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Abstract:-Nowadays energy storage is a big challenge for the researchers and interfacing the energy storage device with the 
grid is very important. Battery energy storage is most suitable for the renewable energies like solar, wind etc. In this paper a 
bidirectional converter is proposed which is connected with dc grid in the high voltage side and with a battery in the low 
voltage side. This bidirectional converter is able to supply bidirectional power from the grid to battery and battery to grid. 
Based on the state of charge of the battery and direction of current a new algorithm is proposed which gives the proper 
charging and discharging of battery and ability to supply power both sides. This bidirectional converter is simulated in 
matlab/simulink and results are shown. 
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I. INTRODUCTION 
 
Conventional energy crises are increasing day by day 
because of pollution, limited   stock of conventional 
fuels, global warming etc. Due to this limitation the 
only solution are non- conventional sources of energy 
like solar energy, wind energy and fuel energy etc. 
because non conventional sources of energy are free 
and clean. But there is a problem with the non-
renewable sources. These are intermittent in supply 
and strongly weather dependent. So the next solution 
is to store some amount of energy. The overall 
structure of the electric power system is changing. 
The demand for the energy is moving from fossil fuel 
to renewable. Energy that is more environmentally 
friendly and sustainable. In addition to that electric 
power systems should be more reliable and should 
meet the demand of the increasing energy. There is a 
great challenge when integrating renewable energy 
because they do not behave like conventional power 
plants. Some challenges with the use of renewable 
energy are: 
 Weather dependent 
 Non dispatch-able 
 Scalability and timing 
 Reliability and power quality problems 
 Land requirement is very high 
 Economic factors including tax and energy 

credits 
This is where energy storage systems become an 
enabling technology.  Battery energy storage is most 
promising technology  and  it  assures  the dispatch 
able energy  and  we  can  integrate  it  with  most  of  
the renewable energy sources. This technology can 
provide spinning  reserves,  load  level  balancing,  
tackling  of overload problems  and voltage  support  
and it  can provide  most  efficient  use  of available 
resources  with maximum achievable  efficiency and 
assures  the  quality of  power.  In this paper battery 
storage and bidirectional converter is proposed.  This 

paper mainly has 6 sections. Section 1- introduction, 
section II- problems and their solutions, Section III- 
system configuration, section IV -converter 
modelling and buck- boost mode of converter.  
Section V – Proposed algorithm and simulated 
results, Section VI- conclusions. 
 
II. PROBLEMS AND THEIR SOLUTIONS 
 
Nowadays technology is going very fast and our 
conventional sources of energy are limited and 
depleting and if their use continues like this, there 
will be no conventional sources in future. So the next 
solution is renewable sources of energy but there is 
again lot of challenges with renewable kind of energy 
like intermittency, non predictability, nature of 
availability but these are clean, freely available and 
there is less carbon footprint with renewable energies. 
Solar and wind technology are most promising 
technology with battery storage system. Due to 
intermittency and nature of availability, the next 
solution is energy storage when energy is available, 
and supplying the energy when it is needed.  For this 
we need reliable energy storage devices. Battery 
energy storage is a very promising technology and 
most suitable with most of the renewable energies 
like solar and wind energy. For this again the 
challenges are the life of a battery, battery cost, and 
performance of the battery, rate of charge, rate of 
discharge, efficiency, temperature and predictability 
of charging of the battery. With this we need a very 
robust interfacing device that can connect the battery 
storage system with the grid. Then we should have 
proper device to integrate this system with the grid. 
So in this paper a bidirectional converter is proposed 
which is connected with dc grid 300V on high 
voltage side and on the low voltage side 120 V with 
battery energy storage system. This bidirectional 
converter is capable of charging and discharging the 
battery reliably. Charging and discharging is based on 
the state of charge of the battery and direction of the 
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current.  Algorithm for charging and discharging of 
battery is proposed and given in upcoming sections. 
Converter duty cycle is controlled by using the state 
of charge of the battery and direction of the current 
and there is no chance of overcharging of battery that 
leads to reduction in the life of battery. The 
summarized problems and solutions are given in Fig. 
1. 

 
Fig: 1 Existing Problems and solution for the problems 

 
III. SYSTEM CONFIGURATION 
 
A DC grid of 300V is connected here with renewable 
sources like solar cell, fuel cell and energy storage 
system and also with different kinds of DC loads. The 
uthor's focus is on bidirectional converter with battery 
energy storage system. Battery is connected with the 
bidirectional DC-DC converter. Bidirectional 
converter is made of buck and boost converter having 
capability to step-up and step-down the voltage.  The 
system configuration is shown in fig 2. 

 
Fig 2: system configuration 

 
The DC grid voltage is 300V and by using buck 
converter it is stepped down to the voltage level of 
120 V to charge the battery   and   again when power 
is needed to grid, the power is supplied from the 
battery to the  grid  by  using  boost converter   to   
the   same  voltage  of 300V. 
  
