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ABSTRACT 

 
ARTICLE INFO 

The grid-tied solar power generation is a distributed resource whose output can 

change extremely rapidly, resulting in many issues for the distribution system 

operator with a large quantity of installed photovoltaic devices.  Battery energy 

storage systems are increasingly being used to help integrate solar power into the 

grid. These systems are capable of absorbing and delivering both real and reactive 

power with sub-second response times. With these capabilities, battery energy storage 

systems can mitigate such issues with solar power generation as ramp rate, frequency, 

and voltage issues. Beyond these applications focusing on system stability, energy 

storage control systems can also be integrated with energy markets to make the solar 

resource more economical.  Providing a high-level introduction to this application 

area, this paper presents an overview of the challenges of integrating solar to the 

electricity distribution system, a technical overview of battery energy storage systems, 

and illustrates a variety of modes of operation for battery energy storage systems in 

grid-tied solar applications.  

 

Keywords: BESS, Ramp rate, grid tied solar PV. 

Article History 

Received: 9
th 

June 2017 

Received in revised form : 

9
th

 June 2017 

Accepted: 12
th

 June 2017 

Published online : 

14
th

 June 2017 

 

I. INTRODUCTION 

The integration of significant amounts of photovoltaic 

(PV) solar power generation to the electric grid poses a 

unique set of challenges to utilities and system operators. 

Power from grid-connected solar PV units is generated in 

quantities from a few kilowatts to several MW, and is then 

pushed out to power grids at the distribution level, where the 

systems were often designed for 1-way power flow from the 

substation to the customer. In climates with plentiful 

sunshine, the widespread adoption of solar PV means 

distributed generation on a scale never before seen on the 

grid. The resulting challenges can best be thought of as 

opportunities for both manufacturers and utilities as they 

roll out various Smart Grid initiatives. Grid-connected solar 

PV dramatically changes the load profile of an electric 

utility customer. The expected widespread adoption of solar 

generation by customers on the distribution system poses 

significant challenges to system operators both in transient 

and steady state operation, from issues including voltage 

swings, sudden weather-induced changes in generation, and 

legacy protective devices designed with one-way power 

flow in mind . When there is plenty of sunshine during the 

day, local solar generation can reduce the net demand on a 

distribution feeder, possibly to the point that there is a net 

power outflow to the grid. In addition, solar power is 

converted from dc to ac by power electronic converters 

capable of delivering power to the grid.    Due to market 

inefficiencies, the typical solar generator is often not 

financially rewarded for providing reactive power support, 

so small inverters are often operated such that they produce 

only real power while operating a lagging power factor, 

effectively taking in or absorbing reactive power, and 

increasing the required current on the feeder for a given 

amount of real power. A radial distribution feeder with 

significant solar PV generation has the potential to generate 

most of its own real power during daylight hours, while 

drawing significant reactive power. Utilities in the south 

western United States have started to encounter power 

factor violations of the operating rules laid down by the 

regional transmission organizations (RTO) and independent 

system operators (ISO)who have oversight over their 

systems, and may incur fines for running their systems 

outside of prescribed operating conditions. A weather event 

such as a thunderstorm has the potential to reduce solar 

generation from maximum output to negligible levels in a 

very short time. Wide-area weather related output 
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fluctuations can be strongly correlated in a given 

geographical area, which means that the set of solar PV 

generators on feeders down-line of the same substation has 

the potential to drastically reduce its generation in the face 

of a mid-day weather event. The resulting output 

fluctuations can adversely affect the grid in the form of 

voltage sags if steps are not taken to quickly counteract the 

change in generation. In small power systems, frequency 

can also be adversely affected by sudden changes in PV 

generation. Battery energy storage systems (BESS), whether 

centrally located at the substation or distributed along a 

feeder, can provide power quickly in such scenarios to 

minimize customer interruptions . With the right control 

schemes, grid-scale BESS can mitigate the above challenges 

while improving system reliability and improving the 

economics of the renewable resource, thus providing a true 

smart grid solution to the integration of distributed 

renewable energy sources to the 21st century grid. This 

project describes the operation and control methodologies 

for a grid-scale BESS designed to mitigate the negative 

impacts of PV integration, while improving overall power 

distribution system efficiency and operation. The 

fundamentals of solar PV integration and BESS technology 

are presented below, followed by specific considerations in 

the control system design of solar PV coupled BESS 

installations.. 

