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Proportional–integral (PI) energy strategy (EMS) and microgrid operations are presented to function independently of the grid in 

this study report. the photovoltaic system It provides just what is required. To get the most out of the PV electricity, it employs 

power tracking in addition to DC/DC and DC/AC converters. Parameters like charge status are within the controller's purview in 

traditional proportional-integral (PI) control (SOC). The maximum power-point tracking (MPPT) advantage for power 

distribution and battery charging/discharging has to be considered in the three distinct situations. The suggested power 

generating system's performance under different operating circumstances and with the enabled control methods is simulated in 

Matlab/Simulink. 
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1. INTRODUCTION 

Microgrids, or distributed energy systems (DES), are 

a kind of energy distribution network that use batteries 

and supercapacitors to maintain a constant voltage and 

current in the grid while storing energy for later use. 

Together and individually for tiny regions, all of these 

components are employed as a single grid [6,7]. 

Microgrids may be thought of as a network of grids, as 

seen in Figure 1. employing a utility grid for power 

distribution has various problems, such as loss of 

energy in transmission, air pollution from the 

producing phases, and global warming owing to 

traditional sources To address these problems, 

microgrids may be implemented. Microgrids may lower 

the loss, reduce CO2 emissions, particularly when 

employing renewable energy for power production. 

There are a few positives, too, such as lowering the 

danger of outages, selling electricity to national 

networks or net metering. Use of renewable energy 

sources, in addition to storage components, results in 

the highest possible system efficiency. [9–11] The 

microgrid is regulated by an EM (MGR). it incorporates 

several strategies to increase performance The 

proportional-integral-derivative (PID) control, the 

proportional-integral (PI) control, and the analogous 

decoupling techniques are the types of controls being 

discussed (EMC) 
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Figure 1. Configuration of DC microgrid 

 

Two types of microgrids, ACMG and DCMG, were 

addressed by Manoj et al. [13]. (DCMG). Superior 

efficiency, simplified DC bus connectivity, and 

increased device dependabilities are just a few of the 

ways in which the DCMG excels above its ACMG 

counterpart. Power exchange fluctuations, power 

variation between the storage system and the power 

sources, and rapid changes in the DC bus load were all 

verified to have an impact on power disturbances in 

DCMGs. 

A MG system powered by wind and hydropower was 

created by Ravichandrudu et al. [14], which offers the 

dual benefit of lowering transmission losses and 

helping the environment.  

 

2. MODEL OF PV CELL 

When light is shined on the solar cell, it will generate 

voltage. They are shown in the Fig1 

 
Fig1: Modeling a PV cell mathematically 

 

The following set of equations (1) through (6) is used to 

model a PV panel.The current from PV panel is given by              
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Where the reverse saturation current is given by  
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Where Eg = Energy Gap of PV material =1.12ev 

The shunt current is given by     
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Using real-world electrical data from PV panels, we can 

determine the optimal number of cells to connect into 

an array. Table 1. The modelled PV panel has accurate 

I-V and P-V characteristics that match the specifications 

given by the manufacturer. 

 

3. Energy Management System in DC Microgrid 

The following diagram depicts the PV/battery 

distributed system. This three-port gadget couples a 

photovoltaic source to a direct current load. To maintain 

consistent battery power, it may be charged or drained 

to act as a buffer. Figure 2 depicts how the DC-to-V and 

V-to-B buck/boost converters in the power-density 

system use an integrated topology. 

 

FIGURE 3.2. The proposed PV/battery hybrid 

distributed power generation system. 
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FIGURE 3.3. The phase shiftangle' and the duty cycle D 

form the modulation strategy of the full bridge. 

 

As can be seen in Fig. 3, this bridge operates with an 

improved phase shift modulation. Both legs of the 

major bridge's leg-to-limb switch are asymmetrical. As 

an added bonus, switch A on the right leg 1's duty cycle 

may be lowered while all other legs cycle at 50%. 

Specifically, Fig. 2 draws attention to the main side of 

the HF transformer's bidirectionalium-boost converter. 

The battery and capacitor in leg A are unnecessary due 

to the bidirectional nature of the design. topology isin 

when battery is charged to positive Ib. The topology 

keeps functioning even after the voltage drops to IB 0. 

Since there is a two-way flow of energy, batteries may 

be charged and discharged. Fig. 3.4 shows a suggested 

control flowchart, which is described below. 

 

 
FIGURE 3.4.Flow diagram of the proposed control 

algorithm. 

