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Optimal Resource Allocation Decision on the Number and

Location of Electric Car Battery Exchange Stations

Student : Jhe-Kai Lin Advisor : Prof. Shao-Jen Weng

Department of Industrial Engineering and Enterprise Information
Tunghai University

ABSTRACT

There are many cities around the world build a bike rental system in order to provide the
public and tourists to use as a short-haul journey. The main problem is the design of the bike
rental station and batter charge station allocation problems. Therefore, the better system
planning will affect the overall system efficiency and cost issues. Our study is going to
simulate Tunghai University building electric bicycle rental system, regardless of the number
of variables and set the location decision-campus battery exchange stations. The study will
use the system simulation method to solve the number and location of green transportation
system’s battery exchange station of multi-objective optimization problem, to reduce the

unnecessary cost of setting the electric bicycle battery exchange stations.

Keywords: Simulation, Green Transportation, Electric Bicycle, Battery Exchange Stations
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=k % ffu]?\ P RCRE)RERFTT ARV RH FHIRA ST A
Rfpdlde (e ) AH - id & Z A F(batching)is i » » w K LA b iD

R o

2.1 fexk(Work Center) [#h

- AR SPRIF R B A JRIF R R T (Fenzk At o 1 (vxk el (T RF

¥ 1Y ﬂ}%%ﬁﬁiﬁﬂ’{% R A T U

e B3 iR T g o gk SRR
3.%57 7 ¥ (Storage Area) u

— R RLaniAR e P B anE Fakar s AL E T - e 7 0E

FRKAREFREEH > TR AR S e i dd WG RS Fa
i

4.3 B =(Work Exit Point) [

— AR BB AT o RARY TR TAM A SR B AR
*oE B mé}g;F'“ #h oo

22



.} R (Resources)

%
N

PRI S RS TR SR S P

b B L#E(Work)s 9 B 7 ¢ (Resources) e
R #i{i‘rvi ZRA uds iR o Ra ¥ 1 g sk (Work
Entry)~8 #& 1 ¥k (Work Center)~3 & #7 13 % (Storage Area)~1 & 4t # =k (Work

Exit Point) ~ — & &z & =k (Work Exit Point)£ /& (Resou

1.:& > #(Work Entry) - 1 & E
ERE LT AE R
LA - RwEMr &=
il AR AISAE R
(Exponential distribution) » ~ % *&
A

L L
Su o0

rces) » 4o

= (Work Entry) & %] &
=k (Work Entry):& »

h
1

A B L KR
‘&:I‘:%vé:' J VUmB%F'&

2.1 e =k (Work Center) : 8 &

I—l
\/}'

olls

L

i = 9

2, _4_ A
% %
S S 0

0D s TE P LR FL > F Rt
Fom P EFEPS s fe s Averager & T F T
E‘é&ﬂﬁgﬁﬂ@wt%lmﬁwwmcmmﬁl
3SR E T AR g e
ﬁ};)d} GG b TR BT

FArrA T e JENTE

742 IWh ~ 3Wh ~ BWh ~ T 3 e7f 34 5 42 5 5 100
455 100 2 < 342 0.1Whe

s
At

N2

Y U

<¢$§I§-|—'4

N3 T F

&l

A

3&1«

4—*—\/
N

v

% 2B G

R

g s
BTy o

m‘,

2k xk o gt 1 (T xR (Work Center) sz i

"

54
fé_

o3 =h 6534

%

£

10 3 2 ek o

=
AN

& fe & Average »

AL o gtk d
-

= %_l,ﬂﬁ

‘}b‘

%, < U
R

S T F

M3 20%PF > H-€ i~ P TERRE T T
- BRA T

£ a%ﬁ*fn;\a e
#\Eﬁﬁ&ﬁﬁfﬁw\ﬁa,ﬁ

12 FE e E/S 5

1 i'xk(Work Center) ez

T H T

<

W4 nE 100 2
AN /}J%;‘*04Wh r

27 i b 3~ T g

2

‘.l #‘%’ ,

BLis > Heg gt
Rfs Mg ™ - BRIt AR
P BRI KE CBRTA

ﬁg\/Q“?}%%

BRI @

1 i'xk(Work Center) erzs it -
B PER S S e i Average v 2§
10 B ¥ 8> A %] 5 ST + # »
2N e R IR 3

