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ABSTRACT

This thesis objects to manage the information for a mathematical model for energy system.
Creation and development of mathematical model for energy system, the information of the model;
assumptions, constrain including the sources of parameters such as amount of biomass, residue to
product ratio, heating value and its detail used in the model are very important for modeler or
developer to use these information to create a new model. If there are insufficient information,
developer of new model have to spend more time in understanding the model and search the new
detail of parameters that used in the model.

This experimental appliea the Petri-net for managing the database system. Database of
biomass in Suphanburi province was used as a case study area. The data in database consists of the
source of parameters and its detail. The parameters and its detail can be displayed through the
internet and can be downloaded in the Extensible Markup Language (XML) format file. For
evaluating the effectiveness of proposed method, a mathematical model of biomass utilization in
Suphanburi province was created as a case study.

The results from a mathematical model of biomass utilization in Suphanburi province found
that combination use of biomass can solve the problem of not enough rice hush for electric power
generation. Evaluating the effectiveness of the proposed method with the result from the model,
from the result of the model can track back to the source and details of parameters that used in the

model which include in the database by displayed through the internet and can be downloaded.

Keywords : information management, database system, biomass, Petri net
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7 #* 2% 2 Rice Rice straw 1024
B X 3 Com Corncob 18.04
] #* 2 4 Cassava Stalk 18.42
[ 2 o 5 (Cassava Rhizome 18.42
XK 6 Sugarcane Bagasse 1440
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e . 8 Palarubber Sawdust  14.93
> X 9 Pala rubber Rubber 14.98
2 2 10 Oilpalm EFB 17.86
_',," > 11 Qil palm Fiber 17.62
2* X 12 Oil paim Shells 18.46
X 13 0Oil palm Fronds 9.83
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3.5.3 AUMITNNAUARTATUDIULUVINADY (Mathematical equations of the model)
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o a 4 1 a 1 Y a 1
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[ o A = 1 a kY [ U @ ] ] 9 9
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3.5.4 gUMINNAUAFNTATUDILUVINDDY (Mathematical equations of the model)
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3.5.5 ﬁﬁf{‘;ﬁui}ﬁqﬂizﬁﬂﬁ’(Objective function)

Minimize Transportation Cost = ZTCSP2CSi i* BMSP2; j 3.1
1,]

Tauil BMSP2; | Ao Vsavestiwranuudsnnurasiinia ldudlsdinaa

TCSP2CS, . fl@ AMYNEITINIA (Baht/Ton)

i = SPSubDistrict ¥AUDIAIUANYUHAIBINID

i = DMSubDistrict (AYBIAIIAVOIR 1559170
=

BM = %1178

SP = U¥AYYINIA
TC = AMUUAIBINID

DM = {19378

AMUUE (Transportation Cost )
TCSP2CS 1,] = DI,J ¢ Cts (3.2)
Tagh Cts A9 MUUAIVIN @0 AU A0 N lauAT

A ' = =2 P a
Di jﬂ@ TSYSNNITHINUNAITININ mpﬁwama (ﬂIaLllﬁi)
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3.5.6 ANMTTOINA (constraint Equation)

1) YannadmiuF NI (Supply of biomass constraint)

2BMSP2DM; ; < SPBM; (3.3)
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SPBM; Ao smamlaniieg

Tas BMSP2DM

@

2) tosnadmsud 19319 (Demand of biomass consumption constraint)
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A 4.1 v lad ( http://localhost/biomass/index.php)

BIOMASS

nusn douoa ang ANSNW

1 fay & S im wes as
2 HANFFN W ATSIAES Sinanssog O 2353
3 ESnarnudiasnisuaafigamadaringwss s 112553

4 FRLE U

)

g‘l.lﬁ 42 iy lwdnideden ( http://localhost/biomass/index9.php)
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http://localhost/biomass/index.php
http://localhost/biomass/index9.php

1
| nuusn towoa ana | Angnu
fenusau
N 7 70 B
Rice Rice husk 14.27 H
_|Rice Rice straw 10.24 '.
r Corm Corncob 18.04
Cassava Stalk 18.42
Cassava Rhizome 18.42
Sugarcane Bagasse 14.40
I | Sugarcane Trash 17.39
& Pala rubber Saw dust 14.98
Pala rubber Rubber 14.98
Oil palm EFB 17.80
0Oil palm Fiber 17.62
0Oil palm Shells 18.46
1| Oil palm Fronds 0.83

Download to_escel

v 9

gﬂﬁ 43 wihdy lednideden ( http://localhost/biomass/index9-4.php)

finaasila biomass?. xlsx
Cassava | Stalk Auiianda
Hadha ¢ weiuanm Microsoft Office Exicel (9.9 KE)
5
lgarcane Bagasse 2 1 http:ff10.68,20.63

Sugarcane Trash Firefox mnhiolsfuufhnd

Pala rubber | Sew dust © i Whrosat s Exclnttine) V]
Pala rubber Rubher O Tainni
|0ﬂwlm EFE [ g faniturusibreted

Oil palm Fiher

0l Shells

palm [ RREd I I anLEn I

| Oil patm Frands
| Downdoad_to_exeel

J ]

51N 4.4 Ar0g1amaanii Inaalug

U

63


http://localhost/biomass/index9-4.php

(e~ T .- . o | i

Home | Inset  Pagelayout  Formulas  Data  Review  View alg
B & cut Arial o - A === Siwepre General - ;E ﬁ L;h‘ Tm /E\ Z Autosum - "Y lﬁ
“— 3 copy - o & = = g @ Fin~ z
P Fromararie B LU E A Buegeacemerw 8- % 0 | B8 e sy T Q0w e o

Clipboard ) Font u Alignment o Number ) Styles Cells Editing
B2 - % Coconutoil ;
() biomass2(17) o B =
A B c D E F G H J K L M N 0 P Q R 5
1 | TransEstel CastorBea Biodiesel 08 —
ZlTransEsle!Cucnnu\O!Emd\esa\ 08
3 TransEstel GroundNut Biodiesel 0.8
4 TransEstei MungBean Biodiesel 0.8
5 |TransEsteiPalmOil  Biodiesel 08
6 TransEstel Sesame0i Biodiesel 0.8
7 TransEstel SorghumO Biodiesel 0.8
8 TransEstel SoyBeanC Biodiesel 08
9 | TransEster Sunflower( Biodiesel 08
10 Extraction JatrophaOiBiodiesel 0.99
11 Fermentati Molasses Ethanol 0.00014
12 Fermentati SugarCane Ethanol  0.000039.
13 EnzymesF Cassava Ethanol 0000101, roter 3
14 EnzymesFCORN  Ethanal 0.00021 |yyideihnmn s i
15 | EnzymesF GroundNut Ethanol 0.0002 dmninam
16 EnzymesF MungBean Ethanol 000021 |Amznssumsuimng
17 EnzymesF PearlBarle Ethanol ~ 0.000185 [wawnuwivané (NEPO)
18 FnzvmesF Sarahum  Fthannl 0000186

