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Abstract

In Thailand, post-harvest burning of corn stover residue is a preferred practice, causing particulate matter
emissions and air pollution. To curtail this problem, converting them to value-added products such as solid fuel is
desirable. In this research, the effects of torrefaction temperature on the physical and chemical properties of corn
stover (Corn leave and straw) were investigated. The reaction temperatures were between 250°C and 300°C. The
results indicated that with an increase in the torrefaction temperature, the mass yield and energy yield decreased
from 79.85 and 87.62% at 250°C to 47.40 and 63.36% at 300°C, respectively. While found an increase in energy
densification from 9.56 % to 33.68 %. In addition, increasing torrefaction temperature, the moisture content of the
samples reduced. Resulting in an increase in the combustible forms which is in line with the reduction of the
number of hydroxyl groups (O-H), the hydrogen and oxygen content, while the fixed carbon fraction in the sample
increases to 59.65% derived at 300 °C. The H/C and O/C ratios calculated at 300°C indicated that the value was
closer to Lignite. Additionally, the higher heating value of raw corn stover improved significantly from 19.60
MJ/kg to 23.80 MJ/kg derived at 300°C. Based on this study, thermochemical torrefaction has the potential of

improving corn stover as solid biofuels.
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1. unih
J < Y I U Y ad 1 A
I;Jjuaxaawmﬂmmmzwmaﬂmu LﬂUﬂmﬁ1liﬂﬂ3u§$ﬂﬂ%1ﬁﬁﬁﬂﬂﬂﬂi%ﬂﬂ@]@ﬂﬂ!ﬂ”lWﬁﬂl!'Jﬂé)@N
' 9
swdimsmssFianazgunnvesdszysu Funannmawn ndiyemasvesorunvug lunsauuiay
' v
HAZUU NAYATINNTITY F;l‘uﬂgﬂﬂﬂﬁ]”lﬂﬂTiﬂﬂﬁ%}"N ﬂ"lim”l‘lu‘ﬁjﬂﬂ YU ﬂ”IiLPH”J'ﬁE]LWﬁﬂVN‘VHQﬂTiLﬂB@ﬁ
A G dy A a oA o A 1 a d‘ a k) J
LW@L@?EJ?JWUV]LW1$‘1JQﬂ [1] flnﬂLLNLl']JQ']J@]ﬂ”lisllﬂmﬂﬂufﬂigllﬁﬂﬂﬂﬁ mNﬂ15uﬁ"’lmuawymuv§uammmm
a = A di’ = T R A 4 9 PPN 1A
NINAIUANNANY [2] fl N.A. 2562 5wqmgsmmimﬂu‘wuﬂmGm’gmﬁwmﬂmﬂ%ﬂsﬂwumﬂuwmm

' 9y

9 di’ A o Y = @ 9 Y
YANNNUIDUTSTUY (Hotspot) 41NNITBYAL 69 °luwmmmmsmms umzumiﬂamuuazimimiwwqmm

P ' Y
=) [ = S 1 =2

Y
uadans ldamnsouddgrmunaritIdiiesonmsmisataqmasnamuamsinyasdana lddunuiiaigaau

97



2 I A a dJ a o oA o A a
F1IU LYNNAI Has JUUNT ﬂ\ﬂﬂ / 'J"I‘iﬁ"lﬁil‘lﬂfniﬂﬂq?nu ‘]J‘VI 11 aUUN 31 NEENAN - aIHIAN 2564

F4 v
A A

° ) A A A 1 Y 1 o 1 A o a I Y o
Tl”l(l‘ﬁtﬂklﬁiﬂiUNiﬁJLai’Jﬂ‘V]i]%LW"ILW’E)aﬂﬂﬂ“]ﬁancluﬁ’Juﬂﬂﬂa"I’J wsaaﬂymzquﬂizmmﬂuwumm%um

19 lieansolss lanav'ld

Y 9
o a K (4 1

a £ 3 & oA <
aquasnanamsnas Huriuialszmnnilaninayunasanszuiums aaemsimnzilgn
= a g I S A a a ] 4
Meazulsginanaa Uszme Inonuilulsmanyasnssy INmasygnovatosia wu e19m151 thay
%‘ @ @ ) [ a e v J 3‘/
1y dee 917 Tne udlzwds [3] wandadnd Tnadeadadsauna semaluilimizalgn 2558/59 TSum

o U S @ = A a A A ~
4,029,198 A tazualu 5,5069,413 au Tualmnzilgn 2561/62 enasannunmizalgn1ual w.a. 2563
19 tg d' 9 gﬂ 1 tg d' [ = A A

WuNIosaz 88 voanungnin Inanalszmangluiunninnz ueenmeunile [4] tazmawiiie Tuns
<3 { a a [ 1 o

NUNINanantII Ina dwmnawyasnansnyasulaily 3 Uszan 1dun 1) srduvazly ) nlaen
11 Ina uag 3) F9v13 Ina Fanazlszaniimdad T IuIanonNanan (Residue to product ratio; RPR)
I o w A =\ [ 1 =Y a 9 = =
W1 1.59, 0.20 az 0.29 auday Weamesudadiuansmnananantd Inaluiliwizilgn 2561/62 Wil

= = A Qy o 9 v = 9 (g v 9
USuasivramaensdszinnaiauuasz 1u 8,060,367 a1 tlaend12Ina 1,013,883 A1 Lazaeav1I Ina
o 2 o Y Y I A A A Qy tﬂy ~ ~ = gﬂ Y
1,470,130 au dasiauuay luv Inaduawianmaonalununmsinyasnniga annunyasnsuniley
o v Y As Y Y a s s s o P s
vasemamnlunlaaseneline asueunenenled son ladvedlulaswu Fanles lasonlsd
4 o I o g’/ o A A Qy Li‘ ~ o [ Y I Li‘ a
asvoulaoon laduazedu [5] dniummhdwramasnaluiuidgnasnamnlfiudem@uenanag
Fareaansie Indineliinaduazeswaynuena Jugsdwadonuninaunadouudl Siomudadiu
YOINAINUNAUNUAVUNUN AN INUNAUNULATNEINUNIaenvealsmelne 3 w.e. 2558-2579
. A A v v v =

(Alternative Energy Development Plan: AEDP 2015) [6] nsamudadrunasuIiheon Isehdunanu
sruanmanda Tiiiveatszmalne w.er. 2561-2580 (Power Development Plan: PDP 2018) [7] 1@ 00

= 9 Id dy a a9 9 A = o 9 dy a a ) ?7‘ o 1 a

mania mslsmatlwsemaive lan/Ssuiameudunslsomaseada s1man 11850 o1uHiy
A [ a A dy a A (] Y a () J 4 3‘/

WIOMFFITUYIA A0 omasdiula lineldinanmsazauvesmaariueu laseon lod (CO,) Turu
{4 a a 4 14 4 [ a J a

ussenet [8] luvmziomasleadaliosdilsznounrivouge Wown Indvh ldinanisdanildsenaiy

= & A o Y a A Y g v 1 o Y a 9

lugi co, adluaunguianmldinanizGeunszanuariudiadwaiinanizlanseunaznis
= a (] I dy a ~ v A A ~ 9 1 1 g 1

nasumlasanimgiionnia ede lsiamomamindiwiadaiiauiauielsznmsndesndn wu anuduga A

:: 1 [ c': a ' [ <3 X 1 4

AMNTOUAT AN UIMUUNTINIUAT RANITERIFAENFIN NV TANY [9-12] Favoavralll

Y v v
anunsndsulgeldaaulddrenszurumsnlasugluna wu msudsugdniaainiudou (Thermo-
v v 1 Y

chemical) #50M51)AasuzUn19FUAT (Bio-chemical) [13] Tasnszurumslasuziliidenldaz vuegiu

A o ] a (% 4 @ d‘ Y é d‘ =

AR dNHULNIMIMNYDITAUAL JUNDVVOINAAN BN HANNADINT FInTzUIUNTlasugnIauall
o Y] 4 a a %

ANiou Usenouale nessun sy (Torrefaction), lalasimasuaa (Hydrothermal), A3t n¥u

a 4 % Y A %
(Liquefaction), Twis'laga (Pyrolysis), 119 vo T sy (Carbonization), L& Wingu (Gasification) ti012 N3

[

Y v v
111 1117 (Combustion) Tasdusgiuguugiinazlsuimeondgiou [14] FamsInanuiounguugigee 1d

U

Y
[ A a [

A o o 1 o 9 g Aq Yo ¥
Wﬁﬂﬂﬂ!"l’]Glug‘l]éUfNﬂF]ﬂLﬁ%éU@\Hﬁﬁ’Jiﬂﬂﬂ’NEUENLLGU\‘] [15] ﬂ1ﬁi‘1JL‘]5f]LWﬁ\‘ll!"ll\?ﬂi“lfﬂWWﬁJlelﬁiJIﬂﬂﬂi\?

