyaglun
Deadanuunn Inswnieluidits Amuluaglines wanainidu Auludaeniunn U1awitanuinegn?
fanflauas n1sfinludeu awiinnsenatine laswkuluvesdudenasiiuyusaulauiiuly
Tnawegaazdnivluuisluiuseudniinis Yatenivlull aglidnwuraon waiu19veundn
< v <h - | £ v < £ o A vy . < |
wndesiluigouney Welugsulpuiulufazversvudunulunvierutueen wivluivzeey

dl I~ a ¥ a aa A 1 1 aa a v é’ gj <@
aatdudaszanlaunulumuluszasusnluaziidenseu aeldasid@sndutunivlutunazag
Anagnsalaunuly

Ingvhqlddnauynaliduiugloswin 38nfivsedansamanganfe n1suanluanas

nanedudduinegiuiuwiduduauinnauiadunslvg ndsaniduseuinnuazluves
auptlanielunaniisdintu dudeumaniinassuadisiuseunsluiluifiann ladgseanu
PdudnaurILies 2 Auanunsaasisgnraladudiuaud 300 sunielunaniies 20 Ju uaz
Wiy 1,200 du nnelu 4 Hou waluanIneIusIsU@ ﬁ;ﬁé’qmmwﬁﬂmmm%Lﬁmﬂ%mmlﬂu
gouyinnely 10 U S1nTan IMIIAR NN AUADNITLS QAU AURNAUTIN 10 AUdY
asnegnuanulaiie 600,000 AU ATOUARNIUTINN 2.5 rai nelunian 8 Wwisu

Anaumluiivniianuannsafiaelunisasng lassadvesiufdndniisdugynyiad



15

L & o | | A A Ay % a a Ve 1 1%
faglulani enfegradulununvislsdnauriaiunsaasisasdunidlane 24 ton-yr! luau
Aanunasluntsesgyiivlnsienaszdunnnsinvesinulunselvanislunaniissiluafen
A & 1] a o ::4' Y = Y -
awgiluguiiinszanuasnsaiawlunisaiieeims wasasulasaigalsenaumein

89 19 drudeansuraiiswmiledin N1sNlAsasIveIinaurINaniu1agne 95% denduaing

Y 9

A

IngifilnausnszuInwinszatseuniuwasildegssIasniisdugianuatulan (gnadl

WAULAYS. 2552)

'
= 1 o

1NNNENININIAINITHER (Productivity) 9sinaugIndednlvsuianinlundazd

¥
v A= o w =

a = a ¢ wa & A A a o
AdeiiRuhdnaur i Aneanudululdlagdesisineuauianugiuie o ufssiuau
Auiioidudnurandsnunianatuisadiunldnaunuismdsannneadaselu Tud w.a.2564

Y J

FEUUTINUAAMINNISATIARNAUYIT 51897077 Tudemdameysys SUSuainauydn 10,565 ton

(% '
A =

Tuiludl 856 rai wadulufiud 1 rai 9=difnauyin 1235 ton dvanunsasaiulaldsnga lu
srezIan 1y axTUSHIaNInTY 11 11 sy asddauaudnauein 135.85 ton-yrrai?
Fnavrssnddieyinanuiudiesvastiven 5.43 tonsyrrai

Yool o wazaney (2559) AnwkaritnTIsRANNEIILAINNTOUIINEUTINIE aY
Anvnvnadunauseritsineurnfuauwnauilaraouggn 99nn1sAnY wuindnauen
wirsflAmE N Nsou 2963.8 cal-o! wagauLnauiiAmasILAILSoU 3,300 cal-g! Fadl
AANTRLTDIANTIR 9nnITeNLUUNITIRRESEIURAN 5 gas WuligsTiuanzauie gasii
fi8nsdrunauinausIsed uLnay 40:60 dAwdsundufouganil 3,223.33 cal-g” 39
anunsaluldvihdudeomammadentndseluls

AuINg Aand (2561) Anwnavesdndiuntminiauvesinnnlunasdidures
finaurnfilsodnanminsuanfmdinmitannsuleidnuazmefluilan Tngldds PVC auin
20 L #U3u19591197 (work volume) 16 L. Ingvinnisnaaesluvasaiunuaamgiluaniiziy
lgan 37+2 °C wagluaniizwmeslufan 5121°C Tussegnannniiu (hydraulic retention
time : HRT) 60 $u Tagld3nsunuiithlunistasuaufadanmideduluudas Yu wasld
ispdiloTautatinmlunsinsysiosduseneuniatanm e S (CHy) asveulpeenles
(CO,) uaraandiau (0,) MNMTTATIIHANTNAREN 5 Snsndu Tk 4:1 211 1:1 1.2 waw
1:4 wuhmandnsuveshnlusasdduresinnurndegdurisluanneulsfianiisnsdon
1:1 Ivnandnuwfiadinu (specific methane yield : SMY) g9aafig 0.2387 m® CHy /kg Vagded
#noamlunisndedinu (biochemical methane potential : BMP) gsgnfis 51.89% uonainii

YSunauSeuavvasuiialinugsan 73.07% Waduluiui 37 veinssuiunisiavua 60 Ju dwmsy
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nsnaaesluannemesluian nuinensiaiu 1:1 Minandauiatinu (specific methane
yield : SMY) g3gafia 0.1176 m? CHy /kg Veagaes A N8 Mlunsuanuiadinu (biochemical

methane potential : BMP) gegnfia 61.67% fSuaidevazvesinaiimugsgn 73.20% Tuiuil

1%

<

32 YINTZUIUNNTTNNUA 60 TU NNANISANEILIIULAIDRTIdIUTINaRBANENINAISNARLA A

'
o

FINNANNISNININVDIUINTUKAL AR UVBIRNAUIIN IRENUINDRTIE@IUNTFNANNRANER

9

A (% !

Tunmswanufaginmluannzuleildnuasinesluilan As dnsndu 1:1

woTiEY UM uagAy (2563) ﬁfmfﬁﬂ%’wqmmmwmaqL%JaLwaa%umaﬁié’mﬂﬁﬂmwm
Tiiaunmifisuinfuduiiusonssviunismesuladuiigumgll 200 230 260 wag 290 °C 7
a1 20 40 uag 60 min. FenszuIunsmeIunatuazlivihaeldaniizsuonaluluaiidy
‘mwaxLS&J@LLax‘Luamazé’U@ﬁmﬁUﬂﬁimEJﬂmmJﬁ’ﬁsuaaLﬁm%amﬁaﬁﬁﬁmﬁtmwﬁ fio Aty
1 an3sEie Asusunw wagAAdou wudtlunszuauntsuulssnma idomnassasin

PNANAVYIINMLNTEUIUNITNBTUHATUTIgMAN 290 °C 1A 20 min. @an1igduaIniAlulun

nivazden iuanefivuizanlunsusulsademas Tieanufougeds 3,833.40 cal-g’
dewSeudisufumaudeudildiunismesunatuiifianiies 3,019.86 cal-e! FsAnnudou
fiudude¥oas 28.64 faiu ﬂﬁu%’wqqqmmwL%aLwéq%amaé’mﬁmmﬁﬂmwméfm
ﬂizmumima%LLWﬂ%’uﬁqquﬁ 290 °C sraziIan 20 min. luannzsuanidluuaiidunseg

avLden Lﬁuaﬂ’n%ﬁLMEJ’]%&ZJIUﬂWﬁW@NUWL%@LWSQ%’J&J’J&&T’JEJﬂi%‘U’J‘Llﬂ’]'ﬁVI@%LLWﬂ%JUIUQUWﬂG]

2.3 A7UUs2NaUDIATINVRITINIA

MskUnguUssiiamasaonsevaun1sdrgldlun1sussliuaguauiRve s tomas

¥ '
a v I

Youndsnonagnineglunquinisumieuiud lidndusealutunavsiafeiunieTinand

LY U

o—

g a a v

unnfdaneaiu (@unreqguesfialdinagidudsiu Tu wie aenllesdusznaussATINALANANS

e

(%

fiu) Aeulesndoniniad msuidinivinismaae i bngd 15718131500 59980UNTHUING Y

UTLLAMADNAIINTAEIUVDI0IAUTENDUDIATIUVBITILIALS (Basu. 2010) Tun153d8msail

N

=>4

TFYLFNNITHUINGUTINIALAENT YA IV 109AUTENOUBIATINTITINIAAINTOYNIUUN

uuiiuguvesdndIuvewaglad edilwaglad wavaniiu
druvsznavesdsiuiidfyvesiiniade waglaa (cellulose) tailiwaglaa

(hemicellulose) wagandiu (lignin) Kaguil 2.3 way 2.4 Feilusanaiunnsnafuluuagfusin

wazamrinsuivlnvesiiviug nsthdnussnevvesiivedasequildlimnsauiuauay

=< o

Anuszlovigaan Fsdndudeamsudnvaslasiaiwesiivias Usinadiudsenousne iflluity
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Huade

Tnssasandnvendels! nuwaglasunilgauszanas 40-509% vesiniinuiis waglaa
nuldnundseadvosiivnnuialuduniosadugugd (pimary cell wall) uazkissadniond
(secondary cell wall) finifigrevilifvilnssadaudaunse drueliwaglaanudududvaes
sesvniaglaa iafntuisagloalutuntugadugugd (primary cell wall) wazdnfuny
Uszunal 20-30% seeniagladuaziaiivaglaa wuiu%uwﬁfu%éﬂ%mﬁ (primary cell wall)
muamaam&mm (secondary cell wall) waziiniaa auaan (middle lamella) laglasasng
nsvesouaglaaLazialiwaglaanieiusylalasiay (hydrogen bond) wariusslaraus
(covalent bond) WimfuasUsznevanluwaglaaiidifsiuamanueiluenasunelig fou
600,000-1,000,000 Aadiu (Krik and Farrell. 1987) anduvimiiridouiaditnseiu adis
auudaussuazarwiavgulitudeBofinuarannsfuriuresidumusad JeilRaniy

HusilestunisindeiiviliiAalsasiag (Boominathan and Reddy. 1991)

Cellulose

Plant Cell wall r ~\
Hemicellulose (glucuronoxylan)

Plant Cells

tooc
L 4-0-MeGlucuronic acid
OH

o A:O

T e

D vlnse

OH

)

Hemicellulose

) p-coumaryl alcohol ~ coniferyl alcohal ~sinapyl alcohol
H

Lignin Phenylcoumaran:
lof +>ps
rHM(k =

sUN 2.3 lassadsluadie@aUsznoumeiwaglaa wiliwaglaa wazaniiu
(Ballesteros et al. 2004)
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psAaUsznavdwlnnlundasaais

PP wodusnalsn (lslawagla)

Antiu
\aalad wodkgaalsaviladlifiwaglaa
U
(oilwaglas)

Jaaliauanas A1TURYEATY
bihmadi-nglaa Tihmaluanamen

nyoxiuiia nsnelsia deamulng Uenatanlaa

v
warnsmummendaylaiia (laTae) (nglaa)
(agsilug) (wulug)
(Muanlna)

JUMN 2.4 d1uUsEnoURIATINYEITI

a o

(Usal afisiidiming. 2532)

2.3.1 waglad (cellulose)

waglaaunilulainsauiianedusanilsd (polysaccharide) MiAnnlutanavesd-
nglaa (D-glucose) anidousarulduamesnusavarsvesvaglaads swuuiuly uaziuseda
wiloaszninsens ilvildnwasdudulouansisgui 25 waglaaidunedmesTinmiidsay
1N awnsndunseldlaofiv amine wagwuafiBoueia Wuamiedidownuinby
(cyanobacteria) sdlanwadifen (cellular slime mold) waziwssaay (ascidians) wE7indn
yoswaglaarensiiuanaudusdifuivluniavad luninwadvosfivszneusenedusan
1561 (polysaccharide) fislosAusznavvosiuaglaa iofiwaglaa waziwniiu saudsandu uaz

Wshu Nnawadvesivazliwaduguniinuseneumeiwaglad willwaglas innfiuwazlusiy us

9 Y

= & a

aglsfimuuineadivziivadyieglifediwaglaa uazdndududuusznoundn arudify
vouwaglad Ao 1ussAusznaundnluvesiiy uarldlunsissdinluusdaziu Wuiiauladn
waglaaudsddyd mSvanamnssunedugaailsauasdafiandiivianieamianizdi

(Michelle. 2007)



19

A HO_  OH-Q HO._  OH
© d.° d
HO"  OH---0 HQ”  OH--Q
H H
0 HO.  OH-—-f HO._  OH
N2 o N2 o
o d © d
“HO OH 8 “HO OH---0
: HO OH d HO.  OH
2 Q" 4 o o
© d.©° o)
‘HO©  OH--0 “HO T  OH--0Q
H H
n Hé OH-—bb Hé OH
N2 o T
g d ° d
‘HO”  OH--—-0 “HO OH----O
H H

UM 2.5 lassasveuvaglad (uas Ainended. 2552)

2.3.2 \eliwaglad (Hemicellulose)

efiwaglas Ao wodusanlsaiitdnuayfufuanifizuil 2.6 Tosdusznouvasinma
wulma (pentose) wuannidususiuasssesannisaglas nuldlufivtoma damisiiefivagloa
dneaniwaglaa Astefiwaglaaaunsasaiedildiian1iylisuusauin (@1u1sagndessie
a1sazatgnIniden) dedeliiinesdussnavuosiiniaivainuats Taghaamulaa
(pentose) aunmiuit-lawau (D-xylan) fivsznevseinalales (ylose) naneqluanase
U (Michelle. 2007)

Toumnanavonsiiwaglaatuivaglaadnusznisnisfemenediueiveoiivaglaadl
Snwamdufsiuanuuinniy anunsogaduildd uazdarwenvesaenediuesdunt Tned
AuEUTEANN 40 nthenglaa (TAPP, 2000-2001) slgnslutanavilufie (CoH,,0s),, Tnevialy
waglaauaziefiwaglaasiunguiu 15oni1 Telawaglad (holocellulose) Fufudruuszney

anvaskUaaavadEulyld

oocC

o 0=< Haco%
w m w m w
o=

CH,

sUN 2.6 Imaa%ﬁwauaﬁmagiaa (UAT ine19d. 2552)
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2.3.3 anilu (lignin)

anflu (Lignin) fignsluanafie CyoH;,0, anduwduasuszneuseninensveu lalasiau
uazeandiausiniudumiedesvansviafauandusy 2.7 aunaeiduasuseneuiBsdoudiil
dminluanage Andufandfliazareth Gy dnsanailay. u.uU.U) Lidaveu udiiau
wiausemumugs nedndu waglaauasiedwaglaaduansusznaviiflogluningadfied ugs
(Hefirluidoaiouasiisludos) iwu d1iu vgh Whednnand unuilndnlne was lusnsdi
uansnstuduegfuriauarenguasiis uanafansnedl 2.2 uenandandudilassadradu
Snaumiievihuihiidenlssszninsluenavensiiwaglaauazivaglaalyimaiunelundavad v
Tlassairsfivdamnuufsusanumugatuies anduduasdseneviiflegluivadiivuszuna 20-
30% FailUinsesasnanedivagloduaisagion Insdlnajaunsanudniu Vinamdty
flansvosntiaraduassninduduly (Middle lamella) Flsguil 2.3 Geusnananiuaziindi
Weulsssymindlinanaveasiivaglaauasiwaglaalifatuilosn i dusud feanns
sempresuifiegsendn leidelenunasniusad Jestunisgnyiansidedevesiivain
AunsEldie (Krk and Farrell. 1987) Anfudafussiusznoufiddyludeld Tnsang ity

du Feazdelidulifauudusuashliutusadtuiuas S uautadestulsald
dnsuntiegesvssaniiu (Monolignols) agiilassastsuuuszlanidnuazdnnulaly
sssugAviavan 3 lluwes Iduinisr-aun3aneanesed (pcoumanyl alcohol) musnnludis
nszanag1 dauladineIaueanasad (coniferyl alcohol) Wuninluiiglunay (Softwood)
Uszanal 26-32% waziigluning (Hardwood) Uszanal 20-28% wazlwuriianeanages (sinapyl
alcohol) anusnnluiivluning (Useyw asenaguaiing. 2555) lassainiswewmiledasvesaniiy
LLamﬁquﬁ 2.8 Tapvhogosra 3 Wluwasie p-coumaryl alcohol, coniferyl alcohol, kag
sinapyl alcohol ansnsniinnsidensery auldduaelaluanavuinlug) 1éuA Para hydroxy

phenyl lignin residue, Guaiacyl lignin residue Wag Syringyl lignin residue A1ua9U
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3
i CHy [ cHd
H CH
HCOH CHO |
HOC—CH—CH,OH | H  HC—{Carbohydrate) HCOH cH,
| HC——0 o |
o | HG e HC—

JU# 2.7 lassadavesaniiu (UAs fing19d. 2552)

Tngund lfidedeudiungladegussan 45-50% wiwagloa 25-35% wazdndu
25-35% il doudsfimaglaa 40-55% efiwaglaa 24-90% wardniu 18-25% lavo9asdl
asanndutaduansuszneussamanwululiBnusyana 1-5% Wuiirauladiansusznou
Telawaglaafidunquesawiiniidesnonoondiausamarnud udrulnalusnadelsl ualiny
d15Usznovoglsuifn Iaiamagiaama'wﬁﬁﬂa;mﬂﬂ%’uﬁfa (functional group) @1Agy A©
lalasenda (-OH) waziunIuea (-CH,OH) uAluAndUNTUNUNGUVOIIUWNIULUNT U 1ng
astsznevedlsinfnmandnwuiBadumhedelildonfudungudeulngymiouduly
Fomdwleata nquilsdutandnludniu Ae wmend (ocH;) tnedingulansondauaziuviuea
ogthadntles dmiudwiiluasainagilasaveserdvfnuasexlsindniifinnalasienis

Aaufiseniusinaue wululesieu Aaunsanuldludialaeazedluguveslusiu
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CH,OH |
2 polymer
.
O-R
OH
p-Coumary alcohol Para hydroxy phenyl lignin residue
CH,OH
= wannaspolymer s
OCHs OCHs
OH O-R
Coniferyl alcohol Guaiacyl lignin residue
CH,OH
> waanaspolymer
H3CO OCHs
H3CO OCH; OR
OH
Sinapyl alcohol Syringyl lignin residue

sUf 2.8 lassasrsweammiioeoguasaniiu (Roopan. 2017)

yYann1nens axdldulsznovuandsnnld Tanwaidlslawaglasdudnlvg 1
anfutiosvdeliifias wazilusiugs lnsmluiivmszqavg 1y 41 Soo sziliwaglaa  25-
40% \afiwaglaa 25-50% wazaniu 10-30% fwduq wu leflediwaglad 80-95% 1o
waglad 5-20% uaglsififntuiee sudrilwaiianduies 3% widu dmsuuiinalusiuduiin
unnLles 0.2-0.5% usiaitlaflalel 1 fhe Slusiu 1.3% dumiungu 2.1% fuduvdes 5.5%
WU 24.7% daungueslinin luaviaansinwasilaldlifuiinandesniiluliinguils

Fudaazduninlansendanaziadu (NHy) tns1enululusAudures a15199 2.2 wang

AIUUTENOUVRINTNS1IUMIBEN Tapdrudsznaudus wuens WAy Udu Lazlssnsinge

q

Y a o

nuieiidendimadunsziudng Wewnanngueuimuwdaunatild d1n3dens
JamsUnlfiwazndnnatlll nsuunld (2548) seyinsziudnululiiiondwnuuinsgiunsud
Lindauudussgaiatiudiodisudunis 2.2 Jsdausznniagnguaduldidoudadadud

Yraulanaziinssdudndundnennudululalunisiandudinuia

(3
av

Ansunzatmnanazinaurndadudinianiidenfnenluauwidedlunuininisyinise

Seamsunbndngaiaanazdnavyilagldmmiuunadladiuawuunyuiuunneunsiuly

a

NUITYTUND 19199997938 N INUNIS NS bad @NNe1989A UTIUIRIININNLATINALAS
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wiunawuan fanudeiwesmalauaiedundsumadenlunsine Afua favin
glui nan1s3TenudnanisinrauseuveingaInialinauseulnafssdunsatueni
waznzaU1dy wareuITeveseunt aue wstan el waglsadun 919143 (2560) insAnw
Fesinudaursanndnavyiudeldviininuisuiisuaianufounarsnsniswlnivesdiu
fnaurnfudiulifalndifesty fufulunuitetuiivomheuauiaidunulumuide

aanaunAnwanuilululalunswinilegldnmnuungdladiunwuumunu

M99 2.2 YSunauwaglad wellivaglaa wardnliuvasNenasany (dry basis)

(UAS ANeN9A. 2552)

eGh) \waglad (%)  ediwaglad (%) antiu (%)
Sadilsiilonds 40-55 24-40 18-25
soulfiidesey 45-50 25-35 25:35
Waondn 25-30 25-30 30-40
wnugIlne 45 35 15
W9912804 30 50 15
Tuld 15-20 80-85 0
Toluantie 80-95 5-20 0
NILATUREIEDNUN 40-55 25-40 18-30
Ya iy ane Yadnd 1.6-4.7 1.4-3.3 2.7-5.7
T 25-40 35-50 10-30

24  myensinuduiinugiuvesdwraienisilaadundu

¥
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= A [ ¥ & o a [ (%
Qmamwwumu%ammaaaL‘Uwua;ﬂawugmiumsmmmamwaaLfduwamu
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¥
wa & =

Hosnnauaulifiugiuvesiaafisvswassanndouseansamluninmnlngidimna ddy
AENTRVNAT N1IN18NIN wassganaIansIdanuddudesiinumeieniseenwuy
msunlndifnadndudesdmnugnioasiug uazidefioldiiteidennszuiunsudastunady
wasslimnzauiign Tasiamizdmnausziamls (woody biomass) lunguivainyanedian
mMszdnuantivesdnnaiiluialifiugiumnandunandull feuandniugudmi
miteiagshnisinseilasusnsg (Ultimate analysis) 3iA5129iuUUUsEI0 (Proximate

analysis) LagNITIAATIEURIATNAINIUAINSOU
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2.4.1 NM53ATARUULENSIA (Ultimate analysis)

- =~ = I3 v & i I3 ° ) i

\WesnTiuiatesauseneunanilusiangulalasaisueuy lulasiau duzdu wagngu
510819 lugured uag W1 Aty N153esIzikuULensTg (ultimate analysis) 9stdun1sm
dndIuveIsINUFIUNT 5 FAUAUANNTY WasU IENATINTDIBIAUTENOUINUATLIINAY

100 Wosgus auLanIsuana

C+H+O+N+S+A+W =100%

dnduves C, O, H, N, Uaz S Anluvtae % tnedwidnues C, O, H, N, uay S mudsiu
Tufiuna wisghelsnaudinediulngonaarlddl S Wuessruseneu vilvidnaiuves ugdull
ANIBENN aumm%maﬂ%’ﬂﬁ@uqusﬂﬁ s eu-ludounds fie W ﬁgmwﬂaaﬂmmﬂ
duns fadu H wie O Tun199As 18R UUKENE 1NN O way H lupugy ustaedl O way H
yospsdUsEnaUAMTBUIESluT AN Y 1T IsiuuULEns A uiailden warilsna
gudlaflsuiunisiasgsituudszana tneldin3es CHNS elemental analyzer anu ASTM
D5373

Tnevtaly fimsdisnesuuonensn fiugiueg 4 g1u fe
As-received basis: C"+H"+0O" + N +S"+ A" +W' =100% (W' =W*+W")
Analytical (air dry) basis: C* +H?+0%+ N2+ 8%+ A +W" =100%
Dry (moisture-free) basis: C* + H® +0? + N +S¢ + A’ =100%
Combustible (dry and ash-free) basis: C*+H®+0°+ N° +S° =100%

2.4.2 PMsAATERLUUUSEUY (Proximate analysis)

\Wesnndanalosdusznounuaiifdeudisdudou fnsdrumduasdunsd (@undu
& a a a6 ! S & ' & o 4 a L3 a ! £
Woinde) wazansoliunid (@undunssmuazaiuau) lin1siesgisuuazdunaoutng
1 g 1 o & £ o a £ a 4 = a (4
gagnuazueaslaiiaudndy Juindeulin1sieTeriuuuUsennauny 3aN153AT1ERkUY
Uszunamtseanidu 2 ngu fe diuivnludla lawn arsiiszinels uwazansuounsda uwasdiui
wnlndilalla v3ediules lakn ARTY kel NTIRTIEYRIAYTENOUVBUBINGITINIamME
N153ATIEABUVUTEUIUILTEYUTUIUAIINTY USHauansseme USaa1suauassi uas
USunaawldn auan masadomds Jauvseanlaidunuuiiugiulen (wet basis) #3ouuy
WUFIWNTUL (as-received basis) WagwuuNugIULAs (dry basis) Trudaudazslininsginy

0N (as-received basis) 9z lla1u1sauIAINITIASIENNUS susudule WWesanan1e
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Arwdufiuanssiu fifudafesduinesdussnavresdomadiegluguieiufefianiied
@z uAuluTauna (air dry basis) wagauueuwks (dry basis) Tnganlnguaitaniadnd
mm%uﬁau%’wgq wszilundananianisinees d1deen1sulszudanadundsnulaenism
TwsiFananisiamudulaiiu 20%

drudinlugl (combustion substance) azuisaanidiu 2 dufe a1sszme (volatiles

matter) warA1SUaUAIRT (fixed carbon) In8a1s5see Aa d@uilmibniewazaalasiilalasy

museulunilifionnie dauiuianiiamassemeganansitfialilade duansuaunaiity

[
a v

I3 I a & = ' ') s ! .24' MY A
Jumsveudiegluguvewdedaldsiuduasveuluassemanazdiufivnlndilails wsedidn

[
a v

(ash) WaFwagniwnlndedsanysaluairziiloarsurarunlidarnsamludlaty Ao
1ne1aAazUsE NN UISTANAIWYBIUS LUV UTIAWANAIAY TA8N1TILATIZITRUU

a

Uszinaudunifendlesnnilunssuaunsimladewassiagn nssuiumsbauives Proximate

= v

analysis 1Rl

1%
a

Ay (moisture, W) Aeuiwiinigaydelundsainniseutaia Tugeuiigamgd 104-
110 °C \unan 1 hr. erwduludomdsuugu asreceived annsauvsoanldidu 2 Ussian
Ao MNNTLNEUNYTALTUN LIS B AL USATE (free moisture, WE) 1TLANME LT LA S
poutufuHuNszUIuMBIMieNT Mevuds warn1nivlueinimlin aunsoeneuduein
foenanidomaddlaunisaudsainiafigamgiivios fadu WawAsirnunisviliuiaieisd
wdasinsesilugiu analytical (air dry basis) d1upuudnesafanuunigly (inherent
moisture, W) agnnAanuansauiila

U (ash) Huriminiinsagudaninniswiiananigliannzeendladfinvund
gauugil 700-750 °C i AedmvsznevelluniditiegiRuluduiiuiignosndladauanysal
Fefu dhminveadhisdesninimdnvesdiuusenoueiuvds (Wisng) Aitegluduiiudu mee
asUsEnaUUTELAVIAISUBLUR %alWﬁLLazﬁquﬂaaﬂ%lm“lﬂL“‘f;Jua'ﬁaaﬂlszjﬁawm

a338ve (volatile matten) \utmiinfigapdsly (feanufusenuda) ndsannsey
Fananeldussenavesufiadesigamnll 950 °C lua 7 min. laglilidudatueiniea
delddrufiszmeldaanua ovnldiAn fuel pyrolysis %3e thermal destruction wfd
93AUSENBU (CO, CO,, Hy0, Hy, CHy) wazlalasasusuntn azszmpeonuianeuiu deuia
osftsznaumantl azgniendi volatile matter

s 0 . A a z-:l' A 1 (7 = s d[
ANTUBUAIA (fixed carbon) ADFIVILNADDYNAIINNNITTELNYVDI A1TILLVE AB YT VI

Aasgntudvasy waveswis Ngadsluainniswnlugd Sendn Asuesuad Usuiw

y o
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ANSUBUAIEI=100 - (ANTU+TE+an3sEme) Fadumiifausunaasfiansomild (solid
combustible material) waeaglu buming equipment waziduanide il Tunaseuramn
Usgavsnmlunsunindiveaaiosdiose

AuduRuSsEninIsie e hidomAargiu 4 51U Ao uuuiuguiifun (as-
received basis) @112z inuTuntue nuIefinmelumasusauduniely (inherent
moisture, W") g 1081947 (air dry basis) @n1izAnuduauwa (dry basis) uazan1ziilil
ﬁgﬂmmﬁﬁuuaz%}ﬁ’l (Combustible basis: dry and ash-free)

LU UIUT UL (as-received basis) Foran 1siaszidaamuan massilasuda
1naandwsznoulufnearuduneuenanmsvuds warmsiulue madauarautuniely
fifleglutnaesdeamunsafunldan

NTATILALUURENEIRN CT+H +0O + N +S"+ A +W ' =100% (W' =W*+W")

MTIATIZALUUUTELI VM +FC" +W " + A" =100

dvSunisisiginuuYsEana VM, FC,W uay A fe % Insuivdnuoansszine
A$UBUAI AT LAFTEN mudIdu waznTlTIeiuUTLEns1R C, H,0,N uay S Ao %
Tnetmdnves msueu lolasiau sandu Tulnsiou wasfusdy sudisy %QLLUUﬁugwuﬁ
Ui (as-received basis) awnsnAuranasuidugnduld duanspnuduiudsening

saqlugud 2.9

- As-received basis

- Air-dry basis ——————»

- Dry basis —————#

- —— Dry and ash-free basis —
A C H]J]O |N|S |M M,
—A—se—FC—pfe——- VM ——f—— M ——»

- Coke Volatile ———»
A - Ash H — Hydrogen C = Carbon
O — Oxygen N — Nitrogen S — Sulfur
M; — Inherent moisture Ms — Surface Moisture

sUN 2.9 AnuduiusTenInn1siesesilagUseanauaslagkens1nLas N g IUYe

HONAITILANANRAUUUF A TUNTIATISATRINGNS 4 51U
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Air dry basis @n1gAnnudunigusnusefiiimieluwmdonsaiuaunielu (inherent
moisture, W") Llg49E19L587 F7981910U %A1SUBY VUG air dry basis a@1115aA1uIlaa1N

dung 2.1

100C

=% (2.1)
100-W*

AN1ITANUTUBULIS (dry basis) H10999AEANYB T aLAaE Y TATIATIE AR LEATN
azliamsarAn AT RuIUSsUBUAUL INSIZEANEANLTUTLANAINAY AIUUTIRDY
A1UIUBIAUTENBVVBITINIATBglugIUAINUABAN 1L ANV ULUUB UL (0%) %138 dry

basis f0818Y % AISUBY UUFIU dry basis @misafuInlanaunIs 2.2

100C ., 100C,,

%

4T 100-W' - 100—W"

% (2.2)

1ne9 AnuFuisrunfe W =W* +W"
an1eNlddienuTuLaz e (Combustible basis: dry and ash-free) @aoe1aau %

AI5UBY VUFIU dry and ash-free basis @u1sawInilaaINaunIs 2.3

100C

Mz ZP0 TN 23
W TI00-W - A 23

waztesiduRvesesnusynoudus laanauns 2.4
Cadf + Hadf +Oadf o Nadf +Sadf =100% (2.4)

INANUFUNUSVIFIU V19 3 §7U WUIMNNT199 2.3 aglanadulsednsnisdeugiu

dMTUMDIAUTENBY A §IUANY WUANIIABIF %AITUBY VUFIU as received 15181115011

o a

duuszAnsnisdsuguluganiieudaniue %ansueu vugiu dry basis la
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M13197 2.3 A3 nEnENUsEANSNISUAsUgUdmSUMMBIAUTENOU M §IUA1NY

Given Basis required for determining the fuel analysis:
As-received Dry basis Combustible
As-received 1 100/(100-W") 100/(100-W'™-A")
-Dry basis (moisture-free) | (100-W")/100 1 100/(100-A%)
Combustible (dry and (100-W"-A")/100 (100-A%/100 1
ash-free)

2.4.3 AMNAIIUANNTOUYDITINIE

Aaudeuresdeinisinalisarudoudeudni SaiaUinamdsnuresiina
femsTnAInuSen (heating value 3o calorific value) fildanniswilusivesdoinasdenn
anufeufeUinuanuiouiignuanUdesdevianismareadomduiedomaiuoglu
anmeiFusiui 25 °C iufietesnanysaifues niaulfamandnsusimdusiassni 25 °C
S auTe e madideinie A1PMToUgN (higher heating value, HHV %38 gross calorific
value, gross CV.) nSaAAnu5ausIu (Total heating value, THV) kazA1A1u5ous (Lower
heating value, LHV) #58 net calorific value (net C.V.) (1133 9n51a. 2547) #128v03AANM
Fou LU MJ-kg!, Btuslb™, Cal-g! #5® kcal kg

A1AI1UTBUE higher heating value, HHV (Gross calorific value) fig U311ainnu Soud
awlieanuudansunludianysal Tnefidiu§asenSufunasansdnsasianinevienunog
aelfanudunisusseinia wagfiguuai 25 °C Wouhiidegludiemauns AAnduans
wdndusanniswnlndioglusureswas (et luasudnsudinsmilngndudadu)

v 1

sty etiuguuogluandnSudiildannismaluiiAnnsauiiusgisauysel
Fadu HHV Fadudinnmiouiisudinufeuuddunsilidssmonaoidule aruduly
dowdanarlothitoglusuuas fuel-H sondindulifaun Tneily wanfasiannismnlndd
Undindsenin ufidleide (fuel gas) fignudssosnuiainszuunisinlniaziigungiigendn
100 °C shewmail Aaufeunddiliannsnthuldluszuumaunindld leannudou
favn viorarudougs annsomldlaelfiedosuen uraesiimes muanmeaegnaiildsy
(as-received)

venUunaesiiwes (3Ui 2.10) Wuiasesilenlddmiunaassmaianusauveioinas

TRy A ENaNN15YINUAENTEUIUNITUSUINTAIN LD aMAWARNIT L ATILA9E TANAI9U
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ANUTauReNI Feavivualieglusurasrauiounademndemedmidn nsmmay
k4 dy a £ L3 aa ¢ & o d’lj a a o o % Y

Soumademdslagldveudunaeiines Wunisuienvewmdanagyinisneaeuludeinin
wan L ndivesndlauusgns aeldanudunigluvendunassivwes Ausaunlaainnis
wnlndiazanewlifugmasifuseuiueuiunasilnes Jaawisaingumngiivenililagld

Wastudmas wazUsu1umNLSaUEINNTANLINTLARNN

Q =mcAT
1oy Q Ao Usueuauseu (k)
m Ae wavesluLAaesiine s
c A9 AIAIINToUTUNIZURIUN (k-kg™K)
AT Ao aaumgiifudeundas (K)
N th b
/ ErMm oOtn eter
o e
/,: <4 4 CZD
1gnition ° \\-——_____—»—
unit
\_A_‘_A_A_._A_‘N\__q
| ~dewar
Dz A
:B:’ // = 2 ¢
stirrer / - \\
| A water ) ™ sample
botmb ~|

J

5U# 2.10 Taseasnanngluves Bomb calorimeter (fyaun yaeiiesa. 2544)

USunaaufeundnalannaunisddiliniuioungnies insigiivesveudunass
fiwosdsamnsagaainnuieuudiuliludidues wazaiusouuisdiungaydeluliiu
UsI8INIATeUY batruediuiiaduainnisenivduasdanduiilivun dsledidanariazgn

ANNToUeLY woNIINTUGIEAINTEUUNAIUNUIINVARINVULIAAABLNTIWALLH LML

[
a =

Aavuluusseneveseendian Jaagviligamaliasn uwazassiudunlunsalusinuazninda

a [

W3 NANWULAINGT LB LINTIUAIAMNSBUTLTIASIT0 LUDINA A TUSUTBRANA AR LY

Y
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ABInTIARUANNANYTNvRLATIMAFEY Ianungivesd1iindtussennialaeseuUsEun
< ad & v v 3 ¢ aa ¢ A Y
Asanflsvesgauniingaduainnisivg dewmeatiasuuvenduaaesiwes wWelileuindusa
Junegatnls musunaenuseuannisenindvesuaainuditluaveen wieldusunaemas

1 = v a X o o o 9 ¥ I a da X a a b =
agauted Walrgun)iguiies 2-3 °C vildidianainindudanuianaintosfign

(ffyaun yaeiesh. 2544)

a

JUT 2.10 wanelaseasnaniglu Bomb calorimeter Usgnausie stainless steel bomb
(meluussaiegiifesnsmamdniu uareendiow) 11 weslufines gunsaidlélunisniu
(stirrer) Ine vontazgniusesatuietesfuliliaiinieuan vesdiaaeiiives dewluss
anmeuande e 1nssaiisves votuaaeiiimes Y9I stainless steel UfA31NTIN
ndfaziAnneldanneilifimsivAsuidasUbines

duAInuSeus lower heating value, LHV (Net calorific value) fis Usinaenudou
fiAslunsdilevildndust Aradeusausamldanamuougdlnevinaruiouusd
THlunisssmetinluanssdnsusioonaineeufougs Ssmssagiliaenndousuansisan
AAnufeuginssuimamnudouresnisnmeduleveslailudomnds ansailulilussuy

nswlustlé®e LHY 9zunnd1eann HHY @ansarunailaainaunis 2.5
LHV = HHV = rm, (2.5)

ot Ao ewdeuwlsvasmsnanaidulefigumaluasgusiaminiy 2,442 kikg?
waz m, fie wavesinnnnsnvidesudahfiinanautues iieanniseondndu
vodlalasiauludomas (aumsniswilndiogvanysaivodlalasiauléii Tu 1 ke lelasiaw)

W1 HHV wae LHV dnansariuaalle UUFIU as-received, dry hag combustible (dry
and ash-free) TNMAATIEAULEIY dry Uag combustible GvazfiauTusauegdae m, o9
L%@Lwawugm as-received %mmdwmﬁ%aaqgm derilsiamansenuresnnutuuas
lelasiaulusnavesloun Armnudu LHY, kJokg %mlﬁmﬂmiﬁ’ﬂu’smmmmm%’au@w%ﬁ

FTAUAIINTUAIS il
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On as-received basis:

LHV' = HHV " —rm,

LHV' :HHV“—2,442(We +8'94Hr] (2.6)
100 100
LHV' = HHV ' —24.42(W* +8.94H")
On dry basis: LHV® = HHV® —218H° (2.7)
On combustible basis: LHV ® = HHV® - 218H ¢ (2.8)

AANUaugainagmanmsaaedlagliiasesuauiunneiiines (bomb calorimeter)
o o & a o & < a v o A Y ! ¢
dmvsuendmiluroindazveamad lnsindnnisviuaeldsegnnielugnuendy iawn
uiegegniung lirusaueenyy Auseulgaewlvinuiiideusevanueny wesluines
a a o = a 7! & a a g & v aa caa S 1
didnlnsiiavzianiswasueumgivesdn diuwewmdiiduniaszlduaaesimesniuilvaru
(water flow calorimeter) (fiy3u1 YauetAesh. 2544) waz TdaunisniuuulunIsAuinmen
AINNFBUA WANTNITENEIEINMIA HHY U8 UALUURUFINYBINITIATIEIRUULENETS L)
FeANNISN 2.9, 2.10, way 2.11

Mendeleev’s formula for the HHV on as-received basis:

HHV' = 339C" +1256H" —~109(0" - ') (2.9)
Delong’s formula for the HHV on dry basis:

HHV ¢ = 338.3C% +1444.5(H —0.1250" )+ 93.85" (2.10)
IGT’s (Institute of Gas Technology, USA) formula for the HHV on dry basis:

HHV ¢ = 341C% +1323H° +68.55¢ —15.3AY ~120(0° +N?¢)  (2.11)

fmsuAn LHV Yuaz  LHV S, LHV "azannsanleosasing  lneaidedeusuno

ALTULAT T UTBINEIUUFIY as-received MNEUNTT 2.12 uas 2.13

LHV" = LHV?(1—0.00W " )— 24.42W " (2.12)
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LHV" = LHV *(1—0.00W " —0.01A" ) 24.42W " (2.13)

25  gumMain1sEa1eAInIenNTeuveslianlag

dulsznavvestinalagianiz H/C danuddgmszyiliianandnainnisinlslada
psAUsEnoUNdnUesTnafelwaglaa efilwaglas uazandu Weldfuarwieu ssdusznoy
wiaivesldazdesaarenisaudeuludifunndratusenly (Demirbas. 2000: Yang et al.
2004) 9103 As s T e 183910 Thermogravimetric apparatus (TGA), Differential
thermogravimetry (DTG) fudtnauneiinldnadail efiwaglaa fva9gumgi 150 - 350 °C
\waglaa dY39gaumgd 275 - 350 °C wayaniiu 13199um i 250 - 500 °C (Kumar and Pratt.
1996) d1UN15MA@BIURY Cagnon et al. (2009) WU NFARIYFINNAIINTOUVDITINIAEIU
Tngfiley 4 Frensdsunanimiinge 1297 1 gaumgiishnds 200 °C Wumstdaauduiiog
TuBmaa 92971 2 9aumgiisening 220-300 °C Wunisaaredalassadraeiiwaglaa 4197 3
orunnfiszning 300 - 340 °C lumsaanafusslasiaiaaglaa waztasil 4 gamgiigsndn
340 °C WJunsaaesavedlasasisdniy

druvszneussfsnusaziadlerunisinlslagavilviianandniunndiafy
fhetrdu nislnlsledaediwaglasionedimesvonimanslinanfuslusuuia uaziify
migadiunauenssiunislnlsladawaglaaludisgumafiiieaty WoRiasandafase
Inlslagasiiwaglaavinlvliansianunsnauuuls sznuiiidnuvaswuieiunsinlslada
waglad dunisaanedivesdniuegiatgeslindndamaiuynfidundn

nsaaeiveseaglaavzedludisgnmgll 300 - 400 °C Tagluldiisslng waglaailo
gnlnlslagaudraglialanglauey (levoglucosan) (Bridgwater et al. 1999) uazfigangdl
1N 500 °C talanglanguazgnazivenateiiule (Reed. 2002) Katunandandnildidu
anuzufia dueliwaglas Wudulszneuiiaiuaiesveskinelifinudundnvesans
msaanesvessiivaglaavsldiviioutuvousaglaauazaniu Aenslnlsladadunafigumad
fl4 280 - 500 °C agnuinaiiwaglaaisnsinisaaisganiiommnil 350 - 450 °C (Kudo and
Yoshida. 1957) Sensaaesveseiiwaglaaiiintulutaagamgdillinfaunntnuaesdn s
flgRedumiuasinduuusnananildivosniinisinlsladawaglaa n1slnlsladadniuhlyi
Ananserlandnuazdunslutiinaiiunninisinlsladawaglaa dansinlsladadniuse
nslyirusoustnaing (slow heating rate) figaumgil 400 °C wandnidurumsuszaas 40%

