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Use the Life Cycle Sustainability Assessment (LCSA ) combined
with Multiple Criteria Decision Making ( MCDM ) to evaluate the
operational benefits of the railway constructions development
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Abstract

Railway construction is an essential public investment. If the railway development
cannot achieve expected benefits and the life cycle's performance is not considered, it
will lead to the input resources' inefficiency and affect the country's overall future
development. Life Cycle Assessment (LCA) is a comprehensive assessment tool. In
recent years, it has been integrated with Life Cycle Costing (LCC) and Social Life Cycle
Assessment (SLCA) into the Life Cycle Sustainability Assessment (LCSA), which
assesses environmental, economic, and social benefits to evaluate the benefits of each
stage of a whole life cycle, conforming to the concept of sustainability. This study
evaluates the benefits of railway construction in all aspects of its Whole Life Cycle
operation and uses LCSA applications in the development of railway construction
stations as a reference for subsequent policy-making or system establishment.

This study proposes a basic structure of operational benefit evaluation index for
railway construction station development through LCSA and summarizes the evaluation
indicators recommended by experts and scholars through Focus Groups, establishing an
operational benefit evaluation index structure for rail construction station development
under the LCSA framework. Furthermore, the Fuzzy Delphi Method (FDM) and the
Expert Investigation Weight Method (EIWM) of Multiple Criteria Decision Making
(MCDM) are used in this study to establish a new evaluation framework based on the
analyses of experts' perception and emphases on the operational benefit evaluation
index of railway construction station development. Based on the case study of the
Relocation and Renovation Project of Keelung Train station and the in-depth interviews
with relevant stakeholders, conclusions and suggestions on the methods and policies for
the evaluation of the operational benefits of railway construction station development
are proposed.

The results show that railway construction's operational benefit evaluation projects
only focus on quantitative benefits, as in economic and financial benefits, while social
and public benefits and natural environment benefit evaluation projects are lacking.
Apart from quantifiable economic value assessment, the benefit evaluation of
environmental and social value should be added, and that the use of LCSA for
evaluation extension facilitates a more accurate and diversified assessment of the impact
of the railway construction station development on the regional environment and local
development. Moreover, more attention should be paid to various stakeholders' actual
needs and relevant administrative or executing units in the development plan of railway
construction stations. The items to which they attach importance should be discussed to
establish a future reference for relevant units to distribute resources. The evaluation
indices of the benefits of railway construction station development under the LCSA
framework developed in this study can be used as a reference index for the same type
of public construction to improve operational benefit and a prioritized improvement or
key strengthening project.

Keywords: Government infrastructure project, Railway constructions
development, Life Cycle Sustainability Assessment, Operation evaluation,
Multiple Criteria Decision Making
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s §2LCC # - #2 e

SLCA *#3=f thin v >+ 7 i § 3 #8/BRPFNT M B4 55 5 5 Fir
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ME LA o
B3. £ % & % ipAp Rl 1 A2 2 KA FrefuieAvE R L R €
AT Ea* £ T8 | (2008)
BERAEARTS o £ AT
BARR K & L D
LIk REES i
B. B4. ¥ &t EAE LR S A C P FRcagRER L R €
Life Cycle (2008)
Costing, BS. Fi@hier | FH-BRIFIEE ARl AER LR ¢
LCC fer 4o 22 2w (2008)
ke S e -
B6. A%+ Ak | FFEREG > T | AR 5(2018)
Economic | %% 2 AT TER A
Indicators EAR R
iy 1 E5 SRR

CRUFG LR o

RESRPHF

WL EIETHED
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FORp o Bl 2 -4
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A EFHAFFEEERE (LCSA) £ & 5Bl e 2 X B 2 @y =6

T wm e
# = 4 1 i i AL
)
C. Cl. sgitgia = | ox 2 FEME S Miranda and Silva (2012) ;
Social Life | ¥ Z 23 kst | W2 Ll ok Hidalgo and Huizenga
Cycle K& REREE - (2013)
Assessment,
SLCA

A€ PTF

Social Indica-

tors
AL

C2. % Wu"é’ﬁig?],fs
ByER I
e

Miranda and Silva (2012)
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A EFHAFHEBEERE (LCSA) B & 5Bl e 2 RSB g2 ¥ ny =k

=% Ay

ARELZ & F -G R E EHITL AL E ﬁﬁmgﬁﬁ@
P s &imy 2 2w i EeEmA st (Focusgroup) 2o 2333k 3t ;@ #
5 #=% 4§ (Multiple Criteria Decision Making, MCDM ) = ;% ¥ eficksfg, i 35
(Fuzzy Delphi Method, FDM ) 22 & %2 &4 £ € /2 (Expert Investigation Weight
Method, EIWM ) 3+ 5 driig 2 R b B3 2 F 8% F 30 RS LR G

BESE 3 02 L RO L 2 BRIE D PR L PR R

¥-8& FIER

MG LA P AFEERE (LCSA) * MR R R SR 2 N
REFRApIREA AN AL 2 R v R A s A AN L B8
B AFR LR FREHERT A2 L0 wikipiho 2 2 A8
7 LCSA {2 T2 Py R G HBF FEwF T e rﬁ**’%‘gﬁ‘— ﬁf- ARt}
MCDM - ;2 ¢ 5 FDM & EIWM > & & & ?\ﬁ;ﬁ S SR RIS
i%@ﬁéﬁ%ﬁﬁi3%?Eﬁiﬁ%ﬁﬂﬂﬁ“ﬁéiﬁ@?%ﬁ%iﬁ
PRE AN ERJpiR T E 2 AR R e N E R FHAH A RS
e REEFRL AT LRD FATHAT MG L R R R NSRS
RIHBF 2 Y EF TR 2RI L GmEER - MY FHEicBl 3-1:
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B

SRt [ElEE
R EREERR
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HMBLCSAEETEHAERGERE
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SPRBARTALBMERIESL
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*HBFIEF A
(ETWM)
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A EFHAFHEBEERE (LCSA) B & 5Bl e 2 RSB g2 ¥ ny =k

o8 FpE

% ~ EaLEH i (Focus group)

Fl4 A G (Life Cycle Sustainability Assessment, LCSA)~
2571 E KA BB NAEER LI E T U R faé_&i“ﬁliﬁ’ TR
FHz=w» (LCA>LCC{rSLCA) ¥ i: ¢ BIEA L ¥375 > T
A I )‘P_#%/»\%‘-’rﬁ"i‘lﬂim (Kelleretal.,2015) > d ** LCSA & A # &
LRI S & e A R I 2 ) i?éﬁf#ﬁ?ﬁé)ﬁ?;ﬁ? W € F AR BE
ST D EEC R EE LR B2 B0 T RKE £ 50
Bt H P LCSA & vwﬂr’af)%pmvﬁwwbﬂwwlﬁAm

rRE
fyﬁPWﬁ»?wpﬂ%;,fwgaymg%ﬁwa W8 LCSA Jiu*
WALBURFFRITANEE FREFRG N FOET { L nE £
BETH

EgL@48r 2 (Focusgroup) fxd 1 i #F A FApF@eg3 o 228
FHbeh- BEFBFLFTRAE 2 -5 - IRMWERP Y 541 124
(Krueger & Casey » 2003) > {2 ¥ 38223 & > E BB 47 G S8 H 7
3 F PRt TR EIAMOLAERE > EREM e - {0

TR TN LR ER AR e R T d T BN Y
KEF R PR R LA R RO FEARF L -

ERBM PSR GEHFeT (24520 2012):