98



J. Khempila and P. Kongto / Pathumwan Academic Journal, Vol. 11, No. 31, May - August 2021

A Y o 1 a 9 o= o Id =) & A A [ 4 [ [l
mmm”lwm’mmmuwuum ﬂixu’Jumsmsmﬂwmﬂuaﬂwmﬂszmumimwammmwaﬂagiugﬂ

[

< o ' Y 4 a 3 A < o Au A 2 o
yoaudsamsoih wn TndsawiudemawdduldagahasldsumsAnyisemuanniululagiu [16]
Y v v
N3ZUIUMIAINAIFIIAATDTINAVDITINIATU ANWFUFI, AW OUA, AU UIUUNA U
=KX a ' 2 v a o YA 1 91 v ' @ wa
swduNaMsdesaaren eI MvazIany i ldimlsnslumstanuuasvudage uazalsul jaania
Y di‘ a = Sldd’! Y
auremasvesinialiavula
ot o g = = = Y L q 9 Y 1A
nszuIuMInessunnyy unszuiumsnlasuzlamamaniianuieudalnanuiounn a9
v a A o o a v . -S| A4 o Ao wa O A
wialuaniz 13eendounsosinaoondouaions purging AIeMaaversoManiiautiaiunmd o
iy TuTasu ea5198n192 Non-oxidizing T104f1n151Aa Oxidation reaction ¥o00nFoulue1n 1Ay
= [ a = =% 9 9 1A = 1 =1 é
Faura Tugregunigil 200-300 ossuwaiFed Taslionsins Idanudeu lumu 50 esmaiFoaaowii 4
' A o & 1T A o S o R &
Tdna1lunslasusdFiuaa 30-120 widi [17,18] waadwsin 1ad 3 Uszian laun waaduaivanauiu
< ' s A o s . a o Ja J
Yoauda i5on11 1uTews (Biochar) #305I19aN053 IW4 (Torrefied biomass) wannmaimaelianiuziu
4] = 9 [} ~ [l Y A [} ~ [l [l 9 wAa 1
mMadesznouarenanarvuiuldnieveurad uazmanarvuuiululd [18,19] auiiaa1eg veq
a o J of Y 2 (K @ 1 wa a 1 a =) {
HanAUHINNINETTuNFUIzINRgR A8ty 1 duliAvITINIARULAAs Fia QungiiuazIaN
a o o o : o ' o o
19 Uszianvoualnsal nazalszinnvesnmanessunndu [20-23] Farasnndiumsnessunngu Fawaa
(5 J = dy 1 9 K ] @ A X2 dy v Yo o Y
no33 Mdaziinnuiuanas AANNFougaIu ANUHLILHUNGIWALIY gannuunay Tdmahld
] v 3 ' @
aaMsgesdalen I mnzdany vadeuaz ldwdsnulumsuatiosas [24,25]
A = au A o = = v o o R
ilesnInmsAny1ITeneInuMslasugUFmiaaienszurumnessunngululszmea lneds i

9
v @ 9 o

1 =3 d' 9 dy [ A d” a = 9
UNIHaNY ﬂ\‘luuﬂm‘;ﬁIZ;IJ’Jﬁ]8%Qﬁu1%ﬂﬂ$1ﬂ5ﬂi$TJTL!ﬂ"liu‘luﬂﬁ']JiiJ‘]JjQﬁlﬁJ@WJﬂQL%@L‘Waﬂi]”lﬂ“lf’JiJ’Jaslﬂ’JTWﬂ

' a =2

=< a o dy .= R 9 =y =
0]5\111!\111!’35]81!i]%‘ﬂi’]ii!tﬂﬂclfu%’m’Jﬂ"IJ”I’JTWﬂGLuGIf’N@mWﬂEJ 250 94 300 oA alYYE 3E8LLI01 30 UIN

Q Rl

vAa { { 1 A o % ] a [ 4
TagfAnyraniavesiiranulaou lideguuginldlunszurunsnessurndu wu waldwdadu,
9 [ [} [ =Y g 9 I3 = 1 9
HA IANE191Y, ANNHUHUNEINY, YSuaanudy, USuauda, serdlseneunuuaziden, annudeu

=1 ~ 1 J v a A A [] = a 1 A A z:y
uag miﬂmgmmﬂaauuﬂawgﬁm%ummmsaumwag“lumma Tﬂawmimmmwmaammm

' o 9

) - Y a " A ) A 7q 9 ) & a
91 Tna lunuiilgn 1dun drdunaz 1o TasiFenswndwadnInamelszgnaldwn IndnaunuFomaa

<3 X o Li‘ a < A A Y Y o ] a 1 Y ) Y Li‘ a
LUN, Gl“b'ﬁ'JiJﬂﬂl%ﬂlwaﬂllﬂlﬂﬂﬁmﬂﬂﬂu 14561“15LN1"l‘wmaam%umu‘wumﬂaﬂmﬂ%uawwmmu%mm

WoaFauazaauanunnduazeoaznuenaiu laonnianils

2. M A HUMIIVY
2.1 MSINILNAIDENS

a ) HAq YA Y ¥ A a 2 A A o 8 A a
¥ravn Inanlsne aruvesluvazaguuranmasnalunundanvasnnnuneinanan Tag

U

o 1 = ~ Y 1< dy A [ ] = [ (] 1 2!’
G]’Ji’]81&%’3%’36%1%11!?\151/]@61’fNLﬂ‘]Ji]”IﬂW‘L!TIﬂQﬂcluﬁlﬂﬁ’flﬂllﬂ1ﬁﬁﬂ”m FINIAAIDYNINIUNTITAAAITYY U

[ a S A J 1 y 1w v -
aronasnuudseiadie lidled1sdinnursuminulunnaniznminaden vaininaannuruudlan

99



d [ 4 o A
938l e saz giiuns ada/ NsansInmsunedu i 11 a0 31 wgumaw - e 2564

= 9 v A = Y U I ¢ 1 a A A
5111!1@]"]1’3112]@EU”I’JIWﬂﬂ’Jﬂ!ﬂi@ﬂﬂﬂﬂm‘m!az‘ﬂﬂﬂzlﬂﬂﬂ Lm&1%¢]$Llﬂiﬁﬂuuﬂﬂ11’illﬂ"]J‘LHﬂlllllﬂ‘L! 1 yaaluasg
I [l Y L . o w 1A 9 J o a 4 X 9y 9
Lﬂ‘]JlﬁfNﬂ‘l!ﬂ’J13J“]5‘1! (Ziplock) mmamw:m:mmﬂwﬂunmuuTmms:]mswwmmcﬁumﬂmsamm
@ Yy ] . A a ~ 3 & ' ~
AIDYNAIYGOULIVUANIDU (Hot air oven) NYUNHY 103 DIALH LB YT nJunm 72 "]f’JT?N NUIT ANFINIA

{ a 4 A ¥
i Inaazeanldluminaaosuazinsevantiauanu¥usosay 7.30+£0.25

¢ o (Y] dy [
2.2 insadmiunszuaumanassunniu
7 o o a
guUnsainlFlunszurumanessudndudutadnnInalsznoudie wungungige (Muffle
° a J @ .
furnace) w%’awﬂmuqumimam (Control system) Lm'ﬂgﬂim (Reactor) a9 luTasau (Nitrogen tank) 48