(% 1

51l 4.5 dedranansmsseaumaiiulild XML Tugives EXCEL

lla Firefox
ufy  ufEla yuume  Ussid ddumintu  @deelin ghamdo
[ cangle | [ kable pof ineziem applcationfpef) % | + | -
€ 2 | 10.68.20.63/biomass Filesjtable. pdf <A N )| A
BACD & [slis mY ©® [ |- = H "

(2 1

rlasu

i

Hnaduna
M @

AR
Fou

Ukg)

HAsa

cn

=
e

Vi oI

fdehl

32,110,000

unay

7,385,300

105,388,231

2518.79

shadn

38,210,900

391,279,616

935158

4615,119

877,062.61

15,822200 48

37815

22,005,740

2,640,688.8

43.641,487.7

116253

]
¥
dnu
3
d

2,200,574

40,534,573.08

968.78

68,807,500

F
Ty

20,642,340

297,249,696

7,104.27

LT

v

16513372

2871762341

6,863.51

#lmIn | 3,051,781

UiFay

9155343

1,371,470381

i la]

303,178.1

4,571,567938

dhaw | 8,223,135

N=aw

1

1,891,321.05

33,778,993.95

mnle

1,23347025

21,733,745.81

fAzan

4933881

9,107,944 328

ity

v
u

222024645

218250226

138,814,575

90,044,096.69

1,278,480,792

T2ss3

fandninuaregiamaneamssnsnEATIazaMnzal hip e o ot

i untitled - Paint

3 g
Eﬂﬁ 4.6 @]’J@EJNLL?[@Qﬂ”IiS”IEN”IHWﬁL‘IJ1!‘1‘1/1?5 PDF

64

"G e gt




: : C . .
5U7 4.1 310 4.2 uazgdd 43 Humsuaaswavesszuugiudoya uaglugdi 44310
@ 4 4 < s
4.5 ugasmiad naa vl XML Tugilves EXCEL tazgdi 4.6 msuaasmanonuwaiivlg
o I o 1 1 a
PDF 1azazieadfi1a1 a1 lvaaena1sasadivanvesszuugiudoyannniaisonan
o 9 ' A ] a J 1 1 A <
uazail lvaald Taemsudaanarununsonedumoita od 1wy 37 4.6 1Wumsuaag

UAUAINNNUDADNAITOWNDININNTETNIENTIUNHAT

42  wamIdraewazTuneumsimadlafnudIaes
o { o a d o @ t4
nnranmshassduaiminzan Taslduunassnundiamansdmsudniunseinig
@ o J @ (% (%
1932010 ludagiunazaniunisainis 19samraswnuludandagnssays lugduuunsl

[

' Yt a A A a ' 1A A o Ao X
ﬂ@uﬁjﬂsﬁsﬁju’ga LASTUAYINIA LiJEJW%]Tim”IfMﬂﬂT‘UuﬁQGD'TJJDa‘ﬂmqmmﬂu

65



13 [ @ oA
42.1 WAINMITIAINT 1FFINIINIAGWI TS ADIUMFAIN 1

1400 ;
FE08 (1,312)
o F o
B ik
"j -
1200 g1lzwds
= 3
1000 i @ fatmnlna
= WUAAY (928.93)
:“ Y
% 800 6] wuli
=
gir=
— 600
400
WUAAY (259) unaY (220)
200 7
3
4 unau () = a1 (2.2
0 9w [ a3 (1)
< o © = @3 e Uad
-
s K & -5 © 8 S
=3 = - °= -/ d
(e U°7 ao; o = A S
= “ = X s G I
= & > > 4 2 &
= e @k E 5
e — R = Z
H

el
punts
g
éh
ad
i1}

d' ) PR [ [ =1 PR
sUn 4.7 Nﬁ’t]”lﬂﬂ']i%']ﬁﬂﬁﬂ?ﬁi%“lﬂiﬂﬁﬁ]ﬂﬂ’)ﬂﬁ;?ﬁﬁmu3 ADIUNITUN 1

é

A 3 o Yt o ¥y
13N 4.7 Wuwaveanusiasans lgyiutaluaniumsan 1 uaaalidun

1Y [ a 3’,; Qy @ [ % <
TsaTlihFmnaludmdagussayldunanlumswaa luihswnadu 925,930 duasil Fuilu
WSunanmnzaui liunavianuiisansanudonsved 159791 Tseauhoiu 153

a o < ¥ a a ¥ a g 2
93 aulssnuihaa lnudeuiwdomaslunssuiumsnantinaadusIunaau 1,312,000

o 1 o 4 v J ¥ 1 g’z Qy o 1
duaoll Whiu@eadad vaziunmsnuas 1dhad1sauiedu 3,300 duaoll

66



13 [ [ s
422 HAINMI9109MI 15BN IAGNTTUYT d01UMToIN 2

1400
1312
Ed
SEGILE
1200 .
[ 3912 1ne
1000 .03 B vwdey
>
7 —_
/ B widniudnlzids
800 /
2 |\ y
S % B ausiudnlzvias
8 % ——nay
3 600 / —— et 1a¥ vhadn
S % ——ddusiudilenda
«“ % - mdniudlznd UNAY
400 / i1 Tna
/ ——vhainm
% 259 —— et
7 L Sdwiudilenda
200 / 7 e o e
/ / - mdiudlzvas
/ / —AT AN
/ / 9.15 W 4.4
0 ﬁ % (= -}
< (o © @2 = by
S a2 & = Ny S
I ﬂs aog e g e
= W = = G i
= = g =2 (=
= 7 Lo e TR
g eand /4 aﬂg
H
IEERIED

d’ o I [ @ = P
31]‘" 4.8 Wﬁi]"lﬂﬂTﬁﬁnﬂ’fNﬂ"lii%%?ﬂ'lﬁi]\iﬁ?ﬂqv‘liimui ADIUNITUN 2

