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ABSTRACT

Energy environment has been changing rapidly such as the fluctuation of oil prices and the effect
on UNFCCC. Oil price change affects Korea’s economy heavily due to her poor natural resources and
large dependence of consumed energy resources. Korea takes the 4th place of importing the crude oil and
9th place in CO, emissions with the 1st place of CO emissions increasing rate. Considering the current
statue of Korea including oil price change and UNFCCC, Korea will be expected to be the Annex | nation
due to Korean energy environments and the quantity of CO, emission. Energy technology development is
a crucial key to cope with Korea’s national energy security and environments. In this study, we establish
the framework, which allocates the relative weights of assessment criteria and sub-criteria, for assessing
and selecting R&D programs of energy technologies strategically. We integrated fuzzy theory and analytic
hierarchy process (AHP) approach since the fuzzy AHP approach reflects the vagueness of human thoughts
and perception effectively as making pairwise comparisons of criteria and alternatives. The fundamental
data of this research results will support R&D planning phase for policy-makers and the production of
well focused R&D outcomes.
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Nomenclature

AHP . analytic hierarchy process

C . cost

C. . consistency index

CR . consistency ratio

DEA . data envelopment analysis
FAHP . fuzzy analytic hierarchy process
EE . energy environment

ES . economical spin-off

KM : KIER mission

M . marketability

MCDM  : multi-criteria decision making
R.I : randon index

TFN . triangular fuzzy number

TS . technical spin-off

UNFCCC : united nations framework

convention on climate change
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Table 1 Fuzzy scale

Fuzzy numbers Definition
111 Equal importance

(213, 1, 3/2) Moderate importance

(312, 2, 5/2) Strong importance

(512, 3, 712) Very strong importance
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Goal :

Selection of energy technology programs

P A

Energy Economical Technical . o
environment Spin-off Spin-off Marketability KIER Mission Cost
-Technology i E ’
-High oil prices | -Energysavings = development Domestlc_lfore|gn -National policy | -Benefit of
market size - -
-UNFCCC (TQE) urgency Market size for connection investment
-Hydrogen -CO2 reduction = -Technology level axporiie -Public sector -Investment
economy (TOC) fTarget level P : -Internal capacity size
e -Job creation
-Possibility of offects

commercialization

R&D Program 1 R&D Program 2 R&D Program 3 R&D Program 4 R&D Program 5

Fig. 1 Hierarcy of fuzzy AHP
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Table 2 Fuzzy evaluation of criteria