Jdou o (% {
giln3aliaons1M3 Ina (Flow meter) Aquaaalugili 1

Gas out
—
Q
N . Volatile outlet
T Reactor

Flow

meter Sample (Solid)
Nitrogen inlet

Control panel Muftle furnace

A [ LY
gﬂcﬂ 1 UHUNINATNARDIVOINTZUIUNTNOTTUNNFU

2.3 TUAUUAZITMINAADI
H Aan ° @ o v A Y A o A Y A
VUABUUAZITMIF M TUNOT TN AFUFINIT12 TNa (311NEIFINIAV 1 INANEIUATLUIUNS

L H A 4 ¥ Y @ 1 a L4 A g
AAAITNFULAZAAUVUIAIINUUADUN 2.1 W seuu 20 D34 1?1’11!&@]11];]ﬂiﬂ!‘ﬂi\iﬂizﬁﬂﬂ‘ﬂlﬂu

a 1

a é o o a 4 1 9 () ]
seyvdagamnnauauad mﬂnggﬂim’nﬂumumqmwmqq mm'e)1/1ij1611@@711%'1111@3@1;1@%114

U

s y ' o Aa X o o w =
’J'lﬂ’Jﬂ’J‘]JﬂﬂJﬂﬁi1ﬂ1i"lWﬂ agneneonvosnsnnavu lunszuIumInessungu mﬂsmg“lugﬂm 1
a a J 2] o a 1 4 a
Yamuruazitlanainiugums lnavesmas lulasinu daesasins lna 1 aasaeuit e liinaaning 13

a Jd A 1 @ 1 Y 9 = [ g A Y
’EﬂﬂWﬁﬂWElﬁlumWﬂ;]ﬂ'imﬁi@@gﬁluﬁ'ﬂ'l’wEJ’UGTﬂWﬁﬂﬂuﬁlﬁﬂ?WNi@uﬂi%lﬂﬂ! 10 w19 rasonuualeau

a

Y H
mungurige Tasasgungiiveun 13 250 esruaaFon AreonsimsIianuiou 10 eeruvaiFodso

U U

= a

A A A o AN ya A o [ I =\ o o
UIN LHDINRUHYUNNINUA ﬂﬂﬂqﬂﬂqmﬂauﬂﬂﬂa'I'JLTJN§'$EI$L'J€1'] 30 UIN Iﬂﬁlﬂ\‘lﬂ\‘l@ﬂﬁ'lﬂ'lﬁulﬂaell@\i
1 4 <3 Qy a a o
lulasuliniinasanmsnanes Weoddaqunszuiumsuazguugiinielumanasauiiguygines i

a J o 4 3 Y = (5 s A ] a t4 S o
miﬂmmaﬂw‘luimmu ‘]5\‘]1!11’71!ﬂsllf]\i“]fﬁﬂJ'Jﬁﬂ@'i'iVlWQﬂl‘ﬁaﬂ@gﬂWﬂiulﬂ’lﬂQﬂﬁﬂ! uamﬂuaﬂ‘ﬂﬂu

100



J. Khempila and P. Kongto / Pathumwan Academic Journal, Vol. 11, No. 31, May - August 2021

Y
3’, 1 a =2

Y dy A ) a 4 wAa 1 g‘./ o %’ [
%]ﬂﬂlllﬂillﬂ')nJGIﬂ!!W’f]l!”lhlﬂ?m51$ﬁﬁllﬂﬁﬁﬂllﬂ mﬂuumﬁmmiwﬂaaﬂﬂﬂﬂiummamwmrummmwu

Q U u

3 = o w ' A o ¥ g A o JAy Y
LCJJ‘L! 275 1 300 DA UK ALK YT 1WA LW’]aglﬂﬂuqmﬂ15ﬂﬂaﬂﬂﬂ$ﬂ1“ﬁ1 2 A3 Iﬂﬂﬂaﬁﬂmm%1ﬂ§1ﬂ\ﬂu

I 1 A VoA
Narﬂummasumxmmmmummgm

[y d
2.4 MINalanandaum

A A

a o S o Ay Y (5 o & g < . . ' a o s
wa@mmmwafmllﬂﬁ]mﬂsz'u’mm'ﬁnmmﬂwuumﬂwﬂm;m (Solid yield) IUNAANUNNIVIADN

2 o : o { 1 o
ao Uiy (Gas yield) 9Usznoualonainiuutiu’ld (Condensable gases) v3ounaHa ayAsh

av

] 1 - ] a o J o : o {
Ay 11’14 (Non-condensable gases) Tuauaseiigaiudnywaasusinan Fedmldannaunsi (1)

[26] dundasa s ua ldnaumsn )

m

Mass yield (%) = | —2" |x100 (1)
Myaw
m

Gasyield (%)=1-| —" |x100 )
Myaw

A A = ) o = P o 7 @
$VN3} mmwuazﬁ m , o M?ﬁ%@ﬂ%?ﬂ?ﬂﬂﬂ’ﬂ?‘lﬂ (nsY) uazmu’mmﬂwsﬂmms"lwﬂ (nsY)

to
AMUAINL
a J U = Y a2 v [ d
2.5 ﬂ15'J!ﬂﬁ1$“r‘iﬁ3~l‘ﬂﬂ‘llf’N‘li’JZJ’Jﬁ‘llTJiWﬂ!!ﬂ%‘lﬂN'JasllTﬂWﬂ‘ﬂf’)iiul‘V‘lﬂ
J 4
2.5.1 m53mmzwﬂ%mmmm%mmm%
a d A dgi’ 9 = a = o =
ﬂ”li’Jl,ﬂ5181(?TJ5111'[21!ﬂ'JTM‘])’L!LLE]8LE]”IGUE’J\‘]‘])"Jll’Jaﬂ‘]JLLa%GIf’J?J’Ja‘ﬂﬂiilIWﬂﬂﬂLLu’J%NG]”I?J?JW]?;@”I‘L!
ASTM D 3173 Standard Test Method for Moisture in the Analysis Sample of Coal and Coke i8¢ ASTM D 317
Standard Test Methods for Ash in the Analysis Sample of Coal and Coke from Coal A& 191l
a d d = U Y
2.5.2 ﬂ1i?!ﬂi1$ﬁ@ﬁﬂﬂﬁ$ﬂ®ﬂ!!ﬂﬂa$!ﬂﬂﬂ!!ﬁ$ﬂ1ﬂ’nuiﬂu
4 =S = Y 4 a
p9AUseno ULV UAZIBIAYITINIAYTTNBUAIY AT LB "lﬂmﬁm "luTmmu DONHLIIU LA
o @ = = J a S Y Y A
Mueau ¥9U5um A1suou hlﬁjﬂ‘ilﬁ]u uaz”luimuﬁm ’Jtﬂinﬁulﬂﬂ’Jﬁllﬂi’t]\i CHNS/O Analyzer (FLASH
1 = o [T I'd
2000, ThermoScientific, Italy) arulsuw ﬂmzﬂmmiww"lﬁ’mummgm ASTM D4239 Standard Test
Method For Sulfur In The Analysis Sample Of Coal And Coke Using High-Temperature Tube Furnace

. 1 = Av A A Y 1 o [ R] 4 A A Y =
CombustlonLLWtﬂﬂﬂﬁﬁﬂ‘]&ﬂ\ﬂ“’]%ﬂﬂlﬂﬂ’)%@\i‘l"lﬂ31ﬂ1h$ﬂulﬂu®\‘]ﬂﬂ3$ﬂ@ﬂﬂuﬂiu1mu@ﬂu1ﬂiu%’]u’]ﬁ

9 9
[ a o =

=1 1 o 4 [ 1 Aa =y Aa gﬁ a s ¥
muuGlmmailﬁmmvlummﬂﬂizﬂﬂumﬂanmﬂizﬂ’a‘umiWﬁ]ﬁm1 uazﬂimmaaﬂm%uuuamiww%

101



2 I A a dJ a o oA o A a
F1IU LYNNAI Has JUUNT ﬂ\ﬂﬂ / 'J"I‘iﬁ"lﬁil‘lﬂfniﬂﬂq?nu ‘]J‘VI 11 aUUN 31 NEENAN - aIHIAN 2564

9 9
o [

) 1 [ ~ & a N Y o g 1 A & [
NAMIMUIUNAANAIAUNTN (3) [27] Fa UM AAT1H 183151 3 A5e srenuraduaundedaaasa
I %’ o
Wudevaz Taerimiin (wt.%, dry basis)

