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A Study on Electric Car-Sharing Business Model

Amid electric cars are suggested as an alternative to fossil fuel depletion and for
improving environmental issues related to transportation, supply of such an alternative
is yet to be achieved. Some of the reasons would be due to its high prices
compared to internal combustion vehicles, the existing vehicles in the same category,
limitation to a shorter mileage per charge, insufficient charging infrastructure, unstable
operation, restriction of private businesses to enter the power market, including the
absence of affordable business services. To ensure economic feasibility of electric
cars in the existing transportation sector, it is necessary to deduce models for taxies,
car rental, car sharing, home delivery services, and bus mileage based on extremely
inexpensive electric fees compared to fossil fuel.

Today, each government enforces a subsidy system for electric cars in order to
boost electric car services. There is, however, limitation in funding for the subsidy,
and electric cars must be initiative in organizing its own sustainable business
ecosystem, considering falling prices due to the mass production of electric cars and
technical development. Of the various electric-car business ecosystems, the car sharing
service that claims to stand for economy of communion can solve both environmental
and traffic problems. This paper aims to study a methodology based on the electric
car-sharing business model.

Electric car-sharing business models have several variables. First, the price
fluctuation in car batteries of which forms the high prices of electric cars, different
daily mileage according to businesses, the actual purchase of electric cars according
to the size of the government subsides, and power charging fees, electric-car rental
fees, and driving-distance-based driving fees suggested by private electric car charging
operators.

This paper composed two types of integrated models of electric car-sharing service
businesses. The model 1 is electric car maintenance cost modeling compared to

internal combustion vehicles based on the net present value method and model 2 is



car sharing simulation modeling. We can compare income and expenses of the
electric care sharing business based on the two models. In the model 1, we
compared the depreciation of an internal combustion vehicle, the same kind as that
of an electric car, car insurance, and vehicle tax using the net present value method.
We also analyzed the sensitivity of overall costs that varies according to the size of
subsidy and deduced a cost change chart of car sharing business operators according
to the subsidy. In the model 2, we carried out a simulation for the car-sharing
business that has the same O-D (Origin and Destination). For the simulation of
model 2, sub-modules are required to set the unit price of power charging in
advance. In the sub-model, the study reviewed the taxi business with most sensitivity
in the unit price computation of power charging. Taxi has the longest daily mileage
and is the first to face battery deterioration; therefore, the taxi business will need to
spend a large amount of money for battery replacement and profit availability is very
flexible in terms of the unit price of power charging. To apply costs according to
battery replacement demand, we estimated annual- battery prices. In addition, we
conducted a sensitivity analysis for the unit price of power charging that reaches the
break-even point through an electric taxi simulation based on the daily mileage of

taxi.

The study suggests a design methodology based on battery price estimation and
mileages for a charging fee system that can generate profits for the electric car
service business and also an analysis methodology for the car sharing business. A
car-sharing operator can select electric cars or internal combustion vehicles for their
business and may verify profits from introducing electric cars compared to internal
combustion vehicles. The final goal of the research is to suggest sensitivity and

analysis methodology affecting car sharing providers according to the size of subsidy

and power charging fees based on travel time and distance.
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e wope] weh

3 A aFA 7 AR 7] wiEolt}h. FH4 o Agrst QaFA7F Ao} et e
o] QF A7} HAle] AHLd AP YA diH] v =2y Fo] gt o] &
ZA FANE BAL BT AL GARES 543 golth weld, 7pg A
ZdaaA0] T Hopz ZAom AH=da o] Ay olo} Fhe}.
<3E 3-2> 20099 A= AFKIE ARsAF =AY (P9 km)
= | 10w A7t Azh
_E]‘_ o = #O | 0] ]' 3 7 )
™ o | 199w | E979 A =372
=8 47 440,417 162.8 71,699,888 2,150,996,628 26,170,458,974
HQIEN A 87,788 2922 25,651,654 769,549,608 9,362,853,564
TRQIERA] 161,448 155.7 25,137,454 754,123,608 9,175,170,564
HAE 7} 191,181 75.9 14,510,638 435,319,137 5,296,382,834
GE 3-3> 20091 AFELAAE AJ4E AT FAAD (231
Ea SE | o 19se | 9 27 | 97 29 a3t
RLN ﬂ]‘}: [e] =270 L =211 _2'—837%13]
=847 14,976 124.6 1,866,010 55,980,288 681,093,504
HRIERA 1,418 239.8 340,036 10,201,092 124,113,286
TNQTENA] 3,908 155.6 608,085 18,242,544 221,950,952
#HE 7} 9,650 71.2 687,080 20,612,400 250,784,200
G R e AFAA e BEste] wEekd Fe20101¢] 20009 7] F
ALz o] w2 A EIA] 292 2km, W EIA] 155.7kmol™ #HEH IF= °F 75.9km =
UERY Qo mEtA T Y-S 201045 A5 dFa e e 2AE
M 87, SR, AR SEUE B8, A4S, Adee TRoz
Aol BAlS] YE AR e AEE I 94 kol 2009d%we] EAF AEI}
9 @ skl ga Azel Amolt e, wAL weldAs A Ew

27 sl AarE WA7 @Akl vlske] AL =
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231t AFEE A

3 A 2

A 155.6kmolm JE 7b= oF 71.2kmeol vt

o Abelel Yg Aol 7] 2AES
o A4 20000 7)E WS

1 AFF A o
18] Al 239.8km, 70 <1

<GE O3> "A RS, AETE dubxpke] hE dFg Aol
gAE Z W ANEA F bA fPoR TRE & gov Fdm:
LPGelth. LPG #%F Ad7x(2012d 2¥€ 71+)E 289 FHFE2TF 221.36
3 zAEE A s 2015, 12. 317 F7tREF AFIFES FHodth
LPG 7174 113546 9/¢ & 7Eo faad Ax Fuuee 89 9141
o]t}
<& 3-4> B, AETE ARkl AR (G40 k) B LPGRFAIY T
} A FaAA
T e AFEBAA
Hel 2922 239.8
ZIPN
73l 155.7 155.6
AE)7} 75.9 712
SEE 346 (AT B
LPGe fr# A 7%
o] e/ E] El
T FEkD) | (gl 0.58) | o1 3w w71
AR 1,159.15 672.31 717.82
S
78 2 A) 275 159.50 160.82 Pt Sl
ﬂ%fﬂ‘ﬂ A5z
A Al
WA 41.25 2393 24.12 N
10029 15
Al oA el
5} 62.28 36.12 3642 | HHM OIS
62,283%)/ton
27HA 153.77 89.19 93.92
A% 1,691.45 981.04 1,033.10
Fha SRR 102.36 A 102,369
27 1 A 1,125.99
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=29 A71A AlEE ZENoly) wi" e A dny 60765% = 4
& 7 wAZE Bags Al A7) Wi e] wAAHE BAe 49
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RS 57k sebAv] gedEdel AT F ek Wb, WEH e wAA
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Battery Cycle Life Curves

100%
oo W
80% \ \ l
o \ \ I
70% !
£ cox =145,71x-0%8
3 y=86x"%\ \1 Future
o 50% \ )
§ 0% \I\ == (riginal
30% y — Today's Adjusted
20% \u\\
0% : ‘\ === DOE Target
0% : . 1 \

1 10 100 1,000 10,000 100,000 1,000,000

Cycles

<718 3-3> HElgle @A o] thH] SOC (State of Charge) W3} [Brooker, 2010]

wiEe e AWFE7]= dA 2 1,000 Ale]E A XEol™ Jonn Axsen 5 [2008]9
m2W USABC(U.S. Advanced Battery Consortium)olA= ¢F 50003 HLEE
2R E S 9l

e g 74 el FALS HA7IA Ak tiE VPR eEA MY S A
2 & 4 AUt Russel Hensley w[2012] 2l Fol> wiElg] e 7FA (g 2] A,
g g e Al 29l s 71 E3F 7hA)o] 2025974 A 1/3 =<8 Kh'T
160g = dAdstal dom dAAl KWhd $5007$6001 4 2020 $200 FEo =
shehgtthar o detar Aok wiE el H o) 714 dEtadlomE gt ALtel e
TR Aol AL B 2l B owiE el A 5 RETHA sketaclel
t}.