67



~ I o Y 1 @ P =y
00310 4.8 Humavesnuuiiaeansl¥yiuiasuiuluaoiumsan 2 Ysua
y 1] QU
M3 lFFrammnzay dmsy Tsa lWihdimna T59d917 vaz Tsanuihea 315y wa
° o D= 19 1 o 1 = A Y
vouvuusas luaaiumsain 1 vazuaadldmiunlilsmmne Tssnuhoudiins 14 ¥mna
1 [ "o A P 1 [ o A dy A A Y =
FIOU uAdIuMs Is3amnululssnuiog uag nunmsinyas e ld unaviianu

Meanaaonnuasamsvea I lnihdmna dmsumsldsviaiouiululssnu mauuaag

A3 4.9
3.2% 78%
11%
0.2% unaLy
m'; .
e ls7

m'. Sduiudznds

B mdsiudevd

v 9
O s Ina

d‘ o Y o 1 o @ = s
E‘IJ‘VI 4.9 Wﬁ%'lﬂﬂ'liﬁ]'lﬁ@\iﬂTiGle'G])"J?J'Jﬁ61]9\115\1\1']1!7”‘3']1‘!’1]\3?7"]@@1/\]33muiﬁﬂ’luﬂ’limﬂ 2
o ' o I A = Yy [ dy
WﬁFl]1ﬂl,l,l|’Ui]'lﬁ@\icluﬁ?usllﬂﬁiiﬂﬂ'luﬂ'lﬂ1Uﬂ1ﬂ§ﬂﬂ 4.9 11ﬂ15161161nu’3amu

unav e e Siduiudilenas minfudzrnas a1 Ina e liunaviianudisane ae

ANudoImMsvedlseIWihauia

68



2.1% e unay
0.1%_ il %’ﬁi‘-‘%

B srduiudlznda
B wihdudnlzvnds

[ #¥Ina

d' ) PR 0o A o [ = P
5 4.10 wasnmssiaesms 9Fmaveslssnuidgtariagus saySanumsein 2
[ J o A A = P [ dy
pavInuuusiaesludiuveslssaruiidgengUa 4.10 TnsldFunadadl
unaw ew 'l aduaiudlzvay mhiudinlends Fav1nTna ionaunumsldunauuieaiu

Fagawa lrunauiSaniisanenonnudesnsved15d Inihdnia

a d oA
4.3  MIAUATIZHNADINNIIAUHHIIU
a 7 7o Y= oA
4.3.1 ﬂﬁ’JLﬂﬁz'ﬁNﬁﬁ]Wﬂ’ﬁﬂ1uﬂﬁmm€1flﬂﬂﬁi%‘]ﬂﬂ\l’m ADIUNITUN 1

J o 9 o U 9
HAINTDIUMIATIA0IMI 1538 Tulgiiumauds®inaasiv 2,931 aum

[

~ I A Y ~ o o = dy
gl 4.7 Aunuanums l9Fwnevesdldsmanmunzaudaniagwsms Al
1) unay 1 lulselWihdwna T5edd Tsenuham vaz lssauidg

Y
2) s udey l9lulseaniena
v )y I 4
3) et 19l vhsuaesdas uagiunmsinyas

v 9 F)J dy ~
4) 9 Ina 191y Aunmsinyas

= =\ 9 = o J g o Y1 1A = o IS
cmmfmms“lmmmmamﬂanmu "l]%TI”IiWﬂ”IﬂJ‘L!fNGH’JZJ’JmJﬂ”I@]”I’Cjﬂ HagunINy

o [ Y @ @ =1
mingaudmsug [gswaaludmiagwssans
a s 7o Yt o
432 MIINTICHAAIINEDIUAITAIADINT 1¥FINID FDIUMTAN 2
HAINADIUNTAI91009715 1FHINIATINAY AMYUFIFINIATIN 2,901 A1UUN
Y I 1 A A 1 o Y = ) [ a
e ldmuniFaranvuddlUdad 145 m0a Fanasinmssiaeedagln 4.8 uaawuIng

A o

I I A v o 2
ﬂ15‘16]5"11'3“'Jﬂ‘ll@\?ﬁﬂ"]f%')ﬂ'lﬂﬂ!ﬁiﬂgﬁﬂi]\‘iﬁ')ﬂqvﬁﬁmu JU

69



1) unay 1 luTsdIWihdmwna Tseddn Tsenurhou uag Tseuihoy
b4
2) ¥udes 191lulswuiaia

P ! A
3) W91 190 vhsuReadad uag AunmMsnyas

@ 9

o 9 [ EX o I o A Ay A
4) mauiudlzvas Tolu Tssnumoiu Tssnuimndy tag Aunmsmnyag
Y o o [ Y o o A t&l ~
5) maniudlzvas Tolu Isenuhou 1ssnumsy tag Aunmsmnuag
o 9 Y o 1 Ay d'
6) 9112 1ne 151y T599UMa U ey NUNMTINYAT
7) 1etn 1Y 16l Tsenusha wag Tssausig

o P =) 1 P =< (=} 9
iﬂﬂWﬁﬂﬁiﬂﬁ@\‘liUﬁﬂWUﬂﬁm‘ﬂ 2 UANUUANANIINTDIUNITUN 1 “INLhJilﬂﬁcl,“]f

o Y o o [ Y o o [ Y o g = Y 1 v 4
anu uﬁ’lﬂgﬂaq LW\?’]?JU@"]TJ%WEIQ nas !ﬁi&lvl,ll ﬂﬂuuﬁ’]ﬂjJﬂ’]iGle”’]f'JﬂJ'Jaﬁ'nJﬂuﬂﬂﬁi‘l’]uﬂ’lim

A a o Y A = ~ 1 Y = Y Y
N2 UAA ‘I/]ﬂfﬂ GH’JlJ’mlJﬂ’JHJL‘WEJ\?W’E]G]E]?]’JHJG]’E]\‘IﬂﬁGH’JiJ’mGU’E]\?Eﬁ%%?ll?ﬁllﬁ%ﬁuﬂiﬂﬁﬂﬁunu

