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ABSTRACT This paper is aimed to present a fuzzy decision-making approach to deal with optimal energy selection problem for
energy strategy planning. An evaluation method was derived on TOPSIS, to assist in the energy priority decision in a fuzzy
environment where the subjectivity and vagueness are handled with linguistic terms parameterized by triangle fuzzy numbers. This
paper applies the fuzzy TOPSIS method to determine the importance weight of decision criteria and to synthesize the ratings of
candidate energy alternatives. This method was demonstrated with a case study involving 7 evaluation criteria (efficiency, safety,
investment cost, operation and maintenance, pollution emission, land use, social acceptability), 10 energy alternatives (solar, nuclear,
wind, tidal, waste gasification, biomass, hydropower, coal, petroleum, LNG) for energy selection problem assessed by 7 evaluators
from energy related institutes. In the perspective of 7 evaluation criteria, 10 energy alternatives are preferred according to solar (A4,)
> wind (4;) > biomass (A4;) > hydropower (4;) > LNG (4,,) > tidal (4,) > petroleum (A4,) > waste gasification (4;) >
nuclear (4,) > coal (4y). This study shows that the proposed approach is well suited as a group decision-making method for energy
selection decisions.

Key words Priority Decision(-%-41<=$] 2 A), Energy Selection(o]| ] X] A &), Fuzzy(% A]), TOPSIS(TOPSIS), Multi-Criteria
Decision-Making(t}7] & 2] AFZ A)
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Table 1. Decision criteria for energy selection
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Table 3. The linguistic ratings evaluated by decisionmakers
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Table 4. The BNP value of a fuzzy number

7|1E mX| 71EA] BNP 2zt =9
o (0.49, 0.69, 0.86) 0.680 6
G (0.71, 0,91, 1,00) 0.873 1
G (0.57, 0,77, 0.94) 0.760 2
G (0.54, 0,74, 0.91) 0.730 3
e (0.60, 0,80, 0,94) 0.720 5
G (0.23, 0,43, 0.63) 0.430 7
el (0.54, 0,74, 0.91) 0.730 3
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70 $of, Ak=Bat2 ALK, (0,49, 0.69, 0.86)°] =%
Ht} o7 A2 A =& defuzzify 3[4 BNP(best
nonfuzzy performance) 4F2 G-617] YallA] Ar&sH o5}
L COA(center of area) HFH-S Zhao?} Govind(1991)"
ko8t A=A, aER(0) A 7EA (L, M, U,,)
of that BNP g Theh o] At

BNP, =|(U, —L,)+ (M, —L,)/3+L,  (16)
—[(0.86 0.49) +(0.69 — 0.49)}/3+0.49
= 0.68

EPZH 2: 944@%“‘41?}011 ozt oA =2] 57t At
3 =557] fJliA, Fig. 33 2
& uixl T2 54 7hssitial gl 10719
AP TRT B3 (A,), HAE(4,), $8(4,), =¥
(4,), F71E7H3K4;), Blo](4,), 2(4,), A8HAy),
A(4,), LNG(4,y) 0l el Table 2 2F -2 A= tE 6
7fe] Ao Hw=(VL, FL, SL, SH, FH, VH) & H7}3t A
o] Table 5 °|tf, 7|4 AR 7IE G~ C; TR IA
et A, ~A4,,E B7FE 789 AR QAR
v, 2 AsBHE A7} Table 6 o]tk
|24, Table 5 of|A AE/(C;) BloA BE(4,)
of tfgt 7] Wrl=FL, SL, FL, FL, SL, FL, FL o]t}
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Al HgslA, ZF a4 ' AEgtt Zo] tiAekE
of| gt SjAFA7dHE Table 6 of|A] §=§_r*é(01) oA
B3 (A, )oll Thgt 2] 7154] (0,06, 0.20, 0.40) ©Jt},
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Fig. 3. Membership function for linguistic value and criteria
weights
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Table 5. Ratings of the 10 alternatives by 7 decisionmakers
under 7 decision criteria

