Low Voltage Hybrid Renewable Energy System Management for Energy Storages Charging-Discharging

	Ranjit Singh Sarban Singh

Department of Electronic and 
Computer Engineering,

Brunel University London,

Uxbridge, UB8 9PH, United Kingdom

R.Singh@brunel.ac.uk
	Maysam Abbod

Department of Electronic and Computer Engineering,

Brunel University London,

Uxbridge, UB8 9PH, United Kingdom

Maysam.Abbod@brunel.ac.uk
	Wamadeva Balachandran

Department of Electronic and 
Computer Engineering,

Brunel University London,

Uxbridge, UB8 9PH, United Kingdom

Wamadeva.Balachandran@brunel.ac.uk


Abstract— As it is known, Hybrid Renewable Energy Systems (HRESs) development are aimed to increase the productivity and optimize the power generation produced by one or more connected sources. Such HRESs are always integrated with some kind of energy storage systems to satisfy the load demand during the Off-Period condition of the renewable energy sources. Off-Period condition can be categories into two phases: 1) low voltage output/low power and 2) zero voltage output/zero power.  During this condition the energy storage systems will be the primary energy supplier to the load. Low voltage output describes a certain amount of voltage is still being produced by the HRESs but it is insufficient to supply directly to the load. On that contrary, the low voltage output condition will still be able to be used to charge the energy storage systems such as the battery storages but not the zero voltage output condition. However, the low voltage output from the HRESs is not given a serious consideration and is always ignored of its importance. Even though the low voltage output is relatively considered unable to charge the energy storage systems but with the advancement of power electronics engineering the low voltage can be used to perform energy storage systems charging.  With that, this research proposes to 1) design and develop the Hierarchical Switching and Control Process controller for charging-discharging the Battery Energy Storage System using low voltage output and 2) integrate the DC to DC Boost Converter to step-up the low voltage for Battery Energy Storage System charging using the Simulink/Stateflow in MATLAB software. Based on the results obtained the Hierarchical Switching and Control Process Controller and DC to DC Boost Converter has validated the proposed idea to step-up the low voltage for battery Energy Storage System charging -discharging.
Index Terms-- Energy storage, renewable energy sources, power conversion, power generation control.
I. Introduction
This work is sponsored by the Ministry of Education Malaysia (MoE) and Faculty of Electronic and Computer Engineering (FKEKK), University Teknikal Malaysia Melaka
The electricity generation and production using the renewable energy sources would also ease the burden on the conventional electricity generation systems that use fossil 
fuels as to generate electricity. Hence, among the different renewable energy sources, solar and wind energies have gained huge popularity compared with other renewable energy sources [1], [2]. Moreover, these renewable energy sources are available freely without any cost and lower the green house emission effects. 
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Combinational of solar and wind energy sources can be described as Hybrid Renewable Energy Systems (HRESs). These types of HRESs have been developed extensively all over the world. The solar and wind energy sources are most prominently available compared with other sources but it is dependent on the environment climate. Therefore, combining the solar and wind energy sources as a HRES could further exploit the solar and wind energy sources to continuously provide energy source during the unstable period of any energy sources. To further explain on the HRESs, understanding the basic structure of HRESs is important for this research. Figure 1 shows the standard HRES system which consists of solar panels, wind system, charge controller, battery bank as energy storages and inverter Direct Current (DC) – Alternate Current (AC) system. This type of system can be categorized into two categories:
a) Independent and standard off the grid HRESs usually produces limited amount of power, which means limited electricity is produced via the wind system and solar panels. Hence, this kind of system is purely free from fossil fuel although this type of system can be connected to diesel generator.

b) Dependent on the grid HRESs are also known as grid non-isolated systems. This type of system is usually connected to the grid network transmission. Whenever the HRESs are not able to produce sufficient amount of power, the grid network will take charge of the whole system. 
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Looking into the advantages of these kind of systems, HRESs are able to provide power accessibility for the remote areas [3], free of cost availability and helps to reduce the emission to the atmosphere. Besides all the advantages, there are also disadvantages of HRESs, such as unable to provide stable power during the low voltage output/low power and zero voltage output/zero power. Extensive research of HRESs have shown that during the low voltage output/low power and zero voltage output/zero power the HRESs are either connected to the grid or perhaps is assisted using the Battery Storage Energy System (BESS). 

