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Abstract

&€ Analysis result on optimization of the layout of
charging stations (ST) by estimating charging
demand of electric vehicle (EV) based on the
traffic simulation

& As the layout method for STs, the following
empirical methods are proposed based on the
optimum layout analysis, condition for preferential
placement to large city, space of ST placement
along major roads, allocation of ST for major
cities, No. of ST for each prefecture.

€ Basic concept for optimizing the ST layout and
outline of traffic simulator for analyzing charging

infrastructure of next generation vehicles EV-
OLYENTOR®
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Study on EV and charging infrastructure in CRIEPI

&€ Study on the effect on the electric network by
the electric demand, potential of CO, reduction,
diversification of vehicle fuel by introduction of
next generation vehicle

&€ Study on the leveling method of electric demand
and the stabilizing method of renewable energy
by charging battery of EV (collaboration with
Univ. of Tokyo)

& Development of traffic simulator (EV-
OLYENTORY) for analyzing charging demand
and charging infrastructure applicable to the
study on the effect of EV introduction on the
electric network
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Outline of the sponsored study

® [he optimum layout of charging STs are
analyzed for the development of charging
infrastructure network , and the guideline of
locating a ST to minimize the empty energy risk is
proposed.

&€ Study items

@) Analysis of the effect of the present ST
network for the model regions

@ Analysis of optimum layout of ST for the
model regions

@ Analysis of optimum location for the
additional STs for the model regions

@ Proposal of the guideline of locating STs
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Traffic simulator for analyzing charging ST of next

generation vehicle: TEV-OLYENTOR®
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Demo. of traffic simulation

. dead EV
A BV with warning sign on
. random use

A | commuter use

X  point where warning sign is on of dead EV

A 20 home use

A  out-of-service EV . charging ST
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Model of road network

@ Digital Road Map(Japan Digital Road Map Association)

@ Digital Map 25000 (Geospatial Information Authority of Japan).
Open Street Map (http://www.openstreetmap.org/) are also available.

Map database Analysis target :

highway, national rd., major local rd.

=

R

Map model

I Rd. width more than 13m

I Rd. width of 5. 5m~13m
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Rd. gradient based on elevation data

Fig. Elevation of Tottori and Okayama prefs. Fig. Rd. gradient of Tottori and Okayama prefs.
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—ffect of rd. gradient on mileage

@ Based on the CRUISE® system of AVL company in
Austria, a fuel mileage simulation model of i-
MIEV (2010 model, type:ZAA-HA3W) is applied to
develop the mileage function(shown as the figure)

HEBEIRNLY—
kWh/km

Front Dizc Brake
aaaaaaaaaa

2 BB IR %

=
NNNNN
m o x E

EiTEE
Fig. Simulation model of i-MiEV on CRUISE. Fig. Mileage function applied in traffic simulation
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Algorithm of charging behavior and

—\/ conditions

EV conditions
Set route between OD
S Battery capacity C; (kWh) 16

A4

Set origin and destination

—————— : Fuel mileage L™ (km/kWh) 75
I Accessary power P% (kW) 30
|
| 80
|
_! velocity normal rd./hwy. (km/h) 45/80
Set route to ST and go to ST, and Trafﬁc jam effect on

recharge at the ST

v

— Set route from ST to destination

EV starts the charging behavior to
Nnearest ST just after warning sign on

v

Arrive at the destination
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Threshold of battery energy for

warning sign

& SOC=50% starts the charging

behavior (Fig2-7. Guideline of
installing charging infrastructure to
parking area, 2012, Ministry of Land,

Infrastructure, Transport and Tourism)

&® SOC=50%~60% at the start of

charging is maximum.
(http://avt.inl.gov/evproject.shtml)

& SOC=50% is applied as the

trigger to the charging behavior. | =

€ However, it is said that learning
EV operation enables to make
small the trigger of SOC for
charging behavior.
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—\/ operation conditions

&® Use : owner-driven car

& Origin . proportional to employed population

& Trip length : based on the traffic survey

& Destination : proportional to No. of company

€ Route : to minimize the trip period from origin to
destination

& Daily trip freaq. : based on the traffic survey
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Trip freaquency per travel (trips)
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Fig. Distribution of trip length Fig. Distribution of trip freaquency
Ref.:Disclosed data from JARI to METI obtained in the standardization i i i i i
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Validation of traffic simulation 1

€ Simulation results(simulation) is compared with
person trip survey(survey) for validation

Comparison of EV generation distribution (%)
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Validation of traffic simulation 2

€ Simulation results(simulation) is compared with
person trip survey(survey) for validation as for
origin and destination