G A, A, Ay A, Ay Ay A, Ay Ay Ay
D, FL VH SH FL VL VL VH FH SL FH
D, SsL VH SL FL FL FL FH FH SH BH
Dy FL SH FL FL SL SL FH SH FH FH
D, FL FH SL SL SH SL SH FH FH BH
Dy SL VH SL FL FL FL FH SH SH BH
D; FL VH SH SL SL SH FH VH FL FL
D; FL SH SL SL SH SH VH SH SH FH
G A A, Ay A Ay A A Ay Ay Ay
D, VH BL FH FH BH BH VH BL BL BL
D, VH BL FH BL BL FH BH BL BL FL
D; VH FL BH VH FH FH BH BL BL BL
Dy FH FL BH BH BH BL BH FL FL BL
Dy VH BL FH FH BL FH BH BL BL FL
Dy FH BL VH FH FH FH VH BL BL BL
D, VH VL BH FH FH VH FH BL BL BL
G A Ay A A A A A Ay Ay Ay
D, BL BH BH BH BL VL BH FH FH FH
D, BH VH BL BH FL VL FH BH FH BL
D, VH FH BH FH FH BH BH FL BL BL
D, VH FH FH BH FH BL BH FL BH BL
D; BH VH BL BH FL VL FH BH BH BL
D VH VH BH FH VH BL FH BH BH BH
D, VH BH BL FH FH BH FH BL FL FL
G A, A, Ay A, Ay Ay A, Ay Ay Ay
D, BL BH BH BH FL FL VH FH BL BH
D, FL BH FL BH BL FL BH FH FH BH
Dy FL BL FL FL BL BL FL BH VH FH
D, FL BL FL BH BH BL FL FL BH BL
Dy FL BH FL BH BL FL BH FH FM BH
D; BH FL BH BH FH FH BL BH VH VH
D; BL BH FL BH BL BL BH FH VH VH
G A A, Ay A Ay A A Ay Ay Ay
D, VL BH VL BH BH FL VL FH BH BL
D, BL BL FL FL FH FL BL VH VH BH
D; VL FL FL VL BL VL VL VH VH FH
Dy VL FL FL FL FH FH VL VH VH BH
Dy VL BL BL FL FH FL BL VH VH BH
Dy FL VL FL FL FL FL VL VH FH FH
D; VL BL FL BL BH BL VL VH VH VH
G A Ay A A A A A Ay Ay Ay
Dy, VH FH BH VH FH FH FH BL FL VL
D, BL FH FL BL BH FL FH FH FH BL
D, VL FH FL BL BL BL BL FH BH FH
D, BH FH BL BL FH BH BL FH FH BH
D; BL FH FL BL BH FL FH FH FH BL
D VH FL VH FL BL BH FL BL BL BL
D, BH BH BL FH BH BL FH BH BL BL
G A, A, Ay A, Ay Ay A, Ay Ay Ay
D, VL VH VL BH BH VL FH BH BL BH
D, VL VH FL FL FH FL BL FH BH BH
Dy, FL VH FH BH BL FL BH FH FH BH
D, BL VH BH BH VH BH BL FH FH BH
Dy VL VH FL FL FH FL BL FH BH BH
D; BL VH FH FH BH BL BH FH FH FH
D; FL VH BL BH BH FH FH FH FH FH
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H A3k HA] 7154] (0,08, 0,14, 0.35)=
ZAAYH Table 7 &) &
T2k gk (0,06, 0.21, 0.41)] ThAIQHEol| theh 2JArE7g
A Table 6 9 TLA(C)2] 7HEX](0.49, 0.69, 0.86)
o] Fow ALK Aol

A 5: oFe] A2 wiA] Sk
7) uhel], w2 el
7}

B(FNIS, A7) 7} 8
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Table 6. Fuzzy group decision matrix and fuzzy weights of 7 decision criteria

fES
=:]
=

St OilLX]

ey @Ml 2

713} oJAAA Y Table 8 9

47tet oAt

&73(C)) BRI EF=3(4,)

= [0, 1] el EAjs}
S (FPIS, A7)} H=] FAA el
2 Hgigat Hageo s ohg)

G

B

G

G

G

G G G
A, (0.06,0.20,0,40) (0,74,0,94,1,00) (0.60,0.80,0.89)
A, (0.66,0,86,0,94) (0.11,0,29,0.49) (0.63,0,83,0,94)
A, (0.23,0.43,0.63) (0.54,0.74,0.91) (0.34,0,54,0,74)
A, (0.09,0.29,0.49) (0.49,0.69,0.86) (0.49,0.69,0.89)
A, (0.17,0.34,0.54) (0.43,0.63,0.83) (0.40,0.60,0,77)
Ay (0.17,0,34,0,54) (0.54,0,73,0.91) (0.17,0.29,0,49)
A, (0.63,0,83,0.97) (0.54,0.74,0.89) (0.51,0,71,0.91)
Ay (0.51,0,71,0,89) (0.17,0.87,0.57) (0.29,0.49,0.69)
4, (0.37,0,57,0,77) (0.17,0.87,0,57) (0.37,0.57,0,77)
Ay, (0.43,0.63,0.83) (0.17,0.87,0.57) (0.26,0.46,0.66)
w; (0,49,0.69,0.86) (0.71,0,91,1,00) (0.57,0.77,0,94)

