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- Efficiency
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BATT = battery,

GB
Al

= Gearbox,

= auxiliaries,

MC = motorcontroller,
FD = final drive,

RG = reduction gear.
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™ A Single traction motor and a final drive

B. Single traction motor, two-speed gearhox and a final drive
C. Two separate traction motors with reduction gears

D. Two separate in-wheel traction motors on rear wheels

(r”
C I
(\ ) E. Four separate in-wheel fraction motors
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BR = Braunschweig, MAN = Manhattan,
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NYC = New York Bus, OCC = Orange County Cycle
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The best for low speed operation
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Lithium lon Battery
« High Capacity

« No memory effect
« High C Rate
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Moke it for REAL 8
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Mass Factor Iagdiavinnu 1.05 (linansannaves gear ratio)

ANLINVDITA

Gross Weight (kg)

A iasRInusstuaslan = 9.8

Rolling Friction Coefficient ¥8981450ULABUNTIANIDAUUAIALIY = 0.013 (310 Text Book)
Aufinshdnlneuszanaessalaeasseuulnii = 10 asauns

ANAURULUUVDIDINA = 1.225

Aero Dynamic Drag Coefficient d1nsugnunivuzdssiansava = 0.7 (310 Text Book)
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NSAINBYUNANNAZINI s0dluiasiu 3 seaulakn 19,000, 20,000 wag 21,000 Alansy
110.76 Alawuns

Fananbanudn szern1saInnndeyanianain GPS deuseunn
WUINHAIN TN ULAEDI AN TITN B 699 UANIAY

19859430 (Gross Weight)(Alan3u)

19,000 20,000 21,000
wasunlglunisaundou (kW-Hr) | 8842 92.54 96.65
I
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19,000 20,000 21,000
wasunlUd1nIuszeENI1g 250 nal. 199.57 kWh | 208.86 kWh | 218.16 kwh
WAIIIUNABINITEUDTIUNUNAIITUFINTU
drsuszuugauAndu 40 % VDINAITUVDY 279.39 kWh 292.41 kWh 305.43 kWh
STUUIULAADU
WAIIIUNABINTITENDLAAT SOC VBILLUNLADS
WMA0E1918Y 20% NAMUNTINITINITBUFANY 335.27 kWh | 350.89 kWwh | 366.51 kwh
VDI

1§
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12859450 (Gross Weight)(Alan3u)

19,000

20,000

21,000

UIAVDUALADS (kg) AIUINUT 120 Whkg

(NS84 Lithium lon Battery)

2,193.93

2,924.09

3,054.26

vuIaLuAmaINnmualy TOR agil 360 kWh asiidmitinuszaan 3000 kg iguwilagasuseuin

4 AY 91N 2793.93 kg
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% VDINIAR1Y WIBULNYUAU 19839350 (Gross Weight)(Rlansu)
Gross Weight 19,000 20,000 21,000
w2asawlan (59u Traction System),(laisau
4 _— o 57.9 % 55% 52.4%
WUALABS) N1UUALWVINY 11000 Alansy
NIAUIINN 80 AU AUAT 60 AlanTu
I 25.3 % 24% 22.9%
324 4800 Alaniy
UIAVDUALADS (kg) AIUINUT 120 Whkg
. 14.7% 14.6% 14.5%
(ns&ad Lithium lon Battery)
I J
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I:, Charging
[ |

On-board Off-board
charging charging

. . . ] s | = . J

fian : https://www2.unece.org/wiki/download/attachments/12058681/EVE-07-14e.pdf?api=v2
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AC Charging Coupler

» Mode 1 connection: normal socket-outlet charging

» Mode 2 connection : normal socket-outlet with in cable control box

» Mode 3 connection : dedicated AC charging spot

China: Mode 2 and Mode 3 connection with single-phase(32A) power
supply are recommended, three-phase is under consideration.

= = =

Mode 1 Mode 2 Mode 3
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IEC 62196-2:2010 GB

20234.2-2011
Type 3-ltaly China

Type1-U.S

Type 2-Germany

Phase Single phase Single/Three phase Single phase Single phase
(Three phase reserved)
Current 32A(B0A U.S) TO0A/B3A 16A,32A/32A 16A,32A
Voltage 250V 480V 250V,250Vv/500V 250Vv/400V
Pin & 5-pin, 7-pin, 4-pin, 5-pin 7-pin,
interlock mechanical lock electronic lock mechanical lock
(optional electronic lock)
Control pilot pin ~ Two short pins  One short pin, one long pin Two short pins
Male & female Plug: male Plug: male

pin Vehicle connector: female Vehicle connector: male

Dimensions
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| Comparison — DC Charging Coupler J