II. BLOCK DIAGRAM 

 

FIGURE 2.1 PROPOSED BLOCK DIAGRAM 

 

The solar panel and Battery both generate dc supply which 

we are going to supply to the grid. The Dc produced by 

solar and battery are converted into ac and supplied to 

grid .The opto coupler provide    electrical isolation between 

PIC controller and dual converter .The gate driver circuit is 

used to provide pulses to driver circuit. 

 

2.1Optocoupler 

Opto coupler are designed to provide complete electrical 

isolation between an input and output circuits. The useful 

purpose of isolation is to provide protection from high 

voltage, surge voltage and low level noises that could be 

produces errors in the output. Opto couplers also provides 

interface between different voltage levels. The input current 

of an opto coupler can be photo transistor, LDR, Photo 

diode and LASCR. 

When the input voltage of LED is forward biased, the LED 

emits light, this transmitted light turns ON the photo 

sensitive device (photo transistor, LDR, Photo diode and 

LASCR) which produce nearly the same voltage at output. 

 

2.2 . PI Controller 

PIC 16F877 is a 40-pin 8-bit CMOS FLASH 

Microcontroller. The core architecture is high performance 

RISC CPU with only 35 single word instructions .all single 

cycle instructions take only one instruction cycle except for 

program branches which take two cycles. It has two types of 

internal memories :program memory and data memory. 

Program memory is provided by 8K word or 14 bits of 

FLASH Memory. data memory has two sources, one type of 

dada memory is a 368-byte RAM (Random access memory) 

and the other is 256-byte EEPROM. (Electrically erasable 

programmable ROM) 

III. BATTERY ENERGY STORAGE SYSTEM 

3.1  ENERGY STORAGE SYSTEM BASICS 

A basic one-line diagram of the main equipment of a 

BESS is represented in Figure 3.1 below. The BESS is tied 

to the grid via a medium-voltage breaker. A transformer 

steps down the voltage to a suitable voltage level for the 

Power Conversion System (PCS). The self-commutating 

PCS provides four quadrant power conversion between the 

ac and dc systems. The control system provides interface to 

a SCADA system and coordinates the operation of the 

BESS. Specifics of the control system are driven by the 

requirements of the BESS application, as discussed below. 

The protection and control system includes a Battery 

Management System (BMS), which monitors the health and 

status of the battery. 

 

FIGURE 3.1 SIMPLIFIED BESS ONE LINE DIAGRAM 

3.2 CONTROL MODES OF BATTERY ENERGY STORAGE 

SYSTEM 

 3.2.1. Ramp rate control 

As discussed above, solar PV generation facilities have 

no inertial components, and the generated power can change 

very quickly when the sun becomes obscured by passing 

cloud cover. On small power systems with high penetrations 

of PV generation, this can cause serious problems with 

power delivery, as traditional thermal units struggle to 

maintain the balance of power in the face of rapid changes. 

During solar-coupled operation, the BESS must counteract 

quick changes in output power to ensure that the facility 
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delivers ramp rates deemed acceptable to the system 

operator. 

 

3.2.2. Reactive Support 

In large interconnected power systems, system inertia and a 

diversity of generation and loads make frequency control 

and ramp rates a less significant concern for the distribution 

system operator, but rapid power flow changes can still 

cause adverse effects. In these cases, delivering reliable 

power to end-users within a specified voltage range is the 

most important goal. An important technical challenge for 

electric grid system operators is to maintain necessary 

voltage levels with the required stability. A distribution 

feeder will typically employ a combination of voltage 

regulators and switched or static shunt capacitors to deliver 

power at a consistent voltage and power factor to all 

customers on the line. 

 

3.3 BATTERY ENERGY STORAGE SYSTEM 

 Load  levelling 

  Mitigation of fluctuation caused by renewable 

energy 

  Enhancement of power quality 

  Emergency power supply 

  Voltage control in distributed network 

IV. SIMULATION 

 

 

 

FIGURE5.1 Input of simulation( Solar irradiations, solar 

voltage , solar current) 

 

 
 

 
FIGURE 5.2 Output of grid (Grid voltage, Grid current, 

Grid power) 

V. CONCLUSION 

 A MATLAB 2015 Professional simulation model has 

been developed utilizing the various electrical and 

mechanical components available in Simulink library for the 

proposed BESS system. The performance of the system has 

been analysed with the help of this modelThe rapid-

response characteristic of the BESS makes storage 

especially valuable as a regulation resource and enables it to 

compensate for the variability of solar PV generation. 

Battery energy storage systems can also improve the 

economics of distributed solar power generation by reduced 

need for cycle traditional generation assets and increasing 

asset utilization of existing utility generation by allowing 

the coupled PV solar and BESS to provide frequency and 

voltage regulation services.  
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