26

EE ES TS M KM c
(213, 1, 3/2) (23, 1, 3/2) (213, 1, 312) (213, 1, 3/2) (312, 2, 5/2)
(213, 1, 312) (23, 1, 3/2) (213, 1, 312) (17, 13, 2/5) (213, 1, 3/2)
5, 12, 213) | (5, 12, 2/3) | (@5, 12 23) | (@25 12, 2/3) (213, 1, 3/2)
EE @1 1 (23, 1, 3/2) (215, 112, 2/3) (213, 1, 312) @1 1 (213, 1, 312)
@11 @11 111 @1 1) @ 1 1
(213, 1, 3/2) @11 111 /5, 12, 213) (712, 4, 9/2)
(23, 1, 3/2) 11 111 (215, 12, 2/3) (312, 2, 5/2)
(312, 2, 5/2) (23, 1, 3/2) (213, 1, 3/2) (213, 1, 3/2) (213, 1, 312)
ES (23, 1, 3/2) @ 1,1 (213, 1, 3/2) 111 (23, 1, 3/2) (312, 2, 5/2)
@1 1 @11 111 (23, 1, 3/2) (213, 1, 312)
(213, 1, 3/2) @ 1,1 111 /5, 12, 213) (712, 4 9/2)
(23, 1, 3/2) @ 1,1 111 (215, 112, 2/3) (312, 2, 5/2)
(32, 2, 5/2) (23, 1, 3/2) (213, 1, 3/2) (213, 1, 3/2) (312, 2, 5/2)
TS (32, 2, 5/2) (23, 1, 3/2) @11 (213, 1, 3/2) (312, 2, 5/2) (512, 3, 7/2)
@1 1 @1, 1 (213, 1, 3/2) (23, 1, 3/2) (23, 1, 3/2)
(213, 1, 3/2) @11 @11 (15, 12, 213) (23, 1, 3/2)
(23, 1, 3/2) @ 1,1 @11 (215, 12, 2/3) (312, 2, 5/2)
(312, 2, 5/2) (23, 1, 3/2) (213, 1, 3/2) (213, 1, 3/2) (23, 1, 3/2)
M (23, 1, 3/2) @11 (213, 1, 3/2) 111 (23, 1, 3/2) (312, 2, 5/2)
@1 1 @1, 1) (213, 1, 3/2) (23, 1, 3/2) (213, 1, 3/2)
(213, 1, 3/2) (312, 2, 5/2) (312, 2, 5/2) (312, 2, 512) (712, 4 9/2)
(512, 3, 7/2) (312, 2, 5/2) (312, 2, 5/2) (312, 2, 512) (712, 4 9/2)
(312, 2, 5/2) (213, 1, 3/2) (23, 1, 3/2) (213, 1, 312) (312, 2, 5/2)
KM @1 1 (23, 1, 3/2) (215, 112, 2/3) (213, 1, 312) @1 1 (23, 1, 3/2)
@ 1, 1) (23, 1, 3/2) (23, 1, 3/2) (213, 1, 312) (213, 1, 3/2)
@/5, 12, 213) | (@9, U4, 27) | (209, 1/, 2/7) (213, 1, 312) (219, 14, 217)
(213, 1, 3/2) @15, 112, 213) | (@5, 12, 213) | (25 12, 213) | (29, 14, 2/7)
(213, 1, 3/2) (213, 1, 3/2) (215, 112, 2/3) (213, 1, 312) (@15, 112, 213)
c (213, 1, 3/2) @15, 112, 213) | (@7, U3, 2/5) | (215, 112, 2I3) (213, 1, 3/2) @ 1 1
@1 1 (213, 1, 3/2) (23, 1, 3/2) (213, 1, 312) (213, 1, 3/2)
o] 4% 4. ==d| Olixl

4.1 Criteria JI=XI
o= 74, AAA dway 7ed dui
I, A, 713 WA, ] 67HA] B+
(criteira)el] ste] fuzzy AHP7|'H-S 28] 57
7)& (criteria) 7He] v a s AAI S TE A
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Table 3 Fuzzy mean value of criteria
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EE ES TS M KM C
EE (L1 1)  |(0775 1.033 1.373)[(0.650, 0.850, 1.133)(0.662, 0.933, 1.340)|(0.630, 0.817, 1.097)|(0.852, 1.222, 1.722)
ES |(0.997, 1.300, 1.683)] (L 1, 1)  |(0.900, 1.000, 1.150)|(0.720, 1.100, 1.333)|(0.842, 1.133, 1.523)(1.367, 1.700, 2.100)
TS [(1090, 1.450, 1.867)|(0.900, 1.000, 1.150)] (L 1, 1)  |(0.962, 1.233, 1.590)|(1.063, 1.400, 1.833)| (1490, 1.850, 2.267)
M |(0.967, 1.300, 1.750)| (0.929, 1.133, 1.390)|(0.962, 1233, 1.590)| (L 1, 1)  |(0.587, 0.850, 1.250)|(0.900, 1.200, 1.600)
KM |(1.183, 1,500, 1.900)|(0.952, 1.263, 1.707)|(0.730, 1.017, 1.397)|(0.917, 1.300, 1.800)| (L 1, 1)  |(1396, 1.722, 2.130)
C |(0.644, 0.889, 1.259)|(0.597, 0.758, 1.002)|(0.609, 0.792, 1.042)(0.680, 0.900, 1.233)|(0.668, 0.900, 1.224)| (1, 1, 1)
P duA7le A7 2 Aol diEvte 6 H7F7|E(criteria) Eoll A 714 g E
do g HAEZANE AAsIA I, Aol Qe 7} 020307 7H4 A5 %= H7b7) % (criterion) &
ks FAgtete]l AyE =E3819 Tk Table 2% 2 E=EHon, FHAe 713 vA, AldAe
criteria?t 2R WA fuzzy A3 =S YERA Foth AAA dFay o2 vyt
Table 32 H7}7|F(criteria)7He] fuzzy A3%
o FHS onata, A (@)~ @)l o4l criteria 4.2 Sub-criteria JI=SXI

o] TENg-S ==3F3ith SI(EE)= (0.089, 0.144,
0.235), So(ES)= (0.113, 0.177, 0.269), S3(TS)+=
(0.126, 0.194, 0.298), S4«(M)+= (0.104, 0.165, 0.263),
Ss(KM)+= (0.120, 0.192, 0.304),

a5 % 7}7]E(sub-criteria)7He] fuzzy A3 %
o] Bt A @)~@®°l o3 TENgto = =%
=, 2 (9)3 (10)ell o3l V(S>=S)]! degree of