:-t

CHNAdeMO

Japan proposal s CHAdeMO

China proposal mmm—) GB/T 20234 Connection set for G
conductive charging of electric vehicles ~

Germany proposal- AC & DC Combo coupler
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U.S. Department of Transportation
Federal Transit Administration

Peak Demand Charges and
Electric Transit Buses

‘White Paper

Propared by:
Jean-Baptiste Gallo, Ted Bloch-Rubin & Jasna Tomié
CALSTART
(626) T44-5605 (work)

(626) T44.5610 (fax)
calstart.or

1o/12014
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Chapter 6: Conclusion

This chapter summarizes the findings and potential technical & policy options developed in the
report that have the potential to help support and increase the adoption of electric transit buses in the
United States.

We saw that with at least |12 serious manufacturers and already several electric transit bus
deployments all around the world, the electric transit bus industry is dynamic. We also saw that there
are at least two different ways of recharging electric transit buses: on-route opportunity charging and
overnight charging.

Peak demand charges, the charges levied by electric utilities on their commercial and industrial
customers to recover their capital costs, have a significant impact on the business case of electric transit
buses charging on-route and overnight. In areas where demand charges are high, fuel cost is more than
doubled although it still stays below the fuel cost of a diesel-powered bus and remains competitive with
a CNG-powered bus. Demand charges will have a greater impact on small pilot deployments of electric
transit_buses charging on-route than on small pilot deployments of electric transit buses charging
overnight. However, when the number of electric transit buses using a single fast charger is optimized (6
to 8 buses per fast charger), fast charger usage can be maximized and demand charges spread over more
electric transit buses. In addition, TOU rates are another form of peak demand charges. Instead of a
single flat rate for energy use, TOU rates are higher when electric demand is higher. This means when

you use energy is |ust as |mportant as how much you use. Charglng off geak when elegtrlgn;x prices are

can dramatlcaliy increase the fuel costs per mile of electnc transit buses

* Demand charge Wuguassadidgysionisinsalagansiihaunldlunmsuuds

* AUNUNANIUTQNEABYTITDLAgENs Y Off peak

* nM3ysasalagansiniilugae Peak azvinlvidunuawasaszesnegedu

Download:

http://www.calstart.org/Libraries/Publications/Peak_Demand_Charges_and_Electric_Transit Buses_White_Paper.sflb.ashx
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Published in: IEEE Transactions on Smart Grid, vol. 4, no. 2, 2013. © IEEE

Estimating the Impact of Electric Vehicle Smart
Charging on Distribution Transformer Aging

Alexander D. Hilshey, Student Member, IEEE, Paul D. H. Hines, Member, I[EEE, Pooya Rezaei, Student Member,
IEEE, Jonathan R. Dowds

Abstract—This paper describes a method for estimating the
impact of plug-in electric vehicle (PEV) charging on overhead
distribution transformers, based on detailed travel demand data
and under several different schemes for mitigating overloads
by shifting PEV charging times (smart charging). The paper
also presents a new smart charging algorithm that manages
PEV charging based on estimated transformer temperatures. We
simulated the varied behavior of drivers from the 2009 National
Household Transportation Survey, and transformer temperatures
based an IEEE standard dynamic thermal model. Results are
shown for Monte Carlo simulation of a 25kVA overhead dis-
tribution transformer, with ambient temperature data from hot
and cold climate locations, for uncontrolled and several smart-
charging scenarios. These results illustrate the substantial impact
of ambient temperatures on distribution transformer _aging, and
indicate that temperature-based smart charging can dramatically
reduce both the mean and variance in transformer aging without
substantially_reducing the frequency with _which PEVs obtain

a_full charge, Finally, the results indicate that simple smart
charging schemes, such as delaving charging until after midnight
can actually increase, rather than decrease, transformer aging.

Index Terms—Plug-in hybrid electric vehicles, transformer
aging, smart charging

prompted policies at the state and federal levels geared toward
increasing the rate of PEV adoption [11], [12], [13]. Second,
because early PEV adopters are likely motivated, at least in
part, by environmental concerns, and because there is evidence
from past hybrid electric vehicle sales that environmentally
motivated vehicle consumers tend to be geographically clus-
tered [14], [15], it is likely that PEV sales will be concentrated
in particular areas. This clustering means that PEV charging
loads will impact local distribution infrastructure well before
the impacts on transmission or generation infrastructure is
significant. If, as is suggested in [16], these impacts are severe
distribution utilities may need to make significant infrastruc-
ture investments in high-adoption locations to facilitate this
new load. Accurate information on PEV impacts is essential to
ensure that these investments are made in an efficient manner.
Thus the objective of this paper is to present, and illustrate
the utility of, a computational method for estimating the
additional transformer aging resulting from PEV charging load
and to evaluate different approaches to manage the additional
transformer load from PEV charging.
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Fast Charging vs. Slow Charging: Pros and cons for the
New Age of Electric Vehicles

Charles Botsford', Adam Szczepanek

!feorresponding author) AeroVironment Inc., Monrovia, California, botsford@avinc.com

6 Conclusions

charging will likely be the most used schemes

because of convenience and low-cost electricity.