+ A

= f
i RSN O
23

P LR S



1 fvxk(Work Center) s s¢

EE 3T =X SR

PRBlk s HERINLFTIARE %&m%’ﬁﬁﬁﬁ
BT E TR 200 R8N T 2 RIS -
7 10 Bie 22 -

L

EREREDA AR A o3RG 3 - AREFERR
@ﬁ’ﬁﬁzaﬁﬁiﬂﬁ?¢@;mﬂ%’1—ww Wl R R
Fo o ATp T o FRE AR S AWFRIIRIE 0 T - 2R E
ez wriF AR BT R0 P EGRF RAFRER
FIXRRARTER 2 R g T B PR B R 0 T
R

4.8 B = (Work Exit Point) - &

AT HAE TS ek kY o gl kK2 R GEE chrb > R R

R R P L PRI o R R LA o R K 2 BAR o
5.3 /% (Resources) m

@Q%;‘ B ks Y ) NA R - BT ’i#:&m?/ﬁl > M
e p QOBTA(FR)wBFIH > ki T e ot ity 10
BRA DT R

24



TR

.‘ﬁ-.n.-__._! 7z

m-u

.Mm.n-uﬂﬂl.- ﬂ!
LETR
_
w |10
Ream: W2 ARRT . m .m
AR
i wemne
weRE ; l
C pge EET
# @ Iatwamk
B EEsLErN

| ommw |rEe ®eanmm :.w. TET Tt I nw.
.* .‘ .-F--u n ..__. A ‘ @ .@

PEE =

¢

s

¥
’%

FRAEIEuE oo
] a 3
R

Hfbt e BER 1
]

@

5

;
:
HE @EE |

&)

WE
]

{2l

FH 2 gNdwEae

&9

WETmA
1_§

R ..h-.mnt.._._._. il B0
iwq k1 R u...vi.“_..ﬂ

.@ P*&.dh-.%&.
B

LR

i

raAviFa

i i
i o 0 o
FE -0 pCoZ
HiITENE W@

BLERERAN: B
@LEEIN WA

mamme
_ L] ]
A%k "
<
T WE n L1k WA 2
ey -] 1 n Lr
=l (B 4 e
BT RSt e T
@ =l

TR
g

@

E w5 | |wexas | [k ) E\ Tk

3

% ol
pS ]
A
= R
g &
m e
&
£2 IL
™

b

25



342 i Re A2 R BERP

A3 41 Simul8 p £ &0 Visual Logic 2 # st 3
7_Information Store 1 2 7 4 % #c(Global Variable) » 1 & P
I av #% & & Visual Logic # ek TBgE> T 5 R H P E TR Lk ik dueh

F#(% 3.3) -

% 33 TE PR TP ek ki >k % #i(Global Variable)

=

\3
%
%
et
|4
=

T He 28 ki
G Battery T ) 100 % p*(Wh)
G Battery Current TRl p BT E 100 X p¥(Wh)
G Battery down T T R 0.1 3 F#(Wh)
G Battery upl IR B ] 1 & p#(Wh)

G Battery up2 T L 3 X FF(Wh)

G Battery up3 F e R B2 6 X F¥(Wh)

G Battery flat Top o T B 0.5 3 FF(Wh)
G Distance-50 BB 50 2« 50 = & (M)

G Distance-100

FEdt 100 2 ® 100 = = (M)
G Distance-150 FEdE 150 2 & 150 2 = (M)
G Distance-200 FEd 200 2 2 200 = = (M)
G Distance-250 FEdE 250 2 2 250 = & (M)
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Pl

G Distance-300

Vs

BE&E 300 2

300 = &= (M)