4. PROPOSED THREE PORT CONVERTER FED INDUCTION 

MOTOR 

In manufacturing, the three-phase machine is the 

workhorse. Using a motor is the least efficient method 

of induction, hence this is the one that is most often 

utilised. Single-phase induction motors are widely used 

for home appliances and other single-phase 

applications. 

It can be attained by varying the rotor's resistance or by 

regulating the stator's voltage. However, their 

low-speed performance is subpar. Changing the supply 

frequency is the most efficient way to regulate the 

speed. It's because of this that speeds can vary greatly. 

When the machine is not operating at maximum 

capacity, the ratio v/f stays the same. This maintains a 

steady power and torque output from the engine. Yet, at 

lower frequencies, torque decreases, necessitating the 

use of higher voltage to compensate. 

 

Fig.4.3 (a). Speed Torque Characteristics of Induction 

Motor with frequency variation 

According to the aforementioned graph, the 

speed may be adjusted and braked anywhere from 

almost little speed to over synchronous speed. 

 
Fig.4.3 (b).voltage and frequency variation in VSI fed  

Induction motor 

It may be demonstrated in Fig.4.3 (b) that V is 

maintained constant above base speed as freq. rises. 

Good operating and transient performance may be 
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achieved with variable frequency management due to 

the following features: 

(a) Both accelerating and decelerating are doable, from 

rest and beyond the starting velocity. 

(b) During transients (starting, braking, and speed 

reversal), the operation may be carried out at full torque 

with decreased current, leading to excellent dynamic 

responsiveness. 

Since the operation is carried out at all frequencies 

between synchronous speed and maximum torque, (c) 

copper losses are reduced, efficiency and power factor 

are both maximised, and voltage distortion is avoided. 

(c) There is hardly any slowdown while going from a 

light to a heavy load. 

 

 
  Fig:4.3 (c). Block Diagram Schematic of V/f control of 

VSI fed 3-phase Induction Motor drive 

Fig.4.3 shows a block diagram of a V/f regulated three 

phase induction motor drive that is supplied by a 

variable speed inductor (c). To keep the V/f ratio stable, 

the reference speed input command (Nr*) is used to set 

the reference frequency (f*) and reference voltage (V*). 

The 3-phase induction motor is driven by a 3-phase 

voltage source inverter, which in turn gets reference 

instructions V* and f* from the SPWM generator. 

 

 

Fig.4.3(d). Modes of operation and variation of is, ωsl,, T 

and Pm with per unit frequency 

5. SIMULATION RESULTS 

 
Fig 5.1 Diagram of Proposed System 

 

(a) DC bus voltage V bus; 

 

(b) PV voltage VPV; 

 
(c) PV current IPV; 
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(d) PV reference voltage Vref; 

 

FIGURE 5.2 Steady state simulation results of operation 

scenario 2. (a) DCbus voltage Vbus; (b) PV voltage VPV; 

(c) PV current IPV; (d) PV reference voltage Vref; (e) 

Batter charging current ib. 

Figure 5.2 displays the steady-state operating 

simulation findings. The simulation settings are listed 

below. The PL D 10 kW load power is determined by 

using a temperature of 25 degrees Celsius and an 

irradiance of 1000 W/m2. The 500 V DC bus voltage 

Vbus is maintained constant by a PI controller 

regulating the phase shiftangle' (see Fig. 5.2). (a). When 

the MPPT loop is active, as shown in Fig. 5.2 (b), 5.2 (c), 

and 5.2 (d), the PV operates at full power, with VPV 

controlled close to the ideal value VMPP D 435 V and 

IPV controlled close to the ideal value IMPP D 22 A. (d). 

Batteries drain and help supply loads, as seen in Fig. 

5.2(e). 

 

 
(a) DC bus voltage V bus; 

 
(b) PV voltage VPV; 

 

(c) PV current IPV; 

 
(d) PV reference voltage Vref; 

 
(e) Battery charging current ib. 

FIGURE 5.3. Steady state simulation results of operation 

scenario 4. (a) DCbus voltage Vbus; (b) PV voltage VPV; 

(c) PV current IPV; (d) PV referencevoltage Vref; (e) 

Battery charging current ib. 

Figure 5.3 displays the outcomes of the simulations in a 

steady state. The simulation settings are listed below. 