Abstract

This paper presents the issues facing the future widespread use of electric vehicles (EVs) relative to battery
charging infrastructure for both fast charging and slow charging. In particular, we discuss:
e  Charge scheme definitions: What is fast charging? What is slow charging?
¢ Infrastructure requirements and grid impacts: The role of connectors, charger/vehicle
communications, time-of-use electricity costs, and grid upgrades/synergies.
¢ The trades between cycle life and charge schemes for the major competing lithium battery
chemistries. Pack size versus vehicle cost and charge time. Energy density versus power density. The
psychological factors of deploying EV infrastructure that includes both fast and slow charging.

Keywords: lithium battery, fast charge, infrastructure, V2G
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However, Level III fast charging provides a
method to alleviate “range anxiety” for the driver
of passenger EVs and will likely be a necessity for
many types of fleet drivers—especially taxis.

In one ten-minute charge cycle, a fast charger can
provide enough energy to allow a passenger EV to
operate for one hundred miles. This fast charge
capability can help to enable rapid growth of the
EV market by minimizing vehicle downtime.

The TEPCO study shows an example of how
limiting the slow charging-only paradigm can be.
If one fast charger can impact the psychology of a
set of fleet drivers, a full build-out of EV fast
charge infrastructure will enable a wide adoption
of EVs. Fast charging opens the horizon of the
new age of EVs.
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No. of Chargers: 5 Units
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suuuu A: Quick Charge

sawsoaulWvh
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B ECs (Slow Charge)
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I~ = 1 7 | d' a R 1 =~ (Y]
nfsaumeua wa1eninaan Quick Charge Weauny Slow Charge
Electricity Cost Ratio (ECq/ECs)

PEAK [KW])
A158aALY:
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*1INNTTUTNTIANTST Peak ugiigaazsinlidunuarlniivas Quick charge g4n91 Slow charge 2.94 Wi

THE MASTER OF INNOVATION 52
DDNKLUIONSSY




Y
dATIUVDY Peak Charge %zgﬁué’mamﬁ Peak 1@

Electricity Cost

T (BAHT)

662,604.77

Y
o
]
=
-
W
L}
|
L

370,106.03

THE MASTER OF INNOVATION 53
SVUKOUSANSSY




lassadranugundnludmiusalagansluily

Usziau
* 1A39631901ATENUTURNAIATDDAUTEUUALADS

* AqsanLUUsEUUlNNNDIasUsalagans WA

1@

54 KMITL



2. 1A59831991A5E NS UANALATDIDAUTZIUUALADS

sonuuulusmomsifisnvazmiioudu Tng

* U 2 §IANTEINNTATRISUTalasas A laeATay 25 Au

* ANUY1IBIATT 130 LUAS

® AUNING 20 LUAT

o WuldanaUszanal 2,600 MTIUUAT FODIAT

* lasamasndumdngunssa wisumadesiuatiumunaniveng Janys
w&1A188 Metal Sheet indeudniilitiosnd 0.35 uu. Wufl 2,600 AL,
fpD1ANSIITeTEUILE Yindhedenedvuisldieaninued 28 Yesiusis
syunetause Metal Sheet WaouiivaseUnetnaInLTI 9180

1@

55 KMITL



9 o v A 3 A [V =
2. IﬂiQﬁﬁ'Nf]']ﬂ']ﬁﬁ'lelU@]ﬂ@]Qlﬂﬁﬂ\‘iﬂﬂﬂﬁgﬂllﬂ@]lﬁf]i

.._._'|'."_ '.'__.|f :*"li"'ﬁ‘i"‘!‘iﬂ:ﬂm al E‘l:n m | | & Tl i T
- | | R R
| o e

| l
s EE RRY
H
|. —‘——u

THE MASTER OF INNOVATION
VUKOUDAONSSL




v 1 1
[ [ 1% =l o al
Tﬂﬁ‘d@gﬁl‘q\ﬁ’ﬂ’]ﬂ’]ﬁ‘ﬂ’WMﬁ‘ﬁ IﬁfﬂfiﬂdLﬂﬁ‘ﬂd’ﬂ m 19 |‘i‘3’.’9\lLL‘I IBLEA T

