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Using the Hybrid DEA-TOPSIS Technique for Selecting the Suitable

Biomass Materials for Processing into Fuel Briquettes

Narong Wichapal* Atchara Choompol ? and Thaitat Sudsuansee'

Abstract

The decision-making process for selecting the suitable biomass materials from agricultural materials for
processing into fuel briquettes is a complex problem, which is difficult to decide because it has several
properties/factors to consider simultaneously. In this paper, the TOPSIS, DEA and hybrid DEA-TOPSIS techniques
have been proposed for evaluating and ranking the suitable biomass materials from agricultural materials. Firstly, the
relevant properties of biomass materials for processing into fuel briquettes were determined. The properties of each
biomass material from the agricultural materials were viewed as input and output variables for DEA (as factors for
TOPSIS) and the alternatives of the biomass materials from agricultural materials were viewed as decision making
units for DEA (as alternatives for TOPSIS). After that, using TOPSIS, DEA and the hybrid DEA-TOPSIS techniques
were used to evaluate and rank the biomass materials from agricultural materials. In the case study 1, there are 23
alternatives and 5 relevant criteria, including the moisture content, ash, volatile matters, fixed carbon and heating
value. The results of the Spearman correlation coefficient test between the hybrid DEA-TOPSIS technique and DEA
and TOPSIS techniques were 0.863 and 0.932, respectively. For the case study 2, there are 7 alternatives and 3 relevant
criteria, including the heating value, fixed carbon and moisture content. The results of the Spearman correlation
coefficient test between the hybrid DEA-TOPSIS technique and DEA and TOPSIS techniques were same value
(Correlation coefficients are equal to 1). For these reasons, the proposed techniques can lead to selecting suitable
biomass materials for processing into fuel briquettes by considering several relevant criteria.
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YuAuN 1: a1 uuningmsaaaule
WN3nd D, Tvu1a mxan lasNau1FnUe

a 4 a 1
WATNY x; ‘Hlﬂﬂaﬂ ﬂguuuﬂﬁZLlJu‘U@QLLGIﬁZ“VITQLﬁ@ﬂ
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1 4 o
i MUYNNDIVRILAAZINUY j Taofuald =1,
2 J v A ~ 3
m uagj=1,..,n wasngmdaaulanadsvunans

luauns (1)

C G C,
A1 X1 X Xin
Ayl X Xy Xon M
Dmxn = . . .
Am Xml Xm2 an

o a v ¢

Tuaaunz: adrquesvealadiunSndnis

v A

aaduly

o o 1 J 1 a
V]1fniﬂi']J"’lsJ}ﬂiJﬁﬂlﬂﬂll@]ﬁ%lﬂﬂ!%%?ﬂﬂuﬂﬂﬂ

U

1 @ Y3 1 A = @
uanaenu Iiluniierieunasg @iy Taglu
M55 UNUIBILUANAIIAUTEH AN U 1T

S A A A A Ja 9 A
watlss Towil (B3NAIGIB9R) LaznaBIAUTY (B9

]
' o A o

=2 Y I 4 4 a I
1618998) fvualy R iuuesuea ladiuns nd

=g}

f
A a 4 [ 9 a I a
nsownIndnisliuveyarnd uaz », uauyn
A & s s A < o
YOUUNI NG FIuoINOA ladumindansafmuin

Idasaunsn )

X

,/%Xzij
i=1

Y a J v a U H @
3: auumingmsaadulaninimin

R:[r”]mxn, I = for i=12,..mj=12,..n

2

” v
U I

VYUHADUN
o v 2 3 o o o '
fﬂ‘ﬂuﬂi‘ﬂ wjLﬂuumuﬂmmmmgmaumaz
¢ ¥ o, ¥ @ o w ' ¢
INUN 7 IDUUHIHUIHUNANUTIAYVDILUAASINUN

o : s o & P
ﬂiuﬂﬂ“ﬁjﬂllﬁsluuﬂﬁgﬁﬂﬂﬂ ANUULNUNT DB NI

U U
v A

2 o a A ¢
aaaulanlrnimin (V) 1agauw¥NUBIUNT Ny (Vij)

v
Yo A

aunsamulalaaail
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V= [Vij ]m><n ! Vij (3)
Tunouil 4: MUUAMYANARTIUINIALITIAU
MIUIAIQANAALFIVIN (positive ideal solution,

PIS or A) HAZAIQANAALTIAY (negative ideal

@

F
solution, NIS or A”) aangamnua ldaail

4)

n

+ _ [\t ot +
A _(vl RTANY )
A :(vl’,v;,...,v; ) ()

A

130

+ . . A . . . .

v, ={max (v)) ifj € J ; min (v)) if j € J }
v, = {min (v, ifj € J*; max (v,)if j € J}
4 g a
o J waz J Shunasimanailss Temiuay
da 9 . . o w
INUNBIAUNU (criterion benefit and cost) MUAAU
TUABUN 5: AIUIVTLISHINIINAIGANARIT
VINUAIFIA VDA AZNINE DN

(1) 52821 NINAPANAAITILIN TINNTDAIUIN

Tagldeaumsn (6)

S+

W V)% i=123..m ()

—
I M:
AN

(2) 5282 NNINAPAVAATIAL F1U1TDAIUIN

Taeldaumsh (7)
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v
[

d' [J 1w a QJQ‘ Y
Tumaui 6: Aummdulszansnlnanigan
ﬂaﬁ?ﬁ] (Closeness Coefficient weight: ccw,*)