Comparison of origin and distination (%)
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Algorithm for relocation of ST

Charging ST
moves to charging
demand area

Analysis layer where charging

O STs determine the layout
o autonomously according to
Q charging demand
Layer 2 ﬂ
Chargin er (CWgy, —

/

Mapping the charging demand
Update the layout of

(location of dead EVs and

charging STs warning sign on )
Layer 1\ -

EV Laxe/
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EV traffic simulation is
carried out with STs
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Demo. of relocation of ST
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Algorithm for optimizing layout of STs

@)  Analyze the locate of warning sign on and the total
elapsed time of warning sign by traffic simulation

@ According the ranking of the elapsed time of warning sign
for each city, charging ST is tentatively placed

@ Charging STs relocate autonomously according to the
charging demand of warning sign on

: point where warning sign of dead EV becomes on

1Ki :
3rd Charging demand
/

Kanagawa pref.

FRiREH

;‘%;‘FHEWTEEEWT oligle and

DEV traffic simulation ST s tentatively olac;ed BSTs relocate .
according to the ranking autonomously according

to the charging demand
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What is the optimum layout of

charging STs ?

®How many STs are required ?

> [ he point is two viewpoints from EV
user and from infrastructure company
(feasibility of ST operation as business)

BEV user : The more charging ST number,
the more useful for EV user

BST company | The more charging ST
Nnumber, the less the ST availability
(excessive competition)

€ \\Vhere should the ST be placed 7

> Placement priority of STs depends on
the charging demand

© CRIEPI 19
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Risk of empty electric energy

® Risk of empty fuel for the owner-driven car
> No. of gas station in Japan : about 40000 (2010)

> Risk of empty fuel : ~5.0X10 4%

B Annual rescue No. for empty fuel : 84420(JAF
http://www.jaf.or.jp/rservice/data/index.htm)

B No. of the owner-driven car : about 68,000,000

B Avaijlability of the owner-driven car(2008) : 70% (Ministry of Land,
Infrastructure, Transport and Tourism)

® Risk of empty energy for EV
> No. of charging ST in Japan : 1677 (April. 2013)

> Risk more than 10% is expected under the operation condition
similar to the present owner-driven car exclusive of several
prefectures

® |In this report, the target risk of empty electric energy for EV
is considered as less than 1%, and the required No. of ST is
analyzed.
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Optimum Layout of STs in this report

€ ST No. required to reduce the dead EV rate less than 1%
under the present owner-driven usage

Notice : 1% of dead EV ration is just a milestone, and it should be
reduced more by improving EV performance and ST placement
® Placement to area of large charge demand based on traffic
simulation without the present ST
Notice

> Several layouts exist corresponding the dead EV rate of 1%
» Highway, National Rd., major local Rd. is considered

> Simple route selection for minimum time from origin and
destination

> Prediction of charge demand is not precise enough to specify the
location of ST
€ Guideline of ST placement (the required No. of ST for each

city and prefecture, max. space between ST along the major
road) is proposed
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Analyzed regions for ST layout

€ Points to be considered for selection of the region
» Shape of prefecture(complexity of rd. network)
» Layout of major cities
» Geographical characteristics(highland area etc.)
» Wide simulation area over several prefs.(urban and rural
area)
@ Selected regions for analysis(Gregion with10Opref)
» Tottori and Okayama prefs.
» Osaka pref.
» Gifu and Aichi prefs.
» Tokyo, Kanagawa and Shizuoka prefs.
» Tochigi pref.
» Aomori pref.
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Demo. of Tokyo-Kanagawa-Shizuoka
prefs. case
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okyo-Kanagawa-Shizuoka prefs. case

MMetro area
Tokyo « Kawasaki * Yokohama

@Major road
Tomei Highway

@Major city
Hamamtsu Shizuoka_

@Peninsula area
lzu peninsula

© CRIEPI 24
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Tottori and Okayama prefs. case

@Major city
Yonago * Kurayoshi ¢ Tottori

@Highland area |

Daisen @ Maijor road

\National Rd. 53 - 482

N @Major city
. Tuyama * Mimasaka

@ Metro area

2 Major road 7 4 Okayama * Kurashiki

Hwy. of Okayama * chugoku- Yonagd,
© CRIEPI 25
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Osaka pref. case

@ Highland area
Northern Minou area

@ Highland area

@) Metro area Kawachinagano

Osaka
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Gifu and Aichi prefs. case

@Major city
Takayama{

@ Major road
Tokaihokuriku Hwy.