L ey FAFRFAL FRE DL ATHEI R 4
ERREEELRLL D B IR T F 520 o

2 FEIRAIFEA Z X T AE AT AF AR AR PR hsE
A A530 o

3. P HEBBML P H L EX P FA A A FF R KRS
AP iee iy LANFTES I HBEI T L
Pl R g MF AL e ﬁf’éﬁ*%\vi@ﬁu SRS e
TR A PR R S A

\‘Ir

487 BBk D A LS D F e 2 BT B R
TR E R AR AR SRR B P B s o
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A EFHAEFRTRE (LCSA) %2 sl R f i S u B F2 Y8 nien

Tt AT R EERER ?ﬂﬂfw\ﬁ SRR ERAREL QR
ERBMR Y @FIFFAL EA
o~ 3R AR 2 (Multiple Criteria Decision Making, MCDM )

5% 2 2 (Multiple Criteria Decision Making, MCDM ) 3 f&i4- %
PR 53l AERe R RE el 2 E o A MR 2 2P R 5] (2005)

EFEAETRAZEM 2R EAZ TR 2 TFEND S ERER
FERRIEOT AL ET A R A

Lt Bplieii2 @ gL it Fili®is MAL -

2F R AERE I ANEMERECREIRER G EE AR 50 A

B 2L TR
BERAERS P RT R LR

A BE PR A VAR R R

SIRAR G BV HAHAR AL B j22 B KA @
EGEKRAEE TR (R fed 0 2005) ¢
SRR F B AR AR E O FRER SRR e E B
EAR Y 0 7 0k - RS AR e
23R EE - FERAPERGEDRZE TR o

3R FE S P RAY 0 FULRE TR R AN R
TR EAR e

MCDM %5 &3t L h % A 47577 0 ¢ LR Ay ¥ 30 L A B g
;ﬁi@.’rﬁ’}?ﬂﬁr/’a\ fie i* 42 (Keeney and Raiffa > 1976 ) » MCDM ¥ % 8% 4 ¥ F' g
S kY A - AR BB k2P s R

% & ——l%.fﬁj_lilf#kﬁi R ERRE S J—Tifiiﬁi“’tm"% ( Yoon and
Hwang, 1985)° ) MCDM Z it P4 £ 5 fa ko 2 FF 7 REF i R =
Bdof 5l FenE AL R L * (AR A1 2 5 3 4 R %ﬁ_/’}ﬁ
% o A Y (Sustainability ) 3= & 3 B & oy et - A FHTR %

HrabMEERI e 733 LU -TE > ZEEH(FIER 2006)"
AP ZZBEme e 4 &iFP =G (Life Cycle Assessment,
LCA)BH B & w4 522 ~ 4 ik & 2321 (Life Cycle Costing, LCC)

’ﬁl

Bade e iAo Ba g 4 HF ¥ (Social Life Cycle Assessment,
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A EFHAFHEBEERE (LCSA) B & 5Bl e 2 RSB g2 ¥ ny =k

SLCA) it € o v ciidt € 25 > 2§
r?vm;}ﬁﬂ'-,ﬁ S BHR N AT TR zqsf#,,;gu— B ps :;ugﬁ#,g ¥ H

o
:
RN RIS G o2 AR ’7?¥@%§Q%éih§ﬂ’ﬂ
BT G AgE S AP R Y MCDM 5 AR 2R Sk

¥ F ¥+ (Fuzzy Delphi Method, FDM )

& f 22/% (DelphiMethod) - & 73p Rl » 1 2 & 7 & —‘F'{ E ¥
2475 A UF R B v GG R ARR Y K E RE F L Y B X
o 2Lk en & (Westbrook, 1997) o iR 2 AR g 2 - o By
AN N ERE RFEMIAAL T Ed PEFL LRI LE- HER R
B E 22 e A T 2T 5 R A (Dunn, 1994)

L% &% (Anonymity) © €35 % ¢ 1 BH AL E R L Pl = %
%&ﬂdwz%%rww%ﬁ%ﬁao
d 3

S A ER R E g LT O F B H W R
v RN 12

2.4 it & B] (Interation) : f

?ﬁ’ﬁﬁéﬁﬁ%?€°

3.32+4|w 4 (Controlled Feedback) : = w & = 2 i 5 2 W FEAK
ZREE > P LSRRI T - TR %Y o

4. B 48w ¥ Lzt (Statistical Group Response ) : #7F A L L3t £ =
(T E H|ET o

5.% 7% # (ExpertConsensus) @ % & i = & ?‘\%‘;‘—‘“% ERE
Bois P ko

‘s*v‘r%

R BBRAER B IMAFT UG dok BB FHRERS AR e E
PEF I A~ LAk ﬁ,@L FESNE FE H R L B B wjr s s
PR YR S0%A A RL AL L H e B REF LR B A
Rk 3L (£ 5 &~ 5240 £ 8% > 2007) o & Mullen (2003) 2
T 20 & ﬁ»,?*"u? RO RBER R EEREFEHIE L2 N
PR ET RN 237 FAEL] A Ishikawa, Amagasa, Tamizawa, Totsuta,
£ Mieno (1993) BRRABALE 2R ABREREET 2P 5L
-# ] B2 (Max-Min) ot f# 4 72 (Fuzzy integration) - %3Z3m 2 4+ o
Max-Min %4 4o 3-2° Fi(X) 5 "7 a2 8 MR FAARE B+ B2 &
fiast F,(X)5 T2 7a ) 28 nRkaRE] 2 =ik

30

DOI:10.6814/NCCU202100154

-



A AP AEFBEEE (LCSA) BE 5B RSB gy s

¥ 8 TR

#rc; B8 NF (X)ehe A = 8Cy ~ M1~m_ngsz¢ + #C, ~ M, %2 D,
T B A ¢ R (Gray Zone) » T A d B2 B~ B X TF(X)
BF,(X)2 24 g B iF L TER B AR A B #4124 (Fuzzy integration )
2 Max-Min #g i > @ Z 3RS #icd v it 2 h(X), ¥ 53 ¥ ie 2h (X)), » F
L&A F £ = 3l i hi(X)=min (he(X),hy (X)) > 2 1802 2 fioe 1 B A2 15 3] 5

)

S A ERMARRE o

HEREFORLEL LR PR EAMARERE EEY 4
A WAL 22 (Fuzzy Delphi Method, FDM) » #0848 2802 2 & T
EEEREF o R “r}a-grﬁ%?ﬂd_éz,m el Bic 0 & Rl 2 ) %J%]A\F’BT‘»
BT o nE N EREFE A QAR 2L B RS ;“é&FﬁxM X
?ﬁﬁﬁ%i&*%&+ﬁ”é%@&@#@(#“ L% 3 45 2007)
PR 2§ B3 2 sk 0 4o 3-3 T o

X
100 & Fz(\c) ...................................................................... Fl(x)//
75
50
25
-
é /. o - LTSS — — -
£ : i
M, C, x C, D;
AL &R ¢ Ishikawa et al. (1993)
B 3-2 Max-Min 3R]~ i#
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A EFHAFHEBEERE (LCSA) B & 5Bl e 2 RSB g2 ¥ ny =k

—— #mErsRen —

f B4 B RERE M i
TR &R D EF£% 34 (2007)

M- Z (2001) i #%x Ishikawa % + (1993) 3% 12 kst 2552 5
= iﬁfﬁﬁx’%c)\?ﬁﬁ%lﬁlﬁﬂ&* BB BERAL ffb%’i’\%—“‘wfr,
B E S ¥ %aéﬁﬁﬁpﬁm?péﬂk &0 M O 2B
At (b BB o HIEEAR (2001) - HezapmpnZ (2001)
ﬁ%’ﬁ*amhmﬁﬁéﬁﬁ%r%iiﬁﬁ&J%@%%éﬁiﬁﬁﬁ
EG BB A F I RTE 2 REFEFEFALLF ST Ny
foac > Hr- g% H= s fophorr fbs S Tiatipt { 2 BR -