2010 National Academy of Sciencesi= ®lE| 2] 7FA 7} $8257$875 = F+
Fa2 o A7F 6% 8% AL A dgoR 2020+ 6% A $430,
8%° A-F- $3p4E ddeta vt RAEUAE 1F9 digE 749 F

2009 1KWhYd oF $6507$790t = F4sta 2020039 = oF $2707$330= 74

ol

8

o
rlo

ol
el



m owjEE He] 7142 15kh = o] -9 $16,0007$6,000kWht) = o S3a Q). o]
= 20091 169 WEol Al 63w nkl o & wiE e H ] A S ou|stal 9t

<& 3-6> WiHd 7H 74

Battery Cost($/kWh)
T

2010 2015 2020
Argonne National Lab 150-200
Advanced Agtomotlve 500-700 375-500

Batteries

Boston Consulting 990-1220 360-440

Deutsche Bank 650 325

Electrification Coalition 600 550 225

Pike Research 940 470

"= 2] Advanced Battery Consortium (USABC)d| w2 2015 $40021 =Y
g 740l 2020 $150=2 H#HAQ] S AR 2™ Bloomberg New
Energy Financet™ 2009% $1,000°]¥ ®ig 7} 2011 $800, 2012 “ZHb7]
$6892] F=AE & w 2030 $1505 o S5sFar Ut

e g 7FAe] tiete] ol g thFe o] AAEHI o R wiH Y
VAL SHAE AT AL AWEar vl BNEF(Bloomberg New Energy
Finance), Navigant(7 3}o]=g] 4 *]), EIA(Energy Information Administration)

o A We FE el AL g 2ol tehiih
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<R 3-7> 727139 HiEE 7HE A (F9EE/Kih)

24718 2010 | 2012 | 2015 | 2016 | 2020 | 2025
2007ARBY 4 425~525 300~350
Advancgac%télijg;motive 500~700 375~500
HAE AME 1% 0 360~440
Lolx A 650 450 325
vpo] 4 A A] 940 680 470
ElectrificationCoalition 600 550
LR 500~600 200 160
Joint TAR? 140~160
ArgonneNationallLab 150~200
OEMsperTAR? 300~400 | 250~300
DOE A8 1,000Y | 5007 300 150

+ DARB = Air Resources Board
2)TAR = Technical Assessment Report
3)1,000€#/kWh= 2009 44,500 2/kWh= 2013 4]
A 1 A RREAE B 913 AV IE W Q7R 2] gk A e, 2011 7

<E 3-7>E VIRt FUEA dHE el e s dRd A= T

A2 ARE B
Wolth sl AP A9 ARE /MOR A5FFE ANHE lkwhd el
RS et @ol fF B F Uk Fold FAME 4A9 gowthdE
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<GE 3-8> dolaiMA] AR 7|k e 2] 7bA AR =4 (@92 /kih)

ds

2015

2016

2017

2018

2019

2020

o,
M

g 21714

470

405

353

307

268

234

339

($/1kWh)

1,400

1,200

1,000

uUsDS f 1kwh=

200

- L

0

2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2016
HEZ

<19 3—4> A% WiEEI7HE Fol (e /Kih)

RS ARB, Advanced Automotive Batteries, HA~E AMY IF
ASAE TAFOE thX|star drE 2 vl Al ] s}
JMARRE fFFehe Wilolth <& 3-10>& 7

Jo] AAIRE Fe] s YEhla glom o FAxT) gl
T e B ow gixate] ALtsktt
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e
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el
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N
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<3 3-9> lkwh@ wigg] 7t 52 24 (G E2/kih)

=71 2010 2012 2015 2020 2025
2007ARB 34 475 325
Advanced Automotive
Batteries 600 4375
MIT
RAE ALY 17 1,105 400
Lolx WA 650 450 325
gfo] = A A] 940 680 470
Electrification Coalition 600 550
ul 7] %] 550 200 160
JointTAR 150
Argonne National Lab 175
OEMsperTAR 350 275
DOE A A4 1000 500 150
Ik 808 543 524 295 195
<3E 3-10> lkwh@ #iElg] @7} 52 B4 (F9rd2)/kih)
A Hak 70 of| 53]
2010 808 808.0
2011 675.5 675.5
2012 543 543.0
2013 536.7 536.7
2014 530.3 530.3
2015 524 524.0
2016 478.2 478.2
2017 432.4 432.4
2018 386.6 386.6
2019 340.8 340.8
2020 295 295.0
2021 275 275.0
2022 255 255.0
2023 235 235.0
2024 215 215.0
2025 195 195.0
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<2 3-5> 2d wiE Y] 7hA wske} FAlAl (92 /kih)

AHE T BHE ol BEe FEATLE WEY AL A
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5. HiE{2| AAH[S &F

2ad e Ars Gedon

@ 5 A 9714 18 Agae ok AEA} 26 oln e eE 33

WAt £ A7) ol A7 ndzk

drFAA Y xnd

nd7bA a3 wigg AT = RS = i

e Q715 87 2] x
n‘qf]]]}X] :{ﬂ':'_do-l-ﬂ' HHE% ;‘_'1__637]_%:7%a _I)XBHFJE]H]%

e 2] BlE = (

e 2] Bl&(Y) = Ikwhd HiEI 2] 7F4($) x 9A] viEg] &% x Bdgs

<® 3-8>clA YERd uhel 2ol 2020 7bA] HiElE] B2 1kwh3 33982 4t
AT <F 3-5>o4= HE e mAFTI= Mo B 1.53F 1t AH8-skaL
eI 2] & Aokttt 10d7 282 o EEW 27kwhe] Wi E

g Astw 3
e 2808 Ue 2

o

73E 1,1009 0.2 16TkmE F3dtty 71 =

o},
e 2lg Hl-& = 10,068,300 = 27kwh x 339$% x 1,100¥
<E 3—- 11> 1097 &2 T3] vig e wAn])&
AdF38 | 103+ . v E] 2] 7] ol 5
- {HH] 8 ZF
T A9 A8 BH;;HA SHE L(iJQJ) <E-<>J>
(km) (km) TRY i =
H o) 2922 | 1,066,530 5.67 57,045 5,705 15,629
Bl A]
7Rl 155.7 568,305 255 25,693 2,569 7,039
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6. ARENAE &

1o
5.0 (km/kwh)
Variable
27 kwh
60

Aol A3kt

AlE ol Ak
AlEeel A Az

1
6.2 (km/2]H)
871
70 Z]E
60
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fuel_tank

Resource
fuel_efficency
fuel_unitcost
velocity
sum_mileage
sum_fuel_liter
sum_fuel_cost
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1) WAxZ =A1 ¢ ARENA = ¢

A5

Diriwing

L]
Waiting Taxi

PassengerArrive\ _ Balkdng 7
IW 01
1
18 P
ii Time Check I - 1
L Dispose 2 Boarding I Statistics
N a :
é Dispose 1
— 0 1

Taxi Free

L 11
Fuel Check _

QL_{ ) f:::
S_Charging i oiling _— E_Chargingj—._ Full ]

I

< 3-7> UAAF BA]e] ARENA B3

g
\ e
Qassrasiiriiy — Balking * || watting Taxi Driving
,1 1
i
e N
Time Chaek I i
L Dispose 2 Boarding Statistios
(N

