O
EV Car Charging System Q

Introductionf

The first version of EV Car Charging Station was developed in 2014 for China Light &
Power. It was using NEC Quick Charger and deployed in Science Park. It was composed of
two components, server installed in CLP for charging station monitoring, meter data usage
and payment verification. Each charging station was connected with Elster meter and NEC
charger while providing two kinds of payment channel, Octopus and CLP RFID card. Real
time data was sent to the server to reflect charger status.

The second generation was developed in collaboration with HKPC in 2017. It was deployed
in headquarter of CLP and Heya Crystal Carpark site. The charger was made by Hong Kong
based company, Adtronics Technology Co. Unlike previous generation, the charging station
was managing up to 32 chargers while it controlled how much power delivered to each
charger by providing different kinds of data to a small library provided by HKPC which
returned power dedicated to each charger. It then communicated with charger through OCPP
(Open Charge Point Protocol) standard protocol to limit the power consumption. The reason
of performing this kind of power management is the limited power supply to building or
shopping mall as car park and shopping mall shared the supply. The advantage of using this
mechanism is to save additional cost on electricity supply.

As HKPC got funding from the government and CLP, the payment channel was not used in
first generation. More charger management features were provided from server such as
unlocking the charger from the car. Each station communicated with the server over 4G
mobile network in real time while all transactional data including meter reading was rebuilt
each day in case of mobile network interruption. The meter data for individual charger, other
kinds of power consumption and overall power consumption was logged in database. It was
being studied by HKPC for further data analysis on charger and EV car.
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Features of the system

Here is the summary of the features.
Server

e User management (user role mapping and user data permission setup)

e Site management (site and device setup, site parameter enquiry)
e Data monitoring (station status and control management)

e Historical data (transaction, meter data, charger status)

e Transactional and audit report

Station

e Control flow of charging (using Octopus or RFID over amount of required power
consumption in kWh or charging duration) in first generation

e Displaying of charging status, individual power usage and overall power usage in second
generation

In second generation, the screen is for information and the customer could not specify the
requirement as in the first generation. On the other hand, a small screen on charging would
instruct the customer to start, stop and unlock the charger. It is possible to perform the
operation in station screen especially when payment channel is introduced.
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Description of the system

The system was designed with easy management, scalability and security in mind. After
getting user feedback from the first generation, some major improvements were on central
management in order that the administration could manage individual charger through the
controller. The parameter of load management in individual sites can only be managed
through the GUI of the server. Incidentally both the hardware and software were upgraded
significantly to manage up to 32 EV chargers. In case of deploying smaller number of EV
chargers, the hardware specification can be lowered to save overall initial cost.

Architecture of the system
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With reference to the above diagram, the user is assigned with role that a set of functions are
allowed. The permission is governed in server side so that even though the user finds out the
tricks on accessing non-permitted functions, the server denies the access. Data permission is
controlled by the sites allowed for individual user.

In general, OCPP supports meter data transmission where some brands of charger are
equipped with built-in meter circuit. In our implementation, industrial standard meter is
installed with each charger to fulfill higher data accuracy and standard required by utility.
This is especially important when payment is involved such as in the first generation.

Although station meter seems to be redundancy in which its reading can be derived from
individual meter reading of the charger, the advantage is to better managing power
consumption so as not to overload the overall circuit. In addition, it can overcome any fault
arising from the chargers.
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Central Management

The central management is composed of 2 parts, site-based parameter configuration, real time
monitoring and control. The first one deals with the tolerance of the consumption in each
station of the site.

SmartEV Station v0.32
admin

Account Management HDEVice Management

Site Manage [ ]
Data Monitol

Historical D:  |[ZETENEEEICH Parameter Value

Report percentsupplyuseable | {[80.00
User Profile ] Query Controller Parameter
oler current |[[0.50

currentreserve | 6.00
tolerancestationcurrent | [/5.00 aller
numreserve | 3

c estctri00] || currentreserve ||{'6.00 |

Result | |

No Yes

The parameters are queried from the server on individual station and can be updated in real
time. Furthermore, individual charger and maximum current allowed through each charger
and station meter can also be adjusted from the server. This instruction would be effective
immediately to the power management library which then calculates the adjusted value to the
station controller to deliver information to charger through OCPP.