For the PL D 8 kW load power, we'll use the numbers 

25°C, 1000 W/m2, and 50% relative humidity. As can be 
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seen in Fig. 5.3, the DC bus voltage Vbus is kept 

constant at 500 Vbus D. (a). With VPV adjusted near the 

ideal value VMPP D 435 V and IPV controlled near the 

ideal value IMPP D 22 A, as shown in Fig. 5.3 (b), 5.3 (c), 

and 5.3 (d), the MPPT loop is allowed and the PV 

operates at its maximum power point. Power from the 

PV is being added to the battery, as shown in Fig. 5.3, 

which is charging (e). 

. 

 

(a) 

 

(b) 

 
(c) 

 
(d) 

FIGURE 5.4 The results of scenario 5's steady-state 

simulation. (a) Voltage from the DC bus Vbus; 

(b)voltage from the PV modules Vpv; (c)current from 

the PV modules Ipv; and (d)current from the battery 

charger ib 

 

In Fig. 5, we see the operation's steady-state outcomes. 

This is how a simulation works: 1000 W/m2 of radiation, 

25 degrees Celsius Figure 5 shows that this value is 

identical to the one found in Figure 4. (a). In this case, as 

seen in Fig. 5, the MPPT charger is disabled and the 

maximum charge current I is set to 30A. (d). According 

to Figures 5.4 (b) and (c), the PV would not be 

producing its full potential output under these 

conditions. 

 

 
(a) 

 

(b) 

 

(c) 
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(d) 

 

(e) 

FIGURE 5.4. The simulation results show that at t = D 2 

s, the irradiance drops from 1000 W/m2 to 500 W/m2. (a) 

Voltage on the DC bus (Vbus); (b)the PV voltage (VPV); 

(c)the PV current (IPV); (d)the PV reference voltage 

(Vref); and (e)the battery charging current (ib). 

 

dynamic functionality as seen in Fig. 5, where irradiance 

is reduced from 1000 W/m2 to 500 W/m2 at time "t" The 

following are additional rules that may be used in 

simulations: As can be seen in Fig. 5, the temperature 

was 25 degrees Celsius, and the load was 8 kilowatts 

(kW) during the voltage change from bus 4 to bus 5. (a). 

As seen in Fig. 5, the PV voltage increases whenever the 

MPPT is in charge of the duty cycle (d) As may be seen 

in Figures 10(b) and 10(c), MPPT is achieved by running 

PV close to its maximum power points. Since the battery 

is shown to be charged before being put to use in Fig. 10 

(e), the irradiation incidence may be thought of as a 

bridge between scenarios 4 and 2. 

 

 

(a) 

 

(b) 

 

(c) 

 
(d) 

 

(e) 

FIGURE 5.5. Findings from a simulation in which the 

load power increases from 8 kW to 10 kWat t D 2 s. (a) 

Voltage on the DC bus (Vbus); (b)the PV voltage (VPV); 

(c)the PV current (IPV); (d)the PV reference voltage 

(Vref); and (e)the battery charging current (ib). 

 

Figure 5 depicts the dynamic increase in system output 

power from 8 kW to 10 kW at time D 2. The following 

are additional rules that may be used in simulations: 

(1000 mW/m2 virradiance, 25 °C) The DC bus voltage is 

shown to be stable in Fig. 5. (a). The original version of 

Figure 5 has been shortened to just "Figure 5" (d). This 
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may be seen as the outcome of the load increase shown 

in Figure 5's Scenario 2 compared to Scenario 5. (e). 

 

 
Fig 5.6 A power converter and Induction Motor drive 

schematic built in Simulink for the proposed system 

 
Fig 5.7 The characteristics of the stator current in an 

Induction motor drive were simulated and shown as 

waveforms. 

 

Fig 5.8 Induction motor drive speed characteristics as 

simulated by waveform simulation

 

Fig 5.9 Drive waveforms for an simulated induction 

motor Qualities of Torque 

 

6. CONCLUSION 

A microgrid powered by a renewable hybrid would be 

an excellent, cost-effective, and environmentally 

friendly choice. It may be used in lieu of regular gas. In 

this case, the PV/battery hybrid power generating 

system incorporates the three-port converter. It fixes the 

issues with the supply and supplies enough power to 

run the load. The PV array will be the primary source of 

electricity for the system when cloud cover and 

nighttime reduce the amount of sunlight reaching the 

solar panels. Enhanced power density and/or 

dependability are two features of the suggested system. 

To achieve power balance between the three ports, the 

necessary DC bus voltage is derived from the complete 

bridge and the switch cycle phase shift angles. In any 

case, a thorough energy management and control plan 

is suggested after many different operating situations 

have been investigated. The priority controller gives 

you the option to disable the other control loops in 

order to focus on battery charging and overall system 

performance. 
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