Dispose 1

\; i
Fuel Check _

S_Charging §— Diling _— E_Cha.ging]__ Ful ]J

<19 3-8> UdA=F Birle] A 1000kmold AlEdold A3
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<Y 3-7>8 <% 3-12> 2 <% 3-13>9] e YdxE =@ale] ARENA
BP0l <19 3-8>2 Z=FPAFYE 1,000km o|Fo = HAS] YEG AE

AEeIAe e GEAL BSn £AF ALl 1000kmE HoW AE
dolie FrAh ABolie Anugt 2adds st

‘Process

Time per Entity

VATime Per Entity Minimurm Mestimum

Ayerage Half Width Value Value

Driving 12.4025 (Insufficient) 5.0045 18.6375
Qiling 29231 (Insufficient) 1.8562 3.9900
Wait Time Per Entity Minirmum Mecimum
Auerage Half Width \alue \alue

Driving 0.00 (Insufficient) 0.00 0.00
Total Time Per Entity Minirmum Mesimum
Average Half Width Valuz Valuz

Driving 12.4025 (Insufficient) 50045 18.6375
Qiling 29231 (Insufficient) 1.8562 3.9900

Accumulated Time

Accum VA Time

Walus
Driving 1004.60
Qiling 5.8462

1200.000

1000.000

800,000

W Diving

800.000 B o

400.000

200.000

0.000

Accum Wait Time
“alus

Driving 0.00
Other

<18 3-9> YAzt gix 2] ARENA %8 Ay (ZEAA EA4X)

WA BAZF 1,000km o]/ =3l et ARENAS AlEeeold =9 23
&
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Tl Abe A9 FE&HA ¥ es & g vk ER, Hd FARES
124801 At FHATE 298, Al FPATL2 186 HAF
59940 &2 e

Aledleld F3A Y= 1,004kmel i AFSARE 1629 H, FAEM = 141,130

dolmf EA]e] Hito]&E 2 76.7%°| .

Resource
Usage
Instantaneous Utilization Winimum Maimum
Ayerage Half Width Villue Value
taxi 0.7676 {Insufficient) 0.00 1.0000
Mumber Busy Minimum Medimum
Ayerage Half Width Value Value
taxi 0.7676 {Insufficient) 0.00 1.0000
MNumber Scheduled Minimum Mescimum
Ayerage Half Width Value Value
taxi 1.0000 {Insufficient) 1.0000 1.0000
Scheduled Utilization
alue
taxi 0.7676
Total Number Seized
Value
taxi 82.0000
User Specified
Time Persistent
Variable WMinimum Maimum
Ayerage Half Width Value lue
sum_fuel_cost 7088077 (Insufficient) 0.00 141130.50
sum_fuel_liter 81.4934 (Insufficient) 0.00 162.03
sum_mileage 505.26 (Insufficient) 0.00 1004.60
|Unnamed Project
Replications: 1 Trelnts ©  Minutes

<19 3-10> WAk gA1e] ARENA 2 2E Aap(2as SAA)
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2) A7 2] ARENA =8

& = A% WHa § ol
27kwhell ¥ 7} Bkm/kwh= W
woldth B3, WlEY o] 20% olste] A9k tom
(27kwh x 20% x bkm/kwh) =

\ iy
Passenger Arriv Balking? —|| ‘Waiting Taxi

] Drriving
Ii 13
t{g i Tirne Check Statistics !
Dispose 2 U Boarding ]
31

14 3‘:
—_— Taxi Free Dispose 1
— 0 ]
& X
U 5_Charging _— Charging _—U E_Charging [ I Ful
“ &

0

3

Battery Check

<% 3—-11> H7]EA1e] ARENA 53
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Driving ]
t{i Tirme Check Statistics i
Dispoge 2 U Eiemling ]
3

Taxi Free < Dispose 1
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LU 5_Charging ]—— Charging —'—U E_Charging ]: ]
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H
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<18 3-12> A9 258 A2 1,000kmo] AlEEola A}

S A71YA 7L 1,000km o4 £qol the ARENAS AlEdola ¢
s AA FAol 2120780 AgEw FHAL 1004178tk 1009 /kwh
o QRIS JFoz F dsdE 2008390 2883 ol WAt

i

141,130 thmH] 121,047 Aol7} AZG s oA AmH| o A&

ol
A B2y s Hulo Aot "Al= s8V]EeR VMY B2 dFIgE
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=
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R0
o
il
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EFOCESS |

Time per Entity
VATime Per Entity Minimum Mgzeimum
Ayerage Half Width Vialug alue
Charging 26.5090 (Insufficient) 0.3200 69.2574
Driving 12.0885 (Insufficient) 5.9945 18.5308
Wait Time Per Entity Minimum Tezeimum
HAyerage Half Width Valug Valus
Driving 0.00 (Insufficient) 0.00 0.00
Total Time Per Entity Minimum Mgzeimum
HAyerage Half Width Valus Value
Charging 26.5090 {Insufficient) 0.3200 69.2574
Driving 12.0885 (Insufficient) 5.0045 18.5308
Accumulated Time
AccumVATime
alue
Charging 2207
Driving 100417
1100.000
1000.000
900.000
200.000 1
700.000 iy 4 W Chargng
800.000 @ oning
500,000
400.000
300.000
200.000

Accum Wait Time
Value

Driving 0.00
Other

<7% 3-13> A7]EA|¢] ARENA &8 A (Z2AA EAXA)

AL

d18olm Hi FHAZEE 2658, o FAAZHES 185
L& FYANELE 599 o7 yEhdTh A Bl FAEE 1,004kmo] 1L
ARE A 8-S 200.8kwho] F2 775%0°] T},

A
o,
=Y
o
ofo
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Resource

Usage
Instantaneous Utilization Minimum Mazimum
Ayerage Half Width Value Valus
taxi 07751 {Insufficient) 0.00 1.0000
Mumber Busy Minimum Mezeimum
Ayerage Half Width \alue Value
taxi 0.7751 (Insufficient) 0.00 1.0000
MNumber Scheduled Minimum Mazimum
Ayerage Half Width \alue Vilue
taxi 1.0000 {Insufficient) 1.0000 1.0000
Scheduled Utilization
\alue
taxi 0.7751
Total Number Seized
Value
taxi 84.0000
User Specified
Time Persistent
Variable Minimum Meztimum
Ayerage Half Width Nalue \alue
ChargingTime 10273 {Insufficient) 0.00 212.07
sum_fuel_cost 10433.96 {Insufficient) 0.00 2008347
sum_fuel_liter 104.34 {Insufficient) 0.00 20083
sum_mileage 52170 (Insufficient) 0.00 100417
Unnamed Project
Replications, 1 Tire Lnits - Minutes

<19 3—-14> A7)ex 9] ARENA =8 A7 (1Y A A])

7. MYSHHI WE HA| £2of HEE EY

<E 315>E FAY 2AA FAANEE NAAFE @As A7) uA

AA FRraAFALG), EFAAY, TARAEE, TARHE
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FAY7E dojdgs FARH Aol AA I U

2 AlFFAIZEe Blsko] A7l o] A AT
£

<3E3-20>8 A7 EA 9

<GE 3-15> WAk Bialeh A71E9A) o S e AlEold Pk
gl

el Uil 82 (LPG) SHER
V05 [ 22a [ 290 | sany | 202 | 272 | 292 | sas
G | AR || A | FERY | n | A | dew | TERY
oy | &m) | EED = Azk | km) | (kwh) s