II. Literature Review
Nowadays, HRESs have been developed extensively and most widely used to sustain the increasing electrical consumption and demand. One of the interesting research areas is the low voltage output/low power from the HRESs. Hence, to maximize the low voltage output/low power from the HRESs, voltage step-up DC – DC converters are integrated to step-up the low DC voltage to a desirable DC voltage level to charge the BESS. Meanwhile, Energy Management System (EMS) is usually proposed or developed to have a smooth energy management between two or more connected sources. Hence, EMS in [4], [5], [6], [7], [8] are proposed to optimize the power output allocation between the energy distribution units and automatically response to the operating interconnected DC link. Having said that, in [9], low DC voltage is said to have great advantages for energy saving purposes. With that, energy management scheme using independent DC signalling control scheme is developed to continuously provide power supply to the connected DC loads without causing any interruption. In [10], a control algorithm is developed to perform system operation based on the environment condition. In order to achieve the system’s optimal operation, controlled coordinated strategy is employed for the BESS, Photovoltaic (PV), and load management, state-of–charge for battery is also considered as one of the system respond to perform the control coordinated strategy. 
Although there is no one definite control scheme for controlling the DC network link system, but there are various approaches to achieve maximum power output from almost all of the systems, especially from those DC network link system with marginal low voltage output/low power. Having said that, the current EMS is to provide a supervisory control among the islanded Distributed Generators (DG), which is also capable to administrate the involved energy sources effectively and efficiently. Overall, the developed EMS is integrated into the HRESs to effectively supervise the overall system and DC to DC converters are integrated to boost the voltage output for either DC-AC conversion or BESS charging.
This research paper proposed a new design to step-up and manage the low voltage output/low power from the HRES for BESS charging – discharging. 

This research is organized into TWO stages; 1) design and develop the Hierarchical Switching and Control Process (HSCP) controller using Stateflow/Simulink in MATLAB software to control the charging and discharging of the BESS and 2) develop and integrate the DC to DC Boost Converter to step-up the low voltage output/low power from the renewable energy sources for BESS charging. During the simulation, the HSCP controller has effectively performed the controller validity and administratively managed the BESS charging and discharging process based on the provided preset conditions in the HSCP controller. 

III. System Description
Figure 2 illustrates the architecture of the low voltage output management system for charging and discharging the BESS. The proposed system is implemented using the Simulink/Stateflow toolbox in MATLAB software. This system architecture explains the design and development of the 6 Volt Switching Controller which is to switch and control the BESS charging – discharging using the developed HSCP technique. As shown in Figure 2, the low DC Voltage Output Management includes five major blocks. The 6 Volt Switching Controller also performs the HSCP technique on the solar and wind renewable energy sources based on two preset conditions as shown in Figure 3. The two preset conditions are described in the following section. 
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Condition 1: 3 ≤ Solar Photovoltaic ˂ 6, while the Wind energy produces less than 3 Volt output voltage. Relay A which connected to Solar will receive a HIGH signal (1) to allow the relay to switch from Normally Closed (NC) to Normally Open (NO), to allow the low 6 Volt DC voltage to flow into the DC to DC Boost Converter.  

Condition 2: 3 ≤ Wind ˂ 6, while the Solar Photovoltaic produces less than 3 Volt output voltage. Relay B will receive a high signal to allow the relay switch from NC to NO, to allow the low 6 Volt DC voltage to flow into the DC to DC Boost Converter.

A. DC to DC Boost Converter

In this research a simple voltage step-up DC to DC Boost Converter is proposed to step-up the low DC input voltage to a desirable high DC output voltage, regardless the output current. The Continuous Conduction Mode (CCM) converter is studied and integrated in this proposed Low Voltage Output Management for BESS charging. The CCM converter is proposed based on the following characteristics:
DC to DC Boost Converter:

Minimum Voltage input, (Vinmin) = 3 V

Maximum Voltage input (Vinmax) = 6 V

Inductor = 1mH

Diode Forward Voltage (Vdf) = 0.8 V

Capacitor =6 µF
Period (sec) = 50 µs
Duty Cycle (D) = 56%

Switching Period (S) = Ts
Frequency, 
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B. Charging-Discharging BESS Switching and Control Process

This section will refer to the 6 Volt Switching Controller in Figure 2. Figures 4 and 5 represent the charging-discharging program design and developed using the Stateflow toolbox in the Simulink-MATLAB environment. The HSCP technique is also applied to switch and control the BESS charging – discharging during the low DC voltage conduction based on the BESS real time State-of-Charge (SoC) measurement. 
When both the Primary Battery A (SoC Bat A) and Secondary Battery B (SoC Bat B) SoC are less than or equal to 40%, the HSCP technique will send high signal to Relay A which is connected to Primary Battery A to conduct the charging process. When the SoC Bat A is less than 40%, Primary Battery A will be priorities for charging as shown in Figure 4. Once the Primary Battery A SoC is charged at more than 40% compared with the Secondary Battery B SoC, then the Primary Battery A charging will be stopped and will send high signal to Relay B to switch charging to the Secondary Battery B. At this time, Primary Battery A will be connected to the load as primary energy source supplier. The charging process will continue till both the Primary Battery A and Secondary Battery B SoC is at 100%. When the Primary Battery A and Secondary Battery B SoC are fully charged at 100%, then the charging process will be halted. Then, the HSCP technique will be switched to process B. 
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Figure 5 shows the Primary Battery A and Secondary Battery B SoC at 100%. The HSCP technique will send high signal to Relay B to switch the BESS to Secondary Battery B to discharging state. 
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Therefore, Figure 5 shows the Secondary Battery B is connected as primary energy source supply for connected load. According to the Figure 5, if Primary Battery A SoC is 20% more than Secondary Battery B SoC, then Primary Battery A will be discharged and Secondary Battery B will start charging. And if the Primary Battery A SoC is 20% less than the Secondary Battery B SoC, then Primary Battery A will be again connected for charging process. At this time the Secondary Battery B will be discharged again till the Secondary Battery B SoC is 20% less than Primary Battery A SoC.