° [ [ A 9
MUIUAT cow, YDIUAAZNIAN Aol

quNI5N (8)

O<ccw, <1 €))

W =——
LS +S)

v o =

9
VIMNUUIAATAVUDINTUADNATUAT cew; ’1/1Nlﬁﬁlﬂ

]
s =

Mymzaungaaziini cow, 1INNGA W30 cow,* dIU

a

A A Y 1 =) Y
MUAONNTAT cow, HOININILUANUHVIZ AN DY
M
3.2 mamnalagl¥imatia DEA

v
Charnes, Cooper and Roberts [16] IETRE
T15un5FUdY (Linear Programming, LP) Tumsia
1 a a a 1] @ 4 ] a 9
A5z anTMIMFITUNNT U MUIenan Taely
wanmsnuadiamaasuuy bisfmuazluuuves

7 o ! ~ £ o
Wan %Y (function form) FUNANAHTINITDTA
szansamvesrulenannuiladenanaznanan
na19¥Ua (multiple inputs and outputs) ALV VN

a a4 v 2 < A v o
aalarmaasnasvuaziunsnosauauilede
W (input-oriented) HAZHANHAUSUYDINANDLUNY
A47 (Constant Returns to Scale: CRS) @415 801111

2
9189991791 DEA-CCR-I 198518221089 U039A U
a P vo X
mMandiarmans uaaeldaail
o Y
Mrualn
I~ o [ o
iudeiivealaderinini=1,2,..m
I = a
riluasivosNanan r=1,2,...R
I = [ a
FIWuARYeHUIONEARA = 1,2, n
A a v o Y o o . a .
X, aoa)sziiuadeind i dmsumitenan

v, AoAlsziiuiladenanan - AMIUNUIHER
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u, Ao Mahmindwmsuldonanan »
A (A 3 @ o @ v o 9
v, o aannimtindmsuiadeninan 7
m
o ©
Min =X v, - X,
i-1
S -1 (10)
) Yo Ur =
r=
S m
. : 8))
zyrj'ur__zvi'xijgo’ V)
r=1 i=1l
v, u, >0; Vi, Vr (12)

3.3 msmualaglinatia hybrid TOPSIS-DEA
Anualiigadnaflumaden uazieio
1aun mazuuudsz@nsnmanmaiia DEA waza

@ a Q‘{d‘ Y Qd’ a
duilszansnlnaagaunangasinmaiia TOPSIS

a

Z; [J 1w a a"n‘ F2A) Qd’
NnUuMIumMdulszansnlndmeauadng

E} &l

Y
TniTaeldvuaeuau@eriuiumaiin TOPSIS

4. msszgnaly

4.1 M3AAUANNNAYVRITATIMEMHTIMS

mlsphihuFemassauts nadifnunii 1
NANANMINATIUANUANIAYITAATINIAUADY

= 4

yiiaTagdoslfianmsmaluladnasau dedve

nanuLazauaden aaniuIseInemansua

malulaturadszimalne Faviinisnaaey

AUANTAURITAQFINIATIUIY 23 %A 1AL
A o W 3 dy a a

paantiandagvesnisulsgliludemasdiuia

v 1] Y

Tasdmou 5 dadennedtes 1dun anuau (C1) 161
4 @ 1

(C2) ?1952118 (C3) ANTUDUAINI (C4) LAz AN

Fou (C5) sanaasluasnemn 1

75

M3 1 uaniavesiagiiuia [36]

c1 2 2 c3 cs
Biomass

(%) (%) (%) (%) (%)
Al (fufhe) 933 477 67.95 1795 404429
A2 (F1vhe) 431 8.63 68.83 1823 4051.48
A3 (@ Tna) 13.32 6.2 64.58 159 4313.90
A4 (Fa11 Tna) 439 1.03 80.17 1441 4187.00
A5 (zazNniN) 11.79 0.85 64.03 2333 486048
A6 (nzanhaw) 13 13 64.55 2105 507250
A7(vhad) 286 11.24 65.64 2026 350351
A8 (ldonniEou) 9.93 271 743 1306 444945
A9 (MAMUALTU) 1.5 3.67 64.34 2049 403420
A10 (¥1u800) 13.38 261 64.73 1926 397276
At o) 732 15.65 6235 1468 5078.74
Al2 (una) 727 14.07 60.87 1779 4009.40
A3 @duiudnlendy) 3154 6.22 47.73 1451 4670.00
Al4 (nduiudlzude) 41.98 3.57 41.86 1259 4368.30
Al5 (MghuT91) 591 8.04 66.97 1908 3939.68
Al6 (A1) 575 6.53 65.32 24 377301
A17 (Tannszqu) 8.57 9.88 65.23 1632 434092
A18 (lugsdny) 9.25 4.15 64.38 2222 4556.10
A19 (finAn) 6.47 10.08 67.07 157 3492.13
A20 (To1ams) 3.94 454 16 7352 693402
A21 (@ufhe) 43 151 79.1 1509 4436.00
A22 (1vha) 7.87 223 72.14 1776 5179.00
A23 (Fudnine) 9.09 1.03 72.17 1771 4309.40

v
Yo A

Tasanuneveaugaziladouans laaail
- 33NANY YU (Moisture Content) Ao 15110
v 4 C e a4 o A 2
WnnunaseguatnInianuis mniaqiinnusu
o YA = Y @
winazldimsgaydeanuionlldunsszive
X o q o Y Ay ve o & X
Ay mlaianueun ladias aaiuanuay
Y 1 =} A 3 dy A Ao 1
Woonivzlguaniamsdudomaiiann
v A ' PN A A A
191 (Ash) fi® @IUVRIATBHUNTINHNADIN
o < ' { ' v 2
msduat) viadluaruinm Tud hi'ld daiunin