SmartEV Station v0.32
admin | Logoff
e Device Management
Management
site - =
oot Mot ste][lintegtest v ] Fie|[ Choose File | No file chosen | Uptoad ||
Historical Data
Report Hsite"\ integtest v | [Controtier|| itestctrl001 v || Display Device ||| Update server cache || Export Controller ||| Query Controller Parameter |
User Profile
m Create Controller ||| Create Devstruct ||| Create Meter ||[ Create Charger || Upload Caller || Display Caller ||
Show entries Search
i i 4 ConnDeviceid 4  ParentDeviceid 4  homos 4 locaon4 Madmuma - Madmum 4 .’l?;;’:‘ 4
[63010101] [ DevMain for itestctri001 | itestcti001 DevStructitoo1 DevMainTestctr001 | Main Trunk | 180 -~ Meter inactive | integtest | 910
[63010102] [ DevStation for itestctrl001 | | itestctrioot DevMainTestctrio01 | SumCharger Station 78.00 - Meter inactive | integtest | 920
itestetri0o1 DevMainTestctri001 | ChargerT14 Sharger 5 - Meter inactive integtest | 1031
63010104 l integtest | 1042
|[Meteria|[ 63010102 J|[Max curd [ 78.00 Hl

63010105 [Remt ] | integtest | 1053
ChargerT1A ChargerT1A integtest | [10001.1.16,1

itestetrioo1 DevMainTestctri001 | ChargerT1C %‘:"‘i‘g’ - - Charger inactive integtest
[ DevStructito01 | | [ DevStruct for itestctrlo0 1 itestctrio01 itestctrio0t DevStructito0t Virtual 200 150 Miscellaneous | inactive | integtest | 1921682196828
Shouing 110 9 of 9 entries Previous | 1| Next
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To cater for different types of charger, the server provides the facility to deliver specific
parameter in form of key-value pair to individual charger.

SmartEV Station v0.32
admin

Account Management
Site Management

Site Control

Controller Status

Data Monitor

Historical Data Controller id | Last update Build date
storical ba testctri001 ][2020-11-17 13:22:48][2020-10-16 07-04)

Report

User Profile

[sie] [integtest v J[controter|[itestetrio01 v [ Snapshot |[[ Update ][ =1 |

[ ‘Change Configuration J

Search
site|[lintegtest v ||Charger|[ ChargerT1A v ||| Charger Test 14 ey J|[valuel| o e .
Resul ] update update
2020-11-17
13:17:34
No Yes
2020-11.17
13:17:34
ChargerT1A Charger 63010103 | Available 6 .00 - - - - 22011
ChargerT18 Charger 63010104 | Available 6 7370 464 BT 2T
ChargerT1C %‘;“—l’g’ 63010105 | Available 6 332&':‘7“7
Showing 110 5 of 5 entries Previous | 1 | Next
”Conlml Cnargevm Remote Start Txn ]H[ Remote Stop Txn ”H Unlock Connector ”H Change Charger ilability ||H Get C i H" Change C i ”|

For real time monitoring and control, the system facilitates data and control command over
secure streaming protocol over 4G mobile or LAN network. Electric current and charging
status can be viewed per station controller.

SmartEV Station v0.32

Account Management Site Control
Site Management
Data Monitor Controller Status i
Prstoncnl oata

fiescuont Jo2- 117 1557 5oz 10-150704
Report
User Profile

Hsite‘”integlestvH|Contro|lermitestclr1001V|||i <hot |[ Update [ Hat]]|

[devstruct][|[DevStructito01] [Total current][|[200] [Total kvA][[150]

show|__ v]entres search: | |
L i il il Corvert *) ovont ) I(_Al)Now :f)NM (L:)Nw h:::::em h:::f:arg"

DevMainTestctrioo1 | MainTrunk | 63010101 | 190 -~ 878 5.16 42 220057
63010102 Station 63010102 | ~ 78.00 -~ 265 416 154 2201017
ChargerT1A Charger 63010103 | Charging 6 3.9 3.10 - -~ 202 2020117
ChargerT18 Sharger 63010104 | Available 3 Frivored
ChargerT1C Gharger 63010105 | Available 6 byl

