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Abstract

This paper deals with electric vehicle (EV) battery charger, supplied by three types of renewable power generation consist-
ing of photovoltaic (PV), wind and combined heat and power (CHP) as a hybrid system. The proposed system consists of three
separable distributed power sources that can be joined together in a common DC link. Power electronics charger is designed
both in current control and voltage control modes of operation. The power management control unit of EV charger deter-
mines reference current and voltage of battery during charging process. Incremental conductance and tip-speed-ratio (TSR)
are considered as maximum power point tracking (MPPT) methods both for PV and wind power systems. Grid connected
converter is also considered for load demand balancing of battery charger. Simulation results using MATLAB shows MPPT
realization and power supplementation by variable wind speed and irradiance during different values of load demand.

Keywords: Electric vehicle, renewable energy, photovoltaic, wind power generation, maximum power point tracking, com-

bined heat and power

Introduction

Destructive effects of greenhouse gases emitted
by internal combustion engines (ICE) motivate
scientific and technological societies to find al-
ternatives for something like our energy
sources and transportation. Because of recent
developments in the power industry, conven-
tional power sources can be changed into re-
newable energy and gas stations can also be re-
placed by electric vehicles (EV) charging stations
in order to reduce the amount of fossil fuel pol-
lutants [1-3].

For increasing the utilization of EV, charging
stations with reliable and controllable battery
chargers is needed. These battery chargers
should supply the demand power of several EV’s
batteries with power electronics converters

which are connected to DC microgrid. The con-
figurations of DC microgrid for EV charging ap-
plications have been investigated in [4-6].

It's not reasonable to supply the required power
of EV's battery charger just with fossil fuels. If
this is the case, EV is being replaced by vehicles
which use ICE and therefore electric power of
battery charger will be supplied by pollutant
power sources. There are some strategies to
provide the power required in EV charger.

Photovoltaic is one of those renewable energy
sources, which is developed in both quality of
manufacturing and converters design. PV panels
receive irradiation from the sun and convert it
to electrical DC power. Several types of DC-to-
DC converters have been designed and proposed
to control the output power for different pur-
poses of regulation and optimal use of available
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power by different methods of maximum power
point tracking. The required energy of EV
charger is supplied by PV in [7]. Different meth-
ods are also proposed and investigated for max-
imum power point tracking (MPPT) in photovol-
taic applications [8-10].

Wind power is another renewable source that
can supply the demand power of EV chargers.
Wind generation is also developed by new aero-
dynamic designs of wind turbines, power elec-
tronics converters and electrical machinery de-
sign using modern semiconductor devices and
new magnetic materials. The operation of wind
power generation is alsoillustrated in [11] and its
performance such as speed and power control
are described in[12-14]. The aerodynamics model
of rotating blades coupled with drive train
model of gear box can provide mechanical in-
puts for a permanent magnet synchronous ma-
chine (PMSM). Using PMSM as a generator can
generate three phase AC output for stand-alone
and grid connected applications. Different speed
and power control methods both in classical and
intelligent control have been proposed for opti-
mal use of available input of wind power for
MPPT reasons [15-17].

The intermittent nature of renewable energy is
caused to use distributed heating plants in order
to increase the flexibility of power system [18,
19]. Combined heat and power (CHP) are one of
those heating plants. However, penetration of
renewable sources decreases the operation
hours of CHP, but plants can increase the eco-
nomic feasibility of CHP unit by participating in
the electricity balancing tasks. This is a proper
idea to use renewable power sources such as PV
and wind power beside CHP in order to increase
the flexibility of DC microgrid power system for
connecting EV battery charger.

This paper proposed a configuration and power
control strategy in order to supply demand
power of EV battery charger. The proposed hy-
brid system consists of PV, wind and CHP power
generation which are connected to common DC
grid, to supply the required amount of demand
power. Grid connected subsystem is also consid-
ered to balance supplied power against demand

power. Incremental conductance and tip speed
ratio MPPT mechanisms are considered for opti-
mal power tracking from wind speed and irradi-
ance and increasing their efficiency. MATLAB
simulation is also carried out to illustrate the
configuration and control strategy by using typ-
ical values brought in Appendix

Proposed hybrid system
1. Configuration of hybrid system

Figure 1 proposed the configuration which is
used in this paper. Each PV, wind and CHP sys-
tems are connected in parallel with each other
in a common DC grid. EV chargers are also con-
nected to DC grid in order to be supplied by dis-

tributed power sources. EV chargers should sup-
ply demand power ~Z"#* \hich is requested
from battery. So, if demand power becomes

B
greater than ~ % (hybrid power gained from
PV, wind and CHP Systems), grid connected sys-

tem will supply the rest of power as PG"”. Equa-

B, Proo s
tions (1), (2) show ~H¥id gnd = Demand pelation-

ships
Fatria = For T By + Fop (1)
Bremena = Pegaria £ P (2)
'.{fR,\_. _______ >R, then P, >0
VI Poand <Bs then B, <0 (3)
| I Pocwins =Foseus them By =0
. P
If Fromand becomes less than &%  gorid con-

nected system should inject the rest of produced
power to the utility grid. In a condition in which
the demand power becomes equal to total power