1 @ 1 ddgl 9 = Id
ausaunal U 1saun szutdair lumswn

9
@

Y o 2 Yy 9 ' = va I
h1‘]/?1! ﬂﬁuul]ilﬂtl!!.i‘nuﬂfJﬂ’.leiJﬂm’diJUﬁﬂﬁ!ﬂu

2 v
FOINAINANN
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-dSuaarsiiszima'ld (Volatile Matters) A ©
4 A A
pandsznouluveudenamisaszveld Tasans
A [ Y a 1w A t4
szsuNriaone IiAatymaedaarseginsal
d' o w dsl’ a 9 [ ?,', a2 d'
minagremaldldau aninlsnauaminszme
Y Y 1 = wa I dy A Aa [
ladtesnazliguaviiamailusemwasnann
a 13 (Y]
-dSuanisveunen (Fixed Carbon) Ao
a 14 < 1 v
WSuaesdszaeuasveuaszimeldonn a1uda
T AA A 4 3 a
unanTifsinamsvounsdargaslissarlunmsgn
9 [ 3‘/ 9 = A Y 1 a
Ty daiudnlSunamsnsmeldunnineei
wa I dy A Aa 1
paauianaudemanani
\J v A a
-A1A1N50U (Heating Value) Ao Y5u1aun 113

A 2 1 9

JounnaIu ﬂW‘I’JHJiE]uQN%311?W5Q\11Uﬂ]6\1ﬂ13m1

3

v
Tnifge auiudrSuraanuiouliniganiiegd
wa < dy a Aa 1

AuauiamsihuFemainanin

Wdeyalumised 1 dunamannudiayves
g1usaunauaazsiialaslyd DEA, TOPSIS ag
combined DEA-TOPSIS Han15snaaodadaadly
Waven 4.1.1, 4.1.2 1ag 4.1.3 muaay
4.1.1 wamsmualaeld TOPSIS

o 9 A ° 1w a A

deyalumsnadn 1ndamdulssdnsy
Indmgaundnga nie cow, Tagldaunisi (1) da
(8) HAMIAUIA cow, VO TTTINIAUAZFTALAA
Tugsnan 2
4.1.2 wamsminalagly DEA

o d' o S

deyaluaisied 1 Tassmiuald DMUs 10
¥iAr0IiagIIuIa (DMUI fa DMU23) Jadeinin
2 g o A J 1 1 =
Fuilwlaiendesmsaniooga (Anfeeniuaaaind

wva I dy A Aa 1 9 ' dy

auavtamailwdeomasnanin ldun anuiu
(X1) 181 (X2) Haza13seine (X3) uaziladonanan

= I v A 9 1 1 1A
FuulatendosnsuInga (AININNIUAAINY

76

auauiansiudemaiiiany 1dud aveuns
&2 (YD uaza1anuiau (Y2) mﬂﬂzuﬁwi’mgaslu
a13eh 1 Muuanlszanamueasazitons
HAARIEFIITY DEA-CCR-T Aaaumsi (9) 54 (12)
Tagldwonduad LINGOI3 Wan13A1uInA
Useansmmvediagriuiaudazstianaadluniing

)

M99 2 MUsLANTAINLAZAT cow, VOINUIBHAR

Biomass Efficiency score cew;

Al 0.4238 0.5142

A2 0.5341 0.5104

A3 0.3606 0.4669

A4 1.0000 0.5520

A5 1.0000 0.5625

A6 0.9247 0.5425

A7 0.6961 0.5014

A8 0.6200 0.5103

A9 0.4787 0.5222

Al10 0.5497 0.5142

All 0.3942 0.4298

Al2 0.3134 0.4450

Al3 0.4243 0.3231

Al4 0.6100 0.3162

AlS 0.3788 0.5093

Al6 0.3760 0.5373

A17 0.2878 0.4668

Al3 0.5273 0.5430

Al19 0.3067 0.4730

A20 1.0000 0.8905

A2l 0.9768 0.5535

A22 0.8438 0.5483

A23 0.8941 0.5457

910815199 2 91MsdszulanadlIemaiian DEA
< U T a A

uaae A uIMUIEMINAN A4 AS Az A20 1A
AZUUUYTLANTAINNIAY 1 FINUI8ANNINULY
a 1 qyd [ A Aa a a 1
mswaaratituviiensnaanilszansnin (M

a a Aa ! IS
AzuUUTZANSAMANA NNV ANHINS T



UNANWITING

NyasInmama Tulaggaavnssy UM 15 91UR 1 uTIAN-WEIEY 2562

The Journal of Industrial Technology, Vol.15, No.l January-April 2019

AN wazanmslszuianadlgmaiia TOPSIS
: . oA “? .
A cow, YBANUABNHI 0HUIINAN A20 T M IIN
FAgAININY 0.8905 (A1 cow, NINNIUAAIIN VLN
ANUNINZANNINNI)
4.1.3 wamsmualaal¥inaiia TOPSIS-DEA

Y

o a 4 v A

Tuaesuusnas1unasndnisaadule lae
o Y A <) a 1% =y = A
mualimudenitusinvesiagFiuirasdl
o A = 4 9 T
1IN 23 MDA (A1 D9 A23) uazinaen laun A
Azuuulseanininonimaiia DEA (C1) tagal
@ a Q(d‘ Y Qd’ a
duilszansnlndanigaundngasinmaiin TOPSIS