Showing 110 5 of 5 entries Previous | 1 | Next

Hcon(rol charger||| Remote Start Txn H” Remote Stop Txn H" Unlock Connector ]H[ Change Charger Availability ||” Get Configuration HH Change Configuration H|

A set of remote control on individual charger is provided, remote start transaction, remote
stop transaction, unlock connector in case of operational issue in the site.
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SmartEV Station v0.32
admin

Account Management Site Control
Site Management
Data Monitor Controller Status
e Las! update

Sonearne 2020 1117 132248
Report
User Profile

ﬂsm”\ integtest v | [controter|itestctri001 v [ Snapshot |[[ Update ][ =/ ||

ol oo
Show entries

Search:

I s i
parting St N (see [[fntegtest v J[cnarger] (CharzerTe w)|[ charger Test 12 et Lastcharger
e ] update update
) ) 2020-11-17
DevMainTestctrioo1 | Main Trun H 5.06 202011 -
No Yes
) 2020-11-17
63010102 Station 3 182 13:17:34 -
Charger 2020-11-17
ChargerT1A Charge 63010103 | Available 6 6.00 - -~ - - T
Charger 2020-11-17 2020-11-17
ChargerT18 Charge 63010104 | Available 6 7370 454 -~ - P s
Charger 2020-11-17
ChargerT1C Charger 63010105 | Available 6 -~ - -~ - -~ s

Showing 110 5 of 5 entries Previous 1 Next

Hcmm Charger|| Remote Start Txn ||| Remote Stop Txn ||| Unlock Connector ||| Change Charger Availability || Get Configuration ||( Change Configuration |
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This kind of command can also be integrated with external booking system such as using
RFID or Octopus as in the first phase of EV station.

Data Report

Different kinds of data (consumption, charging status or transaction) are stored in the system.
As the system employs industrial grade meter which is generally used by utility for bill
calculation, two kinds of metering data are historical data stored in meter and snapshot meter
data requested by station controller during charging. The system supports two ways of data
collection, real time delivery and day-end data upload. This technique has been used since the
first generation to include third party data such as Octopus files. In fact, the system in the first
generation got information such as blacklist from Octopus headquarter and downloaded to
the station controller.

SmartEV Station v0.32
admin | Logoff |

Account Management Transaction History

Site Management
Data Monitor [site][integtest v |[start [[Enal [ Display ][ Export |
Historical Data

Report

User Profile

Search:

—_— 2020- 2020- 2020-10- | 2020-10-
itestctrl001_149160001 - %‘s“"i‘j‘ 63010103 | ChargerTiA | 10-22 38.10 1022 39.60 5 ChargerT1A | 1022200001 | 10001 2 2
134955 135156 134955 135156
—_— 2020- 2020- 2020-10- | 2020-10-
itestctrl001_149160002 - %‘;’?g‘ 63010104 | ChargerT18 | 10-22 26.10 10-22 26.80 5 ChargerT18 | 1022200002 | 10002 2
14:10:52 14:11:50 14:10:52 14:11:50

Showing 110 2 of 2 entries Previous | 1 | Next

To perform preliminary study on the behavior of charger for each transaction, the system
provided sufficient information on charger status and consumption.
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admin

SmartEV Station v0.32

Account
Management

Site Management
Data Monitor
Historical Data
Report

User Profile

Transaction

show[_ ] entries Search

Charger Charger Charger
Remote - . Start Start End End Pay Charger
Txnid boid Position Meter id Charger id Tone Wah e WA Channel Payid et (n)’onnemnv 'Sr::: 15_:»:9

