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Abstract—For domestic consumers, electricity tariffs usually
have two components: one is related to the maximum available
current/total power (billed in €/day) and the other concerns to
the energy consumption (€€/kWh). The main switchboard current
is usually limited, according to the contracted power level, by way
of automatic switches. To avoid main switchboard tripping by
current limit violation, Electric Vehicle (EV) owners may decide
to increase their contracted power (and the energy bill) or to
adopt charging strategies that limit the global consumption (EV
plus house needs) to the contracted current/power. In this paper,
an Intelligent Electric Vehicle Charging Controller (IEVCC),
allowing to use the contracted power to the maximum extent,
is presented. A set of user configurable parameters can be used
to define the controller behavior, in order to prevent a full
switch-off. Two versions are described: a single user version that
can be used at private houses and a mesh version that can be
used in multi apartment buildings, providing information about
consumed energy, time of use, costs and past bills.

Index Terms—EVSE, Electric Vehicles, Intelligent Charging,
Home Consumption, Load Management.

I. INTRODUCTION

The number of EV users is increasing all over the world.
Be it by the low value of Total Cost Ownership (TCO),
low cost per km, environment reasons or government carbon
taxes, the fact is that EV sales keep increasing from year
to year [1], [2]. As the number of EV users increases, the
need for charging points also increases. Residential building’s
electric infrastructure was not designed for large consumption,
and usually only a normal 16A Schuko plug is available in
each particular car parking place. By thermal and security
reasons, the maximum recommended current is only 10A
and, then, the charging capacity becomes very limited. Most
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manufacturers are increasing the capacity of their batteries,
to improve the autonomy of EV. The charging time, for 10-
16A connections, will increase to unacceptable values. Then,
modern EV, equipped with larger capacity batteries requiring
up to 32A per phase, cannot be charged, at all, or, if the charge
is possible, then the low current makes the charging process
to extend by several hours.

Residential buildings, where multiple families share some
common spaces, are usually unprepared to install high current-
level charging devices. If a dedicated cable is connected
directly to the building’s main electrical board, higher charging
currents (up to the main board design capacity) can be used.
Some manufacturers offer wall box chargers that allow charg-
ing at a higher current rate. Those pieces of equipment usually
have a fixed charging power, which is frequently set very
close to the house’s maximum contracted current/power. If the
EV charging current is high and other loads are connected, a
tripping order may be triggered, and the complete installation
will be switched off. Priority can be defined for the charging
process or non-EV loads, executing load shedding plans, or
limiting the EV charging rate to the maximum available
capacity, which corresponds to the contracted power minus
the total non-EV power in use.

A smart EVSE project is presented in [3], however, it is not
clear from the document what is the smart part of the system
and how it is performed or where it applies. A Stackelberg
game model is used in decentralized electric vehicle supply
equipment in [4]. Here renewable energies are used to charge
the vehicles, and vehicle to grid (V2G) is considered.

Although there are several adjustable EVSE in the market,
most of them only allow to manually adjust the charging
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power, according to 4 of 5 predefined set points, adjusting the
maximum current that the vehicle can draw from the network.
This paper presents an intelligent electric vehicle charger con-
troller capable of auto-adjusting the charging power (current)
based on a set of parameters, namely, the standing charge, the
house consumption, and renewable energy production. This
process is defined for the signal present at one pin on the
socket on the SAE J1772 standard [5].

This paper is organized as follows: after this Introduction,
the IEVCC is described in Section II. In Section III the exper-
imental results are shown, and the Conclusions are presented
in Section IV.

II. INTELLIGENT ELECTRIC VEHICLE CHARGING
CONTROLLER

This work describes two versions of IEVCC systems,
namely a Standalone version and a Mesh version. This IEVCC
is built on an ESP board. Both versions allow communications
over a wireless network to provide information about the
charging status and receive information from the main system.
The ESP32-POE supports an Ethernet network, which can
be used when the building is equipped with this type of
infrastructure. The choice of these two boards allows the
development of low-cost systems, enabling the users’ fast
adoption.

