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Abstract

The concept of processing biomass materials into charcoal briquettes is one way to address the
energy shortage issue in the country. It's also a promising idea for utilizing agricultural waste effectively.
However, assessing the potential of biomass materials for conversion into fuel is complex due to several
critical properties that need consideration. Therefore, this research proposes a stepwise efficiency
evaluation method. The initial step involves defining the key properties for the fuel potential, such as
moisture content, ash content, volatile matter, fixed carbon, and calorific value. Next, a game-cross-
efficiency approach is employed to measure the potential of various biomass materials with multiple
properties. The method was tested on 23 different biomass types, revealing that rubberwood, corn cob,
and bamboo are the top three suitable materials for processing into the charcoal briquettes in
descending order. Additionally, the proposed method was compared with well-known techniques in
the literature, showing a very high correlation (Spearman rank correlation coefficient). This suggests that
the proposed method is reliable and can be applied for assessing the fuel potential of different biomass

materials.

Keywords: Biomass, Fuel Briquette, Data Envelopment Analysis, Cross-Efficiency Method, Game Cross-
Efficiency Method
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978 Xi Xz X; Y; 1 CCR
futhe (DMU; ) 9.33 4.77 67.95 17.95 4044.29 0.4238
212913 (DMU, ) 4.31 8.63 68.83 18.23 4051.48 0.5341
fug1lng (DMUs) 13.32 6.2 64.58 15.9 4313.90 0.3606
Fag1lwe (DMUq) 2 4.39 1.03 80.17 14.41 4187.00 1.0000
nEAULN31? (DMUs) 11.79 0.85 64.03 23.33 4860.48 1.0000
nza1Uay (DMUs) 13 13 64.55 21.05 5072.50 0.9247
19112 (DMU7) 2.86 11.24 65.64 20.26 3503.51 0.6961
wWasnmiseu (DMUs) 9.93 2.71 74.3 13.06 4449.45 0.6200
AMnIUALIU (DMUs) 115 3.67 64.34 20.49 4034.20 0.4787
1UD8 (DMU10) 13.38 2.61 64.73 19.26 3972.76 0.5497
Tu13% (DMU;y) 7.32 15.65 62.35 14.68 5078.74 0.3942
wnay (DMU;2) 7.27 14.07 60.87 17.79 4009.40 0.3134
AautiudUenas (DMU;s) 31.54 6.22 47.73 14.51 4670.00 0.4243
widudUegnas (DMUiq ) 41.98 3.57 41.86 12.59 4368.30 0.6100
V959U (DMU15 ) 5.91 8.04 66.97 19.08 3939.68 0.3788
711 (DMU s ) 5.75 6.53 65.32 22.4 3773.11 0.3760
lannsegu (DMU;7) 8.57 9.88 65.23 16.32 4340.92 0.2878
lugs1udng (DMU ) 9.25 4.15 64.38 22.22 4556.10 0.5273
HnAUYI1 (DMU5o) 6.47 10.08 67.07 15.7 3492.13 0.3067
1fl819W157 (DMU20) 1 3.94 4.54 16 73.52 6934.02 1.0000
AUty (DMUy) 3 4.3 1.51 79.1 15.09 4436.00 0.9768
2129119 (DMU2,) 7.87 2.23 72.14 17.76 5179.00 0.8438
AUTIIING (DMUys) 9.09 1.03 7217 17.71 4309.40 0.8941

91nA5eT 1 Han1IVAaeuAMaNUAve%7
128919 23 ¥ila d@runsannuadadeing 3
Jase et X, X, kY X3 VU IR Y
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Yo3UaTuNaANE R Y, hag Yo nu1ede USun
ANSUDUAIAT LAZAIAIIUTDU AINaIAU

