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ABSTRACT

This study proposes a DFS-Based Spatial Life Cycle Optimization Model (DFS-
SLCO) to evaluate product service system (PSS) strategies for energy-using products
(EuPs). The model identifies the circular pathways of products within a given time frame
while minimizing environmental impact or staying within a set of tolerance. The model
considers three constraints: the minimum ownership duration for air conditioner users,
installation space, and air conditioner lifespan. It employs a filtering matrix to screen for
reasonable current scenarios to evaluate environmental impacts.

A case study involving split-type air conditioners in six spaces across three
dormitories at National Taiwan University was conducted. The study integrated a building
energy assessment model to obtain space cooling load conditions. The case study
confirmed that split-type air conditioners applying PSS are more environmentally
beneficial than those without it. Additionally, under various scenarios with different initial
maintenance times, maintenance intervals, product material and manufacturing
coefficients, efficiency degradation mitigation factors, and participants, it was found that
changes in the coefficients of material and manufacturing air conditioners are significant
factors in the total accumulated environmental impact within the system. Furthermore,
increased participation in PSS leads to significant reductions in environmental impact
across the entire area. To our best knowledge, the proposed model is the first in the
literature to simultaneously consider multiple products, dynamic scenario-based
constraints, and the optimization and evaluation of environmental impacts through PSS
strategies.

Keywords: Life Cycle Optimization, Product Service System, Depth-First Search,

Building Cooling Load, Air Conditioner
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el initial waste streams

— recirculating of product

R9

—— secondary selling of product _ ‘ !—/
and fi
1
——==P selling of derivate products mining ‘ |
e b
- l’ ‘\ = leakage
] \ 1o LDCs
I

(destilled ‘ —_—

water
supply)

EHACE RS o F NI IE

gy %
supply 7

b UETR A Ao Bt

S

R2 (low) value
life ime |
extension
inLDCs

canniba-

lisation

i

/
t
1[ e
Rt manufacturing
/brand

componenl ’
ming ' product-onJ ’ produdlon‘
\

R7"

Fg RT [
retailing | consumer i
JT \ ek

collection land filling

Ré/_;c S

ﬁ’?“\a

R6| S a
3rd party o
repurposing N
3rd party . l repairing
remanu- R4
facturing 3rd party
R7 | refurbishing
acquiring
checking
| separating |
shredding “'”'"9

RO—R9: Hierarchy of CE value retention distracting
options (RO's) for consumers

and businesses

RO = Refuse RS = Remanufacture (C = consumer)
R1 = Reduce R6 = Re-purpose (B = business)
R2 = Resell, reuse R7 = Recycle materials

R3 = Repair R8 = Recover energy

R4 = Refurbish RS = Re-mine

W2-4 4 52 489 HRLAT i

R B ARSI LR U

Wi AN BT RS

JBEE 2 B e £

reprocessing |
<

AAZKf B PR blde i

ERER TP H

_-"R7

Jh(Recover Energy) ~ R9 £ #7 #i(Re-mine) & 4f £

L F*,},%,—ﬂ’#

7 F R EE 8 (Reike et al., 2022)

S I =l BE

L R

L Ay

* 34 F 4 FBklaix & v #7B~ (X (Fargione et al., 2008) o & (i - /“f\’fr? E"’:P-

W EATHI L oAk § WO HE TR
i fﬁéﬁ?ﬁ)’%(Murray etal., 2017) -
RIS AER

2R

1> Moraga % & § wAE %G A7 L % B hdpihe T o0 0 g

-
1

o F R ?
8

AT

R R A &

B ok BRI EAE forl £ R

P > A5 &
KSR I ST

P 1% ERzEb G EI

BT T R
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B ok 2-20 8 O R g T2 &% ¥ L 4 (Life Cycle Thinking, LCT')

EHARRE A ST 2 FlRa D)L A= B ;‘Eqi%%t(l) Scope0: # # * LCT =
FHMREY P TP > ldew o 5 (2) Scopel: F* 2 WA IRA LCT = 2
B HEE chp A Gldew q (HAL) AL 5 (3) Scope2: i iE F) % 4aH
AEEHEEDEERE A /A AT G & R BE W HER A T e
% Jz ¥ ¥ (Required Rate of Return, RRR) o #-95 % (573K 1¢ % BRI & #ovk 2 4o 2-

5(Moraga et al., 2019) °

# 2-2 A% AR vE ~ 3 (Moraga et al., 2019)
R [ARES
T AR RS R GNAE SN RIS 0 Ddck 3T
¥R b A FRIE (R ek S He ) BRI A S
Bk LR b o
P R N % % i ]V’L‘na”f C 2R s Ao Wi E K0 0 B3
- HERBTEAAEFERA S -
A gl it FHEEEY st E R EEEFEE
o WAl S i e 7 A o g
Bk FER v BEFTREAR
FrRERPEARTL 2T HR ¢7I%ﬁﬁ’u%%%
e Thg et R & 2% o blhe o - £ LSRR EA
4 ¥ 4p - (Commission, 2018) %7+ & A V% ST >
TR AL o

! "Life Cycle Thinking" (24 &¥#H L) & - ffqg bFd GA &S RIS JARAH RS Sx ¥
GBI T R h2E o pnE AR e KA ‘VFEM}J\ T B @lie ~AR A
fe s % B R EM A L B ﬁ;» P B A VR R RS HBRE G FF TR

2 "Cause—and-effect" - BRGESTFE (F]) $RY - BRESTFE (5) OB - SRM %
ﬁ%*%ﬂﬁé#@%ﬁiﬁg%i’uavwiﬁﬁmjﬁgo
9
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ch 0o mulurons MEASURE?
leasurement scopes Technological cycles with Cause-and-eflect modeling from

physical properties Technological cycles
T 17 1
WHAT DO INDICATORS MEASURE? pe 2
E Strategies winout of cycles with aspects of Gause-and-eftect modeling withwahout
Lite Cycle Thinking Life Cycle Thinking aspects of Life Cydle Thinking
€., refuse, rethink. reduce
eDiM TRP EVR
0.9, reuse, relurbish, remanufacture Longevity PLCM
MCI SC1
eDiM TRP PLCM
e.g. reuse, repurpase
CR RIR NTUM CIRC ;E?M gg:
RR OSR Longevity LMA GRI VRE
g | tomeEmiNTN EOL-RR MCI
-3 Displacement
g Ml Pl
g " SCI
§ | e enemy recovery,
H landfiling with energy recavery
&
MCI scl
Longevity
i .5, wasts generation,
5 landfilling without energy recovery