IV. CONVERTER MODELLING AND 

BUCK BOOST OPERATION 
 
Bidirectional converter (BDC) is a combination of 
buck and boost converter which is capable of sharing 
power both sides. Input side of boost converter has 
grid voltage which is fixed at 300V and on the other 

side is a lead acid battery having rated voltage of 
120V. A bidirectional converter is shown in fig 3. 

 
Fig 3: Bidirectional converter 

 
The bidirectional converter works in two modes. One 
is the discharge mode during which the bidirectional 
converter is used to boost the battery voltage to a 
suitable high level DC bus voltage (300V) and the 
second mode is the charging mode during which the 
BDC is used to buck the DC bus voltage to a suitable 
low level (120V) battery voltage. The converter can 
operate in two modes, continuous conduction mode 
and is continuous conduction mode. The converter 
operation in continuous conduction mode (CCM) is a 
good choice to get a better dynamic response and also 
a tight regulation of output voltage for any type of 
load variation. In Fig 3. during forward discharging 
mode the low voltage (LV) side  switch (S1) operates 
and the converter acts as a boost converter; while 
during reverse charging mode, High  Voltage (HV) 
side switch (S2) operates and the converter acts as a 
buck converter .  
Buck Mode:-In a buck converter input voltage is 
higher than the output voltage. It consists of a 
controlled switch, diode, a capacitor and an inductor. 
The basic topology is shown in fig 4. 

 
Fig 4: buck topology 
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D is the duty cycle of the buck converter the 
parameters of buck converter are shown in table 1 for 
the simulation 

 
Table 1 parameters of buck converter 

 
Input voltage given to buck converter is 300V and 
then we stepped down the voltage to 120V level 
battery Voltage as shown in fig 5. 

 
Fig 5: Simulation of buck converter 

 
The output voltage and current waveforms of the 
buck converter are shown in fig 6. 

 
Fig 6: simulated input voltage, output voltage, output current 

of buck converter Boost Mode 
 
In boost mode the output voltage is greater than the 
input voltage and we need to stepped up the voltage 
based on the duty cycle of the switch. It consists of a 
controlled switch, uncontrolled switch and an 
inductor and a capacitor. The only difference between 
the buck and the boost is the location of the switches. 
The basic configuration of boost converter is shown 
in fig 7. 

 
Fig. 7: boost topology 

 

 
We can assume that the converter is operating in 
steady state conditions, the energy stored in each of 
its components should be at the starting and at the 
ending of a commutation cycle. 

 

 

 

 
Table 2: Boost converter parameter 

 
In boost mode input voltage is 120V and output 
voltage is 300V. Simulated circuit and results are 
shown in fig 8 & 9. 

 
Fig 8: Simulated boost converter 
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Fig 9: Output voltage and current of boost converter 

 
V. PROPOSED ALGORITHM AND 

SIMULATED RESULTS 
 
A simple model of battery is shown in fig 10. In 
which Eo is the electromotive force of the battery and 
a series resistance is connected (ESR). VO is the 
terminal voltage which can be calculated by open 
circuit voltage measurement and ESR can be 
calculated by connecting some load across the output 
terminal when battery is fully charged. 

 
Fig 10: Simple battery equivalent circuit 

 
Lead acid battery 120V is used for storage. In this 
battery model there are two input terminal one is 
positive and the other is negative. On the output side 
the measurement port which measures voltage, 
current and state of charge of the battery is present. 
Battery is rated for 7Ah capacity and initial state of 
charge of the battery is taken as zero. Algorithm used 
for charging and discharging of battery: 

 

 
Fig 11: Battery voltage, current and SOC 

 
Converter is simulated by using matlab/simulink as 
shown in fig.13 in which the input side is DC grid 
having a constant voltage of 300V and on the other 
side we have a lead acid battery which gets charged 
through the DC grid. The battery charging is 
controlled based on the state of charge of the battery 
and the direction of the current, based on the 
algorithm proposed above. If current is negative then 
battery gets charged and if current is positive it means 
battery is discharging. Battery charging and 
discharging current, voltage and state of charge 
simulated waveforms are shown in fig 11. And for the 
charging and discharging the switching pulses are 
shown in fig 12. Parameters of bidirectional converter 
are shown in table 3. 

 
Fig 12: Gate pulses for bidirectional switching 

 
Table 3: Bidirectional converter parameters 

 
Fig. 13: Battery output voltage, output current and state of 

charge. 
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CONCLUSION 
 
The design analysis of bidirectional converter is 
discussed and the simulated bidirectional converter is 
able to share the power with the grid and with the 
battery. While working in buck mode converter is 
able to charge the battery with 120V and while 
working in the boost mode then converter is able to 
give the 300V to the grid. The proposed algorithm is 
working reliable for this kind of topology and this 
type of converter with the proposed algorithm can be 
used in many applications like uninterrupted power 
supplies, integration of renewable energy with the 
grid and dc motor drives. Proposed algorithm is based 
on the state of charge and direction of the current so 
the problem related to battery overcharging gets 
eliminated which increases the battery life. But this 
model does not consider the temperature variations. 
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