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Abstract

This paper describes smart power management and charging scheduling strategy for a multiple port electric vehicle
(EV) charging station, connected to battery storage systems and renewable energy sources. The charging station can
charge different types of EVs, like electric scooters and passenger cars at different power levels. The energy
management optimizes the usage of the power sources to fulfill the charging demand by analyzing the overall load
demand, the electricity tariff, and the information provided by the EV user. The station's control system is set up to
satisfy the charging demand primarily with a solar photovoltaic (PV) array and an energy storage system (ESS) as a
battery. In the case of PV power generation and battery power shortage, it draws power from the grid to fulfill the
charging demand. Additionally, a charging scheduling strategy is described in this paper in which the charging current
setpoint for each charger is estimated by an optimization process in the local charger controller. The overall system
management and charging scheduling are simulated and verified in the MATLAB/Simulink environment.
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1. Introduction

Electric vehicles (EVs) are becoming increasingly popular due to their ability to reduce global pollution and are
thus seen as the best alternative to traditional internal combustion engines. The price, driving range, and charging time
are the key challenges for potential EV customers [1][2]. Automobile manufacturers are boosting battery capacity to
address the issue of range anxiety. Thus, EV charging power also rises to keep charging times within acceptable
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Fig. 1: High power modular and scalable charging station layout concept with multilevel charging station management.
bounds which prompted the industry to develop rapid charging systems (50kW and greater) [3]. The industrial
developments also highlight the necessity to increase the power of the fast-charging system (FCS) to reduce the
charging duration. For example, Siemens proposed a 150kW charger [4], ABB announced a 350-kW charger in 2018
[5], and Enercon a 600-kW charger [6]. Since the charging capacity is increasing, it is not a feasible solution to build
such a high-power EV charging solution with a single power electronic (PE) module. The modular and scalable
charging station is one strategy to provide such high charging power conveniently. Modularity means multiple PE
converters are combined to provide the necessary charging power. Nevertheless, such a high-power modular charging
system may face several serious challenges. First, it requires high initial investment costs [7, 8] because the installation
works involve upgrades in the power infrastructure such as the introduction of new transmission and distribution lines.
Although the total cost of ownership (TCO) of fast charging equipment is about 5 times higher than that of
conventional chargers, its return on investment is, in many cases, faster, since it allows to serve more vehicles a day.
Another key challenge is the poor quality of FCS’s impact on the voltage stability of the distribution network [9-11].
This system can cause, in fact, voltage fluctuations and flickers, which, however, can be almost completely mitigated
with the use of both smart charging algorithms and on-site distributed energy resources [11]. In this paper, a smart
energy management strategy and charging scheduling are described and simulated in MATLAB/Simulink. In this
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strategy, the rule-based mid-level power management selects the energy source to charge the EVs. Some magnetic
contactors are responsible to connect the modular EV charger to the energy source. On the other hand, charging
schedule is also discussed to optimize the charging cost for the charger’s user.

2. Smart Power Management for Scalable High Power Charging Station

2.1. Scalable High Power Charging Station Description

A high-power modular and scalable charging station is depicted in Fig.1. Each EV charging port is connected to
modular and scalable power converters. The charging station can serve 150kW charging power for different types of
the electric vehicle. In this work, we considered 3 categories of charging ports. The one category consists of 4 charging
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Fig. 2: Power flow switching algorithm between AC grid and DC supply
vehicles (LEVs) and each charging port rated 1.5kW. These charging ports are supplied by 4 different AC/DC
converters. When multiple LEVs connect to the charging ports, a dedicated module management strategy allows
activating the required AC/DC power converter module to fulfill the charging demand. Similarly, 2 charging ports
with V2G facility (15kW each) and 2 unidirectional charging ports (10kW each) are considered for passenger cars.
All charging ports are supplied either by a group of AC/DC converters or by a group of DC/DC converters. The mid-
level management strategy coordinates all the PE converter groups during the charging process.