G Distance-350

FEdr 350 2 ¢ 350 = & (M)
G Distance-400 REEE 400 2 & 400 = & (M)
G Distance-450 REEE 450 2 & 450 = & (M)
G Distance-500 FE#E 500 2 & 500 2 & (M)
G Distance-550 BE#E 550 2 & 550 2 & (M)
G Distance-600 FEEE 600 2 & 600 2> & (M)
G Distance-650 RERE 650 2 & 650 2 & (M)
G Distance-700 EdE 700 2 2 700 2> & (M)
G Distance-750 REEE 750 2 & 750 2 = (M)
G Distance-800 FEEE 800 2 & 800 = & (M)
G Number on line B AR A e 0 4

G Number on line b2 A RIEA B 0 4

TR KR AT ER
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7k 14 % #(Global Variable) % = 11 ™ el §B K T_o

PR ER RN
PSR R DS

ttery Current = G Battery — [G Distance X G Battery dc-wn]

A RAZP TR ETRA LR R E-[FEREXT AT
PR ETE S F 100 2 & )42 0.1Wh
Qg JHETEZ

(Iﬂ

\

)

G Battery Current = G Battery — [G Distance X G Battery up1]
G Battery Current = G Battery — [G Distance X G Battery up2]
G Battery Current = G Battery — [G Distance X G Battery upS]

ll“ T~

PRA 2B TR E=TALRT X B ET R

T b TR 5 F 100 2 < £ 1Wh ~ 3Wh ~ 6Wh
@)Ly ehd v FHETE2 25

G Battery Current =

ll“ = :

G Battery — [G Distance X G Battery flat]
w42 B é‘:i‘.:%w«' 2 BT E-[EHEXTE P ET E]
b /}J %5-‘ ;I* /}J% 0.1Wh
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AT EER B R B R FIRF e 47 ey
PETRTEZH(F 35 2T &P ET P b Rd :‘%‘TP*“J
@%%ﬁ&%&$’&%&é*%ﬁéiﬂ’wﬁﬁé“%’%?%ﬁ?
B4 5 26 1 F(Wh) “‘ﬁ_ﬁ | ST * AR BT » PRS0 5T
g J“‘M\“"/' P FI B A 35 M nldp F » DB PE T
e :I'ﬁ' i'LL nwL °

%35 e gg Feng o Lgs TR
#8.| ST |
¥ .| P | RE ok Bk | 5| 02 | A | 5% | Fug
¥ : A || B bl : E3
de g ] s * " *

ST~# | 0 | 1.2 | 23 5 4 5 6 11 12 13

1% | 05| 0 5 4 5 6 7.5 8.5 13 14

Bza | 11| 5 0 35 | 55 | 75 | 85 | 115 | 15 17

®E 10 | 10 | 12 0 25 | 45 5 7.5 10 13
sk

o 11 | 12 | 14 9 0 | 15 | 25 5 8.5 11
L'l
2L

ZJ‘: 14 | 15 | 16 12 9 0 1 4 6 9

o423 | 15 | 16 | 18 13 12 | 9 0 2.5 5 7

Lap | 20 | 22 | 23 16 14 | 13 9 0 0.8 5
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;é 23 | 25 | 26 21 19 | 16 15 13 9 0

FHKR AT R (H = : % /&, Wh)

30



3.5 s i L

TR HLA A BFREEIE I REFIE PP 10 R
%?&ﬁ?‘ﬁﬁﬁﬂ,ﬁﬂkaEm PRk sRRE 2 kg 1023
o Bi2deToll+c+c 4+ 40+ 0l 420+ 0 +¢20=1023 B
g BArRi 1023 Bl s o F B HEINE - BRCENCL Ean g 2
FAG AP LHEY FAEERETT > RE - BERE TS L HEHED
Fomo I SRR E MRS o ok 36 40T o BRR R Bl i 4
HREFRETS A A FEE0 R A AR AR E TS L B
ﬁﬁﬁﬁﬁﬁ&%ﬂﬁﬂiﬁ@mﬁﬁﬁi Mo deEk koS dEF 1023
& ihl 3 o

31



%36 THEPEDTH L Lk ETE

Run

wEAE

Runi

Run2

Run3

Run...

Run...

Run...