(Furingne) (Fuine )

(Fusaaatng) (Fagan 1)

THE MASTER OF INNOVATION

VUKOUDAONSSL




g Q/ o/ d
sUuvunmsRelnih vnuantidayssauuuines

-

o o r)
Tludadnias

Jalauls

duvoanslvbih

THE MASTER OF INNOVATION

VUKOUDAONSSL




3. N1599NUUUsTUUInNHItNesassusalagansinna

YUABUNITIDNLVUSLUUINH LN TDI5USa lned1s N UsEnaufae

* sULUUNTTUlNA UL TIES
* AM5USTINULAALNBLADNTUNALBLUAY
* MsAuINvUIngUnIaldasiulazangl

* N15UsTUUTIATTUUbITN

I 1@

KMITL



3.1 sUuuunsiulnauusegs

* &9 Riser Pole é’m@iﬁt’ﬂwLLaz%’UIV\INﬂuaw‘ﬂaummﬂﬁuaq AN

* puaelanung RMU wazamueeniiuangialalanuluriols

TaRualuadu Riser Pole Hlanilaniad

THE MASTER OF INNOVATION
VUKOUDAONSSL



3.1 sUnuumsiuluaiuusegs

S 1. Emal juy

asrutlauainae

i Riser pole frug{llv

129 Nyl

¢ RMU

ﬁammmﬁa"lﬁﬁuﬁalﬂg

Riser Pole matlasiouias

THE MASTER OF INNOVATION
VUKOUDAONSSL




14

3.1 sUuuunsiulnauusegs

* aaaaussgaduluvisddlifuuazluayunieeinanig Riser Pole i
ndauuag

o aaleiudmiundeudatuasiauanglnuseninie Cable Tray wWngd

MDB Tua1a1s

THE MASTER OF INNOVATION

VUKOUDAONSSL




—_—r—

L sy

3.1 sUnuunsulnauusegs " T

d1eUauaIN1ANSUNIANN

Riser Pole Hangaulas

110 0.80 _, 0.60

t') a [~3
#1859 UL U

nslauuag 2,000 kVA : o Cable Tray \91¢ MDB
: |
o |
0.127 W
T4 CABLE BOX ﬂﬁuﬁuumnuu—/}
sz 12 em. i T
1 st i:

P I
%%

THE MASTER OF INNOVATION
VUKOUDAONSSL



3.2 n1sUszunlannaLaanIUInnLaLLUAa

nsUszanailinan (Load Estimating) sumsuszunalnansauvasainsannddnuszquunages 1ianiauin
vasszuuliuazaunsanvuavdaudasinenazausadngivanlviliieswafaninudanis lngazuuinis

Uszanadlvan aenaluil

1. uasEing + Whdu dmduneluenmissensaitudl 2,600 asiums = 104 kVA
2. m’%'mé’mﬂﬁzml,umma? 50 kW 812U 20 1A309 p.f 111U 0.8 = 1,562.55 kVA
3. §150aLAT0ITAUSEAUUAMDT AL 1 61 (NTeuasAUsEqUszanal 5 1) = 312.5 kVA
4. LLaqaa’NU%nmﬁauqmmﬁaammﬁuﬁ 2,000 A9.11475 = 20 kVA
sauiwaﬂﬁqwmﬂ 104 + 1562.5 + 3125 + 20 = 1,999 kVA

dgUansednnny
BON L INLBWUAIILNN 2,000 KVA ABB1ANSIDAVDIANIN
Tulasan158 Faduniiowlasvuin 2,000 kVA 37U 1 67 Aepguutau

AUTELURAWBSIER0ATA 25 A Aetiundiaudasily

ee e

1@

64 KMITL



3 e D
e R i et

i |

i TS 3.3 n1sAuaauIngUnsaldlesiunazane iy
fl n fl_” ;
ol |

R ﬂ’lu'i‘l_lhlﬂll’i Iﬁq o, — 1. 97U Main Incoming & HV Routing

ST e B

EEI : e 91A1590A50 1
= 9171399A50 2 | ’

= 10

P et e L R TUDE51991A1509AS0
==
IEERRRRE RERRRRERRREREREIN
_-."_—"_:';'r;.n'-'.:".i.:-.-J'.EJ'Jé'xm».:'.iumlé'é'.inﬁl
2. sruegadadlvidlszs (MDB) |
R E K "'r“r*""'% o et o L B e B 3.uaneliihuasvia Souaelv
. \ — .