Bl 2-5 (A% SANp IR T % JATR K0k 2 B2 #5754 % (Moraga et al., 2019)

TR IR s D a2 EG (macro) L E (FYE) SRR E 2 B4 B L
BN Y Bu(meso)k v EBE L E KRV b iR TR RA I RINFAE
FuA AR A F EA G o PIML 72 2 A - (Peflacetal, 2021)c AT g P

AR > NASGE A MIIARET BT RRERIR

A&FRENRECHEAESORT R bldep Bk o RS R PR T
F(Bocken et al., 2016) ; (2) THFHFLE T L 0L F 2> A4 2-3 10T KRR

TAAFDE F A N ET AR 2 B R R

ETAS

TR REL S EEE Y
frm T o AR RASHE o g BT %Y B { #I%4 F # (Springer & Dakin,
2013) & A AT ERERAN 0 B2 CHEFRAARIANPERE GRS
TR R L “*J*?%“'“%ﬁ%‘ BT RS RL T S
Fairphone ¥ i} § & o F4F/8 Q4R # » FRE{EPRAZ R0 B

2
EABMEATRABAERITTERAS Q) THErEZ LT HFFEBEL

S BAlY A Sl B 5 o XL HSEE Pt 20 BB
BASBAUEERF R v RS REFBEFAS AT AR P AN R

i FEEPR)fA A T+ TR K 4 £ (WEEE) > bl4o= 8 T f s f 6k 5t
10
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%3k & 97 & (Bocken et al., 2016) °

2 2-3 3 2RI~ R

BE ek 3k {# R
1. i@ * giF 15 & o
2. A RHATFLZEREE
CREITE » b B 5
Bt (R KA | © BRI R /%iifup s
F i fos 4 dub maEE T
X RKGT A R < o " e v
e = o e | PR D L R4
w R ~ 3. RHFBULBR TR I L o
Hoom 2AETANEE 2 A E en
B & R A 4 7L
]Fﬁvfﬁ’\ %o
4. FREFFFEE 8L
REFRA)) °
B AL BT F B (permanent
split capacitor, PSC) { # % & +
Eh5E | # w» 5 i (electronically | X
commutated motor, ECM) 7 &
Hb wI_‘,_ °

23 ZARBFTRRALFVTE

#4 f J7 (Cooling load)dg ch & 5 4 3z B gzsk 2§ B R riBRE LA ¢ FiZ

B4 oA B oA it (KWAnD) > 3 4 R E R R R A T AR
'}ﬂ'u{f 3% % £ e0# £ (Khine, 2013) - = A K 3 '—‘ﬁ SR F R AN A
MEAFERE T FR£BY > 223 2 Fauz A4 § 7 - ASHARE 20 A& R

BRI ALIEHHZBELA LR () EP &6 (Bl4cf 2 )O3 B Q2) iR

~

FOBBE Q) ATHF HFEPA R ORBE ) BLF EE T ER

FRAZOHE S ERFFERrEHZFREEFRNEBE(6) Eis £
(bl4e1 2 A EAE DRE) 7 P RE i § R EFF HEEHE TR
‘)% I Speak ¥ F 0 W A iR E A EL LA KR W Ae b iRy iR

B0 7% 30.4%26.8% ~23.1%4 Bl Kk p B FEAAG S S PN (BlAe R OBRAE A
11
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HRE) g 35'1'7?1;%(Speake etal., 2023) -

ZRLFRFERZDZ - BT L GAG - AR 2o AN A LR T
FAemdre TR G 47 2 02 ¢ AR BF B BARRE Y (bl4e g4 i
AHE S BEE) A EHNEF AR o~ i e & 8 uE R i R

PR G oE S Ra Ll 2N EASfofF R X L B0 i

-

grp R 2Ty R A TR ESNE g * ] hiTE A (Chow etal., 2004)
%%dejiﬁﬁ@%ﬁjﬁﬁﬁﬁ?@ﬁ%ﬂﬁr&rﬂ%ﬁ@ A Ed A s
fLehg iF iE Eosgis 3 ST S Pl B F 1F R ORSREPE - GRRIIKE T E AN o
BE o £ 0 RP AF F RS T > 1L (10%)F & & H e (& )(Colelli & Cian,
2020) 0 pth > FEABIMEFHPLEPERLATR O TR EPIRFT I RE
B oo V- A A AR KIER4S f4F 0 b4e DOE-2 ~ Energy-Plus -
TRNSYS % » ipdt 1 B ¥ £ % 0k kst 0 & 7 kg3l AP (b4
Bk HE E)EF e RA T BRRNT UR ST X £ A E2 A

T Ak B EHCE & 0 i SE AR~ — K 3R A% - %R (Ellis & Mathews,

2001) ©

24 AEZGRAPFEHIAER?
241 A&RZ GEHER

W R WLy kg TR*YFF4HLa A5 | (Energy using Product,
EuP)> ¢ WREBat &k AR * 2o R ML < PRy A FiF > B

FEIHLERPASAFRLARBE DN FHEGH®EL L6 B

]

TRERBRA L f SR IR RE DG P GLFLER) 2 R
FORHE Aor PP P FER NN FE I ORBEER 0 RE A LG FER G
%o

12
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frigae R § ) p 1 ¥ £ & (Hummen et al., 2023) -
L3RR FAKASE AEDE S TREPER LR RNERES
B (ISO) t ISO-14044 ¢ &7 (72 &#3=K =& (Life Cycle Analysis, LCA)h
% #(Finkbeiner et al., 2006) o $* > ;2 & F£x BrFE (1) P #fr# B €& (Goal and
Scope Definition) » 45 % % LCA éfe ] > & 35 5 5t B~ #4082~ A7 3 1 % it
fody WL R TR 02 2 foiEik 5 (2) 2 ¢ ¥ E 4 47 (Life Cycle Inventory
Analysis, LCI) > 4 3 £ 14 22 Li4p B e 3 ﬁ%] » ‘fvﬁ%] Ny o0 ¢ ARG
RRE R s ARz F ko Y b R (3) 2 &I TR (Life Cycle
Impact Assessment, LCIA) » ¥4 LCI Ff £ jc & cnficdpie (7 4 47 > 356 E HE B F
R LCIA ¢ HEJFP PR (Goashg VB R - FH A X)) XMF
By 5 o RS iR B 5 (4) f# 8 & K i (Interpretation) > ¥ LCA 1

BEREFA oA AL % - RBAOR A > ¢ 3530 LCA B % h i

L F)F foiz ik o ANHEB P LT F A LCA > 4 & = 232 (Life Cycle Cost,
LCO» ¥ Aerr T g A &t k24 &P (1) by 12 S22 T A A
Blerdedod A o & FEHEE BH - T EfoRE Q) FECFEFFTANTE Y 0 bldw