' Y
(€2) daaaalumsan 2 ntusihimsuesyealad
doyalumaindmsaadulelaoldaumsi ) wai
Tadousiuealagunsndnisaaaula asuaaslu
=

A15199 3

a ¢ Py a o o A
MINN 3 u'f]ﬁN@alla"]f"ll@l;l‘ﬁalulll@'lﬁﬂ“]fﬂ']ﬁ@lﬂﬁucl%

Biomass C1 Cc2

Al

0.135 0.205

A2 0.170 0.204

A3 0.115 0.186

Ad 0.318 0.220

A5 0.318 0.225

A6 0.294 0.217

AT 0.222 0.200

A8 0.197 0.204

A9 0.152 0.208

A10 0.175 0.205

All 0.126 0.172

Al12 0.100 0.178

Al13 0.135 0.129

Ald 0.194 0.126

Al5 0.121 0.203

Al6 0.120 0.214

Al7 0.092 0.186

A18 0.168 0.217

A19 0.098 0.189

A20 0.318 0.355

A21 0.311 0.221

A22 0.269 0.219

A23 0.285 0.218

77

o 9

Mdeyaluaisnan 3 masraunsngnmsdadula

U
4

1 ¥ o ~ ° vy o
araimiinlaglFaunisn 3) Tagimuaaniiviin
v oA & v A - Voo A
voatfavenvtaazifavenaeelaunInNg A 0.50
A vy A v a ' y v v Y =
e lansndmsaaaulagrnimiinudd :1niuda
Mmnsmuuaa lugauaAdrILIn (Max) HaziFaay
. ) ~ = o A

(Min) Tagl¥aumsn 4 99 5) aauaaalunisian 4

y a v a ' 3 @
M99 4 Lllﬂ'iﬂ“]?ﬂﬁﬁﬂﬁﬂiﬁ]ﬂ?ﬂﬂ?‘ﬂuﬂ

C1 C2
Al 0.067 0.103
A2 0.085 0.102
A3 0.057 0.093
A4 0.159 0.110
A5 0.159 0.112
A6 0.147 0.108
A7 0.111 0.100
A8 0.099 0.102
A9 0.076 0.104
Al10 0.088 0.103
All 0.063 0.086
Al2 0.050 0.089
Al3 0.068 0.064
Al4 0.097 0.063
AlS 0.060 0.102
Al6 0.060 0.107
Al7 0.046 0.093
Al8 0.084 0.108
Al19 0.049 0.094
A20 0.159 0.178
A21 0.156 0.110
A22 0.134 0.109
A23 0.142 0.109
MIN 0.046 0.063
MAX 0.159 0.178

1Waeya91NAIT197 4 WIINTAIUIUT LI N
INAIGANARALTIVINUAZIFTIAUVYDIUADZNIUADN
Tagldaunisn (6) 89 () ganrodiurwm)
1% a a"a‘ A ad 1 A
duilszansnlndamgauaangaveudasnaasn

TaglFaumsn (8) NamImUIVUUAAIAIAITINN 5
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PRl

4‘ o a 4 aa
M31N 5 dulszansnlndagauaanga

I A AY Yo A v
L‘l]u!.'ﬂﬂuﬂﬂllﬂﬁ‘llﬂ’J13JuUiJ1uﬂ']§LlﬂﬂﬂJﬂ']ﬂ1i

. R o . v a 14 v o
Bl S S &L Raukine m’c’fﬂmmUﬁmﬂmmm ﬂTiﬂﬂﬁ@Uﬂ'ﬂNﬁNWH‘ﬁslu
A r'd
Al 0.045 0.164 02754 16 A Yas o a £ v o
ﬂi’Lll1!%31"]5’3‘15ﬂWiWﬂﬁﬂUﬁNﬂi$ﬁ1’lﬁﬁ1’iﬁNWHﬁ
A2 0.055 0.161 03420 12 o o A
mﬂﬂmuu NﬁﬂWiWﬂaﬂﬂﬂﬂuﬁﬂﬂiu@WiNﬂ 61as 7
A3 0.032 0.165 0.1959 18
A4 0.123 0.190 0.6451 3
2 W a v o o o
A5 0.124 0.189 0.6537 2 M990 6 NI3L JYUMNIUNITIAAIAUANNEINY
A6 0.111 0.181 0.6117 5
Efficienc cew,
A7 0.075 0.166 0.4497 8 e
Yy based
Biomas based Rankin
A8 0.066 0.163 0.4032 9 Ranking based on Ranking
s on g
A9 0.051 0.162 03156 13 TOPSIS on DESS
DEA TOPSIS
Al0 0.057 0.161 03562 11
All 0.028 0.162 0.1752 21 Al 0.5142 12 0.4238 15 02754 16
AlL2 0.026 0.167 0.1559 2 A2 0.5104 13 0.5341 11 03420 12
A3 0.022 0167 0.1300 23 A3 0.4669 18 03606 19 0.1959 18
Al 0051 o182 02824 " A4 0.5520 4 1.0000 1 0.6451 3
AS 0.5625 2 1.0000 1 0.6537 2
AlS 0.041 0.166 0.2481 17
A6 0.5425 8 0.9247 4 0.6117 5
Al6 0.046 0.168 02754 15
A7 0.5014 16 0.6961 7 0.4497 8
Al7 0.030 0.172 0.1752 20
A8 05103 14 0.6200 8 0.4032 9
Al8 0.059 0.162 03664 10
A9 0.5222 10 0.4787 13 03156 13
A19 0.031 0.170 0.1852 19
Al0 0.5142 11 0.5497 10 03562 11
A20 0-161 0-161 10000 ! All 0.4298 21 03942 16 0.1752 21
A2l 0.119 0.187 0.6395 4 Al2 0.4450 20 03134 20 0.1559 2
A22 0.100 0.173 0.5789 7 A3 03231 2 0.4243 14 0.1300 23
A23 0.107 0.178 0.6013 6 Al4 03162 23 0.6100 9 0.2824 14
A ] A 3 Al5 0.5093 15 03788 17 0.2481 17
INAITNN 5 Llﬁﬂﬂﬁlﬂlﬂuirﬂ'lﬂlﬁ@ﬂ A20 L']_Iu
v Al6 05373 9 03760 18 02754 15
A A A A = 1 @ 9
NILADNNANTR ADUAT cow; INTNVY 1 AT1UAY
a Al7 0.4668 19 02878 2 0.1752 20
= 1 1w 1
NUABNLUAL AS (A cow, ININU 0.6537) g A4 (AN Al8 05430 7 05273 12 03664 10
v o A < Al19 04730 17 03067 21 0.1852 19
cew; INNY 0.645 1) uaiay TﬂEJ‘VINLﬁi’)ﬂ Al3 L“lJ‘L!
' A20 0.8905 1 1.0000 1 1.0000 1
=) S A Y ! ! o
NMUADNNUAN VN VI TUUDYFA (A cew; IN1NU
qa A21 0.5535 3 0.9768 3 0.6395 4
0.1300) A2 0.5483 5 0.8438 6 0.5789 7
[aS° A23 0.5457 6 0.8941 5 0.6013 6

