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Abstract

Agricultural residues have significant potential as feedstock for biomass power plants. However, they
have high variation of properties, compositions, and seasonal availability. Blending material becomes a
promising strategy for addressing these limitations and improving the energy efficiency of residues. This study
examines the properties and characteristics of five biomass materials including rice stubble (RB), rice straw
(RW), sugar cane leaves (SL), cassava leaves (CL), and cassava rhizome (CR). Material blending strategy is
examined based on seasonal availability in order to produce biomass pellet. RB, RW, and SL are categorized
as the primary materials, with the remaining materials serving as supplements. The results show that CL,
SL, and CR have the highest Higher Heating Value (HHV) of 19.29, 17.49, and 16.92 MJ/kg, respectively.
Meanwhile, RB and RW show lower HHV levels (14.20 MJ/kg and 14.31 MJ/kg, respectively), which are
below the heat standard of biomass pellet. To improve the energy property of pellets, the biomass blending
techniques were suggested. The two-type blending technique reveals that SL:RW at 80:20 ratio has the
maximum heat value of 16.08 MJ/kg. Three-type blending shows that SL:RW:RB in a 60:20:20 ratio has the
highest heat value (15.68 MJ/kg). The energy quality of pellet can be increased by blending with the higher
HHV materials as supplements, such as CL and CR. For example, the RW:CL (50:50) produced the greatest
HHV, 16.25 MJ/kg. The biomass blending approach can provide the solution to the seasonal variation of
materials proposed as an altermnative use of residues to produce fuels and reduce material shortages and
storage costs. Using agricultural wastes has a number of environmental benefits, including reducing

harvesting burning, providing a carbon-neutral fuel supply, and promoting the circular economy.
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Note. RB: Rice Stubble (maisd11); RW: Rice Straw (W19912); SL: Sugar cane Leaves (lugoe); CL: Cassava Leaves (lugiu); CR:

Cassava Rhizome (111d15T)
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(16.08+0.25 MJ/kg) wazluses (SL) : noHs917 (RB)
(80:20) TlHAAuSou 16.06+0.20 Mi/ke luvess
Adunauszninamodsdn (RB) : 19912 (RW)
§m31d2u 60:40 IWA1AuTouAT an og 7
14.58+0.10 MJ/kg (U7 4 uae 5)

Y
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Yonand nuinnsiiiudadruvasdudos
(SL) Tunndrunauazdnalinininusauveaian
waugad o iitedndy Tasiawe Tanfidarenu
Loumetnimed a9 (RB) waz W1sdna (RW) Tumauy
finsNALNATTEIIUS I UNeF 1) (RB) waziing
$17 (RW) lalfinasionisidsunlasvessaudou
oghaliifodndty (3UT 4 uag 5) FallmaeYaniisaes

Usennilasrusenaunaaienaeny

pZZIR8 EEEIRW ===
17 +eeem- p==RBRW = RB:SL e RW:SL

av (M)/kg)

mANUSDU

80:20 60:40 40:60 20:80
sasrdcunaudouda (wt%)

JUN 4 Ananudeudugs (HHY) annsuauna

o

auuy 2 vila

1 mrReRW:sL(20:20:60) £ RBAW:SL(20:40:40) [C] RB:RW:SL(20:60:20)

E [ RB:RW:SL(40:20:40) [3) RB:RW:SL(40:40:20) ) RB:RW:SL(60:20:20) T

=

Mmnaxnudougv (Mi/kg)

s S

; t

1

1

1

R A R T
1 1

1 1

1 1

|

sasidounaudouda (wt%)

311171 5 mmm%awf?uqa (HHV) 21 skauneanu
Tanuwuu 3 vila
mmmmgmmﬁmﬁmsﬁqmamﬂﬁuLG?JyaLwﬁa
Funaudadinvesusvmelne (en. 2772-2560)
Femmuarinudeurendomaslisini 14.5
MJ/kg [15] agWuI1 PN 21 YANIINAADY Y