The systems presented in this paper implement the open
standard in the industry (OCPP [6]-[8]) that enable charging
points to communicate with a central system. Public chargers
commonly use the OCPP protocol. Since one of the project’s
objectives is to foster the development of a network of
public or private chargers, it was decided to profit from the
capabilities of OCPP and implement it on both versions.

A. Standalone Version

The standalone version targets a single-user environment
(personal use) where the user has his private parking spot
with charging energy provided from his house electric access
point. This version works in Intelligent mode by looking at the
house consumption and adjust the charging current according
to the house consumption. It also has the advantage of work
on demand (manual mode), where the user can connect it to
a wall socket and define the charging current manually. This
last mode makes it portable and independent from any system
reading the house consumption. Fig. 1 shows a diagram of the
system, which is composed by the:

o Consumption monitor hardware (a);

o Consumption monitor system - broker (b);

o Intelligent Electric Vehicle Charging Controller (c);

¢ Communications infrastructure;

The consumption monitor hardware is a system that mon-
itors the power consumption of the house/building by mea-
suring the Voltage, Current and Active Power at a timed
interval. It is built using a PZEM-004T V3.0 board, based
on the Vango V98xx IC [9]. The measured values are sent
to the consumption monitor system that stores them on a
database, allowing the user to retrieve information about

Client

Charger

Fig. 1. Diagram of the Standalone Version.

the electricity costs of different home devices. The current
information is also sent by MQTTS [10] protocol to a broker
so that the IEVCC can adjust the charging current based on
pre-configured information about the contracted power. The
system also allows taking advantage of renewable sources
when they are present (e.g., solar panels), sending only the
available power from these sources to the charger instead of
being injected on the grid.

B. Mesh Version

The Mesh version aims to be used in condominiums, where
the users do not have a garage spot with energy provided
from their fraction. This version can be provided to the con-
dominium administration and installed by a certified company
or an EV charging network operator. Fig. 2 shows a diagram
of the system, which is composed by the:

o Consumption monitor hardware (a);

o Broker (b);

« Intelligent Electric Vehicle Charging Controller + monitor
energy meter (c);

o Communications infrastructure;

Although being very similar to the standalone, the operation
of the mesh version must deal with multiple users, possibly
with different needs or rights, as well as with different in-
frastructure conditioning factors, like cable thermal limits or
maximum available power from the energy provider. Then, the
loading balance process is more challenging.

Furthermore, other challenges are to decide which user has
the right to more power or if all users can charge simultane-
ously. In order to charge, all users will have an NFC [11] card
that will activate the charger. This card will identify the user
on the system, where an account defines the grants access
he has (maximum power he can charge, priority over other
users, etc.). Based on the user profile, the number of users
charging at each moment, and the available power, the system
performs adjustments to all chargers, and in the worst scenario,
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Fig. 2. Diagram of the Mesh Version.

the user may not be authorized to charge. The chargers must
communicate to the broker all information about the charging
sessions (usage time, used energy) to apply charging fees.

C. Standalone user interface

In this version, the installation is simple. The first time the
user connects the IEVCC to the power, the system acts as
an Access Point, with a network SSID "CCVEI” (Portuguese
acronym for IEVCC). The user can connect to this network
using a mobile phone or a computer.

After connecting to it, it can access the configuration pages
on a predefined IP address. When it does so, it is presented
with the web page shown in Fig. 3, where several fields can
be seen, such as:

o Amps: Here the user can set the charging current when
using the IEVCC outside his home or if it wants to use
the IEVCC in a normal mode.

o EVSE: — Amps. Here the actual charging current value is
shown, be it in the normal mode, or the intelligent mode.