300 - 313 ol 43,986 49 305 61 6,091
400 4 403 65 56,642 74 403 81 8,060
500 4 508 82 71,391 88 504 101 10,082
600 4 611 99 85,816 157 610 122 12,208
700 4 703 113 98,722 157 704 141 14,088
800 6 806 130 113,258 163 808 162 16,168
900 6 901 145 126,602 163 917 183 18,348
1000 6 1,005 162 141,130 Pl 1,004 201 20,083

eiA ek A7EA S A AlEEol A vl

A Ul 1712 A A718A)
ol - .
7] T T3 T4 3
(km) _ N
sl akis s o kis A Az s Qkis
300 0 0 25 313.11 2 48.63 23 304.56
400 1 3.99 32 403.19 3 74.45 33 403.02
500 1 3.99 40 508.18 4 87.69 41 504.08
600 1 3.99 49 610.86 5 156.95 | 50 610.39
700 2 3.99 56 703.8 6 157.27 | 58 704.38
800 2 5.85 65 806.20 7 162.52 | 67 808.40
900 2 5.85 73 901.18 8 16252 | 75 917.38
1000 2 5.85 82 | 1004.60 8 212.07 | 84 | 1,004.17
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lkwhd HAHSAG7HE dsA 719 wjge] WAl BlES zAeketd

<
3-17>9] Axs d& Ao FFAY 300kms 7IEo= WEH WA H] L

. vl B 2] u A ¥] 8- x 78 A 2 15,6299 X 292.2km
o] o) 37 Hl L = — ’ = — 9]
2 A8 300km 300km 15,2234

sb ANEAE dEets EdRVIEe lkwhd 47293 4739 73t &S @

<% 3-17> 300km FHA| AHF A7} H3lo| 2 H7|eA] AgH] H3} (¢h9]: )

Hewhat | AR T
wAH & (B) 451 (O) Ao (A-B=C)
100 43,986 15,223 6,091 22,672
150 43,986 15,223 9,137 19,627
200 43,986 15,223 12,182 16,581
250 43,986 15,223 15,228 13,536
300 43,986 15,223 18,273 10,490
350 43,986 15,223 21,319 7,445
400 43,986 15,223 24,364 4,399
450 43,986 15,223 27,410 1,354
470 43,986 15,223 28629 134
471 43,986 15,223 28690 73
472 43,986 15,223 28751 12
473 43,986 15,223 28811 —48
500 43,986 15,223 30,455 —1,692
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8. MI|At FA 2gst & HIAE MER

ol

A

A712b= Aok ARA e Bxa GHo] oste] <E 3-18>3 o] T4 o
At 9% 2 FAHIE ev_cost(i)zt & W tha3 o] & & Ut

ev_cost(i) = { ev_g_cost(i) + ev_r_cost(i) + ev_m_cost(i) } * ev_amount(i)

<E 3-18> A7|AF 7l g W AR

SATY T Ak AFAE Notation
242k9] 7)ol ev_cost (i)
AR S ev_amount (i)
;g% Aol Tigk W EF (R ev_g cost (i)
kol st B 22 (X AHA) ev_r_cost (i)
ko] thEt w7 B2 ev_m_cost (i)

b, m71Z74A1 o] A 7 FHEm: F HERY s dF)

rlo

m m

ev_cost(i)= Y {{ev_g cost(i)*tev_r_cost(i)+ev_m_cost(i)} * ev_amount(i)}
1 i=1

i=

RN b RS
ZAZ FH7] vl E AA 7MAS AR HAsI ok o) S AA F
&3} gkow puse] 44 HT)
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GE 3P 7R G577 FM T AN

T2 CH ARXEAL Notation
o ZXT| JIM(UZERTIMH]) | o charge_dc_cost()
dz o ZM7| FlH| o charge_dc_p_cost()

F STl o ZXT| AlMH| o charge_dc_f_cost())
o EMY| HEZ(HR) o charge_dc_g cost())

G 3> A Y] TG g

TE Cf ARXEAL Notation

o ZXMT| TH(RIZEXET HdH|) o charge_ac_cost(i)

iHEr 3

ozjzn | S| Tl > charge_ac p_cost(i)

pelien ) Iroo i)

7 .

$:57 oy | EX7| Aladd] o charge_ac_f_cost()
o EMY| EEZ(HF) ° charge_ac_g cost())

ide 471 9 FAMES g5 2o 955417 7+ 2 AAp &
charge_dc_cost(i)=charge_dc_p_cost(i)+charge_dc_f_cost(i)-chage_dc_g_cost(i).
LAV F4 L AXNES charge_ac_cost(i) = charge_ac_p_cost(i)

charge_ac_f_cost(i) - chage_ac_g_cost(i) ]| t}.

mAAAAL FH7] FY FE(n: TYE FA7] FY £ om F A5 )

m

= E { charge_dc_cost(i) + charge_ac_cost(i) }

i}

Az
t FUs 28803 HHSER o] Hge FAbe Aol wels)opait
Wb, Aol FAAE Zh gle HAWAA o wlgo] AL xushs

Be AEsed Basih

—_

A5 e9sd NARFS SIS M=UAE A% A, 4w, Adw

O



T Cf &b X}AF B Notation

o AT HE2o| ofed o build_t_cost() o build_t_cost()
He

o jHT =0l offst 2 o build_r_cost() o build_r_cost(i)

o AT AlAH| > facility_cost() > facility_cost(i,))
AlM

o AT AlM 2| > facility_op_cost() > facility_op_cost(i,))

8
idE dxdn 2 Ae o537 2t} labor_cost(i) = Y, { labor_cost(ik) x
k=1

labor_count(i, k) x (1 + labor_cost_ratio(i-1)) x labor_day(i) }

WA Wz zdl A WrlAe EAAZebs 1 AFE Psd Z17E B R

shel wlgo Aelstelo} Wk ER, WA MRUAE A AnA F AF

B oY % MMz Bg =@ gl o Ao Aeg + Ao

Brgzke thepst el Atk AU e PAdE wbgAAbae] HS kel
A

U3l () = ASIH - AEAY + BT R

ex) 32007H 825 1095 Bhar, &7k 7F 2007H o] 24H?

FHE5A7F 32009k, ZE7EA]: 2005k, W83 10

-1 - %/2,000,000/32,0000,000 = 24.2%
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- H2AE 72 2 (32,000,000 x 0.242) = 7,744,000
- 22PA % 7H7HdZEE] ¢ (32,000,000 - 7,744,000)x 0.242 = 5,869,952

77147 (Depreciation) 9] g A4k o3 2o

GE 320 7P avd ARk
T= O &FX}AF =L M Aozt
ek -
— X2k gl .
2o SAimey | 1= 27kl | o dep oot
¥ Mol=
. M7|% | .
A2k g e \I/eﬁig:g)c:trlc > ev_m_cost() > dep_ev._cost
=7, 7| &
H|E, M4t g
5 Sk - . o i °
= ;iﬁ;g 0377&;" | Z77(Charging cpdc_cost() dep_dc_cost
Al = °© ; ]
(F=H7D Point) > cpac_cost(i) o dep_ac_cost
s= 2 A=
= JIE} 0|2 _ o }
s A5 sigels | o diets
TR
o £ X|IH0| gle
o F=2lytel | ° dep_remain_ev_m cost
xl__757}_ }'I%Lj—ll:— Kn_l'zf_:_jl'oﬂ” O, E X X~ H
~hE K=ol A= H|S 10% S o dep_remain_cpdc_cost
° dep_rema!n o dep_remain_cpac_cost
° dep_remain_rate
) xxio] o dep_year_ev_m cost
Hedes o S8 AF0| 8=
Heds AH@E—% dep_year ; " * > dep_year_cpdc_cost
o == — —
o dep_year_cpac_cost

id=e /A dep_cost(i)et 3l ev_cost(i)E TU7FE 4GS A S
olF Fote AAHL v Ao Aol oI AU F&E A7HA

