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Abstract. In this paper, the dynamic modeling of the studied 
micro grid (MG) is presented for steady state and transient 
operation conditions. Moreover, control strategies to obtain the 
maximum converted power and stabilize the voltage under 
different operating conditions are derived. The integrated system 
under study has four key subsystems to supply the required 
electric loads. The first and second subsystems include the layout 
of the studied MG and the renewable generation sources from 
Wind turbine and PV array. The third represents the boost 
converter between the PV and the DC collection bus as well as the 
interfaced inverter to the point of common coupling (PCC) with 
the MG. The fourth subsystem comprises mainly the required PI 
controllers to regulate the modulation index of the inverter and the 
duty cycle of the boost converter for PV maximum  in addition of 
regulating the boost inverter DC link  voltage. The proportional 
and integral parameters of these controllers are tuned off-line to 
enhance the grid performance.  The integrated system and the 
associated subsystems are fully validated for efficient operation 
under normal or fault conditions using the Matlab/Simulink/Sim-
Power software. 
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1. Introduction 
 
Distributed generation (DG) is becoming an important 
research area to facilitate the utilization of green energy 
resources.  Compared with conventional power plants, 
distributed generation has less pollution and high reliability. 
Moreover, installation of DG energy resources can 
potentially postpone the demand for distribution and 
transmission expansion planning to cover the increasing 
electric demand of the consumers [1]. Interconnection of 
different DG units to distribution network forms a new 

system called MG. MGs with DG close to load centers will 
reduce the required power flows from transmission and 
distribution networks resulting in loss reduction and 
reliability increase. Micro grids will reduce also the harmful 
gas emission and mitigate climate changes. This is 
attributed to the fact that the installed DG units are based on 
renewable sources that are free emissions [2].          
Distributed generations used in micro grids are technically 
not suitable for direct energy supply to the grid. They have 
to be interfaced with Micro Grid through power 
conditioning devices and appropriate control strategies in 
order to provide the required voltage and frequency at PCC 
[3]. Wind turbine will generally operate in normal 
conditions with voltage level between 90 and 105% and 
frequency between 49-51 Hz. The penetration of distributed 
generation may violate these operation constraints. 
Therefore, the active and reactive power supplied to the 
distribution network should be continuously controlled to 
regulate the voltage and frequency of the system. Under 
fault conditions, the wind turbine would experience large 
voltage variations. The amplitude and duration of these 
variations will determine whether the wind turbine should 
be disconnected or kept in operation during fault 
conditions. MG can provide the required reactive power for 
voltage regulation and assist wind farms to continue in 
supplying active power for certain time during fault 
conditions [4].The main objective of this paper is to study 
the steady state and transient behavior of MG under varying 
loads and climate conditions. In order to assess system 
behavior a complete model will be developed to simulate 
the MG’s components including power conditioning 
system. Maximum power is tracked under time varying 
wind speed and solar radiation. The developed model was 
built in Matlab/Simulink environment. The layout of the 
studied MG is presented in Section 2 together with a brief 
description of wind and solar energy driven DG units. 
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Section 3 and 4 present the description of the boost 
converter and the interfaced inverter with their proposed 
control strategies. The studied cases with results and 
discussions are explained in Section 5. Conclusions are 
summarized in Section 7. 
 
2. Micro grid System Components and Modeling 

 
A single line diagram of the micro grid system studied in 
this paper is illustrated in Fig. 1. It consists of 22 kV 
network, 600 kW wind turbine and 200 kW PV panel. The 
average wind speed is 10 m/s at 40 m above ground level. 
The wind turbines are connected to the network through 
800kVA, 690V/22kV transformers. The turbines are 
coupled to induction generators and have fixed capacitors, 
rated speed of 12 m/s. Local loads are included in the 
system with total active and reactive power of 400 kW and 
100kVAR, respectively. The PV arrays are connected to the 
grid through DC/DC boost converter and DC/AC 3-phase 
two-level inverter. After inversion the arrays are interfaced 
to the distribution network through 6 kV/22 kV 
transformer. In the case of installing fixed capacitor for 
induction generator excitation, the system may need 
additional source of reactive power from the grid to 
enhance system performance. 