Run...

Run1023

ST =~ #

c*_,}ﬁ

KE

[E 2 -4

Fb o] B

5o

1%

T

FRE R

N e N e I N N = =

RlRrRPIRRPIRRIRR|O

RlRrRPRIRRPRIRRPRIROIR

S R = =)

e R R I = = =)

I I = = =)=)

P OO OO OO0 |lO0|O

oL

ARG

33




Sr® AT REZLNN
AL URR AT LEE S AR SR RRT TSR
PR ARNFRY AT R LR HFPEHELTE R
B 32 B BE AR EHSImuI8, Hp ok FitiEE i
AW SRR  WOFT AT hRREZRKE TR 2 8E Tk iz
HEFILHE AT 2 REP 40T
4.1 Optimization Model 7 #

MaXfli:%;‘«’ LA *(X1,X2,x3 X4y X5, X6, X7, X8, Xo, X10, N, n)
s. t.

1< 312 xi<m

n < TNPEC

0<xi<l1

Lower bound < xi, m, n < Upper bound
xi,m,n € integeri=1,2,3,4,5,6,7,8,9, 10
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S p
fi‘i’a?."}*" Q#i?':&fé’i"‘(%‘l y X2, X3, X4, X5, X6, X7, X8, X9, X100, IM, n) £ p *%i;‘-vﬁrﬁi:-l p=

T R Y FaiE s H S id:‘ﬁﬁi%g{()ﬁ,xz,XS,X4,XS,XS,XY,XB,XQ,XlO,

m, N) ¥ B R 5t o

xit ST~ K ¥ 72 24k
ARAEE TS EARE L
xst mRE AR E T Lk
xil BRERE TS 2 H
x5t BRI AKE TR LS
Xo o Ao HEKE R LR
Xrt mF R HERE TP LA
Xot KRR E TS LA
Xot g BAEKE T Lk
o B EEFERRE RS L
m:KE LI i

BAA A

n:FHY g3 €2 TH K #E (TNPEC, Total no power electric car)

% Optimization Model FRpe® ¢ > 2R8I TH I &G FRA (0, x2,
R PR AEF R BT

A E R OERE o PR E TIOT S AR Ak

X3, X4, X5, X6, X7, X8, Xo, X10, M, N)> 11 iE

-
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411 Bk iRk

FU#* Simul8 Hikt g8 ) 2= ch Optquest # i BF » 2 #» AR %kt 11

® > 4cB 4.1 977 o

Select Variable Name Lower Bound |Suggested Value ([Upper Bound Type
Attractions1 Number Awvailable 1] 1] 1 Discrete (1) -
Attractions? Number Awvailable 1] 1] 1 Discrete (1) -
Aftractions3.Number Awvailable 1] 1] 1 Digcrete (1) -
Aftractionsd.Number Awvailable 1] 1] 1 Digcrete (1 -
Adtractionsh. Number Available 1] 1] 1 Digcrete (1 -
Adtractionshb.Number Awvailable 1] 1] 1 Digcrete (1 -
Adtractions? Number Available 1] 1] 1 Digcrete (1) -
Adtractionsa.Number Available 1] 1] 1 Discrete (1] -
Attractionsd. Number Available 1] 1] 1 Digcrete (11 -
Aftractions1 0 MNurmber Awvailable 1] 1] 1 Digscrete (1) -
THPEC Murmber Awvailable 1] 1] K]l Discrete (1) -

