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. Abstract 

   As renewable resources become more commonly connected to assist 

the generation of electricity, energy storing systems increasingly come 

to life. The need for energy storing systems became very crucial with the 

integration of renewable resources for power quality improvement, back 

up generation and economics. Due to the huge integration of renewable 

resources, the necessity of using the power electronics in transmission 

and generation systems became progressively important.  

The Battery Energy Storage Systems (BESS) is one of the devices that 

have enjoyed much interest lately. It poses great challenges to whom 

would design and implement the following generation of smart grids to 

help integrating both solar power and wind power. To make these 

resources more economical and efficient, the location and the rating of 

the batteries is very crucial with respect to the performance. 

 This study introduces an investigation on a micro grid before and after 

integrating a BESS on a network with photovoltaic (PV) cells and a 

network with a wind farm (WF), illustrating the effect on power quality 

on both frequency and voltage wave forms. Also, the study will examine 

the BESS effect on a hybrid system connection during the normal 

operation and after insertion of a sudden three phase to ground fault on 

the transmission lines. The investigation will be divided into five 

sections; section (A) will represent the integration of renewable 

resources (PV and WF) on the micro grid. Section (B) will represent the 

PV case before and after the insertion of the BESS at the source side and 
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at the load side. Section (C) will represent the WF case before and after 

the insertion of the BESS at the source side and at the load side. Section 

(D) will represent the hybrid system connection after integrating the 

BESS at the source side and at the load side. Section (E) will represent 

the hybrid system connection with integrated BESS at the load side and 

after the insertion of a sudden three phase to ground fault on the 

transmission lines. Also, an overview on the results showing the effect 

on the voltage and frequency waveforms before and after the integration 

of each case will be presented. 
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CHAPTER ONE 

INTRODUCTION 

1.1. General 

   The importance of the energy generation from the renewable energy 

sources existed over a wide range of areas, compared to other energy 

sources. The increasingly deployment of renewable energy and energy 

efficiency with the diversification of energy resources, definitely 

benefited the energy security and economics. Also, it reduced the 

environmental pollution such as air pollution which is caused by the 

fossil fuels burning, and consequently improved the public health.  

   The importance of reliable power systems may include but not limited 

to the global warming, protection of environment and nurture the 

economy of the nation. The need for a reliable renewable power system 

emerged due to the increase in carbon emission pricing and the new 

regulatory requirements on renewable energy targets. 

   Renewable energy sources that derive their energy from the sun or 

wind are expected to supply humanity with energy for almost another 

million years. Climate changes and global warming concerns, engaged 

with the oil prices increase and government support, increased the 

legislation, incentives and marketing of renewable energy. Generating 

electricity from renewable resources became a trend in smart grids, 

delivered new chances for employment of renewable energy resources. 

Advancements of PV and wind power technologies have improved their 

https://en.wikipedia.org/wiki/Renewable_energy_commercialization
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usage with hybrid arrangements. The integration of renewable resources 

power generation to smart grids, posed unique challenges to system 

operators and utilities. The power generated from the grid-connected 

solar PV units or wind turbines, may vary starting from limited kilowatts 

to megawatts, and afterwards distributed along the network, from the 

substation to the customer. In climates with plenty of sunshine or wind 

during the day, it reflects a wide spread of power generated from the 

solar PV and wind turbines along the grid. The inherent intermittency of 

renewable resources output power varies with regard to power quality 

and reliability. In a bad weather occasion such as a thunder storm 

possibly will affect, in a small period, solar and wind generation from 

high up to negligible levels. 

   The resultant output posed obstacle for utilities and manufacturers 

affecting several smart grid constraints. The On-grid solar power 

systems generation extremely varies the load profile of the electric 

utility customers on the distribution system line, due to the sudden 

weather changes in generation, and poses obstacles to system operators. 

In steady state and transient modes, with problems comprising voltage 

swings, voltage sags, frequency variations and output power 

fluctuations, this might lead to instability. The resulting ramping from 

the power output due to clouds increases the need for highly dispatch-

able and fast responding generation. 

 