(Klass. 1998) LLﬁEQEIﬁNﬁN%@ﬁLﬁu%@ﬂLﬂﬁ’]‘Ui%iﬂm 35% Fevaunaiiazisenausmelouiuay
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dhsfudiu (Mohan et al. 2006)

ffuieliRnmudilunssuiunmsaaeiivestine Sdndudesiarsannginssy
nsdanefetdLUsEnaUBIfINndnuaradUsEnaunau M lndiase warlunuideid
gldvransaaneiinieninuseures¥iuiavas Cagnon et al. (2009) WuinausiluniseSune
nAnsTuveInIsaaefvestaiidlunuisetuiidesannauifeves Cagnon et al. (2009)
fda9guugfinisaatsdifiaenadeostuauideiiintuluvszmalnesuanifoves
ugua yiames (2550) wagAamssas Wgnm (2553) etin1sAnuinisaanefiveadiniad
ATefiiedoadl

Cagnon et al. (2009) vins@nwRaauTRveInIuTeIvasaIuIskazauiududan
YanUsziamanluwaganussiansineg Tnsmuntuuneinsaliigndesusiudilnemeadnsann
n3naaed 3 iedlaenis 1) naaesaiueluedu 2) naildainniswenfinduuas 3) wafiin
Fufudmnssudmainuumimnmsueainduaisveulaglddminasfduiinansety
nanIaaeInUIANduaI ST AR S A g AT venaniinsifintureriade
voagnsuFsuifisuiusiinaaumguuandliiiuin esdusznavesduuasdminosansis
AUIINAGBAIUNTUYDIUYTS

ugua yUmes (2550) ladnwinavesesadszneuniunil (waglaa willwaglad uag
andu) Tuduaa 7vdasanginssunisaateaalunisinlslagawazniswalngd wagnn
mnuduiSsTuinerlsgneuedfulsinasimnfvdeilannisaanedinisauiou
T,msJﬂWﬂ%mmﬂmﬁ,mwﬁﬂﬁq@ﬁafﬂwﬁﬂLﬁ@lﬁ%’umm%fau (Thermogravimetric Analysis,
TGA) U3 Frnadswiniuagiviinuesdusznaumaaiiiuandeiy Jaudazesduszneuas
flassadefiseviafiusie Sehlv@ansaaiesinnnuseuiianaiu Tngosiusenouiiduied
waglaaaaeflaineiian sesawunfe waglaa drudniuaaiefeiniian lnoTunafiluiunm
andugeilisnsmsaanslunislnlsladadinirTananiviuaandum ssduszneundniia
HasangRnITNaateRnenINSeulunszuunisinlslada Ao anduiisuduUsuusuYes

anfiuduwaglaa Inedauduiusigady Zeanunsaiuengfnssunisaaiedilunssuiuns

a A

nlslaBanndmarinduld uonainiwuiesdusznevmaeiivestuaiisunsfzosswing
M lneiiwaglaatuaniuinasenginssunisaangdivesaglaa wilsliwaglaatuiniuiing
sonsamesszarinsfutenunn daunginssunisaaefvesiaalunszuaunaanindiuey
fusnuuglassaiavesmiiinty

Bridgwater et al. (1999) Anwinmsiuaesnisinlsladaiazauifvaudamas wuin
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a a Y a

Fiailosdusenounan fe Lelwaglad lwaglaa wagdniiu n1saaneivesdniulddigamall

4 1

InTniudlsiguiuieiiwaglaauasvigaglaa fmuusdrdylunisaanediveusazesAuseney
Ao gl dnsnsiianuTouveanIasUnsal wazanusuLialulasiay Auluesesunsal
AILNITAIUINAIUTOUNA NITATHUTINIANDIAANUFIAYLTUNU LNTIZUDNIINTINIAADI]
=3 P Y a 1 ¥ Ao Y oo v Y = 3" A o 1 =
uraanieliiinn1satelouauiounaLa) Furadifesdaauduniinit 10% delululsla
Fansentslaheonunlainit 15% wazldasnsausnlalaedsUnd Wi n1snau fadunisngin
luhifudin s liiieransynussiaiiosnin Arpuseu anunie anudunse nsianseu
< % a [ ::4' a L4 14 14 PN -:4' % Y gj
Jusu wavaashilessweiwieusgluaiesufnsal nglduandesiian wedsatunisunnsang
# 2 (secondary cracking) aluifinsdesduazyilinandunvswnarfladusuiuanas 1l

farsandenaunmmdndaeinlaantnlsladalsl (wood) nuindieendiauasds 37.1% mmnuou

(%
v =

17 MJrkg (Wndavsfudomadlns@ouiidiniiudou 4143 Mike!) fausesndugosan
Usinaeendiaulutisiudaamn

91l 19AdNg (2554) lafnwnavedlasaiemnand Woun iwaglad afiwagladuas
anduludiuta 4 ¥de loun W1et12 dunsedudny wnau waznga1uliay Aenns
lslasAoonduduiassufiten Mnuanisvaaasmuinisinlsladatmadl 400 °C ada

soun1svyuansvanasadinlsladatiutaiuudeilamansi 20 rp.m. isegasnalave sy

"y
a =

Fanamaniign (32.5%) waeiuTaaudstuaasinadn fuflidatuluinaideudn aeld
Tanviiniauussessudanidusiswiisodmsulelnsioendfiutuiioansondiulutsy
Tanmdasseudeisleaestiniuisnmandeuilt nuitgunginlinsefudussujisonde
340 °C m3anoondiuluhiiudanind 380 °C auduuidlalasiauEuiu 5 bar Usinudaiss
UfATen 10% lnoaa 1nan 3 hr. Wiesiduslalasfiosnddutugedian (95.3%) uaziosidus
lelasauioondiiuduanasnuuimadniuiifiuty Weviwufhamdiunsaneendianly
Ansgiesdusznaumsaieduidlasininnsmuiasiunivsives nuiasuszneveendiauly
ihifutanmannggnidemduftueauazayiusvesiiues

al

Asnssas unmanin (2553) ladanwinavesaungilnlsladaneinesismeloungass
UfA381199m1591n T8 TuleFeaufnsalhuuiuntsaaItunauy TULINANYLBNANYALANIZH?
YoeminAnTuInnszuIunsinlslagangumgiilugig 400 - 800 °C TuitdesfnwinIsaaeda
o s a a 1 a sa v s A a o &
NMIAIUTOUTDIMNTNARINNTEUIUNS IS laTasieSviesiamelounfigaumgil 800 °C Wawuy
Tduaglalaldiuseufiseinfauuiisesfusraliviiiiunisusuugnaunmmewiniideusen

lad annsveaesmuindesamagilnlsladageiuiesidudnisiuasuvesamsveuduniiniia
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1nnszUIUn1s Wnlsladadiwuwdlduanas Tunensaiudnulasidusnisiasuvesansvaudy
A a fa v ] g v § Yo 1 aaa ~ v X
MinwmdeannszurunsInesisielaumslunsanlduazldldmiseu JAsediuuilduasiu

[ 13

ogalsfinm lunsdlfildfussufisomuinfigungl 600 °C Wefldudnisidsuvesnniveu
Humifiegaiian uenaniiflensuifisussvindliinsrdusnsuasdidoslunssuiunsivesiia
felotuuuldissufiter nuididesiivefiduinsdeuraseivoudumsfigandoued
Wosidudnaasuvesenfuenduuiarisnitlinszdudng venanidmuididesiivesidus

o

nswdsudumsmninldnsziudneiie amnseasdlaimsiiinannszuiunisinlsladai

paunpfigefienudaslonisameidsletuariusiUfisornimisfiiaainnssuiumsln
TslaBafigumgiish daumifiAnnndidosiuiinnariedlidenisamesiadiedusaUfizesing,
msAnanliinsgAudng

ﬁﬂﬂy’qmﬁmwﬁ%mﬂamﬂ Thermogravimetric apparatus (TGA) liflonsivaeuuay
Wisuisugungiinieaaiufeutasnisiunlndvesdiuiafiunnsi1siy (Kastanaki and
Vamvuka, 2006; Haykiri-Acma et al. 2010; Varol et al. 2010) wa#tléiann TGA agogluguns
TG BauansnsAouutaniniinuesdaadosg

nsnadeun s lnidieiadeosiasginisasuuda i ndnidemas
(Thermogravimetric analysis %38 TGA) ﬁawmifw@ﬁgfmﬁﬂmaaﬁaaﬂwL%amaqﬁmalﬂ (TG) %39
Snsnsweldvenimdniiedie (0T6) Weutugamgivienar melditouluvesdnsnistiou

ANALAZOMNTINIS IAAINUS DU

100 -

80 4

60 +

Weight Loss (%)

40 4

N

0 200 400 600 800 0 200 400 600 800 1000

Derivative of weight Loss (%/°C)

Temperature (°C) Temperature (°C)

3Uﬁ 2.11 n5n1sanasuaslIvin (TG) Lagdnsin1sanasvesivtn (DTG)

(AR @5eenad. 2563)
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Inedunsiv TG uay DTG Asuandlugun 2.11 azuandliiudanginssuveanssuiuns
w1 bngNgaingea1equensvve 2 lnelsuainnisanasesintnasanasiissdnosuand
n1suvanldesaisseing (Devolatilize) Aoufianssemeazvinuisereendinduiueinia
lngsauiianishnlnvesansseimenanianiskludvesnsvilitinnsanasvesiminedis

< DI 3 ¢ % N | v 2 - Y s
Taslueigaefigudimdniivieeguanddviiuis Wesidudvaunilussdusznauves
ng a
LA

N3092na178n1A11N153AT1RN T UAB UL YU NLAOIWES (Thermogravimetric
analysis %150 TGA) faipsaadlefianunsansiviauasilSeuiisugamgiluufiseniswnlngdves

Finaudazviiald waiildannnisin TGA Wulpgunfudiazianteglusunsivl TG Fauananis

[y

WasuuUasimidnvesdinaniuedivgamgiiluszuy TGA n91vl TG 3gniue

v v

UANWUENIN
TG Buq Susfuusnite snsnisanasmesimiin Feniinsaw DTG Guansiaaniinanuouriily
arsBundginisasundas 31nn153AT129n3 1N TG/DTG zlansliifufangfinssuves
nszUIUNSbng Aa qmmﬁmiszmsﬁw (Dewatering temperature, Ty) 9mgivosqaiiin
nsAnlnla (Ignition temperature, ) Qmwgﬁsﬁmmsamaéﬁ (Peak(s) temperature, T,) Loy
gaunfifiauaan sty (Bumout temperature, Ty) lnnfl

gauniN15sEmeU (Dewatering temperature, Ty) A® 8VQRTIANUTUVLITINIA

semgoenlUaummaslduannginssutnnanudugnindneenly eaumgiivawaiiianisiali

Y 9

161 (Ignition temperature, T) fin YAildasurgindaimasdialnladeiiiods gamgligiens

1% Y] Y IS

danei (Peak(s) temperature, T,) 9 d0AANBINUSATINTANOFIFIANYDITINA (UpBATIYN

lddmsunisTnufiserveaemnes) gunglinduganisimilng (Burnout temperature, T,) Ag

NG !
Qmm:ﬁﬁLﬁﬂﬂ;‘jﬁ%maaﬂ%m%’uamgszﬁué’a 6?5&ﬂizmué’?qLm'miszmﬂﬁwuﬁqguqmmﬂmlwﬁ%
Aetunglunadunng uasannsoliidusdsdmiunisesnuuuiingadlussuunisin
Indlvlaiuszavsningean

mﬂgﬂﬁ 2.12 85078 TG (Wdudiu) uag DTG (Fuus) veamyatsUnduilnanstianis
aaesvesiiuiafiunnsefuluanizenniauis annsl T6/DTG Tugy 2.12 udazdiaves
msaefmenudoufiaunsdunald asuanaginssududiFusuauAuganszuIunIng

aaN8Iv03TINIA LedllwagladezaaednNgunginngfe Leiliwaglaa dY19gamll 160 — 360

'
[ v o o

°C waglaa 19399umil 240 - 400 °C Anflulidnsnisaagmauaiitisgungiin1saangs

1
1 a0 a o d‘ le 6 1 o ra -dl 1 a o o w
NI UYWNYUNNU 150 - 900 °C AZNPUNNUVIFAINTN 80 °C lifin1sidsuntasegneiited 3

9

dedunnannisiasuuiasvesiiniin (OTG peak) Tugatusn nsan DTG geiuidnties wuf
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Uszana 100 °C Feuansderuninismdnnnuiueanuiniiagn luyiwass 180 - 400 °C Wuse
Muadllugunasuwanmeanaumen1sUanUdesasseme nuiesuIeYguunitenuLes
asusznauldlasasaanduiliianuaenndesiunisanuiivesaliwaglaaiazvivaglad 99

nlugy 2.11 Msaanediveeiiiwaglaaiinfudus 180 - 260 °C lwaglaa HY9gung

a

260 — 410 °C §9751n15a089 60% B197NaU N15EANUAVDINEA18UIRUAATUNA 410 — 680 °C

¥ '
a = 1 ]

TeARAAFRITUNTAANEMIYVBIANTULAZIIAN1TRBNTIATUYBIA U TR NN NEY diuilnge

Y Y

INNNSTAABFIAD UL

TG (thermogravimetric)
= = == DTG (differential thermogravimetric)
0.016
100 4
90 N H i L 0.014
1 DTG H :
80 1 : L
' Moisture 3 : : 0012
= 704 [;-(m;en[_ : t Volatile matters ¢ Fixed : Dol 2
" (Dry basisg 2 . ~arl H F O "&b
A7y P g || content EéLl'bU" H él,
= 50 F0.008 E
=) =
Z 40 ] L 0.006 S
30
H N\ £ F0.004
- \ :
H F0.002
0 e’ . . . i i - 0

0 100 200 300 400 500 600 700 800 900 1000
Temperature. °C

JUN 2.12 NM15ATIMBUUUsEINemEa1sU 18U 8LATaY TGA

(Mohammed et al. 2012)

Wang et al. (2008) lalauaitn1sesune T, wae Ty YOLTNEIUUNANTE NI TUAY
wardiuia tngldeyaainnislias ey TG uay DTG aauanstusy 2.13
MIgangivesgniinnsaalld (T, Mldainnisimunia 2 a83a31n N9 TG

lAEALIN WNUAIEY M F9a0nAda9iUsnIINITASEAIGIANYDUTDINTILUUNAY (RRFIAAUY

9 Y

v v W

N3 DTG ) 8ngade N Fudugaiiudnisszwmeintudadugaidududaduuunsi TG 90

' 5%
o A =

Eunsa N waz M dndufe yafiinaamgiivesnisinlilea (T,,) waraunginauanniswalngd

9 9 Y
(2

(T,) fie YaficenAceItuguUiiasanuunI I TGA Wansyuiunsaanemauan

Y9

2 a

Muthuraman et al. (2010) lauansn1svngamgivesganinnisinlnlaainnisldqeid

al

89313808303 mMTNATUINTAAINNTIN (DTG 30 A) wdFsanauuuinnudsludnadu

9
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N5 TG (37 B) nTuaINAUANTUYeINIIN TG evmadaiuLdulN UL uYeIRANINITISY

UanUdaeansseme (3 O) Liideaniduniuiuiununsdnaisiegansdaunuuey (3a D) vinl

a1u1samgungivensialnlaainnsiu TG uag DTG 31nN153AT1E TGA fauanslugui

2.14

In/n’]() l(Y(‘J

100 -+

80

60 ~

40 -

20 A

0

A0 e yns

.’

!
g
i
I

T [K]

” 1 T T T b 1 4 ]
300 400 500 600 700 800 900

1 T

25

- 2.0

1

F15 IY

DTG [mg

- 0.5

0.0

1000 1100

Y

JUN 2.13 uansisnismeanngiivesaaiian1sanlnle (T,,) uasauvginauan

nasin g (Ty) Y001U%AW/A19a (Wang and Yan. 2008)

UM 2.14 Msvgum

60

50

Weight Loss(%)

40+

30

20

DTG

TG

-y

0.6

-0.8

(0r1%)s507 WBIOA JO @aeALIa

10

100

200

300 400
Temperature("C)

500

600

(Muthuraman et al. 2010)

T
700

afiAnlnaINNIIATIZIINISIURs UL UaINMINYR9E1S (TGA)
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PMATNA 2.4 agudnuasnITnbadeiy TGA  veadioimdsineignyngeunield
91INARNN 8n5INTIiAINToUN 20 °Crmin wuwemdsdiutaynviniigamgiinisasali

sndauiiu dulniva egrawnn JuluddiuansiTuafaufisengininaiuiu

M19199 2.4 UAAINITIATIZVAANBUZNITWIINEME TGA YBlaINEs199 (Pichet and
Vladimir. 2015)

23

TRIRIGER auund (°C) 914994

9 Y

o=

gamvnilin  Peak 1 Peak 2 Peak 3 gaumgiifiaugn
)

q

T (Tign Asualung (T,)
Fuyiia 398 a71 . . 700 dris et al. (2012)
AuRne 220 260 360 - 505 Sun et al. (2010)
Fulsd 180 310 360 : 730 Varol et al. (2010)
UgnNon 190 330 440 770 880 Varol et al. (2010)
LgLae 185 330 370 440,760 860 Varol et al. (2010)
dduengu 250 300 380 520 600 Yang et al. (2012)
Wasnmung iy 260 310 485 - 620 Arromdee and
Kuprianov (2012b)
Wasnddden 290 335 530 } 600 Kuprianov and
Arromdee (2013)
Wannugw 250 350 500 820 830 Kuprianov and
Arromdee (2013)
WNAY 273 315 500 - 584 Zhang et al. (2015)

Xiang-guo et el. (2549) 1avinn1sAn ¥ LR SIUVD AT DINAIHAUTENINUNTBINAS

U a Ql'd ¥ [ a o ¥ Y d‘ a 4 d‘ g £y
dnuiuniiinasivenade Tngvinmegeunisinlvdmeniedinmeinisilisuwdasdimn
\WoLnaa (Thermogravimetric analysis 130 TGA) anunsaguntinvesiisgiudamasimely

(TG) #3pons1n15MeluvesdmindIag19 (DTG) Wisuiuauunainsarial neldkauluvas

9 Y

a 1

8m51N15UBUINNALAZIATINIT AU DUNLANA1INUY FILDNSNafan15WAs UYL

waraaumnd wagmilainisunlnlivesdeindmanvesdomasuiiy dyaialnigamgiianda

o
v =

gravde aatuddiemdsauiudundnidinans1detnluniudnsndiy 10 30 50 suaisu



40

Fananlanurgaumgivesnisinlniasasldnaluniseninianasdneiae
Vamvuka et al. (2011) ladainngadnliuazngiinssunisenvdvesemadatiuianay
Unlud lnsdin1smdandsaneg iddvsnasenisenluiunuisuiieuiu wasdiesuiengingsy

4 t&l a ! a = ‘&’ a ¥ = [ Qtﬂl
nsnlrsivedrandsurazydasiniudemdmaniensin TG way DTG YUBYNUGUNNUN

leanmsiieszat TGA Tasannisvaassaguliin guvgiivesnsinluuazmsunlvdiaziiiady
ymnoymavesdendsdsuialng TuezUiinuauduresdemasundy Sniadsagddn
demdednluddlenaufuidomasinmaduaranunsnsinssuiunsmnaaiinnuieulasiigad
Mndaiinsgaiin eiitmiinanasundian @eidnisenlviiniian) wosnafiduiigeilily
nswnlnd Tngazannsameuvgiivesgaiiinnisanlile Wensiugumgivesnisaalu 16

n1sieuiisunisyedialnlugadaiaeiigdstivenisialn@amlaein dnsiniswilvdiuin

=

~ Y Ao v & | a = a g v = aa o
‘V]E‘j@ W]EJUﬂ'UL'Jarﬁ/ﬂﬂj@mLLV’\LiﬂJﬂich'luﬂqif\]u@ﬂ‘f\!@@@iwLLagL’Ja’]WIGUT\]anQ@]V]lIﬂ']ﬁLN'{L‘Villll']ﬂ

q
'

Nen

9

)

a

Muthuraman et al. (2010) finw1Uszansninveanisilugaiuainusemeadulailde

'
aa v 1

wagauNIdnd g9yt A uReaUi uvgrIakesAeN15IATIEY TEA nudnisurdn
YzyaegiiunLFeuvivezyaroa lunuviioudamaudamly Juinladenonsnauuas
wlngdiuau lnggungiiaalvivodysinfeunanve sy an 08 1 VUL UNTIUNETTENY

Uaagaanun f9laviinisidseuisvaunniivesnisuandassansseinewazaunnilna byl wuan
9 Y g Y

a1 o

vozyanlosiinisvanvaesansszmengunainviligumgiaslifidimndidiuainyszime
sulnfifouarUsemmduife duiliasulsigumnifnlidursulsiumuganniveanis
UanUaeeansizme 1esanUiunaeendnuveezyanesiiunnniawiuiidudiudael
Lﬁﬂﬂﬁﬁ%waaﬂ%m%’uﬁﬁu Lflumﬁaﬁuayum'ﬂﬁmuﬁuﬁqmmﬁﬁ@h@ﬁ’mLﬁaﬁ%%al,wawaz
T CTHERIL e PRI Mg é’qﬁ?uﬂﬁmamaz;&awaﬂﬁ’umuﬁummﬁwamzaznmu,as
ﬂ%mw‘gaLwaﬂumﬁzjumwaﬂm’m

Liu et al. (2016) AuamgAnssuniswbadvedldld Tdlivesiug aw wagnisnauves

LDNAITNAUAIENITIAIIZI TGA SIUDNUIDNTNAVDIDNTINT LAAVDIDINAN ML UNTITLN LA

3

d' a I [ v PN aaa 2/ Y
VDIATOIATIEN TGA ‘W‘U’J’]E]miﬁﬂﬁiiﬂﬂ%@ﬂ@’]ﬂﬁﬁmum’]LW&IUQﬂiEﬂﬂ’]iLNWI‘WNLLaﬁﬁUUﬁ‘l‘éu

a a

A5 AT USEANS AN 99U 9n9edananinnszuiun1sneswiatuvinlaldlunesluad

1 % = o

anssvimetprausiiAnnuTeu dndiurenin wardndiuansuounauivinliaumgianialn

9
[

Yy X = o 9w a o ' a 9 v o a |
wazn19n tnligedy devibinginssunisunindvesldlineslvdlndldsadunginssuvesaiu

[
LY

aatungAnssunsrndvesau waglilanedlwalsuansinginssunratendesiu Fadunis
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guduinlunirgnamnssuausaldlilflivesindnanduarwduemasdsd lnelddasdingg
USuugevionbugiiig
Mi et al. (2016) lavinsAumansauzianizvaanisinlsladauaznisienivdvasliline

vV

all [ 4 = ¢ =t 1 (% d’lj a 1 a Y o a aaa
Siauagldaunesiva Favmulmdnnaeaindsinunssuiunsveswiatuaziiiaufizen

Inlslada (nsUanUaseansseive) Moangligadu armiudougelulesidudamiuduiivosas

dy a all s o L% Y a Y dy
vouandwmesInailrnseurunswnludifnlafuniy

2.6 nsEUuNsNswlszUdauaaliludomas

= = &) [ 1 a

Prnakazredenianisinunsannsanussvlvidundsnuldlagriiun sz uiunisid
ANTRU LTNa nToIdanenmssanslagasUlusun 2.15 nsyuiumagamiuseuludagiud
< Aa I~ a a o a o & aa o
JunfesluglsUuasuauinn vasinsnaneneatealuanigewsn Jagduilnsundiliaduy
Faoglutuimuazyinisvaass (RD&D) Feillunssurunsniivseansnmegaunnidleieuriu
N1 bl daunistulsladauvuiadveglugrasuduvasnisimun winisldussleviann
Fouwawesllandalunisdaiusaznisaudna nisldnuventomasne Tdlunssuiunisnde
Inlihagliussangningudelduivlsanuouiadn ssuunisenndidussuuinldiueding
n319r1 0 nung AulsseuvuIndn A5z 1sRYIIUITInm(n 1 sulnkaz N1 o)

a 1 % o oA 3 d' o A a a Aa R

NsrUINNITRING Wi dhduiivilunssuiunisigniiaueindussansnmia (Bridgewater et

al. 2006)
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Thermal Biological Mechanical
Conversion Conversion Conversion Product Market
N N N N
Pyrolysis > Bio-Oil
Gasification \: Fuel Gas
Combustion 2 Heat
Fermentation > Ethanol
Digestion = Bio-Gas
Mechanical »  Rape-Oil

JUN 2.15 n3gUIums Wandnet wagnsuszenalddmsunsnandeIndsnndiuna

(AALLUTIL127N Bridgewater et al. 1999)

aguAensuUssutinialiiluunamdsnunsevilalasldmalulagnisulsgy 2
walulaguan Ae 1) nszvrun1sldsuesAusznounIstaillanei5Tadl (biochemical
conversion process) LW A15usA (fermentation) n1stosaatsluulsiltoondiau (anaerobic
digestion) 2) nsgurunIstUABUDIAYTENaUNARlAlINAIIUAINTU (thermochemical
conversion process) @nsaiuunesntiunsyuIunstosslaon 3 NSEUIUNITAD NTLUIUNIS
Tulsla@a (pyrolysis) nsguruN1TLAETLATY (gasification) wagnseUIUNISNILUL (combustion)

anuazANLLANANYetAaznTEUIUMTTUTLegiuan e nldlunsauliunisiag
o s P AN = I3 ) aax &

nnUTEaNAvIaNAn S uAnaN NABIN15 NTeLIUNTWAsLRIAYsE N UNINLATlLAL 5T ALY
q‘ ¥ o a QAI ¥ U d' I [ QAI 3
nszvIuNIINidannglunsiiiununsussesnIdefisuiunseuunsasuesdusenau
mapiilpgldndanuanuiou wiisnstilandndaeinliwiuen Tuegivaausznaumeniives
= o g v A 3 = Y o o ~ |
Fwaa vilvinssurunisnisldsussaussneuniuailaglinasuaussuiaauuiauls
wnnImlukiveIUsuuwar ANV INER S ug Nl Feagyinlilandndudidieg ey

' a I3 = aaa a
Wa'm‘lﬂa']ﬂﬂ')']ﬂi%‘U'JUﬂ'ﬁL‘Uaﬂu@\‘]ﬂﬂigﬂ@‘UﬂqﬂLﬂiJI@EJ'Jﬁ‘U'JLﬂlI
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2.6.1 nszurUNSN LludidINIa
v A [ < ad a ' ! = = < (%

nsundvsemsduny iWuignsiiniuiuasdeiigalunisuussy Faadundnu
(Yang. 2004) MswningdadulvgjasldimgavnduliviewdentiafiameqlusUresily

nasuaufaunmsR brdfendsunannuyudldiuegyniull ndsnuanuiou
1NN 90% 11ANTINE AuTeuLaznIekaliinAenanlaanns vl auseud
lia1nFauraiifinnudndudmsvyivuunlunisisznavemisuazliaueugu diu

[ I o H . Aaa &, & a ~ o

AAgnamnssuarldauieunudeloun (boiler) NiiTialuweinds aunedululssine
wuniulasuanueuguaneiiiusaseniislaenss daunsualiiiiensdiunaennidaainnig

o & a o 2 a v a a = a v
wlndvotyonielinianfoynsuAuvesianssunIeasegivgalng Felagunfiuay
nngramnssnagldndiaruiouainwamintausudiiiduleaudugaielududy
Aaiulinyudundsuna wazsamandiiuesesiudalnwin vilidanssualin daliudy
wiadgnnldunueamaINHeada

V& aaa AaA a X 1 I ! & a a =

13T NUSAST e NARNAATUOE N TINTITENINUTDNAWUAL DONTLIU WREY
wasnuadiluanudousazuaseany waslndndasiluaisvaulaeenled U1 wazid e
dy a a L4 a ] ¥ U o ¥ .
Wolndsganaainn1ar vl asgadanialy 3 9aelaun 1) nasviuvia (drying) uas
Devolatilization 138058 UIUNNTVINIUAAYAREANUTULALEITILNE DDNUIANLYBLNE
Tngvlunszurumstiinyunieluy 0.1 s 3ntueuniraglisunusousuigamgiinlslaga
2) nswnlndiansseme (combustion of volatile) inanlnlslagaveseuniaeindsduna 1o
semeansdunidnun vl svgneendled legeandnulusniafigniednmioudiuieinas

'
a a

unaviligamaliseueunaiinasuednssings aulgamgliiesefiagviliveudsdiud

]
widefalulle aglsfinnn deldtufiuiianssemeton diuarliannsafalily Fomauail
A douESLaNUMATEYY Wy 91nnhue WEouRd %Qﬂi%’l,mlwﬁifmﬁ’uﬁ'uL%@LwﬁaLﬁaﬁﬂﬁ
nsunlndiduluded 3) nasnludiaiund (char combustion) Windundsainlnlsladaduan
as Inefianssemeiinnisunivdndens fudunszurumsamsmnlnivesdumns fauandugud
2.16 navesusazsdensgdeuatriued fuasAussnevtedemdriilanudu ansseme

Y

BuvSE ASUBUANT watawin agunteeiiedln dmSureInAudiuInan NTEUIUNITIY

v
=< o

ANazPTUMLEINU Waludamasudeilvauasiianaunssuiunistunsengiu (Borman

and Rangland. 1998 ©1984lu UAT NiNe19A. 2552)
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() NS lutiansseine

a4

@53umel : CO, COy, Hy
H,0, HC, wifufin

M3 M

a X
ANNWTUNNYY

@) lnlslada

e ——

S —

WNUNANAAG

@) N5 lusianuans

a a o ¢ o o a X a =
gﬂ‘i’l 2.16 NFZUIUNTT NARNNUMN LLa%ﬂ'ﬁﬂingﬂgﬂfljﬁ']‘lfﬁUﬂ'ﬁNﬂmLGU'EJL‘WﬁQQ']ﬂSU'JlI'Ja

(WAS ANeN9A. 2552)

nszurumsen ludludowmasmiduve wdeazisuaineendauasiindudatuina1sus u

AnufAse i lndiufansusuueuuenlyfaanu ndintulziinisUdssuianisuouueu

wenledeanuiia wazrdavneaziinujisensenineaisveuneunenleniueendiawimdu

asveulaeanlen Ujiseimatnlndasgnisalalaenisuadoundudeliivuednas daduns

ilanssewmenegluieind (volatile matter) szwgaanuilaisiwazirelimAan1sHaNiu

91N1ARTY (Wgua YUInes. 2550) Fadunaun1siinuffseanaunsn 2.14, 2.15 uag 2.16

doluil

C+0.50, »>CO (2.14)

C+0,>CO, (2.15)

CO+0.50, - CO, (2.16)
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& a da < a v 2 A A 9 ) o g v
LSU@LWﬁQVILUuGUENLL%QQ%Lﬂ@ﬂWﬁNﬁNLL‘U‘UIﬂJ WuULlLaLmeINy (heterogeneous) %QQ%WW&L‘WN

[
a

S A & a v U o a o A a aaa Aa & a v
WUVIN’JSUENLGUE]LWﬁQIUﬂqﬁaMNaﬂua@ﬂgﬁ“\]uf\]’]ﬂ@l Ao ﬁ]gLﬂ@ﬂaﬂifﬂLQWW%WN?%@QL%@LW@QLGU’]VL‘U

' o
A [ YY) 3

5089 AetuaziuInN1TeenuuUsTUUNS lndveudawndaiiluvesude sy lriinuia
o [y aaa ~ A < v ‘:9‘; a val < ~ a z:’lj Aa o W v
dwsuuisenunniaswiiazdululd lnensuawemddvitivunnidnas ieiiununidudsaly
dg” Y 4 v ° d! a o QQAJ = |Q1' = < a
NV (F¥ansal wianan. 2556) Feluawidelvwindiuiaszegivuin 5 mm. Faduvuiad
wingaudmsunsenindlumenngdladiuawuumuiu
Wawmdwdeiasusenouiiinniswnlviiulsesnlaaessiinfe slamiduaissewme
(volatile matter) Wwu 11 lalasiau arsusy wazadaldiluasseine 1wy asuau d1nsu
ansusznaunliifianisw g lawn Aty wazaisusznavaliunid URAsen s lng
Womdwdwanarlunniomdsnaazuia ndwiniaufiseraglindasadilnlsladads
& a o ¢l v ° aaa ] a o« a & < o P
LWUUNARNUNNNDIN Ugmmmaiﬂaﬂ UADNANTULAD WNALAZVBILTYYS AR ULLNFUTENBUAIY
CO, COy Hy, Oy H,0 WaysunnanssewiasioNuing (surface flux to volatile) vasouniatioy
ponBlauvziUfizendusiasinany anrswnbudiuvunanldiluiiloweaiy
(heterogeneous) vaduiawaazwdn Tun19msIAuYNANUSHIUANTIE W EABNUARININALI
Y a ) 0 ¥ a Y o aaa o & & Y aaa a v = | a & = v
wihntestuliliesndaudiugnsenduie unaliujisenintsenseliiin asuuiie
lianfieliviinamesaissemeidoantasdsaziiaufizen ludwiduvesudsdmana szl
Aauasenniswaludluvaitu Wessinuiaiiinainnszuiunisinlsladaas tesdulala
panglaudiuisenaveangiideligimenziiauisenniswaluvg ndsannuianig

= a aaa =

NnuJisen azareimauseulviuaisueulvidoumgiadsgaiinuiiseuasitunauns

9

\WnUfNseesaNns 2.17

C+0, > 2CO (2.17)

agulainantdguiienandrenu naifisawsluniswnndateluwimdadudn
Uadenilandnasieniswning danulunuifedsdenldmmindvgdladiuawuunyuiu el

Wormaseglumwnununenasyilviianisilvdilauniae

2.6.2 ssuungdladiuanuumsiuau (Swirling fluidization)
watlangdlawdu Wuwedanlasumiudenluiinsenamnssuiluegranntudagiu

\Hanniluszuuiianusanauausinufsan smanugaamnsslun1sanduunIsHanuas
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inseuIuNINNARTIUTEAENMABUY n3esiiavgBladiunililugnavnssuauinlvg3s
lognasnetu wasauegTInsmsluglsuuazaisn

\un (Bed) e eranwaluiensmeaesiiiviunauiinvesudsussegliinveaudatiuy
wogilasamdeulmimevativanislunennass Azdiseauduanaulaneidunsunsasessu

= < Y] [23 . . = (% A a 4 I o £ o I3
wsoLuRInTEateuia (Gas distributor) IudeseAugeanvsermtnvoulaun (@UAnG A159A
LA, 2528)

Wgdlawdu (Fluidization) fie Usingnisaliiiiliveudsdsiigusrsanvausdudaniotu
deduianuvesinawdndavesudunariazuszngffaaisvesiva esannisdudaves
Yo3udanuvedlva delaufanniarsevauual lnanisausaveslralfas sindINanodnuae
voegdlatu fio Wadlawduniluvesmaimsveneivetualulusgnainate nsaoed

v & | o P’ ) o - P & o )
wazn1snyuseudnduliegntipseniuauuuilin weaiaue niowaniduiilomedfiu
dmsungdlawdufiveslvailuainiadnwazuainatuazuandean il uve wnaluin
w1z dloansIvesernAgen e dafivinbitianadladiuauda e1nieduniadh
PO IALAAN15a0 AUV ITI kA DNAIUNTITANFIAUBAINBFIN U U DI9 1N 1ATUY
No99INAARETUNILATY N IAIAvD T 1808 AAR I UNDIDIN1ATULIPNE WinvaLTIntelulunall

dl' d' I~ I 1
nswndeun lulUegieyayuiuiieg
anwazvengdladiuaiiiaifiesainnisdudaiusenineiniatazveuwdaiinay
adududou lauialvadannsuumnseateuia (Gas distributor) WazdanIFLARRUTHULAE
ApE S WNASINIATI IAAAUIINGNI5alANIAIgUT 2.17 Faanunsaduunveuunueiad

At (Regime of fluidization) Tgsted
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FIXED BED BUBBLING SLUGGING TURBULENT FAST PNEUMATIC

OR DELAYED REGIME REGIME REGIME ji FLUIDIZATION  CONEYING
BUBBLING 7

\
AGGREGATIVE FLUIDIZATION

JUN 2.17 gluuumislvalussuunadlowduse winee1n1a-u8auis (Grace et al. 1997)

2.6.2.1 waily (Packed bed uasFixed bed)

doudlnariuuntuunfisnnusaen veuisnansiieguuiinszaigarinedaiiadl

wwdeulvy Liaslvannpglumutdesinaniedluiun Sendnyaziuakuuiin et viseiun
= d' Aou v s % ' < 1l dl' Ao o 1w aX 1

anatimaefeundmsiunlwdauninvasudsluualdiinsindeunduimssetu nsdlilisendn
waLAdouA (Moving bed)

~ 24 = i a = = o 1 <

ilaufiandounuunilngiiusuiosnnmsivareselva nsvvidesuniaveudsly

Aian1enisiva enuseilausadeaniuiiesainnisiua (Drag force) @saznelminAiunuan

(% '
a = a

(Pressure drop) ANATBILUALY AINFUANATBUASDARIINGIVBLUATITAATY AzLiiuAIY
AR AaTNTY Feanusariuaulaanaunis 2.18 Ergun equation fall (Kunii and

Levenspiel. 1991)

AP 150U (1-¢) 175p,U° (1-¢)

L wF & wF &

(2.18)

2.6.2.2 wanuuWasia (Bubbling Fluidized Bed)

domnusuianaiouiiiuiuadaiuTuauian s IAnts oun1AveITIIEINA
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= & g o Ao g o a a o - T
N19AFeUNTY ANLSINgATsunAISITaatunsiAangdlaedu (Minimum fluidization
velocity, U ) Wagi3aniua sy 9ai31 Minimum fluidized bed &adugausniiouninvauds
Usengamindgvadlna dmsuainnufuanasoutun o IadilAniidudidnuesun Aty

LsadeAn1uilosarnnisiva (Drag force; Fy) MinTu oy gallanunsauanslaisaunis 2.19

FD =AP-A= AL(l—g)( S—Pg)g (2.19)

A A9 NUNVUIAAVDILUR LAy

L Aia AIga29Un

Jaguaunsinlagldnngigaveigdlaedy  (minimum fluidization condition) AseuNg

2.20

f—P = (=20 oo —py ) (2.20)

mf

loe? fviey mf uwnunemaaniianadlawi

dmsuanusananlunmsifangdlawdu annsedwnldanaunis 2.21 uay 2.22
2 3 2
(¢dp) (,05*,09) Emt dp(ps_pg)g

—Re_(20 ey = : . (2.21)
¢ " 150 U 2 1-4£% 1650

wp (ps _pg)ggrif < dp( s _pg)g

—Re)1,000 U, = : <
Ywt5 Py 24.5p,

(2.22)

IngiflaAusuAaRuT Uy A a o WA AIUIAEANTIUIUNINNINATUE1VDILUA
= A & & . a g & & a v
LSENLUANENIZUINUALUUNBILNE (Bubbling bed) kagtsanAuLsIuINAINULIAIUAUYDINITG
\Annes (Minimum bubbling velocity,U ;) #3anuisisgnveanisiianesiusgivaudiives
voduduegnuin tnsvetudiidneglu Geldart ngu A azdinnnuddnanlunisiianeuiaes
neusnaalunsiiangdlawdu (U, 1nna U, ) druveandsndnedlu Geldart nau B

=] < ° a 123 - < ° a al 1Y o

way D Azdianusnantunisifianeniawinduausiaalunisiiavadlawdu (U, wiiiu
U, ) sadusduuunisiiangdlawduuuvvaniase nseuuuliinosufia (Bubble-free

fluidization) FsAnanizlunsfiieyninveudeneglu Geldart ngu A Wiy
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Tuszuungdladiun nszvaumehliuaiAanisiadeuiivie fluidization Tagvhluudes
Anfuaynielundy B uag D 104 Geldart dan1saziinnisngdladlatuaziuogiuniaden
ﬁummaamgmmmzﬂ'%mmuﬁ”aﬁqhaL%hﬁ'mmzammmmmL%ﬁ']qmamﬁwQﬁiwd%’u (U
warAEwaaiviliiAnnsIvafianysal (Minimum fully fluidization velocity, U, ) uag
AINNAUANATBULUAGER (Pressure drop maximum, Ap,,) dnwaeainaausawsenta
3 929 (Jing et al. 2000) A® Gzimﬁwmaeujﬁ'q (Fixed bed regime), d3ufinnashuauisdiy
(Partially fluidized regime), LLﬁ%’NﬁLﬁﬂﬂ’lﬂﬁﬁﬂﬂJUﬂiﬂj (Fully fluidized bed regime), A4LLEN
Tuguil 2.18 bubbling Wgdladiun WuwaRnssunsiadouiveuniifesgminldlusnll

\HsnuseiuanAseuuandsnanuswiadaignit U, szadildfinisiudsuwdas 3ade

=)

WAIUAYL

3000
1P e A. —m— Fluidization
2500 /’ \ —&— Defluidization
T 2000 n \"\
5 ! N\
— /
o 15004 n
< ™ fluidized
4 <
- ] or spouting
itk fixed bed E_“.*———-——_.___ B co
500 - partially fluidized B!, &7 ©
0 '9/ T T Mot T T Ve T
0 1 2 3 4 5 6

uuﬁ(m!s)

gﬂﬁ 2.18 Ap — U diagram @nsuULAEMILUANTINGIY (Jing et al. 2000)

n1snadladiuakuy swirling azuans13iuwUU bubbling fie ksadunnAsauuAly
swirling fluidized-bed regime %LﬁmqqﬁuﬁaaG]Lﬁammﬁwawaﬂwaqﬁu Taiwdlounu fully
fluidization bed regime Tauswuazasiilafinnsiuasuudas é’fﬂgﬂﬁ 2.19 d5lgannisdneinig
wguaumauumﬁLﬁﬂ%‘uiummuu swirling fluidized-bed 984 Sreenivasan and Raghavan

(2002) TuvaugiiiugnsnTsivnavese NI WuNISNaN1INARBIAIIUN 2.19
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40 T
s d=25 mm a
. =3.5 mm a® *
-] L
o u““ .
301 L ofe  My=15kg
O g
g0 Maﬁ--’f -Dn*niu.
(Ap)s >
o *
20} s o n#
5= oo B A
§ » FIL L
B e oo e 4"4[,:05*.9
oG &
10F  a ofe gagte®
a [
& -
o DB .
o
0 L " | L
0.5 1.5 25 3.5 4.5

Superficial velocity, Ins;l
UM 2.19  Auduiusvasnaluasiousaiuanasexluwluy swirling fluidized-bed

(Sreenivasan and Raghavan. 2002)

YangAnssamswgdlndiuauuunauiuy

ussfunnAsomuaseaImislumsinavesonruiefioglusuves Ap—u diagrame
azgnuandlaeiFoulelunimaaeuiiuansisiu a1nn1snadeveNNNamaRsUe 101N A-LUA
(Fvannsal uiandn. 2556) Insiundilimasdou fe n3e wudt Famginssuvesnsigsladiuans
snTwUUUmUITaanIauUseenliu 5 929 fauanslusud 2.20

0 = Adrsiuavigais (Fixed bed regime) Tutasiiauifwosomaiiridoslumed
ussduanasesUalidgetuagiiulidn fauldegdnduiuresaaiafisadntes us
ngfnssuvenuadsnmgaiisegiuil fnsndeulm sumamiEionirgeduieeussaaues
nsngdladuU Lum%uqumL'%T'mﬁmﬂ’mﬂ?%aulm

