
Desirable characteristics of Desirable characteristics of 
public quick chargerpublic quick charger
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How to resolve tradeHow to resolve trade--off problem of off problem of 
battery cost and driving rangebattery cost and driving range



Bad news:  Battery cost was extremely expensive then the vehicleBad news:  Battery cost was extremely expensive then the vehicle
cost was higher than the its price.cost was higher than the its price.

Good news: TEPCO employees were satisfied with 100km driving Good news: TEPCO employees were satisfied with 100km driving 
range .range .

Cost     $100,000Cost     $100,000
PricePrice $  50,000$  50,000
Driving Range 100~120km Driving Range 100~120km 
Weight 1,550kg Weight 1,550kg 
Battery type    NMHBattery type    NMH
Battery weight  450kgBattery weight  450kg

Lessons and learns from EV in 1990Lessons and learns from EV in 1990’’ss
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Compact vehicle is a good target for initial stageCompact vehicle is a good target for initial stage
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� Appropriate targeting is the first step.
� Market of compact vehicles is large 
enough for mass production.

CommuterCommuter

Once battery cost is reduced, 
usage area will be expanded automatically.



Use public charger to reduce battery amount Use public charger to reduce battery amount 
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Break even line to 
amortize battery cost 
by fuel cost reduction

Mass production of battery 

Findings from 1990Findings from 1990’’s public chargerss public chargers



Public charging stations in California

- 129 in San Francisco and Bay Area
- 186 in Los Angels County
- Inductive and conductive are mixed
- Output power is around 5kW
- Charging time is around 2hrs for 70km
- Price is about $3,000 without installation cost.
- Private charger design is same of public one.

700km

Inductive Conductive

Charging stations in San Francisco

- City of San Francisco is one of 
the most concentrated area of 
public chargers.

- Less than one charging station 
in one square km.

- It is difficult to find a charging 
station near the place where 
drive wants to park.

5km



Charging station in Greater Tokyo areaCharging station in Greater Tokyo area

50km

- In 1990’s, there were only 6 inductive 
charging stations in Greater Tokyo area.

- Output power was around 2.5kW and 
charging time was around 4hrs for 70km.

- It was intolerable waiting time.

Quick charger is suitable for public useQuick charger is suitable for public use

Charging Speed

Fast

Slow

PublicPrivate

Home

Office
People don’t use slow charging station
in public.

Charging speed should be fast enough.

Cost is important for private and 
office use since number of 
equipments should be same of 
number of vehicles.

Location



Findings from experimental EV implementation Findings from experimental EV implementation 
to TEPCO branch office in 2007~2008to TEPCO branch office in 2007~2008

15km

March 2008

Before quick charger installation (October 2007)Before quick charger installation (October 2007)
Drive mileage in October 2007 was 203km.Drive mileage in October 2007 was 203km.
Driver understood EV performance but they were reluctant to use Driver understood EV performance but they were reluctant to use it.it.

8km



After quick charger installation (July 2008)After quick charger installation (July 2008)
Drive mileage in July 2008 was drastically increase to 1472km.Drive mileage in July 2008 was drastically increase to 1472km.
Quick charger removes drivers range anxiety effectively. Quick charger removes drivers range anxiety effectively. 
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Battery SOC were higher than 50%Battery SOC were higher than 50% Battery SOC were less than 50%Battery SOC were less than 50%

October 2007October 2007

SOC distribution when EV came back  to the officeSOC distribution when EV came back  to the office

July 2008July 2008
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-- Drivers feel easy because they can recharge whenever they need.Drivers feel easy because they can recharge whenever they need.
-- Drivers use quick charger Drivers use quick charger only few timesonly few times and use electricity in theand use electricity in the
battery.battery.

Quick charger extracts battery performanceQuick charger extracts battery performance

AfterAfter
QuickQuick
ChargerCharger
locatedlocated



Basic strategy to expand EV marketBasic strategy to expand EV market

Current circumstanceCurrent circumstance
100km driving range means ~ $15,000 battery cost.100km driving range means ~ $15,000 battery cost.
How to minimize the onHow to minimize the on--board battery is key issue.board battery is key issue.

Strategy for the first stepStrategy for the first step
1.1. Target on compact commuter vehicles Target on compact commuter vehicles in early stage of in early stage of 

market penetration.market penetration.