J AR R ERERERRRERERE LR aqUanszdrnny

i, ! Ll Ll duuy Uiy o .

S e S }'-3'-':-“.-“"| ﬁp"lﬂ@zL“ﬂﬂmﬂu’lmﬂﬂﬂﬁ‘mu@:ﬁ’lﬂ\lmu Single Line Diagrarﬂ

= lusrernu

THE MASTER OF INNOVATION
DDUKOUIONSSL



3.4 N1sUsTUIS1A1sEUU NN

lassasenugudmsuanldnuszguunnasvassalagansinii Ussnaunie

1. nuszuulnirdmiuaimsanildaussauunnes wialy
®*  UUIN9IIU Main Incoming & HV Routing
e uaIngluinauszsu (MDB)
e gelniuazviadauanalnnin

2. 11UNRE31991A5EANIAUITEQUUALABIAINTUIIATA 2x25 AU

1@

66 KMITL



ajusAUszIusINTaanasssuuliniwasn1snaas1eeIAsanldnusEuuUALAe3

NB5995USalagas INWI91UU 2x25 AU

. g i JEn ATV FRIATER
FAUN NS _ i _ _
UALTY UALT WAALTIINAL
nuszuulwhdnsumasaanidnusze
1 i - o
HUMLADS DU 2 1789
1.1  BNIAIN Main Incoming & HY Routing 5,069,000 00 37040000 5,439 40000
12  |wiaadadlwiidsesm QADE) 2 860,200 00 280,200.00 3,140400.00
13  @Eglwiazviodosanslvhifa 5,622400.00) 851,600.00 6,474,000.00
Tuieddioarsanriiaussanumrosdmisy
2 ur N ! 52,000,000 .00
WOATH 25 &) 2 1
] &F r
SAUATLITILN TR 67,053,800.00

67

(UseIiius1AINaaINMSEuAIURNGR)

1@

KMITL



1 Y 1
A l¥918570

5439400, 8%
3140400, 5%

6474000,10%

m Main Incoming & HV Routing

= MDB

u galvivhuazviasaasalivih

52000000, 77% = annfldalszauumnat

THE MASTER OF INNOVATION
VIKOUDANSSY

dsuanszdney:
uszuulnin 23%
T7%

ulesI



as;ﬂmmswmrmmu Main Incoming & HV Routing(uix

Lﬁummnmwmmsaaumué’wﬁﬂ)

A01UAUTZALUALADILNDTD9TUTAlAETINNNTIUIU 2x25 AU

. d . : FITAR S HTY IR
AN FI4AT5 AT ¥ _ _ _ _ _ _
FIFTIAJYLIH AT FITIFIH1L I ATV L e
1 FAIA-ITY Main Incoming & HY Routing
XLPE 1C=70 Sq.mm. (24 k) 100 LI 620 62,000.00 66 &,600.00 68,600.00
XLPE 1C-240 Sq.mm (24 k) 200 LI 925 185,000.00 155)  31,000.00 216,000.00
TR Oil Type 2000 KA 24 K 2404816 2 4 1,500,000.00]  3,000,000.00 20,000.000  40,000.000  3,040,000.00
RingMain Unit (RUMD 400 A, 16 kA, 2 IN 2 OUT 1 4 B00,000.00  BOO0,000.00 60,000.00  A0,000.00 B60,000.00
¥io HDPE 200 LI 3000 60,000.00 70 14,000.00 74,000.00
Nuia 22 DUCT BANK 0.56x056 m 200 LI 3500000 700,000.00 850)  170,000.00 870,000.00
Riser Pole 12 m and HY equipment 2 4 35,000.00 70,0000 950000 19,000.00 89,000.00
Fole 12 m and HY equipment 2 4 25,000.00 50,0000 5E0O0.O0[  11,000.00 61,000.00
fManhole Type C-1 1 4 65,000.000  65,000.00 10,00000  10,000.00 75,000.00
Cable Support, Pillow and Accessories 2 i) ¥ 50000 15, 000,00 1,200.00 2,400.00 17, 400,00
HY Grounding System for Riser Pole 2 4 750000 15,000.00 250000 5,000.00 20,000.00
flainda i 3 ki 2 %5l 10,500.00 21,000.00 700 1,800.00 22,400.00
punsafbksnouwsuulbinseg 2 5l 13,000.00  26,000.00 0 0.00 26,000.00
SNRINIAITY Main Incoming & HY Routing 5,069,000.00 37040000 543940000
I\ J