A— BY19iuau19dIuiuindeud (Partially fluidized bed regime) §aasiinisifia
A Az udsusIRuAnaT N ATzt uEosY lwauduBuiiniedoul Feaunsn
Hunadunesenimindudn ilafiuvuaneeaiun unseisanaivesorniadauiiiy
U o %58 minimum partially fluidized bed velocity S?fﬂﬁmmL%f:t,l,iaé’umﬂm'amungﬂ

Bl AP, (pressure drop at minimum partially fluidization velocity) uazilAauTaLaY

Y
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Ap mpf

Apmff
| : Fixed-bed regime
11 Partially fluidized-bed regime

I1I : Fully fluidized-bed regime

A IV : Fully fluidized-bed with partial swirl
regime

IV : Fully swirling fluidized-bed regime

Pressure drop across the bed

Lpnjpm v v

VN v
e Mooy U Unnst

Superficial velocity

JUN 2.20 Diagramva9lUaeussfiunnasenuanoraisdmsy

nsigdladiuansansIsuuuy LY

B—>C Lumnﬂdamﬁmmsmﬁau‘ﬂ (Fully fluidized bed regime) liiaA11311578171f

Wuduaunseiatsnswgavesnsiianadlawduegauysal (minimumn fully fluidization
5 <@ 1 1 @ &

velocity), U« A210157ANASBULUAILANAI0E195IALIY 138 AP, (pressure drop at

minimum fully fluidization velocity)

C — DwasnuuuiianaseniAluvaeiiuanuaInian1sugu (Fully fluidized bed
regime with partial swirlt motion) wannasudiaundouiivaziinlunoseiniavuinanuas
T Rguuuveduneg wiulade luvaeiisuaniueiuainn1smyuIN ANN5IU0901NA
JapallAniugaTu vsou1nndl U, luvusiwssnunnaseuuadeasilifinisivfsuwdas

o g a X o \, ) . . A .
FUATEYNANUINLVUIULNIAUAT U (Minimum velocity of swirl-fluidization)

D — Euavyuiuagsauysal (Fully swirl-fluidization) Tugetiusedunnaseuiunas

29TDAU510NATINTY LUALAANIITNY L IUTIMLALAN TR UIUIL AA18FI 08719510457
.:4' < A e < a
\Wesananusilunisvyuivasilasuluidunnusuwuni
2.6.2.3 wuanuuaan (Slugging bed)

datiuaudiennialuuauuuresuia Wesuiarineluaziinnissiudiuivualve
Tu WeswfanosTun1vawdsrsgnnoniananduluuazauniave udsagannauaiuidn
Usingnisalilisendn adnfs (Slugging) wazisenaruiiufaniioanusmaniviiliia
@anna (Minimum slugging velocity; U, ) usnainiidanuinvuinvesnasiiaazivuiniuniy

AVIILSIVDIDINTA WATAINEIVBAUUA ANUnTvIAENYEaLAULaEE1? Noufalintue199sd
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yualugfouinduiduriugudnarmiennuniivesun daashlfiAanuuususuves
arudumeluunogan WeauwewufafindoufiniuuawuunowufadintuFesaunsy
1/°?<1L‘%Mﬁj\‘iLﬂﬁlLﬁugﬂLLUUﬂ’]ifg@Jﬁa%awax‘iLLéﬁ\‘lﬁULL%ﬁ%ﬂﬁﬂ’]i‘Uﬂ’]ﬂ@f’JLﬂgﬂuufda\‘il‘d ylosenad
Aetufinsnuiuazuannsyaeoenainiusgiemng augumiloulifieswda Sendn wakuy

Jutau (Turbulent bed) uagiliaifiuauiivesuiaaiiudn suniaLaznesaINIAIzinN1g

1
L=

d' A ' y ' R 1 [ ® A b4 v
wasufegdudiuniiaun auldauisadunsiiuiantvesuals Bendsingnisaliidn
Turbulent 8yn1AILNNBBNIINLUALTEAIINLSIBILAdLTLLINTUIAUAINTINNDaTE
(Terminal velocity,U, ) vataunia senuntuvaeildn Fast fluidized bed w3ongdlaiududn

< < o < o g v a . - & a o <

ANASIEe lneanustenniaigaiiibiluaiuasuainiuanuutudiutugdlawduiingiusy
a9 1380971 AI157 Transport velocity, U, wazanniedoninuiiuiaiuduauuinnii U,
wudmNUIBI LY sl gluuaIUIIINAlBIRIn AL T s AA R TULIN W T UnIT
yudavaaudnenia liianisdsuudaivsuinvesvewdusuiuny snduludiuaaid
ALY Lagvesndeudatonentiseglnaqnilivesun Seniundn1ieilin NSTUEAILUULUA
199974 (Dilute phase transport regime) #30n15UUEIELLAG (Pneumatic conveying)

nsdenvuIAvatuAtusEuUNgdlntduluunyuIu

Tuszuungdlawdu AuandRve el 1wy aun JUSI waAMUULILYEY Tinanonis
LrIuaREvesUaITlueNIe vsonsaIulauNIanar ALSoUTE MINNYRLTIRaT 91N A 9L

= = wa < A o v = = a wa B

n1sAnwianavetantivesvends et deyanialulvlunisesniuunseuidnislumies
Ufnsalluamamnssulidvszdvsnmunndu Wnevluveswdslussuungdlawdu anunsadiwun
1w 4 ngal mu3ves Geldart (Geldart Power Clasification) lng3tas129inas19u83A14
VUYL U INIALEY TUIATeIUR IudLRdeR ARt U UN 2.21 dnuaizvetouniaty

wraznguesualanal
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T ll‘l] ¥ i IIIIIII T

D
B Spoutable

Tllllll
1 llllll

T

AN

Sand-like

1

Ps - Pg (gm/cm3)

0.5

L |IIII'

| R llllll

0.1 1 11!1!111 T byl

X i

10 50 100 A 500 1000
dp (km)

sUfl 2.21 nsdtunnguveswewdilngisuns Geldart (Grace et al. 1997)

Group C Aa Cohesive 3o very fine powders Wuvsudsiifivuadninn foania 50
lalasins vosudenquilssiiongdlawduldon esnussfagassninsoynnazgunuas
finsrdusiududon wu maud wiedwud Wusu

Group A fie Aeratable \uveaudeiifivundnuslvaininngs C uazanumuIuyusi
anunsavihlfiAevgdladladne Wuluauuuatiiase (Smooth Fluidization) firasi5Ie1nAs9
(U, ) uagfimuiiienmagaqianisarununisiianleseinials leilumsifiangdlawduas
liieveseania gy Fudauiienisuendreesledtsiu (FCO) iufu uwiasdugaEuduves
nsiinngdladuuuy lanesia (Bubbling Fluidized Bed)

Group B A® Sand-like LﬁumaaLLéﬁaﬁﬁmumaqﬁluﬂm 50<d, <500 lulaswns uay

ALY 1.4 < p; < 4nSusegnuIAfgufuns A21UL51904AaNINNT1 AIIHLSY

'
o

iga nMaiavlgdlawtudunalideg Lwiﬁw'ﬁwaeuaqwaammmzqqﬁu uaznlanzdinislodu wu
510 Wudu Jefretramaiemgdlawdunuuiuavesuia (Bubbling Fluidized Bed)

Group D fie Spoutable ifuresudsiifivuinlvguazarumuiiiugs fduiadanigdle
wiulden wazdnagiAnusngnisal spouting 38 1Anvesinsveinislvasinia Gaagiind
UShamsuansesiun 1w Wanusl sideuiadaden Wusy
Fsvurmveausluszuulgdladiunuuumyuiuiimunzauazeglugis 600-850 pm.

YRveLUABgly Group D (Geldart Power Classification) Yu1auastuaiazdinasionisiien
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ANENUALTEDIINANGIUATNANSENUARAIMNINEVNNAAERSYRIN1 TN BlAdIuA (AI57

LAZLTIRUANATRNLUA) kAT TIAUANATINIUAILLINTULIBANNEIDLUAZUY lnglanizog

'
a

smméﬁ’umﬂﬂﬁ'amLUﬂﬁLﬁﬂﬁﬂuﬁiawaqmquSlﬂ%U’mdau (partially fluidized bed regime)
Falusuddetuizadensuavesuailélunisaassie 600 - 800 um. dafiutaeTivmnzay
fAumNEedl 20 cm. LATENLNIARALENVLAUAR LA LN oL LH
mAfetuildmdsdsruunanivifvnsauiuinnauas toliinUssansamgsan
Jadenszuunisuninduuungdladiun Sndisléfuduuziuarnisatiuayudusgieitenin
n3.Svmnsal uinan fildamadanisvuau (swirling) wianldfumumgdladiua Tnenns
f\hammmgugﬁmuﬁamzmaamLLUUIUW@L‘W'alﬁﬁmmﬂmmmmmﬂﬁaLwauwumgmu
wgmaniuauaelusisstsiussernaitemasoglunlduiniu fenedahlid
nalunsunindvesdomasiduiuty Suhlisyavsamnsmnlviigsuseranuaniazldin
Y warBnnisdofvasnminvefianismununldtummngdladiun fe Wowndsilivuadn
110 1 reilkdes autsagniniludldlaglivaaasseenluainiean mszanuLsIvINITIYULE

a

% =3 dy a a dgll aa 1 1 = Y v =
AnnuLEenaslaluen Tusngiaemdsidauinlug wu wWaenld fawnsawlndlafingedl

natlunislndiuutudausaindanaaintlausoluainadleundulamas wievene

YOULINYBITIDNTITINIAIN WY wagBahnswiumianngdladiuansingiy Felldesiae
d' 1 % 4 i = < dll dall d‘ Y @ @ d' d'

9N1ANYNINLLUIMINAUANIL AN gL dRIIINHUTTAanTInTIetdnastuvuziidle

o X I3 d’lj A Y @ Al Ié’ v o a dyd Y A
9TINARDYANIVUFIAITNLIIIL AN LWi’]%‘W‘LAW%u’W]@VﬁQ‘Iﬂi’JEIVIELWEUUGU‘IJ patuaddeiisladen

wnbrdindadiemdsdualuwsnngdladiuanuunnudmiurhnisvnges

2.6.3 81N1AdIULNY (excess air)

mamﬂwﬁﬁauyjmﬁwLﬁmﬁ‘ﬁymﬁaﬁﬂ%mm%@LW%&LLazmmﬁﬁmmzau (fuel-to-air ratio)
nanfevsewnanludnsidmiignies a awmdls eldanizfeuvesnaiisswslunisin
luﬁLLazmmi‘juﬂauﬁamiwamﬂqﬂLﬂé’ﬁzmwﬁat,wéqﬁummﬂ (turbulence) Fnzay

USsnaiansdusiug (stoichiometry) vesmsunlusiduiseafsfugavesnaluufizen
Aswrlnsidasliausamuramusinavesesndladiwesuioainiaiisnduseniswnlndi
anysallél wilumauiRaseonaidosnisnungu] liwedtagshlAansinlnsiegsauysal
Falunsunlusizaimnudnfudeafiviunnmesenadssruonefidududosvinls

a v al X & o A a v i \ a .
Aensunlnlifiauysaliuasenenmeafiiiadiluidn erniaduiu (excess air)
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o

Tuflugrunisduunawilng Viinasewdnfusidldnnnisaindazgndiuinain
anufgruvesniamnindanysalvendomds fadu nsduamniswiladiaeifugiuuan
Uﬁﬁ%mmﬁﬂgﬂwm Iﬂstms&?&éﬁuLLazmémﬁmﬁmﬂﬂfmmﬂwﬁawjm‘lé’l,t,d CO,, H,O wag SO,

nsvhliAnn s lvdianysal sxdoadulumuiouladeolud

1. Gemafignireduaaudelethazdoafisame (witiefian) nuUiinaeinia

v v 6

FUNUST (stoichiometric air)

a

2. gamail uazhalumswlvddmivsymanuiuasdesniigay
3. Womdsarenadesiiniswauiuogaaysal
gnslunsAnafiomnyiinasdadasionnalviitas Usinaenaduius azlén
NNITIATILANITEN L BUUUTUIUEUNUS LaenIsaunaeynouvedlAars1neIAUIEnay Ax
UFFssnalianuavesniseandindunsueu dames uazlslnsiou
UFAseenfintusewinedusznoudngludemdsiuesndiauluannieliudn fousii
Anaansbndiugdvasuiawning uaganudounsiandduaunis 2.23 (fryaun yaue

WeSH. 2544)

WOLNAY + BINF ——> HARSUN (2.23)
(Reacant) (Product)

Tunszuiunisening arsigvihugasenmtlnivsoiandnag1911dinuinzen laun

[
L4

Wandaroind a1susenauiltandianunludlauwiuieanlvgd lagujasenwnndnugiu
Aasiolul

4 ¥ 1 v 6y 6 I3
1. msuswnivndewanysalliufanisveulneenles

C - 0, —> CO,
12 kg 32 kg 44 ke
1 ke 2.67 kg 3.67 ke

C ke 2.67C kg 3.67C kg
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2. mavnbndegeanysaivadlalasiaulai

oH, + 0, —— 2H,0

4.03 kg 32 kg 36.03 kg

1 ke 7.94 kg 8.94 kg

H kg 794Hks 894 H ke
3. Mmaindegvanysalvesmuzdulauiamugdu

S + O, —> SO,

32.07 kg 30 ke 64.07 kg

1 kg 1 kg 2 ke

S ke S ke 2S kg

Uhinamnadesiigaiifesnisifieviliifanisenlvdiauysel dmsuidomas 1 kg (u
§1U as-received) az(38na1 Vinnsoimaiidesnsmamasg, V' lumie m® fgamgiiuas
USITUITTIN D 1 kg LTDLNAS

g urINITieTsiUTIadiusin s nufinavessenduiifosnisdmiu

mswlvdiFowds 1 kg Widuniswnlvslanysal, 1, (kg kg ) mldainaums 2.24

=§C_+ Sy +7.94H__O_ (2.24)
3100 100 100 100

o

315047 dadiunaveendaulueIniAussena (0.231) N udiIavedeInIe,

L° (kg -kg ) asnsamldansunis 2.25

L° =0.115(C" +0.3755/ )+0.342H' —0.04310" (2.25)

a [y

%Wiﬁﬂﬂ’ﬁﬁ’wﬂ’n&l%uqLLﬂum@ﬂ@’]ﬂ’]ﬂLLﬁﬂﬁqm%ﬂﬂJLLazLLNWUNWG]?EWU (‘Vi’ﬁ(’?{’JEJ 1.293

Y

ke.m’) Unmsornaiidesnsnunged,V © asnsaduandldainaunis 2.26
V° =0.0889(C" +0.3755! )+ 0.265H " —0.03330" (2.26)

NANa1INT NMsnaniuegNanysalvewtandivenieludsidesnisiieriliin

s ndanysal wilunisinlndiase nmswnbngdauysalliaunsaintulanudinagdtgainie



57

s Aduiusgm LA Weliiulainswlnliauysalaganunsaiatulely
wmsielon Usinsemimaiafidnaiduann, V, (m* kg ) asazdesannnituiuims
9IN1ANABINIINUNGES, V I IlaNnFardns1diueInImaIuiy, excess air ratio #38

excess air coefficient F95NNSIEAUBEN9NINNVINIUNITANUIRNNANNTT 2.27
a=V, IV (2.27)

dnsduenAduiuisusdildlumnnvdelen, o, wiusgivviinvesiomnas

=

wagisnsnlng dregraiau Wewnludauiuunaziden (pulverized form) 8ns1dunINA

'
a = a

druiuil a, =1.25 ssvillandndaanannisnlniianaadewalndauinwounsiledly

a

YU o, =12uasa, =1.15%Lﬁuﬂ'ﬂﬁmmzauﬁm%’umnmiwﬁmuﬁuwﬁﬁa wazdnlua
ALEIRAY

wanAasAldInnslug denanfensunlvsiauysal ufdleidslvaenarnnimn
wioudaenantasinniseendinduanysaivesasvau dames uarlalnsiau Alegludenas
Feldun CO,, S0,, uar H,0 uenanil fdledilFnuiiserseninlslnsauiueandiay
Tnevsnamestillfaganmnastuludewdmerennaildlunseninl @uiusiunnuiy
Tuainim) sausts Usiaudalulesien Mdansvhu§asenssrinsmlulanaufuesndiauly
01MA Ly Ausendlauiivdesglunidleids (Insanenirdiuiiu) sxUuseninfuuialolde
shewiioutu ilefiarsananiz mswlntanysaiasusuneuuanles (CO) wagansUsznoud
wlvslgBun (elasansueu wazlalasian) azlidanfiansan

uialadeilion (wet flue gas) Ao uialavdefiilotruey Tnevialy Usunsvosufdle

Gdeon, V, (m*-kg™) azgnuanslugresUinasiaualagleonasudasUssinnuesuia:

V=V, Vo, + V0 +Vo, +Vy, (2.28)

971 combustion stoichiometry, 1 kg-mol (138 12 kg) W94 fuel-C axld 1 kg-mol (38 22.4
m?®) wig CO, fetluU3u1nsues carbon dioxide, Vo, (M*-kg™), @13n50A UM INENNTS

2.29

_224C _,01866C" (2.29)

“ 12 100
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WillpuduAy USumsves Sulphur dioxide, Vsoz(m3-kg‘1 ), al@ann1 oxidation Ve fuel-S

zansamlean:

Voo, = 0.007S" =0.375x0.01866S" (2.30)
iR CO, uag SO, %laigﬁuagj fudnsrdrverniadruiulunaufon U19aSaUTIImTTR LA
d093ggnsiuagluinongifed 13und7 volume of tri-atomic gases, Tne@nd standard
conditions, Ve, ( m®-kg ), avaunsamlaain:

Veo, =0.01866(C" +0.375S" ) (2.31)

[

! @ o 1 ' ! a
DYNNULA V, 5,V , ey V 38UBYNUARFAIUDINAGIULAU
2 2 2 )

1 v

d
e o =10vu NWeaulydTuiuduius), Usumslauiniungunieulvuinsgiy,

Vo m?-kg™), anunsamildain

Vi o =0.111H" +0.0124W" +0.0161V (2.32)

Ingmaunvilsuazassazduiusivniseandaduvesialasiaunazaiiuduniedly
dy a = A L v 6 dy o v 4
WA Y Tineuniany azdunusniumiudulunanldianlng

1 @ P o & a a1 ! a a a H
pg19lsnay Wawnlndiwewddlneiinteniadiuwiu (o >1), Usuinsaswesleun

¥
v A

Viiof m*.-kg™), wuanAInUSasvesleth ANV Fad:
Vi =Vii 0 +0.0161(a ~1)V° (2.33)

FnFUN5 AT UVUS U uduuS USunnsvaanialulnsiauinlaannniswmnluginiy
vawg), Vi, ( m*-kg™), sudaudalulasiaunlsaneimafidigdimunuazanlulasaulun

NU:

Vy, =0.79V" +0.008N" (2.34)

dmsunisinludfdennitddiuiiu (a>1), Usuinsveuialoldy aznilaann

Veo, Vi, Vi o warUSumserniadiuiuisulen (mnuaw) lueniadiuini:
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V, =Vio, +Vyi, +Vp 0 +1.0161(a - 1)V" (2.35)
Vy =Veo, +Vy, +Viio +(a—1)V° (2.36)

whaloldenis (Dry flue gas) Tuszninenimegeunieloul nsasIainAIAINLTNTY
vasuiararlnemllazegluguves uidledouis Ylunmsveudalewdouis vy (m®-kg™), ag
wanssnuialedoidonasslinasvesleun Vy o, 10 V,, aansamildain

Vig =Vio, +Vy +(a—1)V*

g

Forfu Areudaduseguetuialedeukaiinanilunsalododen

aniviulugunistnediu SasdiuonirduiuinaneUsunsveImdn A ugiann A
sl wasduiudsiidfalunssuaamiioleh Tnevhly Snsnediuenadiuivazanunsam
Ieannisiiaszinagladeiivsuliuieseududuresesndiay, 0,(vol.%), warlulasay,

N, (vol.%), Tufngledeuis snsrduemeadiuiiuazmlsain

1

A 237
“~1-376(0,/N,) 230

dadSualulasiaulu@amadsdmdseuin, (N r(2%), BNI1AIUBINAFIULAUILANDIN

2ONTLAUWINUY

a= L (2.38)
N~

faosaumstldldtunnanindanysal frfudensnlndiiiatuliauysel felode
fildazfiansusznevvesinendannlndflivuey iWemududuvesinasvounsuuenled,
CO(vol.%), finu, CH,(vol.%), uazlalasiau, H,(vol.%) dnadleglunsiinsierivesfinagle
Fousts Sasdiuiuagmunansenuvesinsmainfensuoendudvannsadualdan

A1N15R91
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21

(2.39)
21-(0, -0.5CO - 2CH, —0.5H,)

a =

2.6.4 Uszansnmnisienlugd (combustion efficiency)

UsgAnBam Ao \Womdsgnunlndiléd Ineflesdusenevddyfeosifudmasmdsny
fannnssviunswlndidonds nswilndfauyssivou Usgavsamniaelug 100%)
Fululdamglummgul elurmudussaduldldifiaomszd heat loss Ratusewinemis
W lvigl

Uszansamnsuning (7, ) lussnuuuigdladivanuursnuduaisnduiemey
ndsnninsniessnlunsealndidemdsiunaazfionisgy denrmouoonn (Heat loss)
uazBndrunilsazdlode (fuel qas) Aidosiis Usinuarudeudigy dvesnuuazainlede
Juogfunmedade 1y nsoanuuuwn msdenldfinszaean sunvesdung Anuduesds

178 LazdnIIVeIIMAAIULAYE F9UsEANSA NS luiaz iuAINausauenlaIaNtY

wnbngileaunntagiedla faUsanSamaiuisafuanleanauns Suannsal wianan. 2557)
1, =100~ (q,, +G;.) (2.40)

Tnodl q, Aorudeungydelviumsueudilignisniug

a3ueuiilignunlg (unbumed carbon) dAmsulaimngd ladiuanuunyuiulunis
pnFnanyldiannsduiaasnadidinndaiu (ash collecton fignindsagmadiuaiavas
lelanuuinsgsimnUimumiveuiidunielumuilignen €, uarUhinadidiidogifluta

178 (A) fvhadudesiduslaemdnunldlunismuiuniuaunis 2.41

32866( Cpg

- 2.41
e =THV | 100-C, 24D

=

Tuvagidgiiuludmnisnsenindliauysaldasldasueuneueanledasnun (CO) 3
ilvlianuseugadeludivvasnisinindlianysalisond g, FeasgnAmInINAUTLTY

294 CO Tuladunrmanoanainlalaau
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(100-q,,)
« =126.4C0 xV, e/ (Eq. 2.42)
e ST, q

2.7 UANEAANIRNAINATEUIUNITNISEN ALY DINA YIS
1aNBNNNINNSEN L YR LTamaIneadans o anaelalnsAsuaudsUsENouAlY
slalasiaunazsnansusuudwlng iy Juamendnveinisviaisdwindeusdauin s

'
[ 1 a

Usurunisldwemdsdenariiuunduwinlug (wdleuimlusgludagdu) Aazdaiane

[ (%
o

Auandeufiusntusiniy fdfumaasusundsiuanidomamleatalasnsmnindifiamss
ogvesuywiazlifanuvuigasiuyvdaviasuarlinsgninfenansenuanuaiviiise
Aswandon uafiwmaniazfeusanuilusUvesiymmuenatudadonimuennalnlsiag
(Photochemical Smog)

AMNBUAIIBURINNONN1NLNIA LA (Photochemical Smog) LARAAWAE CO, VOC

a6 al

(@53unsefisvivels wu twudu Sunuaglelasaisuou tugi), NO 91nn sl §9 NO, 9
Huammveamiiin O usgdusdufivwddnihas 05 luduussennadnias (Wamatz et
al. 2006) Felua1uIdBa04 Van Loo wag Koppejaw (2008) $198ly Basu (2010) nuiiuadiv
90 lunfaeonleinannisesndmduresdomastiulnsiau day CO HRonananannswlug!
Fnandoslailad szt liaadiTinde il dmaldsuluusinamnniuly dafunisesiaiausina
WRafwmand sududessnduniinasyhnisunlnddaniainng @ SO, feonu1NNITINA
vy Bhattacharya (2006) wusnmafiwainnswrlunsidiunaiivsuna SO, naulud3unad
fosunyidounvldfinsuazidownlndunalaonaniuduiu so, Aistulunguialiviuad
gousulanuIINIIgINNISUdRNaY

Fruannsnumuenasus et sy wmaiivanmsn lusiez deliinuia
asuaulaeenlenuds Salufaduafiinannisulniivasfuuafivedauinfesenleives
Lulpsiau (NOY) A1suauuauuenlys (CO) arsusznaulalasnisuou (HO) duluii wazeanleyn
vaadamed (SO, wivsziiuddnmeuiasdalanntuainnisunlnd@nauaziviunuias
danaraduindoy TnefauiseatudarfnviensUSinanaiivudnfoeanlosvedlulnsiau
(NOy) wazesusuauuenles (CO) lnsasmannziivranUsunauaivlidevauazlfindely
USinailinnsgiusensuliinaglifnsunesedundon

nszUuMITdnnn s lvsidaassilninauSewiintusgeaiies uiauas
Bdrannissnludifieglunszuaunisnduaans (Devolatilization) vaslaana WeinAsazdaiy

AauTeuvliiiani1ssewmelunszuiun1Taatefd (Decomposition) Fa¥r9aunailunis
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a

UanUdosanssemeasisuauyssua 160 — 300 °C (Uevaly W3NS, 2557) Fadanlaainniswn

o

(2 s

Inifluanalunszurunisnduaay (Devolatilization) Aeufanrfusunouuenlad uis
asuaulaoanles Smu wazuialslasiau Judisuwiivaisussneulalnsansuou (CHy) 9l
MnaaTRugIuresiinatiy Tususlgamgligesyana 400 - 500 °C oymevasutuae
fimsusuagUszanm 60-75% anUfAsenusnie URRsoendladlasuiaesuoulnsenled 1
uarveendiau daldmnuiaasueuteuenledvdrniuuiansueuneunenlasagiufazen
sondndusielaetviooondauldiduuiaesueulaoonled aunsnagulfdn anuaves fuel
¢ Tudunaaggnivasuluansuaulasenles (o, Guuianidumawnlviiliauysaiifntuly
o (FetuazAnduansueueuuenled CO uazgnudesoenin) visantuufansuauuey
wenlad (CO) axgneandladiduasuaulaeanted (CO,) Tuussenia
drulunisieuaznisaaefvesafivdnassindildainnswalnditends fo ufa
lulasiauueuuenled (NO) war widtulasiaulaeanled (NO,) gniSenlagsiudi NO, Tuaay
\ua3e NO, asgnudegesninanszuunsn msiluguves NO (95% yisen1nnin) slusineen

lydazifinniseandladediesimdanatoilu NO, luussenae fatiu NO, emission F9ingn

£%
v )

wansluguves NO; NO, Hidudrwatiuayuliiadunse (acid rain) Fsssuiuiunislduaian
uwhalulnsaulnesnlas (NO,) 9199vUdstssneuvatenndiau Geaansanesusidulolou (0,)
n¥nild uarlelsudietniuufasuanedmivsyuunavelavesyud n1swesudives
NO Tunszuaumsiningd Fadnannalnluniswalad fAunnaeiy 3 wuy fe Thermal-NO,
Prompt-NOy, tag Fuel-NOy

Thermal-NO, iinaInUfATenaendindu senirsluianaveseondiauiuluianaves
lulnsiutgamgigenismlndigs iaduufalulnsaumouuenlediulutesmindfuandy

AUNNST 2.42 Way 2.03

O+N, > N+NO (2.42)
N +0, -0 +NO (2.43)

Tuvauyl Prompt-NOy tinanasusznaulalasaisueu (neviilufie CH %30 CHs) ine

[
Y

YWusEnINnsrvIun s nduazinuiserduuialulasaulusinia luvasiinismaludd

gaunien 1wy Msin lvdiemAsiualumingnsu (Grate Furnance) waginkuungsladiun
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(Fluidized-bed combustor) aztAnansusznaulalasaiueudisllulasiaunauet (HCN w3 CN)

uarfisnlulasiauAntunnde duanduaunisi 2.44
CH+N, - NCH+N (2.44)

Fuel-NOy L3 ntulnsiauludamasdadunalnuilsvesnisiianialulnsauueu
wanlaa (NO) waz wialulnsiaulaeenled (NO,) duiiosuaindladinislndiindusng

Lulpsulu@omdsszidhufizernvuiaesndeuitlniaduiiauaiiv Asaunis 2.45, 2.46
way 2.47

HCN + 220, - NCO (2.45)
NCO+ 340, > NO+CO (2.46)
NH, + 3,0, > NO+3/H,0 (2.47)

maansaaesuesufalulasauseuuenleduaufdlunsanonledlunalndomas
lulnsiau Fuel-NO, wanssaguil 2.22 ufalulnsiauseuuenluduazuialunsaoenlodazd
sULUUNsEUINNMSRaTITUToU uinsiaufAtenezuandsiilunaln Fuel-NOy nsUUNTIHN
Indfidomadulnsaulunszuiunisasszmelulnsiau wu lelasleelud wazueuluidoazgn
Uanudegaenuilunnizuia aalannzuialuuinsenseniu lalasledeluduazuesluiegn
yhufiisensendndulageendion uavazessh Induufalulasauueuienlediazufidlunsa

&Y a

ponlganuainy (Veozels Lasens. 2557)

e

R3INIINDTUAIVDY Fuel-NOy é’a%%uagjﬁ’uamauﬁ’amamﬁmawﬁaL‘waaﬁﬂéha 19¢
uafiy NOy aziifiusntuilovsualulaseuludsmaaiutudsnals Fuel-NO, azfiifiamnn
§u Fenseivinliidemasldussunindemasfiurainduiudusgrsuin esinUsunn
Tulnsuluduaiivsunatdeenitusuialulasauluaiuiuunn

Tudueyya O Wudusuddnlunswesusves fuel NO 8nsnsiasy fuelN Wy
NOy aziugiusmmaiueiniadiuiu (emadeidomas) feuniswnlvidudidy nanseny
yasenAduAuIzAoutaiulddalunsesufives NO Mnassemelulasiau Tuvaedinng
gonBdures char-N agldSunansenuannenerd@uintutosun Sy nsanaswes Usuin

fuel-N, ANUNTY O, TulounIsuaNa15EevaIaIuANLaLlgun1SLALE15TYINY LAY
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gauminisbng szdsmaiiludnisanasesnisvlesu fuel NO waysndisvilvinaiiy NOx 910

s lvsianasey (Sannsal wINaI. 2556)

Coal , Fuei-N | Formationofnew |, Formation and . Products
devolatilization  evolution 1 N-—containing 1 reduction of NoO )
with oxygen ! | compounds | !
present | ' Incomplete ! NO-reduction " Ny N0 NO
| | combustion : I S
| ! of CO and char : :
| l 1 1
N »
: Ok L " A )
! (9 NO St : Homoge 70 !
N, o formaton of N,O N0 —Ir_’ ]
VOLATILES !
:ga : ® |
) Homogensous 1educkon !
HCN =it }SN : of N2O by H- or O-radicals :
I % I
COAL s 'y —— :
- HQZ ...... : ...... X Th m" |
bogm GO esees .? ; E ! 5
s i e
LT oo Y
= CHAR-+o={ |\ e @ ;
- bRt ndicnotho - [O N2O T
s d® Iy SN S, I3 by COor H |
CHAR <& NO on the char
% T~ 2 7 +“"J | .
I . L |

Nov 1990
JUN 2.22 ldunevesdandsiulesian Sailnadenisiinalazaaieuss NOy lummadladiun

diownlmsianuiiu (Leckner et al. 2004)

fnuidevaneatufnuimssnindivemasiieszuungdladiualugluuusine Iviadne

ANVDLNAINUTBLNAID LAY NAITUNABNY VISOWUUNEL Y13 00INTENIFINANWNNATUINNNNT

[
=€ 1

WP olna s Ouldsanetesiuszuun s luitar Usunamaiuiifnuse nanenis

£%
Y v A

W bsiaieadl

a

Yogitus azne (2548) MmnsAnwiniswilusiduiunauunaulngldied e lvsingd
ladiunuuumguiou nuiaunsoauwnaufuiuiulduniiand 139% lnetwidn Wesan
fosinvesszuuioudomnasililunimaass :nn1maaesiidnsdrumanvatunaud 23.19%
Tnedwifn awienisluiveademfsdoudilufussgdomnas Usumunaudiiudusili
puvgiidiuavasislsenigaty wrdoiiuUiannauiinaviliuiinmeendiaunas fine
lulpsiausenled (lusineenleduaslulnsiulasonles) ifindu luvasiifhedaeslaonled

wazA1wAsusuLauanlenanal ot nknaudusualulaslauuInnNINaIuRy wazwnaul
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UTunaiensuauasilasdaasinsninauiu

Syedy aaum (2552) ladnwnisuassinelulpsiausenladlazfivluniaoonlenain
nslndsiuvesduiuiardulaluaimngsladiuawuunyuieu ngldauaududyiva
wazdaunavinnieg i nra11dy nzanuendnn wnau wastides lsweudeveamnlnddl
YuAdLLAUGNa1s 10 cm. ge 3 m. FuUsTiviinsAnwide wiavesiiuia snsdmvesdn
waiuduiu 210 0 F9 70% Tnsvndn uazdumisnstiouonianiogs uonanildfnuma
vesunaldsusanlansonisuassivlulasausenleduazinglunsaeanlen anuanimaass
wui1 msunlviivesiuiufungauduesligumgiilaniadenaennagaveanganiiniien
Indfesshuiiufunzatuzndn unaukastiden Jedonadostumndinuaudouresnyaida
s nsdrnestunatuiuinardwalimnududuvesielulnsauesnleduaz fely
n¥avonlesiusinuanas nstoueiniemdenifsunts 1 m.asvilinisudesinslulasiou
oonluduagielunideenlesfivsinaanniian uonaninininueaiBonoonledluvmzinll
wdwarhliinnisudesiiglulasiuesnlediunniuluvassinisdesielunsaeonlesd
Uinmanaaiiosdntesminiiu nensanwiiiaasliidvianiswilndisanvessiiuaz g
dwalniafiglulesiaueanlgaunninfiglussaeonlyn

Madhiyanon et al. (2010) ﬁﬂmiﬁm&}’lﬂ’]iLN’]VLWSJJL%}E]LW%QLLﬂaUﬂ’]EJSLuLmLN’]WQ@VLWZ?LUW
LL‘UUﬁaqmelwﬂguLLazﬁﬂmSw%waﬁummmL%a’mmﬂehuﬂgugﬁe?iaLﬂummﬂﬁddﬁlﬁmmw\lq@
ladidu Tuntsnmaesildudanisnaaendy 2 annagnisnaaes fo @1198015NAABINITNY
wansEnUAnINNsinANNIT eI MAUgund LagdnisandnandiunislinAegiiag 910

ANSNARINUIT USEANTAIMAINSDUTAISENING 77-82% UszanSainniselvdiaz iyl

' 12
a = a 1

aﬂaqLﬁaLﬁummL%aﬁuaqmmmquﬂgmqﬁm FUAUNI 1.2 mest whaa1susuLauanlenway
whaAsuaulneanlondanmaaInuuseans A mn1swa bl wazdsunaialunsneaenlenay
WL UL USUeIN A LA UL ANTY InadSuiunAalaiuwiaa1suaulauanlonwazwiaby
a 12 c:l‘ a a | d' a a a0 Y ‘:gl’dl [ 6 2= 1

nsnoanlanulaAnBUWINIUSUIIeBN TN 6% AAIRIL AD wAdAISUAULBUBNLYATANTE NG
50-550 ppm wazuialunsnoenleniA15ewing 230-350 ppm WU NSNAMLEI099INA
Ugugilazudsiunseiunsandnsdiunisldermeanisgidwmalvusunauialunineanlydi
A93u
Y

Leckner et al. (2004) yinn1s@nwinsUdesuiaminannsenldvesdeufnaud ey
119w hagauiL NNN1SNAAINUIN vl rda1uAuLaz emasdiuianatasile

Tuwngdladiuawuunywiulagldannznisnaaesfedinsldonialsugingnsadiueiniasiy
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a v 1

Wiy 1.2 Wew3suiisuanisuantaesuaiivannisidennieniegiiviisulunisenivdlng

Y

lgansrdinveniamiu 1.00 1.05 1.10 wag 1.15 nudnnsldusunaenialgunionsidiu

'
a

pmAsInehiY 1.2 duswiuianisanamesuiamsveuteuenlesiuulduiutuegang
Sntsusinafalunineenladvandomaais 3 siaddualinfasifiuyiinueniaugugii
dandrueniasi ludruvesannznisdeusimanisniiinisteusineisgilaglionnie
50% wesernianidinsunlvgl aunsoan NO Wi 64% Aismsrdrueiniasauiiiy 1.05 u
Hugeipfigavesaninznsieny

Fang et al. (2004) ladnwnisdunavisnlnsilunmgdladiuauuunyuieulasyiy
nsnaaesluszu cold model wuitunauinsngdladlaenusanansaudlulalaenisldnse
wazauAududieliiinnisngdled naannisinweuiansie a1usve901n18 WU
YUY INIENMIIT ALY insHaslFFogYa3 0.3-0.8 mm. Mu5I181M1A 0.8-2 mes ! 11
Infifigaungd 300 °C Feldqmungitesniiniswiludauiu annisdnwimuiunavi
Usgansamansiilug 97% fivsuiannsusuiinuluiinedsgning 3-8% lngfiuunm CO 7
Udogoanuiilal 200-800 ppm Usiad SO, #A1 50-100 ppm wag NOy &A1 150-220 ppm

Amand and Leckner (2001) Té@nwinnsanusunanes NO,, N,O Fitfinannnisinilus
Fomdwauszirsaauiin 1 wazninvende Tnednwdseuuananissniauiunieldily
Juidemdmanineinnuosde Judemdssay waznavosnnvondourisiuninveadeden
nan1sUdoy NO, kag N,O laeuseendliis Advanced air staging method 3nlgiuinwngd
adiunuuuvyudeu (CFB) wuiwsduiuuasldtuudes NO, senulutiinmdosusininyes

deownsiunnvesdelendelilauisansndeasundaauls sUldlanlunsainininvesden

o
ad A

tulfdudemamautudomamanidaduiliguiuly (aifu 25%) uarisildmunzani
wldiiuidowdedifiusinmumasve (Volatile) g9

fagn AUATunIng wazasins agalnena (2549) Mn1InAaBINITEHLTINTENING
Waonnuuazauiiu lummgdladuauunudsulneinudaduiivnzauveaddonnu
wazeufiufinaufunuidndiuesudennuniianusonadldnniiande 33% lasuwin way
nsnaddennuninntuazriliufaoondiay, ufdlulasiau, warufanfuouneuuenled
duBuuinamasesinanlianmsoaUnaldifeiunavesiuyusteudalulnnauneunenled
5]

Pichet and Vladimir (2014) l#nwmwuiavesnyanduiiinaaniznisenlnslumn

WQﬁlmsﬁwmmumﬂﬂsw F9NNITNAFDIVUIATLANAIAY (1.5 mm., 4.5 mm., 7.5 mm., bag
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10.5 mm.) gnilouiismintstioudomas 45 ke-hr! fionimdauiiu 20 - 80% wuian1aedia
fanvosnauludiie wuaidomasi 4.5 mm. flernadauiAu 40-50% FsliuszAnsnmgds
99.4 - 99.7%

Pichet and Vladimir (2015) la@nwinginssunisiiluivaznisvanlaosnaiywves
wgdladiunuuunsinmeilddmivnanindngaida annismeaeudesiunyudn ms

Tins1eddny dwsuniswiluingarurduiindeyninisinigiiuuesun ﬁﬂﬁ?umwagqﬁmm
grlfidutanaiiodestunisiusulufouvesianualumimununsedant Inglusening
mawnlndifinistoudomasiesnsiasd 45 ke-hriviemuauuTuuaufoutioud i
Useanad 200 kg* W ARuTeu wazlinismuguamadiuiulugag 20-80% lunng n1snaaes
fnsineamgiinazmnudiveuiaianvlunuiununasveuauiiaziivaeUdaslods an
N13MAaRINYI1 nAdIuAuiiNansEnudenTUdesNafiylazUszansamnisiulugdves
Wk Lusg1ann nisvanUaegasusuteusnledansniililagnisidineiniadiuiiu
Tunessiutiu lun3neanlgdausamuanlasnisanainidauiiy Yssangainniswnivng
vousuegiiuszana 99% uendnidmuin biiamssuiiulufouremswergiunaon
N1399a89 30 hr.

Sypnasal wiang (2556) liRnwmansznuresuinademans amsnindeafivuay
Uszansmnnsinlndllunwvigdladiuansansisuvunyuiy lagidenldngalueniiivuin
0.5-5.0 mm. gnlifudemadunamnaey nsneuan 600 - 850 um gnlfiduiun finnuga
20 cm. fionnAdIULAY 40 - 100% Manszargan 3 % nudn gungilatelummniingg
Wasuudasegaiulsdadlefivonirdiuiiy uafivaiiveunouuenladuazuaivlulnsiay
sounenlyd asaniinlaiiAu 220 wag 110 ppm awddy Wefiinuadomdnzaiuenii
uafiwasusussuuenlefanas luvus uafivlulnsaunsuuenludreuiisasiliudsundas
UsgAnBnmnisinlnedgendn 99% 910915197 2.5 wansnanisnadeuiauuuigdladiun
sULUUs9Y BsannsaliirnussansnmmasningdlfgsdaUszana 99% ilesanninnsenlngid

auysaluaziinisudes CO TuuSuaume



A1397 2.5 ansalTeuliigunaiivasususeuuenlanuazUsyansainseninamariivsilumiansuiuusnge (Pichet and Viadimir. 2015)

g a
LYBLNEAN

ANAINSDU
# LHV
(kJokg™)

an1aznstnlng

ansinslou

‘oA (kg*h™)

BRI

dauny (%)

UNNA
LA
°O)

JSualany
CcoO
(ppm)

USZANSAIN
A5 bnast
(%)

v a
NN

L L3 al s L4 Qy IS <
aeduivigdladiuauuutuiialasfiuniune

Columnar bubbling fluidized-bed combustors using silica sand as the bed material

Lﬁﬂqﬂﬁﬁu 20,390 0.9 50 631 1459 97.5 Kaynak et al. (2008)
iauaUSaen 21,796 0.9 46 674 5428 96.2 Kaynak et al. (2008)

TaTau 19,700 2.7 40-91 780 170-350 99.50-99.88 | Shimizu et al. (2006)
Waend 19,728 9.3 53 615 n/a 99.2 Rao and Reddy et al. (2011)
raduingdladiuanuutuilalaefiunduagiiun

Columnar bubbling fluidized-bed combustors using alumina as the bed material

leTau 19,700 2.7 40-91 880 30-95 99.92-99.93 | Shimizu et al. (2006)

47au 19,700 n/a 35 850 190 98.7 Han et al. (2008)

wngdladiuauuutuilasesneauifinddndeiuleedunduagiiul Bubbling fluidized-bed combustors with two prismatic

modules of different cross-sectional areas using alumina as the bed material

Mute

17,531

35

36

875

190

99.88

Sun et al. (2009)
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A5ANUUN15IY

midfvatiuifnuiienfunavesdiulsenevesdnuvesdunauaznnefivnzauing
AoUsunanafivwazyseansnmlunsenlvilegldinmimgdladiuawuunyuiu nedisnism
A uesnman TRt esdnnalagldnisiesginunnsgiu ASTM D dauvsznouesd
JIYRWIIALAar YT YlAlAENITIATIERANALINSFIY TAPPI T204 om-88 1173511 TAPPI
T204 cm-97 (Acid detergent) gaumaiinisaaiefimienuiouresdiuiansiainfieiaies
Thermogravimetric /Differential Thermal Analyzer (TG/DTA) Usz@nsatnnisiunlunduas
Yunamafiwmlaannisenlninelumsnngdladiunsuunyulae inaamaiuasadnududu

uia (CO taz NO) wazdid1a1ndaliu (ash collector)

3.1 NISLHSENTINIE
15398 ASILLATINNIT AN UN AT WU I DN AITINIB NN duTidnwaly InaLAeeiu

=) .Q;' o L3 o

FunannsuiauInasuauulaveyshenasulanageutely Snvisdamladng \Hudviiud

'
a Y

fegyilunaziivsnaannludminmesys Ao netiudng neaina waeAnaun

FowndaTaumans 3 slagniluuadiseiesungosiunndstuiiieliiauin
TngUszanas 5 mm. (Wuruaiamsaihluidaduiunal ddfandmsummngdladiuauuy
)

3.1.1 nsedudny

Fnnssndunaieifunszuindiiududdadonsyausndananiuiidunevysn
Fafampay3 $1uau 10 ton. MntuduiunsanuuadieiaissunansunuaeIlvldaun
Tnevszana 5 mm. ndsaanduiluyusielnenisainuan udr3audsdrundsldinges
AuautRNugILT9Ta dulsznavesdsn gumginisamedimiseuouvasdima uay

Mmdedahlumlunsnngdladiuanuuvsu

3.1.2 ANAUYIN
AnauyNlElun15naaeInTatuInan luUSIUUINGNREI VA nYTYT &
Yrmminlaeuszanad 20 ton. 1a99NUULHAS9IUARRYUIAKUULLIE IALAIWIAUSEUNM 5 mm.

