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 This paper presents the power flow control between the main grid and the 

microgrid in low-voltage distribution network using H-bridge inverter. 

Controlling the real power flow in the line using the H-bridge inverter is 

investigated by implementing the line current control strategy. The feasibility 

of the proposed H-bridge inverter and its control strategy is validated by 

varying the line current reference. Hence, the H-bridge inverter will operate 

in its inductive or capacitive operation mode depending on the reference 

current value and the output of the PI controller in the control unit. The 

control strategy of the microgrid distributed generators has also been 

investigated in which P/V droop characteristics is applied to the power 

control of each DG in the microgrid. The effectiveness of the proposed 

approaches is validated through simulations. 
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1. INTRODUCTION  

Centralized control methods have been widely applied to control the power and voltage at PCC [1]. 

However, technical challenges are expected to be encountered by using the centralized schemes. A complex 

communication network is needed to collect the whole data and the central coordinator has to process all the 

information without any failure. Otherwise, the whole system will fail [2]. With the rapid development of the 

distributed generators penetration into the distribution network, controlling the power exchange based on 

decentralized manner through PCC between the utility grid and a microgrid is needed [3-4]. Therefore, in this 

paper, this power exchange is controlled by means of transformerless H-bridge inverter. Controlling the 

power flow at PCC has been done in the transmission or distribution network by using series compensators. 

Those compensators are mostly based on multilevel or cascaded H-bridge inverters [5-8]. So that, in this 

work, the power flow between the utility or main grid and the microgrid has been investigated by installing a 

non-cascaded H-bridge inverter at PCC. The power flow control between both networks can be achieved by 

controlling either the real power at PCC, the inverter reactive power, or the line current. A few researches 

have been conducted on the line current control between the two networks [9-10]. Hence, the real power 

control in this research has been done by controlling the line current at PCC. The distributed control of 

microgrids are mostly dependent on the conventional frequency droop for active power and voltage droop for 

reactive power [11-14]. However, in low voltage distribution network, the lines are usually resistive with 

high ratio of    . Hence, the microgrid power control in this work is dependent on     droop control 

between the active power and the RMS voltage of every DG unit. 

In summary, the PCC power flow controller is considered as transformerless H-bridge inverter 

connected between the main grid and microgrid. The line current control strategy is described and proposed 
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to be applied on the H-bridge inverter control unit. The microgrid operation and control with the     droop 

control method has also been described. Two cases have been considered, the first case is when the total real 

power at PCC is greater than the utility load demand and the second case is when the utility load demand is 

greater than the total generated real power. 

 

 

2. LINE CURRENT CONTROL STRATEGY 

In this control strategy, the reference value of achieving the power flow will be a reference current 

specified by the grid or system operator rather than injecting reference real or reactive power into the line. 

It’s worth noting that the magnitude of the reference current provided by the grid operator would only control 

the H-bridge inverter operation either capacitive or inductive. In other words, the value of the line current 

magnitude will not follow or be the same as the reference current value. The reference current is responsible 

only of injecting either capacitive or inductive series voltage into the line by varying the modulation index. 

The H-bridge control is synchronized with the line current by using a phase locked loop. Besides, the injected 

voltage through the line is      ) phase shifted depending on the PI controller output either positive or 

negative.  

The line current magnitude is compared with the reference current assigned by the grid operator and 

using PI controller, the reference quadrature voltage is generated. Moreover, by dividing the measured DC 

link voltage over the reference quadrature voltage, then the modulation index of the injected quadrature 

voltage          is assigned. The reference value of the DC link voltage is compared with the measured 

value of the capacitor voltage, and then the error is passed through PI controller so that the in-phase part of 

the injected voltage          is generated. To maintain the voltage amplitude of the in-phase injected voltage 

within its appropriate range, a limiter with boundaries           is applied. The overall control strategy is 

shown in Figure 1. 