(Depreciation) ] pseudo codew T3 2T}
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/] 1952 ev Frultisol] iRk A7 FE
if ev_cost(i) > 0 then ; TreF HEHA 7} ‘Q%%E}‘ﬂ A7V A

if dep_remain rate > 0

dep_remain = ev_cost(i) * dep_remain_rate;
else

dep_remain = ev_cost(i) x 0.1 ; 10% FERE
end
dep_cost(i) = ev_cost(i) / dep_year ; % 77PN
dep_cum_cost(i) = 0
for n=i to i+dep_year

dep_cum_cost(n)=dep_cum cost(n) + dep_annual_cost; Z7F2t 2 A

dep_remain(n) = ev_cost(i) - dep_cum_cost(n)

end

AEHA o3 AR F
2t
// 1A=9] ev TufgisEol thjl 72t FE

if ev_cost(i) > 0 then ; T¢f HEA7P}F EAHTH 272 A%

if dep_remain rate > 0

27147k (Depreciation) 9] pseudo code= T3}

Flt

dep_remain = ev_cost(i) * dep_remain_rate;
else

dep_remain = ev_cost(i) x 0.1 ; 10% F=H]E
end

dep_annual cost rate = 1 - {(dep_year) sqrt (dep_remain/ev_cost(i))} ;

depyea

\/dep remain/ ev cost

dep_cum_cost(i) = 0;

dep_remain(i) = ev_cost(i);

for n=i to i+dep_year
dep_cost(n)=dep_remain * dep_annual_cost_rate; B3NAE 77 d2r<H
dep_remain(n) = dep_remain(n) - dep_cost(n); HE7}X]

dep_cum_cost(n)=dep_cum cost(n)+ dep_cost(n); 77+ +2 A

end
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A7 AYAFAE <E 11> AYAN 2 AT BN & 5 AFo)
AYFFATL EAAGANA AL FFake] FPske LFAolth AR

= #9sta dvh AFA Y
Azz P 2o W AYTFH A2z AL WE AFAR ASARTE A7)

A-s ko]t AE e gAlong[=Y, 2013].

At A3t 65.89 = (57.6*371 L +58.7*570 &4 +80.7*471 €) /12
A et XHESE 0 10849 = (145.3*371 €+70.5*5 7 € +128.2*4 71 ) /12

: 153.19 = (232.5*371 ¥ +75.4*57) € +190.8*4 71 €) /12

N
2
B
)
1z
o

a3t AFSE: 58.7¢Y = (5254370 €+53.5457] €+69.9*471 €)/12
IOFFIER3) - 8819 = (110.7*370 € +64.3*57] L +101*471 ¥) /12
FEHAWES) : 115.69 = (163.7*37] L+68.2*571 L +138.8*4 71 ¥) /12

GE 329 A SxdE e = [=319, 2013]

Mejzt 2.3 (2/kwh)
ag 7('5/5;5' NET TS 2. 7tg Hed H|
(62~8%) | (375, 9710%) | (112€~28)
a5 st 57.60 58.70 80.70
x et 2,390 ey 145.30 70.50 128.20
Z|Cf F 5t 232.50 75.40 190.80
455} 5250 5350 69.90
net 2,580 ETdss 110.70 64.30 101.00
Z| o &5t 163.70 68.20 138.80

_52_



1.

V. @724 23 3 1

WAL e M2[A RAH[S 222 (221)

=+

== As=d 3

S| A= A

2 HAe 37MAE A Ek] 10
o g2 27 AT
2 AN S-S 84

‘ el

HEE }—" e H A AEEIORA

}——{ ST |

SHIEEE IuhHEER ST

______________ -
DL L HXEE | 7|kt SXHE REY |
I
l EE=S=l 1 I
| [
| Faol ol ” L ” TISEH| I I ‘[H{Jﬁ#g ‘;@;¢g | FE=rH|E ‘
—em Em e Em Em Em Em Em o Em Em Em = =

<18 4-1> Bd1 o gdxtek o) A7)z A8E md

B oAdfoE dAgn gl rdloA Hlustrg B

_53_

H TR




of 2} of A
(e ERIE SR

3} .

1
-

[e)
=1

shleh. webA, b

5

-

Aol A

Fel A9l

o

LB

LN

I
bl wdztz WA o

°©

-

H71Ee]

FAlel o} r

& A

=

nyd A}

218, BYR, AEFAel o
1

I ) 03 oy
W ATL =3 ol =
WM g e}
,._OWA_V = GG B jo©
o J— ol — 0
o 2 = M °
M_. o o| X o
NP s N R
< N = . S %g
L - 0 .
= ON o il Ty 4
50 T EE M_l 19 ﬂf_m.._ ,.Mmm
O 1]
B T R R % = o
MT w | R Mo
. T 7 Tk H o2 o
KR T _ o
— o 1}
T N Mk Al N N
5 o E 5. - | N ﬂor ﬂ
o7 omio — = = o= M
7O w8 h A o|
K M 5 ST R
B : X N T
cOC I __ "R
T o K w . mﬂ J|J 1__./u ~
Mo O FEE | Q|+ RN
S N —
T X N_/ro Gy J = = n 7L
™~ v = W Mﬂ_ SN < Mm R
— = o
M Mo ~m W - | (=" . oﬁw
N i . - "
— 35w Y : 0T
%A o _nmm_ u_m R oh o i
N X EO N V = OT._ [Nl
. ,mmE Lﬁ 0 )
o P o W > w oy
TR N "X 7o

£l

[e]
=]

7

b, o

°©

B} =
Irateg} a1

4=

3

A

3

o
_54_

1

I P s e

]
i=

P—Y,Di WEtA, H

st itk whEbd, Bzao] whet

N A5

2

AAZ
7FA ] vl



(P— Z Di)* Irate

]\/YJV_EE,;JJ_E,_ — n — i=1
r)" 2 (1+r)"

AE A= LA P B2 oSl wE FEw B dded A A
Alolw] <zl w7, &%, S 2 A s T
b ek o] - wirlkel ojs) Aol Huh d7IAke]l A9 whr] el
glout 2011 7Rg e AAlg el ofsf g2 2nkdd, H g &2 100l &
Feta vk webA, 2 Al A= wid 100,0009 21 AR AR o] A
o] #e& Taxeh sbd A-sakAl cA7F 42 vhadt 2k

az Tax
NPVzsagy =
S EAA n; FWSD

gy, WAdxEe] A AsakAle w7l E7IE sl g9 (eerlE) el
30%9 wFAZE AR 3d o] FRH= 5% Aol ¥tk wbd nd: A
SAAE w7 Ve As Al e d 2o Tax, 2 W71 FH(CO)H vl " 7
FAEAA GV CarTax)oll 5AE 30% F712 F3sta dxd dEle&s 4

&3l o3 Zo] 7ed 4 Qth Tazx, = COX CarTaxr < 1.3 X (1— Discount,,).