L lUwsslaen1sanuan waddswusdrunidlidmsvianandinugiueesiuia
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duusznevesATm gamplinisaanefimenmieuvesiing uariwmdedailuwlumiien
WaBladiuanuuvsu

3.1.3 nza1Ana

mATeatuldnuungamannytu laglanizanguangnamaidendiuiu 10
ton. uEmvhanuareaietnduladsievusen uwnsURaRTLIRIBIATBIAN
auULIRtlinuInanTeUszan 5 mm. wadunisliiesediauantiituguresds
178 dhulsznevesAsIn gungiinIsaatsfnisaNieuresdanig uaziivdedailumnly

WG ATl Uk

5UN 3.1 LASDIUAAATLIANIULIET 5UN 3.2 LASBIUARATUIAN LIRS

3.2 2UNIRINISNARBLLAZNNTANTEIUIIUNARDS
3.2.1 WATIAUANUANUFIUYBITIUIE

3.2.1.1 mM3nTIwsikuuuensIs (Ultimate Analysis) fie N5IATIEMAEINUSIMNALAL

Meanaronsinlvdiazaaiunintuannsyiu]isevessinmaaiiiueinie #an1snses
@ % [ Ya o ) 1 9 ] a 1
uanuduiosazvossinasueu lalasau uwavlulnsiau lneg3devinisdeined1agiuia (i
nsrviunsungeslilavuinuseann 5 mm. uagkiun1snnuia) luduauniesiminig nes
5503187 {819 ULAL USUITMTaawity A5l endnnrsUsemalne Tagldiasas

CHNS elemental analyzer as ASTM D5373 dheghagninlunsnlagldesndiaudeayldufia
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ansuaulaeanles (CO,) uwialulasiausanlas (NO,) wazih TnefiuAalulnsiausanles (NO,) 92
gr3mdiduntalulasion (V) Mnduliiavedansveulaeenled (CO,) warlothazgn
Aunanduusunuvesasuaunarlalasiau Tnedl IR (Infrared) cells WWu detector d1nsunia
Tulasiau (N,) avgnns29aeulnslA309n5293 (thermal conductivity detector: TCD) W&

Auranduvsinalulasiau

3.2.1.2 1153AT1¢ kU UYsE8d (Proximate Analysis) Aan153AS109AUTENBUNIS

N80 lAE TNV LTBINAILAEIATIEAIUNINTFIU ASTM D 7582-10 Tneyidevinnisds
1981977178 ENUNTEUIUNSUAERETALAUUIAUSELI 5 mm. kasHIuNISAINLA) TUSataUn
v a wa aa 1 a = 1 1 a 1

WoUHURAN1T NBIsTAINET Mg uLaEUIMISmdaakalwne nstnidendauralssine
Tne neldasod TGA Tun1sIATIZI N1SIATILAILLSUINNNITATIVNIANUTY ANTTLNY LAY
dy ¥ o w Q‘ dy v ¥ v A d‘ a ° I

YU MUV SUNNIIIAINTL LaglrmuSeuiudiuig 1 .. Mgyl 107 °C Juian 1
hr. wazAudusesazveatmtninigly ¥aRINTUNITIATIZAAITIZMEY YIINITHAT

a0unadl 950 °C 1Hulnan 6-7 min. warAulmsasazyeaiutinmvinglUaumennuau a1sseive

9 Y

]
=

fignvanudesoaninlnsunazdu asueulaeenled T lalasiau th uazansszmearnms
(tar) siolUBDN TRt vilasn sunionmgil 750 °C wagduanvniasagvosimiind
Hanamdent (Mednidesazveniminegluniaruan v) uavaangUiinaasuaunsi m
ilapthUSunuentu i a1sszme ausenan 100 uaynAasagluanmyaTmiuwAeaiy

3.2.1.3 N193ATISUNAIUAINTOY ABNITHIAIAIINTBUAINNINTFIU ASTM D 5865-

10a Wneidevinisdeineg et s hunssuiunisuagesulavuinyseanas 5 mm. wagsu
N1301NWAe) TUguunioaufumn1s nedssaiingd d1e219uNulaE T3 Uil oausiing N3
LuldendnusUssinelne laaldia3os Bomb calorimeter n1gld control condition

(Isoperibol calorimeter) Aaldfieg1sntglugnueny iawmraualegraning viauseu

£
o

90N AuSouazdteliiuinidensaugnueny wesludwes didalnstiavzinnisiuaeu
gaunivedn AAUTouNTalaain Bomb calorimeter AoAIAIMUTOUEY KATLITIAINITO

AUIUMIANALSDURLA (AAKWIN )

3.2.2 d7UUs2NaURIATINLATRANANNITEANEAINIIANTOUVEIIINIA

3.2.2.1 N15AT1eaIUYseNaUaIATINYEITINIA YNAlAEN1SIATIEARNNITUR Van

Soest (1991) (NM1ANUIN ) mamﬁmiwﬁ%meuﬁu%aaawmwagiaa wilwaglaa anilu lag

3 £ 1 =

98YINNTIATIERRA0819TIUa (muﬂigm‘umiméaaiﬁlé’mumﬂazmm 5 mm. LagrIu

eX2p
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a a 4

N150INUAY) N18UJURN1TIATIEND1MI15ENT N1ATYIFRIUIE ANSLNYATATLNIWA Y

' ¥
§ = a

UIMeSEINYRsAERS Failtuneulaggenagun 3.3

3.2.2.2 Anw1ganyinI3aalgaa919A10 50U YT AI8LATEY Simultaneous

Thermal Analyzer (STA), NETZSCH: STA449C (“ﬂgﬂﬁ 3.4) Imi’mmiqzyL%‘*&Jﬁmﬁ’ﬂﬂuaaﬁaaﬂw
Fuduilsiduiunauazgumgd

anmeiltlunismeassdauia (nsedudnyg nzama wazdnauw) vlvdvuiaussanm
200 pm. tmiindaegnadudu Usyanm 1520 mg. wazLfingungiann 30 - 1000°C 8n3IN1s
WngamnTvindy 10°C mint dwdumslaneishegilidnymginssuniswiiussenie
meluldifusnieiiesesfuInaoniansyuIunIImAaey (Pichet et al. 2015 Song et al.
2019; Xei et al. 2020) A5 MALARS (TG/DTG) iumsuaninsmive sieyatadevesdoyaduay
3 A% wAnssuM s lvsifid e gaunAn1syaRnll aamain1saaIes wazaungINITNI
Iydvun (ﬂgwmfjgﬂiﬁi’fﬁm%’umiquaﬂismmqmm%fauu,azmmdml’maamilﬁmﬂﬁﬁ%&maa

Frana) Feanunsamlgainns il TG/DTG (Wang and Yan. 2008)

Agricultural residue

V

Neutral detergent extraction

v

Proteins, impurities

AV4
Acid detergent extraction

|

Lignin determination

Hemicellulose

v

> Lignin
V
Ash determination
> Cellulose
AV
Ash

JUN 3.3 JunounsinTIeiadIulsenauaefsIYestiNdg
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5Ufi 3.4 1A3e4 Simultaneous Thermal Analyzer (STA), NETZSCH: STAA49C
nMameamivesgaiiinnsdnlaile (T, uazaamaiauanniswnl (Ty) amnsom

Taan gﬂﬁ 2.12 (U 2)

3.2.3 MamagaungAnssunisiindvastaualunimingdladiuauuunsuou
TuydeillavitnisAnwimganssunisniind@ulaluningdladiuauuuryuiu lag
1 aa [ ! A = a 3
LUISnsnaeseenity 3 dufe 1) nseleaaungdladiuauuumuiy 2) MIganiias
AU TINHANIVARRUA NN BLATIUANTINSIWUU UM 3) NSANYINGANTTUNITINY

Iydfsaluminngdladiun uay 4) MIlasziveyan1eaia

3.2.3.1 manTeunnsmgdlagiuansinsiguuuviiy (Swiring Fluidized-bed)

m’%'aﬁaﬁ%’ﬂumiﬁﬂquaﬂ'ﬁ'ﬁumnmlwﬁﬁuaa%'smalumLmﬁ’jaamdausuaamﬁmaau
AlEarnnismageunisimabugi@asians 3 adaldun nzatnna nszdudnd waz fnauwan fu
omaduAuideulunmgdladiuamsansisiuunyuiu (Swiling Fluidized-bed) wanslé
Xa3Uit 3.5 wagguit 3.6 Tnewunilgnesnuuulfausalfidemadldvanvats Wy diuu
wazTaviaselaedvuianisesnuwuulianansaiuniseanuseulagegaussana 350 KWy,
namil 3.5 azuiulen

WniUsEneueaesdunanie dwdl 1 fdnvasdumwmsanssusnivinannmdn
w1 4.5 mm. 1A10ge 2.5 m. aUszneunnan NsInsEUen 5 Bu LLﬁaz%uqa 0.5 M. LN

1% [ = [ a . a 1% 1 & a
asannnmaninfeufiuatiy (galvanized steel) Tyuadusitugudnalanigly 0.9 m. uazdl
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auuBusinuliivun 5 cm. egfindan wavdiud 2 grudunsainsisvunaNgs 0.9 m. v
11NTIY 40° TYUAFUNIUAUINANAIUUENTINTIY 0.9 M. kazdlvualdus AN Na1aRIUENs
Y159n378 0.25 m. Andaagfiuasran fgUl 3.5 uazguil 3.6 uenanduauiuds ins
Ansariaingaumnil 8 # (thermocouple type K) aaeaAugivasinuaziivdedlodoiiion
msingamgimelunnsznitansuniug e iagamginndidensoru data logger B4
anunsauansgaginnaalaniouiiu

sunRia (Burner) aggnldlunislinnufeutuunsswiarhmawilal Fumngningds
fimugs 0.5 m. wievnszasauuasyimm 45° AULITEU FagUTl 3.7

angtlou (Screw feeder) gniinktu3lamsansedissiu 0.6 m. milomnszaisan way

ansawdeusnsinmsdeuanslneriuduiesineianuma

:

e
H
R
i
i
3.

JUN 3.5 wnuenigdladluavssnmishuunyui
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.__=_.. ®

D (8) Gas sampling point
0.80
> (@

JUN 3.7 nsimsagunsalaiuvesanideu (Screw feeder) wagann (Bumer)

WAy (Blower) U9 25 hp. 81NIALAFRUNAIUIINTEAILAULUUNLUIY Tneadn

Y Y

UnridengnldlunismivaudnsinisivavesemealuvioandnaiUniideasgninasegaumnti

vosrinay (Blower) figuf 3.8
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mixture

__ Flow
meter

s Butterfly vlave

JUT 3.8 n1sAnfagUnTaldIinauLAL NI NLANLUUNLIWIY

Y < Y £y N o o IS

insegauanluminszgauwuuluie $91wiu 22 Tu suivvvesluiinasidnuue
axial impeller blade fsuandlusy 3.8 lngazilyuasarvesluinnsgvinduiuineme 76° 3
nszarwauilidudugudnannguen 0.25 m. wiriuiduriugudnarsniglunsinsigvean

wazdliduruAUdNanenaYeINTEANea 0.09 m. iV lAANNIT1LLIUYEIDINALAZLUA

wesTudUilaniln type K Ssiivioaunuias 0.5 inch. 581 probe dmsuliingnmgd
Waufia (Flue gas) n1singaumgivlalaeaen probe WW1lUdanaldmtInLbIAINEIvDs
wragiuismadilalaau Ssdinnsianggiiuam 8 des (GUAl 3.9) dmsumsiaUiinammi
\uduveslguia (0, CO way NO) Miumisnsqazlfinsediiaseviudaledy Testo-350XL fia
wanglugy 3.10



1

Ash collector

g‘dﬁ 3.10 Lﬂ%ﬁLﬂiﬂsﬁWQLLﬁa (Flue gas) Testo 350XL

lalaau ugunsaldmsunensynaifvumdnfgaarnmiaieanainuiaiedesiu
n1sienszatgeIna lelmawiannusuawauaanun 3 mm. gnanasliueneenaininim lng
Auasgnvadlalaaufaduniuiigl (ash collector) Aauansluzy 3.9 Fudugunsalanvineves

g ¥ o [ Y ' oy oA o a2 ¢ 3 v 2/
wAlddmsunuimeg i eluinsgiansueunligninilvg (unburned carbon)
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3.2.3.2 M3ganuileyn13nnasus usmgd ladiuay san seuuunLuY

Suandeutus M319) Ineua N lnduns1e8ani19uin 0.6-0.8 mm. WWARIUUUYD

W RlAMUAAILES 20 cm. wlleviinszatgay (Air distributor) guin Iagldundiufiga

(%
a a (Y

ImaﬂaummﬂmammmﬂﬂmLsmwnmeuwamﬂWﬂmmumaumumuaﬂa"m 10 cm. {?]GWNE]

Y

e

Fruansvennun Tngldwaan (Blower) Yuin 25 hp. 91N ARZIAREUTIRILTINSE A1 BAULUY

(% '
a A )

MW (Ar distributor) leginamtnidengnldlunisauaudnsinisivaveseinieluvieauds

(%
Y

NaUnAiERIzgnAnAtegauviveina (Blowen) sz 3.8 Tuvauwifiea (Bumer) 9t
gnldlunislimnuseuiuiun auuadoaumaiiuszann 650 °C Jaguiieanasdanisinlnvesds
a Jusunsteueindsdinausyin deldesureluinde 3.2.3.3

3.2.3.3 msfinymgAnssunisunlva@auialumunngalatiuauuumyuiy

lipvnsIaeseUTesu® Wendsuiaazgndeusuangleu (Screw feeder) agn

AnRaggfszau 0.6 m. willeanszanean (Air distributor) tazanansalfeudnsimsteudiuia

H1uangUau (Screw feeder) lngldduiiasinesarua delusuidoatuiarlddnsinislou

Fomadluseauasl (Uszana 45 kgshr! @aldvhnistaifisudeuiinimeaaes) ennmaisgiign
Dot (Bumen Wevhmsunindlngliisufios fanugs 0.5 m. wilomnszaieauuas
v 45° Tavawgnandigmintlunuissuiu (horizon) Wegamgiifinduaumiusoulumim
oefluantugasil (500-600 °0) ud3einistardoudidomadnaiissed i ndy

L%E]LW@QELU“UQJ”L@EJ’)ﬂUE]’lﬂ’]ﬁ fEd) 1 Qﬂﬂﬁ]WEJLGU’]ﬁLGﬂLN’]L aammwmaww (Luaﬂ’ﬂ’]ﬂﬂﬁﬁl\liﬁlu

(%
3 v v

vesvesudsiiinaindasianaziua Moglumsndeamniiay) MgAatuduiuen lnefiene
dautﬁu%gﬂﬂauﬁﬂizmm 40%, 60% taz 80% MIUAIAU Im’lumsﬂﬁﬁ’aﬂmmam% J3uey
o aduAvansadunldlaelimaidutureseesndiauivnseenlalaau gunsailife
Testo 350X lumsinAimnuiduduvesnfiaesndiau (msdmnuuTinaeinailidviuns
kgl agluntanwan n) ndurhinsuTuUTInaeInAd U ALLTTLe 910 blower Wi
soaumelumgungined Srintiinuaududureufaeendiauiivieenlalaaudnada &1
syuUil (steady state) wtufinArusunauAansueuneuuenles widlulnsiauseuneonlyd
LaroondunuLIANgILasinseanlylaau gavhevininiuiestidildanlalaay

ielaszviasusuitligninilugd (unbumed carbon) Wiveldussavzainnsunindsely
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3.2.3.4 0159A718Y90yanNaid

MTIATIEIeEDA nsileTeideyaUsinauaiivaniusuteuwenleiuazlulnsiay
wauusnlediiledieiniaduAudiunng ety 40% 60% 80% lneldn1siasieiisnisada
Paired Samples Statistics i tauadayanisnnasslagldaaie (Mean) uazdruiloauy
1"A5§1U (Standard deviation) NAgeUANALANANTENINUTNALEaTI T e Iwe N AdILALT
wanenafy fissruenudoiu 95%

A153LATIZRNNERR Wiens19deunuiuRsTIlEa1nRUUS1a099 1933 Analysis of
variance (ANOVA) mi‘mfﬂaauﬁi%’ﬁm%’wﬂaaummﬁﬁaﬁﬂﬁmmmmmé’uﬁ’uﬁ’ﬁwdwﬁaLLUﬁ‘Vi
szaumd ety 95% ﬂf\mﬁmLLUUﬁi”lammiamaaﬁ%’fﬁmmmmzamﬁu%’agaw%m 21NA
p-value AN1SVAABY Lack of Fit kazAIduUszansnsaadula (RY) Ae Afluansdndiunde
Wodfudvasnnuuusiuiamualy Y fianusaasuislaeanuuwlsidulu X wis esuielay
armduiusseving X fu Y fduiaduiiflidaannsiussnamngautudeyaiiedlsdn

R? IAINTUMAAIIANNITOANRETIUTZANUMIE AN UTBLANNTY

3.3 WHUNISANTEUY

v
£ & 1

n1saiunsskuasiliieliuIsainguseasaseluiife n1sfnwinmaudRnugIu
Y9IYIIA NIFANYIAIUYTENOUDIATINVBITINIA RUNYINITAAILFINIAINTEUYDITINIA

a o = av e A g vx S
warngAnssumMsnlnivestiutalumuenvadladiuaiuunua Weldduna nidiudsenay
aIRTINkazUTUIMeINIAd A URWAN 19y FeiuaskunIAEuLITeNkU ey 3
seeglaun

WHUNIANHUSIUIEEE 1

1. ¥MSANETINALLYANUNNISANE (NEAa1Ma BNRUYI NSEhudNY)
2. YMN15eSeUR08193a N gl uNSAN e lAgRIUNISARANNTULAL UABLLD AL D LA
TaANUTURAL VU AT EL

WAUNITANEUIIUSLEET 2

1. n1siAsgandAnugIunauuUszunn (Proximate Analysis) WagkUUKENGEI9)
(Ultimate Analysis) Lagn153AIEAMIATNSNIUANNSDUBITINIR
2. MIUATEAIUUTENOUBIATINVDITINITINAIQUNNINITAA8AINNIAIUTBUYRS

=l
YINIA
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3. dduanldlunsfnviniluminngsladiuaiuunyuiy Wiefnuwinginssunis
wlvgiAnTy

WHUNIANHUSIUIE O 3

WIHAIINNITIATIEaU TRA99 109098 TWasiensvuanstayariee wasAuIum
UszdnSarnnmiswnindlumnngdladiuawuunyuiulaglitiuma 3 sllnsiudvnusuiauaiy

NATUIINNITHNTINIANT 3 vila uazadansmuanstays a1l wasasunanisAnwiiasda

SIYUNANTTANEN



uni 4

NaN13INNadN

[
= 1

NUITyatulAnyInareIdIlITNoUBIATINYRITINIAkAT AN e Lz aU NTNas e
UunamafivuazUszavsamluniswludleeldnenadladiuniuunyuiu Inediingusvasd

= o & A wa & = a ° @ a M v
YDINIANYINY 1) LW@ﬂﬂ@qﬂmﬁNUmWUE’]u%ﬁﬂﬂnﬂ'ﬂa ‘V]?ﬂll']iﬂu’]il']LUU%’JN’JQWWQL@@ﬂIW@JI@

'
=

2) WaANYIAINUTENBUBIATINYBITIUIA kAL QUNATNTITAAIUAINIANUTIUVDITINIA 71
anunsadluiisamadentudld 3) WefnwingAnssuniswilvivestinalunmngd
ladiunanuunyuau Weld¥iuia AldmusenavesdsiuwasUsunaoniaduiuiuansieiu

Y

4.1 ANANUANUFIUYDITWIG

&9
[ '

anauTRRUgIUvesTINaTINIANY Ao n3zdudny ngaima uagfinauyan i
n15anIuInlilausEana 5 mm. @1unsamlaannisiasielaguensig (ultimate analysis)
AT IElAgUTEUN (proximate analysis) WAgNNTIATIEIMIANNAINIUANUTBUYDITING
(nseAudng nva1ma wasknaued) vugu as-received (Hunsfuaniifiautussogie)
Fuansdluiidesalud

4.1.1 HANSAATIVANANUANUFIUVIYINID WUULENGIM (Ultimate analysis)

a o

Hunisiesssismansgidide 1oun ansueu lelasiau Tulpsiau wazdugiu Jasnd
useudlimdsnuminiou fe arsueu lalasiau waziuzsdy dwesndiaudunasiig
SN 100 AumasIaves Ay i wazsimaned wdesdlelitieseisnn asuou lelasiau
Auzdu uazlulnsiou AetA3es CHNS elemental analyzer #aag1agaimnluinanlagld
sondulusiniaufadilsainnisenlvigniinsezsilasiniesnsiain (thermal conductivity
detector: TCD) @slinausluido 3.2.1.1 MssenunauuuLensmuanaduiosaslnema

WALIIPUSDUALANUTUNYIULALSDUALLONTINAIE AALANILUANTINN 4.1
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M13197 4.1 BIAUTENBULUULENGINVBAYBLNGIYILA (air dry basis)

Ultimate analysis

U8 (Wt.%, air dry basis)
wh A C H o N S
nLaInIa 6.31 1.90 47.14 6.26 44.42 0.2 0.08
NAAUYIT 6.33 32.02 27.79 4.55 34.39 0.93 0.32
nsiudng 6.96 4.93 44.18 6.37 42.25 2.01 0.26

NUBLYG) W f® Moisture Content
A g Ash
C f® Carbon
H Ao Hydrogen
O Ao Oxygen
N Ao Nitrogen

S @a Sulfur

¥ 1
a a0 =

9INA19199 4.1 azudiuladn WonasTawaandnuilusuised Aniunisienanuiy
Aeuanesn dUsuuasueay lelasiau lulnsian 0en@au uasniuziu aglugie 27.279-
47.14%, 4.55-6.37%, 0.2-2.01%, 34.39-44.42%, Lkas 0.08-0.32% AINAINU LAgNEAINIALl
U‘%mmmi‘uaumnﬁqm AD 47.14% 99898178 NS¥RUTNY 44.18% LavHnAUYI 27.79%
mudIny Usinamsvsuauisaldlunisaunluujiseinisimnlnilaednsidiusening CO
Mnauns C+0, — CO,+AH Fshargeimeatiosifuluaziinnisunlvsidliauysalagsils
Aaufaniuouneuusnlsddedeindusiafivarnnisnlnils Usualelasauiiuniaely
nseausng nva1mia LardNAUYIL Ao 6.37% 6.26% Way 4.55% Auasu Taunans 3 vdedl
USunaudauesauin Tnsusutadamlesaesdnaueal nsedudng waznzainia fe 0.32%
0.26% uaz 0.08% audu wazdlofiasanlulasiaunuin@amnans 3 sdeilulnsiausguiy
TuU3uM 0.2% 0.93% way 2.01% Auafyu nsidiuitansauriadvsuialulnsiau
LLax%’aLWa%’]ﬁaLﬁaﬁfmm,miwﬁt,l,é”mwdaauaﬁiﬂugﬂ SOy waz NO, 88NgaN NUWINGDY
meusndesunndiorSeudisuiudomasauiiu (SO, Usvana 20%)

9NAN51991 4.2 1/?'1mim%'smLﬁauaﬁﬂssﬂauLLUULLaﬂmmaqL%”al,waa%amaﬁamw

BULY 0%, dry basis Wag air dry basis (fragren1sAuiun1saguguegluainnuan n)
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a Aa 6

1esananmvesdiulaudazaiaiiiinsizinuaninarliaiuisaiidinisiesieiun
Wsuifisuduld maeannraraduiiuandieiu fudulsiosuinesdussnouoademadlsy
ogflugrufinufioannanutuuuuauusis (0%) ve dry basis Weinasdnnaiiisy fanme
auwie duTunamsueu lelasiau lulasiau een@iau wagiuzay aglurig 30-50%, 4-6%,
0.2-2.2%, 30-42%, 0.09-0.34% ALY I@&Jmumﬁwé’mumm%’auLﬁaw"mﬁﬁ%mﬁ’u
oondiaude lelnuau msueu uaziuziu wiidesnluTunassiioondiaulszneuegie a4
aaﬂ%muiud’auﬁ%ﬁmﬁﬁ%mﬁ’ula‘imwwﬁwﬂwfnﬁLLt:angﬂu%amauaﬂmﬁamﬂmm%u

(% I

Tngiily ‘vTﬂ,ﬁLﬁmﬂﬂsqzyLﬁﬂwaﬂmummsauluﬂﬁiv‘fﬂﬁﬁmmmﬁu%lﬁ Fefudnuafifiusua
lalnsiau mfueu uaziuzdugs aglvdinuieugniiiganii uazilofinnsanasuuTua
lelnsiau Asusu wazriuedulumsnsit 4.2 sgiuiingamalsiiinasingsqn sesaduife
nseAudng wazinauvn (56.33%, 53.77%, Way 34.11% nud1du) denailiaenadesiue

AUSDUTINUAYDITDEWAINAN1IL DU

] = = ¢ & a v
M990 4.2 mqﬁquﬂJiﬂ‘UL‘VlEJ'U'EJﬂﬂUigﬂa'ULLU‘ULLSﬂﬁW@!ﬁU@QL%@LwaQ%’JN'}a (@N1NLDULNY 0%,

dry basis wag air dry basis )

Ultimate AZAINNA ANAUL2N nszudng
analysis (wt.%, adb) (wt.%, db)  (wt.%, adb) (wt.%, db) (wt.%, adb) (Wt.%, db)
w 6.31 0 6.33 0 6.96 0

A 1.90 2.03 32.02 34.18 4.93 5.30
C 47.14 50.31 27.79 29.67 44.18 47.48
H 6.26 5:93 4.55 4.10 6.37 6.01
(@) 44.42 41.43 34.39 30.71 42.25 38.77
N 0.2 0.21 0.93 0.99 2.01 2.16
S 0.08 0.09 0.32 0.34 0.26 0.28
C+H+S 56.33 34.11 53.77

NUBLY) W fie Moisture Content
A @8 Ash
C fo Carbon
H Ao Hydrogen
O f® Oxygen
N fio Nitrogen
S i@ Sulfur

adb @® air dry basis
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db fe dry basis

4.1.2 HAMIAATINAUANUANUFIUVDITINIE LUUUTZUA) (Proximate analysis)

aNa Y o v =~

- & a & « s o a a a0

Wesanniomdandeliesrusenaumaalinreutedudou ddumduasdunsd (@
Mdwdonds) wazarsedunid (@uimduussiauazaruiu) vilinisinsizikuvaziden
Aoudsgenuazu1enilifinudndu Fadndenldnistnsisiuuulssunauwnu Jan1s
Besziwuulszananiieenilu 2 ngu fe dauilinbndld lawn ansiszwmeld wavasueuna
Y ) Q{' My A = P = % a ¢ ¢
77 wavdrunwnludlidle niediues laua ANTL wazll N153LATIBYRAYTENBUVDY
WAt Ien15UsEuuagliIsnIsAalagldnan 1SR TV U INEN 1T ALY
DUWIT (0%) 138 dry basis LL849INANTNVDITILIAUF AL BUANIUATIEURINANN (as received

basis) 9 kl@1150UANTITATITNUBUS s UMBUNULA ALanIlUn1S19n 4.3

A19197 4.3 A1310UF8ULMBUDIAYTENB UKL VU TS UTMUD BT BINEITINIANGIUAIY (as

received, air dry basis Wae dry basis )

Proximate nraImIa ANAULIN nseaudny

analysis (Wt.%, (Wt.%, Wt.%, Wt%, Wt.%, Wt.%, Wt.%, Wt.%, (Wt.%,
arb) adb) db) arb) adb) db) arb) adb) db)

Wr 9.67 0 0 9.24 0 0 12.15 0 0

wh - 6.31 0 S 6.33 0 - 6.96 0
A 1.83 1.90 2.03 31.02 3202 34.18 4.65 4.93 5.30
VM 71.68 7435 7936 5731  59.15 63.15 7149 7572  81.38
FC 16.81 17.44 1861 2.42 2.50 2.67 1170 1239 13.32
VM+FC 971.97 65.82 94.70

nnewn - W A9 Moisture Content
W" @8 inherent moisture
A flo Ash
VM #8 Volatile matter
FC #® Fixed Carbon
arb #® as received basis
adb @9 air dry basis
db fe dry basis
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=3 ' a | =

a 9 s Y
A1NHITN 4.3 LLRUI Uimmmummlwﬁlm (@992 LNULATAITUDUAINT) VDI

Walndtinalusuidelndiaunfgafe nzatnia sesasufe nszdiudny aginauy

AUE1IAU (97.97%, 94.70% wag 65.82% AUAINU) AIUUSUIULD 1IVDLYBLNAITINIALUITUITY
< ' [ a a 1% A a o ¢ [

i dnaurnduTinaiiadan sesawunfenseiudnyg wazngainia mua1du (34.18%,

5.30% Wwag 2.03% Aud1au) N15NEnauYn dUSinauideudnegs danalriiA1naasunindd

Y A -

A v & Y [ A @ o 1 a
ygusunaniieldilloldilundsnuniednguszasadulagianie Wy nramiawasnssiu

=p

o L4 1 U

gny n1siidadiuinlueinfdiulangeuenainaziinaseainiuioundas SdaasouIuna

¥
=

a8 aa [ [ £ = 14 v & J 2 ~ v s Y
voudeiinTu liivgluiasevsewvininiy dudsinaasisemelauasasuasunasi
Wu uansvingamiagnusadaliladigwazgnirnludedlauiundinssudnyg wasinauyn
IS a a A ! ! a Y1 IS a v !
Fiannuieasdivsinnasssmennninauintaniladr Sanaialniiazgniinlnlladendd
aufutaudnmswnviiasintuegesniiuermuaulienn Ysuauassumefigaunneiaas
AINANTENUABN TEUIUNSIIMETIMNG 210913797 4.3 USuaianssemevasngatnaiusunm

= = = o @) & a A =% 1% 1Y A o IS
wnngadunnzaunIxnTuonGa st 1@ AAde I UNITAAIA NI TUATIANTINIAIIN
U3 raa55e e ludinanatu ununIsAIMENTI AN NUIMENZINLa (19ug Insaw. 2560) Tu

| a s o a s @ = a 13 o Xa
drurealununisueuasialunzainadiuiumiuauasiauInign Usuiaunsuauasiill
AUAAYINNABAMAINYBITBNEITINIE §TiAnTunLludamdnasiirunntunuly
% \ & = Y A A | i o 1% A o =~ ao Jda
M ludwenusuluiaiivsinaunnasdwasde idanuiouisas Taunalunuideilng
ArnNTuludIniatesNanfe nraIn1a S09AMIAR HNAUYIT kaznseiudny aiuda1fy
(6.31%, 6.33% Uag 6.96% M1NA1FU) AIUAIAINSEUANSaINTavITL LT Ulalaen15YI )

1ANULANDY

4.1.3 NANNSIATIHNALIUAMNSDU (Heating Value)

wiasflefildlunisnnaesnieiife vend waao3iwes (Bomb Calorimeter) da1du
wsesflondniilddmsunsTasmdanuaudou Tnefinsuansmmdsuanudeud 2 wuu fe
1) A Sau e (Gross Calorific Value, GCV) %39 mmm%augjﬂ (Higher Heating Value:
HHV) wag 2. ArAduFougnd (Net Calorific Value, NCV) wiofnaa1udausi (Lower Heating
Value: LHV) m’mmeGmswiwmmm%fauﬁgwmLLawhm’m%fauqm% JaliAniniuAuTau
Euaqmiszmaﬁgﬂﬁaﬁtﬁﬂﬁmwmlwﬁuazﬁﬁagﬂm%mwéqL%Mﬁu (@ nvparainatedule) lny
Arnnfougs awnsamlalasléiadesuent uaassiiimes muanmiegaitlisu (s

received) AaaRIlUAI19N 4.4 @IUAIPINUSIURAT a1u150u e lae IS NISAILIAANATAINY
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¥
] U A U

Fourlanun InginA1AusounINsefiuaNT U1 ilauAuIamIA1ANSouans N

mm%whm il
LHV' = HHV' —24.42(We +8.94Hf)

NATN 4.4 @UTOLARIAIANTBUTIVUALAL AU TOUGT TTEAUANUTUANGY

lanan weuusis (0%) dry basis ldnene (Feegnisauinnisiasugiuegiunianuin n)

M990 4.4 MIAATIYAIANLTOUES kazAIMNTURN NITEAUAINTUAINY

AnuSau nLaImIa ANAUYRD nseaugny

(kJekgtarb) (kJkg',db)  (k*kg'arb)  (kJ-kg',db) (kJkg'arb) (kJ-kg™,db)

HHV 18,010 19,940 10,700 11,790 17,000 19,350
LHV 16,630 18,670 9,670 10,900 15,570 18,060

Ve : LHV A Low heating value
HHV @8 High heating value
arb A as received basis

db e dry basis

dlethapnudeurnunveeinadnalusuifeundisuiiousu fianzeuuk
Fananslun1el 4.4 wuin ngatanaliisiauiouniniian sesasiiie nszdudng uas
ﬁﬂmmﬂﬁmmm%awﬁﬁqm (LHV iy 18,670 kJ-ke, 18,060 ki-kg, tag 10,900 kJkg?
aud) esanesruszneuneluvesdomastinaudasainliwiiousu Tneosdusenoud
wlvsfléivy ansiszimelfuasasvounsda iuesduszneuivijisenduoendiaundly
WEIUANTOU F991NANTNT 4.2 waznn3197l 4.3 WU ArEsTEIBLarATSUauAdlunsan
mauaznszAudnviviinasnnndinaun Seilindsaueadeudildesningnit dad
Hussrdsznoufiwlngdliladldlalamdasnuninudou wanslidiundiiinzainauasnszau
Fndivsunatiddosnitludnaurn sldinaurndedldudinlugldldreud annidmae
AndauaLSauTisinInsamaLaznsyaudng

mm'm%faugjqﬁLLa@ﬁumi']qﬁ 4.4 lFunarnnsidiadesveutunaeifines (bomb

calorimeter) lun1s¥aAiAuTau LAlUNITene1e1unIA1 HHY 9090 1uAuuuiugIuYeInis
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ARTUUULENSTY FeanansatiAmuTeufisuldfanised 4.5 wuiiaaudeuanun
(HHV) wagArmnufougys (LHY) Seglutiedilndidssiulasaunisves Mendeleev, Dulong,
LazIGT AzAndruilindsuanudeudleviuifzordueendiaude lelasiau arfueu uay
Augdudundn Tasmlusdensenumnnsaveseiosuouiinaeiines lesnsiasenh

LuukgnsIAeueeseniismasasldaanlun1sinseiuiunda (Basu. 2010)

A1519% 4.5 11519 US8UTIEUAIANINSAUNINAINLATDIUBULULARBSHLWBS (bomb calorimeter)

LaYNITIATIEALUULENSINAIETTNTAe)

%ms nzaA1a NNAUYIT nsziudng
HHV LHV HHV LHV HHV LHV
(kikgl, db)  (kikel, db) ~(kikg?,db) (ki-kgl,db) (kikel, db)  (klkg, db)

vauy 19,940 18,670 11,790 10,900 19,350 18,060
wAaR3NmeS

Mendeleev 20,004.04 18,711.3 11,896.82 11,003.02 19,449.15 18,138.97
Delong 18,113.50 16,820.76 10,446.63 9,552.83 17769.78 16459.60
IGT 19,979.41 18,686.67 11,238.11 10,344.31 19168.4 17858.22

g ;- LHV Aig Low heating value
HHV fio High heating value
db Ae dry basis

4.2 HAN1INARRINEAIUUTINBUBIATINLATUNNNNTAMNEAINNIAINTBUYDITUNA
NIMAIUUTENDUBIATINYBITINGG HANWIIN T LanIzdIdysEnaunanAsiaglaa
(cellulose) afliwaglaa (hemicellulose) waganilu (lignin) lng dautsgneuasdsmiio 3 fay
Hutiadevdniiasdmasionginssumsaaeimaeenuiou damgamninisaatesmisaiuiou
Y8988 HANYININITIATIEYIAT thermogravimetric characteristics (1319 TG wag DTG)

Y939%131a7e 3 vila laglunisneaeu TGA AnwiauAuIminvesiiegelivindue uayly

TN TANAMUSOUN 10 °C *mint wazldeniadudinarslunisvaasu

4.2.1 NAN5IATIZNEIUUITLNOUBIASINVDITINIaNAaz TN

= ! a A |a | I3 a 2% VY 1 a
GU']lI']aLLmagmu@ﬂgmﬂiﬂqmﬂQUUﬁgﬂ@UaﬂﬂijﬂJsﬂaﬂﬂnmﬂaeﬁ\ﬂﬂLLﬂ UﬁﬂJqﬂJLsﬁaQIaa

(cellulose) taditwaglad (hemicellulose) wazdniiu (lignin) Muand1eiu lngdiudsenaussd

v
v = L3

91 3 Dagdulladendnazdamasongfnssunsaasfmnemniou deiuddinsinsgi
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USUIUVDIAIUUTLNBUBIATINIUTINIAVY 3 TUATILAAIAIAITIN 4.6 (ATNSENALALANT

AweglunIANLIn )

M3197 4.6 USauwaglad edliwaglaa wardnfulutiuig

U3unas (wt.%, dry basis)

Pua :
waglad  ellwaglag anllu aue 594
nszaudng 38.64 9.9 11.90 39.56 100
EGRGRG] 46.01 12.6 Bl 0% 19.7 100
RNAUY 24.37 19.83 25.34 30.46 100

P51 4.6 uaneUSsnieaglas iefiwaglad uazdniuludauana 3 viia wui1 Tuna
fifiusunalslawaglad (holocellulose) Aa 1waglaasaniuisiiwaglaaunigaronzainiads
Winffu 58.61% sedaaAensEAudng uazdnauy deiiusualelawaglaaivinfu 48.50% uaz
44.29% s iy Hesaneaglaa wazeliwaglarnusnnluliidesou Fanvanadunisluiy
nszalsiiloson Jelusinauwaglag uastefwaglarnninsydudng dmsudnnaiiviina

anfluyniign As HNAUYI TesanAonzaIn1a kaenseiudneiuinadniumngn (25.34%,

fa o

21.69%, kay 11.90% MUAINU) 9INKHANITNAGBILEDAARDINUIIWIdevDIataie 1nIngd Tatl
i

v A 1 Aa ld‘l

wazAME (2562) NseyiinTeiudnulirmaniusi dnenudniundiuwnulduasiudenly diwdu

Ly

yosnsriudnnvanduluvinaiivesunn WefinrsanUimadnivlungamanasnsziudny
wui nzanmaiviinadniuiigndt faUTinusnanlzdmaseAAuieugs (HHY) nuneds
USinauaniiugs Usina HHY Aasgeanallufedeaenadesiures Demirbas (2000) fildvinn1sm
AuduiussEnIndIATISeugs (HHY) fu Usnaiandu Snsidlunsedudnyidininuty
routsaadunaliirarudousini feasfiuiinausniuiinadnduiigaiianusliaan
$ougs (HHV) desniinsziudnsuagnramaiiosnandnaurniiuiinadiigenisuiuis
wandlussns 4.3 DidfinansenudeAaruieuresdina Vimnadidngaagliaaudoush
lusiaeriadidnndmseniusagioa ifiwaglaa uardniulaivitu Juegiueinuas

a1 <

91gvadlyl Ingldndiantiuuinazlimanuudegeeunni 1,000 kg'em? (nsudhly. 2548) uag

IS !

dusuldvdanendunal Wadeneuinninazdusuiuaniuuinninguny (Robert. 2000) @7

]

WININIAaeUe 3 YllaNUSIIMEINUIENOUBIATINYRITINIARDaglad Lellwaglad

wardniu uduiivTunugananfonsainia dinauyin waznsedudny ludTuiu 80.3%,
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69.54% Wag 60.44% PURIGU TIUTUIUAINANITAmARDATNGIUAIUTIU (AIANTRY
108533) VBTINARIHUMIY AUIUUTUIUEINUTZNEUBIATINYBITINIAVBINEAIMALIANEIER

1 = 4 Y1 o ¥ ¥
u’]‘ﬂ%llLLu’JIuﬂﬂ‘WﬂWWﬁN’WUﬂ’J’mi@u&j\‘iﬁﬂu‘lﬂﬂ’m

4.2.2 HAMSANEIAUNNANITEAEAIMIANNTOUVRITINIA

AINNISANWINITARNYAINIIAINUSOUVDITINIANIYLATY Simultaneous Thermal

[y

Analyzer (STA), NETZSCH: STA449C lagdanisgeydetuminvesiegraduilanduivaamgl

anzildlunisiisgifeamgil 30 °C fe 1000 °C pagdasinisiiingumngfivitiy 10 °C
‘min nageunelfiusseInmeInIa (ain nsaaesneaTeuiannsadanald azuans
ngfnssuRudiEuRuILAugRnssIaUNIIN SaMEftosTaa eliwagladazaaedafigung
s9fie eflwaglaa fidaseamgll 160 - 360 °C lwaglas fidiaqaumgil 240 - 400 °C Andlud]

v £ t‘l) a0 a U &/ a 1 a o
9ATINITARIYAIATANTNYUVNUNITFR1YAININ ABT YUV 150 - 900 °C

@ L4 v

SUM 4.1 Uang TG/DTG vas nsedudny nea1nia wazinauyin (FUN 4.la, b, uag c

a I

MUA1eIU) HEnTINTaRIeRInNANUTouNInianeglugumaiuszaina 200 - 400 °C lng#

YIUNYAAINT1 200 °C wun1saLdedandniiiasantiniais 3 vlingnnindnainudu Lile
fATUINNAVYIINUNSgeyBoumdnuIngang g iussuas 285 - 290 °C Fulunis
amemvedlasiaiuyaglaa

a o ¢ & A Aa A v °
nsrdudndiarnyainna Wunsnivsinaldassaiaalawaglaainuinain (waglaasiy