] ' U o 9 @ @ Y
Audsnnurasinia ldadlsdmnaludimiagwssans 14

4.4 NATOUIZUUMIIAMIFIUTaYa tazmsmanudnlasuudiaesiuwamsdiaes
I3 a2 . I @
ﬂluf‘ﬂﬁ’t’)’ﬂﬂl!ﬁllUﬂWﬁﬁ]”IﬁfNﬂﬁVU'JuﬂWﬁ“Uﬂ\i(!W“Vlilu‘ﬂ) Petri net GlUﬂ"Iﬁ‘lJingﬂﬂcl%}\ﬂuﬂ‘U

@ 9 A a \ I A A A a =
N13IANTTVUDUD A (WNTLUN) Petri net 1Wiuns0aleNa 15005 U10LaZANEINTEVIUMS

) o ] a2 ] L @ @
a199 Tuszuu dwmsumslumshiennsium) Petri net 1115zgna 1 ludnyazunIn1sdans

9 9 A

doya TumsesnuuuiGuainmsihideyanldlunuudiassmsldnadsnuduialudinia

u

@ <3 9 4 a o [ A
ﬁWiimﬂdiil'lﬂﬂlﬂﬂﬁlug']um@Ha Lﬁ ﬁ'liJ’liﬂﬁﬂﬂ']llwaﬂ']iﬂ']af]\?fglj@uﬂall LAZNUIUD

a a
Yo Y
9

1 a 4 [ 4 o [
Llﬁﬁﬂsﬁj@islja i'IEIaZL?JEJ@ﬂJENW'Ii'mm’E]i Uﬁmmﬁwqyﬁﬁugmmm Petri net mmmiﬂ,umi

U

v Y Y Y I A v Y A
’éJ@ﬂLL‘lJ"lJi$1J‘]JTﬂ‘ix‘iﬁ‘iNﬂlflﬂﬂTﬁ]ﬂﬂﬁﬁiuﬂlﬂyaGlﬁlﬂu@nm&f)uhlﬂlclu‘ﬂ’ﬁlﬁm 342 U

@ @ Ay
Qﬁi!ﬂﬁgﬁﬁﬂllagﬂl@ﬂlsll@ﬂ@]ﬂuh

70



Mawanmstaesiuaacluiaden 4.2 sndredranmsiinnudilenunanissiaes
puvusiaes awaaslugdd 4.1 TRedumivves Isunsuiinaue maihligseazideaves

a 14
WITWLEBT

121 RPR stands for “Residue to Product Ratio” which is defined based on estimation. Estimation of RPR. depends on the bype of biomass for example rice husk is
estimated from rice miling process, Mormally, the estimation is separated into al types of agricUitural plants, for instance, rice Tee is separated into paddy and
rice straw. Paddy consists of rice, husk, bran, grist, which means paddy is 1 (100%). Total RFR. summation of rice, husk, bran, gristis equal to one.

122 In fact, RPR s less than or equal to one. However, when the RPR is more than one, it means this value includes many parts of residue of agricuttural plant
such as RPR of rice straw which is about 1,190, This value, 1,190, is estimated with the assumption that rice is separated into three parts namely, paddy rice,
rice straw (top) and rice straw (hottom); each partis defined at one.

123 | RPR of rice straw (1,190) includes both of rice straw (fop) and some of rice siraw bottom. Most of rice straw bottom is burned at rice field after harvesting,
=119 <o far <o < fds

Code MILUTAI

wavea11sunsy

% Y o o 1 A & 1]
4.11 Taaduniivves Isunsuimineue mai ligneaziBeamsiimes 14 lumsad

=h.

il
LUVIA0
Lil a o 9 1Y Y]
110310 411 waveINIINAdRUUAAINITAAAINNANITI1a0I8ounaY 119
a a 14 { o 1 ] H
PAA1591989U9IM1 11903 Nl luuuusiass Tudmvesanasunlasvesdivia Tulda
A o I @ 1 o L:sild 1 Aa 1 =Y = =
mMsuaadved Ilsunsunihuiualtedialumsiuavetitluamninansl/suiaves¥Inia a9
9 dy Y a = a [ 2 o @
doyatisedennmsanyazmslsziudnenmdiuaalullszmalne nsuwmuindianu
[ 4 [ 1 1 [ 1 1 a [ 4 %
NAUNULAZOYTNHNAIIU (WW. ) NA1IAD RPR §011010 "0AT1dIUTEHINHAANMAN" F9gn
Y 9y
Mvualduegiumslszmunmsdszunmal RPR Juagiuriauesdiuia @20619 sunnay
I A a9 1 dy (Y a = a
AunmAansNNNIzUIUMIaII MIdszunan RPR Yusgnuytiavedaiuiaunal laglng
oAA I =Y A 1 Y Y I 9 9
MsUszuuANTNMTHeno Nl UYLAUDINHABAT 151 AU ueneomiluvev1Iuazang
.Y X 1 H I
dhmlaentsznevlldde tnausiaaneaNyNTaenN 1 (100%) #5931 RPRI 1T
Y o Y A Y = I a "9 1 A 1w & ' <3 A
unausdtaumturie luanuilusss RPRaogn v omn UK 019 15nanile
U é = 1 dy 9 1 d' =) 1
RPR 11001#HE Hu1edamtlszneuaigraleaiuusdnmias 153911 ¥A 51951 RPR 910714
F) 2 <3 ~ ) a v 9 I U A
91390z 1190 Wunmanmsdremsaunagiuniiazgnuensemiluaiudiuno
mlaen, 19917 @) vazvhati (@19) vaz luugazamimsmMuuan e RPR 310119917
Y v
(1.190) 1sznoualemennvhedna (Uu) uazunaIvuesmualaned nnigavesdIual

; 5 < 4
W99z IMEIINMTINDINY?

71



v =
TYayanuuun

A B C 0] . a F G
Rice Husk 0226 LSRR

RiceStraw 1190 |This data was quate from Study and Estimation of Biomass
SorghumleavesAndStem | 252 Potential in Thailand (Explained with Thai language). Department
SoyBeanStalk 1_ 177 of Alternative Energy development and Efficiency (DEDE)
WoodResidue Q101 |RPR stands for "Residue to Product Ratio” which is defined based

on estimation. Estimation of RPR. depends on the type of biomass
Teazen for example rice husk is estimated from rice miling process.
Maormally, the estimation is separated into all types of agricultural
plants, for instance, rice tree is separated into paddy and rice
straw. Paddy consists of rice, husk, bran, grist, which means
paddy is 1 {100%). Total RPR summation of rice, husk, bran, grist
iz equal to one.