« HOME: — AMPS. The actual house instantaneous current
consumption is shown. This value is received from the
consumption monitor system by MQTTS.

e A set of icons that give information about the wi-fi
connection status, the EVSE status, the operating mode,
and if a schedule timer is active.

The next tab (Fig. 4) allows the user to configure items
related to the home user wifi network and MQTT server
parameters.

Only after the user configures these items, the IEVCC can
enter the intelligent mode and adjust the charging current
automatically.

,Jikg\—\
N0

Status Network Operation Mode
Home Options Schedule
Amps: Submit
EVSE: -- Amps
HOME: -- Amps

© B B

Fig. 3. IECCV Status

X

Status Network Operation Mode

Home Options Schedule

Wireless Data
WIFI| SSID:
PASSWORD:

MQTT SERVER:
MQTT PORT:
USERNAME:
PASSWORD:

SAVE

Fig. 4. IEVCC Network Configuration webpage

In “Operation Mode” tab (Fig. 5) the user can select
between two options:

« Intelligent mode: in this mode, the IEVCC adjusts the
charging current (power) based on the home consumption
and the contracted power.

¢ Manual mode: in this mode, the IEVCC operates at a
fixed charging current (power) set by the user.
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Fig. 5. IEVCC Operation Mode webpage

The Home Options tab (Fig. 6) is where the user can set
the contracted power.

oo
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Status Network  Operation Mode

Home Options Schedule

Home Power

Current Home Power *: -- kVA

Fig. 6. Home Options tab

III. EXPERIMENTAL RESULTS

A series of tests were performed, including a full charge
session. All these tests were carried out in a real environment,
in which the parking spot has an available plug with energy
provided directly from the apartment and while the residents
continued performing their typical tasks (e.g., cooking, turning
on washing machines) without any restrictions. The IEVCC
has dynamically adapted the available power for charging
without the need for human intervention.

Fig. 7 shows the full charging session (from 33% up to
100%) of an electric vehicle (a 2015 24 kWh Nissan Leaf)
using a first version of the standalone IEVCC. In this case,
the user has a contracted power of 5.75 kVA, equivalent to
a maximum current of 25 A. In this house (and today, in
many houses in Portugal), the installed meter is an intelligent
version that cuts off the power much faster than a Residual
Current Breaker with Over-Current (RCBO) in case the current
equivalent to the contracted power is overpassed. Thus, a 3 A
buffer was defined to avoid total house current to overpass the
defined cut current on the intelligent meter.
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Fig. 7. Charging session data
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Fig. 8. Charging session data details of Fig. 7

Fig. 9. Prototype of the IEVCC

Whenever the instantaneous consumption of the house ex-
ceeds the limit value, the IEVCC automatically adjusts the
charging current (which is related to the charging power)
so that the sum of the current drained by home appliances
working at that time and the vehicle does not exceed the
maximum defined value. It is possible to see in the graph
that the established value is momentarily exceeded although
immediately corrected (moment a, b, ¢ and d in Fig. 7). A
zoom of some of these segments are presented in Fig. 8.
Here, it is well visible the moments where this peak occurs.
These peaks may happen because an appliance in the house
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was turned on and requested enough current so that the
total current drawn exceeds the maximum allowed. Since the
consumption monitor system does not measure the values
in real-time, there is always a tiny delay leading to a rapid
consumption increase. When the consumption monitor system
makes a new measure, it instantly sends this new value to the
IEVCC, which immediately intervenes, lowering the charging
current available to the electric vehicle. In a more extreme
case, the IEVCC can interrupt the EV charging process until
the available power is sufficient to continue the charging
session (reference to J1772 standard). It should be noticed
that although the intelligent meter at the home user is faster
than the RCBO, it is not also a real-time process, so the delay
that our system takes to act is not significant enough for the
intelligent meter to cut the current.

Fig. 9 shows a version of the prototype developed, and used
in the tests, which was built in-house at ISEC.