(0.11,0,31,0.51)
(0,29,0.49,0.69)
(0.14,0.34,0,54)
(0.34,0.54,0.74)
(0,26,0.46,0.66)
(0.17,0.37,0.57)
(0.31,0,51,0.69)
(0,46,0.66,0.86)
(0.60,0.80,0.91)
(0.51,0.71,0.86)
(0.54,0,74,0,91)

(0.03,0.09,0,29)
(0.14,0,31,0.51)
(0.03,0.20,0,40)
(0.09,0.26,0,46)
(0.40,0.60,0,80)
(0.11,0,29,0,49)
(0.06,0.17,0.37)
(0.77,0.97,1.00)
(0.71,0,91,0,97)
(0.49,0.69,0.86)
(0,60,0.80,0,94)

(0.40,0.57,0.71)
(0.50,0,69,0,89)
(0.23,0,43,0,60)
(0.31,0.51,0,69)
0.40,0,60,0,80)
0.26,0.46,0.66)
0.40,0.60,0.80)
0.46,0.66,0,86)
(0.37,0.57,0,80)
(0.26,0.43,0.63)
(0,23,0,43,0,63)

(
(
(
(

(0.06,0.17,0.37)
(0.30,1,00,1,00)
(0.26,0.43,0.63)
(0.31,0.51,0,71)
(0,49,0.69,0.86)
(0.14,0,31,0,51)
(0.38,0,57,0.77)
(0.57,0.77,0.97)
(0.49,0.69,0.89)
(0.26,0,43,0.63)
(0.54,0,74,0,91)

Table 7. Normalized group decision matrix

a

G

G

G

G

G

G

1

10

(0.06,0.21,0,41)
(0.68,0.88,0,97)
(0.24,0,44,0,65)
(0.09,0.30,0,50)
(0.18,0.35,0.56)
(0.18,0.35,0.56)
(0.65,0.85,1,00)
(0.53,0.74,0.,91)
(0.38,0,59,0.79)
(0.44,0,65,0,85)

(0.74,0,94,1,00)
(0.11,0,29,0,49)
(0.54,0.74,0.91)
(0.49,0.69,0.86)
(0.43,0,63,0.83)
(0.54,0,73,0.91)
(0.54,0.74,0.89)
(0.17,0,37,0,57)
(0.17,0,37,0,57)
(0.17,0,37,0,57)

(0.19,0.21,0,29)
(0.18,0.21,0.27)
(0.23,0.31,0.50)
(0.19,0,25,0,35)
(0.22,0.29,0,43)
(0.35,0.60,1.00)
(0.19,0,24,0.33)
(0.25,0.35,0.60)
(0.22,0.30,0.46)
(0.26,0,37,0.67)

(0.22,0.36,1,00)
(0.17,0,24,0,40)
(0.21,0.33,0.80)
(0.15,0.21,0.33)
(0.17,0,25,0,44)
(0.20,0.31,0,67)
(0.17,0,22,0.36)
(0.13,0.17,0.25)
(0.13,0.14,0.19)
(0.13,0.16,0.22)

(0.10,0,34,1,00)
(0.06,0.09,0,20)
(0.07,0.15,1,00)
(0.06,0.11,0,34)
(0,04,0,05,0,07)
(0.06,0.10,0,25)
(0.08,0.17,0.51)
(0.03,0,03,0,04)
(0.03,0,03,0,04)
(0.03,0,04,0,06)

(0.32,0,40,0.57)
(0.26,0.33,0,46)
(0.38,0.53,1,00)
(0.33,0,45,0.73)
(0.29,0.38,0,57)
(0.35,0.50,0,98)
(0.29,0.38,0,57)
(0.27,0.35,0.50)
(0.29,0.40,0.62)
(0.36,0.53,0,89)