HOETAR IS AL e P E P e (e BT R *5'\§ SR A
R N L X (2007>¢ﬁ;,mwu; ;aﬁ»,s T?lJ}B%IE%

I

N

1L P REEZ T A HEFIV R 2P L2 o
2. W EEEEF RN LETAER -

3. BEBHOPAE BT RAEETE B o
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A GEFHAFEBERE (LCSA) B & 5Bl R efRf 2 RSB a2 ¥ @y s

-~ & R 2 £2 (Expert Investigation Weight Method, EIWM )
24 &P A= &35 (Life Cycle Sustainability Triangle,
LCST)

EIWM £- 5= # 0 4 &% punk £fon 87 §on e i
Zpig oo & AL 2 (Expert Investigation Weight Method, EIWM ) =
& 4% (DelphiMethod) f % RTL 3 § 478 i1k 3 F X B Ib2 B 4 o
B ESERER ARG e A bR TR U A BB
Bl (RIS B A 4 B A AR Y B R PR AT BB A B
TR FhEEREE  FTH B, BE R TAEREE > AL E LR
PFERABICLEAE(IP > >1999) BT L T4 0 LR G &
TR ER T RELE S PRt

(- HF- REEFF TR REERRE Y 1E 0 S LY

- BEREFER WEAIEPEL SN D B RE A
70k A I ~ o

(Z) HF= 1 FERE > RTIHINFE
X_Zmﬁ
2 fi

X= =6 e M R E il

Xe &% REBRE R 2 B E Gk

fo B GRGEDAE B IR B

4 e A = &35 (Life Cycle Sustainability Triangle, LCST) i * 3%

7 I m AR B 4 4 crfe if B 48 (Matthia, Erwin, Annekatrin 22 Marzia, 2010 )
LCST % d Hofstetter, Braunschweig, Mettier, Miller-Wenk £ Tietje (1999 )
ZE 2 BAIAR 0 R LA Fooow S8UF S o £ e B 0 LCST
A iER LG 2 B ABELORCR 0 H = B Slicdpte v & 100% o &
FAtoer oMot B s BRE FELELFF B - R AR
THEME LS We (B o L $8) - Ws (#ig w AP %ﬁﬂt) R
Wee (&h € S8c) = 75
FE 5 »cF (Environmental value) ~WsE_ % 7354 ¢ »cF (Social value ~

I

(N W

Wee &_5 73+ 8 @2y (Economicvalue) > = B £ #c& 5 ™M™ B % :

We + Ws + Wec =100% and We , Ws s Wec >0

mAFTHEME TR AELE R HORPRAEENE S s R
LBEEA L Z B e »2 EREA L L LCST B :
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A D AREFRTRE (LCSA) $L 5B R e R SRS LB F2 8% irme

e Apdp R TR RAGERE IR A ETRI P L BRSO EL AR
Boo 38 MEL RN B AL A Y 5 We=20% ~ Ws=30% -
Wec=50% » 12 ] 3-4 #7775 LCST B2 2Akil i 7 b 35 A s 228
2 AT M AARE S BEF D AP AL OB R R 2 (Matthia et al.,
2010)

Wec=100%
We = 0%
Ws = 0%

10 90

Wec= 0% o W\/W\/\ 10 Wee= 0%

We =100% 0o_ % 8 70 6 50 40 30 20 10 0 We = 0%

Ws = 0% We in % Ws =100%
7L %k ¢ Matthia et al. (2010)

B 3-4 LCST 7+ & B

%~ AR (In-Depth Interview)

FRVHBEALFEAT A Y ARNE TR 22 - SRR P £
BHRFEEALEITH - PO AFL D F IR  EREELZFRATIF
e 2B Mg R (2 28~ £ E570 20035 mER 5P
2% 4 j& 0 2017) o AFFF% T Y W& MCDM = 2 k@2 LCSA {25 =
PUEE RSB F o 2 R B R 0o R 03 B A Ap M 4 ik
B LA ER VAT R AT MR TonE LB R R o B
WA BB k2 7 - R S eI MR Y FRMEHRT L S
o M ERES A REER AR REFRER KB E
A AR AR EREE Y UEET M A SR E RS

FrEZ LFRE BRI -

)
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A GEFHAFEBERE (LCSA) B & 5Bl R efRf 2 RSB a2 ¥ @y s

B d 2R R 0N A

AR E AR | H B §LEr AELREEG R AP EREEP
E2 A BN R oY i‘.v‘)r%@«}éﬁ%;:g 2 LCSA = B & & 2 4 thiicd
ZIE S E‘t% 7 kW e EB2 18 Be=fmdp ot o B k2 (Focus group )
FORAPMATIE & R LR LLCSA 2 B 5 » 2 dafhte » 2 P ARG 2576

TR o 2 AR e LCSAJE5 T 2 i 2 R Bk B A 0 235
Tt - &L FDM H8: =54 I3 B MMEEL ) 52§ %
R LRSS RE ST o

Fow 2R EE

% -~ EBLEH 3k (Focus group)

EEL@ A2 (Focusgroup) fad 1 i A FA RT3 S48 5
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Tiﬁiﬁ@‘é{ﬁ-‘z&»ﬂ?%ﬁﬁ;ﬁ 2 3FEdp R TR 2T boandh o R EOFE

t/z"’h’ﬁ% ’y\%‘rr}p@ Eﬁﬂw—%ié—’;" °

-~ ERERE%

Btz A il ¥ 5 43 12 4 (Krueger & Casey » 2003 ) » e 7 S8 {4
AR BRBMP AT QESE G T DT B R R E AT AR R
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FHAED QAT TR ZAREANIM AL SR mAITH A HF T2
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UA G AEE G (LCSA) B4 3l R (7 i SR B 2 ¥ 800 o0
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A4, k5 R Ny Fe
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A EFHAFHEBEERE (LCSA) B & 5Bl e 2 RSB g2 ¥ ny =k

¥=o 8 BiEE & dp

AE G EEFT R A EORAR 222 (Fuzzy Delphi Method, FDM )
2ZEFREELHAFTLEPRZ 26 BFRipiR e TR IR AL HFENE T
@&%ﬁ?@@%m;wﬁﬁfiﬁﬁ§wﬁﬁdL@%IDML%?E%%
SR T RGP LT RAp RERE HE ZMBA R A

¥H2 4 AP A= &2 (Life Cycle Sustainability Triangle, LCST) ©
15 BRSO E AR MR SR L2 R BRI
TR A e AN M2 (Life Cycle Sustainability Assessment, LCSA )
CEEL e e

A3

g
Z Bt (Bl 42 22 g RS R F 2L Y8
W £ F 264t B R AL 27 ( Fuzzy Delphi Method, FDM )
ZEREERAAE AU BEREBE (G) antE g E2AFy 2P
W08 B O P2 R £ RER G R - ) B D RE R R
VIS WES TR S E E R SVE RISV PR h F R
ERFHEBF 2 FEREERF 2 A A MR E R A -

B +

Economic
indicators

Envirommental
indicators

Life Cycle Costing, Social Life Cycle Assessment,

Life Cycle Assessment,
SLCA

LCA LCC

B 4-2 LCSA #3]7 % B
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A GEFHAFEBERE (LCSA) B & 5Bl R efRf 2 RSB a2 ¥ @y s