100=C+H+N+0O (3)

[ 1 4 a 1 4 J 4 a
9a31871 1Na15U04 DONTRUADAIT LU (0/C) uaﬂaimmu@ammau (H/C) VOIFINIAAVLAL

Jd o

%amamﬁllv\lﬂ mmm"l@’fmﬂaumsﬁ @) wag (5) CRITLREELT) [28]

(Weight percent oxygenj

. 0] tomi ight
Molar element ratio of — = ~— O_mlc WelgT oxysen 4)
weight percent carbon
atomic weight carbon
(Weight percent hydrogenj
. H tomi ight hyd
Molar element ratio of — = ~—c WEIET 1YCTOBCT Q)

C (weight percent carbon}

atomic weight carbon

4 %’ @ 14 a
1o C, Huag 0 Av Fevaz Tagrimiin (wt.%)veamsueu lalasnu uazeandiou
AINNUT DU (Lower heating value: LHV) uazﬂ'mam%’auqa (Higher heating value: HHV) U84
= a = [ J o a 4 4 = [ A
GIf'JiJﬁﬁﬂﬂllﬁgcﬁﬁu'Jﬁﬂf]iihlV‘Iﬂﬂ'lu'Jﬂl%WﬂWﬁﬂWﬁ?Lﬂﬁ’lg‘ﬁ@\‘]ﬂﬂizﬂ@ﬂllﬂﬂazl’ﬂﬂﬂ ANTUNIIN (6) LLag (7)

[29]
LHV =-52454+0.2489N+0.4340C+0.2243H+0.001620 (6)

HHYV = -4.6246+0.2732N+0.4120C+0.5992H+0.01840 (7

Y
o Y]

4 o
1iie C, H, N 1ag O Ao Yegaz Iaenimiin (wt.%, dry basis) voq m5ueu lalasiau Tulasu uas
a = a = o= 4
PONTIAU VDIFINIAALLUALTINIANDSS Ll
2.5.3 WA ANAINUIAZANNHUMUUNEINY
nalandaauy (Energy yield: EY) a2 AU UIMUUNWAI91Y (Energy densification: ED) Ml la

NNAUNIN (8) LazaunsN (9) [30] MUEIAL

HHV
EY (%) =Mass yield(%)x————"" (8)

HHV
raw

102



J. Khempila and P. Kongto / Pathumwan Academic Journal, Vol. 11, No. 31, May - August 2021

HHV - HHV
tor raw 100 9)
HHYV

raw

ED(%) =

d‘ A 1 9 = =Y [} v 1 A A
W HHYV A9A1ANTOUFIVDIFINIA (Lilﬂﬂgj]lﬁ@l’t]ﬂiﬁﬂih) Uag MU0 ‘raw’ UAT ‘tor’ ADLBINIA

a = o J o w
ﬂﬂllﬁgsﬁ’lujaﬂ@ﬁiqv\m AU

A Jda

3 d o
2.5.4 msanmmslasumasrieniuvesansdunsadnegludnna

Y

A J

= ~ [] J v a = a = o 4
ﬂ”liﬁﬂiel1ﬂ15lﬂﬂEJ‘L!!,L‘]Jﬂ\11{?3;!‘1/1\1ﬂ%umﬂﬂﬁWi@uﬂiﬂiu‘]ﬂN]ﬂﬂﬂLm%slfﬁlllila‘ﬂﬂiill‘Wﬂ a1y
AN "Vﬂﬁ) Iﬂ ai%m AUR Fourier Transform Infrared Spectrophotometry (FTIR) (ThermoScientific, Nicolet
6700,USA) Tagaunudionaudunsusalusiaavnay (Wave number) 4,000 99 400 ADLEUAINAT 11109910

1 A v A a A J =
ﬂif’)'].lﬂi;]ll“lfﬁl\‘]ﬂﬁ@jﬂﬂauiﬂﬁﬂlﬂﬁﬁﬁﬂﬂ%iﬂiﬂ%?ﬂ]ﬂ

3. wamsnaaeanazeniiena

[y d
3.1 walanansamn
A o dd'vl Y} o

% 9 a o S v =R d < .
HAANUNN 1AINNTZUIUNMTNOT U nTUYTENOUAIENaRA N HaNT UL 1 VO ILTS (Mass yield)

a o Jd A A l 2] . @ A
uazNammmmumwaaagiuﬁmuzﬂw (Gas yield) wamimamﬂﬁmgmgﬂﬂ 2

@ Mass yield B Gas yield

100
%%
<]
80 - $5%%,
- 5597,
N L]
- 60 N ST
z
S 40 -
]
>
20 A
0 T T T

Raw 250 °C 275 °C 300 °C
Torrefaction conditions

a o J

= Y = D) o @ v o= @
g’lh’] 2 WﬁllﬂWﬁ@lﬂﬂ!m‘llfN“]f'J?J’JaGUTJIWﬂﬂWEJ‘Wa\‘lﬂ']i“lJi‘U’l]';:Qﬂ?ﬂﬂigﬂﬁuﬂTTﬂf’JiﬁLLWﬂGBu

a =

o= I 9 A Ay Y
%1ﬂﬂ13ﬂﬂiiul1’\lﬂ‘vﬁu’3ﬁéll131w9 ngunnu 250, 275 i 300 DA UG ALK TE8LLIA1 30 UIN ul,ﬂ

U

Hansuaran N uvoauTIdosas 79.98+0.18, 62.93+0.11 1ag 47.40+0.21 a1uaiay WenfFeumendy

a = = 1

Y A o o JY 9 = =
J1UIYUDN Jaya Shankar Tumuluru [27] ‘V]‘VI”Iﬂ”Ii‘V]955111/\1?1@15%1’31‘1/‘!@1/]@@1!1451% 270 DNAUY ALY YT HIUA

Y

103



d [ Y o A
938l e saz giiuns ada/ NsansInmsunedu i 11 a0 31 wgumaw - e 2564

Y d o a

Y a ¥ ' ya o ao A4 a o o P
Nﬂllﬂﬂﬁ@]ﬂmcﬂiﬂﬂﬂx 57.37 nuNlpdReanuaIul JUNYUNYU 275 DIAUFALH YT W1ﬂ1/]"|ﬂ15‘1/]’053111/‘|ﬂ1/1

G

a v a @ J 3 1 (% ' a o
UWYNFINIT 300 DI UF AT fozwmmﬂﬁ'umsaﬂawmwa"lﬁ'wammmgﬂueEmmﬂ AUBUITUIYY

a =

. . . A o ot do 9 9 A 1 ]
YD Xianjun Xing azame [31] 1/]1/]1ﬂ”|51/]’f)53l11/\|ﬂﬂ1@]1!"]ﬂ’311/‘|ﬂ nguvy 400 DaFsALBY T W‘].I’ﬂWﬂllﬂ
Y a [ 4 S 9y

HAanda N anaunansosay 35.46 dauna ldnansasindlumisiia1dosas 20.03+0.18, 37.08+0.11 1Az

o w a o S o A ¥ 4
52.60x0.21 91Ul miaﬂaﬂGumNaqﬁwa@ﬂmmwaﬂmﬂmﬂmiqau?ﬂm’Jm%uuazﬁ”ﬁizmmﬁmmﬂmi

o

Y] 4 =S = 9 a a A A 1
Ta18A299909A1U52NoVTINIA BIUsEnoue Lﬂnagiaﬁ Lﬁﬂl%ﬁgjﬁﬁ ANUU LAZDUS [32] ANUUANHT
Y Y

o 1 d"ds! [ a =S [] = 9 a 1 Y A =2
ﬂl@ﬂ@ﬂﬂﬂﬁ%ﬂ’E]‘Ulfl’i’ﬁ11!6111‘!’E)gﬂﬂ“ﬁuﬂ!m%ﬂi&ﬂﬂﬂl@ﬂ‘ﬁﬁﬂ’la YU %?Nﬁﬁﬂﬁglﬂﬂl’lu uazu“l%”lu BNINUUDY