4.1 WNAaNISATUIUAIAZLUUUTZANSNINAINAT
a -4
LUUNNIAIRATERS CCR
ANAIVUNNADAFIENS (1) UIDAILUUNI
AmnAans CCR dnlueaulanlneldwandwas
Lingo ¢ia5u# 2

nUuditeyalun1sen 1 waiilaasdd
AzLUUUTEANSAMAsdTImSAuanslunis1en 1
anusgaving

4.2 pan1sAuluAIAziuLYsEaNSAwLuuled
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NBUAINNTA (2) wazaunsi (3) dusu
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MODEL: ICross efficiency for each DMU;
SETS: @FOR(IK(I, K: INPUT(I, K)=@SUMFACTOR(J)|J #LE#
DMU/1.23/ ; NINPUTS:XK, J»WI, Jn;

@FOR(IK(I,K):OUTPUT(I,K)=@SUMFACTORWJ)|J #GT#
NINPUTS:XK, JrWI, JIn;
@FOR(IK(I,K):CE(,K=0UTPUT(I,KyINPUT(I,K);

FACTOR/1.5/:;
DXF(DMU, FACTOR):X ;

DMUK/1.231ACE, CCR; @FOR(DMUK(K): ACE(K)= @ SUMDMU(I).CE(I, K)/@SIZEDMU);
IKOMU, DMUK):INPUT, OUTPUT, CE; END
DF(DMUK, FACTOR):W;
ENDSETS .
= [ . ) 1Y)
DATA:; 35U 3 1Anve4 Lingo dm3u CE model
X,NINPUTS =
@OLE('C:\Users\naron\OneDrive\ Y
va L o ¥ 1
wadfied\Paper EN 10U ummiﬂizmama%lm ANASLLUU
journal\23bioxlsx','X', 'NINPUTS");

ENDDATA UszAnSnmuuulediadsveusiagTandiunans

MAX =@SUM(DMUK (K): CCR(K)); (;]']5']\11'7]' 2

@FOR(DMUK(XK):CCR(K)= @SUM(FACTORWJ) | J #GT# o a a »L v
NINPUTSXK, JrWEK, J; A15199N 2 AZLUUUTEEANTNINLUULVILRABVDY

@FOR(DMUK(K):@SUM(FACTOR(W)| J #LE# Janu12a 23 via

NINPUTSX(K, JrWXK, Jy=-D1) Yanduaa ACE Faaduaa ACE
@FOR(DMUK(K):@FOR(DMU( I):QSUM(FACTOR(J)| J : :
#GT# NINPUTS:X(I, J*WK, J)<- DMU, 0.3552 DMU15 0.2482
@SUM(FACTOR(J)| J #LE# NINPUTS:X(I, J)*W( DMU, 0.3721 DMU14 0.2825
K, J; DMUs 0.2960 DMU;s 0.3236
@FOR(DF(K, J):WXK, J)>=0); DMUq 0.7939 DMU15 0.3468
DMUs 0.7028 DMU;7 0.2762
END
DMUs 0.6408 DMUjg 0.4320
. DMU~7 0.3640 DMU19 0.2475
=1 % . o [
3un 2 1ARY8Y Lingo d115u CCR model DMUg 0.4745 DMU 3o 1.0000
DMUg 0.3736 DMU2; 0.7760
MODEL: DMUj0 0.3993 DMU 0.6507
SETS: DMU14 0.2767 DMU s 0.6341
DMU/1.23/: ; DMU 1, 0.2308
FACTOR/1.5/;
DXF(DMU, FACTOR):X ;
DMUK/1..2 3/:ACE, CCR; P 1 1 a a 4
IK(DMU, DMUK):.INPUT, OUTPUT, CE; INAIT NN 2 WU’J’]ﬂ’]Uﬁ%ﬁWﬁﬂ’]WLLU‘UI‘U’J
W { o | W
ey FACTOR WRAYEIEAAD YNNI AANATLULLYINAY 1.00
SETS CVAE]
DATA:
X,NINPUTS - o , a a v
QOLE(' C:\Users\naron\OneDrive\wadiio/\Paper EN 4.3 Nﬁﬂ'ﬁﬂ’ﬁ.J’Jmﬂﬁﬂ&’LLuuﬂigﬁﬁﬂﬁﬂ'}WLL‘U‘UI‘U’J
journall\23bioxlsx"', 'X', "NINPUTS'); = o a <
ENDDATA 1RALAINAILUUNINAUAAIENT GCE