F R SFEHE

i ¢ #2 (Delphi Method ) 212 & % ?\ﬁ—‘k% Yoo T L AAH R
B X w e AFeaniRiEY K S K%**‘ g, B¢ F 3] & e 2 ((Westbrook,
1997) - Rowe and Wright (1991 ) ip R R AT R R E R HEE
TZFALAHBE R IR B E D@ Efgre 277 FDM F S 4% %4 & 3
*%%%ﬁﬁ%%mﬁéﬁﬁﬁﬂﬁuiﬂwwﬁmiwkﬁ+%:y%9
FRABFFL RS R AIT M E L EE L e B R e R R
%E?@ﬁﬁiﬁﬂaipiﬁ%%ﬁ%?:9Wéﬂ#ﬁ&iﬁﬁ
(Regulator ) ~ ¢ & s fird 7 % (Operator) ¥ = iy (Government ) ~ § J
(Academic) & % R (NGO) ; FArd 4-50

A7 2 FDM & REFE % 3p # 5 2020 # 5% 6 p 1 2020 # 5 % 22
POEFRI PR E w9 R E P F el L5 95 v 100%;
FEEF 5 0%

% 4-SFDM B & 324 %

3 7] HESEOw Iy ¥
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v Ry Regulator 7 —— - —
2 pMpcindad B 47 (dEdHHF)
3 Q‘Eﬁ%ﬁiﬁﬂm“*ffil 2 R
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4 R LE B T
5 B FCRy Government L P wE fi
6 £ None M=00~ %
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8 OOR%EA3+AER 5 'L 7
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9 OO AR 4 12 P

FHKR AFTEE
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w22 BE S B 3 F F b F o E% o dd B 50 A GK
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U3 GAWAFHE BTG E (LCSA) B & 5 R R (7 i S Wb B 2 ¥ 005 320

2. %4 = iﬁﬁ@:}aﬁ-ﬁf’s‘?f/ﬁ* Ao B ¥ (C>0L) » 2 W 4
2 B AZI=CH -0l R paim e R T R SR L

MBeliomg &2 TEEIRT2Z ¥R ITHE | 2R F'“‘gsi‘al?fl
M'=0)-Cy (FZ'<M') : PIH &7 2 & ﬁ%‘f'ﬁ LARFERE
ERER LS dRBE R LS 1*"% r N 15'—:? WATE P 2 iR
o EChz #paniriE? 2 REREO) g e ek fen
ii#ﬁiﬁ*ﬁ%f{iﬂ,/}ﬁ;% Hioé/{l\F‘FL]PIEB |m|—f~”’\“
FTEMRAREEBG | £37 2 4 B2 WM %28 (min) #%
TEZ R ES R REZER RSB RREDE A
#o; ST SREIS-2

Fi(x;) = {J {min|C'(x;), 0'(x;)|}dx}..covveiii (5-2)

G = {xj|maxppi()}oeeee (5-3)

i

3. B Z A fORECT BoP M 2 A d %(CU>0 ) o RR B T4
2 A d B FZI=CL>0L 4 20 & iR p [ A S E e
;§ e TiaE, & rﬁ"fﬁ‘i;&f‘—"m% PITEE | 2% FE%@
M'=0y —Cy (FZ'S5SMY) "Rl &2 7 2B RA L FRELEZ BT
Bo¥AA iR E R LS wé.; FET A EY 2 iR IE‘;Ch
RS XS LER €5 A UPIEE R E RS
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BEITEZ N i’JIEIO WL Mg gy AT 2 25 oI o
Cll\/[J EERSEY T ER ﬁﬁ";}_‘lsﬁ-hj’——:‘ F%EL £
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FGEGFE L LR AR EMRARAFA GBS o AT AHFELE
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A GEFHAFEBERE (LCSA) B & 5Bl R efRf 2 RSB a2 ¥ @y s
% 4-8 FDME £ %5 st 4 (% :}%’}%"'ﬁﬁ? )
e BoPE | BRE ) RAE %iz %iz %i% %iﬁf B B
P ARSI Rl ] I e e R . | FwE
:}F, £ Ci " ol BB [BAE [ BBt Zi Ci

CiMIN | CiMAX | Omin | Omax
AL R 4.43 6.00 7.00 2 7 5 9 0.57 | 5.88
A2. B RFR 4 4,57 5.86 6.63 3 5 4 9 1.05 | 4.86
N w’?";ffﬁ-? 4.25 5.88 6.89 3 6 5 9 164 | 5.52
VRISl iy 4 3.88 5.22 6.33 1 6 4 9 0.46 | 5.05
A5. 1 3 e 3.11 4.56 5.78 2 5 4 8 167 | 4.48
AG.7k § i 4.86 6.44 7.56 3 6 5 10 | 1.70 | 5.69
A7.2 & B 4.00 5.56 7.33 2 5 4 9 233 | 4.77
A8. 2 £ it B 4.63 6.50 7.11 2 7 5 10 | 049 | 5.9
AVZ B & REH 5.00 7.00 8.33 3 6 7 10 | 433 | 6.43
Bl.®s & & 6.22 8.00 9.33 4 9 8 10 | 211 | 8.32
B2.g &z ik % 6.38 8.00 9.11 4 8 7 10 | 1.74 | 7.57
B3.£% & & 5.14 6.22 7.44 4 7 5 10 | 0.30 | 6.14
B4.§ & Jc > 5.38 7.33 8.78 1 7 5 10 | 1.40 | 6.40
B5. ¥ & ¢z » 5.50 6.89 8.22 5 7 5 10 | 0.72 | 6.36
B6.EF = &> 2 2% 5.50 7.11 8.44 4 8 6 10 | 0.94 | 6.99
B7.2 ¥z Bgxy 5.17 6.22 7.56 4 7 5 10 | 0.39 | 6.16
B8.3 4e 3 3 iJ § 2 ¥ 5.57 6.67 7.78 4 7 5 10 | 0.21 | 6.32
BO.xk % 2 ¥ BEE 6.00 7.00 8.22 4 7 6 10 | 1.22 | 6.69
Clagit8s 2k Z B2l A EFE 6.25 7.67 8.89 4 8 6 10 | 0.64 | 7.25
Co.+ R s PRI BE R Tk | 644 7.78 8.67 4 8 6 10 | 0.22 | 7.26
C3.58 it #h 27 5 & phinnd, % 5.33 6.22 7.33 4 7 5 10 | 0.00 | 6.17
CAFE & L ATFEE TR 5.86 6.78 8.00 5 7 6 10 | 1.14 | 6.64
C5.2 B REFZ g B F 571 6.67 7.89 4 8 6 10 | 0.17 | 6.90
CoFMYEEE2 {3 4.88 6.22 7.44 4 6 6 10 | 257 | 6.00
C7.3% % PR 7%~ Js ki3 5.50 6.89 8.00 4 8 6 10 | 0.50 | 6.89
COEWIIFHRRAR 5.44 7.00 8.11 3 8 6 10 | 0.67 | 6.90

TR AP B HE
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A EFHAFFEERE (LCSA) BE il e 2 X B 82 ¥ %y =

% 4-9 FDM B ¥ &% st 4

(REBEGI A £B)