WR SR el 8 FRQ) AE T AR AD ¥ TREATAS P A
FRPFAE BEIcEA @) A ETARY A SRR X TR M
SR F AT R E SR (5) By Al F ko 2 2 Y

R IR

B
[

BEFEOPFEIR S NP E L SATRERT AL AHRF
e Qg PES- T

B>t LCA st i % & 2% > Kuo £ 8 591 S HBRLFT £ PP s
B A F i e &% R A 3F (Depth First Search, DFS)if & 2 ~ 4p i & B (&
(Similarity threshold)2- 3 #24# % ~ % /1% 5 #ic(Multi-attribute function) 2 3 #L 4 47 e
k= é’-f?” 2 FEFFRIMELCA 2 % > BAp A /BB RTA 77 e 0 3

EAASRBERE ARAMEIPA SN JA FRRE TR T Lo
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4 & #i=E (LCA) 2 B 4i(Kuoetal ,2016) » # 5= « i & %3 : (1) FEZA S

3r

RILI2) RF RFE S FOREE PRI O R T RATR P A SR

(3) 3-8 i T R B S A AR AT R () AR

BPATE 04 bk iR (LCA) %% - DFS - /&% %k & % B(Graph)
2 i (Tree) F gt cnii B i3 o DFS - @Az & BB 40 in F 5 - i 4 L - B4l
T RCEFEFESBALG AP TURESRL L R v mD - Bagh B
FITEAE AP R AR E B P EEARE - D LA PTG DS BRI BB
ko @ % DFS Bt 7 ik cndf Pl LCA BBEE » & & HAp MBlE 2 2 18 > 4
%3 %frm;;;*-;f]: S PIFHEY > AR T EBEAIA L AR IFLR 7
LeRTEEL . RIFHIAG OB ARA FREXASLERAPIA BauFE E o

> New designs

}

| Step 1: Determine product attributes ‘

’ Step 2: Match product attributes H Product attributes

Matched 7y
attributes
Multi-attribut
Ui ibute Unmatched
function and DFS -
attributes

new design € a
multiple-vertex
subgraph

‘L—>| Step 3: Calculate LCA results ‘

LCA results for previous
designs

Bl 2- 6 374 fi 3k - imAn o 4% FERE LCA = % (Kuo et al., 2016)

’ Step 4: Predict LCA for new designs

LCA results

Mran T BFEMELCALCCaHF Yy F R i AR ICRE

Mk siend TR 0 ¢ F w3 o anE # (DeMarco & Fortier, 2022)

Z PR

273
PRAFHEM GlAcE RARARTTLIFRAER CPBRUEUL R YRELTA LR
(Finnegan et al., 2018) ~ 531 < h £ fr¥h € 73 & 3ehd &3F ) & & & 47 (Aktacir
14
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etal ,2000) % o & § A e AT LA HFH R 2R TR 0 R EHE S

X

Tt B R R AP R e 7R K574 4-(Vapor-compression refrigeration) 4 47 i Fu A 2
SR E F WPt 4 4 3F (7(Operation)fg £(~90%) ~ * i # #x ¥if(Thermal solar
sorption) /4 £r jx %t {38 1% (Operation) ¥ £ (~70%) ~ " = B £ § % & 4 Fr & 3 (AC
systems powered by PV panels) P & 7 & iF Ff B (T 3@ (F [ fooav ) frid (E1F K
(~53%)(Litardo et al., 2023) -
242 4 4P EREEF QAP ERL

FI* A GFHTE RS BEHMELEREERE SRR TSR D5 HA
RApRI AT B2 Y TREER RN A
CEE3 ST

%50 3 A A A5V A Rk 3 ((Multi-energy Complementary Distributed Energy
swmmMamw4ﬁ%ﬂ%£*%m'~4ﬁ SIS R eih - SN2 il N i
B o MR- R VRS S OR AT e R A o 2 g {riE iF MCDES 7 7 #F 2 § #7%
5 A4 - 2R FoLiu fr Wang %ﬁ*a‘ﬁ DA g B B ok B Rk & i—g
S R L RE R AL P R B SRS RF AT R LML

€

b & o Ty MCDES th bl @8 (i 2 4 ik R ch 5 £ 0 5 23 & 2] chig

7

B 5P o R AT(Liuetal ,2022) « ABEK 5P A RATY o P AR ES

PR AT R A P TR R R BT Sl 2T

=i
W
s
T+
%
i
£
a\

EEsREN S A T FERP RN AR TETRIGE

Foag (8% o 5 LACE 2-7 o

S

e 3 AAELGN R ﬂ‘«u:—féff ;f@nuzﬁlpzﬁmsb/})—s’ll—)@,:‘ o ¥ e koA~ THAR
A AR U ’f‘-"l‘:qﬂh :}i,ﬁtrji ° Lz’%é ,f Suenp en{ i F %@ i Rend A j\iirﬁ f{‘ﬁgm—. Bk 5L
R e fernd > RS HE - iz o

15
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: Construction of MCDES bi-level multi-objective programming and :
I

I operation collaborative optimization model

’ Mathematical model

5 ‘ Parametric model
of equipment

Optimization - Constraint
objectives P Upper level - [ conditions
— = optimization model - - =
T
Model solving
\J
Optimal solution
or solution set
—— — — —— — — "
Optimization ¥ Constraint

— A
objectives Lower level \"‘ conditions
optimization model / i

T

Model solving

NN, S

Optimal solution l
1 or solution set |

@ 2-7MCDES #& % p #& F & i i #3]4= % (Liu et al., 2022)

Abdallah % # "ﬁ #®E A Z fAEE LCA = 2 (IMPACT ~ CML {r ReCiPe):
5 % P (Multi-Criteria):= 1228 > B3 A [l p R E A > Bz AR &
(AP R ¥ wjeefe? 7 wfaen) & folbiE T 4 3 B K 5 (Waste
Valorization System)®» 71 & € & > ¥ & f& LCIA $F 9 hRB BB & - [ aE p
A B V5 BB PSS B i 1)t F 3 B i (Pareto optimality) - £ 41
* R o475 (AHP) 0 #-7 e 2 2 BB A INE R BEE > B0 K Z B
Bikd it iE42 > o] 0% BH P RHCT] chdc ik 14 B Pareto w0 2 B ihsg it
(Abdallah et al., 2024) -

