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ABSTRACT 
This paper presents photovoltaic micro inverters (MIVs) with integrated battery storage used in Distribution power 

generation. The dual active bridge topology was selected based on following specifications .Galvanic isolation Soft 

switching operation Simple phase shift power control. The dual active bridge with the storage for which it can be 

used transferred energy to other elements in the grid .A novel DAB switching scheme was introduced for ac –dc 

stage of module integrated power converters for PV applications. The modified flyback switching scheme exhibits 

8% higher efficiency than DAB mode at 10 W, which comes at the cost of an additional switch. While fl yback mode 

exhibits more core losses and slightly more conduction losses compared to DAB mode, the switching losses are 

significantly reduced by eliminating most of the switching actions and reducing the frequency. In addition, it was 

shown that the flyback mode achieves higher accuracy in power regulation for low-power levels compared to the 

DAB mode, resulting in a more stable operation and avoiding potential limit cycle oscillations. The proposed dual-

mode control scheme is simulated using MATLAB software at low power.  
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1. INTRODUCTION 

The population without access to electricity globally exceeds1.4 billion, whereas the rural electrification rate is 

below 65%.The intermittent nature of PV and other renewable energy sources, and thus the need for energy storage 

and or load shedding, is a major challenge in small-scale PV-based power grids.[1,2,3]. This is despite power quality 

requirements. Low-power dc–dc micro converters and ac– dc (MIV) provide high-granularity maximum power 

point tracking (MPPT) at the module or substring level. This leads to increased robustness to clouds, dirt, and aging 

effects, as well as irradiance and temperature gradients. A conventional MIV-based ac power system with the energy 

storage system (ESS), which is definitely required for islanded operation on the scale of one or more houses, for 

example, is usually based on a high power centralized bidirectional ac–dc converter, which is interfaced to a battery 

bank or a flywheel is shown in fig 1[5] 

Existing MIV architectures satisfy the need for low capital cost and expandable ac generation, whereas there is a 

compelling argument to extend this technology to include small scale distributed storage. A novel topology with 

distributed storage is proposed for grid stabilization while potentially improving the generator lifetime and saving 

fuel. MIV integrated storage helps to buffer the frequent irradiance fluctuations while also providing loc al backup 

power and reactive power support.[8-9] 
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Fig-1: Conventional MIV-based PV system with a central ESS. 

The general architecture of a two-stage MIV with an integrated ESS. While two-stage MIVs have a slightly lower 

efficiency than their single-stage counterparts, the high-voltage dc-link capacitance Cbus can be used for ac power 

decoupling in single-phase systems.[10] 

This objective of this paper is to demonstrate a novel low power operating mode in dual active bridge converter, as 

well as dynamic dc link optimization scheme to maintain high efficiency over a broad power range and this work 

targets modular Nano grid for remote locations, where photovoltaic modules can be gradually introduced to grow 

the renewable energy at minimal cost, while reducing dc fuel consumption. Grid tide micro inverters provide a 

modular solution for ac power generation. The main contribution of this work is a new micro inverter platform and 

control scheme with bidirectional power flow between the Nano grid, the photovoltaic  module and integrated short 

term storage, using high energy density Li-ion capacitor technology.[4] 

 The general architecture of a two-stage MIV with an integrated ESS is shown in Fig. 2. While two-stage MIVs have 

a slightly lower efficiency than their single-stage counterparts, the high-voltage dc-link capacitance Cbus can be used 

for ac power decoupling in single-phase systems [11], [13]. 

 
Fig-2: Two-stage MIV architecture with integrated storage. 

2. PROPOSED DAB ARCHITECTURE AND PRINCIPLE OF OPERATION 

The proposed dc–dc architecture is shown in Fig. 3(a). This converter is a modified DAB that interfaces VPV with 

the dc link Vbus. 
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Fig-3: (a) Proposed modified DAB dc–dc architecture for improved low-power efficiency. (b) Switch configuration 

in flyback mode. 
 

2.1 DAB Mode 

The DAB topology was selected based on  

1) Galvanic isolation, 

2) soft-switching operation, and  

3) Simple phase-shift power control [20], [21].  

In addition, the DAB topology is  bidirectional; therefore, the storage can be used to transfer energy to/from other 

elements in the grid. The average power from VPV to Vbus, i.e., P, is 

 
where n is the transformer’s turns ratio; and LDAB is the DAB inductance, which is the sum of transformer’s 

leakage inductance Lleak and an optional external inductance Lext. φ is the phase shift between the two bridges, and 

ωs = 2πfs, where fs is the switching frequency. The switching waveforms of the DAB converter are shown in Fig. 

4(a). The slopes of the DAB inductance current ILDAB in switching states I and II are, respectively, calculated as  

 
In two-stage MIV architectures, Vbus is generally regulated to a fixed voltage by the inverter stage. The reference 

voltage Vbus is usually chosen to optimize efficiency at the nominal operating point [7]. It can be shown that the 

DAB converter achieves turn-on zero-voltage switching (ZVS) and maximum efficiency when Vbus = nVPV, as the 
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reactive circulating current is minimized [20]. Meeting this condition leads to s2 = 0, thereby resulting in full free-

wheeling in ILDAB during state II. In order to minimize the losses in the DAB, the reference for the dc-link voltage 

Vbus is dynamically adjusted in the inverter stage such that Vbus = nVMPP, where VMPP is the PV MPP voltage. It 

is well known that VMPP undergoes a relatively low fluctuation of about 30% during the course of a typical day 

[22]. This is in contrast to the PV current at MPP, i.e., IMPP, which is proportional to irradiance and thus has large-

scale fluctuations, particularly on cloudy days. 