i Charger 2020-11-47 | 2020-11.17
itestctri001_14A110001 | - Test 18 63010104 ChargerT1B };1& - g:; % 5 ChargerT1B | 1117200001 10002 131458 131736
Charger 2020- 2020- 2020-10- | 2020-10-
itestctri001_149160002 | - 'res|"ija 63010104 ChargerT1B 1022 26.10 1022 26.80 5 ChargerT18 | 1022200002 | 10002 2 2
141052 14:11:50 141052 14:11:50
2020-10- | 2020-10-
itestctri0o1_149160001 | — e - 2 z
[Meloid [Wetertme —tia |
Charge|[E2010104]2020-11-17 1515020 estetio01_14A 110001 2018.08 | 2018.08
testctri001_127070001 | - Test1z |[63010104][2020-11-17 :06.0]testctri001_14A110001 U oso s
[63010104][2020-11-17 13:15:10.0][testctri001_14A110001
) charge [P 9104][2020-11-17 0][testctrioo1_14A110001 2018-07- 2018.07-
itestctri001_126180001 | — Test1z |[63010104][2020-11-17 :22.0ftestctri001_14A110001 [ 33 w0 g: orsr
[63010104][2020-11-17 13:15:26.0][testctr001_14A110001][35.55][4.77]
) charge P2 1104][2020-11-17 13:15:30.0]testctri001_14A110001 1= E_E_1E = 201807- | 201807
itestctri001_126170005 | - Testic |[63010104][2020-11-17 :36.0itestctri001_14A110001 EJE E = E E ;g 5 gg 5500
[63010104][2020-11-17 13:15:42.0][testctri001_14A110001 EIE E_E = E
) Charge |[E2010104][2020-T1-17 15:15:36 0 tester001_14A110001] | | T | = = 2018.07- | 2018.07-
itestctri001_126170004 | - Test1E  |[63010104][2020-11-17 :50.0]fitestctr001_14A110001][35.85][4.51]~_||= E = = = ;g o ;g e
[63010104][2020-11-17 13:15:55.0][testctrioo1_14A110001][35.95][4.25][~ ][ E E = E
) charge P2 9104][2020-11-17 13:16:02.0][itestcti001_14A110001][36.00][3.95][ ][~ = = = E 2018-07- 2018.07-
itestctri001_126170003 | - Test1z |[63010104][2020-11-17 :06.0[itestctri001_14A110001 B7aE = = = = = ;g . g} 502
[63010104][2020-11-17 13:16:10.0][testctri001_14A110001 a7 = E E = =
charge B2 9104][2020-11-17 0][testctrioo1_14A110001 EIE E E E = 2018:07-
itestctri001_126170002 | - Test ?; [63010104][2020-11-17 0]fitestctri001_14A110001 [51= = = = = = EE. -
[63010104][2020-11-17 13:16:26.0][testctri001_14A110001 EIE E E E E
charge P2 )104][2020-11-17 13:16:30.0][itestcti001_14A110001][36.35][¢.12][-_|[= E E = E 2018-07- 2018.07-
itestctri001_126170001 | - Test 17 |[63010104][2020-11-17 13:16:38.0]estctri001_14A110001 == - - = = gaz . 22’%34 2
[63010104][2020-11-17 13:16:42.0][testctri001_14A110001 = E E £ =
charge [P 9104][2020-11-17 13:16:46 0][itestctr001_14A110001][36.55][4.38][-_][- = = £ E 2018.07- 201307
flestcti001_126110001 | — Test 17 |[63010104][2020- :16:50.0]ftestctri001_14A110001][36.60][4.64] |- = = = = - e 10
Charger 2018- 2018- 2018.07- | 201307
itestetrl001_1260D0002 | - Test ?A 63010103 ChargerT1A 07-13 26415.80 07-13 26415.90 5 ChargerT1A | 713180002 10001 13 13
01:17:42 01:18:05 01:17:41 01:18:05
o 2018- 2016- 2018.07- | 2013-07-
itestetrino1 126000001 | arger 63010103 CharaerT1A | | 07.13 2630422 | 0713 2630484 CharerT1a | 713180001 | 10001 1 1
SmartEV Station v0.32
admin
JAteoumt Transaction
Management
Site
te] integtest v [ Request
Data Monitor g w
Historical Data
Report Search
User Profile