IV. CONCLUSIONS

In this work, an Intelligent Electric Vehicle Charging Con-
trol able to dynamically adapt the vehicle charging current
based on a set of parameters was presented. This system is
not limited to work in this mode and can act as a simply
EVSE, when used on travels. Two versions of the IEVCC
were described, and the results for the standalone version were
presented and discussed. The Mesh version is in its final devel-
opment phase, and the authors expect to present results from
this version in the near future. As future work, the introduction
of Al is being considered so that the IEVCC can predict when
to act based on historical values and react instantaneously. This
version could also overcome potential intermittent connection
problems between the home consumption monitor system and
the IEVCC.

ACKNOWLEDGEMENTS

The authors would like to thank Prio Energy
(www.prio.pt/pt/) for the partnership in this project. This

work is partially funded by National Funds through the FCT -
Foundation for Science and Technology, I.P., within the scope
of the projects UIDB/00308/2020, UIDB/05583/2020 and
MANaGER (POCI-01-0145-FEDER-028040). Furthermore,
we would like to thank the Research Centre in Digital
Services (CISeD) and the Polytechnics of Viseu and Coimbra
for their support.

REFERENCES

[1] Liikennevirta Oy (Ltd. ), “The global electric vehicle market
in 2021 - virta,” Virta.global, 30-Aug-2019. [Online]. Available:
https://www.virta.global/global-electric-vehicle-market. [Accessed: 11-
Apr-2021].

[2] International Energy Agency. (Apr. 2021). Global EV Outlook 2021.
[Online]. Available: https://www.iea.org/reports/global-ev-outlook-2021
[Accessed: 06-May-2021].

[3] C. Zhu, “System-cost-optimized smart EVSE for residential application:
Final technical report including manufacturing plan,” Office of Scientific
and Technical Information (OSTI), 2015.

[4] T. G. Alghamdi, D. Said, and H. T. Mouftah, “Decentralized game-
theoretic scheme for D-EVSE based on renewable energy in smart cities:

A realistic scenario,” IEEE Access, vol. 8, pp. 4827448284, 2020.
[5] SAE International. J1772: SAE Electric Vehicle and Plug in Hybrid

Electric Vehicle Conductive Charge Coupler; SAE International: War-
rendale, PA, USA, 2016.

[6] A.Rodriguez-Serrano, A. Torralba, E. Rodriguez-Valencia, and J. Tarifa-
Galisteo, “A communication system from EV to EV Service Provider
based on OCPP over a wireless network,” in IECON 2013 - 39th Annual
Conference of the IEEE Industrial Electronics Society, 2013.

[71 J. Schmutzler, C. Andersen, and C. Wietfeld, “Evaluation of OCPP and
IEC 61850 for smart charging electric vehicles,” World Electric Veh. J.,
vol. 6, no. 4, pp. 863-874, 2013.

[8] C. Alcaraz, J. Lopez, and S. Wolthusen, “OCPP protocol: Security
threats and challenges,” IEEE Trans. Smart Grid, vol. 8, no. 5, pp.
2452-2459, 2017.

[9] Vango Technologies, Inc., 7V98XX Datasheet”, Available:
http://www.vangotech.com/int/uploadpic/152782258251.pdf. [Accessed:
15-Apr-2021].

[10] "MQTT - The Standard for IoT Messaging” 7 March 2019. [Online].
Available: https://docs.oasis-open.org/mqtt/mqtt/v5.0/mqtt-v5.0.pdf.
[Accessed 10-Apr-2021].

[11] Kevin Curran, Amanda Millar, Conor Mc Garvey, (2012) “Near Field
Communication”, International Journal of Electrical and Computer En-
gineering (IJECE), Vol.2, No.3, pp. 371-382.

Authorized licensed use limited to: b:on Instituto Politecnico de Coimbra. Downloaded on January 09,2024 at 15:48:46 UTC from IEEE Xplore. Restrictions apply.