v
NUUIINANTAMUINYDIITNU AU (DEA-
TOPSIS) 115 suinsuauduiusuiondiu

v 9
ﬁﬂﬂﬂé}ﬂﬂﬂﬂlﬂﬂuﬂ DEA ttag TOPSIS “?\11/]\1?{?)\13%
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d‘ o a £ v o Jd A 9 [
13190 7 duilszansavdunusatosuuudivmsy

ATAIRANYIN 1

TOPSIS DEA DEA-TOPSIS

TOPSIS 1 0.718 0.863

Sig. (bilateral) 0.000 0.000

DEA 0.718 1 0.932

Sig. (bilateral) 0.000 0.000

DEA-TOPSIS 0.863 0.932 1

Sig. (bilateral) 0.000 0.000

111399 6 taza119d 7 uaasliiiunismsys
WINITTINAUTLHINUNAUA DEA ag TOPSIS
'
(hybrid DEA-TOPSIS) Iiaduseansandusiusa
=3 o =1 1% a 1 9
Wesuuuneunuimailin DEA 1ag TOPSIS ABUU14
a9 A9 0.863 (Sig. = 0.00) AL 0.932 (Sig. = 0.00)
v v Y
AaAY AaiITMINuauelivalinnuaeandnd

o v

f1IMAA DEA tiag TOPSIS wansdaaiay Iasld
A ' A Ao a A v
1nniin DEA-TOPSIS Wu11M19tdennangane ld
- va o A A v
8191131 Taoliuauiiaaadl A1auFu 191 @13
FEIHY A5 VOUAIAD HAZAINNNT DUNIAY 3.94%
4.54% 16% 73.52% UAY 6934.02 cal/g ANAIAY ¥4
Y
wan1snaaealuauIdTeilaeanananumatin DEA
d' a o d‘ c!' 9 o
ag TOPSIS 1oNa15a11laveNineI V9914 5
o ' 3 A wa A v A
T3 0g19 lsnawlumalridervnuileden
A 9 A ' v 9 v a
o090 9 15U JITeAIUAUNUMITHAN 1ag
] F
Suavesmvauaazyianieluiosdu venoinil
an A o e A A o v
FWarsninauestamsamunadenuaziade’ld
Y ] v
UBAAUUTIAINTUNNTIUIUIT NN LN Y
Y o Y a dyd A ]
18 i Idmadamsnaunauiiinnudangugalu
Y v A 4 I
msundyrimsaadulonvuvatonua uaziilu
v 2
suamnildlumstihnlszgndlFlumansduil

A X
Wi lueuiang
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% = I3

4.2 MIFANAVANNNAYVDITAAFINIANHIUMS

Q
v

=

slszlilumemasdauna nsdifineii 2
ANANUITIVOIITIUIN VUT T nazam
Yo = v A o A A
[34] 1d¥imsAnwT “mspadenndsnunudeni
K4
MU ANE S URNFUNNFOINAITINIA0AUNG TAY
Y
152 0UMISIAUTIFINAT 12 Tasluauite
IdmsnadeuquantiavesnIusaunIINidg
A Y o a y ' Y
waeldniamsinyassiuiu 7 ¥ia laun nndes
(AD) nAFYYIH (A2) FNADFI (A3) NaD (A4)
¥ )
ALANTNII (AS) Uides (A6) uazluesiy (A7)
° vad o o <
Tasmnuanadutiandiagyvesnisuilsgiiilu
2
wormaruIas e 3 s 1dun annudeuc)

