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ABSTRACT 

This paper presents a The micro grid concept introduces the power is generated from the renewable energy 

sources like p.v wind, fuel cell, micro turbine etc will give signifying moment in near future. these power 

generating stations interconnected for consumer applications this results increase circuit complexity, cost and 

system have less reliability. The Generation of power is transmitted through transmission lines source to load it 

will have some power quality problems like voltage sag,swell,voltage flickers and voltage drops due to this 

system will loss the reliability. This can compensated in paper to improve the power quality from source to load 

by P-Q control through shunt  active fliter  . Mode, the feeder flow is regulated to a constant, the extra load 

demand is picked up by the hybrid source, and, hence, the feeder reference power must be known. he system can 

maximize the generated power when load is heavy and minimizes the load shedding area. When load is light, the 

UPC mode is selected and, thus, the hybrid source works more stably. The changes in operating mode only 

occur when the load demand is at the boundary of mode change; otherwise, the operating mode is either UPC 

mode or FFC mode. Besides, the variation of hybrid source reference power is eliminated by means of 

hysteresis. The proposed operating strategy with a flexible operation mode change always operates the PV 

array at maximum output power and the PEMFC in its high efficiency performance band, thus improving the 

performance of system operation, enhancing system stability, and decreasing the number of operating mode 

changes.in the MATLAB simulink  environment. 

Index Terms:  Micro Grid, Grid-Tied Mode, Coordination Control Operations, PV System, Fuel 

Cell Power Generation. 

I INTRODUCTION  

Renewable energy is currently widely used. One of these resources is solar energy. The photovoltaic (PV) array 

normally uses a maximum power point tracking (MPPT) technique to continuously deliver the highest power to 

the load when there are variations in irradiation and temperature. The disadvantage of PV energy is that the PV 

output power depends on weather conditions and cell temperature, making it an uncontrollable source. 

Furthermore, it is not available Combining multiple renewable resources via a common dc bus of a power 

converter has been prevalent because of convenience in integrated monitoring and control and consistency in the 

structure of controllers as compared with a common ac type. There are some previous works on similar hybrid 

systems [2]–[11]. Dynamic performance of a stand-alone  solar system with battery storage was analyzed [3]. A 

Several methodologies for optimal design or unit sizing of stand-alone or grid-connected systems have been 
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proposed using steady-state analysis [4]–[7]. In addition, the steady-state performance of a grid-connected wind- 

and photovoltaic (PV)-power system with battery storage was analyzed [8]. This paper focused on system 

engineering, such as energy production, system reliability, unit sizing, and cost analysis, based on long terms of 

data hourly, daily, and yearly recorded. A simulation package was developed for a PV power system [9]. Most 

applications are for stand-alone operation, where the 

main control target is to balance local loads. A few grid-connected systems consider the grid as just a back-up 

means to use when there is insufficient supply from renewable sources [4], [5], [8]. They are originally designed 

to meet local load demands with a loss of power-supply probability of a specific period. Such systems, focusing 

on providing sustainable power to their loads, do not care much about the quality or flexibility of power 

delivered to the grid. From the perspective of utility, however, a system with less fluctuating power injection or 

with the capability of flexibly regulating its power is more desirable. In addition, users will prefer a system that 

can provide multiple options for power transfer since it will be favorable in system operation and management. 

Control strategies of such a system should be quite different from those of conventional systems. This paper 

addresses dynamic modeling and control of a grid-connected PV–battery system with versatile power transfer. i 

this system, unlike conventional systems, considers the stability and dispatch-ability of its power injection into 

the grid. The system can operate in different modes, which include normal operation without use of battery, 

dispatch operation, and averaging operation. In order to effectively achieve such modes of operation, two 

modified techniques are applied; a modified hysteresis control strategy for a battery charger/discharger and a 

power averaging technique using a low-pass filter. The concept and principle of the system and its supervisory 

control are described. Classical techniques of maximum power tracking are applied in PV array using MPPT 

control. Dynamic modeling and simulations were based on Power System Computer Aided 

Design/Electromagnetic Transients Program for DC (PSCAD/EMTDC), power-system transient-analysis 

software. The program was based on Dommel’s algorithm, specifically developed for the simulation of high-

voltage direct current systems and efficient for the transient simulation of power system under power-electronic 

control of inverter and its control system were developed. 

 

1.1 Grid Operation  

Wherever the basic main diagram of a AC/DC micro grid shows it will consists two renewable energy sources 

one is P.V the output of P.V array is connected to the boost converter. 