In fact, RPR is less than or equal to one. However, when the RPR
iz more than one, it means this value indudes many parts of
residue of agricultural plant such as RPR. of rice straw which is
about 1. 190, This value, 1.190, is estimated with the assumption
that rice is separated into three parts namely, paddy rice, rice
straw (top) and rice straw (bottom); each partis defined at one.

) RPR of rice straw {1.190) includes both of rice straw (top) and
UHAININVBIT IR0 some of rice straw bottom. Most of rice straw bottom iz burned at
rice field after harvesting.

a d
VBINIININDT

a Y v o
msfamudiounavluds

oy
; giuvenansziia
BIOM&SS oo
¥ A : - a 3
) N AN LS HIUNIUATOVIEDUIND LA

nuusn ouoa aAne 1 AN
Hile vavan | Fnna | adaandugana Euocianal swou | wdee e | wauin it
i) s Sau tiivEudIT)| Wil
Gin) | (MIikg) (MW)
i 32,110,000 | wnau 023 385,500 1427 105,388,231 251879 007
W87 1.19 35,210,900 1024 | 391279616 035158 10269
ATie | 416,119 i 019 77,062 61 1204 | 15222209 48 37815 4.40
i 22005740 | dndiu 012 2,640 688 8 1242 | 48641,487.7 1,162.53 1351
dnl=sia 1441 010 2,200,574 1242 | 40,534,573 08 AR TE 11.26
daog 62,207,200 | wuday 0.z0 20,642,340 1440 | 207249 606 7,104.27 2257
HilE] i 024 16,513,872 1739 | 287.176,234.1 f,863 51 T
iu
st | 3,051,781 | ddan 0oz 01,553.43 1498 | 1,371 470381 5278 038
e 010 305,178.1 1498 | 45715679328 109.26 127
hiu #223.135 | weann 023 1,881,321.05 | 1786 | 33,778,993 05 0732 038
e
fnte 0135 1,433,47025 | 1782 | 21,733,745 81 51944 &.04
AEET 0.06 493 388 1 1246 | 9,107,244.326 21768 2.53
17aTus 027 2,220 246 45 083 212250226 52162 .06
finu
53 138814575 O0,044 096 63 1278480792 | 3055569 35513
il 2553
ﬁmihﬁnmmﬁswgﬁamsLﬂmsnﬁmﬂumuﬁiuﬂ:ﬁﬂﬂsﬂfhttp:IIW.oae. th 4
$\ HHaINNIv0
Diowrload tanasuwuu PDF Y a
[GGRRANGE]

Diovwnload Lanaisuuy Excel

511 4.12 ManaapuMIAamuRamITassdounay ldumasnuaz eazdsaue

U

maiwes

72



3 = = I3 )
WU locahost wiadn;

hkbpe v, 038, go.thioae _reportistat_agrifform_search.php

(o ]

nihsn douna ana Aneniu
TR viaran | | dnna | Awdaomiduinna [Enecianal feu | waee G| vasnn Fitela
() A 2au AU Wi
(gia) Mk (MY
i 2010000 [ wnauy 023 1,385,300 14.27 105,388,231 251879 2027
¥adiia 1.19 32,210,900 10.24 391,271 616 0351 58 102 a9
A 1w | 4416,119 il n1e AT 062 A1 1804 | 15832209 48 3T 15 440
i 22005740 | ddiu 01z 2040088 B 1242 | 486841 42877 1,162 53 13.51
dnl=vda [NEN ] n.1n 2,200,574 1842 | 40,534 57308 OfR TR 1126
dazl 62, 807200 | wuday 030 20,642 340 14.40 207,249 /g 10427 2157
HhEl 024 16,513,872 1739 | 287.176,234.1 f,863 51 7
fu
s | 309,78 Hiaay o0z 91,553 .43 1408 | 1,371,470381 EPN ] 03z
Wl .10 3051781 1498 | 4.371,567 938 109 26 1.27
hdu 2228135 | wranu 023 1,891.32105 | 1786 | 33778599305 07 52 038
wldn
nnty 015 1,23347025 | 17482 | 21,733,745 81 51944 a.04
FIEAT 006 403 388 1 1846 | 9,107,544 326 217 68 253
watuf 027 2,220,246 45 023 2EIE 0228 521 a2 G.0a
fiu
Ly 1] 132,214 574 0,044,008 69 12T de0,192 | 30,555 60 35513
il 2553
LA IASE S A0S RS ASANT T S L AEAV S Al httyfimnanar oae 2o th
FER

awE Tl SAgricaltural Statistics

— il nsesdieys/Condition

1/ Year : wummsen/Category : #war/Product :

2580 Hgae

i

HelFuTy

Heielh

i@

“Iitiudiu

imanu meliuseeiu
Hridiu 4 v

i’/lN

uanstinya/Fesult

d' 1A a 4
sUn 4.13 UAALUINUIVINITNLNDT

U

73



A A < Y I3 =X ax o 9 A~
g‘lJ“VI 4.12 uazgﬂw 4.13 L“]J‘L!ﬂﬁl!ﬁﬂﬂﬁmuﬂﬂﬂﬁ‘l’]ﬂﬁﬂﬂ’)‘ﬁﬂﬁ%ﬂﬂﬁ"’ll@y.ﬁ NnunNIT
P

° a A . 79 U o o ) X g A
UMY WUHI U Petri net 3J11J3$Qﬂﬂcl“])'cluﬂ'lﬁﬁ]ﬂﬂ?ﬁﬂﬂﬁgﬂﬂjﬁ'lusll@y’a HIVDYAN EJGIle

U u

9 Y oA ) = A s o ¢
;gmmmgmxﬂsmeu"lﬂma HAONNUIVNVBYAUAZIIIASIDYAVDINITTINIADT Iﬂt’JNﬁaW‘ﬁ‘U’ﬂ\‘]

ES ] ] a ]
izuumi‘ﬂizmaWaﬂlm*’ff’e‘)y’auu%xmeWammmm%ﬂlwaumaimw

44 a7
] ¥ D) ~ y X 2
VNWAVDINITVDNLVUUAL AT NG IUTOYA TugIuToyaNoonuUIATAF 1 TUNIUY
A ) VoA I~ o ~ A s v o
ooy Toa11de unaanuIveanIsNmes ayieaz@eauodINIsIumes TAgHAGNT VD
9 ] A [l a S o FU
sruumsdszuanavesdoya dzuaaINak uNIAT 0B UIMBSITALAz AT THan |4
o [ a a a an A o o P [ [
ArsunsUsiulssansnnuealsnIsnY AU LUVIIa8IN1T IFBINIA TUTINIA
= 9 49{ I A R
gWITAYIQNATVUNUTUNIAURNY
o A 9 o PR [ [ ~ 1 PIA
Han13s1aeaf Idanuuuiiaesmslgsinialudimiagwssayinuanms 19diuaa
1 [ 1 4 9 1 a
sawnulungudldBiunadug eswsoundamianu ludisansvewnavlunmswaa v 1d
Haza1nmMssziiulseansmmueddsmsmigusiuKanItIaan laanuuuiiane 1nNa
o 9 @ Y ~ a d ~ Y o = [
mstassasadounau lilgdeyauazimaesmsiiimesai  dldlunnusiaes ¥seglu