MAX =@SUM(DMUK (K): CCR(K));
@FOR(DMUK(K):CCR(K)= @SUM(FACTOR(J)| I #GT#

NINPUTSXEK, JrWEK, Jn; YaNALIS Lingo {;ﬁ’gﬂﬁl q

Mwuuneadinatans (4) asgniiunlannig

@FOR(DMUK((K):@SUM(FACTOR(J)| J #LE# NINPUTS:X(K, MODE L

WK, In=1); SETS:

@FOR(DMUK(K):@FOR(DMU(I):@ SUM(FACTOR(J)| J #GT+# DMU/1.23:GCE SCORE ;

NINPUTS:X(I, J)*W(K, JIN<= FACTOR/.5/;

@SUM(FACTOR(J)| J #LE# NINPUTS:X(I, J=*WK,

I DXF((DMU, FACTOR):X

@FOR(DEF(K, J) WK, 3>=0); DMUK/1.23ralphal, alpha2,alpha3, alphad
,alpha5,alpha6,alpha’7;
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DF(DMUK, FACTOR):

KI(DMUK, DMU):E

IK({DMU, DMUK):INPUT, OUTPUT, CE;

KIJ(DMUK, DMU, FACTOR):W

ENDSETS

DATA:

X,NINPUTS,alphal,alpha2,alpha3,alpha
4,alpha5,alpha6,alpha’=

@OLE('C:\Users\naron\OneDrive\
waniiol\Paper_EN journal\23bioxlIsx ',

'X'", '"NINPUTS', 'alphal', 'alpha2', 'alp
ha3', 'alpha4', 'alphab', 'alpha6', 'alpha7");

ENDDATA

Max=@SUMKIK, :EXK, I);

@FORKIK, I)EXK, I)=@SUMFACTORWJ) | I #GT#
NINPUTS ‘WK, I, XTI, Jy;

@FORKI(K, I):@SUMEFACTORW) | J #LE#
NINPUTS ‘WK, I,I*XI,Jdn=1);

@FORKI(K, I):@SUM(FACTORW)| J #LE#
NINPUTS :alpha7®*WK, I, IXEK, JIn<=

@SUM(FACTORJ) | I

#GT# NINPUTS:WK, I, XK, J);

@FORKI(K, I):@FOR(MDMU(L):@SUM(FACTORW) | J
#LE# NINPUTS WK, I, XL, d)>=

@SUMFACTOR(J)|J #GT# NINPUTS:
WK, I, XL, IHn;

QFOR(KIJK, I,d):WK, I, >=0);

@FOR(DMU(I):GCE_SCORE(I)
=@SUMDMUK(XK):E(K, I)/@SIZE(DMUK);
END

g‘lJ‘ﬁ 4 1Ana9 Lingo @1su GCE model

ndudeudeyalunisned 1 uagnnsnai 2
adlulAn a$193 4 ndurinnisussuiana b
NAGNSAINITIN 3

A1519%1 3 NSNAUIAINBUVDSID GCE

NN 3 LN NTUILA AL NUIYHNAR
NUINAAZLUY GCE %Uiiqqmamwmammﬁ

tdl d‘ o 1 1 % tdil
59U7 8 LaMunuAAl & winnu 0.001 wananni
PINND1504T DMU; 98U WU T 1N SW N
AINBUAINANTUALAD A1 GCE=0.355 AuaAYNY
usTannaen nvawurlusoun 8 lauan GCE
Wiy 0.394 fauanslugun 5

a v ' |

105U 5 wandliiudiaiazLuy
Uszdndaw GCE s DMU; 38UTIRIANALNN
vaauwuglusoun 8 (AnaulsuugsauliAmmly
Wa suudad) § wdwlumunisigaunig
A AAIANS LAE [8] UBNINNY Ll BNAABU