'
a1

PI9gngIUsya 310 °C uag 330 °C

[y a

fuledliwaglaa) vilinunisgedsuininanige

a v 6

punpinisamedieslawadulalawaglodlunsyiudnuuaznyanma gaiuiosniasadig
waglaafifinsanTumadidu weznrmmaiuiunaasssivenniigaluuTing 71.65% Glag
Undnalnnismalusdfigungf 200 - 430 °C 9z1funszurunisienarsszineaen
(devolatilization) wagdtgamail 440 — 700 °C Wutrsnswnlmfansszivenazaumns (Cagnon
et al. 2009) Fenuinzarmaiimsayidedimiindigumnd 280 °C uagil 330 °C (waglaasauiy

iilaglaa) Jadunsameiivedasaindlalawaglaa
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TG/ % DTG / (%/mi
Sample: Leucaena Leucocephala (TGA Result) Cfnm)
100
N J[/ ---------------------- o
- Peak: 4448°C T
80 \ ',’ __;__K_____ ------ B - -1.0
\ ’-'I Mass Change: -50.25%
‘.‘1‘/ ‘ L -2.0
60 [
|
1
Peak: 88.8 °C L -3.0
|
40
|
i -4.0
! \ Mass Change: -33.60%
20 ~ ] 5.0
I ! S
TGADAT Cires™ | \ \’x—-v-. To I
0 = =======. Derivative ot'TGA/Dv Curve: Peak: 310.5°C v ; 7.H' -6.0
100 200 - Tigr300 Ter 400 Tez 500 600 700 800 900 1000
Temperature /°C
(a)
TG /% Sample: Palmyra palm shell (TGA Result) DTG /(%/min)
100 1 3 -o--2-F--- 10
g0 4 W / \ P it ittil A) -1.0
(R . : Plak:446.8 °C
N % 302 e L 2.0
60 * H '
\ " ,: Mass Change: -24.52%
Peak: 87.2 °C ?l " ; ! -3.0
40 | ¥ 1\ ’;\
/ .. Mass Change: -34.73% 4.0
Peak: 28p.3|°C \
20 1 L -5.0
.| 3 \\\_\ - o 7#
TGA/DAT Curves Tp.l \ L 6.0
o Derivative ofT(iA/DT/i ves \ Peak: 330.1 # Tp.3 Tb '
100 200 Tin 300 Tpz 400 500 600 700 800 900 1000

Temperature /°C

(b)

JUN 4.1 M3aaefin1enINTouTasdINIameLATad Simultaneous Thermal Analyzer (STA),

NETZSCH: STA449C shdmsinsiiingamgfiyiniu 10 °C smin’

s

(a D NS¥DUTNE b AD N¥AIMIA C AB HNAULIN)

ee
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TG/ % . DTG /(%/min)
Sample: Water hyacinths (TGA Result)
100 {=——"—"——Mass Change: -13.50% 0
\ - + = /
\ R e 1 ? . ' \ S
80 | / 155 ‘ \ b ' Peak: 656.3 °«C + b L0
A : o Peak: 976.2 °C
] E L -2.0
' \\
60 + AW y Peak: 456.3 °C
‘ ’ ) 30
Peak: 91.1 «C \ h Mass Change: -46.85%
- -
40 w s — 4.0
"~ 403 \ Mass Change: -21.80%
' N Mass Change: -1.54% -5.0
20 \
— i ——
> 750 e E l
TGA/DAT Curves \  -6.0
v==Peak: 2919 °C /
------- Derivative of TGADTA Curygs Toz Te Mass Change: -8.18%
0 — - - - - - v - - -
100 200 Ten 300 Tes 400 500 600 700 800 900 1000
Temperature /°C

(@)
SUM 4.1 M3aa18fINNMINTBUVRITINIAMILLATE Simultaneous Thermal Analyzer (STA),

NETZSCH: STAA49C shgdmsinisiisigamgiiviiiu 10 °C smin™

L4

(a A® NS¥RUONY b AB N¥aIMIa ¢ AB KNAUYIN) (D)

ee

2 4

N7 TIeiAMdnYr TR TGA Yaenseiudnd nganmiauwazinauydn 910
JUN 4.1 Aansaw TG/DTG veensydiudny ngaimiauaginauyi Wedoya TG (Wuiiu) uanenis

g mdnseamnniluasesiinsiey TGA N5 DTG (Wudy) wans 8n5n1siudsundas

v Y q
v
o v

Wwtinileuiuliaivestiniadoguugiaieluen 9nn9ieseing i Te/DTG wuiinseiu
v L3 v a dl 1 [ 1 a Qll 1 v d! 1
dnuasinauYIfnnIsiUasuwlas 2 91audn drunzammaianisilasuniad 3 Fananadalyl
FIFNNTTMEnTeMIRANBUlUTINIA dnna1nn1sneaey TGA gamailnglumiiuiiy
N15gaydeuInilinaINNTaAIeRINIIAINTaUTR0IAUTENOUNNIATIATIVRITINIAILLANTY

audsuduRdmaziuldegsinauluyumiiuandeiu

a

PNANAI UL 2 Msaanediveeliwaglaa InaTungumnglreudew 160 - 360

3

'
[y v o

°C mumen1saagvaaglad dYgumnail 240 - 400 °C wagdnfuildnsinisaangfimued

1 a U ¥ ISR a o ¥ a al 1 U 1
TNYUNYUNITARIYAINTIN UYWNYUNNU 150 - 900 °C ﬂ']iEJ'N@QQZUMQJJIU%'NWQ?]&TJQ%LL?‘IGN

9 Y

[y

DadnuUr eIt LANANTUTENINNT a3 dnsaaes

NJUN 4.1 Nr19gaumngil 160 - 400 °C iian1saanevadaiivagloauazigaglaads
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a v L3 a

Juujisenganiuiou gﬂﬁ 4.1 (a) wanan1saatgfn1enINTauvesnseiudny 1ian1s
Wasuulas 2 92smdn muqmmﬁﬁﬁﬂﬁﬁmmsngtfmf’mﬁfnmmqm qungdiil 1 (T,,) Ao
310.5 °C gaumgiifl 2 (T,,) Ao 444.8 °C Fsdwiudrvtrnsaanevousiivaglaauasivaglaa
muddu Feeuneldin gumndil 1 (T,,) Waannisamesivessiiwaglaadundniay i
MsaanesvesansduLaraniiuusdiy

SUN 4.1 (b) LEAINISARNYAINIIAIUSBUVDINEAIANE LNANTTUABULUAY 3 B98N

Y

= =

Qaumngiin 1 (T,,) Ao 282.3 °C \Judninsaanesvadaiiwaglad g 2 (T,,) Ae 330.8 °C
I 1 Ly} P a A | [ aa
Jutenisaangmiveswaglas m‘Lunzmmawimmwagiaaﬂamqu WAz auuiN 3 (T,)
A9 446.8 °C WugrIn1saatsfveaaniiy

U7 4.1 (0) BAMINISAAIZRINIIANUIBUIDINNAUYIN LAANITURULUAT 2 9299%8N

a

3
QumMQiIT 1 (T,,) Ao 291.9 °C gaumifiil 2 (T,,) fie 456.3 °C FsduiusAvtasnisaaemves
fiwaglaauasivaglasniudnsy Tudunougaiine (fenmafinannds 400 °C ) nisgayderimiin
vosTanata 3 ¥ia gnnszdulngnisaatefvesdndumuieasiasuanmdudiuys
(eaNnTnTU 13)

Hesnludfatenswlviinislunsngsladiuaiatuediesniia danudougs
waziinnistutunglum (Turbulent) Tuauddsllaansaseadiunmelununlisisdoam
nginssumanvdidoswiulngliteyanmslesedinuns TG way DTG $awiu Geazvli

AngauniinsisuAall (T,,) uazgamgiinldlunisenlni@unanun (T,) wud nszdiudng

9 Yy

31

Calle

1 gungiifalu (T,,) (@u1sanalanuizves Wang and Yan (2008) Tnelgvngueliluund 2

9

)

JUN 2.12) uaraumniinauannisisntugd (T,) (Flegumaiiweindasninililivuadu lngdunnain

Y

Lddnsgeysdeinidnuunsid TG ) # 256 °C wag 780 °C a1uamy neatniail gaumaiinly

(Tign) Haz@UNYANAUAANITIINL (T,) 71 270 °C way 745 °C wazinauvId gauniiaalu

(Tin) WAZRAUMQINAWFANITWI N (Ty) 91 225 °C waw 565 °C auadu dawandlunisng 4.7 &
ansaasuladn angumniin1shnlu, guugiin 1 (T, ,), aungin 2 (T,,), aumngiin 3 (T, ),

g
ez inauganiswibagd (T,) y0Tati 3 yainUAzeInswnlrdndvssansnings
Tuszvunswnlwsivuungdlediundl gamgiig (Uszanm 700 - 900 °C ) Bnvisasifiudinisiun
ndfnnurnannsaiatulugungifisinindeisuidisufunssiudnduasnsaina 7
Tnssa$reuda uazthmiinduguassadlesmnuasnenafanismusienssrufuiivinudu
wvilgumnifiduaanisniudas msfitanais 3 elalusuidedoumainisanialisiniy

anuAuduyiivaun sadudgiuansidunaievselweuisenlaienitaiuiu



93

o a ¢ Y] 2% a o ¢
M19190 4.7 LLaWﬂﬂ'ﬁ’JLﬂi"l%Wﬂﬁu ﬂ‘HﬂJ%ﬂ'ﬁLN'ﬂVﬂJﬂ'ﬂ‘c’J TGA UDINTLAUINY NEANNALLAY

HNAUYN
\Woinds gaungil (°C)
auunliin  Peak 1 Peak 2 Peak 3 qmwgﬁﬁﬁyuqﬂ
W (Tign) s lvg (T,)
nyzhudny 256 3105 4448 - 780
NLAINR 270 282.3 330.8 446.8 745
NNAUYI 225 291.9 456.3 - 565

43  wavawnganssunswlvdivesdnalunnmingdladiuaiuunuiy
msfnwmgAnssun s lusivastaualum i ildanmsvageunslngiTauaaia
3 el nvanea naefudng war Aneurn @unats 3 vEedfndiudulsgnavesdiud
uandnefy) AusrmadiuAuiveulunivgdladiuan sensonuunsuau lngazuyanisg
nadousanluaudIy fio
(1) wAnssuvesamgiuaraddutuvassan@iaulunisw budinglunwad
ladiunnuunyuau
(2) rrmndudunazuaiefiiadu (CO way NO) lunsunlvsiniglumnnigdlad
LUALUUTYUIY

(3) MsfnwsgAnsa s bdnngluwminmadladiunsuumyuau

4.3.1 HAYRINHANTINVBIRNHLazANTuTuvasanTaulun st lundniely

WwngdladluauwuunyuIu

JUT 4.2 uanerngaunnd (a) uasanudutuYeieandiay (b) MAnTumusEAUAIINgS

3

-2

Y996M1 (axial temperature and O, concentration profiles) IumewQﬁlﬂeﬁwmwummu i
fumdunsie Wensnistleudamadlusssunsiivssana 45 ke-hr! Wonaaouitennirdiuiu
wand1eiuUsEUIn 40% 60% Uag 80% (AFM1sAmuInUsuINe N AdIwAUAUNguegly
ANANLAN 1) VesusarTafiTdNUsTNeURIATINLANAAY AwdIiy 91n5UT 4.2a WU
nsnsEateivesgunivesmnmInaaesiidnuuradiedu Ao In1siuturesgumgiludiy

NIINTIYVBUAUKT (AINFIHINT1 90 cm.) INTUABY |AAAIANTLAUAIIUEIVDUAT LAHNE]
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¥ '

aumgiigeduuargeianuinamingsUszanal 70 - 90 cm. duduiinalndiAsafuiumianig
na screw feeder ilitoudomandndumnigdladiun sefuiaziauiouiivanudes
WL AR uY9Ee wazaziAnnsatewlidusnaimuuuvetnviiiA1nuTous
ANAIRNLAINGIWBAN WULFBdTUgumMgR FevinliTmanadludiuiidunsenssuonvoaaun

(srEzAtud 90 cm. Full) dnsanasvesguuginnnisnaasuioninnisgyideninuseuriuy

a

HAAT LaEINAITNAFBUIIBANYIHANTENUVBIEIUUTENBUBIATINNUINNIN1TNAGDY
anadIAuYIIlagUsEI 40% 60% Wag 80% MNaWU NudtdIuUsENaURIATINE
HANTENUABRUNYITNIAATUEE1ITALIULTDIIINTENININITNAGINUIINSEN I T aLnEnd]

=

dulsenouesnTI (Waglaa+etiwaglaa+aniiv) Ustnaunnazleaamgiivn ndigeuniuly

Y

U L4

P ~ o % ~ a v al W = - a
Ay Favibingamaligung i budfigeaniadu 1,062 °C sesasuafanssiiudny uas
AnauYa FalagangTumnlvdiviafdy 1,000 °C kar 698 °C Aud1du wiag1alsnnunig
= a =~ ' a Ao ] = A Y]
WasuuUasaumngiivesdiniawsazstiailiyindn 1n3U4 4.2a gaumgivesnzamiainaiy
AugeedaLEiladtgamgRlunaiuuintn gamglvesnssdudnvuazinauyrdully
AnwagLRgNY) TuupENOANYINaNTENUTDI91N A WLA WIUTILIa RAR LN UAUANUTUTU
20NTIAUNFONANNGENN (WandluguRl 4.2b) wudnnsnszatediveseandiaunieluwniluuiliy
anaeAaenALaITedn Lot naandaugnin luldluu Jiseteendiadu asdunaladn n1s
an93Y0390N T UlUAIUNTIBLNTINITANBNEINTIAIUNTINTFUBNVBUM (HBIINNTEN N
a 4;{ 1 [~4 v a 1 < o % d%/ (v
Neduludumsinsiedunan wageendiauludiunsinsiengnurtuldlupisunluduinay s
Funal9a1nn15anadnt195aLS v aduns v %qaamﬂé’mﬁué’ﬂwmzmiﬂszmaéffmaaqm‘mq:ﬁ
wiognslsinuenngdladiuadldmmnlunsiiuanudeuliunue dunisldiuinauves
WiagdesinnuegnaennafulIgauri UL waniaaueuluninie1aagyinig
a (Y} Y = o [~ ¥ a [ [l 45 o dyd 1 I~ [ a" 7N
deomeunviuwle I nduresdainauegnasaial Feinauideinduinauilddngeinie
nRgnillvnumwnglulause iy vilidevinnsinaududueenTaunaenALEIUa e
WNUIAKANTENUIINDINANRLNNAINGI NE1IAB m’mLﬁuﬁumaﬂaaﬂ%Lf\mqﬁuasJ’mﬁulﬁ
FATUATLAUINRAFIA LN (AIugaysEun 90 - 100 cm.) LALUAIINUUAINULTUTUVD S
a < d‘ [} r-:l' q' dg” al oﬂ.’/ d‘ a o aaa
20NTLIUNITANAUTBY |MUTEAUAIN AL UBNAT I neenBlaugniluldluu fATen

20NTATUNDYUTIANTINTEUBN VDA



95

EA40% EA40%
1200 18
- c 16
G 1000 2 S-
= v g 2 14
@ sgoo LS
% 600 /'_’—0-*_,__‘__. —s—water hyacinth % 10 —e—water hyacinth
e i) 3
3
g- 400 —=— palmyra palm shell § 6 —m—palmyra palm shell
4
[ o~
- 200 leucaena o 2 leucaena
0 0
0 1 2 3 o] 1 2 3
Height above air distributor (m) Height above air distributor (m)
EA60% EA60%
1200 20
T 1000 S
5] o E=RH]
@ 800 e c =\\7
2 —e—water hyacinth T —e—water hyacinth
€ 600 g 10 v «
3 2 NG .
g_ 400 /_‘_H_‘ —m— palmyra palm shell S palmyra palm shell
5
& 200 —a—leucaena 8 leucaena
0 0
0 1 Z 3 0 1 2 3
Height above air distributor (m) Height above air distributor (m)
EA80% EA80%
_ 1200 25
£ 1000 6 20
~ - + d —
9 a0 = s = B \ =
=] < 15 e ;
® 600 —e— water hyacinth c ~¥;/ L. —e—water hyacinth
© ] -V
5 o 10 T
g 400 /‘*H_-‘ s— palmyra palm shell 5 —=—palmyra palm shell
€ 200 S s
o I}
= 0 —a— leucaena O 0 -leucaena
0 1 2 3 0 1 7 3
Height above air distributor (m) Height above air distributor (m)
(@) (b)

gﬂﬁ 4.2 NANTENUVDY excess air #19 axial temperature (a) kay O, concentration

(b) profiles lumigdladiuniuunuIu

4.3.2 wavesnnuutuLaziaiefifaty (CO war NO) Tunswenlugnnelunimn
Wadladluauuunauiu

AMNBUNTIBURINDNNSINTALAT (Photochemical Smog) LAnaNWAE#R1SY (CO, VOC,
NO) 9nAskulug Fs NO, ﬁl,flummmmmil,ﬁ@ 0, luszsusmidufudnisdainats o, lu
UssEIN1EBnERedsluauideves Van Loo and Koppejaw (2008) 813ialu Basu (2010) wui
vafivanlundaeonledunainniseendinduidemdslulasuannisunlad Fauna da co 4

= aa

& a ¥ o A v Y o= ° B Ada A v Yo a
AonaranaNNS bslagananaealile F9azvinlrasdidindedinlaninlasuluusunaiunn
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Auly Asdunisesniadsuiauiadinanisdusesdndudedimagniuildlnenismalngd
- v o = 5%
e llandenuinuyudionis

P Yy v 4 I3 .

SUM 4.3 wansarnuiduduvesarsuautauuenlgfnuuuInINgIvetnl (axial CO
concentration profiles) ¥In1snadsulneiinisilasuulasdiuisenauesnsiu lnenagoui
aINAAIUAUTIUTEN 40% 60% Uar 80% @N313OLUIN1INTEEMIvaIATsUaULUUDNlYR

&, ' Y & | 19 ] = I I
panilu 2 FremusEAuAINgvena A Tugiausn (miugaiesndt 70 cm.) Wutieag
nirsuwndintsdeuewmas anududuaisveuneuuonlyniinisiindued19sansuasdl
A1agANUsEINn 60-70 cm. t93Inn1sUdeEaN eIy (devolatilization) Y8 ulBInFuay
panTiatu uagasuetlua (Char-C) (Tum. 2006) Tugaeiiaed (AIMEWINNI 70 cm.) A
dudupisveuneuuenlysiidianaseginiulitn sudunaieinoiniafignineidignim

o 9 v & 13 ¢ A Py a a N a = &
iliufgarsveuneuuenledielafueiniansseandiauiiaiiani1silaguiduy
msuaulaeenled (UfASe10en3adusyndne CO AU O wazlaun) Fanunsnisnagauiiannia
dfiu 40% 60% waz 80% waziasaluuiara MAdAunUIINsEiudnY TUTinauia
ASUBLNAUUBNYAgINEn da1nNNINNIIRNSYALENBIUTIIMAISUOY wasUSuIMAINTUge
danadeufnseneandnduilinisininduailauianisveuneuuenlangwmiulusie duiey
Aunra1niageliusuammIsusugsganAtUSUIMANTURAINdINSEBRERYUNN FaUSunw

& = 1 v oo ~ [ =] a [2% s fal
mm%u%mammimﬂwu @\TU‘UE‘UW 4.3 Q%E‘NmmL‘WL!'D']‘LJ'ilIWNLLﬂﬁﬂqu@umauu@ﬂi‘ﬁﬂm

7 L3

WARTUAINASHEN LTINZaINaE TUSHNLAFIN NS ZaUS N
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EA 40% EA 60%
-
g_ 5000 Leucaena ’g 2000 Leucaena
R 4000 —e—Palmyra Palm shell & 1500 —e—Palmyra Palm shell
c ‘ =
£ 3000 &—Water hyacinth 5 —=— Water hyacinth
© 1000
k= o
8 o E 500
c
§ 1000 Q
J S}
o o Yoo
e 0 1 2 3 S 0 1 2 3
Height above air distributor (m) Height above air distributor (m)
EA 80%

e

g 4000 Leucaena

Q

‘-c’ 3000 ——Palmyra Palm shell

o s .

=} —u—Water hyacinth

B 2000 i

)

c

o 1000

v}

&

O 0

o 0 3

(@)

Height above air distributor (m)

JUN 4.3 HansenuveddIuysvNeuniAsINee axial CO concentration profites Tutinmad

IaglunkuuruINERoINIAAILALT 40% 60% Wag 80%

1ngUTl 4.4 WennasunistnlusifieniadiuiAud 40% vesnsziudnvnuinsua
ufansueunpuuenledasiuTnanfimnniudosqauisudnanugs 70 cm. wilavanszang
au%QLﬂuQﬂﬁamﬁgnﬁamaaﬂﬂm ( secondary air) Wagtdugaiannsainuiunaaududy
afususouuenledligaiian fo 4,895 ppm lemmgafistuUiumnnududumiveusen
uenledfiranasegariulddnuasiileiauinamnuidudunsusuuesuuenlasuinasuuugn
yoamnun oudndlalrau (267 m dsfuunaitioondiou 6% vugiuuiauia) Sadldiies
586 ppm Tunsnageun swilniifiennedauiuil 60% seenszdudndnuiinsmisnves
Ferfufunismaaesunisunlvsiiionniadiuiiui 40% lnefamdunisaugs 70 cm. 16
1,976 ppm wazuInasuuuanvesae feudnglelaauldan 230 ppm wagidennaounis
wnlnduAud 80% Anuindidnwaznsluazailindidsstuniswnlnifienniadiuiud 60%
Fedlgadumiisanugs 70 cm. 16 1,857 ppm wazuinasnuuugavenen feuiiglelaauls

A1 220 ppm
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WaYN1ITNAFOUAILINNARRA Paired Samples Statistics tonIAILLANAIUNTLY
21MAdILLAUN 40% 60% Wag 80% AuaAU LaggiTevinnisTunenIAdIuuLARZ RTINS

[

wilndingsdusnydad
f 1 e nAduLAuT 40% way 60% léen t wihdy 4.609”
A7 2 01mAdIAUT 60% wag 80% léen t iy 3.096°
A7 3 91MAdIAUT 40% wag 80% léen t winfu 4.941"
an1svaaeufananuandiiiudnsaluionaduiuiiuansafuazairaaiy
asvauteuenlydluUs I A TuegaTiTed ey
Senaaounisunlvsifieniadiuiui 40% vesnzarmanuinUBnauuiaafueutey
uanlgfazduuaifivmnduienqauivuinaniggs 70 cm. mdowinsyeaudaudugai
Andagigannia (secondary air) uastfuaniianasnavimuaududunsueuseuuenls
I¢gefign Ao 4,492.4 ppm Womugafistuuiinamiududua fuouseuuanladidanag
ogaiuldfauay o fauTummutidumsusuteuusnleduinas uULgaTe LA oy
iindlelaau (2.67 m. Sudutinuiifesndiau 6% vugiuuiaus) Inldifies 270.6 ppm Tu
nMsnAgeuNTnlndifioniadauiiud 60% vednsarmianuiinsmildnvusigatuiunig
nadeunIswIiTionIAdILIALT 40% Imﬂﬁfﬂmﬁﬁmmmmmqq 70 cm. 191 516.4 ppm uag
UShainuuugavaantin neudlelaaulam 163.6 ppm nasiilanaaeunsmilugdiionnae
druiAudl 80% Anuinddnwaurnsiezalndidgstunisinlusifieiniadauiui 60% diign
FUIMUEAIINES 70 cm. 18 2,523.9 ppm wagusiiuuLanvasaiil nowdnglalaaulaad
176.8 ppm
derhnisnngousiei3nisaan Paired Samples Statistics diaymenuuansnslunnsld
9IMAdUALR 40% 60% Waz 80% laefidoynisdudeiniadauAundas duosnisiwlvl
nvanmail
7l 4 o1Ad AL 40% uaz 60% e t winfu 1.579
75

DINAAIULAUN 60% Ay 80% bAAT t WWINAU -0.940 (11891191 AN

eD_ eD_

d %59 the mean difference 11U -239.05 @91121NAT NAFIIUDIANRRVDIDINIAAIULAUTN

ISP

60% AueInAdILAud 80% aunuailugnsAuin ttest 9davonunduau A1 t 91999

1d 1 = @V v a a J . = 1 a =3
L‘UUﬂ’]U’Jﬂ‘Vii@a‘Uﬂlﬂ LWITZLIATWITITEUT LITATWITTEUNINAT SIC. LWEJ\‘]E)EJ’NL@EJ’Jﬂﬁ’m’ﬁﬂﬁEU

a1 1

NALA LHBI9NANALUSAIVD9AT t azTlALvinaw)

Y

AT 6 DN FEIULALT 40% uay 80% ldAn t Wity 1.896

Y
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nan1smaaeUdsnauandliifiuinniswnludifieniadiuAuiuaniafuazairsaiy
msueuneuuenladluTnailivnndiunneislidifideesldeniadiuiud 40% 60%
vi3o 80% USiuumsusuNouuenlusideeengussenialuuiunaiivingdu luunauves
Sadaka and Johnson (2017) Fafuunauierfunsilvi@aunassuigitnisifineinie

dqutiuazviliusunaesuauuauuanlofanal Inesog19vasanIAdIuAunI I udmsy

[

SEUUNTN bnEling(e193egluYie 5-50% Juadiudnuuzadliowmnas (fuel characteristics)
LAYNTANAITEUUAIY (system configuration) NANTISATUIMUAN t-test vasngatmatiosuuls
1158UINNNI5RN I TINIaTN15I81INAAI LA UNUTEUI 40% 60% WAy 80% TUSuna
ASURUNUUDN bR kLA NANT LRI NA N YBIBLNAY (fuel characteristics) A1nA1514
a ! a1 a & & o A A A A ! ~ o

1 4.1 nudngamailaUIuneIsuey karasuauaIil NilegenInganasindusguin 3

Tivsuruenadiuiunasvinlilszanaasvauanatet1sltsdrAy 919z Ao unuUinim

I a

dl U 5 d’l ! a dl ! ! =1
DINIAFIULNUNUINNIT 80% NIUBINIAFIULAUNUINAIT 80% 2gUBDNLNUBITNVBULUAVDY

[ )
a =

MmATeFuiuay WeNasuNIvsUsEdSn NSl nIMUIINITIeoIN AU UAILA 60% N
WiUsgdnSainnismlndingsfis 99.89% wdd @1un715AARAITEULANNY (system configuration)
a19azliliinadasedutvdfnyiotnnsuwuuNsAnAITEUUAN U s lnvihluudeaiuly
HANNIUANYIINTNAADS
~ v ] a A o A & s
WenadouNSINIL N0 NIAEIUALA 40% YBIRNAUTIMUNUINIALAGAISUDULDUY

wenlydazduuauinunUuisesgauieusnaaImes 70 cm. wilemnszatvaududuyai

AnAIRaT188I07A (secondary air) waziluganianusainusunannududuaisvouneuenlen

'
= A

lageign Ao 1,043 ppm apnugaiududIinaenududuasusutauuenlunilA1anateend

q

ulddauazdde inusunamndudunsusutouuenleduinasuuugavesinen noulig
lalnau (2.67 m duduuinuiiioandiau 6% vugiufimuns) Jaadldies 121 ppm Tunns
nagoun1sliennaaduiud 60% veadnauminuiinsmidnuaeieatuiunismagey
Asn g fionaadruiug 0% I@ai’mﬁhﬁﬁ%mmmmqq 70 cm. 19 321 ppm wagusiu
Auvugavannun neuiidlelaauladi 98 ppm waviilenaaeun1swilvsifionniadruiud
80% Anuiniidnuwaznsmuazalndifsatuniswiludifienniedrwiug 60% %qﬁf\m&i’%mm
AINES 70 cm. 19 302 ppm wazUSIMMuUNgAveunK neuddlelaaulael 54 ppm 210
nsnaaesardaunaiiuii ludiuanwean mnududuvesasuouneuuenles dnsiiuty
og1umFulosnnnssziveveanssEvie (devolatilization) Mflegludunauaynisinluiaiy

' ¥
€ a a =

AAATU (char oxidation) TuvaziRefuAinIsaonTnTuveILAaAIsUBUNaUUDN lus MARTU
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Tudasiligudu @udrwean) lasunfudaarsvousenuanledazgnaendladnaisifu
suauleeanled se sendiauuarlensenled (Tums. 2006 §1eiislu Pichet. 2015) Wlavinnns
WnermadiuAuaziuld i mmdiduasusuteuuenld inndumisanugaueamasi
Afpsnirenmadaufuishngt didumneiviiueentlawes (eendiau) Wiluluszuy
dunntudsmariliaanisnindfauysaidunnty

dlovinisvnaeudieisnneada Paired Samples Statistics Wievauwans1slunsld
9InAdILLALT 40% 60% waz 80% lnegAdesinnisiugeiniadiuiiuusazguesnisinilng
ol
71 7 9nAd AL 40% Wag 60% LéAn t 1vindv 0.71
78

DINAAIUALT 60% ey 80% laan t iy 2.372"

eD_. D eDdD_

7 9 sanedauALT 40% way 80% e t Wity 2.618"
NaNSNRdoUSINa kAR sl niTe N edIuALT 40% waz 60% a3
wafiwarsuouusuuenlefluSuadlduansiei uplunisnageueinadinAud 60% way
80% 218N 1TNAABUBINIAGIUAUT 40% Lay 80% IzassuaRwAsUsuNauuonlynly
Usinaufiwanenstueeefidediday
1nsgUT 44 deRiansandinuiduduasusutauuenlednaonm Nz e
(axial CO concentration profiles) Inenilonaaaufiorniadufiuiiuansstuiie 40% 60% wax

80% Vadufaz AT IUWIEUAL NUIANLTLTUAIS U NN uUR N lsRlANana IR Tiulaan

1 [ |

sulunalieanaineinienfegiingniedignknlaeruiinauve sz iliufianisueu

Y

'
a a

yauuanlemiialasuanians e andauiiuAnnisilasuluasuaulneonlefusilionaasu

& 1

1n®8 Paired Samples Statistics WuaTlunszAugnveInIAEIUAUNG 40% 60% waz 80% vinlu

a a s saa a ! (% 1 a v 0 w A % I ~ a
Lﬂﬂuawwmiuaumuuaﬂismwﬂ'immmnmﬂﬂuammuammyﬂa lusnaugnuIdomiy

a I 1

DINFAIULAUN 40% Wwag 60% s uaneA1sUauLauanlanluUsSuuNldwnnaany aiy

o w

| a a ] A & ¢ f ) AW
DINAAIULNUT 80% AL 1AUANEANTUBUNDUUBN bIATILANFANINUBEITT B DY

o
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Water hyacinth

2 5000 —e—EAQD%
Q

& 4000 —m—EAG0%
c

o

'E 3000 i EABO%
S 2000

g

g

S 1000

o

Y 0

0 1 2 3

Height above air distributor (m)

Palmyra Palm shell | Leucaena

5000 —a— EAQ0%

w
(=]
Q
(=]

—t— EAQO%

4000 —m— EAG0%

f=1
f=1
o

—&— EAG0%

3000 ~a~— EABO% | EA80%

NowW B
{=]
{=1
o

2000 000

1000 1000

y

CO Concentration (ppm)
€O Concentration (ppm)

o
o

|

|

|

Height above air distributor (m)

Height above air distributor (m)

3UN 4.4 nansznuedeInIAdINLAuse axial CO concentration profiles

Tuwninvigdladiuauuumyuay

U9 45 wansAndudululasiursuusnlydnasnninugam (axal NO
concentration profile) ¥n1svageulaeiinisidsuwlasdaudsenovaidsi Inenaaaud
9IMARIUAUT 40% 60% Az 80% Nuavdu ALt uluTnsuteuwenlss i Talaian
Yooun Wesannluduna 3 9ia dUsualulasaulusdusyneuvesiisiasdnaliiin
whalulnsiauteuuenlasmaulusie wazaansmnuiwavesSinandalulnsauseuusn
longennanenuuSuialulnsiauresdnuia Ae lulnsiaunuainlunseiudng sesacunfe
fneuTn wazignfenzatnia amdiy daalvusinauAdlulnsiauueuusnlydnumnly
nszfudng sesawnfeinauet wagnutlesiinlunzatna luynqmmageufienimadiuLiu
Wasuluil 40% 60% uaz 80% an3UT 4.5 awnsaesuielaiaandutululnsiaunouuen
Tagt finsiiuaulutiausniiiesann nsUdesanssemevesdunataynsoendniueeszing

fiflulasiau N ududsenay wu HON NHs wagnanendu NO Tufiga (Werther et al. 2000)
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% 0,
EA 40% 400 B EA 60%

=
8

w

g
w
=3
=3

Leucaena

Leucaena —+— Palmyra Palm shell

—+#— Palmyra Palm shell —#— Water hyacinth

NO Concentration (ppm)
5 B
=3 S

—&—Water hyacinth

g

NO Concentration (ppm)
[
8

0 1 2 3 0 1 2

Height above air distributor (m) Height above air distributor (m)

EA 80%

-
8

("
=
S

“—Leucaena

—e—Palmyra Palm shell

NO Concentration (ppm)
%] !
8

S
/

—m—Water hyacinth

Height above air distributor (m)
L J
JUT 4.5 HansenuvasdinysEnauesAsINse axial NO concentration profiles luiminmgd

lpdunuunywIniiaaINed LAY 40% 60% wags0%

Tudhunismeaeunsmnlnduandldfssud 4.6 Tnsgngerniadiutiui 40% Tunisin
Indnsrdudndnuivinauialulnsaussuuenladsfivsinaidiniuuiauinuaiugs 70
cm. wilainszaeaudauiugeidndisidreeinia (secondary air) wazilugafiarusaia
Uiinunnududululasiaunsuuenledlégeiian Ao 395 ppm Woarugainduliuuemi
dudululanaunouuenlesimanastaziioIntsuamnududululasiuueuuenledusii
suvugnveanin feudglelaau (2.67 m. Sadutinadfieendiau 6% vugiufnuis) §n
aldifies 187 ppm lunsuaaeuniswaluiifionniadiuiud 60% vesnseiudnunuiinsmd
dnwaziferfufunsmaaeuniswnlyifidnnAuil 40% Tnetadfidumianiiugs 70 cm. 16

390 ppm HaTUIHIUAUUUEATERANT faulinglelaaularl 98 ppm uazilanaaaunIwn

a

InsiNan1EdIuAun 80% AnuInTanwarnIkazaAlnadesnuniIswlrinainiediusiu

60% FaNAFIMULAINES 70 cm. 1l 303 ppm WA USLIUATUUUGATOUALK AOULTNE

Telmaulaa 98 ppm
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A o Y aa aa . Lo A a |
IDNINITNAFDUAIYITNINADE Paired Samptes Statistics LW@WQWiquQWNLLWﬂWWQIU

nsldeInAdIuAuT 40% 60% way 80% LasRIdeviN15IUARINIAAIUALLAGLAVRINITM

[
Ly v

Tysinsyaudnydsadl
7 10 8N AdILAUN 40% way 60% LaAN t Wiy 0.733
7 11 91N@dULAUN 60% way 80% boAn t winfu 4.793"

i 12 1nEdAuT 40% uaz 80% leAn t Wiy 8.721"

D

eD_. D D

nansedoUsInanauanslidiuInaswalusifienniadiuAuT 40% waz 60% zade
vafiwlulasiouneuuonledluuSuailiwnnseiy wilunswageueinirdiuiuil 60% way
80% S1udn1sNAdeUE N AdILAUT 40% LAy 80% aradrwaniululnswuusuusnlenly
Unasdiusnsinafuegreiifeddnyge

dlennaeuniswlusiiernmediuiiudi 40% vesnzatmanuiSunanialulasiausey
uaﬂi%ﬁ%ﬁﬂ%mmLﬁmmﬁuauﬁqﬁnmmmqa 70 cm. mﬁaﬁ’mszmsam%ﬂL%ﬁ;@ﬁﬁﬂéﬁgﬂﬁa
91891l (secondary ain) wazilugafiamisainUiiumandudululasiauseunenlydlsgs
flan #e 73.1 ppm Lﬁ'ammqaLﬁ'u%uil'%mmmmL%’uﬁﬁ’uluimmuuauuaﬂl%ﬁ:ﬁﬁ'waﬂaﬁasmLﬁu

ladauaziioTnUsuruanududululasiauus uuanlgausmmuuLan e ua 1wl noudng
lalaau (2.67 m. Faduvsnundoondiau 6% vuguuwiawins) Jnaildiies 47.3 ppm Tunis
NAEBUNITILALINDINAGIUALN 60% VesnzamanuInTINTdnwuzifgIiuiunImadeuy
N1 bniifduiug 40% lngdaaiiidunieaanuas 70 cm. I 76.6 ppm kazuiaIu
UUgnTeANT nowddlelaauladl 21 ppm uazillenageun1swlyndiemadiuiun 80%
@ = - 1 Y 1Y) val i a N = o 1
AnvuirddnwaensmiuazaArlnapesiunisialndifdinniui 60% Fangariunuanugs 70
cm. 19 49.4 ppm wagUTINAUUNEATRUAKN Reuinglelaaula 31.9 ppm

A o Y  aa aa . N . A A ]

WBMINITNAFRUAIYIDNNENR Paired Samples Statistics ONTUIANLANATS I
nsldoINAdIuLAUT 40% 60% uay 80% lngEITev1N13IUAINIAdILLALLAGYAUBINTINN
Iudngamanadl
1 13 9In1AdULAUN 40% Waz 60% lae t 1Ay 0.347

i 14 1nedAuT 60% waz 80% leAn t Wiy 2.521"

'
a

15 91N AdAUT 40% uay 80% laAn t Wiy 2.861

eD_ D eD._

NANISNAADUMINANILAAILIALTAUINNITEN LT NDINAAIUAUN 40% Las 60% a3

yanwlulasauyauua oA USSR LLLANANSAY WALLANSNAZBUINAAILLAUT 60% Lag
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1 a a

80% F2UTIN1TNAADUDINIAGIULAUN 40% waz 80% dzaswuaiwlulnsiauueuuenlanly
USnauunnsnsiuegnaiidoddnygs

denageunisuniviitenniediuiui 40% vesdnaurimuinusnauialulasauley
uaﬂlﬂﬁﬁ%ﬁﬂ%mmﬁumﬂﬁuﬁaaﬂﬁ]uﬁw%nmmmqq 70 cm. wiflovhnszagandaiugni
faafisnwe1nael (secondary air) wazidugaiianmsoiauiinuenududululasiauueuuen
iszjmmlﬁqﬂﬁlqm A9 341 ppm LﬁammqﬂLﬁwﬁuﬂ‘%mmmmL%’msi’fuiuimLaumauuaﬂl%ﬁﬁmamm
staulddanazilofnuTinunudsdululasausouuenleduinasuuuanuen i oy
nglalaau (2.67 m. Fuduuinnifeandiau 6% vugtmuiaui) Tadléifies 62 pom luns
npaauM s lndiflornadiuiud 60% vesneurImuInsTmiidnvnzRetuiunisagey
nsurlnsifidruAud 40% Ima"s’mmﬁﬁ%mmmmgﬂ 70 cm. 161 340 ppm uazUSIUAUULER
YouaN nouldnglelaaulasa 47 ppm waidlanadeuniswnlngdiidimdud 80% Anuind
dnwaznamiuazalndidestumssnlvsfidunuiug 60% dafigamuviiseags 70 cm. 16 124
ppm WavuShamuuuanveunw feudidlalaauldel 29 ppm

devinsmeaeuiieIsvieann Paired Samples Statistics tiefin1sanaruunnadly

nskoINIAEILALT 40% 60% Way 80% lneeiTevIn1sduaeINIFE LA ULAaY A UBIN1TIHN

TntEnnuvane
fj‘i?i 16 9N rdIAuT 40% waz 60% T t 1wy 0.096
f:jﬁ 17 e edauAuil 60% way 80% leien t ity 3.820”
ﬁjﬁ 18 91nAdIUALT 0% uaz 80% liAa t Wiy 4.2557

HanIsNREUSInauansliiuIn sl TienntedauAudl 40% way 60% zad1
wadiwlulnsiauneuuonlodluSinadliwmanieiy ualunisnageusiniddiuiug 60% was
80% IuBINITNAAEUSNIAGIULAUT 40% waz 80% Irasrsuafiwlulasiaunouusnlydly
Unasdiusnsnaiuegreslifodfnge

9n3UT 4.6 WeRasanmmnudutululasiouieuvonlednasnmiuganiun (axial
NO concentration profiles) Ingiilanaaauitgainiaaruiiuiivandnsiuie 40% 60% way
80% vewsasTnaSsuisuiu nunanududululnsuteuuenlesiiafiialadesunly
AU 100 ppm dlennaaulne Paired Samples Statistics WU iaiionAduiy
7 40% uaz 60% zasrsuaivlulasuneuuanlemluUsadiliunnaety wifteniedwiu

o o

1 80% aglviuaniululasiauneuuenleniuansaiuesaiidudAgas
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Leucaena Palmyra Palm shell
—e—EAG0% -
E 400 E 400 —e—EAQ0%
G , a
il EA60% ~
£ 300 c 300
£ M\‘\k S —m—EA60%
= 200 / e EABO% £ 200
£ 100 g e
g 2 100 A—EABO%
2 5 S n%fﬁg;@z;
S 0
o 0 1 2 3 2
2 0 1 2 3
Height above air distributor (m)
Height above air distributor (m)
Water hyacinth
| —o—EAG0%
| 400 —m—EAG0%

=t EAB0%

NO Concentration (ppm)
N
(=}
<}

0 1 2 3

Height above air distributor (m)

ﬁ
|

- |

5UN 4.6 nansenUe90INIAEILAUsS axial NO concentration profiles

Tumenvigdladiunuuumyuiuy

a a a tg Y al s
4.3.3 Na%ama‘wwwmWuumnnﬁtm‘lwmnmﬁlw,mmeQa‘meumwumgmu

(%

asuafiwndnaiavusznINn s nldema@iniandifgdegauiu 5 viialaun
AUNIALYIUARENLNIINOIAYTTNBURTUNII LAY NEs uiangudaiesennlen wiangy
lulnsiauaenles arsusuteuuenies waglalnsmsveunmivdldanysal widmsuauidy