9 v A [ a S I
ﬁTLHJ@iJ”ﬁTﬂﬂuﬁﬂﬂWaaW‘ﬁN1uﬂNLﬂ‘ifl‘1ﬂﬂ@umﬂiluGl

74



=
Unn s

Y
ﬁ;ﬂuazﬁuamummz

[ a

@ 9 ° v A 9 J Y [ A KR
ﬂ'lﬁ‘ﬂﬂﬂWiﬂl@Nﬁﬁﬁ?ﬁﬁUﬂjcﬁiuuUUﬂ'lﬁ@\‘]‘l’l']\iﬂﬂ!ﬂﬁ']ﬁﬁﬁﬂ'luwa\‘]\ﬂu D NIUANH

~ g’z Iy o

o P [ [ FY 1 I 1 A
LL‘U‘UEﬂ"lﬁf’)x‘lﬂ'l'ﬂﬂf“]ﬂll')ﬁil&%ﬁﬁ?ﬂE:(Wﬁiﬂl‘ﬂ‘i uumﬂﬂ"lmgmmﬁﬁgﬂ@amﬂu 3 aiunel

E]

Y [ o

ajiwavesmseenuuuuazad g udeyadiunasnusiass 2 ajUwamssiasinis 9du0a
Tusandagnssanjs uag 3 agdwavesminaaevismstamsdveyanuuuuiiass lneliveue

o A v 0 dy
rvedgdwanmsaniivauaiae 1l

5.1 a3
v o o < y 2 g
MIPBNLUUUATAF N INTBYA U IUTOYaN0ONUVVLAZATNUYUNIUY A1115D
| o 1A a ¢ = a s 4
wou Toe ldamasiunvesmsiime suazs1eazivenveansines TAgHaaNEUITZUVNS
] ] a J I o o @
Uszuranavotoya dzHAAINARIUNINAT OB UMD TAIAZ A I1T0A1 Taa Tad 15y
A Aa A ag A o o Y o v =
mMslszlulsz@nsamvedsnmsninaue uuuT1a9ns 153 INIa IuTINIAg NI VTN
9 X I ~A =R
a3 vuuns fiAn
° a J o 2 A 9 o v A L4 9 o o
puuasInAdamaasgniannvuy e lddmiuinzins l93ualudanda
° a ° 4 ° 7=
gussangs Taslunssiaedlinizsiaed 2 aoIumMsiae 11AHANTTIAIADIUMITAN 1 TINIA
vwgnlFlulsdIWihFwaauas Tssnugadinnssumuanudosns 9 urauaaz viia o
Hnsanimudage JatendinadenavouudIande AuudIdINIa 11915898 un
4 ¥ = = = Y ) ° @ =
woiMs IuTIuIa Usinadmanlseiihdmmadens uazwamssiaesaniumsain 2
FawnavzgnldluTsa IihFwraves TssnugaamnssuTagns l9dmaasaunu ilensan
A o o A 1 o 1 1A = 4
nmvudga dadendiwagdonavedusiand Ao MIUAITINIEG 3IMFINIA LNNABTNIS
T¥uFauna Bunadwiainlseldihdwiadens tazamnnuieuvesiwaunazysiia e
= o s <3 Y Y [ [ 1
neuieunaananiumsain 1 wazaoumsain 2 mulanmslddwiasuiudansoaan
1A <3| d' Y 1A = o o
yuaarwia wazidlunuameimnzanlumsuddymanu ldiisanevesiinradmiy
< < @ @
TsaTrlihdmnavuaan vaz s lWihdunavmadnnnlusiiagnssas
[ { o [ ° a 4 (%
HanmsnagouMstansvoyan lFd miunuSasinadiamaasaIUTZUDNAIIY
o a . J o o . { 1
Tagunnsiun (Petri net)  u1lszgnaldlunssamsiuszuugiudoya sevoyanogly

v v VoA A o ~ A o o o
;@mm@yjmzﬂizﬂ@ﬂﬂmﬂ LUADNNUIUDINIITTUADILASITNIYATIDYAUDINTITTULAD T IﬂﬂNaa‘W‘ﬁ



] 1 Aa =]
YDITLUUMITUTLNIAHAUDITDYATITDUAAINARIUNIIAT OV WD UIND I HALAZ @INITDAIIY
Tvanadoyaluziuuuves Extensible Markup Language (XML) 91nmsisziiuilsz@nsnimves
as A o o o Ay ¥ o o 9 [ 9
Fmsimiuduenuranssiaeeil lannuuusiass Mnwanistiassamisadeunau ligdoya

A a d A Y o = l ) v Jd
1Az NUIYININUNDIAe ) NlFluuvviias ¥edlugiudoya lasuaninaansnIunNIg

A ] a J <
IATDVIIBDUINDTLUA

5.2 Yorauauuz
o an o 9 y = o A = ~
5.2.1 mawauedsiamsdeyariu arsvzlimsvh lsunsuduuenmileainTusunsy
y X 4 9 ~ ° ) A 2 3 < s
auiehgudeya nazimsiudueteyaivainrarsyunazdoyaniad ledannse
o ) v o ' Y A g o Y a Yo
swaadoyaliiluleguiuilaoil 14 mednauleansnihdoyaliusredalage il

A Y ~Aq Y o 1 a A [
5.2.2 u,ummﬂﬂmyaﬂﬂmmumam LYU ﬂ%h?ﬂmaWﬁ@mNﬂﬁlﬂ‘ﬂ@li‘ﬂ'l\‘l“lfuﬂhlﬂinﬂﬂﬁ

g}

o a2 a [} [ Y X g9 { ' '
AualSnananaaniamsinyas luszaudiune vesdaniagnssuys Feateyanioglu

