MseTIvmanalulaganavnssy (The Journal of Industrial Technology)
ISSN (Print): 1686-9869, ISSN (online): 2697-5548

"
[ - DOI: 10.14416/j.ind.tech.2022.08.007

UNANUIY
N1370U9ANSNINUAZIARIAUANE 1A VAILTDINAIDALTIIDIN

386 R ldnen1sineaslaglslslseandmwuuu laiaian

a ‘:f 1* & Aa 2
iszans 1nsauau LA wIIA BN

1mmﬁmmﬁmmiqmm%ﬂiiu, ﬂmzL“nﬂIuIaﬁqmm%ﬂﬁu, YRINLIRETTADNWRAI
me%ﬁmmmqmmwms, ﬂmz’immsumam"’l,l,a:mﬂiuiaﬁq@m%m‘m, wﬁwmé’amwﬁuﬁ:

’ ;gﬂi:mm’mmml,wi (Corresponding Author), E-mail: bileys2000@yahoo.com

NTULNAIN: 7 LWEEH 2565; IUNNUNIUUNAIIN: 26 NINHIAN 2565; IUNABLILUNAIN: 26 NINGIAY 2565

fuﬁmmmi’aaﬂaﬁ: 19 RINAN 2565

unanga: mﬁﬂﬂizﬁﬂﬁmwLLazﬁT@ﬁm"’umwéﬂﬂ”{gi’ﬁ@l%amaﬁm%‘ul’ﬂummﬁ@L%ﬂLWﬁdé‘ﬂLLﬁdel%
LLmﬁ@ﬁmumﬂ%ﬂ%wmﬂs‘mamimwmﬂﬁl,ﬁ@ﬂiﬂwﬁqoq@ﬁm%’ummﬁ%ﬁzymmﬂmLLﬂauwéﬁmu
paatszing aghalsfimumyiadszansnwuentanassaurudazriiaazdasinsaniasunseinmaii
Andemanatnmianiu SuTymilidusunilmenTywndasuluoummeonasindenusudau
wazegenlumadszidn o'mﬁﬁi”sf:l,ﬂumiﬁ'lmua”?ﬁmﬁLmﬂ:ﬁuuuﬁamiauﬁaga waz3sUsEANTA N
wuulohadenlumsiadszani nmusznmssadduanuiyrendandisaursudazsianuey
é'wﬁ_lLLinqmauuyﬁﬁéﬁﬂVryﬁ%aanﬂumiﬂinﬁwgaL‘wﬁaé’mwiaﬁ’nfluﬁaagnﬁmu@ T A1aNTan
USanoudn franudu uasSunmanTising mnifumﬂﬁﬂmﬁLﬂi’l:ﬁuuuﬁauﬂiau%gagﬂlﬂumii’@
Uszninwaeadamddauriudazoia gavheitdssininwuuyldisfougnundszyndlddniuns
Jamauanidyafanassauriudaziia 3%miﬁﬁ1Lauavl@‘fgﬂmaauﬁ'mmﬁﬁ'ﬂﬁﬁsm]”ao'cﬁwmu
2 1889 Namiﬁﬂmwmﬁﬁ'ﬁ'ﬁwLﬁuaﬁﬂ'sxaﬂ%mwﬁﬁlumﬁ@éwé’ummﬁm”zymau’;”a@;%umaéwwﬁfu
mSLLﬂsgﬂLﬂm%mwﬁdé'mwid Tasmmaseudandszinsanaunusaidosuuusznineisiiiauany

a

ABNIIRBUALANVEN YU ) WUINITNILAROUAAIIZAVANUFDAARBIFINN (A r> 0.95) AU

a
i)
Aado
hi)

EndsuwemansalfidsuwinislumyiadsansmuuassasauanuimanadionaioauruaasTiie

aa o ' @ o« v o
Yluﬂ"ﬂ"ﬂ U'ﬂaqﬂaﬂq\‘]W5aNﬂu‘l(ﬂ

ardan: e Tinaa; nalensiuuuieunteutaya; Wawdidauns; Uszintawuuyladiadon;

MIRAFRIAULLURAELATUH

The Journal of Industrial Technology (2022) volume 18, issue 2. http://ojs.kmutnb.ac.th/index.php/joindtech
230



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)
ISSN (Print): 1686-9869, ISSN (online): 2697-5548