Kiss % & "ﬁ Fr LR @ x 52 (Non-dominated Sorting Genetic

Algorithm, NSGA ) (Debetal.,2002) » ¥t % FiE Ak -2 3 (4o 8 s sg )

3 Waste Valorization System & - fA#-A R H &t 2§ B @A S i Rl 5o ff kP i
ERPT Gl et FEEFRE I WERS o AL F o B2 BEATEISF TR

« wﬁﬂ’* R R R B RBT S
16
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EHEREE 8% ) RERBEEARIPEEGL 5 Ak L EAFE b
T 2 ES PR G I A A PR R RE BB T Y
FPRASE S Bt 2 2245 BPIHEHZE- P TiF 2l aiTfehin
% 3¢ w0 ;- (Pareto Frontier) » #% & % B X 2 f 545 \‘z’\ ¥ % # (Kiss & Szalay, 2023) -

5t AL A A ST AL > {1% FHER 2 > Boldoczki ¥ F f 4 s

o
{rel

B EET 4 BB HEA Y o R B R R Rt A S
PR gtk % P o & i B4 (Boldoczki et al., 2020) 5 1% i 3
FRAK R FRHE (TN g SR E) TR A

4
p
AAUEAFHEG BANE SRRV LA IAH R E R

ik s
MR & ARG rAS L & B BRG0P R F F

beiis
50
o
i
e
=y
«“‘.
[
3
&

£ & &% f(Shietal,2022) - 4] * i = ;% > Hummen ¥ %

Fitwh e LA SR (1) AL AR A& 1 R AR S 4 01 0A 54
Pt onr i B Q) £ @it B BA SRR CATE S RF HITES
CREEEE T EE CVES E I HOREE L EEF RS S EE RSN
BIpenE o Bl frd BT @ SRR W eatd AL (D) HiE
H A AT AR H o BT AR I E T R e g S B 2-8 B
FUBBEARSEGETET LR A t=0FH] AZ S 2 AE ER VK
EASAE N A  WETEFR Y FEDEFETAFARERE > § t=t1{#B
AR FBASLR A {RAREPEFQ btot FHAE AR
B g B ASSRELET G B A SHivE AT ERAT > T

IP,E,B,remaining(E:'F"‘ IR A IPEB I._Jff" | enig ]xb_gl‘)r“] = 7")%"’/\#3%‘ #* B }:?)r_rr%ﬁ’»'i%,

2 o e z )3 ° I 4 2 4 e 'z
B A AR o P ECAEd B 'thz(% s KBRS TR B
2

+

(Hummen & Desing, 2021) ; Hummen % % ﬁ T RAVTITA S R E

<l
—h
o

gy
~=de
[
i

s
=
|
£
m

F T R E O RRAHR S (F TR E IR AR I
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Hirin kT B0 A Sk 3 %EE 4 (OEL)(Hummen et al., 2023) o
b§
L

gees l — IP,E'.B,remaining

13, impact at
" break even

[ 15 _,/"J' \ 7 1.
PEA \ s = t%z
: t
t1 12
replacement time break even time

Bl 2-8 M BP-RASAGHRFROPRET LRI AT E2- REIFHE 14
7+ PF R )(Allwood et al., 2011)

Liao ¥ & —*Ff B AT icpF 5 7 % 4& (Discrete-Time Markov Chain, DTMC )
g Sed 05 ¥ 4 - A% (Markov Decision Process, MDP ) =% > =k ks
EFAREE WL DA FRRF Ao AL A FATABAFHE
ME2 BB KRB FRRARBTEB S (HPFR - § 2-9 Hor F Rt
FoAREHF AR o B FRFRE L 0L K o TR AL
BRI H DR S R R FlE ST HEY ook 3 S FFI P #F 2 i
BHRFHLEREAALHEAS FR TR RRE R ARG U4 o 2 B

a8 F AR KGR F 874K 4 7 (Liao et al., 2021) o
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Received new one with
warranty years

Under warranty time

Product dealer

Replacement decision
earns more profits

Y Product failure
{ Out of warranty time Decisions among repair
Healthcare industry b~ > and rep to
maximum profits

A Recorded broken

reason;and Hme Optimization decision-

making model
_ - Repair decision earns
@ more profits

Recorded repair time

Dataset store

Repair center

Received repaired one

F12-0 F it A%« ARGHF g ¥ w2 Bl 5 (Liao etal., 2021)

=

FEWR VA AEYFRARELGHAP LRI Sl S B EFTRAS
P e 2-40d AKX AMY LS BRI HREPF LB L2 E D

#i#7x NSGA~MCDA - P AT H (S * H L)X AT B2 FERPFL BT

2y

=

kLl ERAGW) - FER Y LA REPRERNF O ETHEE B2 RER

S

A4 o Fifis MDP o JLF 2 geenf|* DP & 3

5
\m s
‘7‘7
=
-
~=y
iy
L
3
S8
At
o+

FEF U h) CHBEREPPTREL U RS L AASARAE RELTH
JRAZFE & % > dogc ) * DP KX g2f3 0 R ;F:Jgaﬂ;g? BT A R B EFEL A~ gt

0 R EEE KRR R F o PR DFS > & F %G vﬁkﬁ |* DFS:2 74 &%

5
)
_FM

SANVBT RS 0 R ATEEF T L% DFS § o Ak Bl gl o R Ty
BT RS S R  BE S B X ERIR T S D A S
Pl &8 FRCLFIANELIATN SR TG VREDRH AR
BE(TAFRERBERD) > i bE S - IWEFFRF > e BRI EDRAFERR

Bip L2 Y P kAT A {5 P DFS &

R
=
X
il
3
fﬂ
P
:1“.‘_1
)Ctm
A
(‘3 \
[
7
=
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ARE S SHRP TR RS

5 (h T TR

B s R
(Dynamic Programming,

B A EAE
(Markov Decision Process,

T T L
(Non-dominated Sorting

7 e A
(Multi-Criteria Decision

R RLRE
(Depth First Search, DFS)