U

Y 1 ] P
A1UAZBIANINITD AU UM INNUT VI UNANAANNTINEATAINET) NHAUALIDIATIUU
=

A q ya @ ° A2 = o9 D) a v o
L‘Wﬂﬂlﬁilﬂ'ﬂilﬁﬂﬂuiméll’t’)\ulﬂﬂﬁﬂa’foJ\‘]"llLl e 1F5amanaaMIUNEaT lUsZAUMIUA 7992

o Y o oA X
1/]']114Wa%’lﬂﬂ”ﬁﬁ]”lﬁ@ﬂﬁllyjﬁmﬂﬁ‘llu

76



[1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

[10]

[11]

518N13591999

Poch, L.A. Jenkins, R.T. “ Dynamic programming models,” Energy, vol 15, 1990.
pp 573-81.
Psarras, J. Capros, P. Samouilidis ,J.E. “ Multiobjective programming,” Energy, vol 15,
1990. pp 583-605.
Labys, W.C. Kuczmowski, T. Infanger, G. *“ Special programming models,” Energy, vol 5,
1990. pp 607-617.
Calderan, R. Spiga, M. Vestrucci, P. “Energy modeling of a cogeneration system for a food
industry,” Energy, vol 17, 1992. pp 609-616.
Kandil, M.S. Farghal, S.A. and El-Alfy , E.A. “ Optimum Operation of an Autonomous
Energy System Suitable for New Communities in Developing Countries,”Electric Power
Systems Research ,1999. pp 137-146.
duinnuneayauasguimsaumaiInemaniuazima lulad nsuinermaniuing,
dszaramsawmandeanlFwdsarudiuaa.eonlari 1591910 http//www.
siweb.dss.go.th /repack/fulltext/IR5.pdf (6 ﬁqmﬂu 2555)
ﬂ‘iuﬁmmwﬁqqm‘wmmuua$mﬁﬂﬁwé’wm,ﬁ'nﬂmw%maﬂluﬂizmﬁ"lm. [oou lail]
RRGENLES 91N:http://www.dede.go.th/dede/index.php?option=com_content&view
=article&id=130%3A2010-05-07-08-10-57&catid=58&Itemid=68 &lang=th (17 ﬁquwu
2554).
A1UNIUIATHAINITINEAT, %’aa&amswﬁmﬁuﬁunyﬂs.[a@u‘laﬁ]m’hﬁﬂﬁ'
10:http//www..oae.go.th/main.php?filename=agri_production (2 Qumﬁuif 2554).
dninaeneauazwounsima TuTad. nsuianInanUnALNUIEYo U NENEIa.
waanuF1na. [eon lariit1da 1d9n:http://www2.dede.go.th/kmmf/
download/A5.pdf (9 NUBIYU 2554).
NITNINNEN, grudoya wisnudawTa gwssangs.[oou lari it s

10:http://www.thaienergydata.in.th/province/72/ (4 Qumﬁ’uﬁ 2555).

77


http://www.dede.go.th/dede/index.php?option=com_content&view

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Y A 1
318N195913994 (7M9)

NILNTNNANY, VOYAMUMIINHATVDITINIAGWIIAUYS grudoya WasNUIIHTa
= I Y R Y . .

Q’Wiﬁmui.[ﬂ’ﬂullau]!ﬁlﬂﬂQllﬂmﬂ:http:// www.thaienergydata.in.th/energynew /

energyReview/energy/index_prv_agri.php?prv_id=72&year=2551(4 Qumﬁuﬁ 2555).

o w @ [ Ay d a A I Y KR Y
FIUNNUNHATWNUIATNI TS, magasmammmﬁmwaﬂwm.[aau”lau]mm'lﬂ
10:http://www.suphanburi.doae.go.th (2 WHHAIAN 2554).
JLUUATRNBATTUNAAUNAINUIALAUNAdN Tz INe, NAINUTINA.
[E]E]uvlaﬁ)]l,"lsljiﬁivlﬁ}mﬂ:http://www.teenet.tei.or.th/DatabaseGIS/biornass3.html

v
(4 NUAWUTD 2555).
Murata T., “Petri nets : Properties, Analysis and Application”, Proceeding of the IEEE, Vol.
77, No. 4, April 1989. pp. 541-580.
W.M.P.van der Aalst,The application of Petri nets based workflow management software,
in: A. Sheth(Ed.),Proceeding of NFS
K Salimifard ,M. Wright, Theory and Methodology Petri net-based modeling of
workflow systems : An overview European Journal of Operation Research pp. 664 — 676.
S. Yemini, G. Goldszmidt, and Y. Yemini, Network Management by Delegation the

MAD approach, Proceedings of CAS Conference, pp. 347-359

78



79



MANHIN N

m3l¥ranemswan inih 1Mw

80



M3 0.1 M3lFFmnaveanavaemsnaa i iMw

Rice Husk Characteristics

Sourse output, tonne/yr

20,000,000

Supply forecast Increase 1-2 percent per year
Biomass production rate,percent of source 23

Total biomass supply, percent of source 23

Biomass collectivity, percent of source 50-80

Total biomassavailability, tonne/vr

2,300,000-3,680,000

Higherheating value, kl/’kg 14,100
Fuel consumtion, tonne/yr/MW 9,800
Apgpreprate power generation potential, MW 234-375
Y ¥ o 4 ' a LY
AT N.2 GLGD'GD"HJ’Jﬁ"l]ﬁNUWll‘L!‘]JWﬁllﬁ’OﬂWiNa@lvl‘V‘IW'l IMW
Palm o1l Characteristics
Sourse output, tonne/yr 2,176,000

Supply forecast Increase 10-15 percent per yvear
Biomass production rate,percent of source 44

Total biomass supply, percent of source 24-34

Biomass collectivity, percent of source 90-100

Total biomass availability, tonne/yr

470,000-740,000

Higherheating value, kI'kg

8,400-18,250

Fuel consumtion, tonne/yr/WMW

14,050

Aggregrate power generation potential, MW
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M3 0.3 lF¥miavesnudseaemanan liih 1IMw

Bagasse Characteristics

Sourse output, tonne/yr 50,000,000
Supply forecast Stable
Biomass production rate,percent of source 28-30
Total biomass supply, percent of source 5-7
Biomass collectivity, percent of source 00-100