YANIINARDINTAIAIINT UGN WNUIIATTIY

UL 19 YANITNARDY LardldIUIU 2 YANIS
NAABINTAIAIIUTOUAINTUNUNNINTFIY FD

#8999 (RB) wazn19913 (RW)

3.2.2 MINANRAIUTWIaUTTAN TR AT UL
USuusanauantintanasau

Funavssantagaiu Aotaqmiofians
nanunsfiiusinamandndesluiui Téud Tusfy
d1gvas (CL) wagwmindiudenas (CR) wsi wui
\utanifannudeugs m1s3dedslddnumanes
nsuaukauTansaend iU Taaudniidaiaanm
Soumae nedain (RB) wazvhsd (RW)

nsfnwinuinswaunauluiudlends
(CL) siameiunedItn? Tudnsndiunee) damal
AIANSDURNTY 4.7% - 13.5% laedamdndily
A1ANTougeiign Ao nedatn (RB): lusty
dgnds (CL) 50:50 Bsloimauienfufunisua
Tusfuduends (CL) Aurhedn RwW) Tuvaziing
Haudaguasueg 1 unindudiugnas dewalvirininy
Yougsuasmodauazrnadruiuiu 4% - 12% uay
3% - 13% mud U dauandlugud 6 uag 7

20

RB ==cL
19 F--- ss§cr == RB:CL
=@—RB:CR —=@—RB:(CL,CR)

{MJ/kg)

o
-
@

Anusaugo
-
(3]

100:0 90:10 80:20 70:30 60:40 50:50

dasidunaniuda (wtk)

JUN 6 AnAuTauTuge (HHY) InmsHausa U,

walssnianasuiunedstn (RB)

NsAnwlanAaeINISHANNATLIANET U

A09RAL9287U (CL, CR) Tn8NaNISANE AR
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§w%waﬁummﬂﬁwi’aaLa%‘uﬁ”laamgmmu WU
wualtuguifeafunsdiinfanadufisadodion
Imamﬂ%ﬁ’ama%mﬁuqaawﬁﬂ (CL,CR) NaNKN@1UAY
Tamadauazretilugnardan 50:50 anansouiia
Araufougvosianligedu 14% way 13%
AUEIAU wazdA1AIIUTOUGIEA 16.18+0.25
MJ/kg W82 16.24+0.25 MJ/kg @a19U fauandly
gﬂ‘ﬁl 6 Wag 7

20

[ZZZ)RW E=cL
19 +--- =SCcRr = RW:CL
18 =@—RW:CR —@—RW:(CL.CR)
R LT ECCHEESEEREEES = B
=~
3 17
2
&
¥ 16
(o]
)
2 15
[o}
&
‘T

100:0 90:10 80:20 70:30 60:40 50:50

sasdounaudouda (wit%)
JUN 7 A1muSeoutugs (HHY) 9100 swasunay

Funausznndanasunied (RW)

3.3 NISHAALTBINAYD LA (Pellet) 910

NSHANHETUIEAVRBNININTNEAT

& a v <
3.3.1 AUNTNUDILYDINAIDALAUA

[ d

N38ATUTULTRLNAINNTNAUNAIU TER T

q

' v & a v & da Y a )
HIANUIN 1@Lm@LWﬁﬂaﬂLNﬂWﬂﬂmﬂ7W1ﬂaLﬂENﬂ‘LJ

o =

wutanfigydevioliaunsodntuguldlusnsan
fndAsslusazyanismeass Tnenudeinasi
faunind dauduing wagludsosunn oy
Usgum 86% Tan il fiquainlad dsesuan
Uswann 6% uaznuuTinataniliaunsotuguld
UsEnas 7-9% uenaIni wudn nsnauHaumi
Fud1Uegnds (CR) Aunadatnd (RB) wazn1a417
(RwW) mmamhaLﬁuﬁmmﬁmwﬁmmmwﬁﬁ an

o

USunautendsnannilid wazannisgadedan

q

v v

FENINNTLUIUNMTEATUTUDOINEY 1aea1nmi
fudendafiviunaudniuduesdusenauiigs e

a a

& a = a g A = o v o g
aﬂuunJua'ﬁau‘WiEJKI‘WﬁLllE]{LUWSU FINUINLUU

@

Tan Usraiun1usssuyiftunssuiunisdada

\Fowwaa [6]