"
[ - DOI: 10.14416/j.ind.tech.2022.08.007

UNAMNITY

Evaluating and Ranking the Fuel Briquettes from Agricultural Residues

Using the Virtual Cross—Efficiency Method

Prasit Kailomsom" and Narong Wichapa’

' Department of Industrial Management, Faculty of Industrial Technology, Thepsatri Rajabhat University
2 Department of Industrial Engineering, Faculty of Engineering and Industrial Technology,
Kalasin University

" Corresponding author, E-mail: bileys2000@yahoo.com

Received: 7 April 2022; Revised: 26 July 2022; Accepted: 26 July 2022
Online Published: 19 August 2022

Abstract: Evaluating and ranking the biomass materials for fuel briquettes is a good idea to optimize
agricultural resources to address the nation's energy shortage problem. However, in measuring the
efficiency of each fuel briquette, several relevant factors or criteria must be considered at the same time.
This problem is one of the multi-criteria decision-making problems that are complex and difficult to assess.
This research presents the data envelopment analysis and the virtual cross-efficiency method to measure
the efficiency and ranking of each fuel briquette, respectively. First, the important properties or criteria for
evaluating fuel briquettes must be determined, such as calorific value, ash content, moisture content and
volatile matter. The data envelopment analysis was then used to measure the efficiency of each fuel
briquette. Finally, the virtual cross-efficiency method was utilized to rank each fuel briquette. The proposed
method was tested with two related studies. The results showed that the proposed method was highly
effective in ranking biomass materials for processing into fuel briquettes. By testing Spearman’s correlation
between the proposed method and the other ranking methods, it was found that the proposed method has
a very high level of conformity (r value > 0.95). Therefore, it can be used as a guide to measure the

efficiency and ranking each fuel briquette with multiple factors at the same time.

Keywords: Biomass; Data Envelopment Analysis; Fuel Briquette; Virtual Cross-Efficiency Method; Multi-

Criteria Decision Making
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WUUSBNNILTaYA (ALY CCR) UAIMHAIADT
Winzaufiga (Optimal Solution) lanldmanduas
LINGO uaz (2) ﬁﬁagamﬂwamaﬂium”umauLLiﬂ
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i
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3.1 n3adszansanlaalss DEA

Chames Lazame198 [13] $ILFUOLLLININD
CCR lum 310Uz wisaunnsvaIniiag
W@ Immsﬁmsmmwwaaﬁﬁuﬁaﬁ'yﬁ,’n%
(Input-Oriented) UAZA SN BT VBINAADLUNUAITN
(Constant Returns to Scale: CRS) lagauuyung
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iduarvesdapsingi i= 1, 2,...m
riduwasiivesnandar=1, 2.,
j A IuwaTHUaIRINONE® j= 1, 2,.., n

k \luefyesmhoniangnlsadu j= 1,2, n
X, Aa dnvestadpiudn i uaswiienda j

Y, fia 12040 HAKEA r UATRINLNES |

U, AaTNABNVITIVUNANEN r FINTUNINIBKE K

[
= o

v, Aaininuataapingn i SATURINLNES k

wamaﬂﬁmmmwﬁq@maaﬁmﬁfﬂﬂaﬁ'ﬂﬁwﬁ’]
wazinniniasunananangunIsA (1) 810190
W llunsdrurmdszaniawwuulatves
DMU, (E,) #3sums#l (2)

o U, waz v, ilunaiassvasiiniinuas
ﬂ'cn'cﬁ'mﬁmmmuﬁq@mﬂmiﬁ’]mmaumiﬁ (1)
IINTU AnrmriAazuwulsEENEa WL
lu¥1a8e (Average Cross-Efficiency: ACE) 189
LARZRINUNAAGITNNNTT (3)

S (1)
Max Ey =2 U Yy
r=1
m
ZVIkXIk :l, k :1,2,3,...,n
i=1
s m )
ZurkYrj _zvlkxlj SO, J :1,2,3,...,n
r=1 i=1
Vi, Uy 20, Vi, VK, Vr
Zu:k Yrk A
E, = = k,j=123..,n )
Z:Vik 'xik
= 10 .
Ej: —ZEk,, ]=12,3,...,n (3)
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ximax _ mjax{xij}’ vi=12,3,..m
]
YI'mln _ mjin{Yrj }1 vr=12,3,..5S

LULUFIR0INIA RO RASTVIIDUTLANT AN
wuuladiziouatannisi 4)
m S .
Max RC, = >V, (X™ =Xy )+ XU, (Y, =Y,™)
i=1 r=1

