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Abstract

One of the main causes of air pollution in metropolises is the heavy traffic and high volume of cars and motor
vehicles, which undoubtedly play a major role in increasing the amount of air pollutants that introduction of hybrid
cars into the urban transport is essential. This paper first briefly introduces plug-in hybrid electric vehicles (PHEV)
and their role in fuel consumption management; then a case study of a renewable energy-based charging station for
PHEVs was assessed on demand on sunny and cloudy days. On a cloudy day, when wind speeds ranged from 10.4 to
11.6 m/s, charging demand was higher from about 6:00 to about 18:00 than PV and wind power generation, so the
power controller turned on the FC to generate the extra energy needed to meet the demand. Also on a sunny day, when
wind speeds ranged from 10.2 to 12.3 m/s, the charge demand was lower than PV and wind energy production.
Therefore, the power controller turned off the FC and the available additional power was used to break down water to
produce hydrogen. Overall, the solar and wind power charging station effectively met the demand for PHEVs on
sunny and cloudy days.

Keywords: Plug-in Hybrid Vehicles, Charge station, Renewable energy.
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Permanent magnet synchronous generator (PMSG)

PV, WECS and FC converters

Madel NH-10K-150 Cin(1F) 470
Winding connection Star Switching frequency (kHz) 25
Rated power (kW) 10 DC-link capacitor Cy.(u F) 680
Rated phase voltage (V) 110 ¥ (V) 540
Rated speed (rpm) 150 C2(uF) 22
Nominal phase current (A) 30 GnF) WE: 1.2, PV: 2.4, FC: 3.6
Start-up torque (Nm) <13 Type of transformer T Pulse
Magnetic material NdFeB ny, m, N3 ]E;'In, llme! zafn
Insulation F MOSFET switchSy IRFPS40N6OK:WE: % 1, PV: x 2, FC: % 3
Wind turbine Diodes: D,-D; 15ETHO6S
Model WKV-10000 H-5000 PEM FC stack
Type Vertical Cells number (N,.) 120
Rated power (kW) 10 Stack efficiency 40% @ 72V
Size: height/diameter (m) 4.2 /5.7 Rated power (W) 5000
Blades material Al alloy Performance TZV@70A
Start-up wind speed (m/s) 1.5 Max. temperature (“C) 65
Minimum power generation wind speed (m/s) 25 Over current shut down (A) 90
Rated wind speed (m/s) 12 Low voltage shut down (V) 60
Cut-in wind speed (m/s) 4 Hppressure (bar) 0.45-0.55
Cut out wind speed (m/s) 15 Reactants Ha& air
Survival wind speed (m/s) 60 Flow rate at 5 kW (liter/min) 65
PV array: 60 PV modules KC200GT Humidification Self-humidified
PV module KC200GT Hspurity > 99.99%
MPP current (A) 7.61 External temperature (C°) 5-30
MPP voltage (V) 26.3 Converter connected to PHEVs
MPP power (W) 200.1430 IGBT switches: Q3-Q6 STGY40NC6OVD x 15
Short-circuit current (A) 8.21 1‘1«1”1')\,3 Yoy
Open-circuit voltage (V) 329 Diedes D3-D10 40HF6&0
= PV and wind power production
—— Charge demand
—— Power consumption of the electrolyzer @ 6 i
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= PV and wind power production

—— Charge demand

—— Power consumption of the electrolyzer
Power production of the FC stack
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