) BRTo|SeTo|Seln n o n N . | RRE
itk Ci " ol Bl (BB @ (B E] Zi G s
CiMIN | CiMAX | Omin | Omax
BlLgz# = & 6.22 8.00 9.33 4 9 8 10 | 211 | 832 | :i:F
B2. ¥z w4 6.38 8.00 9.11 4 8 7 10 | 1.74 | 757 | B
C2.+ REf s i f { e s 2| 644 7.78 8.67 4 8 6 10 | 0.22 | 7.26 | B
CLeg /% 2L 3 FA A 0FL 6.25 7.67 8.89 4 8 6 10 | 064 | 7.25 | i@ B
BO.EF & 25 2 ¥ 5.50 7.11 8.44 4 8 6 10 | 0.94 | 6.99 | ii:F
Co.2 B kBT grg Bac¥ 5.71 6.67 7.89 4 8 6 10 | 0.17 | 6.90 | @B
COEWIRMBAELAR 5.44 7.00 8.11 3 8 6 10 | 0.67 | 6.90 | i B
CT.RK %Rk % 5.50 6.89 8.00 4 8 6 10 | 050 | 6.89 | ii:iF
BO.xb % 4 3 B3 6.00 7.00 8.22 4 7 6 10 | 1.22 | 6.69 | i B
CARGFD {MEELETHR 5.86 6.78 8.00 ) 7 6 10 | 1.14 | 664 | @ B
AEZad e 5.00 7.00 8.33 3 6 7 10 | 433 | 643 | i B
B4. ¥ & fx » 5.38 7.33 8.78 1 7 5 10 | 140 | 6.40 | @B
BS5. ¥ i ¢ jx > 5.50 6.89 8.22 ) 7 ) 10 | 0.72 | 6.36 | i@ &
B8.3 4r 3 * jj 7 3% § 5.57 6.67 7.78 4 7 5 10 | 0.21 | 6.32 | i B
C3.55 1 B #h 03 4 B phen{, & 5.33 6.22 7.33 4 7 5 10 | 0.00 | 6.17 | i@ B
B7.2 ¥ Bz BgaE 5.17 6.22 7.56 4 7 5 10 | 0.39 | 6.16 | @ &
B3L£g =& 5.14 6.22 7.44 4 7 5 10 | 0.30 | 6.14 | @B
CoEFMYTE L2 4.88 6.22 7.44 4 6 6 10 | 257 | 6.00 | i@ &
A2 xR 4.63 6.50 7.11 2 7 5 10 | 0.49 | 594 | %)%
AL BSR4 4.43 6.00 7.00 2 7 5 9 0.57 | 5.88 | #1*%&
A6k 3 ¥ 4.86 6.44 7.56 3 6 ) 10 | 1.70 | 5.69 | #1%%¢
A3z § TR 4.25 5.88 6.89 3 6 5 9 1.64 | 552 | #]%
Adok & 3.88 5.22 6.33 1 6 4 9 046 | 5.05 | #1%%
A2 p BT R4 4.57 5.86 6.63 3 ) 4 9 105 | 486 | #1%%
A7.2 fi B4 o 4.00 5.56 7.33 2 5 4 9 233 | ATT | #1%
A5, 1 i i 311 4.56 5.78 2 5 4 8 167 | 448 | 1'%
FTARKR AP U
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A EFHAFHEBEERE (LCSA) B & 5Bl e 2 RSB g2 ¥ ny =k

Bz & ERHENBR A

Kua (2017) #% 417 2 &8 A - &4 5 (Life cycle sustainability uni-

fied analysis, LICSUA ) #% 1 1 5 &2 2 i & ey %T CE G e BT RO
«"liiﬁfﬁﬁ%&ﬁ% il“i f;’»%ﬁ”" SEHGD Z 46w (RE SR A

€)% ij_ﬁé# % MECE ( Mutually Exclusive Collectively Exhaustive ) & B T
e B Ep I 252 BB EM ERREF R R F 2 3L
o TP ERRAT G T RAAEFERE AT R Ap T iRy
(Halog and Manik, 2011 ) > = B & = = (T 7 » ?ﬁﬁ?&’f?%i{ £ (*rig)
&Fﬁgﬁéﬁﬁ%ﬂ?ﬂ? P RR BRI G P Fedg I A AR L AR L T A
ERAZEFINRIFTFEES KA IHES NI AT RE - Bo » Fdpih ¥
?ﬁﬂwiﬁwﬁﬁjﬁﬁwf%’u?l Frmg 247 doBl 4-4 T o

Life Cycle Assessment, LCA

Environmental

X Life Cvcle Assessment, LCA
indicators

Envi mmrﬂlm\
Environmental-economic indicators Social-environmental
v

indicators indicators

s ~
Socail indicators \ l
‘ c

» Social-environmental-
economic indicators

Economic indicators

B

Economicy |
indicators.

Socail /
ndicators “sqcial Life Cycle

Life Cycle Costing, LCC Assessment, SLCA

Life Cycle Costing, LCC Social Life Cycle v
Assessment, SLCA i )
Social-economic
indicators

TR kKR Bep Kua (2007)

Bl 44 33 Mo 26

LELERAEEL L RE Y SO NG e AR S H FERL
BAp et =BG v £ & BARR LTS 0 B P A g B2 s R
PR BB FHER B A T RERY PR 2P
BEFEOL L FEwl BN FF AT e o
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stetter, Braunschweig, Mettier, Miller-Wenk £ Tietje (1999) £ = 2_ B3] it i+
Ko B NART P $EFLBOELRER  LCSTF i * 3t iz im
53 2B AERE DHD 0 B2 B S AP 5 100% o A e By
et EE T BHE FHEEUELETFF - AP H L SO S L
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LE AL
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B 4-6 #77 o

B 2

jsu
o
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A EFHAFFEEERE (LCSA) £ & 5Bl e 2 X B 2 @y =6

Wec=100%

10

AVAVAVAVAVAVAVAVAVANNS

Wec= = 0%
We =100% wo_ 9 8 7 60 so 40 30 20 10 0 We = 0%
Ws = 0% We in % Ws =100%

AL %k ¢ Matthia et al. (2010)

B 4-5 LCST 7+ & B
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A EFHAFFEERE (LCSA) BE il e 2 X B 82 ¥ %y =

S RERRALNR

MEShRGELE BRI MEBARETFLL LR H 404 413 #7157 »
A AL R FDM G E P e iR B2 2 B w2 E R A EE Bird 4

14 #7

413 GELQpENZBa e MBMTELEBELI TR E (2H)

=tk 2 Eik A
A9. BB R REE 54.3%|  23.5%| @ 22.2%
Bl. &4 4 9.9%|  72.8%|  17.3%
B2. FiE2 Mg A & 8.6%|  753%|  16.0%
B3. £3% &4 13.6%|  70.4%|  16.0%
B4. 4 &1 » 11.1%|  72.8%|  16.0%
BS5. % i# ¢ fc » 123%|  67.9%|  19.8%
B6. E ¥ & A0 2 2 F 16.0%|  49.4%|  34.6%
B7. 4y B 18.5%|  56.8%|  24.7%
B8. #f4cy 3 i) Bk F 123%|  59.3%|  28.4%
BY. =% 2 ¥ B 18.5%|  59.3%|  22.2%
Cl 3 387 22 2 B2 J 5l s 19.8%|  34.6%|  45.7%
C2. =« By s st  Jlide & e = 17.3%|  32.1%|  50.6%
C3. 5 - B oh 303 3 B fhing % 17.3%|  32.1%|  50.6%
C4. B LHTEETR 17.3%|  37.0%|  45.7%
C5. 2 R feg Bocy 21.0%|  32.1%|  46.9%
Co. R ¥ EF ™2 3 11.1%|  34.6%|  54.3%
C7. 3K % PRir k& 14.8%|  32.1%|  53.1%
C8. &KW IRIFB AR 14.8%|  32.1%|  53.1%

% 4-14 23 2 gk E ot =

TR kR AEy 5

Bow2 MBFEERMEE 2% (24)

— % k. e
AL LR A R 17.1% 48.6% 34.3%
TR kR A7 U
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A EFHAFHEBERE (LCSA) BE iRl e kB gz ¥ i