¢ o X o
A1TUBUAINTD (C2) UagANUTU (C3) ganaaalu

A
AITNN 8

M51970 8 M 1UAAIANTITBVRINUDALNY [34]

Biomass Cl C2 C3

Al 3.40 4462 17.60

A2 5.10 4272 22.80

A3 5.00 4246 23.60

A4 3.10 3886 17.30

AS 3.29 4761 25.50

A6 3.45 4876 22.40

A7 420 4136 23.70

Nl M u@EeTTe 4.1 it
F1UIUNIAT cow, TaelFinadia TOPSIS iaz
Muamalszansanlagldinaiin DEA-CCR-I
gamemuIuna cow, Ingldimatia DEA-TOPSIS

WaMIMUILEAIIUAI5199 9 HazA13199 10



UNANWITING

NyasInmama Tulaggaavnssy UM 15 91UR 1 uTIAN-WEIEY 2562

The Journal of Industrial Technology, Vol.15, No.l January-April 2019

@

M3190 9 MmafSeueumstaaaunnudinw

o

cew; cow;

based based on

Biomass Ranking Efficiency Ranking Ranking

on DEA -

TOPSIS TOPSIS

Al 0.5401 3 0.9069 3 0451 3
A2 03323 7 0.5788 7 0.000 7
A3 03726 6 0.6090 6 0.069 6
A4 0.5341 4 0.8662 4 0423 4
A5 09194 1 1.0000 1 1.000 1
A6 0.759 2 0.9767 2 0.763 2

A7 05279 5 0.7280 5 0338 5

= % = Q’ % 7 = o 7
519N 10 duilssansanduiusailes uuudmsy

~ A
NIUANYIN 2

TOPSIS DEA DEA-TOPSIS

TOPSIS 1 1 1

Sig. (bilateral) 0.000 0.000

DEA 1 1 1

Sig. (bilateral) 0.000 0.000

DEA-TOPSIS 1 1 1

Sig. (bilateral) 0.000 0.000

o w

1AM15197 9 1AZAIT1N 10 ITWUINNTIABIAY
Anudngvesnusaunuaazsiialaglinaiia

TOPSIS DEA tiaginaila hybrid DEA-TOPSIS 115

]
= A

Y v
AFIA VNN UBUAUNITINIT Tagnr1uoAUNIN

De

o w

mngauigaIudumngavioogarzSosdiaula

o & ¥ o w A Eg o w A
AU NZAWSNII (A1AUN 1) VaDY (A1AUN 2) NN

]
o v A

G

\3

008 3) upa (@1euh 4) luesu @reun 5)

]
o v A

o o o A - A
WRRUFI (A1AUN 6) uazﬂﬂg‘ﬂqw (@1AunN 7) 1o
a [ A de‘ A 9 = @
warsanadensenuauiiannelveuiied 3 Jody
Y 1 dy 4 o 1 9 Il
Taun aAnudu asusuAIRI tazAmnNuiou 081915
<3 a oA 1 o A
nanlumsdfiaeraldardunu nazdedon
a Yy A a o a ' Y =
nevesaug unnsanlumsaagaulesiuaie s

an A o A A o A
M raUeaIsANNNRenuas Uaden

80

an

d' ] v A o A~ A '
mmmm"lmummmﬂmﬁmnmmﬂﬂwquqﬁmmz
Y

Atz lumansdnil

5. a3iwa

msanuiantidvesiagnlanIniaqnae 19

@ =

NNNITNYAT Lﬁ@ﬁﬂ‘]ﬂ1LL1!’J1’]N11!ﬂ1§13TJﬁWB’JM’J?I

a

J dy < dy a A A 1 o ]
maruulsjhidhudemasiiuiarseaiudaung
o o 9 o A ) a =
dsulglunsuSou TuaounsNSTNINANY

9 ]
AaauiaveIFIIALAaz T TUABUNTRIAIUIN
9 1
1 cew, TaglFinatia TOPSIS YuasuRauiIUIn
v 1]
Yszaniamlasldinailn DEA-CCR-Tazyunoui
ARIUIUNIAT cow, TaolFinaiia hybrid DEA-
TOPSIS HaMsNAdoUNTUszgndlFinadia hybrid

DEA-TOPSIS Tunsaifin®1n 1 #93311umaaen

o

23 maden uaziidadendransiuau 5 dade ldun
F
ANV I A1TTLINE AT UIUANAD LAZAIANY
P o a £ v o oA
Fou wamanaaeudulszansanduiusatlosuuu
)
5¥NI1NALUA hybrid DEA-TOPSIS NUIMATIAAIAL

aoaunnaiin AU DEA 1ag TOPSIS HAUNIALY 0.863

o v 9

1AL 0.932 MNAIAY F1HTUNANITNATBUTINTU

]
=

A K
AIUANYIN

=<

FANIIUIUNUADN 7 NUADN Azl

Madeineatosidinn $1uu 3 Jade laun Anw
K

$ou ASUDUAIAD LAZANUFY WANIITNATDY

o a £ v v A & ' A

Fuilszansanduiusadosuuuszninunaiin
Y Y

hybrid DEA-TOPSIS fUIMATARANNIaounaiia

#9141 (mAlin DEA uag TOPSIS UANNIAY 1

v Ed
MU uaadIunadaNd1aue il (hybrid DEA-

]
A A

I A = a a A o
TOPSIS) 1iluinspadianilszaniainnalunisia

o v ]