 
Fig.:1 Layout of the studied micro grid 

 

A. Fixed Speed Wind Turbine with Induction Generator 
 

The extracted power of wind turbine depends on three main 
factors: available wind power, the power curve of the 
machine and the ability of the machine's response to wind 
fluctuation. The expression for power produced by the wind 
is given by [5]: 

 ൌ ߸	 ௪ܶ ൌ
ଵ
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Where; 
Pa is the aerodynamic power, Cp(λ, β) is the dimensionless 
aerodynamic power performance coefficient, ρ=1.25 kg/m3 
is the air density, A=πR2is the rotor swept area, Vw is the 
wind speed, ω is the blade rotating speed, λ is the tip-speed 

ratio and β represents pitch angle. The tip speed ratio is 
defined as: 

ߣ ൌ ߸	
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     (2) 

Where; ω is the rotor speed and R is the rotor radius. The 
wind turbine can be characterized by its (CP– λ).It is seen 
that if the rotor speed is kept constant, then any change in 
the wind speed will change the tip-speed ratio, leading to 
the change of power coefficient Cp as well as the generated 
power. If, however, the rotor speed is adjusted according to 
the wind speed variation, then the tip-speed ratio can be 
maintained at an optimal point, which could yield 
maximum power output from the system. 
For the modeling of the wind turbine the power coefficient 
Cp(λ, β) of eq. (3) is used, which represents the fraction of 
the power in the wind captured by the turbine and has a 
theoretical maximum of 0.55 [6]. 
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The pitch control system is one of the most widely used 
control techniques to regulate the output power of a wind 
turbine generator. The method relies on the variation in the 
power captured by the turbine as the pitch angle of the 
blades is changed. 

B. Photovoltaic Array 
 

Using the physics of p-n junctions, a PV cell can be 
modeled as a DC current source in parallel with a diode that 
represents the most effective current escaping due to 
diffusion mechanisms. Two resistances, Rs and Rp, are 
included to model the contact resistances and internal PV 
cell resistance respectively.  A solar cell equivalent circuit 
is usually represented [7], as shown in Fig. 2. 

 
Fig. 2: Solar cell equivalent circuit 

The current source Iph represents the photocurrent of the 
cell. The relationships between the PV cell output current 
and terminal voltage is given by: 
 

ܫ ൌ ܫ െ ௦ܫ ቂexp ቀ
୯ሺା୍ୖ౩ሻ
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Where; A is the diode ideality factor, k is the Boltzmann 
constant (1.3806503 × 10−23 J/K), T is the cell temperature 
in Kelvin, q is the electron charge (1.60217646 × 10−19 C), 
Irs is the reverse saturation currents of the diode, 
respectively. PV cells are grouped in larger units called PV 
modules, which are further interconnected in a parallel-
series configuration to form PV arrays or PV generators. 
Assuming high value of Rp then for an array with Ns series  
and Np parallel-connected cells, the array current may be 
related to the array voltage as [7, 8]: 
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Where; Irsis the cell reverse saturation current at 
temperature T, while Tr is the cell reference temperature, Irr 

is the reverse saturation current at Tr and EG is the band gap 
energy of the semiconductor used in the cell. The 
photocurrent Iph depends on the cell’s temperature and 
radiation as follows: 

ௌோܫୀሾܫ 	݇ሺܶ െ ܶሻሿ
ௌ

ଵ
   (7) 

Where, ISCR is the cell short circuit current at reference 
temperature and radiation, ki is the short circuit current 
temperature coefficient and S is the solar radiation in 
mW/cm2. The PV studied system consists of 33 series and 
119 parallel modules. Photovoltaic cells vary their voltage 
output with irradiance, temperature, and current loading [9].  
 
3. Power Conditioning System 

 
The main purpose of a grid-connected PV solar system is to 
transfer the maximum power obtained from the PV panel 
into the MG independently of the climatic conditions. 
Therefore, the use of an appropriate electronic interface 
with maximum power point tracking (MPPT) capabilities is 
required. 
 