¥ 8 TR

Wec=100%
We = 0%
Ws = 0%

10

N AVAVAVAVAVAVAVAN VAN "ISumpe

Wec=
We =100% 0o 9% 8 70 60 50 40 30 20 10 0 We = 0%
Ws = 0% We in % Ws =100%

4L kR ¢ 2 p Matthiaetal. (2010)

W46 AFF23TFEHLCSTH (24)

AL L ERERET BT R > B %A B 5 We=17.7% ~ Wec=48.6% ~ Ws
=33.7% 1Bl 4-6 77 o d LCST ¥ 5 8} » BEAATRA 6 v 4o 1 WAL & 3 4
FED- BERIHE L A LCSAZ BB o » R E 2 17.7% 8285 =
Fireom e Rz 3o RBEL 3 HRPE S 37 LRLFTFRR w2 -
BRI R RELBERS LG wdpth HEE BRI SRR 78 1 50%
fe LCST f & T 0 4rus 1422 50% > 5 48.6% > % 7 = B2 & »dg i3 4p B 5
PREM G A 2L EENRR R v AR ARG L5 GG e E

LA B o RE 0 hfE ] BB G pokE

1

to
;;

%ﬁﬁé ﬁ PP LG ARl ERRASARL S BT R
PR AP BRI AL R AT R I MR A
F JLMF,%——E”:/‘E‘J‘ (Regulator) » H2t 8 8 o 4-15 27 4-16 ~ LCST 4B
4-7; ¢ & FofL 7 (Operator) » H3- ¥ 5% dod 4-17 2 4-18 ~ LCST 4
Bl 4-85 ~ ¥ > Ffy (Government) » B2t % yod 4-19 #7 4-20 ~ LCST 4
B 4-9; ~ & % (Academic) » H 3+ 5 & % 4ok 4-21 7 4-22~ LCST 4 4-10;
R (NGO) » Ht 5 &% drdk 4-23 27 4-24 ~ LCST 4 4-11; & w3+ 5 H
P A piRs Bl 2 B Ra e HEBATERRREARLE -

Y

>z
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A D AREFRTRE (LCSA) $L 5B R e R SRS LB F2 8% irme

2415 GELBHFEZ B r 22 MM ELLPE LB %% (Regulator)

4tk B | EA | g
A9, BB e R REH 722%|  22.2% 5.6%
Bl. ®: 2 4 5.6%|  94.4% 0.0%
B2, §iE2 g A 0.0%|  100.0% 0.0%
B3. £ 3 & 4 0.0%|  100.0% 0.0%
B4. & & fc 0.0%  94.4% 5.6%
B5. & i ¢} 4 » 0.0%|  88.9%|  11.1%
B6. KT & k52 2k 11.1%|  61.1%|  27.8%
B7. ¥ g B ki 11.1%|  61.1%|  27.8%
BS. Hi ek = i) 30k k 0.0%  66.7%|  33.3%
BY. =T 3 b Bk 11.1%|  66.7%|  22.2%
Cl. 3 - 483 23 2 il s p s 16.7%|  38.9%|  44.4%
C2. * B kA A8 57 gy 4 5.6%|  22.2%|  72.2%
C3. 5 it B oh 305 5 B hehd, 4 5.6%|  27.8%|  66.7%
C4. B3 (I L TR 16.7%|  38.9%|  44.4%
C5. 4 & kT g B ok § 16.7%|  33.3%|  50.0%
C6. KM Y B4 2 ) 0.0%|  22.2%|  77.8%
C7. 2% % PRAE-K 0.0%| 22.2%|  77.8%
C8. & IRIFBA A 0.0%|  222%|  77.8%

% 4-16 #7717 2 dp iRt =

FH kR AP EHU

Bo ez MISTELR MY 2% (Regulator)

AET G 20 ;};j 1 2 fﬁ 9.6% 54.6% 38.8%
FTHRER: AEy 5
Wec=100%
We = 0%
Ws = 0%

. AVAN
Wee= 0% o© WV\/\/\/\W 10 Wee= 0%
We =100% wo_ 9% 8% % 60 S50 4 30 2 10 0 We = 0%
Ws = 0% We in % Ws =100%

ALK R ¢ s p Matthiaetal. (2010)

B 47 #F %26 %4 LCST M (Regulator)
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A EFHAFFEEERE (LCSA) £ & 5Bl e 2 X B 2 @y =6

%417 GE =B e Z MBMTELLBHE LB 2% (Operator)

gtk s %33 A A g
A9 BB EFRED 33.3% 33.3% 33.3%
Bl. ®:& & A 22.2% 44 4% 33.3%
B2, 482 @E L A 22.2% 44 4% 33.3%
B3. £ % 24 22.2% 44 4% 33.3%
B4, & » 22.2% 44 4% 33.3%
BS5. ¥ & ¢z r 27.8% 38.9% 33.3%
B6. % & AL 23 F 27.8% 33.3% 38.9%
B7. 2y By 27.8% 44 4% 27.8%
B8. Kt 2 7 onF 27.8% 44 4% 27.8%
BY. #% 2 ¥ B #cE 27.8% 44 4% 27.8%
Cl. 35 1-#8% 2% 2 F 2k SfF & 27.8% 27.8% 44 4%
C2. & FGFfy « gk { e S5 ehip 2 27.8% 33.3% 38.9%
C3. % (v 3 b 3R 3 B phehd, % 27.8% 33.3% 38.9%
C4. s (FTEL TR 27.8% 33.3% 38.9%
CS5. # /& KT Geg B og ¥ 27.8% 33.3% 38.9%
C6. BRI Y3102 ) 27.8% 33.3% 38.9%
C7. %5 JRF--K 27.8% 33.3% 38.9%
CS. & *GIRI+E 7 A 27.8% 33.3% 38.9%

FA kR AT HH

£ 4-18 AP T2 HHERTZB o oe 2 W EL L B3 H 5% (Operator)

AT 2T #;3 128 T# 26.9% 37.7% 35.4%
FTHRER: AEy 5
Wec=100%
We = 0%
Ws = 0%

10

Wec: O% 0 /\/\/\A/\/\/\X\/\/\ 100 WCC: O%

We =100% mwo_ 9 8 70 e 50 40 30 20 10 0 We = 0%
Ws = 0% We in % Ws =100%

T4 kR ¢ iz p Matthiaetal. (2010)

Bl 4-8 »F % 23%f %4 LCST Rl ( Operator )
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A EFHAFFEERE (LCSA) BE il e 2 X B 82 ¥ %y =

% 4-19 GFELSpEZBo e MBMTEL LB LI T 5% (Government)

4tk B | EA | g
A9 BB FREH 55.6%|  22.2%|  22.2%
Bl. @it 4 11.1%|  77.8%| 11.1%
B2. &2 a4 11.1%|  77.8%| 11.1%
B3. €5 &4 222%|  55.6%|  22.2%
B4. & i Jc ~ 11.1%|  77.8%| 11.1%
B5. 4 i 7k g » 11.1%|  66.7%|  22.2%
B6. K% & A2k 222%|  333%|  44.4%
B7. 3 ¥ W% Bk 222%|  55.6%|  22.2%
B8. #{ ‘e ¥ = if Bk § 11.1%|  44.4%|  44.4%
BY. #hF 3 ¥ B E 222%|  66.7%|  11.1%
Cl. 51 385 22 2 B2l kAl L 44.4%|  44.4%|  11.1%
C2. % BB 4 S J1Ee 5 chp o 222%|  44.4%|  33.3%
C3. 3 1 9 7k 305 5 B fhehid, % 33.3%|  22.2%|  44.4%
C4. E3D { 35K L TR 11.1%|  55.6%|  33.3%
C5. 2 &K T g B o 33.3%|  33.3%|  33.3%
C6. R Y 4 ™2 7) 11.1%|  55.6%|  33.3%
C7. 3% % PRAR-K I 11.1%|  55.6%|  33.3%
C8. % * PRiti% A A& 11.1%|  44.4%|  44.4%

