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Abstract- Modern power system consists of wide range of power electronic equipments. These equipments act as non-linear 
loads which injects harmonics in the system. Unified Power Quality Conditioner (UPQC) is One of the FACT’S device that 
tackles both current and voltage related problems. UPQCs are not widely used due to their excessive price. This paper 
describes a method to analyze the reactive and active power transaction capabilities of Plug-in Hybrid Electric Vehicles 
(PHEV) in a Vehicles to Grids (V2G) mode of operation, which gives a low-cost solution for designing a UPQC using 
PHEV charging station. A third order dynamic battery model is used as the substitute to dc link ofUPQC in proposed work. 
Simulations have been executed in MATLAB SIMULINK.  
 
 Index Terms— V2G, UPQC, PHEV, Battery Model, Smart Grid 
 

 
 
I. INTRODUCTION 
 
The term “power quality” (PQ) has gained significant 
attention in the past few years. The advancement in 
the semiconductor device technology has made it 
possible to realize most of the power electronics 
based devices/prototypes at commercial platform. 
Reactive power compensation is one of the common 
yet very important issues for power system engineers 
at transmission as well as at distribution level. It is a 
well-known fact that a typical distribution network 
consist of distribution transformer, motor loads, etc., 
demands reactive power. This load-reactive power 
demand is mainly affected by the type of loads. 
Unified power quality conditioners (UPQCs) allow 
the mitigation of voltage and current disturbances that  

 
could affect sensitive electrical loads while 
compensating the load reactive power   
The UPQC consists of two voltage source inverters 
connected back to back with each other sharing a 
common dc link. One inverter is controlled as a 
variable voltage source in the series APF, and the 
other as a variable current source in the shunt APF. 
Fig1 shows the basic configuration of the unified 
power quality Conditioner. The shunt active filter of 
the UPQC can compensate all undesirable current 
components, including harmonics, imbalances due to 
negative- and zero sequence components at 
fundamental frequency, and the load reactive power 
as well. The same kind of compensation can be 
performed by the series active filter for the supply 
voltage, hence, the simultaneous compensation 
performed by the UPQC guarantees that both the 
compensated voltage VL at load terminal and 
compensated current is that is drawn from the power 
system become balanced, so that they contains no 
unbalance from negative- and zero sequence 
components at fundamental frequency. Moreover, 
they are sinusoidal and in phase, if the load reactive 
power is also compensated. Additionally, the shunt 
active filter has to provide dc link voltage regulation, 
absorbing or injecting energy from or into the power 
distribution system, to cover losses in converters, and 
correct eventual transient compensation errors that 
lead to undesirable transient power flows into the 
UPQC.  
 

 
Fig. 1 Configuration of the UPQC 
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Plug-in Hybrid Electric Vehicles (PHEV) is 
alternative to the current vehicle due to enhancement 
in battery and hybrid electric power technologies. 
Therefore, in recent years, the numbers of PHEVs 
comes into the market have been increasing very 
quickly. These vehicles could help in vehicle-to-grid 
(V2G) power transactions in the proposed smart grid 
in the near future.  
Most US population drive are parked more than 95% 
of the day [19], their expectable nature can be provide 
successfully in V2G transactions. 
In V2G mode of operations, the PHEV fleet can give 
many grid services, such as voltage regulation 
management [19],[21]. 
Another important use of the PHEV is reactive power 
support, which has not been studied previously. The 
ability of reactive power compensation of a vehicle 
battery has been described in [20]. 
Active power filters are widely used in the area of 
power quality improvement. There are two important 
types of APF, namely, shunt APF and series APF. 
Shunt APF compensates current-related problems and 
series APF compensates voltage-related problems. So 
installation of these APFs has great scope in practical 
implementation, since the modern distribution system 
demands an improved quality of voltage being 
supplied and current drawn.  A unified power quality 
conditioner (UPQCs) is an integration of series and 
shunt active power filters (APFs) for compensation of 
voltage and current disturbances and reactive power. 
They are applicable to power distribution systems, 
being connected at the point of common coupling 
(PCC) of loads that generate harmonic current. 
 
II. DYNAMIC PHEV MODEL 
 
PHEV requires an electronic interface to connect with 
the power grid for battery charging. To model the 
system [17] together with the battery state of charge 
(SOC) and dynamic reaction of electrolyte 
temperature, the impact of electronic charger is 
considered. 
A dynamic model of a rechargeable battery is used to 
develop model of PHEV [18] has been chosen. The 
elements of battery are variable, as they depend on 
electrolyte temperature as well as on the SOC 
 

 
Fig.3 Battery electric equivalent considering a parasitic 

reaction [16] 

Fig.3 represents the battery equivalent where SOC is 
the state of charge of battery and θ is the electrolyte 
temperature. Im is an important part of the total 
current (I). Ip is another part of the dc current pass 
through the parasitic branch.  Parasitic reaction is an 
uninterrupted process which pulls the current but 
does not take part in main reaction;  
The impedance of main reaction branch increases 
with charging; at a full state of battery, the impedance 
of the main reaction branch becomes infinite. This 
causes the terminal voltage of parasitic branch rises 
as well as the current Ip.  
 

 
Fig.4. Equivalent electric network used for the 3rd order battery 

model [18] 
 
The battery model can be represented as a RLC 
network as shown in Fig. 4. Third order dynamic 
Battery modeling is based on designed regarding 
current, electrolyte temperature and state of charge 
(SOC). 

The third order battery model dynamic equations 
are [18]: 
 

 
Where Ve depict the hysteresis phenomenon during 
charge and discharge cycles for the Lead-Acid 
battery. 
 
When battery is charging, the exponential  voltage 
increases and the SO C of the battery doesn’t matter. 
When the battery is discharging, the exponential 
voltage part decreases quickly. 

Vpdepends on the sign of Im as follows:  
),( , mep IqV  = 
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III. CONTROLLER DESIGN 
 
UPQC is a combination of series and shunt converter 
FACTS device with DC voltage Vdc in common bus 
connected between them. In order to develop a 
controller we have two different converters to control 

UPQC. Here pq theory is used as the base control 
theory  

 

 
Fig. 8. PHEV modeling as a virtual UPQC 

 
The proposed system is shown in Fig. 8. When the 
nonlinear load is present, the active and reactive 
power is nothing but the combination of average and 
oscillating components. 
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A harmonic component in load current produces the 
undesirable oscillating active and reactive power. The 
αβ reference currents can be calculated for these 
oscillating powers. 
After that, to measure the amount of currents to be 
injected Clarke inverse transformation is used.  

 
IV. SIMULATION RESULTS  

 

 
Fig.9 Capacitor voltage 

 

 
Fig.10.output voltage without PHEV battery 

 

 
Fig.11 THD level without UPQC 

 

 
Fig.11 THD level with UPQC 

CONCLUSION 
 
This paper has investigated the performance of 
dynamic PHEVs as a virtual UPQC. The results 
obtained from simulations show that PHEV have the 
capability to work with UPQC to improve power 
quality. Improvement of the control technique 
considering battery ageing consequences, the smart 
grid technology could be the future work                    
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