(0.15,0.33,1,00)
(0.06,0.06,0.19)
(0.09,0.13,0.22)
(0.08,0.11,0,18)
(0.07,0.,08,0.12)
(0.11,0,18,0,40)
(0.07,0.10,0.15)
(0.06,0.07,0.10)
(0.06,0.08,0,12)
(0.07,0,09,0.13)
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Table 8. Weighted normalized group decision matrix

a

G

G

7

G

G

G

N

=3

(0.03,0.14,0.35)
(0.33,0.61,0,84)
(0.12,0.31,0.56)
(0.04,0.20,0,43)
(0,09,0,24,0,48)
(0.09,0.24,0,48)

(0.53,0.86,1.00)
(0,08,0,26,0,49)
(0.39,0.68,0.91)
(0.35,0.62,0.86)
(0.31,0,57,0.83)
(0.39,0.67,0.91)

(0.11,0.17,0.27)
(0.10,0,16,0.26)
(0.13,0.24,0.47)
(0.11,0.19,0.33)
(0.13,0,22,0,40)
(0.20,0,46,0,94)

(0.12,0,27,0,91)
(0,09,0.17,0.36)
(0.11,0.25,0.73)
(0.08,0.16,0,30)
(0,09,0,18,0,40)
(0.11,0,23,0.61)

(0.06,0.27,0.94)
(0,03,0,07,0,19)
(0.04,0.12,0,94)
(0.04,0,09,0,32)
(0,02,0,04,0,07)
(0.04,0,08,0,24)

(0.07,0.17,0.36)
(0,06,0.14,0,29)
(0.09,0,23,0.63)
(0.08,0.19,0.46)
(0,07,0,16,0,36)
(0.08,0,22,0.62)

(0.08,0,25,0,91)
(0,03,0,04,0.17)
(0.05,0.10,0,20)
(0.04,0,08,0.17)
(0,04,0,08,0,11)
(0.06,0.14,0.36)

A, (0.32,0,59,0.86) (0.39,0.68,0.89) (0.11,0,18,0,31) (0.09,0.16,0.33) (0.05,0.14,0.48) (0.07,0.16,0.36) (0.04,0,07,0.14)
A, (0.26,0.51,0,78) (0.12,0.34,0,57) (0.14,0,27,0.56) (0.07,0.13,0.23) (0.02,0,02,0,04) (0.06,0.15,0.32) (0.03,0,06,0.09)
A, (0.18,0,41,0,68) (0.12,0.34,0.57) (0.13,0.23,0.43) (0.07,0.11,0.17) (0.02,0,03,0,04) (0.07,0,17,0.39) (0.04,0.06,0,11)
A, (0.92,0.45,0,73) (0.12,0.34,0,57) (0.15,0,29,0.63) (0.07,0,12,0.20) (0.02,0,03,0.06) (0.08,0.23,0.56) (0.04,0.06,0.11)
A" =1(0.86,0.86,0.86), (1.00, 1.00, 1.00), 17) =/1/3[(0.86—0.03)>+ (0.86 —0.14)? (19)
(0.94,0.94,0.94), (0.91,0.91,0.91), —
(0.94,0.94,0.94), (0.63,0.63,0.63), +(0.86-0.35)"] = 0.698
(0.91,0.91,0.91)]
A 70 ZF A IEY] A R EAS co, o) 2719
Slpmomomboer a1 ey awiee e daS) SueAE 28
(o2, 0 o (03, (0.06,0.06,0.06), A (12)% o1-g3hA, 7 Ikl chat FPIS A" 9k FNIS
R A d; o d7 5 ARSIA, 2 diAiekel A
oA 6: 7+ oiotel] et Wx] LA S(FPIS, 47Tt 8 ZHE Al OC, & TE3 237} Table 11 o]t} o
HZ] BAAQ |(FNIS, 47)& HEe Al d) 7} d; =24, A HA dAK Aol e FHE A oo o
2 APIEE 20| Table 9 9} Table 10 0|t} o&#), Table =t 421 AR
9of| A Bl B4, ) ol ThEE HA| A1 s = FE 2] A .
. ce,=d;/(d,+d7y) (20)
d, = thaat 2ol Ak =2.799 / (4.026 +2.799) =0.410
Table 9. Distance between 4, and A" Table 10, Distance between A4, and A~
a 6 G g G G G a 6 G g G G G
d(4,,47) 0,698 0,285 0,762 0,587 0.638 0,444 0,612 d(4,,A7) 0,199 0,741 0,099 0,498 0,553 0,186 0,523
d(A4,, A7) 0,338 0,743 0,770 0,710 0,843 0,476 0.831 d(4,, A7) 0,599 0.256 0,091 0,178 0,106 0,142 0,082
d(4;,A") 0,564 0,404 0,674 0.608 0,703 0,339 0,796 d(4, A7) 0,348 0,617 0,224 0,391 0,536 0,345 0,106
d(4,47) 0,653 0,444 0,735 0,736 0801 0,419 0.815 d(4, A7) 0,253 0,568 0,138 0.141 0,179 0.244 0,083
d(4;, A7) 0,612 0,481 0,700 0.695 0.897 0,450 0,843 d(4;, A7) 0,291 0,533 0.183 0.203 0,033 0.185 0.046
d(4, A7) 0,612 0,406 0,509 0,633 0,826 0,398 0,735 d(45, A7) 0291 0614 0525 0322 0,134 0.335 0,201
d(A4;,A") 0,350 0,406 0,743 0.722 0,743 0,450 0,826 d(4,,A7) 0,602 0604 0127 0,158 0,275 0,185 0,067
d(4, A7) 0,405 0,682 0.640 0,770 0914 0,489 0,851 d(A4,A") 0,533 0.320 0,280 0,095 0,012 0,160 0,037
d(Ag, A7) 0,480 0,682 0,689 0,796 0,762 0,442 0,843 d(Ag, A7) 0,445 0,320 0,201 0,062 0,233 0,201 0,046
d(A,, A7) 0,447 0,681 0620 0,781 0.678 0,393 0.839 d(A,,, A7) 0,485 0,320 0,318 0,080 0.340 0.307 0.051
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Table 11. Computation of d; , d; and CC,