FA kR AT HH

%420 AP 2 A EFEHERZ B w2 M TL & 5 5 % (Government)

A LR R IR 21.0% 51.99% 7%
FTHRER: AEy 5
Wec=100%
We = 0%
Ws = 0%

10
W6C: 0% 0 /W\/\/\/\/\/\M 100 WCCZ O%

We =100% 1o 9% s 7 60 S0 40 30 20 10 0 We = 0%
Ws = 0% We in % Ws =100%

T4 kR ¢ 2z p Matthiaetal. (2010)

Bl 4-9 APy 2 3 EG % f]& LCST B (Government)
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A EFHAFFEEERE (LCSA) £ & 5Bl e 2 X B 2 @y =6

%421 FE Sz Ba e MBMTEL LML E %% (Academic)

4tk B | EA | g
A9, BB HIREH 77.8%|  11.1%|  11.1%
Bl. ®: 2 4 0.0%|  100.0% 0.0%
B2, §iE2 g A 0.0%|  100.0% 0.0%
B3. £ 3 & 4 0.0%|  100.0% 0.0%
B4. & & fc 0.0%|  100.0% 0.0%
B5. & i ¢} 4 » 0.0%|  100.0% 0.0%
B6. K% % kb2 2k 0.0%  722%|  27.8%
B7. ¥ g B ki 0.0%|  833%|  16.7%
BS. Hi ek = i) 30k k 0.0%  88.9%  11.1%
BY. =T 3 b Bk 0.0%|  833%|  16.7%
Cl. % i ¥R3 28 5 il f HgEL 0.0%  27.8%|  72.2%
C2. * B kA A8 57 gy 4 11.1%|  27.8%| 61.1%
C3. 3 1 9 7k 305 5 B fhehid, % 0.0%  27.8%|  72.2%
C4. 453 L F7H & TR 5.6%|  27.8%|  66.7%
C5. 4 &k BT g B o g 5.6%|  222%|  72.2%
C6. KM Y B4 2 ) 0.0%| 27.8%|  72.2%
C7. & % PRk 11.1%|  222%|  66.7%
C8. & IRIFBA A 11.1%|  222%|  66.7%

FRkm: AT R

%422 AP T2 HFERTZ B L BB EL L EE $ % (Academic)

AT 2T #;3 128 T# 6.8% 58.0% 35.2%
FTHRER: AEy 5
Wec=100%
We = 0%
Ws = 0%

10

O AVAVAVAVAVAVAVAVA\ "GN "

Wec=
We =100% 1o, % 8 70 6 s0 40 30 20 10 0 We = 0%
Ws = 0% We in % Ws =100%

T4 kR ¢ iz p Matthiaetal. (2010)

B 4-10 #4717 2 %% 7 4 LCST ®l ( Academic )
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A D AREFRTRE (LCSA) $L 5B R e R SRS LB F2 8% irme

%423 GELS QT Br e L MBMTELLBELI L% (NGO)

gtk X 3 A A g
A9 B R H 33.3%|  27.8% 38.9%
Bl. &3 & 11.1% 50.0% 38.9%
B2. ¥i#2 @i 4 11.1% 55.6% 33.3%
B3. #3344 27.8%|  44.4%|  27.8%
B4. ¥ i# jc » 22.2% 50.0%|  27.8%
BS5. ¥ & ¢z r 22.2%|  44.4% 33.3%
B6. K% & kb2 ok F 22.2% 38.9% 38.9%
B7. 2y By 33.3% 38.9%|  27.8%
B8. Kt 2 7 onF 22.2%|  44.4% 33.3%
BY. 3% 4 B B 33.3% 38.9%|  27.8%
Cl. s i 8% 2% 2 F 23l £ 22.2% 38.9% 38.9%
C2. & FGFfy « gk { e S5 ehip 2 22.2% 38.9% 38.9%
C3. % (v 3 b 3R 3 B phehd, % 27.8%|  44.4%|  27.8%
C4. s (FTEL TR 22.2% 38.9% 38.9%
C5. 2 35 KT gt B on i 27.8% 38.9% 33.3%
C6. BRI Y3102 ) 16.7%|  44.4% 38.9%
C7. % % PRAR-K 22.2% 38.9% 38.9%
C8. H ¥ JRIB & A& 22.2%|  44.4% 33.3%

FH kR AP EHU

424 AP 2 HEERENZ B e 2 B EL L P S (NGO)

AR R 23.5% 42.2% 3%
FTHRER: AEy 5
Wec=100%
We = 0%
Ws = 0%

10

0% 0 /V\/\/\/\A/\WV\ 100 WGCZ O%

Wec=
We =100% wo_ 9% 8 70 60 0 40 30 20 10 0 We = 0%
Ws = 0% We in % Ws =100%

T4 kR ¢ iz p Matthiaetal. (2010)

M 4-11 #~# 235 24 LCST ® (NGO)
60

DOI:10.6814/NCCU202100154



A GEFHAFEBERE (LCSA) B & 5Bl R efRf 2 RSB a2 ¥ @y s

AFTY K27 L - E B (Regulator) ¥4 dp 2 MPH R T E £ 42 & 1Y
SR e Gk 230500 dER[E Y L PR AR E S L R R Y
FHEEP R M BRI EAG P HERRAE XN RER v B E G w2 B0
MAEH w2 ERMBAEX ARG e BB m e L7 0.6% ZREEKN
Zow e LB R EFRERGHG v 1Y LFUREE O HNZ B
e BERS T RS R RECREERFILFELRGTEFHE B o @
EARMRRERE TE BRI RER IR RS o

2425 AP T2 EREREZ B p 2 HBMTER BN RE (FEV R

k| 2 2 g A€
Ed ;| 17.1% 48.6% 34.3%
vk R i{*ﬂ“ (Regulator ) 9.6% 54.6% 38.8%
SO s (Operator) 26.9% 37.7% 35.4%
el 29y (Government) 21.0% 51.9% 27.1%
g % (Academic) 6.8% 58.0% 35.2%
¥ % (NGO) 23.5% 42.2% 34.3%

FTRELR: AFT A

AEEE A G HAEHE E =R (Life Cycle Sustainability Assessment,
LCSA) % & % =& ;L% (Multiple Criteria Decision Making, MCDM ) #7 % #riif
ERIFHRF 2 FETEER NI E SR IO 4TE B2 P ERE TR
¥ o AR UHSWALFE 282 (Fuzzy Delphi Method, FDM ) 2. & %% —‘ﬁ FEag
R OLEE=Bo o EFEL > REFSBET TR B BREL 274
o DR - BATERER B A 0 hoBl 47 ST o

m FDM B % % = 3Ri> > 0% 73 5 £ (Expert Investigation Weight
Method, EIWM) 3+ & 1 77 7 LCSA & ¥ H2 = BiFm g » P i@t £
A eFH A = &35 (Life Cycle Sustainability Triangle, LCST) = ;2 & 38 ;
PL3ET - P RE 'ﬁ?ﬂllérﬁﬁ‘i\"‘ %2 LCSA = Bz o w2 ’]“Eji: Tw

TFE o b HAPEZ AT RN TR EF > LCST &
P EFUEEEF AR B AL R JITHM AR 2 RFEfRPT L D
B %% > % (Matthiaetal,, 2010) - 47 7 LCSA ;* & 7 #£4 2 LCST ¥ 11 4
ARG b5 R R F HE N- BA iR 3 6 LCSA 2 BB
moetEE 5 17.7% BALZZ BTG e R F o R B HE R

v

AR AV EAMZTG e e M R sk P HCE X BERSE Z SR @:}Fﬁ

'} %—;J_E"nﬂ\ﬁ‘

T

W

R

(
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A D AREFRTRE (LCSA) $L 5B R e R SRS LB F2 8% irme

50% > = LCST # & & ZLAred 13t 50% > 5 48.6% »
B

AT G HRIEY FDM B2 355 F A 30T - & § T R0A
TR 0 B AR TR R

%
EHER Y U R RSB 2 Y .