A capacitor is supplies the high frequency ripples of P.V output voltage .the energy storage battery is connected 

to the D.C bus through DC-DC boost converter. The rated voltage of D.C bus is 400v respectively. Another 

renewable energy device is wind generation with DFIG is connecting to ac sources through A.C bus. Three phase 

bidirectional DC/AC main converter wit R-L-C connected between DC bus and AC bus.  
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Fig.1. Block diagram of micro grid 

 

The hybrid grid can operate in two modes One is grid-tied mode and isolated mode the present work is did in 

grid-tied mode The boost converter and WTG are controlled to provide the maximum power. the main converter 

is to provide stable dc bus voltage and required reactive power and to exchange power between the ac and dc 

buses. When the output power of the dc sources is greater than the dc loads, the converter acts as an inverter and 

injects power from dc to ac side. When the total power generation is less than the total load at the dc side, the 

converter injects power from the ac to dc side. When the total power generation is greater than the total load in 

the hybrid grid, it will inject power to the utility grid. 

II MODELLING OF P.V SYSTEM 

Generally, a PV module comprises of a number of PV cells connected in either series or parallel the classical 

equation of a PV cell describes the relationship between current and voltage of the cell (neglecting the current in 

the shunt resistance of the equivalent circuit of the cell) as  
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Fig.2. Equivalent circuit of PV cell 
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Where Io denotes the PV array output current, V is the PV output voltage, is the cell photocurrent that is 

proportional to solar irradiation, is the cells reverse saturation current that mainly depends on the temperature, is a 

constant, n and are the numbers of series strings and parallel strings in the PV array, respectively. 

2.1 MPPT (P&O method) 

Define Perturb-and-observe (P&O) method is dominantly used in practical PV systems for the MPPT control due 

to its simple implementation, high reliability, and tracking efficiency. Shows the flow chart of the P&O method 

[4-5]. The present power P (k) is calculated with the present values of PV voltage V (k) and current I (k), and is 

compared with the previous power P (k-1). If the power increases [6-7], keep the next voltage change in the same 

direction as the previous change.  

 

 

Fig.3. Flow chart for MPPT algorithm. 
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2.2  Dynamic Modeling of Boost Converter 

The main objective of the boost converter is to track the maximum power point of the PV array by regulating the 

solar panel terminal voltage using the power voltage characteristic curve. 

 

Fig.4. Boost Converter 
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III. MODELING OF BATTERY 

 

Battery acts as a constant voltage load line on the PV array and is charged both by PV array and induction 

generator .the battery is modeled as a nonlinear voltage source whose output voltage depends not only[8-9] on the 

current but also on the battery state of charge(SOC), which is non linear function of the current and time : 

 

 

 

 

 IV p-q THEORY POWER COMPONENTS 

The p-q theory implements a transformation from a stationary reference system in a-b-c coordinates, to a system 

with coordinates α-β-0. It corresponds to an algebraic transformation, known as Clarke transformation [5], which 

also produces a stationary reference system, where coordinates α-β are orthogonal to each other, and coordinate 0 

corresponds to the zero-sequence component. The zero sequence component calculated here differs from the one 

obtained by the symmetrical components transformation, or Fortescue transformation [6], by a 3 factor. The 

voltages and currents in α-β-0 coordinates are calculated as follows: 
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The p-q theory power components are then calculated from voltages and currents in the α-β-0 coordinates. Each 

component can be separated in its mean and alternating values , which present physical meanings: 

 

4.1 Instantaneous Zero-Sequence Power ( 
0

p  ) 

00000

~
ppivp 



 



0
p − Mean value of the instantaneous zero sequence power. It corresponds to the energy per time unity that is 

transferred from the power source to the load through the zero-sequence components of voltage and current. 

 
0

~
p  − Alternating value of the instantaneous zero-sequence power. It means the energy per time unity that is 

exchanged between the power source and the load through the zero-sequence components of voltage and current. 

The zero-sequence power exists only in three-phase systems with neutral wire. Moreover, the systems must have 

both unbalanced voltages and currents, or the same third order harmonics, in both voltage and current, for at least 

one phase. Itis important to notice that 
0

p cannot exist in a power system without the presence of 
0

~
p . Since  

0

~
p is clearly an undesired power component (it only exchanges energy with the load, and does not transfer any 

energy to the load), both
0

p   and 
0

~
p  must be compensated. 

 

4.2  Instantaneous Real Power ( p ) 

ppivivp
~
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0
p − Mean value of the instantaneous real power. It corresponds to the energy per time unity that is transferred 

from the power source to the load, in a balanced way, through the a-b-c coordinates (it is, indeed, the only desired 

power component to be supplied by the power source). 

 
0

~
p − Alternating value of the instantaneous real power. It is the energy per time unity that is exchanged between 

the power source and the load, through the a-b-c coordinates. Since p ~ does not involve any energy transference 

from the power source to load, it must be compensated. 