E.. .
(" #%d) the grid connected system disconnects
DC grid from AC utility grid. So, a bidirectional
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power-controlled converter is used for this ap-
plication. Figure 2 shows a flow chart of the
power balancing mechanism which is used in
this design. Firstly, the power measurement
units should measure the power demand of bat-
tery charger which is connected to several EV
batteries. In the next step, maximum available
power from the sun and wind subsystems
should be calculated. CHP power source has cer-
tainly a more specified power value in compari-
son with PV and wind sources. The demand
power of battery charger should be supplied by
these three sources. The variable nature of re-
newable energy forces us to consider grid con-
nected subsystem for balancing demand power
against supplied power.
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Figure 1. Configuration of total hybrid system
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Figure 2. Power balancing flowchart
2. Photovoltaic subsystem

The photovoltaic subsystem in the hybrid sys-
tem consists of a PV array, two buck converters,
MPPT and DC to DC controllers. Figure 3 shows
photovoltaic structure which is connected to DC
grid [20]. Measurement unit, prepare Vey and Iey
as inputs of MPPT control unit. This control unit
hires an incremental conductance method for
gating the MPPT converter [10]. Capacitive filter
is connected to output port of MPPT converter
to eliminate voltage ripple.
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Figure 3. Photovoltaic subsystem

After capacitive filter, another DC-to-DC buck
converter is considered to prepare 600 Volt ref-
erence DC grid voltage. In this structure Ppy is
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the maximum available power injected to DC
Grid.

3. Wind power subsystem

The wind power subsystem of a total hybrid sys-
tem has configuration such as shown in figure 4
[17, 21]. By inputs of wind speed Vwind
and pitch angle bwing turbine block gives the out-
put mechanical torque TMPPT controller block
determines reference speed ¥ of turbine by
TSR method with the inputs of wind speed Vwina
and aopt [13]. PMSM & converter model block
convert mechanical input power of wind to elec-
trical DC power. This block represents tracking
mechanism of reference speed. At the reference
speed, the optimum power is received by wind
turbine.
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Figure 4. Wind power subsystem

Inside of PMSM & converter model is shown in
Figure 5. In this model, PMSM produces three
phase AC power with inputs of Tm and wind
speed. Three phases of PMSM are connected to
AC to DC converter. Control of the recti-
fier is based on the space vector modulation
(SVM) method used in [22].
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Figure 5. Detailed model of PMSM & converter
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Figure 6. Wind power subsystem

Reference speed of turbine ¥ compared with
feedback speed from PMSM <tk and error sig-
nal is obtained as inverter controller block in-
put. Inverter gating block produces converter’s
gating pulses.

4. CHP subsystem

Using a power station to generate electricity and
heat at the same time is called combined heat
and power (CHP). Cogeneration of heat and
power is a thermodynamically efficient use of
fuel. Figure 7 shows CHP subsystem considered
in our hybrid system.

In this subsystem, air and fuel gas are inputs of
gas engine to produce mechanical energy as in-
put of three phase generator. Unlike other gas
engines, CHP increases efficiency by recovering
from heating losses. Exhausted gas which comes
from gas engines, contains heat energy re-
trieved by steam generator and heat exchanger
[24].
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Figure 7. CHP subsystem

Figure 8 shows CHP subsystem considered in
this paper. Three phase output of the generator
isisolated and stepped up by transformer. Three
phase bridge converts AC power to DC power.
High frequency voltage ripple is suppressed by
capacitive filter connected to DC-to-DC buck
converter. CHP power generation subsystem is
also connected to DC grid. DC to DC PI-control-
ler regulate Vi

to be connected to DC grid by comparing refer-
ence and measured values.
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Figure 8. CHP model
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5. EV battery charger

EV batteries should have enough energy density
to supply propulsion power for movement at
least for some hours. Each battery has special
charge characteristics such as shown in Figure 9.
Empty batteries should be connected to a con-
verter with special control in both current and
voltage modes of operation. Absence of this sen-
sitive and accurate control may cause cata-
strophic failures.

The charging of these batteries needs a manage-
ment unit for monitoring and control of battery
system. It involves monitoring of tem-
perature, temperature variation rate, charging
current etc. Converter should be able to react
immediately upon orders of management unit
(Figure 10).

In the beginning of charging process, converter
should work in current mode control to provide
initial current for charging Lnia. In this mode,
the voltage of battery begins to rise until it
reaches pre-charge voltage Vpre.

T Gy

Time

Figure 9. Charging characteristic of EV battery

After this step, converter should be set on
higher level of current value as Icharging Until it
reaches arated voltage. After this step the volt-
age should be set to arated voltage. In
this step, the charging current decreases to zero.
At zero current battery becomes fully charged
[25-27].
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Figure 10. Charger system
6. Grid connected subsystem

In charging process, there may be some condi-
tions that the demand power of charger be-
comes more than the available power from pho-
tovoltaic, wind and CHP. In this situation, the
grid connected subsystem supplies the rest of
the demand power. In the case of hybrid power
becoming more than demand power, additional
power should be injected to utility grid. This
subsystem consists of a grid connected rectifier
and grid connected inverter as shown in Figure
11 and 12.

