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Abstract:  

 

As the use of renewable energy sources grows in grids, battery energy storage 

systems become increasingly important for grid stability and reliability. The 

bidirectional converter can provide battery devices charging and discharging of 

energy in both directions. This paper presents a bidirectional DC to DC converter 

for energy storage systems and a proportional and integral controller (PI) for 

charging and discharging applications. The simulation is carried out in 

MATLAB/Simulink environment. 
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1. Introduction: 

Due to day by day increasing power consumption in various forms and to deal with the problems 

of the unpredictability of weather and frequent climatic change (on which renewable energy 

sources rely) the requirement of renewable energy storage is essential [1], [2]. To store the 

energy, we have a battery, but to control the flow of power, we use a bidirectional DC-DC 

converter, allowing in both directions. The desire to get an uninterruptable power supply 

increases with the growing population and technology [3], [4]. This thirst cannot be fulfilled 

with conventional energy sources. As a result, the need for non-conventional energy sources is 

increasing exponentially. To meet the demand practically, we must overcome several factors 

and conditions. Hence the concept of using renewable energy systems is getting more interest. 

With the growing population and advances in science and technology, the energy demand will 

need to be matched with available sources. The existing traditional sources of energy are 

insufficient to supply the power demand. Thus, non-conventional sources of energy are 

developing in creative ways and attracting the attention of the energy sector. Bidirectional DC-

DC converters can be used in a variety of applications, including dc power supply, rechargeable 

battery circuits, telecommunications power supply units, and computational power systems 

because while keeping the same voltage polarity at both ends, they can change the direction of 

current and therefore power [5]. In most cases, the voltage difference between the DC bus and 

the battery is quite large. 

Globally, energy storage technology is growing fast. Reduced costs and organizational 

incentives are causing a surge in energy storage device investments. Costs have decreased by 

74 percent since 2013, depending on the application, and are expected to continue to reduce at 

an annual rate of 8% through the mid-2020s [6]. 
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Figure. 1: New installed energy storage capacity for auxiliary services 

Fig. 1 represents a region-wise graph for new installed energy storage capacity for auxiliary 

services in a decade (2013-2023) [7]. According to [7], In the following decade, the global 

demand for auxiliary services applications of energy storage systems (ESS) is expected to grow 

rapidly [8], [9], with revenues increasing from $412 million in 2011 to more than $3.2 billion 

by 2021. Figure 2 represents the total installed revenue by ESS for ancillary services by 

technology in a decade (2011- 2021). 

Figure. 2: Installed revenue by ESS for ancillary services by technology 

Due to the advancement of various areas, Bidirectional DC-DC Converter can be employed as 

per power application categorized into two parts: Isolated and non-Isolated type. The major 

difference between their electric circuits is that each isolated circuit has its return or ground 

reference due to isolation. A non-isolated converter's input and output are connected by 

common ground, allowing current to pass between them. Compared to a non-isolated 

bidirectional dc-dc converter, the isolated boost bidirectional converter has a larger size, more 

components in the circuit, a core saturation problem, more switching losses, and lower 

efficiency. 

The output power obtained from renewable energy systems is intermittent and unreliable as 

these energy systems highly depend on weather conditions [10]. As a result, renewable energy 

systems are planted with energy storage devices to cope with the demands. The major goal is 

to stimulate and develop an efficiently harnessed energy system. DC-DC converters and charge 

controllers are two common energy harvesting methods. There are several steps in the 

conversion process [11]. As a result, the system's complexity, size, and cost grow. The system 

includes a bidirectional DC-DC converter and control circuits [12]. The converter minimizes 
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component losses while improving the entire system performance. The entire system is 

represented in MATLAB/Simulink environment. 

The structure of this paper's remaining part explains the beginning concepts of bidirectional DC 

to DC converter. Then, the energy storage, charging, and discharging applications system is 

modeled, followed by simulation results. In the last, concluding observations have been 

reported. 

 

2. Bidirectional DC-DC converter: 

Traditional converters, such as Buck-boost, can only control the flow of power in one way, but 

bidirectional converters can control power flow in both directions. The voltage level can be 

stepped up or down with bidirectional DC to DC converters and can flow power in both the 

direction, either forward or backward [13]. Around the globe, the penetration of renewable 

energy sources is kept increasing in the grids, and these sources are highly dependable on 

different environmental conditions. The output power fluctuates with the change in 

environmental conditions. A stand-alone system cannot rely on these energy sources because 

output power fluctuates. Hence, the energy storage devices like batteries and super capacitors 

are connected with these energy sources. Excess renewable energy generation is kept in these 

energy storage devices and used when demand is high, or electricity generation is low due to 

severe weather conditions. A bidirectional DC-DC converter is required to govern power flow 

in both directions (forward and backward) [14]. By employing anti- parallel diodes in 

conjunction with MOSFETs or IGBTs, which permit current flow in both directions via 

controlled switching operation, a normal dc-dc converter can be upgraded to a bidirectional 

converter [15]. 

