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Abstract
In this paper a novel model of smart grid connected photovoltaic / wind turbine hybrid
system is developed. A Smart Grid has been presented in MATLAB/SIMULINK
environment to see the approach for analysis of power exchange. Analysis of this last,
gives the exact idea to know the range of maximum permissible loads that can be
connected to their relevant bus bars. This paper presents the variation of Active Power
with varying load angle in context with small signal analysis. The Smart Grid,
regarded as the future generation power grid, uses two-way flow of electricity and
information to create a widely distributed automated energy delivery network.
Keywords
Smart grids; Smart meter; Photovoltaic systems; Wind power generation; Active
power

Introduction
A smart electricity infrastructure or a smart grid is a new highly-integrated power grid
based on the physical grid, shown in figure 1 [1]. Similar to the existing electrical power
system, it possesses the capability of integrating such renewable electricity as solar and wind.
It combines with the advanced sensor measurement technology, computer technology,
information technology, control technology, communication technology and real power.
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Figure 1. Smart grid system showing the renewable and non-renewable energy sources, the
control centre, and the communication network overlay [1]
To respond at the user demand for electricity, the optimal allocation of resources and
the requirements of environmental constraints should be considered. Once the cost power is
least expensive, consumers can allow the smart grid to active the home appliances, whist the
factories can undertake the production processes. At peak time, users can turn off some nonessential electrical appliances to reduce demand. In addition, it ensures the power quality,
reliability and power economic supply, adapts the power market for the development purpose
and achieves the electricity supply and value-added services for user clean, reliable and
economical. Actually, smart grids are being promoted by many governments as a way of
addressing energy independence, global warming and emergency issues.

Material and method

Modelling and design of wind turbine
Several studies have been reported regarding to wind turbine [2]. In this study, the
proposed wind turbine model is based on the wind speed to appear clearly the wind turbine
output power characteristics. The output power of the wind turbine is given by [3] in Eq. (1):

Pm  C p  ,  

A
2

3
Vwind

(1)

Where: Pm - The mechanical output power of the turbine; Cp - The performance
coefficient of the turbine; λ - The tip speed ratio of the rotor blade; β - The blade pitch
angle; ρ - The air density; A - The turbine swept area; Vwind - The wind speed.
The performance coefficient model Cp (α, β) used in this paper is taken from [3]
and given by Eq. (2):
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Where: constants C1 to C6 are the parameters that depend the wind turbine rotor and the
blade design; λi is a parameter given in Eq. (3).
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Furthermore, Equation (1) can be normalized and simplified for specific values of
A and ρ as in Eq. (4):
3
Pm  pu  K pC p  puVwind
 pu

(4)

Where: Pm-pu - The power in per unit of nominal power for particular values of  and A;
Cp-pu - The performance coefficient C p ; Kp - The power gain Vwind-pu of the base wind
speed. The based wind speed is the mean value of the expected wind speed in m/s.

Modelling and design of photovoltaic module
The mathematical model for the solar cell has been studied over the past three
decades [4]. The circuit of the solar cell model, which consists of a photocurrent, diode,
parallel resistor (leakage current) and a series resistor; is shown in figure 2.
IGC

G

IPV
ID

RS

VD
RP

Figure 2. Single diode PV cell equivalent circuit
According to both the PV cell circuit and Kirchhoff’s circuit laws, the
photovoltaic current can be presented as follows [5], Eq.(5):

  eVd   V
KFT
I pv  I gc  I o exp  c   1  d

 Rp



(5)

Where: IGC - The light generated current; I0 - The dark saturation current dependant on
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the cell temperature; e - The electric charge e  1.6 *1019 C ; K - Boltzmann’s
constant K  1.38 *1023 J

K

; F - The cell idealizing factor; Tc - The cell’s absolute

temperature; Vd - The diode voltage; Rp - The parallel resistance.
The photocurrent (Igc) mainly depends on the solar irradiation and cell
temperature, which is described as [5], Eq. (6):
I gc  sc Tc  Tr   I sc G

(6)

Where: μSC - The temperature coefficient of the cell’s short circuit current; Tr - The cell’s
reference temperature; ISC - The cell’s short circuit current at 250C and 1KW/m2; G - The
solar irradiation in KW/m2.
Furthermore, the cell’s saturation current (I0) varies with the cell temperature,
which is described as [5], are in Eq. (7) and Eq. (8):
3

 eVg  1

1 

  

T 
KF  T T 
I o  I o  c  exp   r c  
 Tr 

I sc
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(7)

(8)

 eVoc 
 KFT 
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Where: I0α - The cell’s reverse saturation current at a solar radiation and reference
temperature; Vg - The band-gap energy of the semiconductor used in the cell; Voc - The
cells open circuit voltage.