2.2. Deploy public quick chargersDeploy public quick chargers to remove drivers range to remove drivers range 
anxiety.anxiety.
Necessary number of quick chargers is small becauseNecessary number of quick chargers is small because
drivers use normal charging usually.drivers use normal charging usually.

Compact EV and public quick chargerCompact EV and public quick charger



NameName Plug in Stella Plug in Stella iMiEViMiEV LeafLeaf
MakerMaker SubaruSubaru Mitsubishi MotorsMitsubishi Motors NissanNissan
PassengersPassengers 44 44 55

Weight [kg]Weight [kg] 870870 1,0801,080 --
DrivingDriving
range [km]range [km]

8080 120120 (160 in test mode)(160 in test mode)

BatteryBattery
[kWh][kWh]

9.29.2 1616 2424

ChargingCharging
MethodMethod

AC  1AC  1�� : 100~230V: 100~230V
DC:  400V  125ADC:  400V  125A

5min for 40km 5min for 40km 
10min for 60km10min for 60km

AC  1AC  1�� : 100~230V: 100~230V
DC:  370V  125ADC:  370V  125A
15min for 60km 15min for 60km 
30min for 100km30min for 100km

AC  1AC  1�� : 100~230V: 100~230V
DC:  400V  125ADC:  400V  125A

Specifications of new electric vehiclesSpecifications of new electric vehicles

Installation cost is approximately $20,000.

5 makers had already started sales and more makers will join soon.

Real price is $15,000 ~~ $25,000 in 2010.

Several charger makers have started productionSeveral charger makers have started production

HasetecHasetec TakaokaTakaoka TakasagoTakasago NittetsuNittetsu ElexElex

$35,000 $35,000 $35,000 $35,000 $44,000

KyukiKyuki ABBABB



How much kW is good for public charger?How much kW is good for public charger?

How much kW is suitable for public quick charger?How much kW is suitable for public quick charger?

•• Public chargers are for commuter passenger vehicles.Public chargers are for commuter passenger vehicles.
Not for super EV which can drive 400km in one charge.Not for super EV which can drive 400km in one charge.
Not for big truck and heavy bus which is more than 10t. Not for big truck and heavy bus which is more than 10t. 

•• Passenger Vehicles (1t)Passenger Vehicles (1t)
Battery size is around Battery size is around 20kW20kW for 140km driving rangefor 140km driving range ..
50kW50kW charger can supply 60km driving electricity in charger can supply 60km driving electricity in 10min10min..

•• Truck and Bus (10t)Truck and Bus (10t)
Battery size is more than Battery size is more than 130kWh130kWh for 100km driving EV.for 100km driving EV.
400kW400kW charger is necessary to recharge battery within 20min.charger is necessary to recharge battery within 20min.

•• Super EV (Driving range is 400km)Super EV (Driving range is 400km)
Battery size is more than Battery size is more than 50kWh.50kWh.
200kW200kW charger is necessary to recharge battery incharger is necessary to recharge battery in 15min.15min.
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Cost/Benefit of charging infrastructure Cost/Benefit of charging infrastructure 
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Charging time is Charging time is 
not much differentnot much different..
Cost is larger than Cost is larger than 
four times.four times.

60

Appropriate sizeAppropriate size

Waiting time is Waiting time is 
too long.too long.

Target charging timeTarget charging time
5 minutes for 40km driving range5 minutes for 40km driving range
10 minutes for 60km driving range10 minutes for 60km driving range

Depend on battery performanceDepend on battery performance

SpecificationsSpecifications
--Type: Switching typeType: Switching type

constant current power supplyconstant current power supply
-- Input: 3Input: 3--phase 200V (200~430V)phase 200V (200~430V)
-- Output power: 50kW  (10~100kW)Output power: 50kW  (10~100kW)
-- Maximum DC output Voltage: 500VMaximum DC output Voltage: 500V
-- Output current: 125A (20~Output current: 125A (20~200200A)A)

Price  $20,000~Price  $20,000~$$25,00025,000

Specification of developed quick charger Specification of developed quick charger 



Characteristics of Characteristics of CHAdeMOCHAdeMO chargercharger

signalsignal
CommunicationCommunication

ProtocolProtocol

Current

ConnectorConnector

What is What is CHAdeMOCHAdeMO protocol?protocol?