3.3.2 %umuasgﬂs”mmmL%@Lwaaé'mﬁﬂ
°ZJ“LJ’]®LL88§“LJ§"N°ZJENL%EJLwadﬁmﬁmﬂugﬂﬁﬁd

Hadelunmsiinsandadenidemaaiiothuldngn

WA Lnen1uuInsgIuNa adueig nannssy

FeomasTnaudssadavadine (en. 2772-2560)

o

Funnun 1 uay 2 dvueliidemasosiliduru
Audnans Faust 61 - 2541 faBiuns ANUEINLAY
Faud 3.15 - 40.0 fiafluns Arwenangalites
n31 3.15 dadiuns Aue13gegalaiiu 45.0
fadns wagdanuenaiiAunit 40.0 Saduns Ll
Audevay 1 (ermtn) (15 L%amﬁqmﬂmmmms
naaes Midusugudnans ogsendng 11.7 - 11.9
fiadiuns Lads 11.8 faAlAT LATULIAAINENIVDS
windewmdaadsegd 3.79 - 5.06 fadiuns ng
Jowmdsiiiianuenuriaadsgeiiande iy
dsnds (CR) uasdowdsiifienweiniotioniign
fo nodednn (RB) : T (L) (20:80) Faidaunds
Soudan ndnldannis@nwimuinaenadaety

s udemdsianauiwadinvesUssmelng

3.3.3 auautAveud owdedadaninnig
wauwmu"i'aqmﬁaﬁamqmimwm

1) AAnudeuveadiomddnin

Anaudeureutomasiedadenanlunis
fasanfadenidoma i eldlunsuaandsu
Ls?i”aL‘waﬂ‘ﬁ'ﬁﬂ"1mm%@quzﬂhEJLﬁJJUis%%'%mWM
aszuaumsnlug leamdsnuding Tnevlusy
wsguREnfuTgramns T domasiiunauds

daudinvastszindlne (Won. 2772-2560) TuAMAMN
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1Luay 2 SualhidemasiinananTanaszdesd
Araudoulasnya 14.5 Mi/kg [15] naa1n
nsfnwnuInd sundesadinainluiudend
(CL) flenenudoudugs (HHV) geflan 20.45 Mu/kg
sosasulaunuingdudivsnas (CR) 18.27 MJ/kg

waz Tudas (SL) 18.25 Mi/kg luvaizfifinidownds

a a 1%

VnanINRegeU1 (RB) warn13t1y (RW) dAadu
SouiilndiAeatu Ao 15.75 MJ/kg waz 15.87 Ml/k
RHERT (gﬂﬁ 8)
\FowmAsgansvaassiifdiunaesludos
(SL) feUsmnmarafeugadiuaniu lnsdnnd
fifiAeusougegeiian Aemedadnn (RB) : ludoe
(SL) Sms1dan 20:80 fif 17.81 Mi/kg wlafinnsan
Araudoutend elwd i 15 gan1snaans
Wisuisuanasgud ewndsdanadadinvos
Usewnelng (Wen. 2772 - 2560) WuIMNYANIS

NAaREAIANTEUTFININNTNINTFIU

a o N
o ® o

e (MJ/kg)
2=z

e N &~ @ e S N

Arn2miou

RB:(CL+CR)(80:
RW:(CL+CR)(90:

S
o
r
[
4
x
o
©

o : -
ansaIuNANLTBWAITINIA W%

JUN 8 Arudeugeeatoindadade

2) AMUNUILUUTINVDAYDLNAIDALIIN
A58 08NS AT LI BLRLAMUNUILUY
<, PR | P '
et JuUsElos N9l d 0N IS ANUAUILUUNG
NAIUABUS UMY BNES LazyIelRN1SVUE way

& o & a o v a a a &
Lﬂ‘Uim:m‘ﬁal,wa&‘U’mmi%uﬂ%ﬁmmmmmWu

AMURUIMUUSIU (kg/m3)
@

anmsAnwUITomassadiafinnumuu
TegsEig 569 - 650 ke/m? TnedounAsiifina
MuLuTmINAge Kannaedsin (RB): i
(CR) (90:10) Fsilmrumunuaiusmeyil 650.49 kg/m’

(U7 9) Banauisnasgrunandoug uen. 2772-2560

Y

°

A1AUA LT OLINE 13028 d AT AR 993 ALY

sullaitiosnin 600 kg/m? [15]

3) AMIUNUILUUNIINASIU VDAY DLWES
[} <
2aLdln

AMURUILUUNIING 91U (Energy Density:
MI/m?) vl ond wdutaded Ay dwane
UsgAnSnmnsldanu nsvuds wagnsIaLiu Ha
nmsinwnuindomadsdadnantanien S
ANUVUILLUN IR e LU 9,048 - 12,060

MJ/m? TneflusiugnUzvae (CL) Trananununwiu

'
a

MINGNUGgn Ao 12,060 MI/m’

drud oundeftldannnsnannautag
UTELANMAN WU L%yat,wé‘aé’mt,ﬁmmﬂi’aqmu
seninanedetd (RB) : Tudes (SL) dnsdu 20:80
ﬁmwwmLLﬁuWNWa”quaﬁqm 10,708 MJ/m?
Tuvnedid o ssadiafiiTagiasueghamnirify
(CR) $amfumeda (RB) Tanuvunuiumisndanui

Wfian fe 10,354 MJ/m? auanslumsned 2

@
=)
2N

@
&
=3

@
£
S

@
B
o

@
3
=)

R
AR hSSS

RB
RW
st [
cL
CcR
90:10)
90:10)
90:10) [}
90:10)
90:10)
90:10)

RB:SL (20:80)
RW:SL (20:80)

RB:RW:SL (20:20:60)
RB:CL (90:
RW:CL
RB:CR
RW:CR

RB:(CL+CR)(90:
RW:(CL+CR)(90:

dns1drunauTanaITINIE wt%

JUN 9 ANAIUVUILUUTINYBATDLNAS
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AT 2 AURUILUUNNNAU (Energy Density) Lagn1snAdoUAINAIVUTDUTOINGS

AUAIVUVD LY DINAS

v AUALIUUNNG ” ” >
YANIINAADY  OATIEIUNEN (Wt%) o ANUAUMY AUAIUVTU AMUAIUVTUY
WA (MJ)/m?) v o , o ¥
M3UAE (%)  NSWANIIU (%) NI3QATUU(%)
CL (100%) 12,060 90.34+0.65 99.13+0.21 91.06+0.31
. SL (100%) 10,423 95.86+0.48 99.86+0.04 95.89+0.62
a0
' CR (100%) 10,391 98.44+0.25 99.95+0.01 92.13+0.31
Usztnnien
RB (100%) 9,512. 96.62+0.20 99.83+0.09 88.49+0.99
RW (100%) 9,048 97.48+0.65 99.83+0.04 88.24+0.92
RB:SL (20:80) 10,708 96.08+0.06 99.78+0.19 89.03+1.16
NINANKNEAY
. RW:SL (20:80) 10,276 96.04+0.47 99.87+0.06 91.64+1.11
a0
b RB:RW (20:80) 9,992 97.20+0.39 99.84+0.11 92.30+0.79
Uszanuan
RB:RW:SL (20:20:60) 9,801 96.54+0.25 99.78+0.10 91.31£1.24
RB:CR (90:10) 10,354 98.27+0.05 99.90+0.03 86.73x1.33
QUFGHGGT) RW:CR (90:10) 10,140 97.15+0.06 99.82+0.06 89.94+0.89
Usgnnudn RW:(CL+CR) (90:10) 9,559 96.85+0.11 99.84+0.08 91.45+0.46
e Tan RB:CL (90:10) 9,438 97.41+0.10 99.91+0.40 88.90+1.36
UsgLniasy RB:(CL+CR) (90:10) 9,394 96.84+0.40 99.85+0.07 91.41+0.53
RW:CL (90:10) 9,293 97.34+0.31 99.88+0.03 88.80+0.99