U

Y
[ d‘

o 1 = 1 o Y A I Y 9 I A 1 Aaq i Y ]
AUFIUVDIVINID LBU 6]f]J a1 1waon Wuau mmamﬂﬂnﬂwmﬂummaiuﬂqwﬂﬂumuumamu
[ Y 9 a @ P 1A A ) Y A =
ﬂ'ﬁ%‘U’Juﬂﬁﬂ5‘1J1J§\‘1ﬂﬂlﬂ11/‘lﬂ381ﬂ31ui’t]uﬂmﬂﬂﬂﬁﬁﬁ18@]31@\118ﬂ’ﬂ%3u3ﬁﬂi&ﬂ“ﬂ‘m‘ﬂuulu IUBIINY
a A I 4 A o J o A 9 1 Y Y a [ -4
aﬂumﬂumﬂﬂizﬂ@ucluﬂ?mmﬂmﬂm [33] ﬂ']‘iﬁ'iﬂﬁl@]’JL‘H’E’N%1ﬂﬂ’313Ji@uu@ﬂ%']ﬂﬁ\‘lﬂaﬁlﬁwahlﬂWﬁﬂﬂm“ﬂ
Y o 1 1 a A o I ~ a2 ' Y ol 1 9 a0 A
aﬂamaammwamﬁmmwammmmmaau"lﬂmﬂ gdUIND0U llﬂ;ﬂu’dmma AUIAUUVNLASTAIN

a = o li'
UMY 300 BIFNLFAITY AduaAdluy 319 3

71U 3 4dn

3.2 YSanaudmazanuru
a A A vy A a y 1 A ) Y, ¢ o .
mmmflgmaaﬂimﬂuwmwmﬂizﬂeumamumm"lmllﬂ #91/52noUA28 AMTUeUAIAD (Fixed
. VoA R X . Y,
carbon) AL ®1352118 (Volatile matter) uazaruim 1l 1u'ld "ufe anuaru (Moisture content) LiaZLD1
= dy 9 dy @ [l 9 & 1
(Ash content) [34] Tun13dAnm I Idnaao U1 uianNuasueIdIvg 1Az FI91NANITNATD VNI
~ a A jl 9 Yy 9 A a o= o
FINIAAVUAINNUFUTBEAL 7.3010.25 L1AZID1TBYDS 7.2510.56 maQmwgu“luﬂizmumsmmmwﬂw
A da! Id = I Y a Ay = I 9
NV 910 250 13U 275 1Az 300 peralFed aanalilSuviannurulaianauily Seeaz 2.34+0.14,
[ Y
1.8540.22 ez 1.66+0.34 luvmzNSurandfiasrgeiuludiuiniosas 8.38+0.04, 11.27+0.12 uaz
o w d' = v A a Ay d' 1 Y 4 1 d' YA
15.2640.23 A1Ua19U WBIMNEUNUFINIAAY mmwmaﬂmmNa“lwmmhzﬂaﬂuﬂqumwﬂwﬁ”lﬂum

A X o 4
MyuAIg1n 4

104



J. Khempila and P. Kongto / Pathumwan Academic Journal, Vol. 11, No. 31, May - August 2021

=i 1 A Aaa Y o= =W A da! 1
NNTANYIVDI Wannapeera LATAMUS [35] WUIN L?J@Qﬂ!ﬁ{]ll‘ﬂ‘1611‘11!ﬂ157|@53"h/\|ﬂ3Jﬂ1LW3JGUUﬁQNa

9 A A A & Y a Yo A2 X A A 9
‘11’7ﬂ?1m%uuﬂ1ﬂﬂaﬂﬂﬂﬂﬂﬁﬂﬂaiﬁﬂﬁu1mtﬂ1llﬂ1n/‘lllﬂlu "]Nﬂ1§aﬂa\ﬁl@\iﬂjTllﬂﬁ«lﬁQWﬁﬂ@]’E)ﬂ”lﬁlNTﬂ;‘Villﬂlﬂ!%

1#9ude mldnaniuluiSunanies sreaamamavanyanmaw 1nil [36-38]

100 ® Ash and Moisture
content
~
=\°. 80 1 O Fixed carbon and
E Volatile matters
w60
=
=
=
g 40 A
=9
£
S
O 20 A
0

Raw 250 °C 275 °C 300 °C
Torrefaction conditions

514 4 $ovazesdsynoudruiien lniflduaz damiwn Tndlildvesiunadn Tnamendimsdsulje

Y (5 o
ABNTZUIUMINOIT T nFU

a d d =2
3.3 mamsnsIzieInlszneunuvazdun

a 4 s a = 9 a = 9 o= J [
Nﬁﬂ”li?]tﬂi"l%ﬁ’f)\iﬂﬂigﬂ@‘lJLL‘]JUﬂxlﬂﬂﬂﬂ]@ﬂ%?ﬂ?ﬁﬂn’ﬂWﬂﬂ‘]JLLa$"I$’JiJ’Jﬂle”I’JIWﬂﬂ@iilh\lﬂuﬁﬂ\iﬂ\i

A 1A d v A 4 a 2 A 9 a A A a 9
g']J‘V] 5 nuNNendseneuran Ao AITUBULAZDONTIIY %Q%?N’Jﬂ"’lﬂ’ﬂWﬂﬂ‘UNﬂilﬂmﬂﬂﬂ%ﬁl‘ui@ﬂﬁ%

A I A a a ' YA 1 v
45.64%0.08 LM@ﬂﬂﬁﬁleﬂﬂQﬂlﬁfq]N 250, 275 thag 300 ©IA LY QLY o & ama“lwuma@auﬂmaﬂaz

a

44.860.02, 40.320.02 1182 33.95+0.11 gud g tonnsanSuueengauigungil 275 osrusaitod

U

wuhiislndifeany 39.67+1.13 FuiluwansdiulgamlaendrdudinTna (Cormn stalk shell) Agaivigil 280

a o a ' = J
DIAUT AT 11UI1UIVVD9 Dorde Medic LLazAMY [39] ﬂTﬁﬁﬂﬁ\‘lﬂl@\‘l@ﬂﬂcﬁlfﬂuﬁﬂWﬁiﬁﬂﬁﬂWﬂ!ﬂWiUﬂu

a

A dg! [ <3 Yo o A A 9 a a @ 4 F A [ P
LWM%M@EJNLHH'IWMHH% GﬁﬁuﬁaﬂlWﬁTWﬂﬂUNﬂiNWﬂlﬂWiﬂ@ui@ﬁlag 46.6710.05 Luaﬂaiiqﬂﬂﬂqmﬁﬂu

= 1 Y A 4 S A ds! I 9
250, 275 uag 300 oA aIFed dana IMUTuamsuonlannIwluiosas 48.25.8040.02, 53.0140.05
o @ 4 @ av ! o o 4
1A 59.65+0.09 MNa1A Y HearfFeueunuauITeved Jaya Shankar Tumuluru [27] 1910150053 IWladu
9 A a = R A A 4 9 1 9y [ =y 4
111 Inangannl 270 rwarsed GaNUTmamIueuiosas 54.92 wunaeanasdnulsuamsvenly

v

a g a @ awv { o 4

NuIReTNgUYY 275 0 uvaITod Loz doAndeIN1UIUIIBV Dorde Medic ttazame [39] NH1N15no3
J o ! a v 2 4 4

5 lldnldenvosdridud i Tna Ngungil 280 svawaFeaudrmunilsmunisveudosas 53.97 e
1 ' Y

dunalsualaTasnuuaz lulasnulugdd s nunwr TdumsaaasveulsualaTasnumagmsmuay

= 1 1 { < @ o an P4 [
yoeUSua lulaswuualamlasunlaviisaanidosud 1a5un1sd vl jsdregungiingadiu 1eeen

105



d [ Y o A
938l e saz giiuns ada/ NsansInmsunedu i 11 a0 31 wgumaw - e 2564

S ~

ﬂ‘%mmllﬂmmuuax"luimmumm%amaa‘ui’mﬁ”uwuimmuaﬂmmwm%’aﬂaz 8 Lﬁf’]t‘ﬁﬂﬂﬁlﬂ
s o A
@Qﬂ‘ﬂﬁ%ﬂ@ﬂﬂﬂﬂ@u"]