<Problem>
- Optimal charging pattern depends on battery characteristics and condition.
- Standardization may disturb  battery improvement.
<Solution>
- EV computer decides optimal charging current base on its battery condition.
- Charger supplies DC current following order from EV computer.
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Signal�the�start�of�charging�setup��(d1�ON) Recognize�the�start�of�charging�setup��(f�ON)

Compatibility�check

Output�current�matched�to�the�
specified�value

The�end�of�charging�process��(j�,�d1�,�d2�OFF)

The�end�of�charging�process�completed�and�
connector�unlock�

Terminate CAN�communication�process
(charger�side)

Transmit�charger�parameters:
Available�output�voltage,�Available�output current,��

Error�flag�etc.

Connector�lock�and
Insulation�verification�test��(j�ON)

Signal�the�completion�of�charging�setup��(d2�ON)

Transmit�battery�parameters:�
The�threshold�voltage�to�stop�the�charger,
The�target�voltage�to�charge�the�charger�,�

Total�battery�capacity,�etc.

Signal�the�completion�of�vehicle�setup�(k�ON)

Start�charging��(g�,�aux�relay�ON)

Specify�a�charging�current

Check�status�of�mounted battery

Charging�completed

Signal�the�completion�of�the��
mounted battery�charging��(k�,�aux�relay�OFF)

Terminate CAN�communication�process
(vehicle�side)

Charger Vehicle

Compatibility�check�:
Calculate�the�maximum�charging�time�

Charging sequence flowchartCharging sequence flowchart
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START button pressed

Main DC circuitMain DC circuit

CAN communication busCAN communication bus

Sequence control Sequence control 
circuitcircuit

Reference GND and Reference GND and 
Isolation monitoring lineIsolation monitoring line
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Vehicle and charger interface circuitsVehicle and charger interface circuits



Start Charge

Switch d1

Switch d2

j-vehicle ready detect

CAN comm.

f-12V detect

g on /return detect

h on/connect detection-chg

k on /vehicle ready

c-relay on

CAN comm.

Vehicle
C

harger

Ex.) Charging preparation processEx.) Charging preparation process

Definition of Control / Comm. Sequence & TimingDefinition of Control / Comm. Sequence & Timing

CHAdeMOCHAdeMO proposing DC Connectorproposing DC Connector

- Maximum current: 200A
- Getting feedback from field use, the design is improving.
- Detail dimension of interface geometry is open to public, then any
maker can fabricate compatible connector.



PinPin
No.No. function / assignmentfunction / assignment Pin diameterPin diameter

(mm)(mm)
Wire sizeWire size

(mm(mm22))

11 Reference GND for insulation Reference GND for insulation 
monitormonitor 1.61.6 0.750.75

22 Control EV relay ( 1 of 2 )Control EV relay ( 1 of 2 ) 1.61.6 0.750.75

33 ((not assigned)not assigned) 1.61.6 CC

44 Ready to charge controlReady to charge control 1.61.6 0.750.75

55 Power (supply) linePower (supply) line--negativenegative 9.09.0
150150AADD42.442.4

200A200ADD53.553.5

66 Power (supply) linePower (supply) line--positivepositive 9.09.0
150150AADD42.442.4

200A200ADD53.553.5

77 Proximity detection Proximity detection 1.61.6 0.750.75

88 Communication +Communication + 1.61.6 0.750.75

99 CommunicationCommunication -- 1.61.6 0.750.75

1010 Control EV relay ( 2 of 2)Control EV relay ( 2 of 2) 1.61.6 0.750.75
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Connector surface

Connector pinConnector pin--layout and assignmentlayout and assignment

Comparison with other proposalComparison with other proposal



DC off board charger vs. Motor drive inverterDC off board charger vs. Motor drive inverter

Distribution
line

~~~

Motor drive 
Inverter

Distribution
line

~~~ Battery

Battery
DC

3�AC400V 3�AC400V

3�AC400V

DC off board charger vs. Motor drive inverterDC off board charger vs. Motor drive inverter
Element Objectives QC MDI

AC Filter Protect distribution line from higher harmonics distortion. E F

PFC Conversion efficiency improvement. E F

Isolation Transformer Operator and battery protection. E F

LC filter Battery protection by getting rid of ripple from output current. E F

Ground fault monitor The user is protected from the electric shock. E G
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Earth fault Monitor Earth fault Monitor
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Earth fault Monitor

DC Quick Charger

Circuit 
configuration

Motor Drive Inv.

