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ABSTRACT

This paper describes modeling of bi-directional grid-connected inverter for micro -grid applications at steady state

and also studies the transient responses for various loading conditions. In this paper mainly the power conditioning unit for

micro grid which consists of DC to AC grid connected inverter has been developed. In Inverter simulation model, a 50KW

source is connected to the load as well as utility grid. In this simulation model, the power response of load and utility grid

is discussed by varying the loads.
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INTRODUCTION

Now a day's many of the industrial countries generate most of their electricity in large centralized facilities, such

as fossil fuel (coal, gas powered) nuclear or hydropower plants because of their power demand. These plants have produce

bulk amount of power, which will usually transmit electricity for long distances. But these conventional energy generation

systems are not going to last longer and that remaining reserves should be conserved for environmental problems. So to

minimize these factors most of the developed countries goes to the on- site power generation by the combinations of

renewable energy sources, dies el generators and micro turbines to give the uninterrupted power supply to the load.

This type of power generation called Distributed Generations (DGs). It is well known that when many Distributed

Generations (DGs) are connected to utility grids, they can cause problems such as voltage rise and protection problem in

the utility grid. To solve these problems, new concepts of electric power systems are proposed, and Micro-Qid concept is

one of the solutions [1].

A micro grid is a closed small power network consists of dispersed type power sources, which is usually

connected to a large grid by tie lines. Ideally it is independently operated as like an isolated network but power interchange

is also allowed in order to cancel the difference between supply and demand [3][4][5].

Micro-Grid technologies are playing an increasingly important role in the nation's energy portfolio. They can be

used to meet base load, peak power demand, backup power, remote power, power quality, cooling and heating needs.

It can also enable a more efficient use of waste heat in combined heat and power (CHP) applications, which

boosts efficiency and lowers emissions. The CHP systems provide electricity, hot water, heat for industrial processes,

space heating and cooling, refrigeration, and humidity control to improve indoor air quality and comfort.
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Figure 1: Block Diagram of Micro -Grid

Figure 1 shows the block diagram of the Micro-Grid consisting of solar PV, Fuel cell and Diesel generator.

They are connected in parallel to form the constant DC bus by using power electronics converters. The DC bus is

connected with the battery bank with the charge controller which controls the charging of the battery bank. The DC loads

are connected directly to the DC bus. The inverter is connected to the DC bus which converts DC supply to AC supply and

form the AC bus. This ACbus is connected to the AC loads and the utility Grid supply.

Power Conditioning Unit

The power conditioning system provides regulated DC or AC power appropriate for the application. The output of

the Micro-Grid sources is an unregulated DC voltage and it needs to be conditioned in order to be of practical use.

The power conditioner section converts the raw power into useable power for different applications. The power

conditioning unit also controls electricity's frequency and maintains harmonics to an acceptable level. The purpose of

conditioners is to adapt the electrical current from Micro-Grid sources to suit the electrical needs of the application. The

general configuration of the system will be the Micro-Grid sources followed by a boost converter followed by a

Bi-directional grid connected inverter. Here by using the boost converter to maintain the constant DC voltage output from

the sources and that DC supply is fed to the inverter system The boost converter will be operated in the voltage control

mode [6], [7].

Based on the load conditions, the boost stage can be commanded to draw a specific amount of current from the

Micro-Grid sources with a ripple well defined by the frequency, size of the inductor, and duty ratio. Similarly, the inverter

is used for the interfacing of the Micro-Grid system to the load to provide voltage/current with proper frequency phase and

magnitude where the input for the inverter comes from the boost converter stage and the inverter (with the filter) becomes

the load for the boost converter. An electrical power-generating system that uses Micro-Grid as the primary source of

electricity generation and is intended to operate synchronously, and in parallel with the electric utility network is a

grid-connected system

Modeling of Bi-Directional Grid Connected Inverter

Generally, the overall power-conditioning system includes front-end conversion and regulation, for example,

DC/DC conversion for renewable energy sources with DC output (e.g., fuel cell, PV), or AC/DC conversion for prime

movers with AC output (e.g. micro turbines, sterling engines). They may have an energy -management system, such as a

battery charger, at the DC bus. In either case, the input to the inverter is a regulated DC source. In this model, the input to
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the inverter is simplified as a DC voltage source. Another simplification is the inverter output filters, which could have

different variations in practical applications; for example, the output filter could include L, or LCL, or LC plus a

transformer, with or without harmonic filters, etc. To simplify the analysis here, only an L (inductor) filter is considered.

Control Strategy for Grid Connected Inverters

There are two basic control modes for the grid -connected inverters. One is constant current control and the other

is constant-power control. It is still arguable whether an inverter should be allowed to regulate voltage during

grid-connected operation. The current IEEE standard does not allow Distributed Generation (DG) to actively regulate

voltage, but some people in the industry suggest that DG voltage regulation may have some positive impact on the grid.

In this paper constant-current and power-controlled inverters are considered. In detailed analysis, constant-current

controlled inverters are used as an example to demonstrate the concepts, which can be easily extended to constant -power

controlled inverters. The control design for a three-phase inverter can be realized either in ABC (stationary) or in dq

(rotating) frames. Figure 2 shows the inverter with constant current control. The inverter output currents are regulated to

the given current references. The controller is greatly simplified with a few key functional blocks like ABC/dq

transformation, dq phase-lock loop, summing function, linear regulator (proportional -integral) and dq/ABC transformation.

Many functions to deal with practical issues are not modeled, e.g. negative sequence regulation, dq decoupling, device

protection, etc.