The modular and scalable charging station is developed in MATLAB/Simulink to simulate the charging station
operation and mid-level management strategy. In this work, 3 modular AC/DC groups are considered to supply the
charging ports. Group 1 consists of 4 AC/DC modules (each rated power 1.5kW) connected to the charging port of a
light electric vehicle (LEV) to fulfill a charging demand up to 6kW. Additionally, two other AC/DC converter groups
which consist of 3 and 2 modules (rated power 15kW and 10kW respectively) are responsible for fulfilling the charging
demand of passenger cars up to 45kW and 20kW respectively. The output voltage levels of the AC/DC converter for
passenger cars are 500Vdc and 36Vdc for LEVs. The DC/DC converters are also used to supply the charging port with
power from solar photovoltaic (PV) panels and energy storage systems (ESSs) when a grid limitation is applied. A
magnetic contactor switch model is controlled by a mid-level management strategy to switch between the AC/DC and
DC/DC converter groups. There are 3 different charging load profiles with a maximum 45kW, 20kW and 6kW
considered during the simulation of the charging station operation. A 16kW, 651V solar PV array is modeled to charge
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the ESS during daylight. A 425kWh, 563.2V ESS is implemented by using the LFP battery stack specification which
is mentioned in Table 1. The solar module specification is also shown in Table 1 below:

Table 1: Solar PV and Energy Storage System (ESS) Specification

Solar PV Array Specification ESS Stack Specification
Parameter Value Unit Parameter Value Unit
Model Sundragon i250-60P Battery Type LFP
Maximum Power Output 250 w Cell Capacity 250 Ah
Open Circuit Voltage 37.3 A% Energy 141 kWh
Short Circuit Current 8.5 A Nominal Voltage 563.2 \%
Voltage @ MPP 31.1 \% Minimum Voltage 492.8 \%
Current @ MPP 8.03 A Maximum Voltage 633.6 \%
Panel Area 1632*995 mm?
Cell Type Polycrystalline Si
Cell Size 156*156 mm?
Operating Temperature -40 to +85 °C

2.2. Mid-Level Management Strategy

The mid-level management allows power-sharing among the modules during charging. More specifically, if the
charging power demand exceeds the rated power of the converter, this management activates another power converter
module to fulfill the power demand. This strategy works based on a dynamic resource allocation technique. The total
requested current is calculated as a sum of the reference d-axis currents received from all modules in the system. Based
on the total requested current, and the current rating per module, the system calculates how many modules need to be
active by using Eq. 1.

*
_ _deot
Nactive = Jrated (1)
a

Then, based on its logical position, the module identifies if it needs to be active. If the system is to stay active, it
calculates its reference d-axis current by dividing the voltage loop PI’s output s, by the number of active modules
as given in Eq. 2.

I’ = la,o,
5=

2

N active

This equation considers that all modules are rated equally [12]. This logic enables equal current sharing and allows
the system to adjust to varying loads and only keep the necessary number of modules active. This improves the
efficiency in systems with a variable load like EV charging. There is also a management strategy shown in Fig. 2
above that allows the switching between the AC/DC and DC/DC group by controlling Py and P, during charging based
on the total charging demand (kW), the total AC/DC converter power (Pacinc), the total DC/DC converter power
(Poepc) and the ESS state of charge status (%SoC). This approach sets Py either to 1 or 0. If P; = 0, it means that the
switch routes the power from the AC/DC converter group to the charger, and if the reverse (P = 1) happens, then the
charging port is connected to DC/DC group.

2.3. High-Level Management and Charging Scheduling

The detailed discussion of high-level management strategy is out of focus for this paper. However, we used the
genetic algorithm (GA) to generate the current set points for each charging port by optimizing the charging cost. The
high-level management system for S0kW based on a genetic algorithm (GA) is described in [13]. This is an
evolutionary optimization technique that uses the principles of natural selection of a population, such as a crossover
and mutation, to obtain an optimal solution for a mathematical problem [14]. It is employed in the management
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strategy because it can deal with multiple variables at once and quickly find near-optimal solutions [15]. The GA aims
to minimize the charging cost for the EV operator while satisfying the requirements and constraints of the EV and
grid operators. The decision variables are the level of the charging current at each time interval in which the charging
process is divided. The latter is done based on the available information of the dynamic electricity price (which is

likely to be introduced with the increasing penetration of RERs into the distribution grid) and the load profile of the
grid.