 

 

 
 

Figure 1. Line current control strategy 

 

 

3. DG CONTROL STRATEGY 

In single phase power systems, generating the secondary orthogonal phase is quite challenging. A 

second order generalized integrator (SOGI) is applied to obtain the fictitious phase so as to form a virtual 

two-phase system in which   is the fundamental angular frequency, and k is the damping factor. According 

to the selected damping factor, the performance can be improved under distorted grid voltages in addition to 

the filtering feature that can be obtained [15]. From Figure 2 (a), the characteristic transfer function of the 

SOGI is stated as:  
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Then the following orthogonal two-phase system is obtained without considering the harmonic 

content of the current and voltage: 

 

             

 

    

              

 

    

               
 

    

                     

 

In low voltage distribution network, the voltage depends mainly on the real power. So that, the 

following equation is applied for every DG control strategy: 

 

                       

 

Where,   is reference real power,    is the initial real power,    is the droop gain,   is the measured 

rms voltage of every DG,    is the initial rms voltage. 

Figure 2 (b) depict the power control and current control loops of every DG unit. In the power control loop, 

the P/V droop control is applied to generate the reference real power of every DG while the reactive power is 

assigned as fixed value. In the current control loop, the reference dq current components are compared with 

the measured dq current components and by using PI controllers, the reference dq voltage components of the 

DG voltage is generated. Finally, the sinwave signal of the DG voltage is established by inverse dq 

transformation. 

 

 

 
 

Figure 2. Distributed generator control strategy 

 

 

4. SIMULATION RESULTS 

The simulation model of the proposed network is depicted in Figure 3. The microgrid consists of 10 

distributed generators and the transformerless H-bridge inverter is located at PCC to control the real power 

flow. Every DG is modelled as a controlled voltage source which is controlled by     droop characteristic 

and the utility load is assumed to be resistive. The simulation parameters are all given in Table 1. The lines 

connecting the DGs to PCC are assumed to be more resistive and each line has         length. The 
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performance of the proposed H-bridge inverter is validated in both inductive and capacitive operation modes 

using the line current control strategy. 

 

 

 
 

Figure 3. Simulation model of the proposed network 

 

 
Table 1 Simulation network parameters 

Grid Lines H-bridge inverter Utility Load Microgrid DGs 

    :       

 

 f   :       
 

    :        

 

    :        

 

     : 

0.8*0.1 Ω 
 

     : 

0.26*0.1    

 

       : 20   

  C     : 0.01   

        : 10     

      : 100    
 

             :       
   

           :             

 

  : 73    in 

case 1. 
 

  : 113    
in case 2. 

 

 

    : 1    

    :0.1    

   : 9    

    : 2      

 

 P(     ): 

        

Q(     ): 

        

 

 

4.1. Case 1:        

In this case, the H-bridge inverter behaves as an inductive impedance to reduce the real power 

export at PCC from the microgrid to the main grid depending on the controlled line current value. Before (t < 

1 s), the H-bridge control unit is blocked and consequently, the injected voltage is disabled. After (t > 1 s), 

the H-bridge control unit starts to operate and the injected voltage is enabled, respectively. The line current is 

controlled from 175 A to 140 A as depicted in Figure 4 (a). Figure 4 (b) depict the real and reactive power of 

the H-bridge inverter. The real power value is zero during the inductive operation mode since the angle is 

     ) with respect to the line current. The reactive power generated from the H-bridge inverter is a result of 

injecting series inductive voltage. The DC link voltage is regulated to its reference value (20 V) as depicted 

in Figure 4 (c). Figure 4 (d) demonstrates the injected peak to peak voltage which appears at the terminals of 

the H-bridge. It is clearly shown that the injected voltage is zero before (t < 1 s) since the control unit is 

disabled, whereas after (t > 1 s), the injected voltage is appeared as 20 V peak to peak. Figure 4 (e)-(f) depict 

the H-bridge voltage magnitude and phase angle with respect to the line current. As demonstrated, the 

injected voltage magnitude of the H-bridge is oscillating near the dc link voltage reference. Also, the phase 

angle is      with respect to the line current. 
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Figure 5 (a) show the RMS voltage (orange line) and real power (blue line) at PCC before and after 

the H-bridge operation. The RMS voltage at PCC is increased as a result of injecting inductive voltage into 

the line and the real power at PCC is controlled from         to zero as a consequence of the balance 

between the total generated power and the utility load demand. The RMS voltage and real power of every 

distributed generator are depicted in Figure 5 (b). After (t > 1 s), it is clearly shown that the RMS voltage of 

the DG is increased to a value which satisfy the PCC voltage increase. Also, the real power of every DG is 

decreased at (t > 1 s) from        to        as their RMS voltages are increased. This variation of the DGs 

real power is due to the     droop characteristic between the generated real power and the RMS voltage of 

every DG unit. Moreover, because of the resistive nature of the network and as the real power of the utility 

load is proportional to the PCC voltage, the real power of the load is increased from       to      as 

shown in Figure 5 (c). Figure 5 (d) depict the injected voltage and the line current in the inductive operation 

mode. 