¥
N va o A a o o A

atulididadenfiansanianig CO kay NO Jululafiunfidauddgnlaannswilugd lnansu

e

AIUANNATNY NTENTINTHYINTTTTUVIRRALAILINGDY (2558) LAYIIN13AMNUALINTFINDINA
\deodszuigeanantstuanannssunliidemasdania lnedidaitinisudes CO wag NO 1
1AuN1 740 ppm waz 205 ppm ANNIEBNTLAY 6% UNFILLAARIAY CO NNBTUAI91INNTHN N

AnTun1aInaIgaIme 1wu n1swnbaanuiuly mskauagniaaliiissne Ysunaeiniely

= = a dy [ ! 2/ go’ o % Y1 a a |
Wigane Fuindulusagud diulundeledrdmiunisiunlndaiuiuaiddasinisudes CO
emission NTuagiuUIuM fuel-C warinanvesndelounniinadoweindsildluniialoun du
Y =1~ o oA & a aa I3 & ax o
NO fldannisilvdiivusgiveiiavesveindmiiesdusznoudululasiau wazisnisiunlng

U

(@139 90519, 2547) Matu T TLIINNUALAFAEILYD9EILUTELNOUBIATILVDITILIALAAY

¥in Usureiniadlruiuntdeudenmn Wusiwusaunlslunisnaass drudsunuuans
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afuauteuuanles uarUTutnuaivlulasiauuouusnledleondiau 6% vugiuLAau
(UFnusuuuanvesin Aewdnglelaaw) iWusuusmalummasensad

N3V 4.7 wansUSinamaiivansusuneuuenled uaglulasiauueuuenlediignudes
N gdladiunnuurguiuinaaeuiidiulsenoussdsNdissfunar e nad AL
ey anguasuldindinsznevesdsikazeniFdwiuinansenusanisUdeeuaiiw iy
g1 erineniadimiy anududuaiveunouuenluduaylulnsiauneunenladanas
Huegrann wazidlewiindadiudiulssnouesdsau (11na15197 4.4) lenAdufuasiagyi

Widn1sudesmsusuuenlgauaglulasiaunesuuenles TAmnduiiosainnisinlilyiauysel

—&@— Water hyacinth —&— Palmyra Palm shell —— Leucaena
700
‘g 600 o
2 N\
S
& 500 N
@ \
E 400 \
Q
o
= 300
£=]
4 —— o
£ 200
@
g 200 ey e L U
—e
0
0 20 40 60 80 100
Excess air (%)
—8— Water hyacinth = Palmyra Palm shell -8— Leucaena
200
g 180 :
= 160 o
& 140 N\
£ 120 X
£ 100
S50
B 60
5 a0 =
o O
2 2
0
0 20 40 60 80 100

Excess air (%)

JUN 4.7 nsUdeeuaiiy asusuueuuenles wazlulasiauteuuanlenain

W mgdladiunkuunyuininageuiidinlsenauasATiiaeiuwage N A LAUTANY



107

JUT 4.8 uanauaiiuAsuaunauuenlen Meendiau 6% uugiukiawns luniswtlugd

Homadnaisnsinstieu 45 kghr Tuwmnngdlagiuawuunyuiu dlefinswdsuulas
oAduAuLAzdaduvedIuUsEneUBIRTIN (nsidusenindslawaglaaduaniy) ignld
Hudewnaa ma'guﬁ 4.8 N1SNAEBURAUA uaﬁwm%nauuauuaﬂlmﬁﬁmqaﬁqmgﬂwuLﬁ'aﬁw
nsneaeulpeldorniadiuiu 40% wayldidemasiiidndruresdruysynevosdsiuit 4.08

(nszdudng) Wudomnds lneamaiviinliegfiuszua 586 ppm (A1U195151UBINALEE

Y
o

Uszunnensusureuuenled Adniswalwiidemadkiiin 740 ppm) nafuianiiléndnunde
nszdudnuiidadiussduszneussiings dufediuunumiuougs uasdemutugeninngania
wazinAuYIn Sernuafuilaiaeddaunniedioutumsunlnifautantelfoniadiuiv
3ug Twvasiidledivenmedaniu 990 60% 1 60% waz 80% Auafivpisusuteuuenlysi

Iasranatasnaiulsvananslunisian 4.8

M13199 4.8 uanslsuiauafiva1svauuauuanlenoandiay 6% vugiuliawis (ppm) Tu

wsgBladiuanuumiiy Welinsiudsuudateniadiuias dadiuvesdiulsenausin

SAIUNBHNAAU
94 HNAUYIN ngaIAIa nseaudnY
AnduvesdINUsENoUBIATIY

T (s a4 2.7 il 2.7 408 4.08 4.08
(Holocellulose:Lignin) ; X,
IANFAAILAY (%) 3 Xy a0 60 80 40 60 80 a0 60 80
USunauuaiyasuaunauueanlas
floon@ian 6% vuguuiauds 121 98 54 2706 163.6 1768 586 230 220

(ppm) ; Y

Tunsfnwuafieiifinduainn s ludidaing i ldauisnasiendndiunes
drudsznovesdsnvestuiawnasylauniduinivuaiissegiaier asfesdedeliunu
pmmduAuideulftunmdedsmidsatuilfuaninnuduiuslisgui 4.5 duana
NIENUVBINIAFILAN kavdndiuvesdIuUsEnavaIATINARNaTiYAITUBULBUNEN LYY
e mgBladiunuuunyuuiisnsinislou 45 ke-hr' Ssanguannsnssuiuunliuiioyldly
M3muAIMTILT s gBladluauuumu el i nnatiildadiuvesdiulsenevesd

SAULANANN UL AN AUEAFIUVDIFIUUTENBUDIATINUNNTULATARDNAEILLN UL T8 9%
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yhlBnmaivasueuieuuenlediusinafiuantu S13uf 4.8 asvhliisamnsadonld
Funadmiumssnindfluminlgdladiuauumuiuiivsgauiunisemuaunisiiamyes
e lldUTinamafiven fususeuuenlediivosiian
N153LA1ENANLUTUSIULUUNIULA T (One-way analysis of variance; one-way
ANOVA) lddmiufnunaimangauvesaunisuaz Jade fiimuduiusiuan Fvalue figauay
A1 p-value 7isnin 0.05 Feuansinaunisuasdadefiannuddy nuani1siaseilunigg

anunsaazuladnauniswuy Quadratic WhAulafiuNaveIA1UTIMIETIYAS UL ULDN AT

vV 1

28NTLAU 6% UUFIULAALKL 3INN1TNARDUHLD991NTA p-value = 0.017 Fetipenin 0.05

PUAINNIN AREIUDIAUTLNBUBIATIY WazUSUue N AdIU AL TR LdNNUSAuAIUSUNa

UaNYAISUOULBUUDN [ATeanTLay 6% UUF ULAaLAY o8 9itud ANz AUMNTaNY 95%

v

ANNY

2

FufenITneINIiUSU LA eAs UBuLaULN WA TIRaNTLAY 6% UugIuLid

e3le

Wi (Uhsuuugavesa W neudnglalaay) lunsenlvdigemadunandnsnisteu 45

a

kg*hr? fatfunisnnaeslumimingdlndiuaiuunyuindnosaiadafiulsdunnnimied

Y
w5 {ITETNsAnwIANFIRLS N uUsSAUeguInNImEenIwys Ineluuidgazuaninis
1

Annzinsaindiulsiuiesaesi Ineguuuunuduiususe Regression model aziludail
| Dot G TRt i M- £ (4.1)

Y =169.278+108.258X, —4.390X, (4.2)

£ '
v = [ a

mamﬂmﬁmmmé’mﬁuﬁ‘wudflLLUUf\i’waaaﬁ;ﬁﬁaamwmmmmammim 4.2 1\ Juns

a

hueUsunauaiivmsuouuauuenlyd 190031 6% VUgIULALA (ppm) Fa38nT1uU3

A 7 1 1

g (Y) TnefishudssusnnninnidsiauUsduie dndiusetdiulszneussnsy 9) (X,) way
o MAdILAY (%) (X,) Feaunsfiasastuilia R Wiy 0.9452 arnaunisanunsaseyiis
dvsnavesdruysznovedRsiusoUsuuuaiiva1suauNouuan lydlad1n dadiues
drulsznavessiuiiuiy 1% avliinusinamiveunouusnlsdld 108.258 ppm wid
uUFnaenaduAugng 1% sgtisanuInamiveusouuenledld 4.39 ppm deuandli
Wiuegansnalidn mndeantslivsununiveuneuuenledlifiatunsesdnsiuyiunm

DNAFIULANUTZU 25 WINUBIAREIUTDIAIUUTENDUBIATIY
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586.0
602 1 5326
479.2
0 500 4258
8 372.4
%’ 4007 319.0
2' 265.6
g 3007 2122
'2\3 - 158.8
8 105.4
= Wy 52.00

\

UM 4.8 HansenuvetoMAd LAY WavdndiuresdiulsenauesnTiudetaiiva1suauLey

wenlealuwnmmadladiuakuunguinnsgnsnisteu 45 ke-hr?

a 6 a . .

N1 IATIENAIIULUIUTIUBLU UMY (One-way analysis of variance; one-way
ANOVA) lddmsu@nwimumsnzauvesaunisiazdadeniinnuduiusiue F-value Nigauas
1 A o ! = J v A o w a 6
A1 p-value 1911131 0.05 Feuansitaunisuazdadeiinudifey anuan1s3nseilunisng
ausnaulidnaun1swuy Quadratic WiulanunavesiUsinauaiivlulnsutouwenlya

PONTLAU 6% VUFIULAARAT 91NN1TNAABLTLBI9I1NTA p-value = 0.036 FeUoeNI1 0.05

PUBAIIUIN AAFIUBIAUTLNBUBIATIY wazUSunuenad@uiuliAudunusiuaAIUSuN

uafiwlulnsiauneunenlediieandiau 6% vugnuufawis sgniifedfyiiseduauidoi
95%

<
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JUN 4.9 uansuanivlulasiaunsuuenled Noandiau 6% vugiuwiawis luniswilngd

Soundsduaaiisnsinistieu 45 kg-hr ! Tuiinvigdladiuauuumyuiy ednisiasunlag
o1MmAduAuLardndiuresdiuUssnovesdsm Ensiduseuinlelawaglaadiuaniu) fgnld
Hudoinds 203U 4.9 maveaeuionun saivlulpsauueuuenlediagsiiangnuuiion
nsnageulaglderniadiuiu 40% waslddomaifidndiuvesdiuusenovssdsaui 4.08
(nsrdudng WJudends Tmsmmaﬂwﬁi’miéfagﬁﬂﬁzmm 187 ppm (A111AIFIUBINALEE
Usznnlulnsiuneuuenles dfnswnlniidemadiiiu 205 ppm) suifunauiain nszau
frsdusinailulpsiaugeningamauazinauyn G uaReildisodidunnidefioutunis
wlndiFauanieliernadiminiug luvaeidefinerniadimiu a1n 40% Ju 60% way

80% Auanwlulasiauauuenluanlatmianatadruiuladnmanandlunisien 4.9

M19197 4.9 wansUSanamaiivlulasiauteuvenleaoondau 6% uugiukiawis (ppm) Tu
wmigdladiuaiuunyuay Wadnsiudsuilatonadiuinuiasdadiuvesdiuysenevesd

SAIUAWHNFAIINU

[

Faua ANAUYIN ngaIna Asedudnyg

dndruvasdlnysenounInTIY
177 4 psLana R8Il A 2.7 21N, 2% 408 4.08 4.08
(Holocellulose:Lignin) ; X,

INARIULAY (%) 5 X, 40 60 80 40 60 80 40 60 80
Usunamafivlulasiaunouusn

ladiloonBiau 6% UUFIULAE A"\ B Qa2 ar3. 21 319 187 98 98
W3 (ppm) ; Y




187.0
180J 170.0
152.9
160 1
Z 135.9
O 140-
% 118.8
7 1207 101.8
.
9 1007 84.70
=
T 40- 67.65
3
9 601 50.60
o
0 10- 33.55
..'3 40
" 16.50
7Y

5UN 4.9 NanIENUBDI0INIAINIAY LardndiureddiulsenauesATINsNaiiy

lulnsiauueuuented lumwngdladiuakuumyuiundnsinisleu 45 kghr'

Tun1s@nwivafeMnatua1nn15 b nild1u3a 151ldau1509L e 1dndIuva
d1uUsENaUseATINYITINawsas v au U A UAL N 9989 Re7 A AoIrTetaUS U

amadiuiunloulniuminmedaide lauananuduiuglineguin 4.9 Fauanwmanseny

L I

Y0901N1AAIUNAY wazdndluvesdluUseneveAsiusetanwlulnsiauteuuenlen TuiaImA

wadladlunuuunyuiuisnsinisdou 45 ke-hr! Bsanguil 4.9 anansaesureuuiliudiazlily
M3muAIMTILT s gBladluauuumuuilel i nnafildadiuvesdiulsenevesd
snuanasiulnedifindnduvesdusznevesdniumntuaranonmduivlitosas ag
yliuTinauafiviulasauueuuenlediuiinaifisnnntu iU 4.9 ashliimansadenld

Fradmsuniswalndluemmgdladiuasuunguiulimunzauiunisauaunisieuees
wkielilausinauaiivlulasiauieuuenleantesnanle

111
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A O vawu v ¢ a a 5l a v
@ﬂ‘VlQE{J’Jf\]ﬂ@@QﬂqswEJ']ﬂimﬂill']m@JaWU‘lTﬂmiLQUNE}uu@ﬂl"?ﬁﬂm@aﬂ"ﬁwu 6% ‘ngml,ma

W3 uRgIfuUTINaMtaivTusutauuanles (USIMMUULEAvaunwl newdiglelaaw)

al

Tunsnludivomastiuiansnsinistou 45 kg-hr' astiunisvaasslumuninadlagiuauuu

Y

'
faa v

yuInIsdesAdadiamuusiusnnnimilaiuys §idevihnsfnyiauduiusnddudsiues
Aa o

wnAIneRnys Ingluruideazuaninisiiasiennsainiisulsauiiiesaassds Ingguuuy

ANUENTUSYSe Regression model Wuliignfufiuaunsd 4.1
Y =31.979+37.233X, —1.145X, (a.3)

HADINNITUIAINFURUSNUI WU U188 a5 1T UATUEAsAaunITN 4.3 unis

a

viunsUTinaafislulasiauseunenlediieandiau 6% vugtuufauis (ppm) FeFeninfuys
a1 (Y) Tnefishudssuinnniinidesulsiuie dadiuvesdiudssneussrsiy (%) (X,) way
pInAdIUAY (%) (X,) Feaunisiiadaduiliien R? iy 0.9234 21naun saunsaszyde
dnsnaverdiuysenovasaTndeUsuiauanwlulasnuuesunenledladnnqdadiuves
drulsznavesd iy 1% aviiliianusinalulnswureuuenledld 37.233 ppm usd
sUFaemadiuiunng 1% ssteanysualulnsauseuuenladls 1.145 ppm Fauans
Thifusgreasniqlidn mndesnisivimalulasiauuounanledliiiutuaisasiinsdia

USuauonIAa L AUUSEI0 30 WNUBIaRdIUTBIAIUUSENDUBIATIY

4.3.4 Ussdndammamnlwdidonddanslumimwgdladiuauuuvuiy

Uszansamnsiniugl g lumisnuuugsladiuauuuyuududsisidudomsm
n&sanniswnlwidesantunsnindide mdsiunswifenisgyderuiousonn (heat
loss) wagBnduniisaziilaide (fuel gas) Mdondis Usunmmanmdouiigyduoonuuazanle
Fotuegfuilads Wy n1seeniuuma madenldiansznean amnudu wuiatama dndiu
AuUsENoUsIATINIBTIA Wz N AdIuAY FsUssAndnmnisinludisdudfiauise
vanléuenan wardatumnzauuazimlndldfuntosifiods feussansamanunan

AMulAINANNISN 4.4

n.= 100- (quc + i ) (4.4)
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Tne 1, AoUszansnmn s Ll
0, PeANuTeungaydelviiuasuaunlignunilng

q;, AeAMuTaugadsludiuvesnisunlvdliauysel

mFueudilaignunlus (unbumn carbon) dwsuimnmgdladiunuuumyuaulunisn
Fanaagliun91nnsduiaog 1T NFAY (ash collector) igniindsagnisduanaus
lelaauniiaseimuimamivouiidadsluduilignen C, uastimatiiniitogluda
wa (A) Tuvazideriuludiunsiunnsilsauysalfsegldmiveueuenladosnsn (CO) Faily
fewfeugndsludruvesnismninlilianysaiGenin g, FsazgnAuinananuitudures
co luleidowisiioonanlelaay

Usgdvdamniswtludidomdsdamalummingdladwanuumyuau fldannis
naaouandouluniswasuulasdndiuesdiulsznaueidsiuuaronadiutiugnuandly
51991 4.10 euszanSnwnst ngiilddiangade 99% Taagnnuainnisvaaeunisisnlng@n
uranzamialaznszdudng (Wnauvan derUszansamnisiwalvsiuinanil 96.36%)
UseBnsnmnsmlviiasfistunaUSundadautesdiutsynevesdsiuiiilludamg uasiity
19’1’68’@L@Ju?jﬁuLﬁaLﬁmmmﬁdauLﬁu’Lﬁqﬁu flon iy 60%, 60% was 80% LNUI
pINIFEULAY 80% UszAmSninnawlviidomdsdnnalumisnilgdladiunuuumuiunzgs
fign \osmanidediverniadilulun v lideendwuuindissweiiogyilfnsumndy
auysal (Ansueuouuenlednaraiiuasueulasenled) uaznisiivenialalidnayinls
paumpinelumiuan Jailviiansueureuuenleduay unbumed carbon fitfes Usyananw
YDUPNIFIU AINATNT 4,10 nuAdnur vz AnE i slndfidesniinganmauag
nszdudndidnties osnaindduiiadidn (A Aldannised 4.1) wiidy 31.02% lag
il (genidnunaviedu) Sadusuusudsiivilien g, (rudoufigrdelvituaivoudlsl
gnunlul) Tenge dawaliussavsnmmamnivdidesningatmauaznsziudndibndes faiy
omadAuvilfn s niTunanniafvhnmeaeuivssanamainniigade 91na

duLiuN 80%
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AN5197 4.10 Lansuseansn weas Unburned Carbon 271nnssnlugiluwmn SFBC

munges  ANIalease

andau . . —
. A2819 U3uau dsunew Cq Quc Qic 7.

daudsenay EA EA

) YIUA 0, 0, (%) (%)
99ATU (%) (%)

(%vol) (%vol)

40 6 46 6.57 5.88 6.352 0.067 93.58

1.74 NARUYIN 60 79 62 8.03 13.06 15.274 0.054 84.67

80 9.3 84 9.61 3.42 3.601 0.043 96.36

40 6 49 6.90 1.00 0.039 0.101 99.86

2.7 ALAINA 60 7.9 61 197 1.10 0.035 0.074 99.89

80 9.3 79 9.25 0.87  0.030 0.092 99.89

40 6 a3 6.34 438 0425 0.173 99.40
4.08 nszdudng -~ 60 79 64 8.23 3.81 0.367  0.109 99.52
80 9.3 82 9.43 3.61 0.347  0.042 99.61

U 4.10 wanaszansamnisinlmiainnisnadeuidleld@manisninisdou 45
kg'hr! Tutmngdladiunuuunguay wazasuulasdndiuresdiulsznouninsiuLas
anAdauiy anglasiiuldednstmauinseangarmnisnilndasanas dlovnisneaeudi
dnauvesdiulsznoUasfsin 1.74 wagorniAdiuiutioanin 60% wildloinonAdiui
1NN 60% waziudndaunesdIulsENaUeIRs I avdmaiTlUsy AV MW lvdfia ity
pEg1TAUgR Lwiasmlﬁﬁmmgﬂﬁ 4.10 Lflul,ﬁmgﬂmﬂumiuaﬂamaw%aq@mmzﬁaflums
Feuvennrilemnswilnditemaciunaludndiesiss novess s iioaslfdon
wian Mz fudsiisadeanisiufoUszansan winiswrlnlnadesinidwafiviivasy
pongdusssniadadudsidnuduiu Sseramsdoslumudiuiasyavs nmuasUiinasadivi

ANV
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i~ 102.4
100.6
98.79
97.01
95.23
93.45
91.67
89.89
88.11
86.33

84.55

JUN 4.10 UsgdvBarnnissnlniiiifavineaniadiuiiu uasdndiuresdiulsenavesdsily

i gdladiuaiuuryuiuiensinisleu 45 kg-hr?



uni 5

AJUNANITIVLUAUBLEUBLUE

anAnendnusildsniunismaaessingusrasdinid 3 dofo 1) iileAnyiauaul
fluguresiiang fannsntunduiunamadentndld 2) Wefnwdiuusznevosdrmvns
F1a uazgumgiinisaaieiimisaudeuvesima faunsathundudnnamadentnls
uay 3) ileAnwmgAnssunswilvsivesdunalumimsigdladuauuusuy WeldTuna 7
drulsznovesATiuazUTINA MM ILALTLANAIAL Fen1sasUnanITnaaeInie

TorauaiuglamliunisesulgnudiuYeIn1singUssasrdalseasdennol Uil

51  auandAnugiuasdiuaa (nseiudng ngainia wazinauyan) Namnsadiundu
Fawramadanudld
N193LASIEReAUsENaUlnEUTE UM (proximate analysis) ves3au3a19 3 slalawn

a v (3 L% I

N5LAUTNY NTAINILAZRNAUYIN WUIINTAINIALUTUIAUAITUBUAIAISINATUSLINENT TSN
unfign Ao 97.97% (%wt. db) e3asunfe ns¥AUSNE Ae 94.70% (%wt. db) uazsinAUYINd]
USsnauanssemednidu 65.82% (Gewt. db) ayduninfiansanainUsunanisueuniiisiufy
Unaensseiveuimdanaiidneamdmiumanandaanauniign Ae nzainia

drumeTeiesausznaulnguensg (ultimate analysis) ¥893138 NUINTAMIAL
USunaiesueunniige fie 50.31% 509880 nssdudng 47.48% wazinmuwin 29.67%
mudu Vinalslasiauiuniigalunssdudng nzamia wagsinaumn @e 6.01%, 5.93% way
1.10% PUEIRU Famaasts 3 wilnduSunadamesiun TnoUsuadamesesinauei nsziu
% uaznza1nIa 79 0.34%, 0.28% Way 0.09% muasy waziilefarsanlulnsaunuindnag
nndailulasiausiduiuAelunsgdudnbny 2.16% sesasundeinauean 0.99% uag nrana
0.21% MuEIsy NMsiananiausdndvsialulnsutesdamlodmaeiiovnisurlndiug,
yUdesuaiiulugy SO wae NOXaamjamwLmé’aumauaﬂﬁaammﬁaLﬂ'%&JULﬁEJUﬁUL%@LW%@
AU (SOy Uszuney 20%)

NTIATIEINIAINENIUAIINSBUVBITINIA WUIINLAIMALTATNEITUAINSDUNNN
flanfie 18,670 k-kg? uazsesasuAonsziudng lid mdsauninuiou 18,060 kl-kg'
Fnaugnliamdanumiudousinindnasdadu fie 10,900 kikg! 1818 udeswiTuna

ANAUYIND1R AN SHaNUTINIavnduntlviAAnuTouge



117

52 doudsEnauasdsiuuazaungiinisaalefinisanuiouvasliaulg
d1uUTENauBIATINYEITINIA Aalwaglad (cellulose) wailiwaglad (hemicellulose)
wazandy (lignin) wuindamnafiiluiunalslawaglaa (holocellulose) Ao Lwaglaasiuiuied
iwaglaaundigarenzainnadawiniu 58.61% sesawmnAensziudn uazinnun Feiiuiua
Tslawwaglaawiniu 48.50% way 44.2% awdfu dvsuTnafiduiuadniuundian Ae
finauean ngatnna wagnszAudng mudidu Famaafivinimmaasudis 3 slefifiuiuna
dulsznevessdsivesinaewaglaa wilwaglaa wazaniu sufuiviungeiignronzan
aa Bnauen waznszaudng TuuSuin 80.3%, 69.50% uay 60.44% AuaRU TIUTUE
fananiazdwmatedmdsunnuieu (Arufeulnssaw) sesdaunafitudae duuuiuio
dulsznoUsIRT It INIaveInyaInIadiiaEn A ndsnuauiauganulume
NNNIANIMSERBFINIANNToUYRIT WA NuInsEAudnvlazavatna [ufiuid
Uninalassaslelawaglaasiuausnn (eaglaasmiueiiwaglon) vilimunsgapdoumiin
unitgaitisgampiiuszana 310 °C wag 330 °C gamginisaansiivedlassaiislalawaglaa
Tunsedudnduaznzannia gauilosnlanaiasaglaanifiusnniumusiiy uagngatmad
Utnaumsszmeannianluuiana 71.65% delagundnalnnismnludifigamgil 200 - 430 °C
w1dunszIUNNTIeIAsIEMERRN (devolatilization) uazTigamail 440 - 700 °C 1uraenns
W1 lndanssemetazaued (Cagnon et al. 2009) %anzmmawuanwLﬁaﬁéwwﬁfﬂﬁqmmﬁ
280 °C uadl 330 °C (waglaasuifueiivaglas) dudunsameivasasaindelawaglaa
53 UssAnsawnisunlvdiuasusutnuaiiuidleliidauas Adduusznavasdsiunay
Usinaenagauiuiiuansnsiulagldimimvigdladiuauuumyuay
Uszansnmniswaludannnisneasuidleld@unaisnsinastau 45 ke-hr! Tuimwmn
vgdladiunuuunnuiu wazasunUardadiuyesdiuyseneUssATINLALeIN A LAY A1
UszdnSannisunludveingainiauaynssiiudndaedis 99% @nnuvin Ussdnsainuinnia
80%) iUz AvEnmmsunindosfistunusiiadaduesdulssnovesdrniifluiaang
wazidofivennadiuiuliizeiy UTinuuafivariveusouuenleduarlulasauveuuenlsday
ansinas lun1snaaeuiidanaiis 3 sdiadlevinswilndiuagdrgeiniadauiiu 40% 60% uaz

80% iUTIULATEAINIAININTIZIUNTUARERINALEEBENE UTTUINIAYINNTNAHEY

' ¥
a Ya o 2/ =

LLazmamﬂmimmmé’mﬂ’uéwudwLLUUf\i’ﬂaaamj’Jf\]sJaiﬂwu WunisvinuneUSunauaie
AsuauNauuanled LazUSunuanivlulasinuteuuenlenfioandiau 6% vugiuuiaws

(ppm) Beaun1sfiad1aTuiiden R2 Wiy 0.9452 wag 0.9234
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5.4  UalduBnu

v v '
a d Y = LY

5.4.1 TuuideduiidanTFiulau e 3 ¥Rawndu AeuunINin1svNIdeLneaiunng

(%
= a

erlndFnaennasdendunasindudelinanrareundu wu mamadadutagudedions
AsInEAsTIMEsaINNNIFaussiuANe SIuTeTnalnzauiuiesdutiug vioonaarsauds
maisuifisuanautiiugiu uastaisfiAatuannsnlniduislussiasfesiudy

5.4.2 lusAdendasoluataas vhnsinmernadrwduliuinnit 80% wiesainnis
nageumAUianfueuteuuenlefa s ludngatmasandliifiuiinisenlviiennie
dufuiuanssiuazaiafivansveuseusnlsaluUimailiuandafumnefsiingidees
nswlndiFautawaz e onadauiud 409% 60% wie 80% Usuuarsusuneuenlysd
UdegeenguisenmialIinaudaasiivingdu

5.4.3 luauidensenalderaazsiinisfnes co-fiing sewinedauaaluauideifu
dowdleataiolilindwuiiddnenmasanuararunsailuldmeunulss i ildidomas
Woadaldlngludoseanuuuviteadrstsstniiuanlu

5.4.4 9INHANISNAGeMUIAnavE IR mdsuaInsoumninduaviniu fe
9,670 kJ-kg" satutsndusearndunatnaurnetsssdesinisnanfuianains uiitiels
Aemaugaluvientaananiunalunuidelusnadiuiuquasintnae uindndse
mnufeunaztafiviitintuiite fundsnumadendely

5.4.5 vhnsmugevalMslagTtaraduimaaews emuaevaunsiasliTaug

Hesl iaUINe N Ad LA UL as AN YL ARYY
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1. N13AUIANITUABUFIUNITIATIZVDIAUTLNDULUULENSINAINGIY air dry basis
vJu dry basis

AN LEHIBE19INANTONVBINLAINNA NANNNT 2.2

100A,
Bt I
Ao = Toowr
~100(1.90)
¢ 100-6.31
A, =2.03
2. nsfuInnsUAsugIuNTIRTEiasUsznaulaeUszaNms1nANg Y as-

received tJu air dry basis wae dry basis
2.1 \Wasuguann as-received LU air dry basis enlifhed1sainaansssinegves

NN N1NFUNIT 2.1

__ doovm
100-W
100(71.68)

RRERL D 1 A
100-3.36
VM, =74.35

2.2 Wagug1uain air dry basis 10y dry basis @enldmedisainaasszivieveanzal

$18 IINFUNT 2.2

VM, = %%
100-W
100(74.35)
VMy=————"
100-6.31
VM, =79.36
3. m‘sﬁﬂmzufi'mfs'm%aw‘iﬁmn@hﬂ':'m%'auqqarmg'm as-received 1Ju dry basis

3.1 Honl¥iieeg199INA1AINTEUAUBINEAINIA IINAUNTT 2.6 LB INAUNT 2.6

podldan H' (lalasiauuugiu asreceived) Jsdnaruine H' oy
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HHV ¢ (18010)

U1 LHV 910dun1s 2.7
LHV® =HHV® - 218H"
LHV ¢ =19940—218(5.93)
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msﬁﬂmmﬁhmw%ugwamzmmWa INNFUNTT 2.9, 2.10, kay 2.11
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Delong’s formula for the HHV on dry basis:
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V' =0.0889(C +0.375S ) +0.265H —0.03330
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V' =254m® kg™

Tnedt Avansueu lelasiau pondiou uazdaules Aldnanautffugu Ingdins ey
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V,;Z::O.79VD+O.008Nr
Vi, =(0.79x2.54) +(0.008x0.93)
V, =2.01m° - kg™

6.3 N3ANUIUNAIUSUIATVRUAE (tri-atomic)
Vio, =0.01866(C" +0.375S" )
Vi, =0.01866(27.79 +(0.375x0.32))
Vgo, =0.52m* - kg™
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6.5 MmsmurmAUTnaufdlaideuraneldfeulvanasgiu
Vi =Vio, +Vi, +(a 1)V

Vg =0.52+2.02+ (1.49 —1) 2.54
V,, =3.7846
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32886( C,
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AU UIEUUTENIUYDITINIE

1. N159ATZIIUSINAEUUSZNOUVDIYINIANY (Goering and Van Soest. 1970)
1.1 nsananleansazane Neutral detergent

a

(1) 1h Sintered crucible wes 1 vun 50 ml. TWaulugouusisiigamail 100 °C

Y

Wunan 1 hr. wdnhunldlunliogaaiuidiu (desiccator) Mslidunddann

' '
LY 1 I

(2) Fefpgnaiurmalazunagldunuuin 20-30 mesh %50 1 ml. Uszund 1 g 1d
Tudnnosuuin 600 ml.

(3) tiuansazraiy Neutral detergent 100 ml. Sodium sulfite 0.5 g. ha g
Decahydronaphthalene 2 mU 114 reflux Wuiaan 1 hr. Tnetdussudduion

(4) WidausEL reflux la3andaslu Sintered glass crucible fnnseguuyanTad
Z1ai106291u crucible §r8113ou (90 -1100 °0) 3 = 4 Afa wdrd iy axdlau 2 afa ga

a

asazaueenfiLlAIes m%aﬁuqﬁgm’]mmuuﬁq gt crucible Weuitgauvgil 100 °C
Juan 12 hr,
(5) 11 crucible sanuniisliiuly desiccator waadstimin thatiliuduie
U311 Neutral detergent fiber (NDF)
1.2 nsanpnleansazane Acid detergent
(1) ¥hdmegefiafidunisatndie Neutral detergent ungnelddninasifian
13 reflux A28 acid detergent lawiAy acid detergent 10 ml. ey Decahydronaphthalene 2
ml. Juraan 1hr. ﬁfur;m@hwﬁﬁfmﬁam
(2) nsessnedgialu cucible Tutdy ioannisgadadetsitosfianuds
Srednethdeu (90 = 100°0) 3 - 4 pds udrd1edne 80% Lonuea 2 A
(3) U crucible Wavftgrumgii 100 °C iHuaan 12 hr. 9ndutiuiudeslidu
Ty desiccator udadatnidn vandndildae vminaes acd detergent fiber (ADF) dmini
uANATe3E9INY NDF waw ADF Aethwiinvenedisagioa
1.3 A153LA31%% Permanganate lignin (PML)
(1) 1Anansaza1s Combined permanganate 25 ml. aslu crucible fifiog19d iy
N19anNAAIY acid detergent WAALLY crucible aﬂummﬁﬁﬁéﬂlﬁuqa Uszu 2 cm. AUAIBLNY
uidteldlimesnatuidufou AdlY 45 min. Tasauduvsadsnniugearsazaseanliinug

lngldinsaslugayeyinie
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(2) Wnansazaty Combined permanganate 25 ml. aslu crucible Snnds fieli8n a5
min. udgaasazansoenliunlagldiedosdugaginie

(3) {uansazane Demineralizing aslu crucible uiagieusld 5 min. udIgeasazany
ponlngldiadosilugnyinia vaausedsinduduniniglune 20 min. ndudisdae
80% ovuen wavordlau udgalvudlneldiedesiuananea

(@) 11 crucible TUaufigaunadl 100 °C Wuiaan 12 hr. aandutiuvdesTiibuly
desiccator udadstniin dmiinfluandiaszning ADF uagtnunindregfiaiiiunisada
Anfluoon Ao tntinuesdniu ﬁaﬁmﬁfﬂﬁuauaﬁma@aa

1.4 mMyBesimUsnnaeaglagaiensiwatn

'
aa 1 A

111 crucible fAilghegsiindssunsatnandusenuds T luedeamnii 7
vl 500 °C LHuiaan 3 hr. antiurianudeslibulu desiccator udadstuniin dhniind
uanAnasEIring dmiinognsfieiinumsatnaniueen wasthutinmdsnisadi fe dnin
vouvaglaa dauthmiindAe serssgnisivnudssiduwazimidn crucible

fatiaIunsaAuIleIn

%Hemicellulose = %NDF — % ADF
%Cellulose = % ADF — % ADL
%Lignin =%ADL

o o

= a dyd ! [
PIUIIYULAIBYNANRNITN V.1

A1919 2.1 WARIATRANISIATIERAIDNTIATIEYUBS Goering and Van Soest, 1970

P98 %NDF %ADF %ADL
nszaudng 60.44 50.54 11.90
nzaea 80.30 67.70 21.69
NNAUYY 69.54 49.71 25.34
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fra819n15A1uI Tasendlagrudulnauyan

%Lignin=%ADL = 25.34
%Hemicellulose = %NDF —%ADF
%Hemicellulose =69.54-49.71=19.83
%Cellulose =% ADF —%ADL
%Cellulose = 49.71—25.34 = 24.37
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ANSUIANUEUNUSVRIUSUIUNANE dRdIUVIEUUTENDUBIATIY
V9B anAazTiaLazUsuIeINAd U Uaulinu

wrgdlagiuanuumsuay

1. WM sAnuFunusveslSunauuaiea1suauNauanlen dadiuvasdiulsenauasnsIy
vas¥naudazviauazUsinaeniaduiuiieuliiummmgdladiuauuumyuau
Tun1sdnwiuafivdiasuainniselad@dauaa s1ldaiuisaaziondndruves
dAuUsENaUeIRTINYeITIIaLsasylaundusmruaiedeg 1R e Ao danauS U
arnAduAufidoul v s IsdednfosnisnensaiuSunausaivasueuneuanles waz
Vsunuwaiivlulasiauneuenleniionndiau 6% vugiuifaus (USIRAIUVUFAYB AN
rouinglelnow) lumsiwilvdidemnasdanaiisnanisleu 45 ke-hrFiunisnaaosluwmin
wgdladiunuuunyuiudsfesddafasuysduannnimisiauls §ifevinisAnunnuduiusi
‘ﬁ(gf’sLLUié]Juagljll’]ﬂﬂ’j’mﬁﬂﬁ’JLLUi Tnelusuisoatiuiesudninisiinsesinsalifiduusduiiios

¥
v A

@099 lnggUkuuaNaNiuSYSe Regression model agitunail

Y= Bt BT A K - B

o e Ao Error 489 Model F3azdandana 0 (Ll error) Fat519zu0 01 Normal
distribution 198 38U7AY 0 Uazil variance dgAMie 1ilaL371% Least square method agld

aunisaNUduNusaenalull

NG, + ﬂ1zxi1 = ﬂzzxiz +o.+ ﬂkZXik = Z Yi
i=1 i=1 i=1 i=1
,Bozn: X, + ﬁlzn: X2 + ,Bzzn:xilxiz ot ﬂkzn:xilxik = Zn:xilyi
i=1 i=1 i=1 i=1 i=1

ﬂozn:xiz +,Blzn:xi2xi1+ ﬂzzn:xfz...Jrﬂan:xinik = Zn:xiZyi
i=1 i=1 i=1 i=1 i=1

,Bozn:xik +,Blzn:xikxi1+ ﬂkzn:xilxiz...+ﬂkzn:x§< = Zn:xikyi
i=1 i=1 i=1 i=1 i=1
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o a a ¢ > a & 1Y)
MN19194N A-1 LLa@NUﬁN']ﬂ«!ilaW‘Uﬂ’]ﬁuaug\l@uaﬂ‘lsﬁjﬂwaaﬂsﬁlﬂu 6% UUEWULLﬂaLLMQ (ppm) Iu

i mlgdladiuanuuryuiu WednsiudsuiUatenniAdiuiuuazdndiuveddiulsznouase

FTuaneniu

feg1aTiuna HNAUT nratana nszdudng
dnanuvesdIuUsEnoUsIAII

(Holocellulose:Lignin) ; X; 1.74 1.74 | 1.74 2.7 2.7 2.7 408 | 4.08 | 4.08
21NFIEIULAY (%) ; X5 40 60 80 40 60 80 40 60 80
UBinauafivansuesauenled 7 121 98 54 | 2706 | 1636 | 1768 | 586 | 230 | 220
DONTHIY 6% UUFIWWAAWIAL (ppm) ; Y

Y a PN Yo d' Ry I Y] a 1 v o
VYURBUN 1 Mﬁauﬂﬁ%ﬁ]ﬂ%mum NN 1 UeILUseunrIanInUdsadase(X) @%ﬂ@ﬂﬁn VMUY

Toya (n) 9 Uaya A Regression model FsiiAAsinarduUssanSuasduUsdaseifemine

B wag B, lasaunsnigmandusad
B , lnwa 1 U

ng, +,81_Zn: xi1+,822n:xi2 = Zn: yi

P Zn: xil+ ﬁlzn: X + ﬂzzn: Xilxi2 = Zn: xilyil
= i=1 i=1 =

ﬂozn: xi2+ﬁlzn: xi2xi1+ﬂzzn: > = Zn:xiZyi
i = i=1 i-1

YuRauN 2 AUIIALNORNUAIUANNIT 29NA1T199 1 98Y1N1TATUIUAIAI ) AIUALNITNA

a1 e ldm519 excel Arelunisauin F992lanamnsan 2




M99 A-2 AR LENN TV Tagldnis1e excel gaglunisAiuac
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X, X, Y X, X, (X)) (X,)"2 y"2 X,Y X,Y
1.74 40 121 69.6 3.0276 1600 14641 210.54 4840
1.74 60 98 104.4 3.0276 3600 9604 170.52 5880
1.74 80 54 139.2 3.0276 6400 2916 93.96 4320
2.7 40 270.6 108 7.29 1600 7322436 | 730.62 10824
2.7 60 163.6 162 7.29 3600 26764.96 | 441.72 9816
2.7 80 1768 216 7.29 6400 3125824 | 477.36 14144
4.08 40 586 163.2 16.6464 1600 343396 | 2390.88 23440
4.08 60 230 244.8 16.6464 3600 52900 938.4 13800
4.08 80 220 326.4 16.6464 6400 48400 897.6 17600
wum 25.56 540 1920 1533.6 80.892 34800 | 60310456 | 6351.6 104664

Q‘ d‘ o ! -dl ! g v 1 a o U U d’j
NN 2 Wetrrnlaldaunisneany azlaaunislue 3 daunisisusasusail

93, + 25.56 3, + 5403, =1920
25.563, +80.8923, +1533.6 3, = 6351.6
5403, +1533.6,3, + 348003, = 104664

Wannuaalazls Matrix 1w

1920 9 2556 540 || B,
6351.6 |=| 25.56 80.892 1533.6 || S,
104664 540 1533.6 34800 || S,

119911591 Inverse matrix ald Matrix 1usasialudl

B, 2.58268 -0.342103  -0.025
B |=|-0.342103 0.120459  7.8x107*°

1920
6351.6

B, —0.025 0 0.000416667 || 104664
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WA B, B uaz B, A1 169.278, 108.258 way -4.38997 MIUAIRU AILUUANNIT Regression

model ﬁlﬁuﬂu
Y=169.278+108.258X,-4.38997X,

Te?l Y unusie Usunauaiivensuauuauanlen Noandiau 6% uugiuingwis (ppm)
X, WUAIY dnaiuvesdIulsenaunansiy (%)

X, WUe8 81N AduAY (%)
YUABUN 3 N1 Coefficient of Determination

SS 100%

Regrssion )

SS

591

total

(ss
SS

Regrssion )100%
+SS

R =

Regression Error

S8 —[ﬁ]M—w

Regression — n
1920

:[169.278 108.258 —4.38997] 6351.6 |-
104664

(1920)°

2
=553143 - ta)

=143543

MS ion = —1432543 =71771.5

Re gression

Error ZY ? ﬁ] [Y

= 603105 553143

=49962
MS _ 49962

Error —

=8327
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Tne

Regression
MS — ___Regression

Re gression k

Error —

wazA degree of freedom mlA3N
Total =n-1=9-1=8
Emor =n-p=9-3=6
Regression = k = Total - Error=8-6 =2

Anvig R = — 9043 100 94,5006
: 143543+ 8327
A RZWNNU 94.52% wanalaindndiuvesdinudsenauosnsad (%) Lay eanAgIuiu
(%) WlunsnensaivFinauafivafueuneuenlediioondiau 6% vugiuufiawis (oppm) 1é
Usvans 95% wayiisdnanuvediulsyne Uil (%) waveniediuiiy (%) dialnonss
agnefitiudndey (contribute significantly) sieUSunamaiivansususuanleniioondiau 6% uu

FIUUAAWAS (ppm)