 

4.3  Instantaneous Imaginary Power ( q ) 

qqivivq
~




 

q − Mean value of instantaneous imaginary power. 

q
~ − Alternating value of instantaneous imaginary power. The instantaneous imaginary power, 

q, has to do with power (and corresponding undesirable currents) that is exchanged between 

the system phases, and which does not imply any transference or exchange of energy between 

the power source and the load. Rewriting equation in a-b-c coordinates the following 

expression is obtained: 

      

3

bacacbcba
ivvivvivv

q


  

This is a well known expression used in conventional reactive power meters, in power systems without harmonics 

and with balanced sinusoidal voltages. These instruments, of the electro dynamic type, display the mean value 

of equation .The instantaneous imaginary power differs from the conventional reactive power, because in the 

first case all the harmonics in voltage and current are considered. In the special case of a balanced sinusoidal 

voltage supply and a balanced load, with or without harmonics, q  is equal to the conventional reactive 

power
111

sin3 ivq  . 

 

 

Fig. 1 P-Q Theory Power Components 

It is also important to note that the three-phase instantaneous power ( p3 ) can be written in both coordinates 

systems, a-b-c and α-β-0, assuming the same value 
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Thus, to make the three-phase instantaneous power constant, it is necessary to compensate the alternating power 

components 
0

p and 
0

~
p . Since, as seen before, it is not possible to compensate only

0

~
p ,all zero-sequence 

instantaneous power must be compensated.  

 Moreover, to minimize the power system currents, the instantaneous imaginary power, q, must also be 

compensated. The compensation of the p-q theory undesired power components (
0

~
p  , 

0
p  and q ) can be 

accomplished with the use of an active power filter. The dynamic response of this active filter will depend on 

the time interval required by its control system to calculate these values. 

 

V p-q THEORY APPLIED TO SHUNT ACTIVE FILTER THROUGH INVERTER 

 

The p-q theory is one of several methods that can be used in the control active filters. p  is usually the only 

desirable p-q theory power component. The other quantities can be compensated using a shunt active filters. 
0

p  

can be compensated without of any power supply in the shunt active filters. The quantity is delivered from the 

power supply to the load through the active filter. This means that the energy previously transferred from the 

source to the load through the zero sequence components of voltage and current is now delivered in a balanced 

way from the source phases. It is also possible to conclude from the fig” below that the active filter capacitor is 

only. Necessary to compensate p
~

 and
0

~
p . Since these quantities must be stored in this at one moment to be 

later delivered to the load. The instantaneous imaginary power(q) which includes that convention reactive power 

is compensated without the contribution of the capacitor. This means that the size of the capacitor does not 

depend on the amount of reactive power to be compensated. 
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To calculate the reference compensation currents in the “α” and “β” coordinates, the expression is inversed, and 

the power to be compensated( p
~

-
0

p  and  q) are used. 
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 Since zero sequence current must be compensated the reference compensation in the “0” coordinate is 
0
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In order to obtain the reference compensation currents in the a-b-c coordinates the inverse of the transformation 

given expression 













































































*

*

*

2

3

2
1

2

1

2

3

2
1

2

1

01
2

1

3
2

0

*

*

*





c

c

c

cc

cb

ca

i

i

i

i

i

i

  

 

 ****

cccbcacn
iiii   

The calculations presented so for synthesized in fig” and correspond to a shunt active filter control strategy for 

constant instaneous supply power. This approach when applied to a three phase system balance sinusoidal 

voltage produces. 

The sinusoidal  supply current strategy must be used when voltages  are distorted unbalanced and sinusoidal 

currents are distorted. The block diagram In fig” presents the calculations required in this case when this 

approach is used the results. The partial  implementation of the  active filter depends the regulation of the 

voltage at the inverter DC-side [VDC –the capacitor  voltage] as suggested in the fig”. where VRef  IS the 

reference value required proper operation of the  active filter inverter. 

 

5.1 DC-Link Voltage and Power Control Operation 
 

Due to the intermittent nature of RES, the generated power is of variable nature. The dc-link plays an important 

role in transferring this variable power from renewable energy source to the grid. RES are represented as current 

sources connected to the dc-link of a grid-interfacing inverter. Fig shows the systematic representation of power 

transfer from the renewable energy resources to the grid via the dc-link. The current injected by renewable into 

dc-link at voltage level “VDC” can be given as 

 

                            

DC

RES

DC

V

P
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where
RES

P   is the power generated from RES. 

The current flow on the other side of dc-link can be represented 

as, 

                
 

DC

LOSSG

DC

inv

DC

V

PP

V

P
I




2
 

where
inv

P ,
G

P and 
LOSS

P  are total power available at grid-interfacing inverter side, active power supplied to 

the grid and inverter losses, respectively. If inverter losses are negligible then 

                  
RESG

PP   

5.2 Control strategy for Grid connected Inverter 

 

The control diagram of grid- interfacing inverter for a 3-phase 

4-wire system is shown in Fig. 3. The fourth leg of inverter is used to compensate the neutral current of load. 