DP) MDP) Genetic Algorithm, NSGA) | Analysis, MCDA)
1. i’#f"/} ]‘g.b& 1. 1&31"’/\#—3\3@%5“’ —l_? 1 3 34«%4@)# 5 fI;
%i?%, | BB g | e e |
2. WEREI RARGE |2 AR EES(TE o AR A L S A0% A B
i FEERE B AL AEHRSREEES | s g [0, v 1 I Rk
A w 3oy oF 7 . i g . F?J ﬁ(m—l{rq, B2 7 iF RS
(% 48k) | 3. @& * vEda(Forward . 9} fr P TN 2. BAFZIE B FA
induction or ‘3*3*? S (T TR :i_/r‘é L 2 S
Backward induction) o7 o ¥ B Ee) J ;f
S N2 E BCiRfR AR _
R A <1 I I i
SR SRR 3 ALNLE }@flﬁi’ﬁ: g‘;gg@ g?*%@f EEP&E&@ R R %E%E&EJP;?“‘*
TS ﬁg§@m§g$$ BT DA AR | 5 BRI AREER P R %ﬁfPU%Eiﬁ#i.%wggﬁkgﬁgﬁ
s o 1T Pareto = ;5 E RE _E._gﬂqf b 7 8)
I #EHmF R F&
| B el AR NS AT IS R A
N L FoghFERT
FRECRR TS o> FRATE(EEG A | SERRE R ERH | BEREECFEHIRE | EEEA FEBIA
e RAET BooaskgaT e | RERIRGAE  FR [ BEFBESE VAN | Ko FAK SR AT
2. W RT UAfEL #) AR S i § A0
FRAEE 2 AR |20 FREAFRRR TS
KM R A ALZEFRA Y
A RER (%R
© AR 1T AT E RS BREAT LR FEREDA  HHREACLEA ) A BLA ) - EATERRE L ATR
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AETREEA R () 2R AR R A2 FRAR (22 R
FRI R ELFPMATCE AR ARG AL £ 5 (Q) BREBRE L
RASZET e FHEARASEY FRFOFCIFFESRR T HE SR
F AR/ AR A S EFFENY E Q) 2AL L FTRLLET A R NP
RRBHEA BN 2 @4) AR AT REE GANTERE R e ZR TR

PASERERE JI* LR FHRFAREET 2> A il -4

.-
[
A
¥
I
%
By
=3
i
i
I
=3
2

AT RN RAET R A H - kg

iE
A RRREE X AATEG AN F O R S F s AR T
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Chapter3 =3
AT REANFERBLIHF FE 2 hT B4 &Y R 3 (DFS-Based
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Energy simulation
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Cooling demand of space Individual entity aspect AC techglcal R
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AC mstalling aspect
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Entity install condition
requirement

[ o ) Keep Replacing new Accept others’
Filtering process processing one AC

¥

Current [ Al possible system
states \ conditions
LCA calculation ]—P[ Depth-First Search, DFS

y 1 !

Consumption o
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Scenarios analysis

D
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3 3-2F A v REAE R Sk T

IE P DS HciE H % ik
HETREA £ % % j * (Building Programs) 20.193: s ASHRAE 90.1 2019 | IECC
KT MidriseApartment:: Apartment 2015)
. B 21~09 L %
=1 * t B 24 C P
PR AT EERAE 0.23 capita/m® | 4 * /?; o fi
. S a‘i # % & (Equipment Power Density) | 517 W/m2 (2 ¥ie,2022)
R pe @ % R (Lighting Power Density) 6 W/m? (“VFW #,2023)
% B (thickness) 20 cm
g #u 1% 3 % Hc(Thermal conductivity) 0.72 W/m-K | Honeybee Standard
% & (density) 800 kg/m? Library(ASHRAE 90.1)
vt #1(Specific heat) 831 J/kg-K
# 18 % & (U-factor) 2.2712 W/m?-K
g Pk §§ & # P~ ¥ K (Solar Heat Gain 40 0, Honeybee Standard
Coefficient, SHGC) Library(ASHRAE 90.1)
¥ B % 7 i% ¥ (Visual Transmittance, VT) | 31 %
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FME#ZADFE CEFIZAEA S 2 B £ 8 5 A8 7 #2023 # Hitachi
A EH L F it CCSPF-/{SEE ~ 43 e 2 FaFRLFEeg o
F3 N ETG 2 ks AT (Lietal, 202D« AP T HI* S TEB FIFB B
B AT 2B RER F LS AE ) F R Rord AR

:_‘?-
BT A ﬁp: s b B B~ 17 2026-2045 # 1 CSPF { #7% it > 1245 CSPF 23 & "

ZROZ AR RS S B AR 3R D A E o
PLA Al AT 2016 &£ 424k * CSPF iy sl 4543 2016 & 12w e T HE 8 {r

FAEWRIF 2 1.05 % 1.2 8 > # EER 4% 5 = CSPF(ITRI, 2013) o H A4 H =4 &

AT RBEPEEY R RS L EF3 9016 8 e g i8¢ g % ok o
oo P ABOE P P A R B P T G R BT A o A B ik
AR R 2 AL D ERIENRRER/G L FEREDE YR
ARHR/EE R AR LR T R R AIEE S A -

BB Ry & 3-30
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403-3 A AR NGB T

57 | E A - #ib i s xR
. , da Costa Garcia et
WA | 2aHEaEd 20699 | keCOW |
al., 2021)
AB flute carton (two e
s i wo ) 19 kgCO»/m> A R T
layer)
Light truck
L & | (business  usage, | 0.587 kgCOx/tkm | 2 &A% RF% 7 3 4
diesel)
AR BEF ik
R410 1725 kgCO2/k
7 : S T yma604k
BEF WPk
R32 650 kgCO2/k
S T yma604k
0.415(2025 (Wang & Lee,
AR | T4 R ] kgCO2/kWh
" TR ) s 2024)
. ’ o R i (da Costa Garcia et
BRRAFIT | ZTHABRRTIT 10.51 kgCO2/kW
al., 2021)

312 Sdc¥d 2

TG R R F ik i 1995 1SO 14067 it * T 4 B R [ Fl S K

I AEF R 2(2024/06/05) 5 ok 0 T ATE 2021 £ > Fpt L BAEIERERET R
B o @ 7 4 Ppl R Bic(Wang & Lee, 2024) » @ F3% Q}E”vq—\ T ERFIE

BlFER P RERRY MEFEGTAHE

FFEALF R PFRH A CSPF 2 L chlim S RA 8 kv &
Mo 383-1 Bk pinig Sir fF 3¢ (Fenaughty & Parker, 2018) » 51~ p(3(£)) 1% 5
PSS chi > LR F1F 0 g R AR RS TaIrk 0 F 3 RRMG 1@

GEREZTBETE S AR w4 (KW)/CSPF(kWh/kWh)*i¢ * p# (1200 hr/yr) ©

7o BEEF M GWP( R IRag it SR
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CSPF(t,1) = CSPF(t,0)
X [1—(0.0370074 + 0.0032956(1)) X @ (t))]
tfr L Aud el 5 t T OEN 0 - ARy X A H )
o R(E > #)
@ : PSS mitigating efficiency decay factor(0 < ¢ < 1)
YE) 1R 0 Au ARS8 AR EH(SD € 0P L 4T0IR)
AR R ISO 14064 € & I3 4209 454 H53E L £ (RF) %+ 3t 5 (LK)
RFELZRF FEZRFDIALR T RF L HLE DR G - R A G BT