Y ' vy .
uaﬂﬁ)mﬁmiaﬂawma@ﬂcmuuazﬂ1sL‘wuﬁuﬁumm%mmﬁaqmwguiumm’mmimﬁuwﬂﬁvu

X

1 o o v 4 1 a J 4
UM FINan10aI1dIU lUa15 52 I 190 ADNVBIDDNTIUADDSABNVBIATUOU (O/C) azpENdNUD

u

1 4 = Y A 1 a o Y o = 9 =
"lahmumamammmmau (H/C)llﬂWﬁﬂaQGLﬂmﬂENﬂ”luﬁu ‘V]ﬂ‘l’iﬁﬂﬂﬂ”l‘wsll?N"’If’JﬂJ’JaGUTJTWﬂVIE’JiS

J. wa I - a J a 1 a 4 v A A w
Iatiguialumsilusomaclndifesnuiu su an'lud (Lignite: LIG) FU1inii1id (Sub-bituminous:

a A

SUB) 30 U1)ijiie (Bituminous: BIT) aaueaaslugili 6

£

70

60 SRaw ®250°C ®=275°C B8300°C

50

40

30

wt.%, dry basis

20

10

0

Compositions

{ a @ s a o o
517 5 walns RS nmesdszneusiguesdiviad i Inaduuasnenaimslsuiys

Y (5 LY
ABNTZUIUMINIT I nFU

19 ®Raw
= 177 . 250 °C
g 131 -7 €300 °C
- R R4
S 11 Cod oo OLIG
E k4 e
= / -

S 09 ,® _.- Corn torrefied XSUB
; -.—
c g OBIT
< 0.7
0-5 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Molar element ratios of O/C

d' = 9 a (% (% =1 [ 1 a
g“lJ“VI 6 UWUNIN Van Krevelen Gll’E]QGb”]3J’Ja“UnIWﬂﬂ‘ULLﬁZﬂ1EIWﬁ\‘]ﬂﬁ‘1J§‘1J1J§\‘]L‘1/IEJ‘1Jﬂ‘UﬂTH‘Hu [40]

106



J. Khempila and P. Kongto / Pathumwan Academic Journal, Vol. 11, No. 31, May - August 2021

a Al 14
3.4 NaMTAATIZHAINIINIOU
v
NIt ¥ IUszanamanuseunIna ISR A (Empirical) ¥94 Ayse O HazANE [29] Ha

o 1 ) ° 1 9 = a @ [ Y o ~ =
mimmmmmmmumuazmﬂ’nmauqqﬂjawamaﬂ'uuamwwaQﬂiuﬂyﬂmmwmﬂﬂﬂmgﬂw 7 %3

a

A 9 = a a0 g 1T a [ A o o s
memmmiaquawm’mﬂmmmu 19.60%0.00 LiJﬂﬂ%i]a@]@ﬂTﬂﬂill LN@VI1ﬂ1§VI@§Sl1WﬂTIQﬂlWﬂ3J

U

250,275 uay 300 odA T AFoa danalininuTougelia iy 19.7340.04, 21.40+0.06 11az

a =

23.80%0.05 unnggaaen lansy awday iWonnsanaanuouigungil 275 esmuaadod woiia

Y

Y o ao 2 o o JY 9 A N
ADANADINUVITUIVYUDY Jaya Shankar Tumuluru [25] G]N‘V]Tﬂ”Ii‘VI’f)ii%/\lﬂ@]lﬁl”l’ﬂ%lﬂﬂqmﬁau 270 9461

v o a

' I 1 a o 9 o ' a o oA
arded Taolinnnuiouguilu 21.51 wnnzgaden lansu dmsumanuieudivosnansuainguigil
= A g 1A Y
250,275 4ag 300 0af A Ed UAYU 17.2040.02, 19.2340.04 1A 22.07£0.04 tuANTIaAon laniu
o w A d%} 1 9 =S 9 o A 2 ,i’ a2
AU MINNTUYBIAIANNToUVBITINIAT Inaness IdaifannlTnannuruanas USuw

a A 4 A d%’
20NTIUAAAY THvae NS amMI U NI [41]

30

@LHV ®HHV

25

Heating value (MJ/kg)

250 °C 275 °C 300 °C
Torrefaction conditions

A J 9 o J Y = 9 a [ [
;JITJ‘V] 7 mmmsaumumzmmmsaqummmamnT‘Wﬂﬂ‘uuazmwmmiﬂiuﬂgq

Y (5 Y
AWNTZUIUMINOIT T nFU

(Y] d (Y] (Y]
35 wa"léfwaﬂnmm wa"le’fwmemuazmmﬁmuﬁuwmem

A Y (v 9 Li‘ a 9 o= o g’/ 1 1
gaunginldsulgenuandusemacdronszuiunmsnessudnduiiu uenvnazdinanon1s
Y a o A d < . Y o 1 Y o
anasvedna lanandal Niluveande (Mass yield: MY) 1182 §eaddmnanonIsanadveana lanas1uves
a [ 4 . = 9 1 [l == A d%’ 1 9y 1 Y 1 ]
HANS R (Energy yield: EY) 8nang iaoend 1snanmsiinyuvesainnuiouainalianumuiuiundsany
. . A A d%’ [ A = Y [ a 4 J
(Energy densification: ED) launuauauaasluzili 8 Feaeandosiumanisiniizdiesdlsznounyy
{ v y $ I~ a [ [
azean lamuo 13noutl uazwan lanluldlunan1u@e1d UAUNITANYIVDI Cardona HaLADE [30]

Phanphanich and Mani [25] t4a¢ Xin [42]

107



2 I A a dJ a o oA o A a
F1IU LYNNAI Has JUUNT ﬂ\ﬂﬂ / 31‘5@’153%1?!15‘]]‘1]3131! ‘]J‘VI 11 aUUN 31 NEENAN - aIHIAN 2564

A MY EZZJEY --0--ED

100 § 50
N 27 9
80 \ %9 L 40 <
=" 1\ B . |
N 2NN
0 . . . 0
Raw 250 °C 275 °C 300 °C

Torrefaction conditions

{ Y] 4 1 a Y] 4 % 1 @
51U 8 aAnwduussznInma ldnandust wa ldnadnumazanuruuiungsau

ada

Y d o
3.6 msfnmsasunlasmyilanduvesamsdunsdnedluinia

Y

= ~ ' 'z a 2 a Aoy o Jdo adq ¥
Wafﬂﬁﬁﬂ‘]&l1ﬂ1ilﬂaﬂuL!ﬂﬁ\‘l‘ﬁyﬁﬂﬂclfu‘llf]\‘lﬁ'WﬁfJu“VI'B'EJ‘V]'fJQiu“ﬁﬂuﬁaﬂﬁﬂwuﬁﬂﬂﬂmﬂaﬂﬂﬁl“ﬁ

£

U5urzeguam uaaslddsgn 9 wud seans ey (0—H) uag (C—0) FsogTuaasnamud 3000-3500

1 Aa [ a A ° A AAq Y o a1 da! I
ADIYUALUAT HAL 1033 ADLEUANAT Liuaﬂmmmaqquuﬂﬂumiﬂﬁuﬂgﬂﬂmmwumgwmﬂu 250,

a =

[l ] o A ] a 2
275 mmmm%ﬁ uazaﬂmamqmu'lﬁ'%ﬂﬁqmwm 300 DAY DL Y& N1TAAIVDINY (0O—H) Lﬂﬂ%u

u

v
= 1 o

A g a v I 1 1 Y dg v =
He9NANNTUMe TURAAN M TA1aAaY mwa“l‘vm:mJmmsacluﬂ"nisg]ﬂmmwﬂaum1mm [42] %%

FAANTADIYAINNTNINUVOINAAN N 16 [24]

........
...............
............
ot

-------
e,

-
[Pl
-

Transmittance

(O-H)

(C0) |

4000 3500 3000 2500 2000 1500 1000 500

wavenumber (cm™)

{ [ a [ o o o
1 9 mlnasuvesdiiadi InaduuaznendimsiSullysdronszuiumsnessuvngu

108



J. Khempila and P. Kongto / Pathumwan Academic Journal, Vol. 11, No. 31, May - August 2021

Naﬂﬁﬁﬂy”lﬁﬁ?)ﬂﬂgﬂﬂﬁ‘]_l Xin agae [39] Lm%ﬂﬁﬁﬂkﬂﬂ]ﬂﬂ Rousset Liag AU [43] gIumMsanas