Fig. 3 represents the conventional buck-boost converter, and this has transformed into a 

bidirectional converter by switching diodes. It depicts a bidirectional buck-boost converter with 

two modes of operation: buck (diode D2 and switch Q1 conduct) and boost (diode D1 and 

switch Q2 conduct). Furthermore, each of these two modes has two intervals determined by the 

diode and switch conductivity. 
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Figure. 3: Bidirectional Buck Boost Converter Circuit 

Based on the galvanic isolation given between the input and output; bidirectional DC-DC 

converters are classified as [16], 

Figure. 4: Classification of BDCs 

Similarly, we have two types of Isolated Bidirectional DC-DC Converters: half bridge and full 

bridge Isolated Bidirectional DC to DC Converter. For low power applications, non-Isolated 

bidirectional DC- DC converter is suitable as there is no high-frequency transformer to isolate 

electrically between source and load. In contradictory, galvanic isolation is provided via a high-

frequency transformer in isolated bidirectional DC-DC converters [17]. 

2.1. Modeling of bidirectional DC-DC converter: 

Since BDC is a combination of two converter buck and boosts such that able to sharing of power 

in charging and discharging mode of operation, continuous conduction mode is a good choice 

of selection as it provides a better dynamic response in the output of converter operation. 

Buck Mode – In this mode of operation, input side voltage is greater than the output side 

voltage. It consists of a switch, inductor, capacitor, and a diode. The basic buck topology is 

shown below, 
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Figure. 4: Basic buck converter 

Energy stored by the inductor is given by, E= 1 𝐿𝐼2 (1) 

Since inductor current is increasing and decreasing depending on switch is on and off 

respectively, so the voltage across the inductor is given by, 𝑉𝐿 = 𝐿 𝑑𝑡 (2) 

An increase in inductor current is given by 

∆𝐼𝐿𝑜𝑛 = ∫𝑇𝑜𝑛 𝑉𝐿 𝑑𝑡 = 𝑉𝑖−𝑉𝑜 . 𝑡𝑜𝑛 = 𝐷𝑇 (3) 

0 𝐿 𝐿 

Similarly, decrease in inductor current is given by 

 ∆𝐼𝐿 𝑜𝑓𝑓 = ∫𝑇=𝑡𝑜𝑛 +𝑡𝑜𝑓𝑓 

 𝑉𝐿 𝑑𝑡 = 𝑉𝑜 . 𝑡𝑜𝑓𝑓 = (1 − 𝐷) (4) 

 0 𝐿 𝐿 

We suppose that converter is in steady-state condition so at starting and ending of commutation 

cycle the energy stored in each of its components is equals then the energy in inductor is given 

by 

𝑉𝑖 −𝑉𝑜 ∆𝐼𝐿𝑜𝑛 + 𝑉𝑜 ∆𝐼𝐿𝑜𝑓𝑓 (5) 

𝐿 𝐿 

Since we have ton = DT and toff = (1-D)T, after implying this in the above formulae, finally 

we get 

𝐷 = 𝑉𝑜 

𝑉𝑖                                                                                            (6) 

Where D is the duty cycle of the buck converter. 

Similarly, we can write for boost mode converter that is shown in Fig. 5(b) 

𝐷 = 1 − 𝑉𝑖 
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𝑉0                                                                                                        (7) 

 

Figure. 5: Basic boost converter 

The electrical circuit for considered bidirectional DC to DC power converter linked with the 

battery is illustrated by the simulation model in figure 6. The two MOSFETs are switched so 

that the converter is in a constant state of operation. An ideal switch is used during simulation 

to connect or disconnect the main supply. The battery used in this model is a Lead acid battery 

and a nominal voltage of 24 volts with a rated capacity of 50 Ah. The nominal parameters of 

the battery decide the discharging parameters. 

Figure. 6: Simulink model 

3. Simulation results: 

The MATLAB/Simulink environment is used to simulate the proposed system. A common load 

is connected across the DC source and the battery. It is assumed that the battery is 50 percent 

charged and that the main power source is turned on. As a result, the load is fed from both the 

mains and the batteries. After a long time, the main supply is turned off, and the load is switched 

to battery power. Figure 7-10 illustrates the output waveform showing that the maximum 

permissible current in both control schemes (current and voltage control) is 22 A. The open-

circuit voltage at the 80% state of charge (SOC) of the battery is 25.9 V. The PI controller is 

used for determining the reference battery current. PI controller minimizes the error between 

measured and reference values. When the DC source is supplying power, the charging mode 
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takes place to the battery, and it will be charged. The current through the battery is 16 A, the 

maximum voltage is 25.9 V, and the voltage across the load is 48 V. In other cases, the DC 

source is disconnected then the battery starts supplying power to load. The current is 16.4 A, 

and the voltage decline to 25.6 V. The state of charge in the battery during the charging and 

discharging mode of operation is depicted in Fig. 7. The current flow through the battery and 

the reference current is shown in Figure 8. While Fig. 9 shows the voltage characteristics of the 

battery, and the voltage across the load is illustrated in Fig. 10. 