v w ¢ o & aad o o ac =
anduniusalyshuurnnsNUauenuITN15U
Turssaunssunuin AU auaiAAudUnNYS
Auld CE, Aggressive ILa g Benevolent Lv11U
0.979, 0.974 waz 0.976 ANUAIRU Takanslmiiy
ada o a oA v &
Tendnaueiinuinieiogeunn awnsaldiluy
A3 0980T UNTANLABNTINIAT U S AU AN U
ﬁm%uh;;ﬂﬁ]udmé’mwiﬂﬁ INHANITITINUIN
Lf1am157 (DMU,o) 1l udandaunadimunzay
faadmsunisiiuwdssuiduaiudauns lne
auAUmITaNveITEnTIIaLAaEALARNS
Tums19n 4

= %"EJ‘U‘ﬁ

vaua 1 2 3 4 5 6 7 8
DMU;4 0.355 0.404 0.386 0.395 0.393 0.394 0.394 0.394
DMU> 0.372 0.426 0.402 0.410 0.406 0.407 0.407 0.407
DMUs3 0.296 0.336 0.319 0.328 0.325 0.327 0.326 0.326
DMUgq 0.794 0.983 0.923 0.954 0.944 0.948 0.947 0.947
DMUs 0.703 0.855 0.778 0.816 0.807 0.812 0.810 0.811
DMUs 0.641 0.787 0.716 0.752 0.743 0.748 0.746 0.747
DMU7 0.364 0.440 0.413 0.422 0.417 0.419 0.418 0.418
DMUsg 0.474 0.569 0.530 0.550 0.544 0.547 0.546 0.547
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0.410

0.400

0.390

0.380

0.370

0.360

0.350

0.340

0.330

0.394

0.355

alphal alpha2 alpha3 alphad4 alpha5 alphaé alpha7 alpha8

UM 5 n1smunAneuves DMU; ngldis GCE

- soUdi

e 1 2 3 4 6 7 8
DMUs 0.374 0.438 0.409 0.423 0.420 0.422 0.421 0.421
DMUso 0.399 0.482 0.443 0.462 0.458 0.460 0.459 0.460
DMUs s 0.277 0.310 0.296 0.301 0.298 0.299 0.299 0.299
DMUsz 0.231 0.255 0.245 0.249 0.247 0.247 0.247 0.247
DMUs5 0.248 0.336 0.301 0.321 0.316 0.318 0.318 0.318
DMUse 0.283 0.438 0.379 0.416 0.407 0.411 0.410 0.410
DMU;s 0.324 0.350 0.338 0.342 0.340 0.341 0.340 0.340
DMUj¢ 0.347 0.369 0.359 0.363 0.361 0.361 0.361 0.361
DMUj7 0.276 0.285 0.281 0.283 0.282 0.282 0.282 0.282
DMU;s 0.432 0.498 0.472 0.485 0.481 0.483 0.482 0.483
DMUss 0.247 0.270 0.260 0.264 0.262 0.262 0.262 0.262
DMUzo 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
DMUos 0.776 0.955 0.895 0.924 0.914 0.918 0.917 0.917
DMUz2 0.651 0.786 0.734 0.760 0.752 0.756 0.755 0.756
DMUos 0.634 0.794 0.725 0.759 0.750 0.754 0.753 0.754

A9aR 4 Sfumnumnzauveiandatia 23
. wiln 1neld35 GCE

dauda | GCE Rank | dww7a | GCE Rank
DMU; 0.394 15 DMU13 0.318 19
DMU, 0.407 14 DMU14 0.410 13
DMUs3 0.326 18 DMU15 0.340 17
DMUq 0.947 2 DMU1¢ 0.361 16
DMUs 0.811 q DMU17 0.282 21
DMUg 0.747 7 DMU1g 0.483 9
DMU7 0.418 12 DMU19 0.262 22
DMUsg 0.547 8 DMU2 1.000 1
DMUgq 0.421 11 DMU32; 0.917 3
DMU1o 0.460 10 DMUy, 0.756 5
DMU14 0.299 20 DMU23 0.754 6
DMU1, 0.247 23
5. dguna
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