1 Jd o a @ s a 9 o 1 do A
YoINYMINGU (C-0) thannmsaarsalvednsfilsznouyag lad uazieliag laa dmiurygleanyun
11180 (C—H) (C=0) uaz (C=C) ¥0g U529 2800-3000, 1600-1740 11ag 1505-1600 ADIFUANNAT [44]

=~ ~ ~ 3 Y 7
umsasuulaunesd@nisamiiiy

4. a3l

[ va o o
m3d5ulseautianiuaiianuiouvesdaniadinInaalenszuaunisnessunsuniold

a 9y

{ I 1 4 Aaa
V3509 U Tasiou Ngugil 250, 275 uag 300 ossusadod 1Huszezinal 30 w1A wuiniloguuginly

U

De

o= Y 9y va 9 zi‘ a A ddg! a Ul 9 =y j’
Gluﬂ‘igﬂﬁuﬂﬁ‘ﬂﬂi‘im’\lﬂ“lfuZ’N"ll1!ffNNﬁi‘ﬁﬁuﬂﬂﬂWHl%’mWﬁiMﬂmﬂTWﬂ"llu wosa laondsuaanuyu

£

1 Y 4 oA Y 1 d%} Y @ = = [ v
aﬂa\‘]ﬁ\‘]Waalﬁ@\iﬂﬂ5$ﬂﬂU1Uﬂq3JﬂLW'lhlﬁiJ%lﬂjJﬂ'quéUu ﬁ@ﬂﬂa@Qﬂ‘UWﬁﬂ’]ﬁﬁﬂ‘HWﬂTﬁlﬂaUULlﬂa\iWHﬁﬂﬂsﬁu

o o o

a A A Y = ] A PR 1 ' o & o
ﬂlﬂ\iﬁ”li@i!‘ﬂifﬁ/]Llﬁﬂ\i‘lﬁL‘Vi‘l!'J”IiJﬂ”liﬂﬂaQGUi’NﬁﬂJv (0—H) WoRUNDNINNUYUITUNU SITNNUTNUNG

a I A a A A A 4 A da! v o Jdo 1
’Jmiw‘mJ:mmaaﬂcﬁﬁmuaz"l,aTmmummaﬂaﬂwumzmﬂsmmmmauumqwu ANUTUNUTAINATD

1 Y v U 1 4 a 1 4 a = J ] dyl = 9 A
mwaiwemwmu llaimmummimu u,azaaﬂcmummmauumaﬂawuﬂummmw’smamnTww

] o = a = = Y A U a dy dy
mumsmsﬂﬂwamwgu 300 DA QLK IAnenmlnanesn uiu HonanHN1TaNAIVDIA NI

q

4 L X P

] Y 1 Y
1AZOONFIUTINNIMTINNIUYDIAI DoudIna TRa NN ougaliauiuiuedeiifodidy nismuiy
v 9 [ Y 1 [ A da! 9 [ 3‘/ 9 wa = 9 o 4
voamANYsoudInalia1A UM UIHUNEINNTUA AU IeauLiAveIFInIatd Inaness lila
o I - a < - a . ¥ . 1
Jamuzavazii 115 wiremaaude uSowemaasiy (Co-firing) 1uvia 10111 (Boiler) az¥ivan
Yt ] P L o 3 = Y 9 -
¥an1IEN19eINAINMII s naata Ina ldennerile Aniuvinransanudsdunaas iy
o o y & A A 3 gy ) v =
nszuaumMsnessundusiod fulenumnmadudemawdsdnudanainnina’la Tasnisnesiuin
v A a = 1 Y wa Y Li‘ a = A A [ I A A
FuNQuugl 300 oA usToe dena IR duiaaToMAIveITINIalaange 0d1a lsAAeNITM

Y
v 9

Y a ] o (IS ° 1 9 o a <Y IR I A = o
WaVlﬂWﬁﬂﬂﬂlcﬂW’U’J’lllﬂilﬂﬂlﬁ’lﬂﬁ’liﬂﬂag 50 muummmawwwmlﬁiygﬂmmmlﬂuﬂﬂwuﬂﬂ%%ﬂmﬂm

o

NAITINNNTUUNAUAIY

1PNA15919949

(11 swudfiansdestunasud ludam vt mswnlufiTaswazuaiuvuenaSu w.e. 2556 - 2562
[Online], Available: http://www.aepd.doae. go.th/wp-content/uploads/2014/02/Forest-fires-and-haze. pdf
[5 N3NYIAN 2563].

[2] u,muﬂﬁﬁamﬁﬂ‘i’mﬂﬁ@mﬁmﬁwﬁ nsun lvdgvinanyaiuduazeod [Online], Available:
https://www.ped.go. tstrategy/ U U AN s Tuin A e UM Iz ad-nsud luTamai s d iy

aL0ev/ [7 A01AU 2563].

109



2 I A a dJ a o oA o A a
F1IU LYNNAI Has JUUNT ﬂ\ﬂﬂ / 'J"I‘iﬁ"lﬁil‘lﬂfniﬂﬂq?nu ‘]J‘VI 11 aUUN 31 NEENAN - aIHIAN 2564

[3] Executive Summary Report Developing of biomass database potential in Thailand [ Online], Available:
http://weben.dede.go.th/webmax/content/biomass-database-potential-thailand [15 AU 2563].

[4] doyasgnINsNEAT, AINOUIATEFNINSINEAS NLNIIUAYATLUAZANATA! [Online], Available:
http://www.oae.go.th/view/1/4 03I HFNIN5INBAT/TH-TH [29 Aguieu 2563].

[5] wnnnedemaluladgsuis uaz uninerdema lulagwszveunamszunsviie, “Insensanun
um‘wNu?mifﬁ’ﬂmimyiﬁqmﬁ@i%"ﬂNmﬁmym;ﬁai%’ﬂmﬁ'f?mwSmaza@ﬂmﬁwmﬂﬂi’u,”
iwmuﬂwﬁi‘i’aﬂﬁumyjdf, 2555.

[6] BHURAINSIUNAUNUUAZWAINUNIUADN W.A. 2558-2579, ATURAINEINUNALNULAZeYSAY
SRR RETIE JUNNA, 2559, 7 w119 [Online], Available: http://www.eppo.go.th/index. php/th/plan-
policy/tieb/aedp [25 ﬁqmﬂu 2563].

(71 unuwarursigenan lidrvesdsema'lne w.e. 2561 - 2580 (PDP2018) [Online], Available:
hitp://www.eppo.go.th/images/POLICY/PDF/PDP2018.pdf [17 @41 1AY 2563].

[8] P. McKendry, “Energy production from biomass (part 1): overview of biomass,” Bioresource Technology,
Vol. 83, 2002, pp. 37-46.

[9] A. Pimchuai, A. Dutta and P. Basu, *“ Torrefaction of agriculture residue to enhance combustible
properties,” Energy Fuels, Vol. 24, 2010, pp. 4638-4645.

[10] M.J.C. van der Stelt, H. Gerhauser, J.H.A. Kiel and K.J. Ptasinski, “Biomass upgrading by torrefaction for
the production of biofuels: A review,” Biomass and Bioenergy, Vol. 35, 2011, pp. 3748-3762.

[11] M. Wilk, A. Magdziarz and I. Kalemba, “Characterisation of renewable fuels’ torrefaction process with
different instrumental techniques,” Energy, Vol. 87, 2015, pp. 259-269.

[12] R. Tu, E. Jiang, S. Yan, X. Xu and S. Rao, “ The pelletization and combustion properties of torrefied
Camellia shell via dry and hydrothermal torrefaction: A comparative evaluation,” Bioresource Technology,
Vol. 264, 2018, pp. 78-89.

[13] P. McKendry, “ Energy production from biomass ( part 2) : conversion technologies,” Bioresource
Technology, Vol. 83, 2002, pp. 47-54.

[14] W.H. Chen et al., “Progress in biomass torrefaction: Principles, applications and challenges,” Progress in
Energy and Combustion Science, Vol. 82, 2021, pp. 100887.

[15] O. Onay and O.M. Kockar, “Slow, fast and flash pyrolysis of rapeseed,” Renewable Energy, Vol. 28, 2003,

pp. 2417-2433.