Based on Figures 4 and 5, the HSCP is adapted for charging-discharging the BESS. Apparently, the HSCP is adapted into the BESS charging-discharging to store maximum energy into the BESS using the low voltage output from the solar or wind renewable energy sources. Furthermore, the DC to DC Boost Converter integration to step-up the low voltage output from the solar or wind renewable energy sources helps to increase the capacity of energy storing during the solar and wind renewable energy sources off-peak period. Other than that, it could also optimize the low voltage output from the solar and wind renewable energy sources and reduce the dependency on the grid transmission. 
IV. Results and Discussion
The integrated DC to DC Boost Converter is used to step-up the low voltage output from solar and wind renewable energy sources. The advantage of integrating the DC to DC Boost Converter is to help to step-up the low voltage output from the solar and wind renewable energy sources for the BESS charging. Figure 6 shows the 5.95 Volt as renewable energy source input voltage and an approximate output voltage of 12.90 Volt from the Boost Converter. The 12.90 Volt can be compared with the calculated value in Section III. This justifies that the DC to DC Boost Converter can be used to step-up the low voltage output from the renewable energy sources for BESS charging.
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Referring to Figure 4, when Primary Battery A and Secondary Battery B SoC is equivalent to 38% then Primary Battery A will be priorities for charging process as shown in Figure 7. Figure 8 shows the Primary Battery A has been charged up to 79% which is 40% more compared with Secondary Battery B. Hence, Secondary Battery B start charging and Primary Battery A will start discharging. When Primary Battery A is discharging, the connected load is supplied with approximately 12 Volt.
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Referring to Figure 5, when the Primary Battery A and Secondary Battery B is charged at SoC = 100% as shown in Figures 9 and 10, Secondary Battery B should perform the discharging process while supplying the energy to the connected load. Referring to Figure 8, the measured voltage across the connected load is approximately 12.92 Volt. This voltage value is similar to the measured voltage at the Secondary Battery B. 
Figure 11 shows the Primary Battery A SoC is 100% and Figure 12 shows the Secondary Battery B SoC is 79%, based on Figure 5 if Secondary Battery B SoC is 20% less than Primary Battery A SoC then Primary Battery A should discharge and Secondary Battery B should charge. Looking at Figure 9 Primary Battery A is connected to the load at approximately 12.90 Volt. And, Secondary Battery B is connected to the output voltage of the DC to DC Boost Converter for charging process.



V. Conclusions

This study aims to integrate the DC to DC Boost Converter to step-up the low DC voltage from solar and wind renewable energy sources to a desirable DC voltage for BESS charging. The results presented in Fig. 6 shows the low DC voltage input from either one of the connected renewable energy sources and the output DC voltage after the Boost Converter conversion. Therefore the step-up DC to DC Boost Converter performance shows that the step-up DC to DC Boost Converter can be used to step-up voltage. In addition to that, the results shown in Figures 7–12 have validated the HSCP technique for switching and controlling the BESS charging–discharging process. The HSCP technique successfully performed the proposed designed and developed strategy in Figures 4 and 5.  
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Figure � SEQ Figure \* ARABIC �1�. Standard off the grid HRES.





Figure 2. Architecture of the low dc voltage output management for BESS charging - discharging.
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Figure 3. Hierarchical switching and control process – Simulink/Stateflow.
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Figure 5. BESS discharging control process.
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Figure 4. BESS charging control process.
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Figure 6. DC to DC Boost Converter Input and Output Voltage.





Figure 6. DC to DC Boost Converter Input and Output Voltage.





Figure 7. Battery A SoC = 38% - Charging.





Figure 8. Battery B SoC = 38% - Charging, Battery A SoC = 79% - Discharging.





Figure 9. Battery A SoC = 100% - Not Charging.





Figure 10. Battery B SoC = 100% - Discharging.





Figure 11. Battery A SoC = 100% - Discharging.





Figure 12. Battery B SoC = 79% - Charging.
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