webd, WA ge] A5 wAbE Gou P

COx CarTax x1.3x(1— Discountn)
n=1 (1+T)TL

NPVyaqg e =

webA, d71Ake] E37bE VIte e Bdle] AA e v 2

m w m (P_ ZD’i)*[rate L Tt
NPViyza; = — 7 4 = + at
nz:31 (1+r)" ,,; (1+7)" n2:31 (1+r)"
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NPVyerggea = Y,

n=1

P—B—S
m

m

m :
i=1

(P— Z Di)* Irate

+ )

n=1

1+r)"

m_ OO CarTax < 1.3x(1— Discountn)

n=1

2) BEgo mE

1+r)"
RIZHE EA
AR 2

<E A-1> A71ARe} YAxF vus 91e dubaket
T ek 712 Ul 3 2} =
m W83 a(d) 10 10
r kel & 5% 5%
P AL 7HA (RE) 4,200 2,000
S ZEETHA] 0 0
Irate U7t R 88 2% 2%
Tax W 1E A5 2R (TH9D) 10 10
<E 4-2> AsApA A S WAAE 71+
T i W 1 2=
CC Hl| 7] & 1,500
CarTax Aps 2 A9 140 &
Discount, e s 3URE 5%% vid 5% Az Ha 50%
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<E 41> <F 4-2>9 VlFo® A7el WA Hl el Zzbel +=dvt
£ 2bEsE g3 2o BREgB)o] 2000%tge s AAEE Ao £drt
FES B A7 F 21,0008 9oe] Blgo] WA HAxFS o 20,239
Aoz n52dt =58 Hola )
<GEA4-3> A7AF e odrt
) A7 FE (@9)9)
A} -
Ed i S A k&7 Hnys A5 A 27
1 2,200,000 | 19,800,000 792,000 100,000 3,092,000
2 2,200,000 | 17,600,000 704,000 100,000 3,004,000
3 2,200,000 | 15,400,000 616,000 100,000 2,916,000
4 2,200,000 | 13,200,000 528,000 100,000 2,828,000
5 2,200,000 | 11,000,000 440,000 100,000 2,740,000
6 2,200,000 8,800,000 352,000 100,000 2,652,000
7 2,200,000 6,600,000 264,000 100,000 2,564,000
8 2,200,000 4,400,000 176,000 100,000 2,476,000
9 2,200,000 2,200,000 88,000 100,000 2,388,000
10 2,200,000 - - 100,000 2,300,000
NPVgy | %16,987,817 3,330,234 | WT772,173 | %w21,090,224
<E 44> YAAE Fie =dvt
uA WAz FaE(e99d)
- 27142t &7} BT A} 21 A 7
1 2,000,000 | 18,000,000 720,000 273,000 2,993,000
2 2,000,000 | 16,000,000 640,000 273,000 2,913,000
3 2,000,000 | 14,000,000 560,000 259,350 2,819,350
4 2,000,000 | 12,000,000 480,000 245,700 2,725,700
5 2,000,000 | 10,000,000 400,000 232,050 2,632,050
6 2,000,000 8,000,000 320,000 218,400 2,538,400
7 2,000,000 6,000,000 240,000 204,750 2,444,750
8 2,000,000 4,000,000 160,000 191,100 2,351,100
9 2,000,000 2,000,000 80,000 177,450 2,257,450
10 2,000,000 - - 163,300 2,163,300
NPV e | ¥15,443,470 Wi3,027,485 | ¥1,768,385 | 20,239,340
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<3 4-5> WAk din] x7)ae] wdvke] Witk

Bz Wsle] wE A7z v WAzt &3 7)o
st} <3 3-6>% HEw WHEtd mE Hd7)Aket ydxgY =37ty

ki

=
AT E

WA= =& 7 20,239 iy A7)xF A A7)

P ggj{ Aol | mzg ggj{ apo] o
20,000 21,090 851 10,000 30,326 10,086
19,000 22,014 1774 9,000 31,249 11,010
18,000 22937 2,698 8,000 32,173 11,933
17,000 23,861 3,622 7,000 33,096 12,857
16,000 24784 4545 6,000 34,020 13,781
15,000 25,708 5,469 5,000 34,943 14,704
14,000 26,632 6,392 4,000 35,867 15,628
13,000 27555 7316 3,000 36,791 16551
12,000 98 479 8239 2,000 37714 17,475
11,000 29,402 9,163 1,000 38,638 18,398

o =X 3 wslof o2 28U Ha
= o — 7| X} NPV /
; ' —— L} HEFEF NPV /
_?Ij:- 30,000
7;1 . /

20,000

T T
18,000 16,000

T
14,000

T
12,000

T
10,000

BEZ FR(CELEEY)

T T
8,000 6,000

T
4 000

T
2,000

1™ 4-2> AR ohe] A7)Ake =3 )
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A, T A e 7IHke] v 83 ¢ols BASH H7)Ake) sAA ST ZFsFe] dgh
& B4 o] 7hFsltt
<E 4-6> 4ut FHo1H 3 A7) FHlold AR Bl a
TE 71E H919 719 A712F 7189 7o) &
tho] & F(30%) 2,500 2500 ¢
=3 A 2 (kn) 180 ¢ ?2 ¢
2) A7l ol "gk B4 s 5%
A7 7 o1 7 dutgtsolgol AE g s BRS Fa g 7|wkE

CE A=T> A7)0 Bl Fomss

& AEHEolth <F 4-7>04 B uiel Zo] AlE#olds ¢

T T 717 1= Ant7}4l o1 =
7Hlol" 17 ot Entity
o] SAYAIZE Order_Received 19 18 AzF 19 18 AJzF
2}k Resource 5 of 5
ApFF YA Driving_Time 2H2hek(60,90,120) | 4F2H3Hr(60,90,120)
A fuel_efficency (i) 6.2 (km/2]E]) 5.0 (km/kwh)
A=H] () fuel_unitcost 871 472
A=EF fuel_tank 70 #H 27 kwh
AFeEE 42 5= (km/hr) velocity 60 60
T FYddgn] sum_fuel_cost Algdlold A agk
B Ry | Sum-eadpyinepro Aol d szt
% A8y sum_fuel_cost (i) A EYolA A gk
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4-8>2 A7|7b4o G dnkatakel] Wik shof ] FHF A HEE v

<E
w37] 993k ARENA E3&e] 3E2%o|t}
CE 4-8> FH4101Y ARSI} vl B 9k AlEYo|d 52
A 1 Fhaol@ o] LAAFE =
(20144) FHolE) R o] £ 18417, HISAAIZF A7 24)
l
A 2 FHols or=s A4
(&=h o= AA 1059 Aritzz 44
1
A 3 =9d EARRE 45t
(AR AEF xpeko] tjal| AH2Far(60,90,120)
HELE | zay A FYNIE A7
12) FY(EH-AFAY-FYHAD F FYFEY A
1
@A 4 Al A AEl7E ZolA A RS e AEAkE =AH o 174
(XA 4)
|
W 5
57;] 2k =%
(A A A
l
% 6 o o ]
g [AEAEFE ATl BAA7A mREA g A g delzsta
e A 2Feko] tfat ARS 20T Set
A=)

3) 7kl FHe] tgk ARENA 28

Fhalol g s ARENA X2 2~o|t},

458 Asine
Fgugol Jbse WX 2ug g Wysn
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Order Crealion\

/

Order Arrive \ —_—

IHU

Sl = Abde] FAA A el bk
delzala a8 $e 49E 4P 9
Rental Start Reject Order

——— || Night Time l

L Dispose 1

Rent Car Hold

Cyclic Allocation

1

EE— Statistics I —‘

t 17
Decide 2

0

L

Time to Full
recharge

4

Release 1

—— Full I _—
*—é Dispose 3
P e —— |

<I9 4-3> 71" Tt ARENA B3

A717HA " Rde dEsdes g0

<( Dispose 2

A

1]

g Aol

< 4-9> §5FTHA @A77 AlEdelA7IHE A 913 v]&
5 ek 22 2}2E3 k4 235 27
=30
ng;j)ﬂ 486.38 526.81 498.37 522.17 467.25 2,500.98
km@ 100¢
= #z‘;ﬂ?f{j 48,638 52,681 49,837 52,217 46,725 250,098
= 9gH|
(s 45,914 49,731 47,046 49,293 44,108 236,093
20l _pnla
T‘ﬂ( Qﬁ] ° 2,724 2,950 2,791 2,924 2,617 14,005
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7} 180¥Y /km 7]|Eo 2

2 o] oloe AL % Yk

46>% km@ FHE 1809742 Wsketel wah W77 o]
A4 myA el FoiPol A Hese o
@ zAo|Aq A% 51, 3643 7| E0R 21

n=)