S . m .
2 U (Yrma)< _Yrmm) + 2 Vi (Ximax - Ximm) =
r=1 i=1

1

S m . (4)
Uy — 2V X €0, j=12,3,..,n
r=1 i=1

S m
YUYy = O YV X =0
r=1 i=1
Vi Uy =0, Vi, vk, vr
e RC, Aasudszanianulnafasuing
(Relative Closeness Coefficient # 38 Relation
Closeness Coefficient) TaINUILNAAT Kk G167
RC, ma\wni,mNﬁ@l@g{lﬂiwmiﬁ'@ém”umawmﬂ
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A13191 1 qmauﬂ'ﬁmadL%al,wﬁﬂé'mwiomiamﬁ@

Hoiwassaun X, Y, Y, CCR
nnday (DMU,) 340 4462 17.60  0.9069
nngUm# (OMU,) 510 4272 2280  0.5788
FNAUTI (DMU,) 500 4246  23.60  0.6090
WNau(bMU,) 3.10 3886 17.30 0.8662
NZAIUZNIND (DMU,) 3.29 4761 25.50 1.0000
diden (DMU,) 345 4876 2240  0.9767
lwemuomu,) 420 4136 2370  0.7280

Puaanusnaziduwn1sdszilindss®nTAwLa
FUNNTUIRIUNGS (ThalTainRisauns) lasld
N3N (1) dred19nsdszilindszinininyes
1

'
=

N

[

AUILHER 3%

Max E,, = 4462u;, +17.60u,,
3.40v;, =1
4462u,, +17.60u,, —3.40v,; <0,
4272u,, +22.80u,, —5.10v;, <0,
4246u,, +23.60u,, —5.00v;, <0,
3886u,, +17.30u,, —3.10v;, <0,
4761u,, + 25.50u,, —3.29v,; <0,
4876u,, +22.40u,, —3.45v;, <0,
4136u,, +23.70u,, —4.20v,, <0
Upys Uy 20,

v;; 20

FAILVUNITLYSUNIN LT IL& % (Linear
Programming: LP) 284 DEA §1%SURWaNEan 1 &
FINITORINALRRLAIDLATDINAYITTNIANA B30

¢ oA IR awv & 9
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(1 CCR YoIRUIINAAT 1) Aaddsz@nEnwis
FuRNFvoInineNEan 1 Fanansdiwinlasls
Fan@uls LINGO azladn E,,= 0.9069 lndaudn
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dwnldasuaadlumef 1 aesuin 5
mmfuﬁ’mu@@iﬂuq@uﬂﬁl,%amﬂ (Ideal DMU)
LAzA19ANAALTINY (Anti-ideal DMU) 2891398
an @Tﬁaﬂwoﬂﬁﬁmu@@i'ﬂuq@uﬂﬁ"uaaﬂﬁ)iﬁ'ﬂ
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xmin _

1
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X
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1

™ — min {4462,4272,4246,3886,4761,4876,4136 | = 3836
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Y,™ = max {4462, 3251,3146,3886,6761,4876,4376 } = 4876
i

1

Y,™ = min {17.60,22.80,23.60,17.30,25.50,22.40,23.70} = 17.30
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i
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a13197 1 fnuald By =6, wnudtnariaslu
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*

*

*

DMU v, u, u,

DMUT  0.2941176000  0.0002032445  0.0000000000
DMU2  0.1960784000  0.0001354963  0.0000000000
DMU3  0.2000000000  0.0000000000  0.0258039200
DMU4  0.3225806000  0.0002229133  0.0000000000
DMUS5  0.3039514000  0.0000000000  0.0392156900
DMU6  0.2898551000  0.0002002989  0.0000000000
DMU7  0.2380952000  0.0000000000  0.0307189500

waldnamayinninuasfadsanuuusneed

Uszansa wuuulaiudn annuiidinlaann

@A13797 2 NETIaTsl AN T wwuy lud

(Cross-Efficiency Matrix: CEM) lagldaunsfl 2

FRLINNIIRIWITNN E,,

E11

(0.0002032445 x 4462) + (0.0000000000 x 17.60)