69 KMITL



a':;ﬂ5'1mifawu'mmuuma%mﬁﬂw%qﬂizmu (MDB) (ysuusiusennanssmnmssovansdian)

o . . firian FIM T VINFIY AR
Gz FIHNTS AT Hid = = = = i " - =
FIFTTADHLY T L LN 1) FIFTTADHLY T Ly L W40
5 mrE@ndbissn DR

BB 000 ATA000 AF 3F 2 el 475 000.00 Qa0,000.00 20,000.00 d0,000.00 990,000.00
WIZCZR 125 AT/200 AF 3F Al el 10,000.00 A00,000.00 150 7.A00.00 AOT 500.00
WIZCR 300 ATA400 AF 3F 2 el 15,600.00 31,200.00 250 s00.00 31,700.00
W_CE 00 ATA1000 AF 3F 2 il 25,000.00 A0,000.00 250 s00.00 A0,A00.00
kILSWAT-HSLUR WMETER 2 il 15,500.00 A1,000.00 2,000.00 d 000,00 35,000.00
CURRENT TRAMSFOEMEE 400055 A f el 5,500.00 33,000.00 250 1.500.00 3d 500.00
CONTROL FUSE A 2 el 250 RO0.00 100 200.00 roo.ao
LT METER 0-500 2 el 1,000.00 2.000.00 250 s00.00 2400.00
e iFE METER 0-4000 & 2 i 1,000.00 2.000.00 250 s00.00 2400.00
FELECTOR WL T 2 il a0n 1,000.00 100 200.00 1,.200.00
FELECTOR AME 2 el /00 1,000.00 100 200.00 1,200.00
FILOT LAME f el 250 1,500.00 100 &a00.00 210000
Groundine System 2 el A.000.00 10,000.00 2.000.00 d.000.00 1d,000.00
ELISBAR & WIRING 2 LW A00,000.00 1,000,000.00 &0,000.00 160,000.00 1,1a0,000.00
FaNEL BOARD 2 i Qs 500.00 197.000.00 A.000.00 10,000.00 207,000.00
BT ESSORIES 2 LWL 25,000.00 A0,000.00 25,000.00 A0,000.00 100,000.00

sanarmamiairdhihlwesw (vos) 2,860,200.00 280,200.00 3,140400.00

19

70

KMITL



ajusiasauvaianuagniwasviadagagln  wsiunanmmnnseurian

A0119nUsTUUALADILINDTBITUTAlAEATT IWHIAIUIN 2x25 AU

dnduif WA Fun | wdw A AU Faudndd
SN | I | sl DT LASLTHIY
3 @ulvuasviosoualwi
H1e Y 1C-16 Sg.amm. 1900 WA 20 171,00000 20 38,000.00 20900000
A8 CV 1-25 So. mim, 200 @Y 130 26,000.00 25 5,000.00 31,000.00
A8 CV 1-35 So. mim. TL00|  Wg 180  1,278,000.00 30 21300000 1,491,000.00
A8 CV 1-50 So.rrm, 2100 WS 3000 630,000.00 50 105,000.00 735,000.00
A8 CV 1-70 So. mirm, 4000 ey a0 1,600,000.00 20 320,00000  1,920,000.00
EE Oy A0 S0 Ak G0 Lws 1,100.00 95 00000 a0 36,000.00 531,00000
A8 CV 300 Somim. 550 LGS 1400000 770,000.00 90 49 500.00 19,500.00
IMC 2 1/2 117 1200 Wws 363 43560000 50 60,000.00 495 600.00
IMC 3 17 300 LAY 456 136,300.00 60 18,000.00 154,800.00
ReC 3 119 200 wws 1,000.00 20,000.00 105 2,100.00 22,100.00
[TRAY T o7 ChA 200 Wes 300000 &0,000.00 250 500000 65,000.00
sanannsarlbhuasiasavaaly 5,622,400.00 851,600.00 6,474,000.00
I

71

KMITL



1. 97U Main Incoming & HV
Routing

370400, 7%

B an3Ee

m F@usd
5069000,93%

THE MASTER OF INNOVATION

VUKOUDAONSSL




2. uwvaind InWlszs1u (MDB)

280200, 9%

2860200,91%

= @diaEn

N ATLLSY

4

THE MASTER OF INNOVATION

VUKOUDAONSSL

3. vuasrandwazviasaasnain

851600, 13%

5622400,87%

H AvdaEn

B ALs9

y

1@
KMITL



TNTTUUNTUSTENINTIAN

TNANULNTIUNIATIVEDUDNEITMIAUNATAUTENBUAIY
Uszsnilassnsdadodnanasalagansszuulii
FILNUAIZNTIUNITIN TOR
AMsInin1eiudImnssdlng 2 vy
AVSIAIANNAUIAINTINEUEUA 2 Vi
FILNUIN AUV 1 YU