2. WmImaNuFunusvelsunauanelulnsiauteusnlyn dadiuvasdrulsznauasnsiu
vas¥nnaufasyiauazUsinaenaduiuiieuliruimmgdladiuauuumyuau
Tun1sdneruafiedifinduainniswalnd@gie 151ldau1sa9zviondndirue s
d1uUsynoUsInTINTB T IaLRar sl LU MUAi g0 8NLAEY A ileiaUSuna
arnrduAuiitoulifummshededndasnisnensaiUusuiauafivansvouneuanles uay
Uunawafivlulpsiaunevenladfieandiau 6% VUFIULAAWIAY (UTIUATUUUEA VDA
neudhglalaau) lunsunlwidemdsiunaiidammatou 45 kg-hr! Fafunimmeaaestumim
wgdladiunuuunyuiudsfesddefasuusdunnnimiaiuys §ifevinsAnuinnuduiusi
fiudsdusgunnimiainuys lnglunuidsezuaninsiasginsdifddudsiufivsansdn

[
v A

IngguiuuaudNiususe Regression model agidudisil

Y =06+B8X +BX,+. .+ X +eE
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\ie e Ao Error 9849 Model $99iiAand111 0 (Ll erron) Fats1azuaadu Normal
distribution fiegs8U9A1 0 wawdl variance agA il 1aL311Y Least square method 3¢ la

aun1sAnuduRusassalul

ng, + ﬂlzxil + ﬁzzxiz +..+ ﬁkZXik = z Yi
i=1 i=1 i=1 i=1
,Bozn: X, + ﬂlzn: X2 + ﬂzzn: XILXi2 + ...+ ﬂkzn:xilxik = Zn:xilyi
i1 i-1 i1 i1 i—1

ﬂozn:xiz +,Blzn:xi2xi1+ ﬂzzn:xfz...Jrﬁan:xinik = Zn:xiZyi
i=1 i=1 i=1 i=1 i=1

,Bozn:xik +ﬂlzn:xikxil+ ﬂkzn:xilxiz...+ﬁkzn:xii = Zn:xikyi
i=1 i=1 i=1 i=1 i=1

A13199 A-3 Lansusuiauaiivlulnsiauneuanlynieandiau 6% vugiuniawis (ppm) Tu
W mlgdladiunnuurgui WeinsudsuivaianniAdiuiuwasdnaiuvedulsenouad

SAUNLANFAA U

981973308 NNAUYI ngana Asvaudny

FrauvesdiuUsenousinsiy

(Holocellulose:Lignin) ; X; 1.74 1.74 1.74 2.7 2.7 2.7 4.08 4.08 4.08
9INIFEILAY (%) ; X, 40 60 80 40 60 80 40 60 80
Usunasnaivwlulasiaunauenles 7 62 47 29 47.3 21 31.9 187 98 98

DONTHIU 6% UUFIUWAARIAT (ppm) ; Y

Jumaui 1 maunsngldanuIn 19NM19199 1 dduusiunsesmulsdase(X) egan 91Ul
Uaya (n) 9 Yoya Ay Regression model Fedlmsiinazdulsyansvesinulsdaseiinemipe

B, B ey B, lnsaunmsnildndadudadl

ng, +ﬂlzn: xi1+ﬁzzn: Xi2 = Zn: yi
i=1 i=1 i=1
ﬂoZn] Xi1+ ﬁ&Zn‘, Xy + ﬂzzn: Xilxi2 = Z xilyil
i=1 i=1 i=1 i1

ﬁozn:xi2+ﬁlzn: xi2xi1+ﬂzzn: X5 = Zn:xiZyi
i= i=L i=1 i1




144

YUABUN 2 AuALNBUNUAlUANNIT 31AA1TN 1 AZIINITAIUIUAIRNGAIUANNITNY

a1 e ldmn919 excel BrelunisAuIn F99glanannsen 2

A1319% A-4 AFN9ANENNTITIENN Laeldnnens excel HglunisAuu

X, X, % Xy X, (X)) (X)"2 Y2 X,Y X,Y
1.74 40 62 69.6 3.0276 1600 3844 107.88 2480
1.74 60 a7 104.4 3.0276 3600 2209 81.78 2820
1.74 80 29 139.2 3.0276 6400 841 50.46 2320
2.7 40 473 108 7.29 1600 2237.29 127.71 1892
2.7 60 21 162 7.29 3600 441 56.7 1260
2.7 80 31.9 216 7.29 6400 1017.61 86.13 2552
4.08 40 187 163.2 16.6464 1600 34969 762.96 7480
4.08 60 98 244.8 16.6464 3600 9604 399.84 5880
4.08 80 98 326.4 16.6464 6400 9604 399.84 7840
sum 25.56 540 621.2 1533.6 80.892 34800 64766.9 2073.3 34524

NHE15197 2 Weannlaldannisneay agleaunistyl 3 aunisiseadeusadl

9, +25.56/3, + 5408, = 621.2
25.563, +80.8923, +1533.6 3, = 2073.3
5403, +1533.6 3, -+ 348003, = 34524

WaunuAalazls Matrix 1u

621.2 9 2556 540 || 4,
2073.3|=|25.56 80.892 1533.6 || S
34524 540 1533.6 34800 || g,
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119911591 Inverse matrix 9zl Matrix 1usasialudl

B, 2.58268 -0.342103  -0.025 621.2
B, |=]-0.342103 0.120459  7.8x107*® | 2073.3
B2 -0.025 0 0.000416667 || 34524

WA S, B uaz B, A1 31.9787, 37.2333 Way -1.14499 mIuanfu A9tuaNnIs Regression

model ﬁi@fﬁu
Y=31.9787+37.2333X,-1.14499X,

Taef Y wnuse Usunawaiislulaswuusuenled Noendau 6% uugiukiawis (ppm)
X WNue dngiuvesdiulsenaunnsiyl (%)

X, WUFE 81N AAIUAY (%)
YUABUN 3 N1511 Coefficient of Determination

SS 100%

Regrssion )

SS

o
total

( SSRe grssion )100%
A

el

SSRe gression 1 [ﬁ] [Y ] - T

R* =

Regression

621.2
=[31.9787 37.2333 —1.14499] 2073.3 |-
34524

(621.2)°

2
= 57531.3—&

=14654.70
~14654.70

Regression —

MS =7327.35



Error ZYZ ﬂ] [Y
= 64766.9 —57531.3

=7235.6
MS,,.. = 72356 =1205.93
il
SSRe ression
MSRegression = +
MSEI‘I‘OI‘ . SSError
n-p
waA degree of freedom mlAaN
Total =n-1=9-1=8
Eror =n-p=9-3=6
Regression = k = Total - Error =8 -6 = 2
14654.70

anvne R2 =
: 14654.70 +1205.93

%100 =92.34%

146

A7 RZ 1WAU 92.34% Wanslaindndliuvaddlruusynauadnsidl (%) way 91N AaIunu

(%) TelumswensaiuSuauanvlulasiauseuanles Neon@iau 6% vugiuliawns (ppm) ta

U210 92% LarVeandIuvpIdIuUIENoUBIATIY (%) haBINIAEIUAY (%) AINalnenTa

aeeiifednAg (contribute significantly) AaUsunamaniwlulasiauususnlanvioondiau 6%

UVUFIULAAWIAS (ppm)
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ANANUIN 9
NANISILATIZHAIULANAI9TLIIN90INAd LA RN UL AN lUTIN9E

weazylasenInanisia lng
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NANIIIATITHAIULANAIITZIIN9DINAd WA UAUNaN e lUTIN9E

LAAZYUATENINNITI b

T-Test
Paired Samples Statistics
Std. Error
Mean N Std. Deviation Mean

Pair  LEU40CO | 2612.8750 8 1540.52750 | 544.65872
1 LEUG0CO | 1116.7500 8 678.22431 | 239.78850
Pair  LEUB0CO | 1116.7500 8 678.22431 | 239.78850
2 LEUB0CO 688.5000 8 525.32847 | 185.73166
Pair  LEU40CO | 2612.8750 8 1540.52750 | 54465872
3 LEUS0CO 688.5000 8 525.32847 | 185.73166
Pair  PA40CO 1014.0750 8 1532.41076 | 541.78902
4 PAGOCO 229.6250 8 130.95963 | 46.30122
Pair ~ PABOCO 229.6250 8 130.95963 | 46.30122
5 PABOCO 468.6750 8 832.90230 | 294.47543
Pair  PA40CO 1014.0750 8 1532.41076 | 541.78902
6 PA30CO 468.6750 8 832.90230 | 294.47543
Pair  HY40CO 387.0000 8 313.71780 | 110.91599
£ HYB0CO 312.3750 8 276.09778 | 97.61530
Pair  HYGOCO 312.3750 8 276.09778 | 97.61530
8 HY80CO 170.2500 8 133.23958 | 47.10731
Pair  HY40CO 387.0000 8 313.71780 | 110.91599
9 HY80CO 170.2500 8 133.23958 | 47.10731
Pair  LEU40NO 296.5000 8 73.84346 | 26.10761
10 LEUBONO | 284.8750 8 105.39238 | 37.26183
Pair  LEUBONO 284.8750 8 105.39238 | 37.26183
11 LEUSONO | 198.2500 8 67.24316 | 23.77405
Pair  LEU40NO 296.5000 8 73.84346 | 26.10761
12 LEUBONO 198.2500 8 67.24316 | 23.77405
Pair  PA40NO 47,5375 8 14.91930 5.27477
13 PABONO 44,9000 8 18.83401 6.65883
Pair  PAGONO 44,9000 8 18.83401 6.65883
14 PABONO 32,9875 8 9.01957 3.18890
Pair  PA40NO 47.5375 8 14.91930 5.27477
15 PABONO 32.0875 8 9.01957 3.18890




Paired Samples Statistics

Std. Error
Mean Std. Deviation Mean
Pair  HY40NO 167.7500 8 9556112 | 33.78596
16 HYBONO 166.0000 8 89.73612 | 31.72651
Pair  HYBONO 166.0000 8 80.73612 | 31.72651
7 HY80ONO 77.7500 8 4278768 | 15.12773
Pair  HY40NO 167.7500 8 9556112 | 33.78596
18 HYB0NO 77.7500 8 4278768 |.15.12773
Paired Samples Correlations
Correlation Sig
Pair 1 LEU40CO & LEUGBOCO 8 952 .000
Pair2  LEUB0CO & LEUS0OCO 8 818 013
Pair 3 ~ LEU40CO & LEUS0OCO 8 887 .003
Pair4  PA40CO & PAGOCO 8 973 .000
Pair 5  PABOCO & PASOCO 8 888 003
Pair6  PA40CO & PASOCO 8 932 001
Pair7  HY40CO & HYB0CO 8 498 209
Pair8  HY60CO & HY80CQ 8 887 .003
Pair9  HY40CO & HY80CO 8 734 038
Pair 10 LEU40NO & LEUBONO 8 935 .001
Pair 11 LEUGONO & LEUSONO 8 918 001
Pair 12 LEU40NO & LEUSONO 802 002
Pair 13 PA40NO & PAGONO 8 203 629
Pair 14  PABONO & PASONO 8 758 029
Pair 15 PA40NO & PASONO 8 361 380
Pair 16 HY40NO & HYBONO 8 848 .008
Pair 17 HYB0ONO & HY80NO 8 731 039
Pair 18 HY40NO & HY80NO 8 903 .002
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Paired Samples Test

Paired Differences

95% Confidence Interval

of the Difference

Lower Upper

Pair 1
Pair 2
Pair 3
Pair 4
Pair 5
Pair 6
Pair 7
Pair 8
Pair 9
Pair 10
Pair 11
Pair 12
Pair 13
Pair 14
Pair 15
Pair 16
Pair 17

Pair 18

LEU40CO - LEU60CO
LEUB0CO - LEUSOCO
LEU40CO - LEUSOCO
PA40CO - PAGOCO
PABOCO - PABOCO
PA40CO - PABOCO
HY40CO - HY80CO
HYB0CO - HY80CO
HY40CO - HY80CO
LEU40NO - LEUGONO
LEUGONO - LEUSONO
LEU40NO - LEUSONO
PA40NO - PABONO
PABONO - PASONO
PA40NO - PASBONO
HY40NO - HYBONO
HYGONO - HY80NO

HY40NO - HY80NO

Std. Error

Mean Std. Deviation Mean
1496.1250 918.21417 | 324.63773
428.2500 391.20975 | 138.31353
1924.3750 1101.55124 | 389.45717
784.4500 1405.29439 | 496.84659
-239.0500 719.18804 | 25427137
545.4000 813.63429 | 287.66316
74.6250 297.16851 | 105.06494
142.1250 169.48783 59.92300
216.7500 234.17988 82.79509
11.6250 44.84875 15.85643
86.6250 51.11873 18.07320
98.2500 31.86467 11.26586
2.6375 21.51617 7.60711
11.9125 13.36343 4.72469
14.5500 14.38372 5.08541
1.7500 51.40525 18.17450
88.2500 65.34250 | 23.10206
90.0000 59.82594 21.15166

728.4787 | 2263.7713
101.1905 755.3095
1003.4557 | 2845.2949
-390.4055 | 1959.3055
-840.3062 362.2062
-134.8153 | 1225.6153
-173.8141 323.0641
4296 283.8204
20.9707 412.5293
-25.8695 49.1195
43.8887 129.3613
71.6102 124.6895
-15.3505 20.6255
7404 23.0846
2.5249 26.5751
-41.2259 44,7259
33.6223 142.8777

39.9843 140.0157
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Paired Samples Test

t df Sig. (2-tailed)
Pair 1 LEU40CO - LEUSOCO 4.609 .002
Pair2  LEUBOCO- LEUSOCO 3.096 017
Pair3  LEU40CO - LEUSOCO 4,941 002
Pair 4 PA40CO - PAGOCO 1.579 158
Pair5 PA60CO - PASOCO -.940 378
Pair6  PA40CO - PABOCO 1.896 100
Pair 7 HY40CO - HY60CO 710 501
Pair8 _ HYB0CO - HY80CO 2.372 049
Pair9  HY40CO - HY80CO 2,618 035
Pair 10 LEU40NO - LEUSONO 733 487
Pair 11 LEUBONO - LEUSONO 4.793 .002
Pair 12 LEU40NO - LEUSONO 8.721 .000
Pair 13° PA40NO - PAGONO 347 739
Pair 14 PAGONO - PASONO 2,521 040
Pair 15 PA40NO - PASONO 2.861 .024
Pair 16 HY40NO - HYB60NO .096 926
Pair 17 HYB0NO = HYBONO 3.820 .007
Pair 18 HY40NO - HY8ONO 4,255 .004
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UBYaN15NARDY

M1979 3-1 uansteyaine O, MANTUANNANEIVBAN UK

N¥AIMIA nszaudng RNAUYY
AU . = - = ; =
21NAFATIULNY DINAFAIULNU DINAFAIULNU
GN
: 40 60 80 | 40 | 60 | 80 | 40 | 60 | 80
0.47 15.86 | 1654 | 16.05 | 99 | 13.1 |14.65| 99 | 1534 | 20
0.74 12.34 | 14.67 | 12.08 | 6.42 | 10.18 | 11.34 | 6.42 | 7.67 9.8
1.01 14.56 | 14.89 | 14.89 | 7.85| 11.67 | 14.67 | 7.85 | 14.89 | 14.53
1.28 14.66 | 14.76 | 1556 | 7.65| 9.88 | 13.74 | 7.65 | 16.78 | 15.66
1.55 13.98 | 14.100 15 7431 899 | 11.96 | 7.43 | 14.09 | 14.99
1.82 10.87 14 13.67 | 6.54 | 8.65 | 10.2 | 6.54 | 10.89 | 13.55
2.17 7.05 | 10.98 9.63 6.5 8.5 9.65 6.5 8.99 | 9.56
2.67 6.9 7.965 9.25 | 634 | 823 | 943 | 6.34 | 8.03 | 9.61
EA40%
18
16
& 14
® 12
T 10 —e—water hyacinth
S s
S 6 —m—palmyra palm shell
N 4
®) 5 —+—leucaena
0
0 1 2 3
Height above air distributor (m)
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EA60%
18
16
& 14
T 12
T 10 —e—water hyacinth
S s
S —m— palmyra palm shell
[w] 6
N
o 4 —a— leucaena
2
0
1 2 3
Height above air distributor (m)
EA80%
25
d
o 20
+—
°
+ 15
o —e—water hyacinth
9]
c 10
S —a—palmyra palm shell
S 5
o —i— leucaena
0
1 2 2

Height above air distributor (m)
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M99 3-2 UAAIUBYAQUMYHTIAATUNINAINGIVBUNT

nEaIna nyzdudng BNAUYIN
AN - = ; = . =
2INAFAIULAU 2INAAIULNU 2INAAIULNU
i 40 60 80 989 (862 | 792 | 617 | 408 | 267
0.47 925 | 904 | 789 | 1000 | 886 | 818 | 698 | 465 | 360
0.74 1062 | 956 | 1001 | 978 | 908 | 856 | 688 | 554 | 516
1.01 989 | 912 | 938 | 974 | 915 | 869 | 677 | 587 | 535
1.28 981 | 853 | 945 | 969 | 906 | 864 | 652 | 591 | 556
1.55 935 | 812 | 916 | 966 | 897 | 856 | 629 | 574 | 534
1.82 928 | 799 | 915 | 960 | 880 | 840 | 614 | 561 | 519
2.17 900 | 781 | 886 | 932 [ 851 | 816 | 603 | 552 | 500
2.67 877 | 775 | 857 | 917 [ 832 | 800 | 591 | 531 | 480
EA40%

1200
N e
© 800
-sg 606 /'—'N,__’_. —e—water hyacinth
é- 400 —m—palmyra palm shell
g 200 - leucaena

0

0 1 2 3
Height above air distributor (m)
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EA60%
1200
_. 1000
<
o 800
2 —e—water hyacinth
T 600
é_ 200 /_4*—.—‘ —m—palmyra palm shell
P 200 —+— leucaena
0
0 1 2 3
Height above air distributor (m)
EA80%
1200
g 1000
v 800 .43 ——t—x
3 ;
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Nza1n1a nszdudny NNAUYIN
AU — — =
INAFIULNU INAFIULAU INAFIULNU
GN
? 40 60 80 40 60 80 40 60 80
0.47 1973.3 | 323.1 | 246.9 | 3487 | 1456 | 766 | 1455.6 | 151 | 149
0.74 4986 | 516.4 | 2523.9 | 4895 | 1976 | 1857 | 1975.9 | 321 | 302
1.01 5635 | 179.6 | 210.1 | 4427 | 1828 | 907 | 1828 | 916 | 432
1.28 129.6 | 179.1 | 137.7 | 2565 | 1565 | 607 | 1565.1 | 495 | 182
1.55 170 | 212.8 | 56.2 | 2002 | 929 | 424 | 929.4 | 216 | 96
1.82 154 130 | 145.7 | 1828 | 560 | 415 | 559.8 | 186 | 79
2.17 359.2 | 1324 | 252.1 | 1113 | 390 | 312 390 116 | 68
2.67 270.6 | 163.6 | 176.8 | 586 | 230 | 220 230 98 54
EA 40%
5000 —+—Leucaena
&
§ 4000 —e— Palmyra Palm shell
G
.45 o \ —=— Water hyacinth
= N
T 2000 e
c o g
O -
v 1000 e
O \
v R
0 —
0 1 2 3
Height above air distributor (m)
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EA 60%
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nEaIna nsziudng NNAUYN
Qﬂﬂ’ﬂll - = - = . =
DINAFAIULNU 21ANAAIULNY 2INNAAIULNY
GN
? 40 60 80 40 | 60 | 80 40 60 80
0.47 33.6 | 45.8 | 34.1 | 337 | 296 | 164 | 227 | 116 | 99
0.74 73.1 | 76.6 | 49.4 | 395 | 390 | 303 | 341 | 340 | 124
1.01 253 | 659 | 39.2 | 350 | 394 | 256 | 238 | 211 | 146
1.28 48.7 | 44.5 25 334 | 347 | 235 162 | 199 84
1.55 61.8 | 44.4 | 36.2 | 309 | 297 | 219 137 | 186 59
1.82 458 | 355 | 20.5 | 258 | 297 | 174 102 | 132 44
2.17 44,7 | 245 | 27.6 | 202 | 160 | 137 73 97 37
2.67 AL G B/ SR RTWNGENP ~98 62 ar 29
EA 40%

. 400 / —ie—| eUCaena

£ \

8_- £ ’- .'L"»i

Z 300 \\ AL —+—Palmyra Palm shell
ke / A

5 4 X I

T 200 \ N = —a—Water hyacinth

a 3 -
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& N

o 100 AN

R /\//\—:——"4

0
1 2 3
Height abowve air distributor (m)

159



Height above air distributor (m)

EA 60%
400 - —a—Leucaena
H
& 300 | —e—Palmyra Palm shell
c
kel . .
= —m—Water hyacint
= 200 - y
c
]
v}
5
O 100 -
O ﬁ\_‘\*\*_‘
=
0 T T 1
0 1 2 3
Height above air distributor (m)
EA 80%
400 —#4—Leucaena
E —e—Palmyra Palm shell
300
- —m— Water hyacinth
=
S 200
c
]
(]
c
S 100
@
=
0
1 2 3

160



M1319 3-5 uanstayauaiiy CO uag NO NudeyaanannmINn

161

NEaea nszaudng HNAULI
?qﬂlﬂ yafiviivdeseananen | uaiviivdeseenannen | uafiuiivdeseenaine
. NO CcO NO CcO NO CcO
40 47.1 270.6 187 586 62 121
60 21 163.6 98 230 a7 98
80 31.9 176.8 98 220 29 54
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WBNEISNANITIASIEATIULA

A191991 2-1 LARSNANITIATIZI Proximate analysis U89 nsyaiudng

Report No. C.144/58

ELECTRICITY GENERATING AUTHORITY OF THAILAND

TEST REPORT
FOR PROXIMATE ANALVYSIS

Page 1 of 2
CUSTOMER :  M1481393381_¥MI0I%E
HT\H%VI’)I'U'HHIW}JU\J nm:?mnﬂ N l'ﬂﬂ’i’ ﬁ\)]lj\ll“ﬂ'{ujﬂaﬂisﬂi)llll‘l:]l“’]ﬂﬂlﬂ\ﬂﬁﬂ lﬂﬂ":‘zll’l
LAB NO. 58X0241 58X0242 58X0243
SAMPLE NAME naziuny m\’jmu‘ﬂu% quu:w%‘n
SAMPLE DESCRIPTION - 5 &
SAMPLE CONDITION normal normal normal
SAMPLED DATE - - -
RECEIVED DATE 16/06/2015 16/06/2015 16/06/2015
ANALYSED DATE 17-30/06/2015 17-30/06/2015 17-30/06/2015
PARAMETER UNIT METHOD RESULT
MOISTURE % by weight | ASTM D3302 M-10 12415 11.32 50.18
ASH Y by weight | ASTM D7582:108" 4.65 8.28 1.87
VOLATILE MATTER % by weight | ASTM D7582-10%" 71.49 70.97 39.76
AS RECEIVED |FIXED CARBON % by weilzht ASTM D7582-105 11.70 9.43 8.20
BASIS SULPHUR 207 7. by \Z:lghl ASTM mmq; 7 0.25 0.09 0.02
GROSS?‘:\L;)RIF;ALUE MIKg ASTM D5865-11a 17.00 15.73 9.90
KealKg 4063 3760 2367
* N;l; c:uuTuﬁc VALUE \ MJ/K; B ;‘sm .,555;,,;; 15.57 14.39 8.14
Keal’Kg 3721 3438 1946
ASH % by weight | ASTM D7582-108" 5.30 9.33 374
VOLATILE MATTER % by weight |~ ASTM D7582-10€' 81.38 80.03 79.80
FIXED CARBON % by weight | ASTM D7582-10€ 13.32 10.64 16.46
SULPHUR =\ || % by wei;;hr - i\STM m;sznii 0.28 0.10 0.04
DRY BASIS St N1 T S LT —ht
GROSS CALORIFIC VALUE MIKg ASTM D3865-11a 19.35 17.74 19.88
Keal'Kg 4625 4240 4750
*NET CAI:ORII-‘I(' VALUE MJ/Kg ASTM D3865-11a 18.06 16.53 18.77
Keal/Kg 4316 3951 4487
INHERENT MOISTURE Yeby weight | ASTM D7s82-10€' 6.96 7.31 10.81
ASH % by weight | ASTM D7582-10E" 493 8.65 3.34
AIR DRY VOLATILE MATTER % by Weight | ASTM D7582-10€" 7572 74.18 7117
BASIS FIXED CARBON % by weight |  ASTM D7582-108" 12.39 9.86 14.68
SUL%R‘ ' & % by weight AS I‘E;z,\o-lzi 0.26 0.09 0.04
GROSS CALORIFIC VALUE > MIKg ASTM D5865-11a 18.01 16.45 17.73
Keal/Kg 4303 3930 4237
% RELATIVE DENSITY AS 1038.21.1.1-2002 - 5 «
Remark :  The resulis relate only 1o the sample(s) tested, This document shall not be reproduced except in ful!

Laboratory Section, Geology Department, Mae Moh Mine Planning and Administration Division, EGAT
%01 M.6 T. Mae Moh, A. Mac Moh, Lampang, 52220 Tel. 66-054-254136, 66-054-254037 Fax. 66-054-254037

,"\/?1//
Chemist & ...cceeriiiiicsasniiiinesaninnee
(Ms. Wirunchana AkKarut)
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WAAINANITILATIZI Proximate analysis U84 Nza191a ANAUYI

ELECTRICITY GENERATING AUTHORITY OF THAILAND
TEST REPORT
FOR PROXIMATE ANALYSIS

Page | of 2
CUSTOMER:  M1a13933t1_ yyidyd
M3rInssunYas augimnssumaai goniumaTuTadwszeondudnamnsmianszia
LAB NO. 58X0029 58X0030
SAMPLE NAME EGRTL] ALY LA
SAMPLE DESCRIPTION B -
SAMPLE CONDITION normal normal
SAMPLED DATE - -
RECEIVED DATE 24/01/2015 24/01/2015
ANALYSED DATE 28/01/2015-05/02/2015 | 28/01/2015-05/02/2015
PARAMETER UNIT METHOD RESULT
MOISTURE % by weight | ASTM D3302 M-10 9.67 9.24
ASH % by weight | ASTM D7582-10" 1.83 31.02
VOLATILE MATTER %byweight | ASTM D7582-108' 71.68 57.31
ASRECEIVED |FIXED CARBON % by weight | ASTM D7582-10€" 16.81 242
BASIS EPHUR % by weight ’ A;’TM D4239-12 0.08 0.31
GROSS CALORIFIC VALUES MIKe ASTR; D5865-11a 18.01 10.70
Keal/Kg 4306 2557
* NET CALORIFIC VALUE Mi/Kg As;m D5865-11a 16.63 9.67
Kcal/Kg 3974 2312 =
ASH % by weight | ASTM D7582-108" 2.03 34.18
VOLATILE MATTER % by weight | ASTM D7582-10€" 79.36 63.15
FIXED CARBON % by weight |  ASTM D7582-10" 1861 2.67
SULPHUR % Qy.wdgm ASTM D4239-12 0.09 0.34
DRY BASIS -
GROSS CALORIFIC VALUE MI/Kg ASTM DS865-11a 19.94 11.79
KealKg vt 4767 2817
* NET CALORIFIC VALUE Mi/Kg | Astvpsses-1ia 18.67 10.90
Keal/Kg 4461 2606
INHERENT MOISTURE % by weight | ASTM D7582-10€' 6.31 6.33
ASH % by weight |  ASTM D7582-10€' 1.90 32.02
AIR DRY VOLATILE MATTER % by weight ASTM D7582-105" 71435 59.15
BASIS FIXED CARBON % by weight | ASTM D7582-10%" 1744 2.50
EL_PEI_ - A _'/. b;Tiglu_ ) ASTM 04139-le 2 0.08 0.32
GroSS CALORIFIC VALUE | h:ﬂ;g— © ASTM DSB6s-11n 18.69 11.04
Keal/Kg 4466 2639
* RELATIVE DENSITY AS 1038.21.1.1-2002 - %
Remark :  The results relate only to the sample(s) lested. This document shall not be reproduced except in full

I’\‘*l‘//ﬂ
Chemist 3 iiiiiisssnssiiissavannissssninnds
(Ms. Wirunchana Akkarut)
/ < VL; .

Y AR R

Luborutory Section, Geology Department, Mac Moh Mine Planning and Administration Division, EGAT

%01 M.6 T. Moc Moh, A. Mac Moh, Lampang, 52220 Tel. 66-054-254136, 66-054-254017 Fux 66-054-254017

Rev.12 03/06/
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A91991 2-3 LAAINANITILATIZI Ultimate analysis 994 nszaiudng

ELECTRICITY GENERATING AUTHORITY OF THAILAND

¢ TEST REPORT
Report No.C.144/58
FOR ULTIMATE ANALYSIS
Page 2 of 2
CUSTOMER : HI01781 BVIndivg

A3MINISUINKAT AuLImnssumaas aoniuma luTadnszeoundudgaummisaanszai
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LAB NO. 58X0241 58X0242 58X0243
SAMPLE NAME nazduing nepumilod yuusnin
SAMPLE DESCRIPTION - - -
SAMPLE CONDITION normal normal normal
SAMPLED DATE - - -
RECEIVED DATE 16/06/2015 16/06/2015 16/06/2015
ANALYSED DATE 17/06/2015-04/07/201S | 17/06/2015-04/07/2015 | 17/06/2015-04/07/2015
ULTIMATE ANALYSIS UNIT METHOD RESULT
MOISTURE % by.weight | AST™ D7582-10%' 6.96 731 10.81
ASH % ASTM D7582-10% 4.93 8.65 3.34
AS DETERMINED |CARBON Yo ASTM D5373-08 44,18 40.24 44.52
(AIR DRY) HYDROGEN Ya ASTM D5373-08 6.37 6.03 5.77
BASIS NITROGEN Ya ASTM D5373-08 2.01 1.92 0.16
TOTAL SULPHUR %o ASTM D4239-12 0.26 0.09 0.04
* OXYGEN o (plus errors) 42,25 43.07 46.17
ASH % ASTM D7582-10% 5.30 9.33 3.74
CARBON Yo ASTM D5373-08 47.48 43.41 49.92
HYDROGEN % ASTM D5373-08 6.01 5.62 5.1
DRY BASIS
NITROGEN Yo ASTM D5373-08 216 2.07 0.18
TOTAL SULPHUR % ASTM D4239-12 0.28 0.10 0.04
* OXYGEN % (plus errors) 38.77 39.46 41.00
CARBON Yo ASTM DS373-08 S0.14 47.88 5186
DRY ASH-FREE |HYDROGEN % ASTM D5373-08 6.35 6.20 531
BASIS NITROGEN % ASTM D5373-08 2.28 228 0.19
TOTAL SULPHUR Yo ASTM D4239-12 0.30 0.11 0.05
* OXYGEN % {plus errors) 40.94 43.52 42.60
Remark : The results relate only to the sample(s) tested. This document shall not be reproduced exeepi.in full
WP
ChemiBt s ssissummsimmismims
(Ms. Wirunchana Akkarut)

Laboratory Section, Geology Department, Mac Moh Mine Planning and Administration Division, EGAT
$01 M6 T. Mac Moh, A. Mac Moh, Lampang, 52220 Tel. 66-054-254136, 66-054-254037 Fax. 66-054-254037

Rev.01 03/06/57
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A15719% 2-4 UARINANITILATIENR Ultimate analysis U84 NEAINID NNAUYIN

.

- ELECTRICITY GENERATING AUTHORITY OF THAILAND
Report No.C.029/58 TEST REPORT
Page 2 of 2 FOR ULTIMATE ANALYSIS

CUSTOMER :  MI930) Ryl

mudmanssunyas auzdmnisumaad aonfuma Tulatwszsoundudigumnimanini

LAB NO. 58X0029 58X0030
SAMPLE NAME nEMIMALA ANAUY LA
SAMPLE DESCRIPTION - *
SAMPLE CONDITION normal normal
SAMPLED DATE - -
RECEIVED DATE 24/01/2015 24/01/2015
ANALYSED DATE 28/01/2015-05/02/2015 | 28/01/2015-05/02/2015
ULTIMATE ANALYSIS UNIT METHOD RESULT
MOISTURE % by weight | ASTM D7582-10%" 631 6.33
ASH % ASTM D782-10°" 1.90 32.02
AS DETERMINED (CARBON % ASTM D5373-08 47.14 27.79
(AIR DRY) HYDROGEN % ASTM D5373-08 6.26 4.55
BASIS NITROGEN % ASTM D5373-08 0.20 0.93
TOTAL SULPHUR % ASTM D4239-12 0.08 0.32
* OXYGEN % (plus errors) 44.42 34.39
ASH % ASTM D7582-10% 2.03 34.18
CARBON % ASTM D5373-08 50.31 29.67
HYDROGEN % ASTM D5373-08 593 4.10
DRY BASIS
NITROGEN % ASTM D5373-08 0.21 0.99
TOTAL SULPHUR % ASTM D4239-12 0.09 034
* OXYGEN % (plus errors) 41.43 30.71
CARBON % ASTM D5373-08 51.36 45,08
DRY ASH-FREE |HYDROGEN % ASTM D5373-08 6.05 6.23
BASIS NITROGEN % ASTM D5373-08 0.22 1.51
TOTAL SULPHUR % ASTM D4239-12 0.09 0.52
* OXYGEN % (plus errors) 42.29 46.66

Remark : The results relat only to the sample(s) tested. This document shall riot be reproduced except in full.

CRemiist £ coveiviesessninssnnesssscans
(Ms. Wirunchana Akkarut)

4 >4 15.

Laboratory Section, Geology Depurtment, Mac Moh Mine Planning and Administrotion Division, EGAT

WIMET. Rev.0
T- Mae Moh, A. Muc Moh, Lumpang, 52220 Tel, 66-034-254136, 66-054-254037 Fax. 66-034-251037 1030657
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FENURBNITVIAFaUMEMALA DTA 3nviaslfuRnisitaseiideiland mitedasen

anwazlanizvasianaudmaluladlansuas aauviand

TG /% DTG /(%/min)
Sample: Leucaena leucocephala (TGA Result)
100 1 ==, Mass Change: -11.78 % 1
3 l . e Lo
.
15 Peak: 444.8 °C === t
80 ¥ =-1.0
Mass Change: -50.25
7 2.0
60 + X |
Peak: 88.8 °C \ +-3.0
40 \
- [
400 . L .40
3 Mass Change: -33.60 % | |
N
20 r L & L .50
‘F -
TGA/DTA Curves \ & — 9 9 ‘H
o FoTETEs Derivetive of TGA/DTA Curves Peak: 310.5 °C ’ -6.0
160 260 3(;0 700 0 660 760 860 ;60 1(;00
Temperature /°C
Instrument: NETZSCH STA 449C TSample: Leucaena leucocephala, 30.096 mg. Mode/Type of Meas.: DTA-TG / Sample + Correction
File: MTEV3098-58_Leucaena... !Reference: Empty,0.000 mg Segments: 171
Project: MTEC3098/58 | Material: Unknown Crucible: DTA/TG crucible A203
Identity: Leucaena leucocephala | Correction File: cor_30-1000-R10_Air_580729-2.bsu Atmosphere: Air/20.00 / -/-
Date/Time: 9/3/2015 12:41:36 PM JTemp.Cal./Senx Files: 2015_TempCal_rate10.tsu / 2015_SenCal_rate10.esu TG Corr./M.Range: 520/5000 mg
Laboratory: Thermal Analysis (MTEC) Range: 30 *C/10.0(K/min)/1000 *C DSC Corr./M.Range: 420/5000 uv
Operator: _Siriporn K p. __|Sample Car./TC: DTA(/TG) HIGHRG 4 / 5 e s 411% |Remarks prennny N |
i v 1 a o ¢
E‘U‘VI 2-1 TGA maﬁu BNTUUBIAIBYNNITEOAUINY
d d £ s Y
gauHiimIa@1wea (°C) nleiidualamimiinuasiieds
1. Bnaesrtszneuintaouuiaaluriem 1 (30-165°C) ~11.78
2. Winuessdsznevinlasunilaaluyaei 2 (165-400°C) 5025
H { VoA
3. Sinwesrdszneuilaounasluanai 3 (400-1,000°0) ~33.60
o P ' @ ] Ad o
4. unuesmsznevi bigawddrlugrgaingiiniims ~437
' @ a o
naaoy (WU lﬂ']'ﬂﬁxlf‘ﬂilﬂ'l Ha%ﬂﬁﬂuu‘ﬂ%ﬂ‘lﬂﬂﬂizmﬂ)
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TG /% DTG /(%/min)
Sample: Palmyra palm shell (TGA Result)
100 — - Mass Change: -11.66 %
N B 0
! 170 "Ql“\ | Mass Change: -17.25 %
80 \\‘_ g e 1.0
4—‘_ Peak: :«:,a C
w02 1 L 2.0
60 | oy
- é?.z . “Mass Change: -24.52 % 30
380 =
40 1 * —
/ e h Mass Change: -34.73 % | | 40
Peak: 282.3°C|
20 - o - 5.0
Y N\ -
TGA/DTA Curves \ - 6.0
od T Derivetive of TGA/DTA Curves \Peak: 3304 °C
1 60 2&0 360 46O 560 6(‘]0 7(‘10 860 960 1 dDO
Temperature /°C
Instrument: MNETZSCH STA 449C Sample: Palmyra palm shell, 26.285 mg Mode/Type of Meas.: DTA-TG / Sample + Correction
File: MTEC3098-58_Palmyra ... |Reference: Empty,0.000 mg Segments: 11
Project: MTEC3098-58 Material: Unknown Crucible: DTA/TG crucible Al203
Identity: Palmyra palm shell Correction File: cor_30-1000-R10_Air_580729-2.bsu Atmosphere: Airf20.00 / -/-
Date/Time: 9/7/2015 1:59:10 PM Temp.Cal./Sens. Files: 2015_TempCal_rate10.tsu / 2015_SenCal_rate10.esu TG Corr. /M.Range: 420/5000 mg
Laboratory: Thermal Analysis (MTEC) Range: 30 "C/10.0(K/min)/1000 *C DSC Corr./M.Range: 420/5000 uV
Operator: Siriporn K Sample Car. /TC: DTA(/TG)HIGHRG 4 / 5 Remark:
dl U 1
EUVI Q-2 TGA L‘VlaﬁiiLLﬂﬁiJGUEJ\W]’JE)EJ’]\‘IﬂSa'WI']a
Tl dn ow @ o LY .
QUUANMITaEAI (°C) wleddunlaginniinvesizes
I3 = { ' a
L Bnuesfilszneuiinlaonudaddugaei 1 (30-170°C) ~11.66
d a o ' 4
2. nmesndsynevuin/doumlaslugieii 2 (170-302°¢) ~17.25
L4 ~ o ' a
3. Ysnaesntlsgneuii)asumlasluyiei 3 (302-380°C) ~24.52
4. 15uaesndsznounilasuulasluanei 4 (380-1,000°C) 3473
5. Buaenlsznevi liaaeair lugigunginiims ~ TLRA
l o a 4
NAAO (WU I IMaIMIIHT nazaseliunsdinalssian)
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TG /%

DTG /(%/min)
Sample: Water hyacinths (TGA Result)
100 1 7,« Mass Change: -13.50 % R i . - » 0
N PEN ! \ O
. So1ss e . ‘ ! Peak: 656.3 °C R
80 ) H LN ’ o /
= Peak: 976.2 °C [
R . - 2.0
60 l.+ . \ ) N \Peak: 456.3 °C
Peak: 89.1 °C N \ Mass Change: -46.85 % L 3.0
0 g i U - 40
0 Mass Change: -21.80 %
\_\~
. Y. A Mass Change: -1.54% [ 50
e e L
. Bi? 750 - Jr
T :
TGA/DTA Curves | Pl “
"""" Derivative of TGA/DTA Curves b 217 Mass Change: -8.18 %
0
|1!I)0 260 !lIJO 460 560 660 7[‘)0 860 ‘NIJD 10‘00
Temperature /°C
Instrument: METZSCH STA 449C Sample: Water hyacinths, 15.679 mg Mode /Type of Meas.: DTA-TG / Sample + Correction
File: MTEC3098-58_Water hy... Reference: Empty,0.000 mg Segments: 1171
Project: MTEC3098/58 Material: Water hyacinths Crucible: DTA/TG crucible Al203
Identity: Water hyacinths Correction File: cor_30-1000-R10_Air_580729-2.bsu Atmosphere: Air/20.00 / -/-
Date/Time: 9/1/2015 10:31:08 AM Temp.Cal./Sens. Files: 2015_TempCal_rate10.tsu / 2015_SenCal_rate10.esu TG Corr./M.Range: 520/5000 mg
Laboratory: Thermal Analysis (MTEC) Range: 30 “C/10.0(K/min)/1000 “C DSC Corr./M.Range: 420/5000 uv
Operator: Siriporn K Sample Car./TC: DTAU/TG) HIGHRG 4 / 5 Remark:
a U 1 o
E‘U‘VI 2-3 TGA L‘Vl@'ﬁll BAIUYBINIDY WNNFEI VYN
o ! ] 4 o '
QUUNIIMITA WA (°C) nlesidunlagimiinvesiens
4 A e ' {
1. Binaesdilszneuiinldomnlasdugaei 1 (30-155°C) £ 13.50
a — “ ' P
2. Binaesai)szneuin)doumlatlugaai 2 (155-403°¢) ~46.85
o L4 P — ' “ o
3. USnmesdtseneunn/asunlasluyiai 3 (403-565°C) ~21.80
4. Smnmeantsznouinnldomunlailuamei 4 (565-750°C) ~1.54
5. Sunmesnszneuindounaaluesi 5 (750-1,000°C) ~8.18
d a ' [ ' ad o
6. Snmesnsznoui liaarwdrluasgungiiniinig ~8.13
' [ g a A d
nAEY (U IHMTINTIHT LazaToHUNIToUN52InN)
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PACCON Proceedings 2016: Chemistry for Alternative Energy (CAE-3704)

Effects of biomass size on combustion efficiency and emission performance

of a swirling fluidized-bed combustor firing coconut shell
Janya Vechpanich,* Rachadaporn Kaewklum, Prasan Choompjaihan
Department of Agricultural Engineering, Faculty of Engineering,
King Monghkut's Institute of Technology Ladkrabang, Bangkok, Thailand
*e-mail: kwang_janya@hotmail.com

Abstract:

This research was aimed to study the effect of biomass size on emission and
combustion efficiency in swirling fluidized-bed combustor (SFBC). Coconut shell was
shredded and sized into three sizes (df =0.5, 2.5 and 5.0 mm) for using as fuel in the tests.
Quartz sand of 600-850 pm and static bed height of 20 cm was used as inert bed material.
For all of the tests, the feed rate was fixed at 45 kg/hr for variable excess air (of 40, 60, 80
and 100%), using an annular spiral air distributor as the swirl generator. Axial temperature,
CO and NO concentrations inside the combustor and the emission at cyclone outlet were
investigated. As the experimental results, the temperature profiles in SFBC were obviously
seen deviate when tested with higher excess air. In all tests run, CO and NO emissions were
found in quite stable level (less than 220 and 100 ppm, respectively). Increasing the coconut
shell size found reduction of CO emission; meanwhile, NO emission was constant but
significantly decreased with lower excess air. The combustion efficiency more than 99%
could be achieved in this work.