<& 4-10> 53 A7)7H01E ] kmE TR TIRE 35 2)
A8 59
X b1 22 23 A4 2155 2A
100 48,638 52,681 49,837 52,217 46,725 250,098
110 53,502 57,949 54,821 57,439 51,398 275,108
120 58,366 63,217 59,804 62,660 56,070 300,118
130 63,229 68,485 64,788 67,882 60,743 325,127
140 68,093 73,753 69,772 73,104 65,415 350,137
150 72,957 79,022 74,756 78,326 70,088 375,147
160 77,821 84,290 79,739 83,647 74,760 400,157
170 82,685 89,558 84,723 88,769 79,433 425,167
180 | 87548 | 94826 | 89707 | 93991 | 84105 | 450,176
amn | 45914 | 49731 | 47,046 | 49203 | 44,108 | 236,093
<E 4-11> 95544 A717H1019 ) kmY FAR 7] SOl E (29 )
FYR 59 - ARn] 2o
S| A #4252 473 A 25 27
100 2,724 2,950 2,791 2,924 2,617 14,005
110 7,588 8,218 7,775 8,146 7,289 39,015
120 12,451 13,486 12,758 13,368 11,962 64,025
130 17,315 18,754 17,742 18,589 16,634 89,035
140 22,179 24,023 22,726 23,811 21,307 114,045
150 27,043 29,291 27,709 29,033 25,979 139,054
160 | 31907 | 34559 | 32,693 | 34254 | 30652 | 164,064
170 | 36770 | 39,827 | 37,677 | 39476 | 35324 | 189,074
180 41,634 45,095 42,660 44,698 39,997 214,084
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A717HA " 4

A717k 1 =

CE A-12> 553N A717HI01Y ABeel I FaAe e 1§
= A1 A2 AF3 AF4 A5 27
i\
A 176607 | 176599 | 1769.85 | 177346 | 177851 | 8853.88
km3100¢
SRAFS] | 176607 | 176599 | 176985 | 17346 | 170851 | 885,388
Fos
= 166,717 | 166,709 | 167,074 | 167,415 | 167,891 | 835,806
E TR
3 9890 | 9890 | 9911 | 9931 | 9960 | 49,582
FYPTUS <F 412>9] FLF 71F 18097kA WSl wet A7) 74 o] &
o] #YuslE s e 2ok @A EAFHQ oA ALt o

7} 1809 /km 7|2
21 ool

4ol @ o] Axrarn

oo o

o
¥
3

AT

2 5 o 543 =44 28 50, 36417 71FCE 767
At} weba], Faio] A3 v LTS vHET w A7
71 &

2

< 4-13> FEHFAA A/7HA01E ) kmd FAE 7 S0l (R )
FH5 59

B #22 A2F3 A2 25 7
100 176,607 176,599 176,985 177,346 177,851 885,388
110 194,268 194,259 194,684 195,081 195,636 973,927
120 211,928 211,919 212,382 212,815 213,421 1,062,466
130 229,589 229,579 230,081 230,550 231,206 1,151,004
140 247,250 247,239 247,779 248,284 248,991 1,239,543
150 264,911 264,899 265,478 266,019 266,777 1,328,082
160 282,571 282,558 283,176 283,754 284,562 1,416,621
170 300,232 300,218 300,875 301,488 302,347 1,505,160
180 317,893 317,878 318,573 319,223 320,132 1,593,698
A= 166,717 166,709 167,074 167,415 167,891 835,806

_64_




<& A-14> 353N A7) E ] kmE TR 7IRE 3 (59 2)
FAE 59 - A5 2
S| A 222 A}er3 A4 125 27
100 9,890 9,890 9,911 9,931 9,960 49,582
110 27,551 27,549 27,610 27,666 27,745 138,121
120 45,211 45,209 45,308 45,401 45,530 226,659
130 62,872 62,869 63,007 63,135 63,315 315,198
140 80,533 80,529 80,705 80,870 81,100 403,737
150 98,193 98,189 98,404 98,604 98,885 492,276
160 | 115854 | 115849 | 116,102 | 116,339 | 116,670 | 580,815
170 | 133515 | 133,509 | 133,801 134,074 | 134,455 | 669,353
180 | 151,176 | 151,169 | 151,499 | 151,808 | 152,240 | 757,892
6) 3 WAl ARt Fhslold A
AT 7IFEo R WaakFe] AR AlEd ol Aifo|th E R A
= AFe] R B5% FFE A FH20A 100% THE gEE =
30%0] AL HTE JHAS Vwto g AlEHeldS st dsvE
2B 20009 o8 HdAs4Th
GE 4-15> 9P 71t ZHlo " AlE ol VIR =8 =9d3t vlg-
TR e 212 2123 214 A5 27
Z=3)
ngrfj)ﬂ 2033.83 | 1981.59 | 2057.15 | 2039.22 | 2060.73 | 10172.52
km%100¢
i%fj)ﬂ 203,383 | 198,159 | 205715 | 203,922 | 206,073 | 1,017,252
%‘(’{ﬂ%m 271,177 | 264,212 | 274,287 | 271,896 | 274,764 | 1,356,336
e
() —67,794 | —66,053 | —68572 | —67,974 | —68,691 | — 339,084

FYHFUES <FE 411>9 FTF 71E 18097kA Wstgtel wel x7]7h4 ol B
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o] FYNstE 4H=E3stH
7F 1809 /km 7o 2
A o] o9 d&

e GEFAAILE] Aol trldE e = w4
K

B8 43
“0e | A 22 b3 ! A5 27
100 203,383 198,159 205,715 203,922 206,073 1,017,252
110 223,721 217,975 226,287 224,314 226,680 1,118,977
120 244,060 237,791 246,858 244,706 247,288 1,220,702
130 264,398 257,607 267,430 265,099 267,895 1,322,428
140 284,736 277,423 288,001 285,491 288,502 1,424,153
150 305,075 297,239 308,573 305,883 309,110 1,525,878
160 325,413 317,054 329,144 326,275 329,717 1,627,603
170 345,751 336,870 349,716 346,667 350,324 1,729,328
180 | 366,089 | 356,686 | 370,287 | 367,060 | 370931 | 1831054
AEH] 271,177 264,212 274,287 271,896 274,764 1,356,336
GEA=17> 9P 7 ol R o] kmd R 7)EE o] R (9] )
Fals 4] - ARH A

S| A A2 A3 ! A5 2
100 | 67,794 | —66063 | —68572 | 67,974 | 68,691 | 339,084
110 —47,456 —46,237 —48,000 —47,582 —48,084 —237,359
120 —27,118 —26,421 —27,429 —27,190 —27,476 —135,634
130 —6,779 —6,605 —6,857 —6,797 —6,869 —33,908
140 13,559 13,211 13,714 13,595 13,738 67,817
150 33,897 33,027 34,286 33,987 34,346 169,542
160 | 54235 | 52842 | 54857 | 54379 | 54953 | 271,267
170 74,574 72,658 75,429 74,771 75,560 372,992
180 94,912 92,474 96,000 95,164 96,167 474,718
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APPENDIX

F51L A7 Y dEF A= dyte

Replications: 1

Time Units: Minutes

Key Performance Indicators

System Average
Number Out 67
Entity
Time
VA Time X Minimum Maximum
Average Half Width Value Value
Entity 1 144 .87 (Insufficient) 0.00 536.74
NVA Time Minimum Maximum
Average Half Width Value Value
Entity 1 0.00 (Insufficient) 0.00 0.00
Wait Time X Minimum Maximum
Average Half Width Value Value
Entity 1 22213 (Insufficient) 0.00 144472
Transfer Time Minimum Maximum
Average Half Width Value Value
Entity 1 0.00 (Insufficient) 0.00 0.00
Other Time Minimum Maximum
Average Half Width value value
Entity 1 0.00 (Insufficient) 0.00 0.00
Total Time Minimum Maximum
Average Half Width Value Value
Entity 1 367.00 (Insufficient) 0.00 1923.29
Other
Number In
Value
Entity 1 211.00
Number Out
Value
Entity 1 67.0000
WIP Minimum Maximum
Average Half Width Value value
Entity 1 72 6756 (Insufficient) 0.00 144.00
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Time per Entity

