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ABSTRACT 

       This thesis presents a new concept of single-phase grid connect-

ed PV system with unbalance controller algorithm. Different switch-

ing conditions according to the grid status have been discussed. New 

method of unbalance control and short circuit protection are proposed 

to make sure that the current and voltage values are within the unbal-

ance limits which are a proper protection method to both PV system 

and the grid. The distribution system current profile can be properly 

regulated using adequate power management from the distributed in-

verters among the distribution network. System discretion with ade-

quate simulation with a proposed distribution network connection is 

provided. The system can be applied easily to all PV grid connected 

inverters and can be easily controlled either automatically or manual-

ly be the networks operators. 

The study also includes the effects of PV penetration on the voltage’s 

waveforms at different levels, 22KV,11KV and 380V. 

Small scale energy sources are widely used; their high-level penetra-

tion impact can negatively affect the distribution network. In order to 

solve the three-phase unbalance problem and save it within limits, a 

new control topology is proposed, this topology is based on switching 

the inverter output between the three phases according to the level of 

consumption. An adequate PQ controller with unbalance controller 

reference by detecting the highest error value in order to adjust the 

inverter output according to the status of the defected phase are pre-

sented. The synergy between the multilevel inverter topology and this 

unbalance controller with adequate PQ controller would be the major 

enhancement in PV single phase systems. This controller can be used 

in order to make a proper enhancement and improvement to the smart 

grid technology applications and also to the overall distribution pow-

er system.  



An unbalance controller is presented using the theory of highest cur-

rent (highest consumption) detection in order to drive the inverter to 

inject its output on it to reach the balance state, or at least decrease 

the unbalance limit. In additional, short circuit protection is done by 

checking the voltages magnitudes and make a fast comparison to 

make sure that the differences are within limits and are not severe 

differences result from short circuit error on the grid.  

An adequate single-phase PQ controller is presented which depends 

on creating an imaginary 3 phases from single phase voltage and cur-

rent by shifting the single phase 90
ₒ
 on the space in order to perform 

parks transformation. Simulation results using Matlab/Simulink are 

presented. 

It has been noticed that single phase PV systems can reduce the 

unbalance limit and reach to the balance state especially in small 

scale networks. Also there were no changes noticed at the voltage 

waveforms at all levels due to the PV penetration. 
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