SoCO= (0082, possibilityS AF&skc). ela 4 (1) (12)°]

0.128, 0.207) = 7}z A= 9ot o3 35 W 7}7)FE(sub-criteria)e] #HE 74X
21 ()3 (9)ell 28] V(S>=S)¢] degree of pos-— Wate w3k,

sibility € AhEshd HrEt 20, w7k, 71k ek Sad Al g 4

th4 degree of possibility #< tS3F 2t}

D'(1)= min V(S;>=Sy, S3, Sy, S5, Se)=

min (0.783, 0.681, 0.861, 0.704, 1.000)= 0.681, D'(1)= min V(S>=S,, S3)= 0.690

D’(2)= min V(S:>=S,, S3, S4, S5, Sg)= 0.893 D'(2)= min V(S:>=S;, S3)= 1.000

D'(S): min V(S:5>:S1, Sz, S4, Sr), 56): 1.000 D,(B): min V(S;;>:S1, Sg): 0470

D'(4)= min V(S,>=S,, Sy, Ss, S5, Sp)= 0.821 HF7FeA Wi 24} 0320, 0463, 0.217= 4=
ATk ol|A] 2749 sy 7171 (sub-criteria)

D'(5)= min V(S:>=S;, Sy, Ss, Sy, S5)= 098 T 7|FRstg oko] MY doEe oy HrbE
(sub-criterion) ©. & A = T},

D'(6)= min V(Ss>=S, Sy, Ss, Su, Ss)= 0.550 AR AR E T D COAZET gt degree

of possibility gk th2 ).

21 (1007 Dol 93 AF&¥ EE, ES, TS, M,
KM, C¢] 6U criteriazt & 4 72 We
W=(0.138, 0.181, 0.203, 0.167, 0.200, 0.112)" o]},

D'(1)= min V(5;>=52)= 1.000
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D'(2)= min V(5:>=51)= 0.435

HE7HEA Wi 247} 0697, 030322 AFE5
ol AAA g2 e] e % 77)E(sub-criteria)
F AdiAEZ TR} 06972 7HE N H AT

71w NEAIEA, A= Y] TeeE, AEEt
540l 3t degree of possihility & th&-3 2t}

D’(1)= min V(S;>=S,, S3)= 0.807

D'(2)= min V(S2>=S,;, S3)= 0.600

D’(3)= min V(Sg>=S;, Sz)= 1.000
HE7HA W% 247} 0.335, 0.249, 04152 AH&
Hotk 714 gdgade] s Hr7)E(sub-
criteria) % "*%E‘ﬂ}%/‘é o] 04152 7+ A3t}

TG R, FEIFEAE R, LEFEE
ol tht degree of possibility #-> the¥} 2tk

D’(1)= min V(S;>=S,, Sz)= 1.000
D’'(2)= min V(Sz>=S, S3)= 0.962
D’(3)= min V(Sg>=S;, Sp)= 0.629

HE7152 W 242 0386, 0.371, 0.2430.2 At
=5t AIFAde s 3 717]E(sub-criteria)
= FWAF FRIF 038607 7P AEE Tk

7 A AAA, FFA, WEGF] gk de-
gree of possihility #t& thS-3 2t}

D’(1)= min V(S;>=S,, Sz)= 1.000

D’'(2)= min V(S:>=S, S3)= 0674

D'(3)= min V(S3>=Si, Sz)= 0.430

HE7VeA W 242 0475, 0320, 0.204% Ab=
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HI 7V eA We 47 1.000, 000022 2HEH
ot AEan e &5 97172 (sub-criteria) =

Fatdiu] 2371 1.00002 7H Az E o
5.8 E
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