Circuit 
configuration



DC off board charger vs. Motor drive inverterDC off board charger vs. Motor drive inverter
DC Off board Charger

Motor Drive 
Inverter

On board 
Charger

Better Place Model (Battery Exchange)

Cost of battery exchange system is ~$500,000.Cost of battery exchange system is ~$500,000.
Battery inventory pushes up total cost.Battery inventory pushes up total cost.



Total cost of charging equipments
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Charger number U 100,000 unitsV U 5,000 units V

Based on million units of EV

Combo ConnectorCombo Connector

JARI proposal

REMA proposal

• Combo connector size is bigger than JARI proposed connector.
Especially, real size becomes much bigger based on same number
of signal lines as JARI proposed connector.

• Combo connector is heavier, then difficult to handle.
• Single trouble of socket disables both AC and DC power supply.



Three candidates of AC connector in IEC standardThree candidates of AC connector in IEC standard

MENNEKES
Italy proposalSAE AC standard

• There are three different AC connector designs in IEC standard.
• MENNEKES connecter is design to supply up to 44kVA

Who will install quick chargers?Who will install quick chargers?



TEPCO branch office

84 quick chargers are installed.84 quick chargers are installed.

It will be 100 by the end of FY2010.It will be 100 by the end of FY2010.

310310 EVsEVs are already deployed. are already deployed. 

210210 EVsEVs will be deployed in FY2010.will be deployed in FY2010.

Kanagawa prefecture officeKanagawa prefecture office

Operation started on Operation started on 

June 2008June 2008



ShinShin--MarunouchiMarunouchi BuildingBuilding

Operation started Operation started 
on September 2008on September 2008

Operation started Operation started 
on April 2009on April 2009

Operation started Operation started 
on September 2009on September 2009

AEON shopping mall AEON shopping mall 

Operation started on Operation started on 

September 2008September 2008



Public parking lot Public parking lot 

Operation started on Operation started on 

October 2008October 2008

Metropolitan highway parking area Metropolitan highway parking area 

Operation started on Operation started on 

October 2008October 2008



Tokyo University of Marine Science and Technology Tokyo University of Marine Science and Technology 

Operation started on March 2009Operation started on March 2009

Gas stationGas station

Operation started on Operation started on 

March 2009March 2009
Operation started on Operation started on 

July 2009July 2009



Mitsubishi Motors Mitsubishi Motors && Nissan HeadquarterNissan Headquarter

Operation started on Operation started on 

June 2009June 2009

Operation started on Operation started on 

August 2009August 2009

For public use
For private use 

Quick charger location mapQuick charger location map

514 chargers are in servicechargers are in service (Dec 2010)(Dec 2010)

Locations are on Google MapLocations are on Google Map

Search keyword is Search keyword is ““CHAdeMoCHAdeMo””

Greater Tokyo Area



Future business model of quick chargerFuture business model of quick charger

Quick Chargers

Alliance Partners’
Chargers

Utilities
Local Government

Shopping Mall
Gas Station

Car Dealer Shop
Hotel

Office Building

Alliance Partners’
Chargers

Utilities
Local Government

Shopping Mall
Gas Station

Car Dealer Shop
Hotel

Office Building

Own Chargers Own Chargers 

Membership fee
$10/month
Membership fee
$10/month

Charging
Services

Charging
Services

ID cardID card

Member
�User�

�fleet
�personal

Member
�User�

�fleet
�personal

Quick Charger 
Operation Company

Quick Charger 
Operation Company

�Installation
�Maintenance
�Installation
�Maintenance

ID system
Operation
ID system
Operation

Business model of quick chargersBusiness model of quick chargers



• Home or working place
Normal electrical outlet of AC 100V ~230V

Drivers have enough time for recharging.
Number of charging spots should be more than millions.
It should be easy and cheap infrastructure.

• Public place
DC quick charger

It relieves drivers psychological obstacle.
Mainly it is for emergency and sometime for range extender.
Number of DC charger is small since drivers don’t use them often.
CHAdeMO DC charger is currently available safe and reliable design.

SummarySummary