3.3.4 NINARBUANNATNUYBUTBINES

1) AnudunIuNMsTndvaatomas

WowdsTnnaifauawiazdesdiany
Ay L edeatuaudeniofienaaziind uly
FEMINNTTUIWANTVUAT WAAITIALAY [14] KA
NMsVAdBUAINLFIUNUNNSTREve U T oAU
Womassauiaanuituiamnuduniunisied
mnﬁqm 98% ImEJLﬁ?ﬁual,wéamﬂnﬂsqmmwmaaﬂﬁm
ANMUAIUNIUNISTARHULNUI UBn. 2772-2560
[15] armunliidomdsdunasadnozdalan
Ayl tesnin 96% el ot uld einda
dadinanlusiuduends dananudrununising
tlouiign 90% (13737 2)

2) AMUAUNIUNITUANSTIY

AINAADUAIAMUAIUNIUNITUANTIUVDY

WamddadaluusazyanismaasdiAgwinnid

99% LAYl DINGINTAIINATUNIUNITUANTIUEY
fan Aoomdsdadaanminduduznds (CR)
($15199 2)
3) ANUAIUMIUNNIRATLN
Woindendnadulad ssdawaliianiinig
v oA N A o S o g vy X
wow 1de3Unse viewlenge dlonanvinliinau
31 N38QNYDLARILMINTITUYIALAIY NAINATT

naasunuI LY awmassainannludey (SL) den

=

AusnuunTIgRdiningaiianegi 96% Tuvaedi
yhaim (RW) fendumunisgadinindosiian de
88.24% og13lsfinu AziuIAELTANSAIUNI
nsgafutwesradnasinduld mninaunay

o a

Tanuiindu ageludes Auandunen 2
4) AUAIUNTULTINA
ASANELAYINNISNAFBUAIUA TUNIULS

ety 2 JUiuy leunnissunsanaluswinsveda
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Wownds uaznsfunsenalunuiuey Tnonanis
NARDUNUT AIUATUNIULTINAVDILT DLNE 3
SadnanumiudUsuda(CR) lunuadsanunse
Suwsanaligegn Ao 7.91 N s0%a9u1 Ao nadadna

(RB) Sunsanale 7.32 N 919913 (RW) 5.49 N waz

Tudes (SL) 3.63 N anuadu Inewdaldsindsit
anunsafunsanalddeniian Ao Tufudiuzwds
(CL) 2.65 N n1snageunuindadoindsanuise
sunssnaluwuiusulduinniuuads Fauandy

f15199 3

A131971 3 AeALURAUE UV ILLSINA (Compressive Resistance) Taadaindsdniin

n155UU59nA (Newton)

ONIEIUNEY
YANTINAFDY

' (wt%) WUIR uuIUaU
RB (100%) 7.32+0.30 12.52+0.50

RW (100%) 5.49+0.29 9.55+0.15

”aﬂﬂizmwﬁ'm SL (100%) 3.63+0.55 4.41+0.39
CL (100%) 2.65+0.17 3.1120.56
CR (100%) 7.91+0.71 18.40+0.45
RB:RW (20:80) 7.68+0.23 13.21+0.49
QUEHGHDERPGlVR0] RB:SL (20:80) 5.43+0.44 12.23+0.34
RW:SL (20:80) 5.36+0.06 15.13+0.49
RB:RW:SL (20:20:60) 6.37+0.64 16.54+0.41