The main aim 

of proposed approach is to regulate the power at PCC during: 

1) 0
RES

P ; 2) 
RES

P ˂ Total load power  
L

P ; and 3) 
RES

P ˂
L

P . While performing the power management 

operation, the inverter is actively controlled in such a way that it always draws/ supplies fundamental active 

power from/ to the grid. If the load connected to the PCC is non-linear or unbalanced or the combination of 

both, the given control approach also compensates the harmonics, unbalance, and neutral current.  

 

The duty ratio of inverter switches are varied in a power cycle such that the combination of load and inverter 

injected power appears as balanced resistive load to the grid. The regulation of dc-link voltage carries the 

information regarding the exchange of active power in between renewable source and grid. Thus the output of 

dc-link voltage regulator results in an active current(Im) The multiplication of active current component(Im)  

with unity grid voltage vector templates (Va, Vb, and Vc)generates the reference grid currents (Ica
*
, Icb

*
,and icc

*
 ). 
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The reference grid neutral current is set to zero, being the instantaneous sum of balanced grid currents. The grid 

synchronizing angle(θ) obtained from phase locked loop (PLL) is used to generate unity vector. 

 

VI SIMULATION RESULTS 

 

Fig.8.shows the output voltage of PV array corresponding solar irradiation it will increases at 0.025 to 0.3 voltage 

constant using P&O method. At the period of 0.3 to 0.0325 voltage drop occur during the load and source 

condition .the boost controller quickly recovers this drop and gives constant voltage. 

Fig.9. shows the output power of PV is correspondingly increases with solar irradiation. Output power is 

increases 12kw to 37kw due to changing the temperature. When temperature is fixed at 0.12sec to 0.3sec power 

generation is fixed. 

  

Fig.8. PV Output Voltage           Fig.9.PV Output Power and Sola Irradiation 

Fig.10. shows output voltage of PEM fuel cell corresponding to chemical reaction of the system initially 

generation voltage low  when chemical done quickly correspondingly increase the voltage  at certainly this 

voltage will be constant.   

Fig.11.shows PEM fuel cell power corresponding to chemical reaction 

 

      Fig.10.  PEM output voltage                          Fig.11. Output power PEM fuel cell 
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Fig.12. shows there phase voltage at load and this will be interconnected to utility grid by using the bidirectional 

converter it will be controlled by using p-q controller. 

Fig 13. shows there phase current at load and this will be interconnected to utility grid. by using the bidirectional 

converter it will be controlled by using p-q controller. 

  

 Fig.12. Three Phase Output Voltage at Load            Fig.13. Three Phase Output Voltage at Load 

 

       PARAMETERS FOR PHOTOVOLTAIC PANEL 

symbol Description Value 

 

q 

A 

k 

 

 

 

 

 

 

 

S 

T 

Rated open circuit voltage 

Electron charge 

Ideality factor 

Boltzman constant 

Series resistance of a PV cell 

Parallel  resistance of a PV 

Short-circuit current 

Reference temperature 

Energy of a band gap for 

silicon 

Number of cells in parallel 

Number of cells in series 

Solar radiation level 

Surface temperature of the 

PV 

403 

1.602× C 

1.50 

1.38×  J/K 

 

 

3.27A 

301.18 K 

1.1e V 

 

40 

900 

0 - 1000 W/  

350K 

 

VII. CONCLUSION 

This paper has presented an available method to operate a hybrid grid-connected system. The hybrid system, 

composed of a PV array and PEMFC, was considered. The operating strategy of the system is based on the UPC 

mode and FFC mode. The purposes of the proposed operating strategy presented in this paper are to determine 

the control mode, to minimize the number of mode changes, to operate PV at the maximum power point, and to 
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operate the FC output in its high-efficiency performance band. With the proposed operating algorithm, the 

system works flexibly, exploiting maximum solar energy; PEMFC works within a high-efficiency band and, 

hence, improves the performance of the system’s operation. The system can maximize the generated power 

when load is heavy and minimizes the load shedding area. When load is light, the UPC mode is selected and, 

thus, the hybrid source works more stably. The changes in operating mode only occur when the load demand is 

at the boundary of mode change 
1Load

P ; otherwise, the operating mode is either UPC mode or FFC mode. 

Besides, the variation of hybrid source reference power
f

MS
P

Re
 is eliminated by means of hysteresis. In 

addition, the number of mode changes is reduced. As a consequence, the system works more stably due to the 

minimization of mode changes and reference value variation. 
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