J=
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A GEFHAFEBERE (LCSA) B & 5Bl R efRf 2 RSB a2 ¥ @y s

Wl A 35 2
FEMBTEEM
LCA LCC SLCA
Environmental Environmental Social
Indicators Indicators Indicators
RERE 4% e R HEeHE
R O|E| B E| B | |F 2] (] (s (| | K] || (|| || (B R | ®
gl || [SE| | E| |E| |E| |F| (s || B || |[B| || |8 |F] |8 %] %
S (R | A [B| (M| [ || (BB s || |AR| || O|WE| |45 (K| || |BR| |8
ol N IO I 2 = O NG O . O - I B I A B I O R S B O = R - AT 3
= * AL (B[ (M || R[] (BT || |||
%é 5, || EE| (B ||| E| (& (T (M| (B B (R E
& E:3 Zo| s |ER| (| |2 || || |E| (E] = B
# 5 5 £ 4] ﬁ};%'. )?{ A )?{ h%
B OB || | B |2 (W
i # 28] b B
W (&) | &
#F| | &
5| |5
&)
#
,ﬂ..

Bl 4-12 LCSA{=% T 2 i SRk F =B # % F 2 ik
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A EFHAFFEEERE (LCSA) B sl e kB2 §@xng=h

S & XL

\

AERA IR E - O LRGP EEERY A0 5
BIF R AT M 2R B 2300 A Y A ] LCSAESE T 2 i i
BB RE 2 R R R AL RO TE B A LR LR R
PRl TRV B ohams (AT R BB E ) FRT L BRI 2 AL
CERR . EASC T S A S R

N

b

B

o

n{\-

AL AT

$Pi§%r%%*§%$ﬁiﬁ%&%ﬁﬁéj;%ﬁpipi\$J
AT FIAR VD T (AR ABPEE (PHEAR) g xR
LR [ ATR B P i ET BT kB B AR L Fug o e
dringnd (ATRFERY > TBERG ARV I NRELFE RAEY
PAORIRB - AFTRINZE oo BERZ - PG ERFERY
X2 He 201726 1 > FiFELI L B3 E STERREERFLEYE
2 FEF 2 BT Rb c BB E B R 413 HE PR (AL
B gRS { ATH R BB RFE RLIAFL > 2009) &

1;«

L F B0 (ATE S TR S 405 3 B2 s 30N 2 R ks e
Mo 3n BB g 2 B R

aF

2. BEABAKRYET R RBRLIRBETE 5 R -

3 et M KT L ERE FHREEL AR RAREY
ATE S 0 & B LT PR

4. 3 *{ﬁﬂ&fékﬁ,&.&%@ﬁ 9&1:@??,.5\3\&,.&3(-_%@ iigﬁ’):}—.'

?ﬁ%@%%&*ﬁﬂﬁﬂiﬁ$&%ﬁ 4l%ﬁ>ZMS

B 4-13 KB L2 _‘z‘_L*FK’ri {3 % B B4 B
64
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N S EL L

LR FRD

CLEE

A A B2 (LCSA

HmiE R ER ;}Flﬂf;i,i. » )4e S1. TR B
PRk g SIAR S IRIFE LR B I\ HI T M %L 2R &
2 i $%(Regulator )~ & 15 # FefpiLk 2 333 (7 4 i Government/ Operator )

BEIERAREFREERFHRF 2 FEE TR

PHBE

v B L% d ~ S13.% %

AR SRR FORpFR T 3R Jed Government/ Operator )~ 5 15 #7#bid ¥4 % * —’ﬁ(User)

T E f_,%@ 2 B

(Operat0r> Z}v-v\ o 7\’ a]v‘_g, 4-26 ﬁ_J_ % “g-,?]z

EETD 5 v ik B AR S o

<

FRPZRER R SR

%426 Zo Aty RT etk g s
G h% B
SL Ry |1 PR E | ARORADD F o4 g7 BAD TR
eS X3 RS Fy B2 PARPERLED G BE L ET R e L (PSR
Lty (A 48D Lk
S3. HiEZ | ¥R EIRIAAEE | AR FERMBS o TS L0 ERA
EE S ESE & P S ﬁﬂ§44ﬁ¢%ai'?§;? **ﬁ
MEA A o -
S10. %t | FHEFHBE > (FE 5 | ERAL ARG  FEITH S R EFH
BEERE | PEBRERTEIN BEIEAHS MR AY AT S I H s
B ez b dE
P2 P F e
SI13. s itgf | 2k zAENGE | BHRE L ERTE 2 R H Rt FHRR S H
PALGRE |2 EAIUL LSRR | R LHEIF O FEIRH S LA
VL GRE I FREE e mRRS
L
| d
S12. + duE @%ﬂw<w E g | ATHA A A Y BB SR A R
CEEF RN SRR AL SEFUSEY PES 2.1 LN S
T THETE B 28 7 208 SR SHRERY F4H
;F?m%}%_d Wik B Zg""""%’ri&ﬂ °
S13. sp it B | L AT RSB P RTE ERFRAFD L E o R BRI
AR R AT R4 AT | § BIAR > T A2 BT S o
Phen g, % D E koo
65
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SRS S

A HEFHAFFETERE (LCSA) $L 3R A R e ARG ERFHRE L ¥ &

e r % e E

S16. REY | 3 ﬁtl
EE ™2 5 | RIT;
2, ;%?g‘“ Rk
H#A -

i# *ﬁw%}.ﬁ%"l‘ﬁiﬁ;’—,ﬁ@? LRV R R AV
ErTTE

SI17. IR | KB F F L% 2l | 2ty wb@ > B LT 2 ATsA G
Frok 'r;mrga;;;,/T_ £z fg;ﬂ:i B e d e s JERNGF 250 2% 0 2T
ERLE )5 RFE o R REEE A4 el o

KR s e

S18. K WIR | & * K T L IFIRTH | JATHFLX R 2 R PIREFIED
PESE i G R X ALR o

0 R HLTH RE TR

Je* A7 3 LCSA 123 T 2 Ui @ R BB 3o f 23 G R 2 287
TR ATE F T AR LD R (AT R ESIE 2 PR LA R
T n TR g R ot 427535 B 5 oW 4-140 £ BG4 18T
ARV EEZIT R P ,Mﬂﬁfiri%c?wﬂi#wﬁ% W SR B LR
AT RSP RG] BREER > F D 100%5cF 2P 5 678 0 ApR A
By AT P o FIH T~ Mmgﬁﬂw VR HE e R A AT 2
Flreg om B G EPPRE 2R § RREIRIIMER 8 2k T B L BT
LRBE ARG AT RVBER ARG v LN AREPHE > RETRR
B Em w2 FE S FARE AR DL ER -

% 4-27 % AT BTG #ﬁ EEER

=6 4 i P GRS LR
SL RBERE |2y R*FAURTE | VEEFFZCAARBBLAD LSS (55
26 (3 LT BT O TRM G B R o
BLEE 2 AT FUR) o
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