RB:CL (90:10) 5.16+0.20 7.03+0.15

nsHaALTaNVaNmY RW:CL (90:10) 5.26+0.40 7.26+0.52
TanUssnniasy RB:CR (90:10) 9.71+0.51 14.81+0.59
RW:CR (90:10) 7.52+0.49 15.40+0.43
RB:(CL+CR) (90:10) 7.88+0.50 14.12+0.51
RW:(CL+CR) (90:10) 5.26+0.15 14.81+0.34

4. d54

9

INASANYITANMETININITIN AT
5 Uszianlunundamdnumansaiy wuinluduy

dlends idudzuas wasludes Wunqu

% A

TanliAiausounias luvaeinedadnl was

o

ety Wudagddnenmmeinudiinunaen
M9l wafiAIAUTPUTN AIN3T N1SANwITala

v

Ysulgenaunniandiuianignisinianmiens

NN1SNYATNLAIAMUTOUGINIINEURAU Y

o

Tandilenanuseus IneuluuveINITHANKAIY

=

annanfdusuaunTuN U agnuInnIsiiy

q

ade

dndruvadludey (SL) Aunnauasnedalusnsidu
NN 20% dsualiiandaianueudiugadu
Uszanal 2 - 3% wagdA1gendnnne 14.5 MJi/kg
TuvaugfinsnasnanuianasufiousuUnmnm
PUNENIUVDINILAZABTIT12 WUTIn5LiY
dadruvaalutudiuznas (CL) wazinindy

1enad (CR) Tudmsnaru 50:50 TimAnAnusou

MsiiAEILLULA TR RNaMENT

o & s & a o q v \
QWGUUTULU‘ULGUE)LW@QL@J@Q%W{LMﬂqﬂ?qN%UWLLuu

Y

[

PNUNFIIY KF9A1AINUSDURDNUIBUSUINTVD
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Tanuiuu dvsunguiannan nsHEAYoINES
FadinanniawaznedainmensHaLKa1ulus a8
20% LAWALNAIAINLS DULATAITUAUIUUN

v
v = 1

wSanugAuegaiitdeddy luvasfimsnaunay
TaniaFuiisiuunaniosifiss 10% $aufurng way
neds avdanaliataufououdoinaswunas
WINTTIUNEAST AT UBN. 2772-2560

nsudnd eundedamaadadnainng
KanHaLTaREeTianamsnuns TR mLSou
gaazsuddedy demaliidomdeiany
MU U7 390U uazfiarunamusde
N5 dBAd L3N N1TLANTIU Lagn1IRATain
agnlsfinny nsidentddnsdiensuaunay

Tanmuizay wanneA1ledeAInNUTaud

'
=

#99N15ha7 FeRamdadsUsunaianiaiunsaly

q

L a

Usglovidlalunmazyaaian d1msunisnan
FowmAsntagmariludondsd Sesndudes
ﬁﬂmq@mmﬁmﬁ&n USinamananiiniunaen
7197 Usantandignldusslond wasilndedia
wioanusnliusyloviifiondandsauld uay

£% =

aean1sAnwanunseuliuasdneninvesianlu

¥ '
&

NUTLNDIMHUNITIANITTAALNONITHANDE S

oA
ABDLUBY

5. inAnssuUsENIA
mu?{faf‘ﬁﬁ'ﬁ”ﬂﬂﬁaﬁ’uauuﬁunuqmmu
n153989nsudszanaiusiela Usednd 2566
AREAINdaNLALNNEINTANERT UM AN dY
UMAIAN UDANUUNTINAINTTUALATULAL
aduanun1sIdeuazuinnssuandinauns
Weuiand (3%.) wagnuatuayunIsanidunng
Fenguianineinsmsitoiiomudsduma
danden Auzdsindenuazningnsmans

UWINYIRUURIFITAN

6. LONEITD1ID

[1] Z. Wang, W. Huang, H. Wang, J. Gao, R.
Zhang, G. Xu, and Z. Wang, “Research on
the improvement of carbon neutrality by
utilizing agricultural waste: based on a life
cycle assessment of biomass briquette
fuel heating system,” Journal of Cleaner
Production, vol. 434, no.l, pp. 140365,
Jan. 2024.