Start Charger Charger Charger
T Connector Start End
ime e

Charger
L Time Time

Pay
Position Meter id Charger id Channel

p Charger 2020-1147 | 2020-11.17
festctri001_14A110001 | — Test 18 131458 131736
. PN .. e [Contoer tme Crargertme | Vendor 4| rorcodeVendor cose[ o _|
- Test1B [ChargerT14][2020-10-22 13:49:55] estctri001_149160001][2020-10-22 13:49:55| TestVendor1A|[6 14:10:52 14:11:50
[ChargerT14][2020-10-22 13:50:25) testctri001_149160001][2020-10-22 13:50:25) 6
Charger [ChargerT14][2020-10-22 13:50:55) iestctri001_149160001][2020-10-22 13:50:55][TestVendor1A][6 2020-10- 2020-10-
itestctrion1_149160001 | Charge 2 2
e [ChargerT1A][2020-10-22 13:51:25] estctri001_149160001][2020-10-22 13.51.25 TestVendorA|[6 13.4955 135156
[2020-10-22 13:51:55 estctri001_149160001][2020-10-22 13.5155) 3
Hestcti001._127070001 Charger [ChargerT14][2020-10-22 13.:51:56) iestctri001_149160001][2020-10-22 13.51:56TestVendor1A][6 gg'”s' 591&0&
- Testia 232040 | 2321118
2018.07- | 2013-07-
testctri001_126180001 | Charger
00:00:12 00:01:57
2018.07- | 2018-07-
itestctri001_126170005 | - .‘r::‘;"-"g’ 3
235532 23:56.00
201807 | 201807
testctri001_126170004 | - Gharger 23 23
234617 2347:44
2018.07- | 2018-07-
estetri001_126170003 | - Gharger
233323 233502
2018.07-
estetri001_126170002 | — Sharger 23 -
232737
Charger vio- 2vro- 2018.07- | 2018.07-
itestctri001_126170001 | - Te“’?A 63010103 ChargerT1A 07-23 31094.18 07-23 3109464 5 ChargerT1A | 723180001 10001 23 23
223250 223422 223251 223423
Charger 2018- 2018- 2018.07- | 2013-07-
itestetri001_126110001 | — Tw’? A 63010103 ChargerT1A 07-17 2847484 0717 28475.10 5 ChargerT1A | 717180001 10001 17 17
2011435 2011527 201432 2011524
— 2018- 2018- 201807- | 2013-07-
itestetri001_1260D0002 | - Tw’? A 63010103 ChargerT1A 07-13 26415.80 07-13 26415.90 5 ChargerT1A | 713180002 10001
01:17:42 01:18:05 01:17:41 01:18:05
Charger 2018- 2018- 2018-07- | 2013-07-
itestetrin01 126000001 - s £3010103 CharnerT1A 07-13 26394 22 07-13 26394 84 ChamerT14 13130001 10001 13 13

Although only one meter consumption can be displayed, data export provides all metering
consumption during transaction. These kinds of information provide background study on
how effective the power management module and also as the criteria of upgrading electricity

supply.
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Station Controller

Additional screen is also provided about the power usage in real time. This screen is also
available in separate server page.

Welcome

Load Management System Location : integsite
2020-11-17 13:19:11

= Charging Points CJ Load Management System

Power Consumption (Unit:KVA) Smart EV Charging Station (Unit:A)

Building Max. Current utilized Current [JJl] Alocated Current
I EV Charging Stations
Rest

60
40

20

[Rest 7533

0 — I
L1 L2 L3
Max: 150.0 kVA  Utilized: 33.0 kVA
Load Current L1 (Unit:A) Load Current L2 (Unit:A) Load Current L3 (Unit:A)
Building Building | Building
/ B EV Charging Stations ' B EV Charging Stations B EV Charging Stations

Rest Rest Rest

Max: 200.0A Utilized: 83 A Max: 200.0A Utilized: 49 A Max: 200.0A Utilized: 5.0A
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Technical Information

Both server and station controller are running on Intel based platform, either Windows or
Linux. Its backend database is MSSQL that can either be running on Windows or Linux. The
hardware requirement for station controller is Pentium based CPU on Ubuntu subject to
number of chargers supported. For those chargers that cannot support OCPP, standalone
application which acts as OCPP client with Modbus command can be used.

All the software is written in pure Java with sets of open source software such as Spring
Framework, Mybatis, OCPP library, Apache Tiles, JQuery and Web socket.
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