 

Figure. 7: State of Charge of Battery 

Figure. 8: Battery current characteristic actual and reference 
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Figure. 9: Voltage characteristic of battery during charging and discharging 

  

 

Figure. 10: Load voltage Characteristic during charging and discharging 

4. Conclusion: 

The bidirectional converter's design analysis is presented, and the simulated bidirectional 

converter may share power with both the supply and the battery. The suggested method can be 

employed in various applications, including power supply reliability, renewable energy grid 

integration, and dc motor drives. 

  

5. Reference: 

(1) Weiss, T., & Schulz, D. (2013, June). “Development of fluctuating renewable energy 

sources and its influence on the future energy storage needs of selected European 

countries,” In 2013 4th International Youth Conference on Energy (IYCE) (pp. 1-5). 

IEEE. 

(2) Ogunniyi, E. O., & Pienaar, H. C. V. Z. (2017, April). “Overview of battery energy 

storage system advancement for renewable (photovoltaic) energy applications,” In 2017 

International Conference on the Domestic Use of Energy (DUE) (pp. 233-239). IEEE. 

https://scienxt.com/


 

                     SJETEE 

Scienxt Journal of Emerging Technologies in Electronics Engineering 

 

Scienxt Center of Excellence (P) Ltd  SJETEE||11  

(3) Chao, K. H., Tseng, M. C., Huang, C. H., Liu, Y. G., & Huang, L. C. (2013). “Design 

and implementation of a bidirectional DC-DC converter for stand-alone photovoltaic 

systems,” International Journal of Computer, Consumer and Control (IJ3C), 2(3), 44-55. 

(4) Mohan, N., Undeland, T. M., & Robbins, W. P. (2003). “Power electronics: converters, 

applications, and design,” John wiley & sons. 

(5) Muhammad, H. R. (2004). “Power electronics: circuits, devices and applications,” Upper 

Saddle River, NJ, Pearson Prentice Hall. 

(6) World Energy Council. (2019). “Energy Storage Monitor, Latest Trends in Energy 

Storage.”  

(7) Farrell, J. (2014). Energy Storage. 

(8) Blaabjerg, F., Zhou, D., Sangwongwanich, A., & Wang, H. (2017, October). “Design for 

reliability in renewable energy system,” In 2017 International Symposium on Power 

Electronics (Ee) (pp. 1-6). IEEE. 

(9) Fernando, W., Gupta, N., Ozveren, C. S., & Kamyab, G. (2019). “Renewable energy 

resources and technologies applicable to Sri Lanka towards a 100% RE future.” 

(10) Bryant, B., & Kazimierczuk, M. K. (2004, May). “Small-signal duty cycle to inductor 

current transfer function for boost PWM DC-DC converter in continuous conduction 

mode,” In 2004 IEEE International Symposium on Circuits and Systems (IEEE Cat. No. 

04CH37512) (Vol. 5, pp. V-V). IEEE. 

(11) Suresh, K., & Arulmozhiyal, R. (2016). “Design and Implementation of Bi-Directional 

DC-DC Converter for Wind Energy System,” Circuits and Systems, 7(11), 3705-3722. 

(12) Gang, M., Wenlong, Q., & Yuanyuan, L. (2006, August). “A Novel Soft Switching 

Bidirectional DC/DC Converter and Design Consideration,” In 2006 CES/IEEE 5th 

International Power Electronics and Motion Control Conference (Vol. 1, pp. 1-4). IEEE. 

(13) Ravi, D., Reddy, B. M., Shimi, S. L., & Samuel, P. (2018). “Bidirectional DC to DC 

converters: an overview of various topologies, switching schemes and control 

techniques,” International Journal of Engineering & Technology, 7(4.5), 360-365. 

(14) Li-Jun, J., Guang-Yao, Y., Miao-Miao, J., Yi-Fan, C., Hai-Peng, Z., & Ke, Z. (2015, 

June). “Study of bi-directional DC-DC converter of micro-grid hybrid energy storage 

system,” In 2015 IEEE 10th Conference on Industrial Electronics and Applications 

(ICIEA) (pp. 1166-1169). IEEE. 

(15) Nie, Z., Chen, J., Dai, R., Han, Y., & Peng, Y. (2020, November). “Research on Bi-

directional DC/DC Converter for Energy Storage System,” In IOP Conference Series: 

Earth and Environmental Science (Vol. 603, No. 1, p. 012008). IOP Publishing. 

https://scienxt.com/


 

Volume-2|| Issue-1||2024|| Jan-Apr SJETEE 

Dinesh et al.,                                      Scienxt Journal of Emerging Technologies in Electronics Engineering 

 

Scienxt Center of Excellence (P) Ltd  SJCSIT||12  

(16) Karshenas, H. R., Daneshpajooh, H., Safaee, A., Jain, P., & Bakhshai, A. (2011). 

“Bidirectional dc-dc converters for energy storage systems,” Energy storage in the 

emerging era of smart grids, 18. 

(17) Inoue, S., & Akagi, H. (2007). “A bidirectional DC–DC converter for an energy storage 

system with galvanic isolation,” IEEE transactions on power electronics, 22(6), 2299-

2306. 

 

https://scienxt.com/