The measurement unit measures three phase
current, and flux is estimated by virtual flux es-
timator. Consequently, active power esti-
mated by instantaneous power theory and ac-
tive power will be determined. DC link is also

241107



Journal of Power Technologies 101 () (2021) 26 -- 101

\ @:

measured and entered into the PWM control
unit. By comparing reference power and refer-
ence DC link voltage with measured values, er-
ror signal is obtained. PI controller is used for
PWM control of rectifier [28]. When power de-
mand exceeded the available power of hybrid
system, Prer is determined and set as reference
power. UDCg.s should be set as 600v.
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Figure 11. Grid connected subsystem (rectifier
mode)
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Figure 12. Grid connected subsystem (inverter
mode)

Simulation study

MATLAB simulation was carried out to analyze
the performance of a total hybrid system. The
system parameters used in simulation study are
presented in Appendix.

Figure 13 shows the characteristics of PV sub-
system during simulation time. When the irra-
diance level is changed, the MPPT mechanism
keeps Vpy and Ipy at maximum power point value.
So, amount of PV subsystem power can be deter-
mined.
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Figure 13. PV subsystem characteristics

Simulation of wind power subsystem is also
shown in Figure 14. Wind speed variation is con-
sidered with different step levels in order to
show output changes. It can be seen that by
changing of wind speed, w. is followed by w-. It
means that maximum power point is tracked by
converter. DC link voltage and output power of
wind subsystem are also shown in Figure 14.
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Figure 14. Wind subsystem characteristics

As discussed before, CHP power subsystem con-
sisted of different parts, such as step up trans-
former, three phase rectifier, filter and DC to DC
converter. DC and AC voltages and output
power in simulation are_shown in different
parts of Figure 15. Internal AC input in each side
of the transformer is shown with notation
of VCHPl, VCsz.

If the value of demand power changed during
time, grid connected subsystem should help hy-
brid system to supply the rest of required
power. In Figure 16 demand power increased
from 1.5MW to 1.8 MW. So, hybrid power system
should supply this amount of increased load. PV
and wind subsystems receive sunlight and wind
available power despite variation of irradiance
and wind speed and transfer them into the com-
mon DC grid. It can be seen that both wind and

PV power depend on the environmental situa-
tion and CHP is used to increase the economic
feasibility of a total hybrid system.

CUF Bridge awmpurd v

AAF Seabiowrems Foser (KW

Figure 15. CHP subsystem characteristics

Whenever the demand power from charging
system exceeded from total power of wind, PV
and CHP, grid connected subsystem supplied
rest of power. Required grid power is calculated
during 15 seconds of simulation.

Conclusion

In this paper, a new design of wind, PV and CHP
hybrid system for EV battery charger is pro-
posed. The mechanism of each part of hybrid
subsystems is explained. MATLAB simulation is
carried out to model each part of the proposed
system and implement incremental conduct-
ance and tip speed ratio MPPT methods for the
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optimum power point tracking. Simulation re-
sults of each wind, PV and CHP are presented for
assumed values of battery charger demand
power during time. Supplied power for each hy-
brid subsystem compared with demand power

and rest of power that should be supplied by grid APpendix A.
connected system, is considered. Parameters used in the simulation are as fol-
il , _ lows:
EL ----------- 1 ----------- 'Wind turbine
B R ----- Rating 100 kW
_ L : : : )Air density 1.225 —
‘ I I Blade radius 1m
i ' Rated wind speed 12 —
) Base rotor speed 152.89 —
‘ Iq Base rotor speed b=0
: Wind generator
- Rating 100 kV
: 71.9215
[Voltage constant -
; Torque constant 0.6868 —
Flux linkage 0.1717 Vs
Rotor inertia fgzrfl: 16~
Wind converter
Figure 16. Power characteristics of total system [Rating 100 kW
Switching frequency 10 kHz
IAmplitude PI controller 18;6: 250,k =8
Frequency PI controller 18;6: 60, k=8
PV array
Vo at 1000 — irradiation 1000 V
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Isc at 1000 — irradiation 120 A
Vmax at 1000 — 620 V
ir-
radiation
[ax at 1000 — irradiation 110 A
Increamen-
Control method tal conduct-
ance

Switching frequency 200 kHz

Rating 2 MW

[nitial duty cycle 0.5

Transformer voltage ratio 600 VLL/2300

VL
PI controller 11<P= 10, k0.
Switching frequency 150 kHz
Rating 1.2 MW
Rati 1.2 MW
atng PI controller [kp=10, k=0.1
Voltage rating 600 V, AC 3
phase
Switching frequency 20 kHz
Rating 2 MW
Voltage mode controller flkp=12, k=0.1
Current mode controller flkp=17, k=0.3
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Switching frequency 20 kHz

DC Voltage link rating 600 V AC

Grid inverter

Rating 1.5 MW
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