110



J. Khempila and P. Kongto / Pathumwan Academic Journal, Vol. 11, No. 31, May - August 2021

[16] J.M.C. Ribeiro, R. Godina, J.C. de O. Matias and L.J.R. Nunes, “ Future Perspectives of Biomass
Torrefaction: Review of the Current State-Of-The-Art and Research Development,” Sustainability, Vol. 10,
2018, pp. 1-17.

[17] J. Shankar Tumuluru, S. Sokhansanj, J.R. Hess, C.T. Wright and R.D. Boardman, “REVIEW: A review on
biomass torrefaction process and product properties for energy applications,” Industrial Biotechnology,
Vol. 7, 2011, pp. 384-401.

[18] IEA Bioenergy, Status overview of torrefaction technologies [Online] , Available: https: / / www.
ieabioenergy. com/ blog/ publications/ status-overview-of-torrefaction-technologies-a-review-of-the-
commercialisation-status-of-biomass-torrefaction/ [July 27, 2021].

[19] M.J. Prins, K.J. Ptasinski and F.J.J.G. Janssen, “ Torrefaction of wood: Part 2. Analysis of products,”
Journal of Analytical and Applied Pyrolysis, Vol. 77, 2006, pp. 35-40.

[20] D. Zhang, F. Wang, A. Zhang, W. Yi, Z. Li and X. Shen, “Effect of pretreatment on chemical characteristic
and thermal degradation behavior of corn stalk digestate: Comparison of dry and wet torrefaction,”
Bioresource Technology, Vol. 275, 2019, pp. 239-246.

[21] D. Medic, M. Darr, A. Shah, B. Potter and J. Zimmerman, “Effects of torrefaction process parameters on
biomass feedstock upgrading,” Fuel, Vol. 91, 2012, pp. 147-154.

[22] M.-F. Li, X. Li, J. Bian, C.-Z. Chen, Y.-T. Yu and R.-C. Sun, “Effect of temperature and holding time on
bamboo torrefaction,” Biomass and Bioenergy, Vol. 83, 2015, pp. 366-372.

[23] E. Barta-Rajnai, L. Wang, Z. Sebestyen, Zs. Barta, R. Khalil, O. Skreiberg, M. Gronli, E. Jakab and Z.
Czegeny, “ Effect of Temperature and Duration of Torrefaction on the Thermal Behavior of Stem Wood,
Bark, and Stump of Spruce,” Energy Procedia, Vol. 105, 2017, pp. 551-556.

[24] J.S. Tumuluru, C.T. Wright and S. Sokhansanj, Review on Biomass Torrefaction Process and Product
Properties and Design of Moving Bed Torrefaction System Model Development [ Online], Available:
https://digital.library.unt.edu/ark:/6753 1/metadc837784/ [July 27, 2021].

[25] M. Phanphanich and S. Mani, “Impact of torrefaction on the grindability and fuel characteristics of forest
biomass,” Bioresource Technology, Vol. 102, 2011, pp. 1246—1253.

[26] S. Matali, N. A. Rahman, S.S. Idris, N. Yaacob and A.B. Alias, “ Lignocellulosic Biomass Solid Fuel
Properties Enhancement via Torrefaction,” Procedia Engineering, Vol. 148, 2016, pp. 671-678.

[27] J.S. Tumuluru, “Comparison of Chemical Composition and Energy Property of Torrefied Switchgrass and

Corn Stover,” Frontiers in Energy Research, Vol. 3, 2015, pp. 46.

111



2 I A a dJ a o oA o A a
F1IU LYNNAI Has JUUNT ﬂ\ﬂﬂ / 'J"I‘iﬁ"lﬁil‘lﬂfnﬁ‘]]ﬂqinu ‘]J‘VI 11 aUUN 31 NEENAN - aIHIAN 2564

[28] J. S. Tumuluru, “ Effect of Deep Drying and Torrefaction Temperature on Proximate, Ultimate
Composition, and Heating Value of 2-mm Lodgepole Pine (Pinus contorta) Grind,” Bioengineering, Vol. 3,
No. 2, 2016, pp. 16.

[29] A. Ozyuguran, A. Akturk and S. Yaman, “Optimal use of condensed parameters of ultimate analysis to
predict the calorific value of biomass,” Fuel, Vol. 214, 2018, pp. 640-646.

[30] S. Cardona, L.J. Gallego, V. Valencia, E. Martinez and L. A. Rios, “ Torrefaction of eucalyptus-tree
residues: A new method for energy and mass balances of the process with the best torrefaction conditions,”
Sustainable Energy Technologies and Assessments, Vol. 31, 2019, pp. 17-24.

[31] X. Xing, F. Fan and W. Jiang, “Characteristics of biochar pellets from corn straw under different pyrolysis
temperatures,” Royal Society Open Science, Vol. 5, 2018, pp. 1-10.

[32] P. Basu, Biomass Gasification and Pyrolysis: Practical Design and Theory, Academic Press, 2010.

[33] S. Rangabhashiyam and P. Balasubramanian, “ The potential of lignocellulosic biomass precursors for
biochar production: Performance, mechanism and wastewater application—A review,” Industrial Crops
and Products, Vol. 128, 2019, pp. 405-423.

[34] J. Legemza, M. Frohlichova and R. Findorak, Biomass and Carbon Fuels in Metallurgy, 1st edition, CRC
Press, 2019.

[35] J. Wannapeera, B. Fungtammasan and N. Worasuwannarak, “ Effects of temperature and holding time
during torrefaction on the pyrolysis behaviors of woody biomass,” Journal of Analytical and Applied
Pyrolysis, Vol. 92, 2011, pp. 99-105.

[36] E. Bilgic, S. Yaman, H. Haykiri-Acma and S. Kucukbayrak, “Limits of variations on the structure and the
fuel characteristics of sunflower seed shell through torrefaction,” Fuel Processing Technology, Vol. 144,
2016, pp. 197-202.

[37] R.K. Singh, J.P. Chakraborty and A. Sarkar, “ Optimizing the torrefaction of pigeon pea stalk (cajanus
cajan) using response surface methodology ( RSM) and characterization of solid, liquid and gaseous
products,” Renewable Energy, Vol. 155, 2020, pp. 677—690.

[38] K.-T. Wu, C.-J. Tsai, C.-S. Chen and H.-W. Chen, “The characteristics of torrefied microalgae,” Applied
Energy, Vol. 100, 2012, pp. 52-57.

[39] D. Medic, M. Darr, A. Shah and S. Rahn, “The Effects of Particle Size, Different Corn Stover Components,

and Gas Residence Time on Torrefaction of Corn Stover,” Energies, Vol. 5, 2012, pp. 1199-1214.

112



J. Khempila and P. Kongto / Pathumwan Academic Journal, Vol. 11, No. 31, May - August 2021

[40] A. Odeha, S. Ogbeideb and C. Okieimenc, “Elucidation of the Influence of Coal Properties on Coal-Char
Reactivity: A Look at Southern Hemisphere Coals,” Journal of Chemical Engineering & Process
Technology, Vol. 9, 2017, pp. 1-7.

[41] M.N. Cahyanti, T.R.K.C. Doddapaneni, M. Madissoo, L. Pérn, I. Virro and T. Kikas, “ Torrefaction of
Agricultural and Wood Waste: Comparative Analysis of Selected Fuel Characteristics,” Energies, Vol. 14,
2021, pp. 2774.

[42] S. Xin, T. Mi, X. Liu and F. Huang, “Effect of torrefaction on the pyrolysis characteristics of high moisture
herbaceous residues,” Energy, Vol. 152, 2018, pp. 586-593.

[43] P. Rousset, C. Aguiar, N. Labbé and J.-M. Commandré, “Enhancing the combustible properties of bamboo
by torrefaction,” Bioresource Technology, Vol. 102, 2011, pp. 8225-8231.

[44] S.A. Pushkin, L.V. Kozlova, A.A. Makarov, A.N. Grachev and T.A. Gorshkova, “Cell wall components in
torrefied softwood and hardwood samples,” Journal of Analytical and Applied Pyrolysis, Vol. 116, 2015,

pp. 102-113.

113