1. Introduction coconut char to serve as an excellent fuel

Biomass is  considered  an for carbon fuel cells.’ However, the
environmentally friendly alternative to combustion  efficiency and emission
fossil fuels because it is naturally produced performance (the latter being mainly
by photosynthesis from CO, and H,0 represented by CO and NO emissions) of a
Productions of gas and liquid fuels from fluidized-bed combustion system
biomass can be achieved through thermal (furnace/combustor) fuelled with biomass
conversion processes. These processes can are reported to depend on fuel analysis and
be categorized in to combustion, particle size, as well as on the system
gasification, and pyrolysis according to the design features and operating parameters,

e e J A { 2% ._:(?1 14
operating condition. Fluidized-bed particularly — excess  air. When
combustion technology is proven to be the burning biomass in a well-designed
most effective technologies for ene combustion system, the CO emissions
conversion of different kinds of biomass”” from this system can be effectively
Various kinds of biomass have been decreased via increasing the amount of
extensively investigated for fluidized-bed excess air within a reasonable range.
combustion, including palm kernel, Along with a decrease of unburned carbon
sunflower, rice husk, sugar cane, and content in the fly ash (generally observed
coconut shell.® Coconut shell, accounting with increasing excess air), a reduction in
for approximately 25 wt. % of a coconut, the CO emissions leads to the
offers uniqueness of low ash and high improvement of the system combustion
alkaline contents. Because of the catalytic efficiency’”. On the contrary, the emission
activity of alkali for gasification, coconut of NO shows a substantial increase with a
has been used as an activated carbon higher level of excess air.>*® Recently,
precursor. The low ash content allows two novel combustion techniques ensuring
318
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fuel oxidation in a strongly swirled flow (a
vortex combustor and a cyclonic fluidized-
bed combustor) have been studied for
firing rice husk.">'® Under optimum
operating  conditions, high  (>99%)
combustion efficiency is achievable in
these two reactors, while controlling CO
emission at a reasonable level (below 400
ppm). However, NOy emission from the
combustors are reported to be elevated,
mainly because of the significant
combustion intensity of these relatively
“short” devices operated at high excess air.
Another innovative combustion technique
integrating the bed fluidization with its
swirl motion (a swirling fluidized-bed
combustor) has been tested for firing rice
husk'”'®. In this device, a swirling
fluidized-bed is generated by primary air
introduced into the bed through an annular
spiral air distributor, while rotational gas-
solid flow in the combustor freeboard is
sustained by secondary air injected
tangentially into the bed splash zone. High
combustion efficiency at rather low major
emissions is ensured in this swirling
fluidized-bed combustor firing rice husk
over wide ranges of fuel properties and
operating condition.

This work was aimed at studying
the combustion of coconut shell in the
swirling fluidized-bed combustor using
quartz sand as the bed material to prevent
bed agglomeration. Effect of excess air (a
key operating parameter of the combustor)
and biomass size on the behavior of major
gaseous pollutants (CO and NO) in
different regions inside the combustor
were the focus of experimental tests.
Effects of biomass size on combustion
efficiency and emission performance of a
swirling fluidized-bed combustor firing
coconut shell were the main focus of this
study.

2. Materials and Methods
2.1 Experimental set-up

Figure 1. shows schematic diagram
of experimental set-up of the swirling
fluidized-bed combustor. The combustor
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was made from 4.5-mm-thick steel
covered internally with 50-mm-thick
refractory cement. A combustor body
consisted of two part, a conical section
with a 40° cone angle, 1 m height and 0.25
m diameter at the bottom base, and a
cylindrical section with 2.5 m height and
0.9 m inner diameter. An annular spiral
distributor for the combustor was made of
stainless steel and had the same
geometrical characteristics as those of the
swirl generator in the ‘cold” model. Quartz
sand of 0.6-0.8 mm size and 20-cm static
bed height was used as the inert bed
material. To stabilize the swirl motion of
the gas-solid bed, a steel cone with 80-mm
diameters at its lower base was fixed on
the top of the air distributor, as shown in
Figure 1 A screw-type feeder delivered
biomass over the bed at a 0.6 m level
above the air distributor, which a 25-hp
blower supplied primary air into the
combustor through the distributor. An
external cyclone at the top of the SFBC
served for separation of particulate matters
(char, ash and carryover sand particles)
from the flue gas leaving the combustor.
2.2 The fuel

Table 1 shows major fuel
properties, the ultimate and proximate
analyses as well as the lower heating value
(LHV), of coconut shell used in this study
as fuel. It can be seen in Table 1 that the
biomass included a significant amount of
volatile matter, whereas fuel moisture and
ash were at quite low level, which resulted
in a substantial heating value of the shell.

To investigate the effects of
biomass particle size on combustion and
emission performance of the SFBC,
combustion tests were carried out for three
sizes (d¢=0.5, 2.5 and 5.0 mm).
2.3 Experimental method for the
combustion tests

In the combustion study, the mean
particle size of coconut shell and excess air
were chosen as independent variable,
whereas the fuel feed rate was maintained
to be constant, 45 kg/h, in all the
combustion tests.
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Table 1. Ultimate and proximate analyses and lower heating value of coconut shell fired in
the SFBC (W=fuel moisture; A=fuel-ash; VM=volatile matter; FC=fixed carbon;

LHV=lower heating value).

Ultimate analysis(w1%,on”as-received” basis)

Proxiimate analysis(wi%,on as-received” basis)

Cc H o] N S w

A VM FC LHV(kJ/kg)

45.0 64 451 0.17 0.03

13.5

33 63.8 194 16,873

For each size, the experimental
tests for characterization of major gaseous
emissions (CO and NO) and combustion
efficiency of the SFBC were performed at
four excess air values: 40%, 60%, 80%
and 100%.
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Figure 1. Schematics of the experimental
set-up with a laboratory-scale conical
SFBC."

For measuring the gas
concentrations (CO and NO) and
temperature, the  Testo-350XL  was
employed. They were measured along
axial directions in the SFBC, as well as at
the exit of an ash-collecting cyclone
downstream from the combustor. The
relative measurement errors were of 0.5%
for the temperature, 5% for CO ranged
from 100-2000 ppm, 10% for higher than
2000 ppm, 5% for NO and 0.2% for.
Chromel-alumel thermocouples were fixed
at difference levels along the combustor
height and at the cyclone outlet to monitor
the temperatures (in relative error of about
1%) in the flue gas. In addition, fly ash
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was sampled at cyclone exit to determine
unburned carbon in the ash, which together
with CO emission was used to quantify the
combustion efficiency.

3. Results & Discussion
3.1 Axial temperature and
concentration profiles in the SFBC

The axial temperature profiles in
the SFBC of coconut shell are shown in
Figure 2. It has four value of excess air, of
40, 60, 80 and 100%. As scen in Figure 3
(a-d), the profiles were rater uniform and
independent of the particle size (z < 0.7
m). This fact indicates an occurrence of
turbulent fluidization regime of the
expanded fluidized bed ensuring excellent
mixing of sand, chars, and gases in the
bed. At upper levels (z > 0.7 m), the
profiles  exhibited ~a  diminishing
temperature trend along the combustor
height, likely caused by heat losses across
the reactor walls. With decreasing biomass
particle size, temperatures at all the
locations in the cylindrical section were
somewhat higher. This fact can be
generally explained by elevated carryover
of relatively light biomass particles from
the combustor bottom into the freeboard.
As can be compared between Figure 2a-
2d, an increase in excess air from 40% to
100% led to a local temperature drop (by
50-60 °C) at all points inside the reactor,
which can be explained by air dilution
effects.

Figure 3 shows the axial profiles of
CO and NO in the SFBC for the same
condition, as in Figure 2. All the profiles
in Figure 3 are seen to exhibit two specific
regions in the reactor pointing at
predominant formation of the pollutants at
the combustor bottom and their oxidation

gas
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(for CO) or reduction (for NO) in the
freeboard. In the first region (z < 0.8 m),
CO exhibited a tremendous increase (axial
gradient) along the combustor height,
mainly caused by the rapid devolatilization
of biomass and further oxidation of light
hydrocarbons (C4Hy) and char-C". The
peak of CO (at z ~ 0.8 m), was apparently
higher at all the levels above the air
distributor, likely due to the greater
contribution of the char oxidation to
formation of CO in this region. In the
section region (z > 0.8 m), where
secondary (decomposition) reactions were
predominant, CO decreased along the
combustor height, and the highest
reduction rate was observed at 0.8 <z <
1.0 m. The CO oxidation in both regions
likely occurred via chemical ~reactions
involving O, and water vapor'’.

It can be seen in Figure 3 that NO
rapidly increased in the first region (z <
0.8 m) along the reactor height, generally
due to the biomass devolatilization and
further oxidation of volatile nitrogenous
species to NO via the fuel-NO formation
mechanism®. However, a part of the NO
was simultaneously reduced in this region
due to the catalytic reactions of NO with
CO and light hydrocarbons on the surface
of char, ash, and bed material particlesz’lg.
In the upper region (z > 0.8 m) , a
significant reduction of NO was observed,
mainly due to the above-mentioned
catalytic reduction that was predominant in
this region. Note that the gradual
diminishing of CO and CHy in the
freeboard caused an apparent decrease in
the rate of NO reduction along the
combustor height.

Due to the higher levels of CO
facilitating the catalytic reduction, NO at
all point inside the combustor fired with
coarser fuel particles was noticeably
lower, compared to small-size coconut
shell. Tt can be also seen that the influence
of excess air on the behavior of NO in the
axial direction was substantial. With
increasing excess air from 40% to 100%,
NO increased by 30-40 ppm at different
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points inside the reactor, indicating the
occurrence of the fuel-NO formation
mechanism at the combustor bottom and
the decreased contribution of CO to
reduction of NO in the freeboard.
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Figure 2. Axial profiles of temperature
and in the SFBC when 45 kg/h coconut
shell with different mean particle size at
excess air of (a) 40%, (b) 60%, (c) 80%
and (d) 100%.
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Figure 3. Axial profiles of CO and NO in
the SFBC when firing 45 kg/h coconut
shell with different mean particle sizes at
excess air of (a) 40%, (b) 60%, (c) 80%
and (d) 100%.
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3.3 Emissions

Figure 4 depicts the CO and NO
emission, all on a dry gas basis and at 6%
0,, of the SFBC for the ranges of coconut
shell particle size and excess air. These
emissions represent, in effect, a net result
of the chemical processes in different
regions of the reactor.

It can be seen in Figure 4 that all
the emissions exhibited the substantial
effects of both biomass particle size and
excess air. With increasing particle size (at
fixed excess air), the CO emission was
found to be significantly = increased,
attaining extremely high level high levels
at the lowest amount of excess air. This
result is attributed mainly to the higher
peaks of CO in the vicinity of fuel
injection as well as to the lower rate of
biomass oxidation in the combustor
freeboard when burning coarser coconut
shell. However, an increase in excess air
(at fixed biomass particle size) from about
40%—60% led to a significant reduction of
these emission, exhibiting however quite
weak effects at excess air of 60—80%

On the contrary, the NO emission
was noticeably decreased with coarser
biomass particles at any arbitrary level of
excess air. This result was achieved mainly
due to the enhanced catalytic reduction of
NO, because of the increased levels of CO
in both the bottom and frecboard regions
of the reactor. A significant NO reduction
was therefore achieved at the lowest
excess air when burning the coarsest

shells. In accordance with the fuel-NO
formation mechanism, excess air had quite
substantial (proportional) effects on NO
for all the size of coconut shell.

Thus, when burning coconut shell
of a given particle size, the emission of CO
can be minimized to an
acceptable/reasonable level via increasing
excess air of the combustor, whereas
controlling of the NO emission can be
ensured by minimizing excess air at the
region of NO formation (i.e., at the reactor
bottom) regardless of the shell particle
size.

3.4 Combustion Efficiency

As shown by analysis of fly ash
(collected at the cyclone) for unburned
carbon, this conical SFBC secures quite
high fuel-burnout rate. Depending in
excess air, the unburned carbon content in
the fly ash was in the ranges of excess air
(or O, at stack). Figure 5 shows the
combined effects of biomass particle size
and excess air on the combustion
efficiency of the SFBC. Like the heat
losses, combustion efficiency of the
proposed technique exhibited substantial
effects of the biomass particle size and
excess air. As seen in Figure 5, the
combustion efficiency can be improved by
increasing excess air. For the range of
biomass particle size, high (99.5-99.6%)
combustion efficiency can be achieved by
maintaining excess air at 40-60%. Higher
combustion efficiency is associated with

CO emission (PPM: €% 0)
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Figure 4. Effects of biomass particle size and excess air on the (a) CO, (b) NO emission of
the SFBC when firing 45 kg/h coconut shell.
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Figure 5. Effects of biomass particle size
and excess air on the combustion
efficiency of the SFBC when 45 kg/h
coconut shell.

4. Conclusion

The coconut ~shell could be
effectively utilized for energy conversion
in wide range of biomass particle size and
operating condition (excess air) through
burning in a swirling fluidized bed
combustor. This innovative combustion
technique had been successfully tested for
45kg/h at different values of excess air of
40-100%.

The best combustion an emission
performance of the SFBC was achievable
during the combustion of coconut shell
with a particle size of size about 5 mm via
maintaining excess air at 40-80%. Under
these optimal condition, the combustor
could be operated with high (99.5-99.6%)
combustion  efficiency ensuring the
minimum emission (or “external”) costs of
the proposed combustion technique.
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Letter from TSAE President

The TSAE 2016 Conference is The 17" TSAE National Conference and the 9" TSAE International
Conference. We go by the theme “Beyond Great Agro”. We are proud to organise along with
SIMA ASEAN Thailand 2016 which provide wider vision than just conference. Since the SIMA show
is one of biggest Agri-business Show in the world held in Paris from 1870. | hope that the

technology shows in this exhibition will build our perspective Beyond Great Agro.

In my point of view regarding agricultural technology, Farm Machinery and Agricultural Engineering is heading to Precision Farming.
Labor shortage is the first signal to tell us that we need agricultural machineries instead. Climate changes effect farming seasons,
are the second signal to tell us using data information and forecasting models for farm system. Facing short preparation period and
long drought or big flood forces us to use high performance machineries. The high guality along with high price of seeds confirm the
need of high precision farm machineries. Experience of operators has been changed, new generation farmers are familiarly with

auto-controller than manually control. The auto-pilot systems are the need for next generation farm.

In the view of farm machinery management, the cyber is the most influence in technologies transfer. Manufacturers and Trader can
contact without face to face meeting as ever. The country boundaries has dissolved. Cross boundary farming will be common
business in the future. We need to be in networking. In this moment, TSAE has networked with many of farm machinery
associations and organisations such as CSAM, AMA, ANTAM, ACABE, FTl, KAMICO, TMA, TAMMA, PSAE, MSAE, VSAGE, research

assodiations, etc. That is our preparation to go smart in our future agriculture world.

In the 17" TSAE National Conference and the 9™ TSAE International Conference, TSAE arrange 82 articles of research papers in the
field of Power and Machinery, Scil and Water Engineering, Energy and Environment, Electronics and Information Technology and
Post-harvest and Food Engineering. We are proud to express our keynote speakers consists of: Dr. Katinka Weinberger, the OiC of
CSAM in “Perspectives on Agricultural Machinery in Asia-Pacific Region”, Assoc. Prof. Ahamed Tofael, University of Tsukuba, Japan in
“Precision Agriculture and Remote Sensing Technologies”, and Mr. Tawat Sutasineenon, Head of Technology and Development,
Global Innovation Incubator, Thai Union Group Public Co, Ltd. in “What the Food Industry is Expecting from Academic

Researchers”.

| believe that the success of farming and agi-business develop from knowledge, technologies, planning, and management.

Agricultural engineering is all of them.

=

Dares Kittiyopas

President

Thai Society of Agricultural Engineering

emails: dares.doae@gmail.com, dares@tsae.asia, dares@doae.go.th
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Abstract

This research was aimed to study the effect of operating conditions on emission and combustion
efficiency in swirling fluidized-bed combustor (SFBC). Leucaena leucocephala was shredded and sized into one
size (df =5.0 mm) for using as fuel in the tests. Quartz sand of 600-850 pm and static bed height of 20 cm was
used as inert bed material, For all of the tests, the feed rate was fixed at 45 kg/hr for variable excess air (of 20,
40, 60 and 80%), using an annular spiral air distributor as the swirl generator. Axial temperature, CO and NO
concentrations inside the combustor and the emission at cyclone outlet were investigated. As the experimental
results, the temperature profiles in SFBC were obviously seen deviate when tested with higher excess air. In all
tests run, CO and NO emissions were two in quite stable level (less than 400 and 200 ppm, respectively). The

combustion efficiency more than 95% could be achieved in this work

Keywords: Leucaena leucocephala, Swirling, Fluidized-bed, Combustion efficiency

1 Introduction

Development of alternative renewable energy
continues to grow in recent times because of the fear of
energy insecurity in the near future and environmental
cumsociopolitical issues assodiated with the use of fossil
fuels. Biomasses in term of agricultural resources supply
energy in two forms from energy crops and residue of
crops. So, a fast growing energy crops are needed which
can mitigate the current energy crisis having less impact
on environmental poltution. In such case, Leucaena
leucocephala can be a crucial plant as it is one of the
most fast growing, production and versatile multipurpose
tree which can be grow in wide range of soil and tolerate
drought [1]. Among a variety of combustion technologies,
fludized-bed combustion has proven suitable for buming
alternative solid fuel, due to its efficiency in converting
fuels to clean energy, fuel flexibility, and clean operation
[2-5). Recently, two novel combustion techniques
ensuring fuel oxidation in a strongly swirled flow (a vortex
combustor and a cyclonic fluidized-bed combustor) have
been studied for firing biomass [6-7]. Under optimum
operating conditions, high (>99%) combustion efficiency

is achievable in these two reactors, while controlling CO

emission at a reasonable level (below 400 ppm). In this
device, a swirling fluidized-bed is generated by primary air
introduced into the bed through an annular spiral air
distributor, ~while  rotational gas-solid flow in  the
combustor  freeboard is sustained by secondary air
injected tangentially into the bed splash zone. High
combustion efficiency at rather low major emissions is
ensured in this swirling fluidized-bed combustor firing rice
husk over wide ranges of fuel properties and operating
condition [8].

This work was aimed at studying the combustion of
Leucaena leucocephala in the swirling fluidized-bed
combustor using quartz sand as the bed material to
prevent bed agglomeration. Effect of excess air (@ key
operating parameter of the combustor) on the behavior
of major gaseous pollutants (CO and NO) in different
regions inside the combustor was the focus of
experimental tests.

2 Materials and Methods
2.1 Material
Leucaena leucocephala, which were pulverized until

the individual particles of it were much greater in size
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(df=5 mm) and reduced the moisture (10-15% moisture
content) The collected samples were analyzed to
determine their proximate and ultimate analysis. The
parameters to be analyzed according to ASTM standard
were moisture (ASTM D 3173), ash content (ASTM D
3174), volatile matter (ASTM D 3175), fixed carbon (ASTM
D 3176), total sulphur content (ASTM D 3177), and
thermal value (ASTM D 3286) [9-11].

2.2 Experimental TGA
samples

were  subjected  for

thermogravimetric analysis. The combustion characteristic

The pulverized

of biomass was performed in the thermogravimetric
analyzer in a room temperature of 25°C and the
(1G) and  differential
thermogravimetric (DTG) profile ‘were analyzed  using
Proteus 6.0.0. At the heating rate of 10°Cmin-1, the
temperature of furnace was increased from 30°C to 900°C
an air flux (02) of 20 mLmin-1. The mass of the sample
a  function of

thermogravimetric profile

was monitored continuousty  as
temperature and time.
2.3 Experimental set-up

Fig.1 shows schematic diagram of experimental set-up
of the swirling fluidized-bed combustor. The combustor
was made from 4.5-mm-thick steel covered intemally
with 50-mm-thick refractory cement. A combustor body.
consisted of two part, a conical section with a 40° cone
angle, 1 m height and 0.25 m diameter at the bottom
base, and a cylindrical section with 2.5 m height and 0.9
m inner diameter. An annular spiral distributor for the
combustor was made of stainless steel and had the
same geometrical characteristics as those of the swirl
generator in the ‘cold’ model. Quartz sand of 0.6-0.8
mm size and 20-cm static bed height was used as the
inert bed material. To stabilize the swirl motion of the
gas-solid bed, a steel cone with 80-mm diameters at its
lower base was fixed on the top of the air distributor, as
shown in Fig.1 A screw-type feeder delivered biomass
over the bed at a 0.6 m level above the air distributor,
which a 25-hp blower supplied primary air into the
combustor through the distributor. An external cyclone
at the top of the SFBC served for separation of
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particulate matters (char, ash and carryover sand
particles) from the flue gas leaving the combustor.

@

@

)
PwPeoee e @

Mo To®

(v 4 ]

Schematics of the experimental set-up with a
laboratory-scale conical SFBC [12]

Figurel.

2.4 Experimental procedures

The concentrations of major gaseous pollutants (CO
and NO) in flue gas were measured in the experimental
tests along the combustor height above the air distributor
when firing the selected biomass fuels. In addition,
concentrations as well as temperatures were detected
alona the combustor height and in the flue gas at the
cyclone outlet (see Fig.1.) For each test run, the value of
excess air in the flue gas was determined using the O,
and CO concentrations at the cyclone outlet.

For measuring the gas concentrations (CO, NO, and
0,) and temperature, the Testo-350XL was employed.
They were measured along axial directions in the conical
SFBC, as well as at the exit of an ash-collecting cyclone
the The
measurement errors were of 0.5% for the temperature,
5% for CO ranged from 100-2000 ppm, 10% for higher
than 2000 ppm, 5% for NO and 0.2% for O,. Chromel-
alumel thermocouples were fixed at difference levels

downstream  from combustor. relative

along the combustor height and at the cyclone outlet to
monitor the temperatures (in relative error of about 1%)
in the flue gas.

Percent excess air (FA) was selected to be an
independent variable in this work, while the fuel feed
rate (FR) was adjusted af a constant value, of 45 l«g@ in

3
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all the test runs. The detail investigations, of the axial
profiles in the conical SFBC were carried out for four
values of excess air, of about 20, 40, 60, and 80%, which
(at fixed value of secondary air: SA) were ensured by
corresponding percent of primary air (PA). For these four
test series, CO, NO and O, concentrations were also
recoded in dry flue gas at the cyclone outlet with the
aim to characterize emission performance of the
combustor. In addition, fly ash-was sampled at cyclone
exit to determine unburned carbon. in the ash, which
together with CO emission was used to quantify the
combustion efficiency. S

3 Results and Discussion
3.1 Proximate analysis and the ultimate analysis

The results of the ultimate analyses and the low
heating value (LHV) are provided in table 1. The
Leucaena leucocephala exhibited the quite highest C
content, and the highest LHV. Table 1 also shows that
Leucaena leucocephala has 0.26% sulfur content. As
expected, the sulfur content in the biomass is lower than
0.4%, which indicates these materials should be treated
with great caution, due to the emission of pollutant gas
(SOy) and corrosion problems of the equipment.

Among the biomass samples in this study, only the N
content is higher than 0.9%, therefor its contribution to
NO, emission from combustion processes will be higher
than the contribution of the others. This is an important
issue to be considered because the NO, formation
depends on both fuel and thermal conditions. Thermal
NO, has significance at temperature above 1540C [13]. In
fluidized beds, the combustion occurs at temperature
between 850C and 950‘C, consequently, the thermal
NO, production is not significant in these combustion
processes. However, Qian et al. [14]) reported results of
high nitrogen content biomass emission in pilot scale
vortexing fluidized bed combustor and concluded that
there is no obvious relation between NO emission and
fuel-N content. They speculated that the chemical
structure of the fuel may be an important factor that
should also be evaluated.

- - Pd

maUsrpATnnanadmnsIIMRTWRU Al SR A¥ 17 sl 2559 uazseiund Asi 9

Table 1 Proximate analysis and the ultimate analysis of
Leucaena leucocephala

Analysis Leucaena
(Wt% asreceived basis) leucocephala
Ultimate
G 44.18
H 6.37
0 42.25
N 201
S 0.26
Proximate
W 6.96
A 4.93
LHV(kJ/kg) 17,000
3.2 TGA of Leucaena leucocephala
The combustion mechanisms of Leucaena
leucocephala  can be  explained according to

thermogravimetric (TG) and the first derivative of TG (rate
of weight-change, DTG) curves, which represent the
combustion characteristics of the fuel, as shown in Fig. 2,;
these results is clear that the devolatilization of
Leucaena leucocephala started at around 200-400°C,
volatile and char combustion took place at around 400-
800°C, and at around 800°C, no further changes in weight
were observed, implying that devolatilization and
combustion of biomass with high volatite matter content,
such
instantaneously with feeding into the combustor and
exposure to high combustor temperature (more than
1000°C0).

as  Leucaena  leucocephala,  occurred
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3.3 Axial temperature and gas concentration profiles
in the SFBC

The axial temperature and concentration profiles in
the SFBC of Leucaena leucocephala was burned in SFBC
are shown in Fig. 3(a). Leucaena leucocephala has four
value of excess air, of 20, 40, 60, and 80%. As seen in Fig.
3 (a), the profiles were rater uniform. All the temperature
profiles showed small negative gradient in the bed region
due to the influence of the secondary air. However, for
the applied operating condition, the profiles showed
quite similar axial gradients at any fixed point on the
centerline. The bed temperature was found to decrease
by about 80°C, when excess air increased from 20-80%.
In distinct test runs, the axial temperature maximum was
found at nearly the same level 3.2 m above the air
distributor, despite the axial velocity component varied
with variation of EA. The maximum temperature was
rather high, ranging from 1100 and 800 °C, when excess
air varied from20 and 80%.

As can be seen in Fig.3 (b), the axial concentrations
were noticeably influenced by the operating condition,
particularly, in the bed region. Because of the elevated
temperature and the air deficiency in the bed, the effects
of secondary air were stronger when testing the
combustor at EA=20% compared to those for other test
runs. However, at level more than 2.9 m, the regaining of
the concentration (due to air staging) occurred quite
rapidly
3.4 Emission prifiles in the SFBC

Fig. 4 depicts the axial CO (Fig.4a) and NO (Fig. 5b)
concentration profiles in the conical SFBC for the same
operating condition, as Fig. 3. Due to the high volatile
matter and small amount of ash in cofiring, the fuel
devolatilization occurred primarily in the swirling fluidized
bed. However, responding to the secondary air injection,
CO concentration along the combustor axis reduced at
significant rate in the region of Z=0.5-1.2 m, mainly, via
their homogeneous reactions with O,. The increase of EA
resulted in the lower peak of CO occuning in the bed
region, due to enhancing of the secondary (CO oxidation)
reaction. The axial NO concentration profiles revealed
three spedific regions along the combustor height. In the

first region, below the level of Z=0.5 m (including the
dense bed and splash zones), NO was basically formed
from volatile-NH3, a major precursor of NO formation in
biomass combustion [15]. In the second region, of Z=0.2-
1.2 m, the chemical reactions responsible for NO
decomposition, such as catalytic reduction of NO by CO
(on chars surface) and also reaction of NO with NH; at
oxygen deficiency, prevailed the NO formation, which
resulted in reduction of NO. At levels higher than 1.2 m
(the third region), the diminishing of NO concentration
occurred at a quite low rate compared to that in the
second region, likely, due to the lowered CO in the
freeboard region
3.5 Combustion Efficency in the conical SFBC

As shown by analysis of fly ash (collected at the
cyclone) for unburned carbon, this conical SFBC secures
quite high fuel-burnout rate. Depending in excess air, the
unburned carbon content in the fly ash was in the range
from 3-13%, the minimum being found for EA=80%.
Table 2 shows the combustion heat losses and
combustion efficiency (all as percent LHV) for the four EA
values. As seen in Table 2, high combustion efficiency,
96.33% could be achieved when cofiring in this
combustor at EA =80%

4 Conclusions

The Leucaena leucocephala can be effectively
utilized through burning in a conical swirling fluidized bed
combustor. But this paper has more effectively when
biomass is cofiring: This innovative combustion technique
has been successfully tested for 45kg/h cofiring at
different values of excess air of 20-80%.

The spedific conclusions derived from this study are
as follow:

- The combustion profile can be categorized into four
stages: moisture removal (110°C); devolatilization (200-
400°C); combustion (400-800°C) and
decomposition (800°C).

- Low heating value (LHV) was found to be 17 MJ/kg
hence it was mixed with rice husk.

char residue

- CO and NO were found to be reducing significantly,
resulting in quite low €O and NO emission from-the
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reactor within  300-400 ppm and
respectively.

100-200 ppm

- High combustion efficiency, 96.33%, is achievable
when burning the cofiring in the proposed SFBC at 50
ke/h feed rate and excess air of 80%.
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Table 2 Heat losses and combustion efficiency (%) of the
conical SFBC cofiring 55 kg/h at difference values of
percent excess air

GEA - UC G [0) % N
20 891 10025 1818 006229 8991
a0 588 6400 1508 006567 9353
60 1306 15400 1190 = 005188 8455
80 342 3630 674 004170 9633
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ABSTRACT

This work presents a study for biomass possible to bring renewable energy in a swirling fluidized
bed combustor (SFBC). The main objective of this experimental work was to study the biomass
component and excess air of biomass. Palmyra palm shell, Leucaena (lam.), and Water hyacinth
are using as fuel in the tests. Quartz sand of 600-850 pm and static bed height of 20 cm was used
as inert bed material. For all of the tests, the feed rate was fixed as 45 kg/hr for variable excess
air (of 40 60 and 80%). As the experimental results, the temperature profiles in SFBC were
obviously seen deviate when tests with higher excess air. In the test run, the highest cellulose
(palmyra palm shell) for 80% excess air had CO and NO emissions were found in quite stable
level (less than 250 and 300 ppm, respectively). The combustion efficiency more than 99% could
be achieved in this work.

Keywords: Biomass, Biomass Component, Efficiency, Emission, Fluidized-bed, Combustion,
Swirling

1. INTRODUCTION

Development of alternative renewable energy has been continuously improved in recent times
because of the rapidly increasing of the use of energy which is leaded to the energy insecurity
and environmental cum sociopolitical issues associated with the use of fossil fuels. Biomasses in
term of agricultural resources supply energy in two forms from energy crops and their residue.
Therefore, the fast-growing encrgy crops, biomasses, with less impact on cnvironmental
pollution has been intensively explored which hope of that they can be substituted with the
current fossil energy source issue. Significant researches have been devoted to the production of
activated carbons from agricultural waste materials and based on biomass main components
(hemicellulose, cellulose and lignin). In this research, the tree biomasses represented the crop
residue and fast growing tree (both land crop and aquatic plant) were selected. Palmyra palm
shell, Leucaena (lam.), and Water hyacinth were, then, used as the raw material throughout this
research. Among the varieties of combustion technologies, fluidized-bed combustion has proven
that it is suitable for burning alternative solid fuel, due to its highly efficiency in converting fuels
to clean energy, fuel flexibility, clean operation and so on (Natarajan et al.,1998; Anthony et al.,
1995; Fabriozio et al.,2004; Armesto et al.,2002). Recently, two novel combustion techniques
ensuring fuel oxidation in a strongly swirled flow have been developed and tested for burning
biomass (Eaimsa-ard et al.,2008; Madhiyanon et al., 2006). The swirled flow in the combustor is
controlled by two sections a vortex combustor and a cyclonic fluidized-bed combustor which
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gives more than 99% of combustion efficiency and lower than 400 ppm of CO emission. In the
combustor, a swirling fluidized-bed is generated by primary air introduced into the bed through
an annular spiral air distributor, as rotational gas-solid flow in the combustor freeboard is
sustained by secondary air injected tangentially into the bed splash zone. High combustion
efficiency at rather low major emissions is ensured in this swirling fluidized-bed combustor
firing rice husk over wide ranges of fuel properties and operating condition (Kuprianov et al.,
2010).

Therefore, this work was aimed to study the combustion of Palmyra palm shell, Leucaena (lam.),
and Water hyacinth, of some biomass component, in the swirling fluidized-bed combustor using
quartz sand as the bed material to prevent bed agglomeration. Effect of excess air (a key
operating parameter of the combustor) on the behavior of major gaseous pollutants (CO and NO)
in different regions inside the combustor was the focus of experimental tests.

2. EXPERIMENTAL

2.1 Experimental set-up

In the combustion tests, the mean particle size of biomasses and excess air were chosen as
independent variable, whereas the fuel feed rate was maintained to be constant 45 kg/h, in all the
combustion tests. The SFBC were carried out for three values of excess air, of about 40, 60, and
80%.

Figure 1 depicts schematic diagram of experimental set-up of the SFBC. The combustor was
made from 4.5 mm thick steel covered internally with 50 mm thick insulation fabricated from
refractory cement. A combustor body consisted of two part, a conical section with a 40° cone
angle, 1 m height and 0.25 m diameter at the bottomn base, and a cylindrical section with 2.5 m
height and 0.9 m inner diameter. An annular spiral distributor for the combustor was made up of
stainless steel with the same geometrical characteristics as those of the swirl generator in the
‘cold’ model. Quartz sand with the size of 0.6 to 0.8 mm set at 20 cm static bed height were used
as the inert bed material in the combustor. To stabilize the swirl motion of the gas-solid bed, a
steel cone with 80-mm diameters at its lower base was set at the top of the air distributor, as
shown in Figurel A screw-type feeder delivered biomass over the bed at a 0.6 m level above the
air distributor, which a 25 hp blower supplied primary air (at ambient condition) into the
combustor through the distributor. An external cyclone at the top of the SFBC served for
separation of particulate matters (char, ash and carryover sand particles) from the flue gas
leaving the combustor.

The concentrations of gaseous pollutants (CO and NO) in flue gas were measured in the
experimental tests along the height of combustor above the air distributor when firing the
selected biomass fuels. In addition, concentrations as well as temperatures were detected along
the combustor height and in the flue gas at the cyclone outlet (see Figurel.) For each test run, the
value of excess air in the flue gas was determined using the Oz and CO concentrations at the
cyclone outlet. The Testo-350XL gas analyzer was employed for measuring the gas
concentrations (CO, NO, and O2) and temperature. They were measured along axial directions in
the conical SFBC, as well as at the exit of an ash-collecting cyclone downstream from the
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combustor. The relative measurement errors were of 0.5% for the temperature, 5% for CO
ranged from 100-2000 ppm, 10% for higher than 2000 ppm, 5% for NO and 0.2% for O-.
Chromel-alumel thermocouples were set at difference levels along the combustor height and at
the cyclone outlet to monitor the temperatures (in relative error of about 1%) in the flue gas.
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Figure 1. Schematics of the experimental set-up with a laboratory-scale conical SEFBC
(Kaewklum et al., 2010.)

2.2 Fuel Ultimate Analysis and Heating Value

The results of the ultimate, proximate analyses and the low heating value (LHV) were provided
in table 1. Tt was illustrated in table 1 that the biomass included a significant amount of volatile
matter, whereas fuel moisture and ash were at quite low level, which resulted in a substantial
heating value of the biomass.

Table 1: The ultimate, proximate analyses and the low heating value (LHV) of biomasses
(W=fuel moisture; A=fuel ash; VM=volatile matter; FC= fixed carbon).

Ultimate analysis Proximate analysis
Biomass (wt.%, on “as-received” basis) (wt.%, on “as-received” basis)
C H (6] N S w A VM FC i

(kJ/kg)

1,
‘(’;‘:;";’a 4418 637 4225 2001 026 215 4.65 7149 1170 15570

Palmyra © 014 626 4442 020 008 965 (182 7165 1680 16,630
Palm shell
Water
e 2779 455 3439 1093 032 924 31.02 5731 242 9,670
yacinth
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2.3 Method for TG/DTG analysis of biomass

The ground samples left from higher heating value determination were subjected for
thermogravimetric analysis. The combustion characteristic of biomasses was performed in the
thermogravimetric analyzer. At the heating rate of 10°Cmin-1, the temperature of furnace was
increased from 30 °C to 1000 °C in an air flux(02) of 20 mLmin-1.

3. RESULTS AND DISCUSSION

3.1 Biomass compositions

The hemicellulose, cellulose and lignin weight fractions present within those natures
lignocellulosic materials have been also determined following procedure described in detail
elsewhere (Seaman et al.,1954). As shown in Figure 2, the raw materials presented very different
compositions. The highest holocellulose (the cellulose combined with hemicellulose) is was
Palmyra Palm shell. For the biomass that has the most lignin content is water hyacinth, Palmyra
Palm shell and Leucaena (lam.), respectively. The total composition (the hemicellulose, cellulose
and lignin) of the biomass of Palmyra Palm shell is the highest. The low heating value of
Palmyra Palm shell will be high as well.

shell

Leticaena (Jam )

L on T SO
Water hyacinth

e, BT T 04 )

0 40
%oW/W

mcellulose henlicellulose #&lignin residue

Figure 2. Composition of biomasses: cellulose, hemicellulose, lignin and residue
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3.2 Thermogravimetric characteristics of biomasses

Thermogravimetric (TG) analyzer was employed to obtain TG and derivative thermogravimetric
(DTG) curves of biomass (Leucaena (lam.), Palmyra palm shell, water hyacinth) for the
characteristics of them. During each TG test, sample were heated from 30°C to 900 °C at a
constant heating rate of 20 °C/min, typical for a TG analysis of various biomasses (Kuprianov et
al.,2013, Ninduangdee et al.,.2014). Figure 3 illustrated that the thermal decomposition of
biomass has 4 ranges. The first phase, the removal of moisture in the biomass material, was set
the temperature between 30-200 °C. Phase 2: The temperature between 220-300 °C was for the
decompoesition of hemicellulose structure. Phase 3: The temperature between 300-340 °C was for
the decomposition of cellulose structure. Finally, the temperature over 340 °C was for the
decomposition of lignin structure.
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Figure 3. TG/DTA profile of biomass a is Leucaena (lam.), b is Palmyra palm shell,
¢ is water hyacinth
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3.3 Emission profiles in the SFBC

Figure 4 shows the effects of excess air (40 % 60% and 80%) and biomass components on the
axial CO and NO concentration profiles. In all the test runs, the axial CO concentration profile
were found to have a maximum, COmax, at a certain location above the air distributor (at Z=0.6
m). The rate of CO formation for the high biomass components (Palmyra Palm Shell) was higher
than water hyacinth and Leucaena (lam.), which resulted in difference COmax values for these
fuels. CO exhibited a tremendous increase (axial gradient) along the combustor height, mainly
caused by the holocellulose (the cellulose combined with hemicellulose) (Cagnon et al. 2009).
The apparent difference in the axial CO concentration profiles for difference biomass
components confirms a significant role of heterogeneous reaction (on the char surface) of char-
carbon with CO> and water vapor (Cagnon ct al. 2003). These reactions basically follow the fuel
“in-bed devolatilization” (Z<0.6 m) and further oxidation of the carbonaceous components
(released from the fuel particles with volatiles) to CO (Werther et al. 2000, Turn S. 2006). In the
reduction region, the CO was basically oxidized in the reaction with OH radicals as well as by
oxygen directly (Tillman et al. 1981). The rates of CO reduction in the freeboard region were in
apparent correlation with CO concentration, as confirmed by the profiles in Figure 4a.
Simultaneously, significant reduction in the CO concentration along the combustor height
occurred in the freeboard region, where CO was likely oxidized in homogeneous with OH
radicals and O-. For the fuel option, CO concentrations at all the locations of the combustor were
lowered with higher EA values. However, the effects of EA on the CO concentrations were
found to be rather strong for relatively low excess air values (40%), whereas they were almost
negligible for EA= 80%.

In NO measurement, NO concentration in the flue gas at different combustor locations did not
exceed 1 ppm. That was why the NO in the discussion below was represented by NO only.
Figure 4b compares the axial NO concentration profiles in the SFBC for the same, as in Figure
4a, fuel options and operating conditions. Like CO, all the axial NO concentration profiles
possessed a maximum, NOmax, where location made it possible to distinguish conventionally the
formation and reduction regions for this pollutant.

As shown in Figure 4b, the rates of both NO formation (in the bed region) and NO reduction (in
the freeboard region) for firing Leucaena (lam.) were found to be higher than those for Palmyra
palm shell and water hyacinth. This difference in the NO formation was apparently correlated to
the fuel-N content, while the NO reduction was affected by the ash, catalytic reaction of NO with
CO on the surface of char.
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Figure 4. Effects of excess air and biomass component () the axial CO concentration profile and
(b) the axial NO concentration profile in SFBC.

3.4 Combustion Efficiency

Table 2 compares the heat losses with unburned carbon and owing to incomplete combustion as
well as the combustion efficiencies of the SFBC for firing biomasses. Within the range of
applied operating conditions (EA), the decreasing in the cellulose content led to deterioration of
the combustion cfficiency, accompanied, however, by the reduction in NO emissions from the
combustor. The reduction in the combustion efficiency could be explained by the noticeably
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increase in the heat loss with unburned carbon, while the heat loss owing to incomplete with
unburned carbon was weakly affected by cellulose content.

As may be generally concluded, the best performance of the SFBC could be achieved at different
values of EA: while high cellulose content could be burned at EA =40-60%, the combustion of
biomass of deteriorated quality (low cellulose content) require higher values of excess air, EA
=80%

Table 2: Heat Losses and Combustion Efficiency for the SFBC Firing Biomasses with Different
component and Different value of excess air.

Cellulose

Excess  Heatloss with  Heat loss owing to incomplete Combustion

At Biomass air  unburned carbon with unburned carbon efficiency
(%) (%) (“o) (%)
46 Palmyra 40 0.039 0.101 99.86
palm 60 0.035 0.074 99.89
shell 80 0.03 0.092 99.89
39 Leucaena 40 0.425 0.173 99.4
(lam.) 60 0.367 0.109 99.52
80 0.347 0.042 99.61
24 Water 40 6.352 0.067 93.58
hyacinth 60 15.274 0.054 84.67
80 3.601 0.043 96.36

4. CONCLUSIONS

The SFBC has been successfully tested for firing 45 kg/h, the biomass with variable cellulose
content, from 20 to 50%, at different percentages of excess air (of about 40, 60 and 80%).

During the experimental tests, data on CO and NO concentrations along the combustor height
were generated for the above fuel qualities and operating conditions.

The following major conclusions have been derived from this work:

e The biomass component and excess air have important effects on formation of pollutions
at the SFBC bottom and their oxidation (for CO) or reduction (for NO) in freeboard, and
consequently, on the combustion efficiency and emissions of the SEBC. The emission of
CO can be effectively mitigated by decreasing the biomass composition and/or increasing
excess air, whercas the NO emission can be reduced by increasing the biomass
component and/or via lowering the amount excess air. Thus, both biomass component
and excess air have sensible effects on the formation/reduction of CO and NO in the
bottom/freeboard regions of the combustor.

e The temperature profiles in SFBC were obviously seen deviate when tests with higher
excess air. In the test run, the highest cellulose (Palmyra Palm Shell) for 80% excess air
had CO and NO emissions were found in quite stable level (less than 250 and 300 ppm,
respectively). The combustion efficiency more than 99% could be achieved in this work.
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From optimal conditions, the biomass, which is highest cellulose (Palmyra Palm Shell) could be
operated with high (99%) combustion efficiency ensuring the minimum emission (or “external”)
costs of the proposed combustion biomass for SFBC.
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