IES d; - cc, 29
A, 4,026 2.799 0,410 1
A, 4.710 1,454 0.236 9
A, 4.038 2,565 0.389 2
A, 4,602 1,606 0.259 6
A, 4,678 1,472 0.239 8
A, 4118 2,422 0.370 3
A, 4,942 2.019 0,322 4
Ay 4,751 1,437 0,232 10
A, 4,693 1,509 0.243 7
A 4,440 1,900 0.300 5

o714 AR A O Gl 248 ARk 4,0
A3hE oJuls}7] whiel, Table 11 o 4TRSS
S8 THE A% 002 77 SAe] ueby, AR
B A FA A > A > Ay A > Ay > A > Ay > A Ea
ABET,

flo

o Ho o
o =

s

o

5.2 E

& A olluA] Bl BAA 82l ole] o &
Qo] F&= Wol vA=A] Lohi7] AshA, v A
S Ts] Al wdol 2ol e, A, B8 5
th7]% ollA 107]¢] o o] Aee] ofigt Al
& 2As] sliA A TOPSIS o= A,
AEIE fofohd v L.

A, e oA ARAETISe] wEsh 2 W

o

& 671%]9] 9lojx Hw(VL, FL, SL, SH, FH, VH)9l 4
71 X 52 ekl 5% 3t 2ow oady|E
St AIES BSHE WS AN B4, T
oAz A 7Rs 10749 ofuiX] HhAIRHES
H7kelo] 4 oA S Adishs tr]E oA EA]
w%] TOTSIS o] 48 S AEieT AR, oA
AElo] SA9l 714 (o 4] TR, A, AAA
(EAE1E, SAu)e). BAATANE, BN, A8
HFEA $84) 5 1 POl B, > £

(4,) > H}ol2(4,) > £28(4;) > LNG(4,) > Z28(4,)

L

IHX| TOPSISE Ot ofHA| M& 249 2F

> Aidg) > w7IE7 IS A;) > YRR (4,) > HEH4y)
T2 AsHEd 2 o] ool oA AR
o] Wt e ke AER AR A= S5
ol o, HAYE AEvh= Ao] AFHo= A
o] lth= Aotk ErL & A9 AR BhdAde
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o= oA Rl BgAde ARt Aotk
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Sl digt At vlgFEo] FuEA HER, AR
U A]e] thalel] o3t o 2] mA ek V], A, &
74, ARl & W71 oA A ofuA] Adgke Rt ¢
AEHE LsliA oA B o] il ofof git,
o2 & Aol A 28 HA| TOPSIS W22 Witk
=24 32 AHP PN g2 Qi A E =2 g
flrke Aol itk IR ol2fRt AAIRE Hesl|
Pf3iAl 3] TOPSIS *H o= 2t tiAlgke] 3= A
CC & =E5i4, diAdEe] fAeHE 2A8IAH.
At M AAE #A] TOPSIS I} Hl=olA dddrt
AH 82 aregh F714Q1 A7k o] Fofxithd, AA|
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