Description smart grid system 3
There are four major parts of smart system, which will work together to overcome all
those problems which are drawbacks of previous systems, these are [6,7]: Smart House
System; Smart Meter; Town Server; Main Server.
Smart house is a customer house which consists of smart appliances. Devices are
smart due to installation of smart wireless card. The diagram of smart wireless card it consist
of [8], [9]: Digital meter; Microcontrollers; Sensors; Simple wireless cards.

The basic purposes of smart meter (S.M.) system are [10,11]: Power management and
measuring; Unit measurement and price; Communication.
A town server is basic unit of smart system for management. In fact, it is the central
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computer and a complete server which is able to take decision for all its user. The TS is
connected to MS for communication only by using PSTN [12].
Main server (MS) is the central device around which all the system works. It keeps
measurements, bills, records, customer records, topology of division of all the power of smart
grid/ power stations for its town servers etc. every TS is connected to MS via PSTN only. MS
is directly operated by head office of service provider [13], [14].

Results and discussion

The first house is powered by two energies, a wind energy of 4KW and the other of
the general electricity network GEN. Its load curve is described by the following program:
from 0:00 to 7:00 in the morning, the house consumes a constant electric power of 1KW
supplied by the wind turbine. At 7:00 am, there is a peak of load reaching a value of 3KW,
also supplied by the wind turbine.
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Figure 3. House simulation results
As a result for first house, the house remains isolated from the GEN until 7.00 pm
where a second peak of 5KW of power is observed and must last until 23.00. During this
period the GEN intervenes to fill the gap.
For the second house, its load curve is given by the following program: from 00h to
06:00, it consumes a power of 1KW supplied by the GEN. A peak of power consumption of
3KW is observed and which should last 1h30mn. This power is always supplied by the GEN
then the consumption will be reduced to 1.5KW following the appearance of the day when the
solar energy intervenes. Thus, the GEN will be discharged of this difference until 19:00. So
the GEN takes care of the consumption of the second house until 24:00.
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Industry 1
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Figure 4. Industry simulation results
Unlike houses, industries have very important poles of production and consumption.
The first industry contains a 5 MW wind turbine and is connected to the GEN, so it is
powered by both energy sources. Its load curve is described by the following distribution:
from 00h00 to 7h00 it consumes a constant power of 2 MW provided by the wind turbine. At
7:30 am the arrival of the workers and the start-up of the machines of the industry, a first peak
of power consumption is observed and reaches a value of 7 MW. The latter can only be met
by GEN assistance until 10.00 am; then the load is reduced to 5 MW. The plant becomes
autonomous and will be powered by its wind turbine until 13:00. At this time, a second peak
is marked with the value of 6 MW and which lasts until 14h00; the difference is ensured by
the GEN. Then the reduction in load to 4 MW frees the GEN to give the relay to its wind
turbine to take charge of the consumption for the rest of the day. Knowing that after the
industry closes at 17:00 the consumption is reduced to 2 MW.
The second industry contains a solar park with a capacity of 5 MW and is connected to
GEN, so it is powered by both energy sources. Its load curve is described by the following
distribution: from 00h00 to 6h00 it consumes a constant power of 2 MW provided by the
GEN. With the arrival of the workers and the start-up of the machines of the industry, a peak
of 7MW power is observed and only the GEN takes care of it. At 8:00 am where the solar
energy appears and begins to provide energy, both energy are operational but solar energy
cannot satisfy this demand alone, and the peak will last until 10:00. Following a reduction in
power of 5 MW, the GEN is released and only the solar park feeds the plant. A second peak
of 6 MW is observed at 15h00 and continues until 16h00, which again involves the GEN. At
5 pm, with the closure of the industry, consumption is reduced to 2 MW. The latter is
provided by the solar park until 19:00 with the sunset, the GEN is used again until the end of
the day 5.
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Conclusions

In this paper, we presented an intelligent electrical network modelled and simulated in
the Matlab/Simulink environment to highlight the contribution of consumers to the reduction
of GEN. Mini-power plants represent an equal integration of renewable energies as a whole.
The response curves obtained clearly explain the different real-time behaviours of the
different actors in different situations. The proposed scenarios only reinforce the importance
of GEN, which must be complemented by other intelligent means of communication. The
exchange of information must be ensured by smart meters.
The proposed model involves both types of solar and wind energy under normal
operating conditions and explains the energy exchange between consumers and GEN. The
cost of electric energy is not taken into consideration but leaves the choice to the various
players to switch to the cheapest.
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