3. Results and Discussions

The EV driver sends a charging request to the charging station via a mobile app. The high-level management system
takes the EV user information as an input to estimate the optimal current demand. To simulate the high-level charging
scheduling, the user information shown in Table 2 is considered

Table 2: EV user information for charging facility

Arrival Time Depart. Time Initial SoC (%) Charging Period (h)
EVI1: LEV1 2am 14pm 64% 13
EV2: LEV2 2am 14pm 29% 13
EV3 LEV3 1lam 23pm 55% 13
EV4: LEV4 13pm 24am 50% 12
EV5: PCl 18pm 24am 77% 7
EV6: PC2 12pm 24am 16% 13
EV7: PC3 8am 20pm 48% 13
EVS8: PC4 13pm 24am 6% 12
EV9: PC5 10am 13pm 43% 13
EV10: PC6 Sam 17pm 67% 13

*LEV: Light Electric Vehicle, *PC: Passenger Car

The high-level management strategy generates the charging current reference by optimizing the charging cost. The
system schedules the charging process of each EV between the arrival and departure time of the EV user including
charging and V2G facility. In this work, a multiport charging station is considered, as shown in Fig. 1, with an average
charging demand of around 150kW. Moreover, the EV battery capacity is 16kWh considered 100% state-of-charge
(SoC) with a voltage of 500V for passenger cars and 36V for LEV, and 90% SoC is considered fully charged. It is
assumed that the 10 EV is performed charging in the different time frames, each with a maximum charging rate of
1.5kW, 20kW, and 40kW including V2G services. To schedule the charging profile, a linear energy cost model is
implemented. The charging scheduler tries to schedule the charging facility by minimizing the charging service cost.

Therefore, a smart EV charging scheduler allows the charging from the grid at a lower energy tariff than conventional
scheduler which is shown in Fig. 3 below.
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In Fig. 4, the LEVs are using a high charging rate and they are fully charged within 4h with optimal scheduling.
Moreover, the optimal scheduler allows the passenger cars to charge and discharge within the requested time frame to
optimize the charging cost as shown in Fig. 5 and Fig. 6. The high-level management strategy can schedule fast
charging because of the mid-level management which activates the modular power-sharing. When high power
charging is scheduled, multiple power converters are activated to fulfill the high charging demand. For example, each
LEV charging port has a maximum power rating of 1.5kW. The mid-level management strategy can combine 2
modular power converters when an LEV demands a charging power of 3kW. A similar strategy is valid for passenger
cars. Fig. 7 and Fig. 8 depict the modular power converter activation to respond to the corresponding charging demand.
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Fig. 7: 6kW modular AC/DC converter power-sharing for LEV. Fig. 8: 20kW modular AC/DC converter power-sharing for a passenger

car.

Since the charging station site has a grid limitation of 55kW, the charging station is not able to provide charging power
from the grid all the time. When the overall charging demand is greater than 55kW, the mid-level management strategy
provides some charging power from the PV-ESS system by switching the P, and P, switches. The mid-level
management strategy thus decides if the charging power flow comes either from the PV-ESS system or from the grid,
depending on the grid availability, the produced PV power and the ESS SoC Status. The switching between the AC/DC
and DC/DC converter groups for 40kW and 20kW charging demand is shown in Fig. 9 and Fig. 10. The ESS voltage,
SoC status, and solar power are shown in Fig. 11. It is noticeable that the ESS supply the charging load during the day
between 5.00 am — 10.00 am. However, the grid is also switched to charge when it is available during that time. The
ESS SoC status becomes very low at the end of the day. In the absence of PV power, the mid-level management
strategy allows the charging of ESS from the grid at higher charging rate to perform charging for the next day. Fig. 12
shows that the grid limitation is not violated by mid-level management system.
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The hourly charging cost data analysis shows that the smart charging station power management and high-level
charging scheduling strategy reduce 10-15% of the charging cost for EV users. The charging costs comparison between
optimized charging scheduling and uniformly distributed scheduling for each EV consumer is depicted in Fig. 13.

4. Conclusion

In this paper, a modular and scalable high-power charging station concept is discussed. Moreover, a mid-level energy
management strategy consisting of modular power electronic converter activation and a converter group management
strategy is also discussed. Finally, the high-level charging scheduling method is also discussed with charging cost
optimization. The charging station with multilevel energy management strategies is simulated in the
MATLAB/Simulink platform. The results show that the management strategy responds well to the high charging
power demands. Additionally, the high-level charging scheduling algorithm outputs a charging rate profile for
multiple EVs which reduces the charging cost up to 15% compared with uniform charging scheduling, while satisfying
the user requirements and grid limitations if any.
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