UszaniammuaziadiauaNNdIAYUeIHUIENIS

£ o o ¢ A

a 4 o a s a
Waf LﬁfNﬁ]1ﬂﬂ1ﬁ'3Jﬂﬁ%ﬁﬂﬁﬁﬂﬁﬂwuﬁﬁlﬂﬂﬁlmuﬂ

9w

naaovogluszaugs (Misd1Any 0.05) Fanueda

]



UNANWITING

NyasInmama Tulaggaavnssy UM 15 91UR 1 uTIAN-WEIEY 2562

The Journal of Industrial Technology, Vol.15, No.l January-April 2019

' Ed
madanduausluiuidetaivisodsziiiuv

YseanimmuazsadinuaNudIAyveIITg¥INIa

' a P Yy o o ¥ A A A
Llﬁﬁg%uﬂqﬂﬂﬂ%ﬁﬁﬂﬂﬂaﬂﬂﬂu AIUULIATOINUDN

2
tuaveluadseisuduuuanialunisi 14

o o

Uszifiunazsadiuanudiiavesfandmaadu
14 FaFRenauemariitanubanduguilessn
aunsafiumadenuaziaseiinedod
dmsumiiteluomna fisoauenuz iy
yinvesiandiuaa uaziindaseiinertes 1
Funumanda Unasagauidluitesdu uas
fnunmuesiagimaaudazsia e linsennqu
ﬂi}i‘i’ﬂﬁzﬁm%mﬁwmﬁm%"ummﬂigﬂzﬂu

dy a A v ' v A
L"IfﬂlWﬁQ"]f'.]llUa@ﬂllﬂﬁﬁlﬁlﬂuﬂﬁﬂlﬁ@u

6. nadnssnszma

ATguvevo U F1YIFIIAINTTUGAAINNT
amzianssusnaaiuavimaluladgaaivnssy
umIndenwaug iemsanuazainlunsly

CON ao g 9 1 =
gunsalae auauiseiidusegarslided

7. 1IONA1591999

[1] Department of Alternative Energy Development and
Efficiency, “Energy Situation in Thailand 20177,
Available:  http://www.dede.go.th/  download/

state_61/frontpagejan_nov60.pdf, 26 March 2018.

(in Thai)

81

[2] Department of Alternative Energy Development and
Efficiency, “Energy Situation in Thailand 2017,
Available:http://www.dede.go.th/download/
state_61/frontpag.pdf, 26 March 2018. (in Thai)
T. Tantisattayakul, S. Phongkasem, P. Phooyar
and P. Taibangury, “Community-based renewable
energy from biomass briquettes fuel from coconut
leaf”, Thai Science and Technology Journal 23 (3),
2015, pp. 418-431. (in Thai)

[4] Department of Alternative Energy Development
and Efficiency, “Energy Potential of Biomass in
Thailand”,  Available:  http://www.dede.go.th/
dede/index.php?option=com_content&view=articl
e&id=130:2010-05-07-08-10-57 & catid =
58&Itemid=68, 26 March 2018. (in Thai)

K. Wongsaroj, T. Sawadsevi, N. Prathinthong and
P. Wongsrivej, “Biomass Briquette Production
from Jatropha”, KKU Engineering Journal 38 (1),
2011, pp. 65-72. (in Thai)

A. Ussawarujikulchai, C. Semsayun, N.
Prapakdee, N. Pieamsuwansiri and N. Chuchat,
“Utilization of durian and mangosteen peels as
briquette fuel”, Proceedings of 49th Kasetsart
University Annual Conference: Science, Bangkok,
Thailand, 2011, pp. 162-168.

B. Jolanun, A. Phutharukchat and C. Khamtui,
“Community-Based Renewable Energy from
Mimosa Pigra L. Charcoal Briquettes”, KKU

Research Journal 16 (1), 2011, pp. 20-31. (in Thai)



UNANWITING

NyasInmama Tulaggaavnssy UM 15 91UR 1 uTIAN-WEIEY 2562

The Journal of Industrial Technology, Vol.15, No.l January-April 2019

[8] C.Kahraman, S. C. Onar and B. Oztaysi, “Fuzzy
Multicriteria Decision-Making: A Literature
Review”, International Journal of Computational
Intelligence Systems 8 (4), 2015, pp. 637-666.
L.A. Vidal, F. Marle and J.C. Bocquet, “Using a

Delphi process and the Analytic Hierarchy Process

(AHP) to Evaluate the Complexity of Projects”,

Expert Systems with Applications 38 (5),2011, pp.

5388-5405.

[10] A. Bilbao-Terol, “Using TOPSIS for Assessing
the Sustainability of Government Bond Funds”,
Omega 49, 2014, pp. 1-17.

[11] S. Zhaoxu and H. Min, “Multi-criteria Decision
Making Based on PROMETHEE Method”,
Computing, Control and Industrial Engineering
(CCIE), Wuhan, China, 2010, pp. 416-418.

[12]  J. Doyle and R. Green, “Data Envelopment
Analysis and Multiple Criteria decision making”,
Omega 21(6), 1993, pp. 713 - 715.

[13] G.Kim, C. S. Park and K. P. Yoon, “Identifying

for  Advanced

Investment  Opportunities

Manufacturing Systems with Comparative-

Integrated Performance Measurement”,
International Journal of Production Economics
50(1), 1997, pp. 23-33.

[14] H.S. Shih, HJ. Shyur and E.S. Lee, “An

Extension of TOPSIS for Group Decision

Making”, Mathematical and Computer Modelling

45 (7), 2007, pp. 801-813.