WA Time Per Entity Minimum Maximum
Average Half Width Vvalue walue

Cyclic Allocation 92 6289 {Insufficient) 65.6805 117.82
Time to Full recharge 32938 (Insufficient) 23353 418.92
Wait Time Per Entity - Minimum Maximum
Average Half Wwidth value walue

Cyclic Allocation 0.00 {Insufficient) 0.00 0.00
Total Time Per Entity Minimum Maximum
Average Half wWidth Value value

Cyclic Allocation 92 6289 {Insufficient) 65.6805 117.82
Time to Full recharge 32938 (Insufficient) 23353 418.92

Accumulated Time

Accum VA Time

Value
Cyclic Allocation 2500.98
Time to Full recharge T57570
8000.000
7000.000
6000.000
4000.000
3000.000
2000.000
Accum Wait Time
Value
Cyclic Allocation 0.00
Other
Process I
Other
Number In
Value
Cyclic Allocation 28.0000
Time to Full recharge 27.0000

28.000

27.800

27.600

27.400

27.200

27.000

Number Out
Value
Cyclic Allocation 27.0000
Time to Full recharge 23.0000
Queue I
Time
Waiting Time 3 Minimum Maximum
Average Half Width Value walue
Cyclic Allocation.Queue 0.00 (Insufficient) 0.00 0.00
Rent Car Hold.Queue 830.33 (Insufficient) 0.00 1834.28
Other
Number Waiting Minimum Maximum
Average Half Width Value value
Cyclic Allocation Queue 0.00 (Insufficient) 0.00 0.00
Rent Car Hold Queue 66.6895 (Insufficient) 0.00 138.00

_76_




52, A7 E FEFAAEG dytE

Replications: 1

Time Units: Minutes

Key Performance Indicators

System Average
Number Out 142
Entity
Time
VA Time 3 Minimum Maximum
Average Half Width Value Value
Entity 1 73.8978 (Insufficient) 0.00 140.38
NVA Time Minimum Maximum
Average Half Width value Value
Entity 1 0.00 (Insufficient) 0.00 0.00
Wait Time Minimum Maximum
Average Half Width Value Value
Entity 1 302.18 (Insufficient) 0.00 909.23
Transfer Time Minimum Maximum
Average Half Width Value Value
Entity 1 0.00 (Insufficient) 0.00 0.00
Other Time . Minimum Maximum
Average Half Width Value Value
Entity 1 0.00 (Insufficient) 0.00 0.00
Total Time Minimum Maximum
Average Half Width Value Value
Entity 1 376.08 (Insufficient) 0.00 1036.00
Other
Number In
Value
Entity 1 211.00
Number Out
Value
Entity 1 142.00
WIP Minimum Maximum
Average Half Width value Value
Entity 1 35.6702 (Insufficient) 0.00 69.0000
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Process

Time per Entity

WA Time Per Entity Minimurm Maximum
Average Half Width value Walue
Cyclic Allocation 90.3457 (Insufficient) 62.5049 118.45
Time to Full recharge 16.7307 (Insufficient) 11.5750 21.9346
Wait Time Per Entity B Minimum Maximum
Average Half Width Value Value
Cyclic Allocation 0.00 (Insufficient) 0.00 0.00
Total Time Per Entity -~ Minimum Maximum
Average Half Width wvalue wvalue
Cyclic Allocation 90.3457 (Insufficient) 62.5049 118.45
Time to Full recharge 16.7307 (Insufficient) 11.5750 21.9346
Accumulated Time
Accum VA Time
Value
Cyclic Allocation 8853.88
Time to Full recharge 1639.61
9000.000 |
£000.000 |
7000.000 |
G000.000 |
- | =
4000.000 |
3000.000 |
2000.000
1000.000
Accum Wait Time
Value
Cyclic Allocation 0.00
Other
Process I
Other
Number In
Value
Cyclic Allocation 103.00
Time to Full recharge 98.0000
103.000 |
102.000
101.000 |
Cyclic Alocation
| St
100.000 |
99.000 |
98.000
Number Out
Value
Cyclic Allocation 98.0000
Time to Full recharge 98.0000
Queue I
Time
Waiting Time ) Minimum Maximum
Average Half Width value value
Cyclic Allocation. Queue 0.00 (Insufficient) 0.00 0.00
Rent Car Hold Queue 44510 (Insufficient) 0.00 90923
Other
MNumber Waiting Minimum Maximum
Average Half Width Value value
Cyclic Allocation.Queue 0.00 {Insufficient) 0.00 0.00
Rent Car Hold.Queue 29.6841 (Insufficient) 0.00 63.0000
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53 A7 Y SlEw A=

Replications: 1 Time Units: Minutes

Key Performance Indicators

System Average
Number Out 158
Entity
Time
VA Time ) Minimum IMaximum
Average Half Width Value Value
Entity 1 66.7566  (Insufficient) 0.00 145.69
NVA Time Minimum Maximum
Average Half Width Value value
Entity 1 0.00 (Insufficient) 0.00 0.00
Wait Time ) Minimum IMaximum
Average Half Width Value Value
Entity 1 21463  (Insufficient) 0.00 §29.38
Transfer Time Minimum Maximum
Average Half Width value Value
Entity 1 0.00 (Insufficient) 0.00 0.00
Other Time ) Minimum IMaximum
Average Half Width value Value
Entity 1 0.00 (Insufficient) 0.00 0.00
Total Time Minimum Maximum
Average Half Width Value value
Entity 1 281.39  (Insufficient) 0.00 73598
Other
Number In
Value
Entity 1 211.00
Number Out
Value
Entity 1 158.00
WIP Minimum Maximum
Average Half Width Value Value
Entity 1 273213 (Insufficient) 0.00 53.0000
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Process

Time per Entity

VA Time Per Entity ) Minimum Maximum
Average Half Width Value Vvalue
Cyclic Allocation 90.0632 (Insufficient) 61.5969 118.45
Time to Full recharge 28.0340 (Insufficient) 27.0196 29.2206
Wait Time Per Entity 3 Minimurm Maximum
Average Half Width value value
Cyclic Allocation 0.00 (Insufficient) 0.00 0.00
Total Time Per Entity 3 Minimurm Maximum
Average Half Wwidth walue value
Cyclic Allocation 90.0632 (Insufficient) 61.5969 118.45
Time to Full recharge 28.0340 (Insufficient) 27.0196 292206
Accumulated Time
Accum VA Time
Value
Cyclic Allocation 10267 .21
Time to Full recharge 280.34
12000.000 ‘
10000.000 ‘
5000.000 ‘
5000.000 ‘
4000.000 ‘
2000.000 ‘
0.000
Accum Wait Time
Value
Cyclic Allocation 0.00
Other
Other
Number In
Value
Cyclic Allocation 119.00
Time to Full recharge 10.0000
120.000 |
100.000 |
80.000 |
40.000 |
20.000
0.000
Number Cut
Value
Cyclic Allocation 114.00
Time to Full recharge 10.0000
Queue
Time
Waiting Time -~ Minimum Maximum
Average Half Width walue Value
Cyeclic Allocation.Queue 0.00 (Insufficient) 0.00 0.00
Rent Car Hold . Queue 30283 (Insufficient) 0.00 629 38
Other
MNumber Waiting Minimum Maximum
Average Half Width Value Value
Cyeclic Allocation.Queue 0.00 (Insufficient) 0.00 0.00
Rent Car Hold.Queue 21.3352 (Insufficient) 0.00 47.0000
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