OPERTEEE T3
FH KR AL ER

S &3 T N

> Attractions1.Number.Available : 8 F 7 % ST =~ #% & T 22k

> Attractions 2.Number.Available : £ % 7 & B2 4% % T 24k

> Attractions 3.Number.Available : % % &k ¥ K & 7 * Lk

> Attractions 4. Number.Available : 2 7% 3 & XX AKX E T ¥ 2Lt

> Attractions 5.Number.Available : £ 3 5" &/ 3K E T ¥ TH>

> Attractions 6.Number.Available : £ % 7 &5 2 3% § 7 L3

> Attractions 7.Number.Available : £ 7 % A& L4 m% % T L3k

> Attractions 8.Number.Available : 2 % 7 &5 # 4% ¥ 75 Lt

> Attractions 9.Number.Available : £ F 3 & ¥ mHEFK E T 4k

> Attractions 10.Number.Available : £ F 7 % ST < #% & 7 2=k

» TNPEC.Number.Available : =% ¢ &% €2 R & &L &
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BT PR T Ak Y I BRI R)A R A SRR
FRE RS A Flpt B UpperBound =1 & & pt B 85 K E T4 L
> Lowerbound=0 * £ FRLEXE T A RKE AR AT 2L T F
T 5 #E o Upper Bound =30 * & Z T d L K (@Y @ T £ g
L 7 BOWMT Upper Bound =0 # £ =& %ﬁ??ﬁﬂaﬁ‘ﬁ-ﬁﬁéﬁ“‘ £ L E D
BRI A Odm FHETHAULZ 2R > &2 4 B kg AT F A

M,«mé&ﬁf{°

Attractions1.Mumber Available + Attractions2 Number Available + Attractions3 Number Availahle + Attractionsd Mumber Available
+ Attractionsh MNumber Available + Attractionsb. NMumber Available + Atractions? Number Available + AttractionsS. Number Available
+ Attractions3 MNurber Available + Aftractions10 Number Available + TNFEC Mumber Awvailakle <= 10

Attractions1 Mumber Available + Attractions2 Number Available + Atractions3 Nurmber Available + Aftractionsd Mumber Available
+ Attractionsh Number Available + AftractionsB. Number Available + Attractions? NMumber Available + Attractions8. Mumber Available
+ Attractionsd MNurmber Available + Attractions10 Number Available + THPEC. Mumber Availakble =»1

THPEC Mumber Awvailable<=10

TMNFPEC.Mumber Available=>0

Bl 4.2 "]ix =

PR RIR D AR I
4ot Bl 4.2 17 o %“?%'J@?J »~ 3| Optquest ¥ » K ¥ 7% 23 b i icd
P4 5 10 B - BREETRE TS 4R 21023 8¢ 0 i
SRR =S ER &f‘w ﬂe, TEPREBE U5 104F T o Ao

B 4.3 #7710 KT TIIFT # R F(Total battery exchange stations) 1
omEp AL I (Maximize Objective) °

-
N
\

I'li Forecast Selection E'@

Select Name

baximize Objectve - | Total battery exchange stations Utilization > | -

Bl 43 PR
TAL KRR AP T
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412 R E A HFEREES
B it 30F EARLCT £ 4L A7 o JUF kSl Simul8 £ Optquest &
(o 3OF > WK TR S 1023 % 0 £ 10 ¢ F fiEReh=c o TR R
PRI B RS R B TR AR s AR
ETR2RF L 5E e F4oT 5] o
¥ 4

FTHEEE STAH -BEI& K BT 4 5 3% g
AR TP KEEES SR TP R L 68%

4.1 it xR EAE

R =1 #i(X)
¥4 | $9=% | 5170 | $252=% | ¥ 536=
LR
ST « # 1 1 1 1 1
] 0 0 0 0 0
B34 1 1 0 1 0
Eided 1 0 1 0 1
E RN 1 1 1 1 0
LA 3 1 0 0 1 1
FU oy 0 1 0 0 0
a‘\,q el 0 0 0 0 0
3 i 0 0 0 0 1
FRER 0 1 1 1 0
T A AR 5% | 5® | 4 51 4 #
T iaq e fkk
s 68% 69% | 70.5% 71% 73%
i * &
(S i
RS 104 | 104% 5§ 9 i 5 4%
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4.2.2 Optimization Model 3¢ #

Max fii’—:at-;é Qg ki ff(Xl , X2, X3, X4, X5, X6, X7, X8, X9, X10, M, n)
s. t.
10 ..;
1< X2 xi<m

n<15-~20-25-30

0<xi<1

Lower bound < xi, m, n < Upper bound
Xi,m,n € integeri=1,2,3,4,5,6,7,8,9, 10
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