 

2.2 Flyback Mode 

A typical PV generator spends more than two thirds of the time operating below 50% of its rated power [7]. The 

conventional DAB converter suffers from relatively poor efficiency at  low power due to high switching and drive 

losses [20], hence the need for a dedicated low-power mode. A general design method for DAB mode operation 

based on frequency optimization is introduced in [20 

 
Fig-4: Switching waveforms in (a) DAB mode (b) Flyback mode 
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The DAB inductance circulates energy in every switching period in this mode. The ris ing slope of ILDAB is the 

same as s3, and the falling slope is  

 
Finally, the output diode current ID delivers charge to the bus  with the following slopes in switching states II and 

III: 

 
The 2T-flyback topology exhibits several advantages over DAB mode for low-power conditions, including lower 

switching and gate-driver losses (two switching devices versus nine in  the DAB mode). Unlike the more 

conventional single-transistor flyback topology, the body diodes of M2 and M3 clamp the drain voltage on M1 and 

M4, which reduces electromagnetic interference and limits the blocking voltage rating on the primary  switches to 

VPV. The flyback mode is operated with fixed on-time, i.e., Ton, in pulse frequency modulation mode [26], where 

Ton is given by 

 

where D1 is the duty cycle in flyback mode, and Ts is the switching period. The corresponding converter waveforms 

are shown in Fig. 4(b). There are two inherent limitations to the 2T-flyback topology:  

1) D1 must be less than 50% in order to avoid transformer saturation; and 

2) Vbus must be less than nVPV to ensure that the body diode of M5 transfers power to Vbus when the primary-side 

switches are off. As a result, Vbus needs to be reduced in flyback mode. The presence of LDAB, which is not 

required in the 2T-flyback topology, results in additional losses, since it circulates current in a switching period. The 

energy captured in LDAB is transferred back to the input capacitance Cin in the 2T-flyback topology, as opposed to 

a conventional flyback scheme, which does not provide a return path for the energy absorbed by the leakage 

inductance. In addition, LDAB results in the soft turn-on of the output diode. The flyback mode exhibits 

unidirectional power transfer. The converter can operate with reverse power flow by adding  another switch on the 

primary side. This additional switch is  not included in the experimental prototype, as the efficiency in  DAB mode is 

sensitive to conduction losses at the low-voltage high-current primary side. While possible, reverse power capability 

is not strictly needed in low-power flyback mode; the DAB can be prevented from operating in this condition by  

adopting burst-mode control instead, albeit at slightly lower efficiency than flyback mode. 

 

3. DUAL-MODE CONTROL 

The conceptual control diagram of the converter is shown in Fig. 5. c1−8 denote the gating voltages for switches 

M1−8. The DAB mode is adopted if P is higher than a threshold value Pthresh or if P is negative, in which case the 

storage is charged directly from the bus. In DAB mode, φ is controlled to regulate the power flow to/from the dc–ac 

stage, whereas the storage element’s state-of-charge and MPPT operation can be controlled by the dedicated 

interface converter. 

In flyback mode, Ts is adjusted by the controller Gc2(s), in order to regulate P to P. Assuming that the magnetizing 

inductance of the transformer, i.e., Lm, is much larger than LDAB, the power flow is given by  
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4. RESULTS AND ANALYSIS 

 The Simulation of the proposed system using MATLAB is shown in figures from 6 to 15. It is observed that 

proposed system is more efficient for both high efficiency and low efficiency applications as DAB and Flyback 

modes. 

 

Fig-6: Simulation design of the proposed circuit using MATLAB 

 

Fig-7: Integrated storage system design and its control 

 

Fig-8: Buck/Boost control of proposed circuit 
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Fig-9: PV power stack system 

4.1 DAB Mode 

 

Fig-10: PWM pulses for DAB 

 

Fig-11: Input and output DC and AC quantities  
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Fig-12: Voltage across and current through the switch 

4.2 Flyback Mode 

 

Fig-13: Gate pulse for flyback mode for 1,4 and 8 switches  

 

Fig-14: Voltage across Transformer and Input/output Voltages  
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Fig-15: Voltage across and current through the switch 

 

5. CONCLUSION 

A novel DAB switching scheme was introduced for the dc–dc stage of module integrated power converters for PV 

applications. The modified flyback switching scheme exhibits  8% higher efficiency than DAB mode at 10 W, which 

comes at the cost of an additional switch. While flyback mode exhibits  more core losses and slightly more 

conduction losses compared to DAB mode, the switching losses are significantly reduced by eliminating most of the 

switching actions and reducing the frequency. In addition, it was shown that the flyback mode achieves higher 

accuracy in power regulation for low-power levels compared to the DAB mode, resulting in a more stable operation 

and avoiding potential limit cycle oscillations. 
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