RASE AR PF N & A F a4 (KW) &3> R 4pi 2 (TR, 2005) - iddc s %

FI*zBER ~FMBNE TR L dom kK B R ETE hdk o ff 0 &

I

AP R R AR L E R RURR A R g e 5

PRI 53k RENE ARG % 6% B {17 Google map & ¥ # T T 53
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AR IR BT KB ATI AT e R VT P EE RPN

| o
+

3.1.3  F EiE iR
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udl

FEERA AL RS AN EARGEEEL 2 BN L TR AE
W o

FAR- A2 AR GEEL AP FRELERBALFERE R
ZARY FXE- BERALFAEL o oG B BIAE > F- ki 3-47
FPd o P RER R 3-2F]383-60 T pded Arg AR s o 50 3-2 A A
FRAOZART F AT TR ER DR e RELSEFES A HE B A hE A AL
FHFRT T N33 AL ZARY FRIAERLE L (I AREE)
RFHp e (FFR)NEFL e N3 A B AL EE EALETL AT

A2

PR EZALREF DR PR EN DRFAF T BER AR - 2R
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FAEFENEA LN A BB EE s 2R s AR s AR

e H PRI PR N 3-S5 RARE hE AT EFEFEr o AT L
Aot A g2 el 1 AR BR VIO PIRIRF SN 3-6 475 Bl
B A el 3h AREETRO
£3-4FBEARY Fhy AR R
Giver
X1 X2.1 Xmon B
Acceptor
X1,1 Y11, Y21 1,1 Ymn 1,1 BNEW
X2,1 Yii2r | Y2121 .. Ymn 2.1 BY§v
Xm,n Yl,l_m,n Y2,1_m,n e Ym,n_m,n Brlyl’enw
F' vy’
Yf’y,,fy = yfy_Acceptor 7 3-2
froy!
F' vy’
ny,f’ ;= yfy_Giver 33
froy! g
New _ .
yfy_fy + yfy_Acceptor + B ew =1 ;(\‘ 3-4
yfy_fy+yfy_6iver <1 ;T\“ 3-5
» N N . RNew
Y},y,'fy yfy‘fy yfyGiver yfyAcceptor ny € {0’1} 3.6
P

ny,f’y, instudy regionf # ',y #y'
FORENERRLAIAZARME L rLARY F A RIEE o ipZ
EERARAEL R T R s BAKPFRE §4 - BigpEdL 4
PTUnk ) KT 5o ad- BEFAN1GE - KEEFRiEEdmes? RIE

AL o dek TREE Y g 1A BIEFHARERELT ) R AR
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FH o HERE 3-5fck 347 BuA L R ENTELRFHERD -

N

dodk L e 1A RIERRARERELERT ) - BilE, RHFED T

@ﬁiﬁﬁﬁﬁéﬁﬁﬁﬁﬁﬁﬁiowﬁiﬁlﬁ\ BHITER 2B

]
ke

SEEN) NENE ﬂfr’ﬂ o iEEaRE w4 9}%3 1D R E AT REL

% 3-5BigEL( X 5 6))

Giver
Xi,1 X2,1 Xmn B
Acceptor
Xi.1 0 1 0 Unk?® 0
X2,1 0 0 0 Unk 1
Unk Unk Unk Unk Unk
Xmn Unk Unk Unk Unk Unk

FoMAEZAREARE  FEEF RS L RED S - LEBBE b4

WhFL RN EF LRI A F ST N R LG R TIRE
PR FRES s RRREF A T 5} 2R -0 STV S g 3
BB -Fr o rmy 285 ryP@) YpA) =120 28R &8 872 8 AEER
ald 1 EAIF- CHEI S nmm=DIETF S OB IR (Age) L3

BEE =X %% PF R (tLastMaintain) ~ PER 37842 45 % & (tStartMaintain) ~ % % [ [§ PF
fF (tGapMaintain) & » B 3 g F] 3 &3> 1 2 2| ¥rdeT o

L 3 FefdBAilSdgauad JHaoris i fu g

I
[e)
=

PP REAZIAEFRITICEE > 2 REFFREE YO

MY AT 0 F 24458 Age=1 ~ tLastMaintain=0 °

8 Unk refers to Unknown needed to be decide during optimization process.
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2. FERRYFALRABARSIAZFHIN I aIB LI B 2 FRY -
LS B 2GR 8 saR —'ﬁ EEBARFRSEEF 3
Ao A% TR 0 F Age > tStartMaintain ® tLastMaintain > tGapMaintain °

plieFadmsd > Pt)=1> - L7 %% > 3% 7 3 htLastMaintain 4 %

0~ Age*cr 1> % R tKeep ~ tLastMaintain % #¢ 1 o

32 FTEFERFFR)DL GXPREFFTE

BB FT() 2R X BLEM AApR AR K4 T iR
Fnz Ao PIREAET 2Whiynsa @ 7 3 g AT 5% 0 BB AN
10 B A7 1 (Rapson,2014) 5 (2) 73 & % H MJRGW B G 7 MRS LTI HT R

AEE FIER Q) MIRB AR X EORRPFTE EF 5 °

B s B E Y B res Y PR AP R Bke

COne)» £ 3|5 B 5301 4 ik R/ - BB bk RELE J AN AR Fit

FARL s PR BARER D AT RIEBEERA ST KR Aok 36
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LI w2 X ERY ifad B {HF2 HEE
sc,SC»sce 32 2 &3 & RFER Ay T » SCHy A FF Bptax
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TP of package : ﬁﬁi&lt’ SEE S
Use of Elect © 1 * FfEenZ 4L T
Use of RF Leak : & * [ cnz A4 BNk
Use of Maintain @ & * [F ek k%
TPof G—A:7AH* ‘ﬁ‘{;% ()AL TARH "F’i‘#«%—i - (A)E'?’”'@ﬁ%lf?f
End of Treatment * B3 W |cFd B A ¥ B d
fofylfufat R2RRT X (DR or ELE® 33
flonhy t #EARY F(FDRI(Y)DEALT - 2D RT F(H)HRI(Y)
fyAcceptor: 323 F B U T AR Y FHRWRITALIART F(HIF HILO)D
“
fyGiver : ZAR* F(HZFHIO)PEIALFEFI DAL ZIARY F1F 2
AL
2. &K % #(Decision variables)