SN B W N

AMSIRanalnIguen 2 vinu

THE MASTER OF INNOVATION
VUKOUDAONSSL

A9UUIUNTS

sT8IaN Teaziden

SIWNUANUADINTT

379 TOR )

14

WeLnsUsENA

<ﬂ

Sugestoiausmumadia

<3

A

(
( )
( )
(Faandndendoris )
( )
(

)

<

wiINaNISARLE am‘uaamu

djz

A5anTal )

<J

=

(Ui%ﬂ’]ﬁi'l%l“ﬂa Avislauasnan

eXe

<ﬂ

d

o)
)

( FYINUNANITHEUBINAN

(

)
( dweu / 195y )
YV

WOndnedu

<

¢
N

&

&
2
EG
=t
(<]
~
[N
=)
=)
P2

<

a4 \fiou

. o =
- udsauddunasseaziden
- 9TOAULATINAITIN TOR

- Anwuagsng TOR
- Usgneimeuns Aansandfiansal

- Uszmaweunsluiuladnsudydnans wavesdnigm

- deUsenet Timheauiineades

- Surpaenans
- 9PNLONATFULDY

- AvRFRUIBNATImATA
- MeuRANTRI TV TSuans U

v = X v
- BIINANTITNINTUNUBDINUY

- fnsangsalvefSes
- udaman1sfiansen

- Uszmasieferdiiaviiauesian

. ﬂ’J‘Uﬂ}Iﬂ'ﬁLﬂu@i’]ﬂ’l%?ﬂi%uUﬂaNﬁ’JLﬂ@%
- fiNsIHANITUTENINSIAN

- JAYINTIBIUNANITLEUDTIAN

- dpvindeyan
- LASFIAMIZNTTUNITATITU

- daeau

nausnnelu 60 Tu

- A5

- ssaenana Nty
- iiundngu




SNSZUAIUNISTUSTLNINSIAN

nMInTIvEeUANENTRTUTZAIAvIEUR 1A LaTAMANBMZIaN N uMATiAYasalaga T szUU LW

watialumsiiasan maUsdiu AZLLY

Lﬂmsb’ol’ﬂ'ﬁﬁﬂ’]im'] 1 | duszasAszaueTmasadumisinuaziingUssasdluntsmouasdoy 130 10
thgainwsalrsatsuazivszaunisal 190

2 | dwarmlunismeoazeodiasn we 1 laiwe O 5

3 | gussasresaveseuiifyanalne 100 % 14 O wls O 15

4 | usmeslii wazssuvdaridnsalaoansszuulnihdasanunsadunieusn 30 Lm0 5

S - as [
Trsansszuulnbfasoirunuuniiauduninnit Seeaz 15 Tannala
nausTnnalasas biveondl 80 Au

5 | whsalasarsusueniasuion hiitula (No Step Bus) 4 da e O ladeia O 5
(873 6 1) vuehitesndt 11.50 m wazliifiu 12.00 m

£ 'mT.ﬂﬂaﬂii:uu'l,ﬂﬁ“mxe'i‘aaﬁLﬁ?mUs:i}wﬂmaguw%‘auﬁ’uﬁ'ﬁﬂiﬂﬂm‘i siru O laieiau O 5

7 vewned hhddlaniarlinulndnons (permanent maenet synchronous s O ladeuw O 5

- - = Y e 4 ar -
motor) 91in 3 W wie yawe s nislnnsansssanunaa il
LABTYIRINNBIUA (Copper rotor squirrel cage induction motor) 9ia 3
et dindadugeamsalismnd: 180 kw

8 ﬁ:uuﬁamﬁuﬁ'rgtu'im uazditeayasznIuATNIER 19 nolusad siru O laisiau O 5
FEUU CAN bus (Control Area Network)

9 | durdeumendnliihanuusee’ s ety O laieiau O 5

10 | AranTgeanbitssndt 60 km/h e O et O 5

THE MASTER OF INNOVATION 3 I'