Total biomass availability, tonne/vr

2,250,000-3,500,000

Higher heating value, k]/'kg 10,000
Fuel consumtion, tonne/yr/MW 14,000
Agereprate power generation potential, MW 160-248

M3 04 lFymiaveauniniudinlzndinemsnaa i iMw

Cassava Characteristics

Sourse output, tonne/yr 7,000,000
Supply forecast Stable
Biomass production rate,percent of source 40
Total biomass supply, percent of source 40
Biomass collectivity, percent of source 20-100

Total biomass availability, tonne/yr

2,520,000-2,800,000

Higher heating value, kl'kg 9.150
Fuel consumtion, tonne/yr/MW 17,100
Ageregrate power generation potential, MW 75-84
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M3 0.5 lF¥nnavessatnn Inanemanaa i iIMw

Corncob Characteristics

Sourse output, tonne/yr

4,000,000

Supply forecast Increase 5 percent per year
Biomass production rate,percent of sou 25
Total biomass supply, percent of source 25
Biomass collectivity, percent of source 50
Total biomass availability, tonne/vr 500,000
Higher heating value, kl/'kg 15,000
Fuel consumtion, tonne/yr/ MW 9,200
Aggregrate power generation potential, MW 54
M3 0.6 Tdmmavesa lidenswan Tih 1MW
Wood Characteristics
Sourse output, tonne/yr 5,800,000
Supply forecast Fluctuating
Biomass production rate,percent of source 53
Total biomass supply, percent of source 53
Biomass collectivity, percent of source 60
Total biomass availability, tonne/yr 1,836,000
Higher heating value, kl/kg 10,000
Fuel consumtion, tonne/yr/MW 10,500
Aggregrate power generation potential, MW 118
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ManuIn v. malulagmsnaninihlae¥3na (Technology)

TransEsterification CastorBeanOil Biodiesel 0.8
TransEsterification CoconutOil Biodiesel 0.8
TransEsterification GroundNutOil Biodiesel 0.8
TransEsterification MungBeanOil Biodiesel 0.8
TransEsterification PalmOil Biodiesel 0.8
TransEsterification SesameOil Biodiesel 0.8
TransEsterification SorghumOil Biodiesel 0.8
TransEsterification SoyBeanQil Biodiesel 0.8
TransEsterification SunflowerOil Biodiesel 0.8
Extraction JatrophaOil Biodiesel 0.99
Fermentation Molasses Ethanol 0.000146
Fermentation SugarCaneluice Ethanol 3.93E-05
EnzymesFermentation Cassava Ethanol 1.01E-04
EnzymesFermentation CORN Ethanol 0.00021
EnzymesFermentation GroundNut Ethanol 0.00021
EnzymesFermentation MungBean Ethanol 0.00021
EnzymesFermentation PearlBarley Ethanol 1.85E-04
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EnzymesFermentation Sorghum

EnzymesFermentation SoyBean

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

AcidHydrolysis

Bagasse

CassavaStalk

CassavaRhizome

CoconutHusk

CoconutShell

CornCob

CottonHusk

CottonStalk

GroundNutShell

PalmEFB

PalmFiber

PalmShell

RiceHusk

RiceStraw

SorghumLeavesAndStem

SoyBeanStalk
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Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

Ethanol

1.86E-04

0.00021

0.45

0.45

0.45

0.45

0.45

0.45

0.45

0.45

0.45

0.45

0.45

0.45

0.45

0.45

0.45

0.45
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AcidHydrolysis

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

WoodResidue

Bagasse

CassavaStalk

CassavaRhizome

CoconutHusk

CoconutShell

CornCob

CottonHusk

CottonStalk

GroundNutShell

PalmEFB

PalmFiber

PalmShell

RiceHusk

RiceStraw

SorghumLeavesAndStem

SoyBeanStalk

WoodResidue
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Ethanol

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

0.45

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.11

0.2

0.2

0.13

0.2

0.2

0.2
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Gasification

Gasification

Gasification

Gasification

Gasification

Gasification

Gasification

Gasification

Gasification

Gasification

Gasification

Gasification

Gasification

Gasification

Gasification

Gasification

Gasification

DirectCombustion

Bagasse

CassavaStalk

CassavaRhizome

CoconutHusk

CoconutShell

CornCob

CottonHusk

CottonStalk

GroundNutShell

PalmEFB

PalmFiber

PalmShell

RiceHusk

RiceStraw

SorghumLeavesAndStem

SoyBeanStalk

WoodResidue

Bagasse
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Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Electricity

Heat

0.28

0.235

0.235

0.235

0.235

0.235

0.235

0.235

0.235

0.23

0.235

0.235
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DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion
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DirectCombustion
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DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

DirectCombustion

Gasification

Gasification

CassavaStalk

CassavaRhizome

CoconutHusk

CoconutShell

CornCob

CottonHusk

CottonStalk

GroundNutShell

PalmEFB

PalmFiber

PalmShell

RiceHusk

RiceStraw

SorghumLeavesAndStem

SoyBeanStalk

WoodResidue

Bagasse

CassavaStalk
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Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

0.36

0.36

0.36

0.36

0.36

0.36

0.36

0.36

0.36

0.36

0.36

0.627

0.36

0.36

0.36

0.21

0.275

0.275
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Gasification
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Gasification

Gasification
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Boiler

Boiler

Boiler

CassavaRhizome

CoconutHusk

CoconutShell

CornCob

CottonHusk

CottonStalk

GroundNutShell

PalmEFB

PalmFiber

PalmShell

RiceHusk

RiceStraw

SorghumLeavesAndStem

SoyBeanStalk

WoodResidue

Bagasse

CassavaStalk

CassavaRhizome
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Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

0.275

0.275

0.275

0.275

0.275

0.275

0.275

0.19

0.275

0.275

0.275

0.275

0.275

0.275

0.66

0.77

0.77

0.77
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Boiler
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Boiler

Boiler

Boiler

Boiler

Boiler

Boiler

Boiler

Boiler

Boiler

Boiler

Boiler

CoconutHusk

CoconutShell

CornCob

CottonHusk

CottonStalk

GroundNutShell

PalmEFB

PalmFiber

PalmShell

RiceHusk

RiceStraw

SorghumLeavesAndStem

SoyBeanStalk

WoodResidue
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Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

Heat

0.77

0.77

0.77

0.77

0.77

0.77

0.25

0.77

0.77

0.82

0.77

0.77

0.77
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