Yipfolfufa - 8 2R T FONZE B (yorn)F g * 23 -5 1> FRI50

7oy BERRTHANIFHRRQ)DEIDLELI IR F(HZF BRIy
B(RamgFs) i1 FRIZO0

BRoY t R F(NZF R ormME #7523 0 AlE 10 EZR15 0
3. H i &g (Others)

Elgy(t) * A7 f %3¢ 30 gt S22 RAo2b 220 K (al) 55k 3 B 5 48 {r(kg COze)

B
EIO™M(60) R O R A SRR ST ()EFBRO) S ik
W52 2 A ERE R B Io(kg COze)
EINO]Oin(t)'*“BfF'&t YR N N Lm 3 X 5}
i R D B3 A FLPR IR He (f);[. %ﬂ%ﬁu(n)m B ERE
4 (kg COze)
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CEop (0) 1 30 pE €0 SR % H(N)F B (yor n)ehz A Blsceahk B
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EFfGp @ 29 & % H ()5 B 5%H5L((y or n)shz 33 30 4 Bl sc e i (kg COze/unit)
CSpyyp,(5C) 2 Z 3 * ()3 B S (y or n)enZ A3t sc ¥ end 3 p 3+ 3 e
5% B (unit) > R A P osc ¥ i AN A
322 BB 2 i

Bt 3-60FHW3-T 38 3-8 4w kAT LNy £8 2 7 %27 PSS Gk

B MR 3 T SRR BAT RIS A ARAN S N 38 8

Lodei 3290 TR E R G BB RN RERF 5 310 Lk

g,,\;
mh,-x’f
=
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ik

=
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g B sk B E T AR ke -
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EIJZin"(t, i) =

New MA/MF TP of B-U TP of package Use of Elect
BEv|Ca M @+ cZ o + ¢ ©+¢p, ()

+ Cfl;se ofRFLeak(t) + CJZ;}P of U_R(t) + (1

I I
z Z o f )CEnd of Treatment (t)

I I
TP of G-A TP of package
z Z Ify f n.fy )+ ny ® ;8 3.7
I

+ Cfl;se of Elect (t) + Cfgse of RF Leak (l/)(t))

_I_l/)(t)cg)seofMaintain(t)+C£}PofU—R(t)+(1

I I
z Z o f )CEnd of Treatment (t)
I

Use of Elect Use of RF Leak
+Y,p|Ch © +cf, 16
+P(E)CL T ()] ve = [1,N], ¢ €N
El};llo]oin(t) —
B}ylew [CMA/MF (t) + CTP of B— U(t) + C]z;lp of package(t) + Cflise of Elect(t)
+ Cfl:Lse of RF Leak(l/)(t)) + CfZP of U-R (t)
n C]ind of Treatment(t)] 3.8
n Y}n . [CUse of Elect(t)
n Cflise of RF Leak (l[)(t)) n w(t)c;rllse of Maintain(t)] vt

=[1,N], t €N
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Elau® = DFS| D Y SN B0 |+ 3 N N ER) 5309
sc f y sc f Py

() = EFghp X CSp p, (5€) 3210
e b AP UR 340 0P doim 41 SLFIEE > KPR T e & kR
EH L RCEEPER BT R AAREL P ERERE fRMEFRI AR L
AT R Y g L
FA APRERIARTFEY - BIRY PR o dekd = FES
AV F A B (blde  BY - FHRY BES-TARY .&Ffé,f;_ 2R e g
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1 2420252 7% 42026 B FINRAEZBERER AT RLE B 2045 &)
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AR IR FPE B Al B A Lt i gk 4 PSS
S N BRI R S SR SL gl gt £ T SE/ S R e
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PRESBEREREE MR 3T BE T R B 2 BEF A R B
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2 3-THRBEPEFRFREFLX Y Z - WhHHIRRETE)

N - 1; wl N} a)l eN,wl(kg COZe)
2025 0(4~ 4) 2026 1 X
2026 1 2027 1 Y
2026 1 2027 2 Z
2027 1 2028 1 w
——————————————————————————— 1 Legends:

Buy
Keep
—— Get AC from others

v

First product

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Environmental Environmental
N Tmpact ~ 23 - Impact
(B1) (B0}

Bl3-4 422 PSS ek s B 53 8 %4k
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33 FRBLIRL LR

PHERLERLAENBEORBREE  BFSEFA BAIER (Depth-First
Search, DFS) &35 3| % % /% BT
IR S ShES S

® (=V,E):3wR 27 VELHGZELE ELF &84 £

® /mpact=(u,v): X &% u I F &% v OFRE

® end node prefix @ # i & B B o 4 %{2045_( E 2045 7 i B

® all paths @ j¥Achn & BRI K 0k S B8LTF BIZE RAFREE RS I (P,
Impact(P)) % % -+

® P - iERE o AT - kA &g P=(vi,va,...,Vn)

® [mpact(P) : B/SPHR R EE - LK GRS T BB P E2 e

® tolerance : ¥ L A&

S SRy

® % FR BALIE (DFS) A48 s jc & ¥75 2 7112 end node prefix F
BR ¥ 0 BT P oo

1) heda g s Binifie 0%k

2) H@wEBF W BV ok &8 L4 end_node_prefix B g 0 B #-F

Bt el R B 8 % 40 o all_paths ¥

3) FRiiudEzE BApBMEE (AMERRACAFELE

3. P ERIESEfTRLER

B B B AR b B $7EF AP

Minofi t= min I t(P)
Inofimpact = p all s mpac

Acceptable_range = Minofimpact X (1 + tolerance)

4. gﬂ’_lf—j #‘H‘/‘- /{J—

acceptable_paths = {(P,impact(P)) | P € all_paths AND Impact(P)

< acceptable_range}
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Bl 4-3 BT ATH 2 7 I 8 80T 2026 £ 1 2045 & R ARA LT

(Scenario 2. A B C D E: A %2 A+ %|(B8GI1 ~ BIB8 ~ BIG1) ; B: 7 424
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F4-1 7 I B8 280 2026 £ 3 2045 & TR B4R R Bicdy