® Highland area
Norikura « Okuhida

@ Metro area . -,
Gifu, Nagoya, Toyohashi

r Y

- @ Major road
b National Rd. 41

— @ Major road
e\ Chuo Hwy.

@ Highland area
Eastern Aichi area

@Peninsula area

Chita, Atsumi
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Tochigi pref. case

@ Highland area
Kanuma * Nikko ¢ Nasu

@Major city
Nasukarasuyama ¢ Otawara

@ Major road
Tohoku Hwy.
Nikko-Utsunomiya Rd.

‘"N @Major city
Utsunomiya

@Major city
Ashikaga « Oyama
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Aomori pref. case

@MMajor city
Mutsu

@Peninsula area

Tsugaru @MMajor city

Aomori

@ Major road
National Rd. 279

MMajor city
Hirosaki « Goshogawara?

@ Major road
Michinoku Rd.

Highland @ Highland area " !
“ Slﬁir;kr;m?rea Hakkoda MMajor city
Hachinohe « Towada
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Procedure of ST placement

Pattern of ST placement based on the
analysis results

MPreferential placement in grid-like fashion to
the Metro area

@Placement to the major city

BPlacement to the major road between major
cities

@Placement to peninsula and highland area®
Placement uniformly to the whole area

© CRIEPI 30



- WREWILPIE

Preferential ST placement to metro area

® Preferential ST placement if there is a metro area
iN the target cities for charging ST installation

&® Evaluation index is investigated according to the
state of a prefecture(population, company no., area
etc))

&® Evaluation index

— (Population density[person/km?2])
X (company density [/km2]) X (arealkm?])

@ |If a city has a standard deviation score more than
150, or there are neighbor cities which have its
value more than 100, those cities are
corresponding to the preferential placement area
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Standard deviation score for all cities

|

Preferential placement
area . Tokyo 23 wards

|
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Fig. Standard deviation score of evaluation index for Tokyo-Kanagawa-Shizuoka prefs.
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Standard deviation score for all cities

Preferential placement
area . Nagoya city
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Fig. Standard deviation score of evaluation index for Gifu
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Fig. Standard deviation score of evaluation

index for Tochigi pref.

Fig. Standard deviation score of evaluation
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Placement of ST along major road

® Analyze separately hishway and general road

> Highway : ST placement to the service
area(SA) ¢ parking area(PA)

> General road : evaluate ST space along the
major road required for fuel empty risk less than
1%
® Averaged ST spaces along 24 national roads are

evaluated according to the optimum ST layout
analysis for fuel empty risk less than 1%

® (ST space) =-0.00064 X (24hr. traffic volume) +38.8
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Upper limit of ST space

(ST space [kml)
= -0.00064 X (24hr. traffic volume [car]) +38.8
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Placement of ST in the major city

&® No. of ST in a city required for fuel empty risk less than 1% is
evaluated as for about 400 cities in the analyzed
prefectures.

€ The more frequently the city is selected as origin and
destination, The larger the charging demand.

> Frequency selected as origin is assumed to be proportional to
the population density

> Frequency selected as destination is assumed to be proportional
to the company density

® ST index is defined as a function of area, population, and
company humber based on the correlation analysis

€ ST index
= (area [km2])968X (population [person])©2
X (No. of company)©-1°

© CRIEPI 36



B REATR

No. of ST for major cities

¢ ST index=(area [km?] )98 X (population [A])©2
X (No. of company)©-1°

(No. of ST a city ) = O.0006x(ST index) + 0.822

( Takayama }
—_

—
‘\J J

\L Okayama

The city which recently

FTESTREH (&)
O = N W » OO N ©

A merged with depopulated
0 5000 10000 a@rea has a tendency to be the
STHELHEL lower limit.
{ Nakatsukawa )
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Summary

€ Analysis on optimization of the layout of charging stations
(ST) was carried out by estimating the charging demand of
EV based on the traffic simulation

€ As the layout method for STs, the following empirical
methods are proposed based on the optimum layout
analysis, condition for preferential placement to large city,
space of ST placement along major roads, allocation of ST
for major cities, No. of ST for each prefecture.

@® Increase of sample number of the prefecture is required to
improve the accuracy and to develop an empirical
evaluation method for ST number in each prefecture.

€ T he result reported here is based on the tentative target of
fuel empty risk less than 19, and the ST No. should and
will be more required than evaluated in this report in order
to improve the EV convenience similar to the present
owner-driven car (fuel empty risk about 107%% ).
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Thank you for your attention.

It you have any questions or
comments, please contact Hiwatari

(hivwatari@criepi.denken.or.jp)
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