A. Boost Converter: 
 

A boost converter is a power converter with an output DC 
voltage greater than its input DC voltage. By implementing 
the PWM technique on boost converter, a stable output 
voltage from a non-stable input voltage can be obtained by 
changing the duty cycle (d) of the switched input pulse.  
The boost converter is given in Fig. 3 with a switching 
period T and a duty cycle d. Again, assuming continuous 
conduction mode of operation, the state space equations 
when   the main switch is ON are shown by, [10]. 
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The relationship between output Vo and Vin voltage is 
governed by: 
 

బ

ൌ ೞ்

௧
ൌ

ଵ

ଵିௗ
     (10) 

The boost converter operation to achieve MPP of PV array 
depends mainly on the switching of the electronic devices.  

 
Fig.3: DC-DC Boost Converter 

B. PV Array Inverter 
 

The Modular Multilevel inverter (MMI) system has many 
advantages over conventional voltage source converters 
[13]. Among various modulation techniques for MMI, 
PWM is an attractive candidate due to efficient DC link 
voltage utilization, reducing commutation losses and THD 
[4,7]. The proposed inverter is a 3-phase, 2-level DC/AC 
inverter using IGBTs due to their lower switching losses. 
Depending on the gating signals, the output terminal 
voltage is either equal to capacitor voltage or zero, and can 
be expressed by: 

ܸ௩ ൌ ܰ ∗	 ܸ     (11) 

Where; Vinv, N, and Vcap are terminal voltage, gating signal 
and capacitor voltage, respectively. N takes the value of 
either one or zero. In the two-level inverter the switching of 
the upper and lower IGBT generates the output voltages 
with positive and negative levels (+Vdc and -Vdc). The 
inverter is generally connected to the network at the PCC 
through the equivalent inductance and resistance, which 
represent the impedance of the coupling transformer. The 
magnetizing inductance of the step-up transformer can also 
be taken into consideration through a mutual equivalent 
inductance. The aim of the control strategy is to regulate the 
current output from the inverter to follow a specified 
reference value. This can be achieved by transforming the 
three phase output currents of the inverter to the rotating 
reference frame (dq0)[11]. The relation between the DC 
side voltage Vdc and the generated AC voltage Vinv can be 
described through the matrix in the dq-frame Sav,dq, as 
given by: 

 ܸ௩,ௗ

ܸ௩,
൨ ൌ ܵ௩,ௗ ௗܸ    (12) 

Where;ܵ௩,ௗ ൌ
√ଷ

ଶ
݉    (13) 

And mi is the inverter modulation index. 
 
4. Proposed Control Scheme 

The output power of the PV cell has a nonlinear function 
with irradiance and temperature. Therefore, the power of 
the PV array changes continuously and consequently the 
PV operating point must change to maximize the energy 
produced. Generally, MPPT techniques can be classified 
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Fig.9: Dynamic response of power conditioning  system variables for 3-
phase fault 5 km from PV-PCC (a) instantaneous inverter voltage (b) 
modulation index (c) Dc-link voltage (d) duty cycle of boost converter. 

 
6. CONCLUSIONS 

The paper presents an integration of wind energy 
conversion system and PV arrayto micro-grid for efficient 
renewable energy utilization as clean source of electricity. 
The micro-grid integrated scheme consists also of boost 
converter, three phase voltage source inverter as two stage 
power conditioning system for PV array to enhance the 
system interface under different operation conditions. A 
simple MPPT constant voltage control is proposed using PI 
controller for directly forwarding the duty cycle to the boost 
converter. The inverter PI controller is suggested to control 
the dc link voltage faster and to have the output voltage 
equal to the grid voltage. The integrated system is digitally 
simulated and validated using the Matlab/Simulink. A 
detailed mathematical model of a three-phase grid-
connected PV array and wind energy conversion system for 
MG applications has been proposed. The proposed model 
of the PV array and wind turbine uses theoretical and 
empirical equations together with data provided by the 
manufacturers. Dynamic system simulation studies 
demonstrate the effectiveness of the proposed control 
approaches and the detailed models presented under short 
circuit fault condition and solar radiation as well as wind 
speed variations. The PI controllers were tuned to improve 
the dynamic behavior of the system, fast recover of reactive 
power and increase the ability to withstand severe 
disturbances. The obtained results indicated that the 
proposed control scheme maintains voltage and PV power 
close to their nominal values for varying loads and climate 
conditions. 
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