5

ik

PSS Sum of PSSimpact
building nStartMaintain | Gapmaintain | PSShelprate | EF MF PSSimpact | NonPSSimpact and NonPSSimpact Baseline Delta
(year) (year) (Unitless) ratio(Unitless) | (kg CO2e) | (kg CO2e) (kg CO2e) | (kg COgze)
participants (kg CO2e)
B8G1 3 2 0.3 1 6636.5 12432.4 19068.9 19131.4 -62.5
B8G1 1 2 0.3 1 6624.5 12396.5 19021.0 19076.4 -55.4
B8G1 5 2 0.3 1 6684.6 12472.9 19157.6 19193.5 -35.9
B1BS§ 3 2 0.3 1 15192.5 3814.9 19007.4 19131.4 -123.9
B1Gl1 3 2 0.3 1 16115.2 2884.1 18999.3 19131.4 -132.1
B8G1 3 1 0.3 1 6597.9 12316.9 18914.7 18954.4 -39.7
B8G1 3 3 0.3 1 6680.4 12432.4 19112.8 19131.4 -18.6
B8G1 3 2 0.3 0.97 6578.2 12315.6 18893.8 18952.5 -58.7
B8G1 3 2 0.3 1.03 6694.9 12549.1 19244.0 19310.2 -66.2
B8G1 3 2 0.1 1 6626.5 12432.4 19058.9 19131.4 -72.5
B8G1 3 2 0.5 1 6646.8 12432.4 19079.2 19131.4 -52.1
No one >20 >20 NA 1 0.0 19405.0 19405.0 NA NA
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51 GetOthers npyacision Table for B8 ROOM 20 and G1 ROOM 28 with 3% Decrease in MF Coefficient
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Path 1
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s 1-1 B 5 % o U el g B 4R B (72 X, Xaa G B

A Giver X1 X2,1 X3,1 Xm,1 BAH
cceptor
X1 Unk Unk 0 Unk Unk
X2.1 Unk Unk Unk Unk Unk
X3 Unk Unk Unk Unk Unk
... Unk Unk Unk Unk Unk
Xin,1 Unk Unk Unk Unk Unk
s 1-2 £ 4 RO B R g HI( X1, Xaa B B1)
A Giver X1.1 Xo.1 X3.1 Xin,1 BNew
cceptor
X1.1 Unk Unk Unk Unk Unk
X2 Unk Unk Unk Unk Unk
X3.1 0 Unk Unk Unk Unk
Unk Unk Unk Unk Unk
Xm,1 Unk Unk Unk Unk Unk
20er 1-3 25 B 2B HIE G U il g B (0 Xi F )
A Giver X1 Xo.1 X3,1 Xm,1 BNew
cceptor
X1 0 Unk Unk Unk Unk
X2.1 Unk Unk Unk Unk Unk
X3.1 Unk Unk Unk Unk Unk
... Unk Unk Unk Unk Unk
Xin,1 Unk Unk Unk Unk Unk
LB 1-4 2 F Bt 2 A B R U iR Gl X0 5 B)
A Giver X1.1 Xo.1 X3.1 Xin,1 BNew
cceptor
X1.1 1 0 0 0 0
X2 Unk Unk Unk Unk Unk
X3 Unk Unk Unk Unk Unk
Unk Unk Unk Unk Unk
Xm,1 Unk Unk Unk Unk Unk
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2. REER A AT

e 2-1 PG A dn T N IER AR

Property Unit Bl ROOM 25 | Bl ROOM 53 |Bl ROOM 6 |Bl ROOM 61 |Gl ROOM 28 | B8 ROOM 20
I Length mm 210 210 210 210 210 230

I Width mm 810 810 810 810 810 1100

I Height mm 295 295 295 295 295 295

O Length mm 300 300 300 300 300 300
O_Width mm 800 800 800 800 800 800
O_Height mm 555 555 555 555 555 730
Age(z 32 % PFR) | year 12 12 12 12 12 11
NewUseTime

GrEdi* FR*Z | year 12 12 12 12 12 11
TR ER)

CP_Old kW 2.97 2.97 2.97 2.97 2.8 4.13
CSPF_BG kWh/kWh | 4.716 4.716 4.716 4.716 5.16 4.38
CSPF_USE kWh/kWh | 4.354969 4.354969 4.354969 4.354969 4.764978 4.059126
Weight kg 45.8269 45.8269 45.8269 45.8269 45.5 48
Weight R410a kg 0.67716 0.67716 0.67716 0.67716 0.6384 0.94164
GAP_Maintain

(FEH P & /A 2 | year 0 0 0 0 0 0

PR
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FoHE 2- 2 ATE P A TR R B(2023 &)

RAS- RAS- RAS- RAS- RAS- RAS- RAS-
Property Unit 22HQP/RAC- | 28HQP/RAC- | 36HQP/RAC- | 40HQP/RAC- | SOHQP/RAC- | 63HQP/RAC- | 71HQP/RAC-
22HP 28HP 36HP 40HP 50HP 63HP 71HP
Brand NA Hitachi Hitachi Hitachi Hitachi Hitachi Hitachi Hitachi
Year year 2023 2023 2023 2023 2023 2023 2023
I_Width mm 735 735 840 840 940 1110 1110
I Height mm 315 315 315 315 315 315 315
I Length mm 270 270 270 270 270 280 280
O_Width mm 825 825 825 825 886 954 954
O_Height mm 560 560 600 600 685 790 790
O_Length mm 290 290 290 290 300 315 315
I Weight kg 11 11 12 12 14 16 16
O_Weight kg 31 31 36 36 48 55 55
Weight kg 42 42 48 48 62 71 71
Age Year 0 0 0 0 0 0 0
CP_New kW 22 2.8 3.6 4.1 5 6.3 7.2
CSPF_BG kWh/kWh | 6.7 6.19 6.03 5.75 59 5.75 5.6
Cost NTD 28000 32200 39400 41900 48700 57600 63000
Pipe NA (2/3) (2/3) (2/3) (2/3) (2/4) (2/4) (2/4)
Weight R32 | kg 0.5016 0.6384 0.8208 0.9348 1.14 1.4364 1.6416

65

d0i:10.6342/NTU202401571




F V44 2-3 AP Y 2 P 1R B2 B pEd(km)

Bl ROOM 25 | Bl ROOM 53 | Bl ROOM 6 | Bl ROOM 61 | B8 ROOM 20 | GI ROOM 28
Bl ROOM 25 | 0 0 0 0 0 1.5
Bl ROOM 53 | 0 0 0 0 0 1.5
Bl ROOM 6 |0 0 0 0 0 1.5
Bl ROOM 61 |0 0 0 0 0 1.5
B8_ROOM 20 | 0 0 0 0 0 1.5
Gl_ROOM 28 | 1.5 1.5 1.5 1.5 1.5 0

Vi 2-4 Ay 2 P AR B 2RI BEH(km)

Acceptor Distance
B1 ROOM 25 18.8
B1 ROOM 53 18.8
B1 ROOM 6 18.8
B1 ROOM 61 18.8
B8 ROOM 20 18.8
G1_ROOM 28 19.8
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