VUKOUDAONSSL KMITL




SNSZUAIUNISTUSTLNINSIAN

el [T o2 L ow ' A ' -
¢ ~ 11 | szezmanialanenisUssaliWiniisasadealismingn 250 nu. Tnewad i O ladeiau O 10
LASUNNTIINITIUN h e
SOC wpauusLAas ianisasas 20
(919) 1un‘5tﬂ#;§tﬂuai1ﬂﬁﬁ'uz’ma's:m_lﬁﬁﬂi:i!uumﬂa%'uumﬂm%i (Quick

y w - LA .
Charge) lun1sdadszs 1 Asa salrsansssuuliihazassansadlalinng
o ECEE v
125 nulaemien SOC vasuusmes lininiiisaas 20

| o o e ar - ar . v
12 | woamwednddmiuivazaundinulunstueiswazssuvuUiueinia e O Tadeu O 10
2 1 edad 4 '
zpaEn Ul luanmzanEreslszndlve leaniian Corate lai
v - Y - o s o '
usandi 3C wazATINTuTBIR AL I IR TS IUUARBS azmalai
Wiu 5 sadngadoa

pp— ” ] - . .

13 wuRwaIlddwiuAvazaunaaulunsiueAsunazszuuUSusinie e L Tadenu O 5
E o 4 o wel $ 7 ar n B " o]

szapudunvnmeiassnaiitoy lwndalnilivesndt 360 kwh Taeil

uwsasiulvialaisngn 540 V uarilarwaliusendt 700 Ah

14 ﬁﬂ'i.ﬂﬂmiﬂ"aqmmiﬂiaﬁun'ﬁU'i:'qu,ummaﬂﬂUmﬁ'ﬂmsﬂi:ﬁ;dmmﬂ'ﬁﬁﬂ sivu 11 Taisima O 5
win n1sUAsy wuaae’ (Battery Swapping)

15 LL‘IJﬂLHE%F’TEN‘;‘U‘Ui:ﬁuﬂ1qn‘]ﬂﬁﬂulﬁﬁﬂﬂﬂ1‘“l 101 w0 ladeiau O 5

77 100

WemA flssafasaueTIRmBRunERITTRsasuwuelileend 80 Azuuu

THE MASTER OF INNOVATION 3 I'

VUKOUDAONSSL KMITL




TNNITUTTUINTIANAT

THE MASTER OF INNOVATION
VDUKOUDANSSY

GART

'ﬁﬁi EV Bus
1,877,859,586

o
1
2
3
Fil
5
6
T
8
9

o O O O O O O O O O

Station
268,215,200

0
0
0
0
0
0
0
0
0
0

s W el e il a2l i e

Maintenance cost

0
43,801,250
43,801,250
43,891,250
43,891,250
43,891,250
77,580,750
77,580,750
77,580,750
77,580,750
77,580,750

Battery cost

o O O O O O O 9O O O

956,300,800

A aEaCIAs s eI B Use ol

O&M

0
5,565,514
5,565,514
5,565,514
5,565,514
5,565,514
5,565,514
5,565,514
5,565,514
5,565,514
5,565,514

Labors

0
8,179,200
8,710,848
9,277,053
9,880,062

10,522,266
11,206,213
11,934,617
12,710,367
13,536,541
14416416

12
15
14
15
15
17
18
19
20

o O O O O O O O O O

508 201

o O O O O O O O O O

77,580,750
77,580,750
77,580,750
77,580,750
77,580,750
77,580,750
77,580,750
77,580,750
77,580,750
77,580,750

o 0O O O O O O O O O

11,131,028
11,131,028
11,131,028
11,131,028
11,131,028
11,131,028
11,131,028
11,131,028
11,131,028
11,131,028

15,353 483
16,351,459
17,414,304
18,546,234
19,751,739
21,085,602
22,402,916
23,859,106
25,409,948
27,061,594




TNNTYTTUIUITIAINAN

v &
nsalInTasalaadals WA

e 3 o “ o ] @Y o o 2 .:i’ 1
Mo wuutndusagy wuuhduagy  wuuhihguduuaggunsal

SR ARG yiafu (CBU) 7o viadu (CBU) sniiu sndseneuluuszing (CKD)
RITVRItTR AU gALIUNT UL

6.85% 6.85% 6.85% 6.85%
> NPV (@1uu1v) 1,284 -1,760 -294 526
Sl B/CRatio 1.26 0.78 0.95 1.09
i.rl.Etj :(CU IRR 22.47% 1.71% 5.68%_
NPV (@1uuU) 526 1,992 2,813
B/C Ratio 1.07 1.31 1.49

Economic
Analysis

IRR

THE MASTER OF INNOVATION
VUKOUDAONSSL




L

=3
17}
17}
=
s
3
=
FS
8]
=
el

74
g
2
<
(=]
=
z.
[T
o
o
&
173}
<
=
w
X
=




IOKMITL

80

Renewable Energy Applications Laboratory