82

[15] M.J. Farrell, “The Measurement of Productive
Efficiency”, Journal of the Royal Statistical Society
120(3), 1957, pp. 253-290.

[16] A. Charnes, W.W. Cooper and E. Rhodes,
“Measuring the Efficiency of Decision Making
Units”, European Journal of Operational Research
2(6), 1978, pp. 429-444.

[17] H., Hosseinzadeh-Bandbatha, “Application of

Data Envelopment Analysis Approach for
Optimization of Energy use and Reduction of
Rreenhouse Gas Emission in Peanut Production of
Iran”, Journal of Cleaner Production 172, 2018,
pp.1327-1335.
T.C. Wang and H.D. Lee, “Developing a fuzzy
TOPSIS Approach Based on Subjective Weights
and Objective Weights”, Expert systems with
applications 36 (5), 2009, pp. 8980-8985.
[19] A. Beskese, “Landfill Site Selection Using
Fuzzy AHP and Fuzzy TOPSIS: a Case Study for
Istanbul”, Environmental Earth Sciences 73 (7),
2015, pp. 3513-3521.
[20] H.B. Abbas and J.K. Routray, “Assessing factors
Affecting Flood-Induced Public Health Risks in

Kassala State of Sudan”, Operations Research for

Health Care 3 (4), 2014, pp. 215-225.



UNANWITING

[21]

[23]

[25]

NyasInmama Tulaggaavnssy UM 15 91UR 1 uTIAN-WEIEY 2562

The Journal of Industrial Technology, Vol.15, No.l January-April 2019

J. Khushalani and Y.A. Ozcan, “Are Hospitals
Producing Quality Care Efficiently? An analysis
using Dynamic Network Data Envelopment
Analysis (DEA)”, Socio-Economic Planning
Sciences 60, 2017, pp.15-23.

D. Ennen, and I. Batool, “Airport efficiency in
Pakistan - A Data Envelopment Analysis With
Weight Restrictions”, Journal of Air Transport
Management 69, 1018, pp.205-212

A. Fazlollahi, and U. Franke, “Measuring the
Impact of Enterprise Integration on Firm
Performance Using Data Envelopment Analysis”,
International Journal of Production Economics
200, 2018, pp.119-129

L. Asandului, M. Roman and P. Fatulescu, “The
Efficiency of Healthcare Systems in Europe: A
Data Envelopment Analysis Approach”, Procedia
Economics and Finance (10), 2014, pp. 261-268.

Z. Sinuany-Stern, A. Mehrez and Y. Hadad, “An
AHP/DEA methodology for ranking decision
making units”, International Transactions in
Operational Research 7(2), 2000, pp. 109-124.

M.-L. Lin, Y.-D. Lee and T.-N. Ho, “Applying
Integrated DEA/AHP to Evaluate the Economic
Performance of Local Governments in China”,

European Journal of Operational Research 209

(2), 2011, pp. 129-140.

83

[27]

[29]

[31]

[32]

J. Doyle and R. Green, “Data Envelopment
Analysis and Multiple Criteria Decision Making”,
Omega 21(6), 1993, pp. 713-715.

C.K. Hu, F.B. Liu and C.F. Hu, “A Hybrid Fuzzy
DEA/AHP Methodology for Ranking Units in a
Fuzzy Environment”, Symmetry 9 (11), 2017, pp.
273-282.

Y. Fan, “Study on eco-efficiency of Industrial
Parks in China Based on Data Envelopment
Analysis”, Journal of Environmental
Management 192, 2017, pp.107-115.

Wang, C.-N., Nguyen, X.-T., and Wang, Y.-H.,
Automobile Industry Strategic Alliance Partner
Selection: The Application of a Hybrid DEA and
Grey Theory Model, Sustainability, 8.2. 173.2016

F. Hosseinzadeh Lotfi, “Target Setting In The
General Combined-Oriented CCR Model Using
an Interactive MOLP Method”, Journal of
Computational and Applied Mathematics 234
(1), 2010, pp. 1-9.

R.R. Phutteesakul, “The Production of Charcoal
Shell and Cassava

Briquette by Coconut

Rhizome”, Master Thesis, M.Ed. (Industrial
Education), Graduate School, Srinakharinwirot

University, Thailand. 2010.



UNANNIFING NyasInmama Tulaggaavnssy UM 15 91UR 1 uTIAN-WEIEY 2562

The Journal of Industrial Technology, Vol.15, No.l January-April 2019

[33] N. Panunumpa, C. Kuhakan, T. Boonyam, C. [35] C. Chunniyom and W. Pattaraprakorn, “Study on

Suksi, B. Junjula and P. Ureerak, “Briquette Fuel The Value Added of Corncob Waste to Produce
Production from Agricultural and Oil Palm The Fuel Briquettes”, Master Thesis, Graduate
Waste”,Available: School, Thammasat University, Thailand. 2010.

http://forprod.forest.go.th/forprod/PDF, 26 March [36] Thailand Institute of Scientific and Technological

2018. (in Thai) Research, “Analysis of biomass properties”,
[34] W. Khantirat, N. Wichapa and A. Lawong, Available:http://www.charcoal.snmcenter.com/ch
“Selecting the Suitable Community-Based arcoalthai/hot.php, 18 August 2018. (in Thai)

Alternative Energy from Biomass Briquettes Fuel
from Agricultural Materials Using Analytic
Hierarchy”, Proceedings of IE NETWORK 2018,

Ubon Ratchathani, Thailand, 2018, pp. 323-329.

84