 

 

 
 

Figure 4. Performance of the H-bridge inverter in the inductive operation mode 

 

 

 
 
 

Figure 5. System performance before and after the H-bridge inductive operation. 

 

 

4.2. Case 2:         

In this case, the H-bridge inverter behaves as a capacitive impedance to reduce the real power 

import at PCC from the main grid to the microgrid depending on the controlled line current value. Before (t < 

1 s), the H-bridge control unit is blocked and consequently, the injected voltage is disabled. After (t > 1 s), 
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the H-bridge control unit starts to operate and the injected voltage is enabled, respectively. The line current is 

controlled from 200 A to 145 A as depicted in Figure 6 (a). Figure 6 (b) depict the real and reactive power of 

the H-bridge inverter. The real power value is zero during the capacitive operation mode since the angle is 

     ) with respect to the line current. The reactive power generated from the H-bridge inverter is a result of 

injecting series capacitive voltage. The DC link voltage is regulated to its reference value (20 V) as depicted 

in Figure 6 (c). Figure 6 (d) demonstrates the injected peak to peak voltage which appears at the terminals of 

the H-bridge. Figure 6 (e)-(f) depict the H-bridge voltage magnitude and phase angle with respect to the line 

current. As demonstrated, the injected voltage magnitude of the H-bridge is approximately 17 V. Also, the 

phase angle is      with respect to the line current. Figure 7 (a) show the RMS voltage (orange line) and real 

power (blue line) at PCC before and after the H-bridge operation. The RMS voltage at PCC is decreased as a 

result of injecting capacitive voltage into the line and the real power at PCC is controlled from          to 

zero as a consequence of the balance between the total generated power and the utility load demand. The 

RMS voltage and real power of every distributed generator are depicted in Figure 7 (b). After (t > 1 s), it is 

clearly shown that the RMS voltage of the DG is decreased to a value which satisfy the PCC voltage 

decrease. Also, the real power of every DG is increased at (t > 1 s) approximately from        to         

as their RMS voltages are decreased. This increase of the DGs real power is due to the     droop 

characteristic between the generated real power and the RMS voltage of every DG unit. Moreover, as the real 

power of the utility load is proportional to the PCC voltage, the real power of the load is decreased from 

approximately        to        as shown in Figure 7 (c). Figure 7 (d) depict the injected voltage and the 

line current in the capacitive operation mode.  

 

 

 
 

Figure 6. Performance of the H-bridge inverter in the capacitive operation mode 

 

 

 
 

Figure 7. System performance before and after the H-bridge capacitive operation. 

 

 

 

4.3. THD of the PCC voltage 
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In       low-voltage distribution networks, the total harmonic distortion (THD) limit at PCC 

should not exceed 5% as stated in [16]. Therefore, the PCC voltage has been testified regarding the harmonic 

spectrum during both cases either if the H-bridge inverter is operating in its inductive operation mode or its 

capacitive operation mode. Once the series converter starts to inject inductive or capacitive voltage at 

         , the first three cycles of the PCC voltage is taken to measure the THD as depicted in Figure 8 (a) 

and (b). It is clearly shown that the THD factor of the PCC voltage is small and below 5% during both 

operation modes. In the inductive operation mode, the THD is about 1.79%. However, in the capacitive 

mode, the THD is fairly 1.97%.  

 

 

 
 

 

Figure 8: THD of PCC voltage during (a) inductive mode (b) capacitive mode 

 

 

5. CONCLUSION  

 In this paper, an H-bridge inverter is located at PCC to control the real power transfer near to zero 

by controlling the line current. The line current control strategy has been designed in order to achieve this 

target. The simulation results show the effectiveness of the proposed control strategy in reducing the real 

power at PCC to zero during both inductive and capacitive operation modes. Besides, it was observed that the 

THD values of the PCC voltage in both operation modes are below the specified limit in low voltage 

distribution network.. 
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