0.2941176000 x 3.40

0.9069

lumumaaiwﬂauﬁmmaamﬂi:aﬂﬁ?mwuuu

lufau a9an9f 3 mnsiwinenazuusEng W
wwvlasluased 3 indrwianssansnmuuylad
2R (ACE) TaIuAasni I8 NAARI 0 E, 089
msfmmanlszansnwuuylaSiadgvaaniag
naadi 1 lagldaumsi (3) aoil

=
oAk
©
m
1l

(0.9069 + 0.9069 + 0.6679 + 0.9069 + 0.6679
+0.9069 + 0.6679) / 7
0.8044
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gavheazilumiiadauenudmandnnyaad
FaaausUszantnmwuuylutiads (ACE) én
1 ACE ganiw:ﬁﬁm“uﬁﬁﬂdw lagnnsasiau
mmﬁm”zymnﬁq@vlﬂLm'qﬂ"l,@i”ﬁ'af‘: NZAWEWID
(ACE=1.0000) 41388 (ACE=0.9171) n1nday
(ACE=0.8044) L n & U (ACE=0.8036) 18 8/ 31 1
(ACE=0.7009) NN @ U T31 (ACE=0.5963) L@
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nnpUn1# (ACE=0.5780) @N&1GU lauNANTS
FadauanuEdveuLiaasiiauaLfioy
AULUUS1889 Benevolent Lz Aggressive a4
uaadluansadi 4

PNINTUA 4 WU wamITASIALANNEGTY

PINNITHAIMTIAS G UANUIAYUULLAEING

DMU DMUA DMU2 DMU3 DMU4 DMU5 DMU6 DMU7
1 0.9069 0.5788 0.5868 0.8662 1.0000 0.9767 0.6805
2 0.9069 0.5788 0.5868 0.8662 1.0000 0.9767 0.6805
3 0.6679 0.5768 0.6090 0.7200 1.0000 0.8377 0.7280
4 0.9069 0.5788 0.5868 0.8662 1.0000 0.9767 0.6805
5 0.6679 0.5768 0.6090 0.7200 1.0000 0.8377 0.7280
6 0.9069 0.5788 0.5868 0.8662 1.0000 0.9767 0.6805
7 0.6679 0.5768 0.6090 0.7200 1.0000 0.8377 0.7280
ACE 0.8044 0.5780 0.5963 0.8036 1.0000 0.9171 0.7009
Rank 3 7 6 4 1 2 5
A5197 4 WisUIReUATTERanUA T
'S'aqﬁ'nma Ben. Rank Agg. Rank Proposed Rank
DMU1 0.8386 3 0.8044 3 0.8044 3
DMU2 0.5783 7 0.5780 7 0.5780 7
DMU3 0.5932 6 0.5963 6 0.5963 6
DMUA4 0.8245 4 0.8036 4 0.8036 4
DMUS5 1.0000 1 1.0000 1 1.0000 1
DMUS 0.9370 2 0.9171 2 0.9171 2
DMU, 0.6941 5 0.7009 5 0.9171 5
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mmfuﬁw*’fagawmwﬁm i uag
Tasonandalua1s9f 5 v 1uI AN LY
Yszansarwideaunnilagldaunisi (1) e
lanataasarnnisiiwirmlasls LINGO uan
‘ﬁgumu@iamﬁn“ﬂagaﬁlﬁmﬁaaﬂ%%mmﬁwmm
Auszantanuuy et S o uao w1 sE 1w o
wwdsanuaaag1en 1 luwate 4.1 gavneazi
NANIIAIUITAT ACE 1908 1AUAINEIATY VB

PUIUNRS AILRAI UGN 6

A13199 5 AMFULAVIIFANINILNBAT [33]