Figure 2: Block Diagram of Constant Current-Control Inverter

Figure 3 shows the inverter with constant power control. There are two key concepts in the dq implementation.

First, the active power is proportional to the d-axis components, and the reactive power is proportional to the q-axis

components. Therefore, the active and reactive power commands should feed into the d-axis and q-axis, respectively.

Second, since the overall vector (voltage or current) is the synthesis of the d and q axes, changing one axis not only

changes the magnitude of the vector, but also changes the angle between the d and q axes. The angle change will result in

frequency change, because frequency is the derivative of

the angle.

Figure 3: Block Diagram of Constant-Power -Controlled Inverter
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Here the inverter output power is compared with the reference power and the error is given to the PI controller,

the output of the PI controller represents direct axis current component (d-axis), similarly by comparing the reactive

powers, quadrature axis current component (q-axis) component is obtained. These current components is compared with

the inverter output currents and the error is given to the PI controllers, the output of the PI controller is current signals

which in turn given to the PWM generator and generate the pulses at switching frequency and then fed to the inverter

switches.

Simulation Models

Figure 4 shows the SIMULINK model of inverter, current regulator, and power regulator for grid connected

applications and its results are presented below

Simulation Model of Power Regulator

Figure 5 shows that the simulation model of the power regulator from this model. In this subsystem the active and

reactive powers of the input power, load power and the grid powers are calculated and the reference values of Id and Iq are

calculated.

Simulation Model of Current Regulator

Figure 6 shows the subsystem of current regulator model. In this model the reference values of Ij and I
q
are

compared with the actual values of Id and I
q
values and the error signal is given to the PI controller. The PI controller will

gives the signal to the PWM generator then the PWM generator will generates the gate pulse to the inverter.

Figure 4: Simulation Model for GRID Connected Applications
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Figure 5: Simulation Model of Power Regulator
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Figure 6: Simulation Model of Current Regulator
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Simulation Results

Condition 1 : PLoad= Pref

At this condition, power supplied to the grid is zero at steady state. In the transient condition, the grid is giving the

power (negative) because due to the slow response of Micro -Grid which is shown in figure 7.
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Figure 7: Power Response for 50KW Load

For 50KW of load the current flowing through the load is 92.78 amps (peak) which is coming from the

Micro-Grid system(i.e. from inverter) and the current flowing through the grid is zero at steady state. In this simulation for

grid connected application, the voltage is maintained constant at a value of 440Vrms line-line (440 a/2=622V peak value)

for all loading conditions which is shown in figure 8.
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Figure 8: Current Response for 50KW Load

Condi ti on 2 : PLoad < Pref

At this condition, power supplied to the grid will be [Pref - Pload]- If power is taken by the grid, then Pgrjd is

considered as positive otherwise negative. The positive value of P grid in the below plot indicates that grid is taking the

remaining power from the Micro-Grid system (i.e. from inverter) after supplying to the load. At this loading condition also

voltage at the inverter, load is maintained constant which is shown in Figure 9.
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Figure 9: Power Response for 30KW Load

The current flowing from the inverter is 92.78 amps (peak) which is constant for the reference power of 50KW.

For 30KW of loading condition, the current flowing through the load is 55.67 amps (peak) which is coming from the

Micro-Grid system (i.e. from inverter) and the remaining current 37.11 amps (peak) flowing through the grid which is

shown in the figure 10.
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Figure 10: Current Response for 30KW Load

Condi ti on 3 : Pload > Pref

At this condition, power supplied to the grid will be [Pref - Pload] which is a negative value i.e. grid (P 2nd) is

supplying the power to the load according to its requirement. For 80KW of load, Micro -Grid system supplying 50KW

(reference power) and remaining 30KW is supplied fromthe grid which is shown in figure 11.
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Figure 11: Power Response for 80KW Load

For 80KW of loading condition, the current flowing through the load is 148.46 amps (peak) and the current

coming from the Micro-Grid system (i.e. from inverter) is 92.78 amps (peak) which is constant for the reference power of

50KW and the remaining current 55.58 amps (peak) is coming from the grid which is shown in figure 12.
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Figure 12: Current Responses for 80KW Load

Condition 4: Step Change in Load form 30KW to 80KW at 0.5 Sec

When there is a sudden change in the load from 30KW to 80KW, both the power taken by the grid and power

given to the grid is possible. Up to 0.5 sec the load is 30KW so remaining 20KW of power is given to the grid. After 0.5

sec the load is 80KW, so the grid will supply 30KW of powerto the load which is shown in figure 13.
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Figure 13: Power Response for Step Change in Load

For step change in load, the current flowing through the load below 0.5sec is 55.67 amps (peak) and the current

corning from the Micro-Grid system (i.e. from inverter) is 92.78 amps (peak) which is constant for the reference power of

50kW and the remaining current 37.12 amps (peak) is going to the grid. After 0.5 sec load is 80kW, so the current flowing

through the load is 148.46 (peak) amps and the current coming from the Micro-Grid system (i.e. from inverter) is 92.78

amps (peak) and the remaining current 55.67 amps (peak) is coming from the grid which is shown in Figure 14.
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Figure 14: Current Response for Step Change in Load

CONCLUSIONS

In this paper, the Grid-Connected Bi-Directional inverter control scheme using constant power and current control

strategies for Micro-Grid system have been discussed. The simulation results for different conditions of loading are

analyzed. The real power injection into the grid takes less than O.lsec to reach the reference value of 50KW. The system

was then subjected to a step change in the load from 30KW to 80KW to observe the sharing of power from inverter to grid

and fromgrid to the load, for the 50KW interconnected Micro-Grid source.
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