[2] DEDE. “Renewable Energy and Alternative
Energy Development Plan 2018-2037
(AEDP 2018)”. Department of Alternative
Energy Development and Efficiency,
Ministry of Energy, Bangkok, Thailand,
2020.

[3] R. Lal, “World crop residues production
and implications of its use as a biofuel,”
Environment International, vol. 31, no. 4,
pp. 575-584, May. 2005.

[4] K. Kaczynski, K. Kaczyfska, and P. Petka,
“ Characteristics of agro and wood
biomass combustion in the stream of
inert materia,” in XIV Research &
Development in Power Engineering, 2019,
vol. 137.

[51 A I. Anukam, S. N. Mamphweli, P. S.
Mabizela, and E. L. Meyer, “ Blending
influence on the conversion efficiency of
the Cogasification process of corn stover
and coal,” Journal of Chemistry, vol.

2016, pp. 1-8, Jul. 2016.



100

6]

a

2158153YINTITUAL I UNT. WEUAT A1Y1IneImIansuazialulad Ui 19 avui 2 (2568)

P. Wisoram, “Enhancing energy

performance  of  perennial  grass
feedstock,” MS. thesis, Dept. Envi. Tech,,
Mahasarakham  Univ., Mahasarakham,
Thailand, 2020.
P. Luesopa, and W. Singhirunnusorn,
“Blending agricultural residue as a source
for biofuel production,”  Journal of
Science and Technology Mahasarakham
University, vol.d2, no.4, pp. 127-137, Aus.
2023.

K. Hanaki and J. P. Pereira, “ The effect of
biofuel production on greenhouse gas
emission reductions,” in Biofuel and
Sustainability, Ed. Tokyo: Springer Japan,
2018 pp. 53-71.

D. Sasongko, W. Wulandari, I. S. Rubani,
and R. Rusydiansyah, “Effects of biomass
type, blend composition, and co-pyrolysis
temperature on hybrid coal quality,” in
AP Conference Proceedings, vol.1805,
no.1, Jan. 2017.

C. L. M. Martinez, E. Sermyagina, A. de C.
O. Carneiro, E. Vakkilainen, and M.
Cardoso, “Production and characterization
of coffee-pine wood residue briquettes as

an alternative fuel for local firing systems

[12]

in Brazil,” Biomass & Bioenergy, vol.123,
pp. 70-77, April. 2019.

W. Singhirunnusorn, P. Wisoram, and P.
Boonruam, “Spatial  distribution and
potentiality of second-generation biofuels
(SGBs): a case study of agricultural residues
Sarakham

N Maha province.” in

Mahasarakham  University — Research
Journal: Special Issues, 14" MSU Research
Conference, pp. 266-277, 2018.

D. Aller, S. Bakshi, and D. A. Laird,
“Modified method for proximate analysis
of biochars,” Journal of Analytical and
Applied Pyrolysis, vol.124, pp. 335-342,
Mar. 2017.

J. Shen, S. Zhu, X. Liu, H. Zhang, and J. Tan,
“The prediction of elemental composition
of biomass based on proximate analysis,”
Energy Conversion and Management, vol.
51, no.5, pp. 983-987. May 2010.
N. Kaliyan and R. V. Morey, “ Factors

affecting strength and durability of
densified biomass products,” Biomass and
Bioenergy, vol. 33, no.3, pp. 337-359, Mar.
2009.

Solid biofuel-biomass pellets, TIS standard

2772-2560, 2017.