o

KL LV R X, X, X, Y, Y, CCR
auEne (DMU, ) 9.33 4.77 67.95 17.95 4044.29 0.4238
31999 (DMU, ) 4.31 8.63 68.83 18.23 4051.48 0.5341
dutnlwe (DMU,) 13.32 6.2 64.58 15.9 4313.90 0.3606
F3ilwa (DMU,) 4.39 1.03 80.17 14.41 4187.00 1.0000
NEAINEWII (DMU,) 11.79 0.85 64.03 23.33 4860.48 1.0000
nzanLan (DMU,) 13 1.3 64.55 21.05 5072.50 0.9247
Wit (DMU,) 2.86 11.24 65.64 20.26 3503.51 0.6961
waanniIuu (DMU,) 9.93 2.71 74.3 13.06 4449.45 0.6200
MNMuaI% (DMU,) 11.5 3.67 64.34 20.49 4034.20 0.4787
Muaay (DMU,,) 13.38 2.61 64.73 19.26 3972.76 0.5497
luawas (omu,) 7.32 15.65 62.35 14.68 5078.74 0.3942
WNay (DMU,,) 7.27 14.07 60.87 17.79 4009.40 0.3134
fdunalznas (DMU,,) 31.54 6.22 47.73 14.51 4670.00 0.4243
winadudenas (DMU,, ) 41.98 3.57 41.86 12.59 4368.30 0.6100
Wi12933Y (DMU, ) 5.91 8.04 66.97 19.08 3939.68 0.3788
wghan (DMU, ) 5.75 6.53 65.32 22.4 3773.11 0.3760
lannszgu (DMU,,) 8.57 9.88 65.23 16.32 4340.92 0.2878
lusswing (DMU,,) 9.25 4.15 64.38 22.22 4556.10 0.5273
NNALTIN (DMU,,) 6.47 10.08 67.07 15.7 3492.13 0.3067
1w (DMU,,) 3.94 4.54 16 73.52 6934.02 1.0000
auhe (DMU,,) 43 1.51 79.1 15.09 4436.00 0.9768
1% (DMU,,) 7.87 2.23 72.14 17.76 5179.00 0.8438
duinilwe (DMU,,) 9.09 1.03 72.17 17.71 4309.40 0.8941
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'
A

dl = a ndcil o o ad
A13719% 6 LIBUNBUITNILERanUIT

o a

AHOBTININ Ben. Rank Agg. Rank Proposed Rank
gwiny (DMU, ) 0.3579 14 0.3211 14 0.3251 14
31999 (DMU, ) 0.3688 12 0.3418 12 0.3454 11
dutnlwe (DMU,) 0.2994 17 0.2671 17 0.2727 18
T35 lwa (DMU,) 0.7939 2 0.7308 2 0.7431 2
NEAaINZWINI (DMU,) 0.7242 4 0.6842 4 0.6883 4
nzaLan (DMU,) 0.6594 5 0.6049 5 0.6138 5
W17 (DMU,) 0.3605 13 0.3428 1 0.3447 12
\waennisow (DMU,) 0.4817 8 0.4282 8 0.4374 8
MNMuaTI% (DMU,) 0.3796 1 0.3413 13 0.3441 13
Muday (DMU,,) 0.4085 10 0.3689 10 0.3721 10
luaws (omu,,) 0.2749 20 0.2539 19 0.2608 19
wnay (DMU,,) 0.2294 23 0.2128 23 0.2168 23
fdunalznas (DMU,,) 0.2549 21 0.2282 21 0.2372 21
whdndlenas (DMU,, ) 0.2914 18 0.2665 18 0.2779 17
WINU33aY (DMU,; ) 0.3218 16 0.2952 16 0.2983 16
wen (DMU, ) 0.3453 15 0.3168 15 0.3183 15
lannszau (DMU, ) 0.2755 19 0.2504 20 0.2554 20
lusswing (DMU,,) 0.4362 9 0.3920 9 0.3957 9
NNALTIN (DMU,,) 0.2460 22 0.2262 22 0.2294 22
1w (Dmu,,) 1.0000 1 0.9578 1 0.9437 1
duiny (DMU,,) 0.7740 3 0.7035 3 0.7138 3
11999 (DMU,,) 0.6587 6 0.5892 7 0.5991 7
dutnalwe (DMU,,) 0.6486 7 0.5990 6 0.6073 6

-dl a = 1 { a a Af Rt s o ar
INAITIIN 6 HANITLUTI VNS UTERIN A15190 7 sudssanfansunnsadosuundny

LUUIIR0INRILEUaLNUNULUUIIRD I ABELNIN 2

Benevolent LLlaz Aggressive WU'jqﬁﬂ'J']ﬂJﬁa@]ﬂﬁ/aG Correlatio Benevole Aggressiv  Propose

ﬁ'ulmm”uﬁgamn lagA1quUszANTanaunus  Benevolen 1.000 0.998 0.996
yasm il fuunosdsninaualfiuuniy Benevolent  Aggressiv 0.998 1.000 0.998
A1 r=0.998 uazAsAinEualfisuny Aggressive  Proposed 0.996 0.998 1.000

s a AE Qs a
A1 r=0.996 TuasidsafFNLIEANTARIUNUS

silysuan aIa1T9N 7
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