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To tackle the widespread challenges encountered during the management of
power flow in electrical networks, the integration of smart grid (S.G) is
proposed as a viable solution to address the environmental and economic
concerns. In order to enhance overall functionality of the electric power
delivery system, operation of the smart grid is governed by data-driven

algorithms where various sensors and smart meters are used to collect this

data. On other hand, the fluctuating cost of fossil fuels and its negative
impact on the environnement has incentivized the exploitation of renewable
energies in the smart grid. In the present paper, a hybrid Photovoltaic/Wind
(PV/Wind) is suggested to supply a smart grid. The objective of this study is
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Smart grid ] to asses the feasibility of a smart grid supplied solely by renewable energy
Renewable energies sources. Conceptual standings of this newly suggested model are validated
Sensors by simulations.
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1. INTRODUCTION

The term “smart grid” defines a self-healing network using sensors, two-ways communications,
computational ability, control and dynamic optimization techniques that use real-time measurements to
minimize network losses, maintain voltage levels, increase reliability and improve asset management [1].
Furthermore, the worldwide energy infrastructure depends heavily on burning fossil fuels. Given that those
resources are non-renewable and are considered to be the main source of pollution, extensive research is
conducted to look for new clean sources of energy and to improve the already existing renewable energy
sources (RESs) [2]. In comparison with the remaining RESs, the Wind and PV sources are implemented
frequently as an auxiliary system to the main conventional production resources [3]. Furthermore, the excess
of energy harvested from the RESs is stored for use in case of load shedding to guarantee the continuity
of service [4].

The continuous growth of residential and industrial and consumers increases the burdens on the
traditional electrical power grid and creates new issues like continuous blackouts and increasing carbon
emissions [5]. Two-way communication strategy along with use of sensors and smart meters in the S.G is
apoted for to solve these issues and to add intelligence and automation to the way operations are carried out
in S.G. The main interest in this paper is to asses the use hybrid PV/Wind farm as a sole supply of a smart
grid, different power demand cases are considered to simulate for a real behaviour of an electrical network.
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2. HYBRID RENEWABLE ENERGY PV/WIND
2.1. Solar energy

The solar energy is harvested using Concentrated Solar Panels (CSP) or Photovoltaic (PV) panels.
Using the PV panels the solar radiation is converted to electric energy [6, 7]. In order to tie an array of solar
panels to the utility grid with the required frequency and voltage level, the produced energy from the PV
panels is converted from direct current (DC) to alternatif current (AC) form using an inverter. The entire

system is illustrated in Figure 1 [8].
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Figure 1. Grid connection to photovoltaic system

2.2. Wind energy

Thanks to the extensive research conducted on the wind energy system, energy conversion
efficiency has raised significantly and therefore several wind farms has been implemented and tied to the
networks where wind potential is high. The abudance of wind in some locations has helped to provide almost
continuous source of electricity. While wind farms do not need batteries for backup storage of electricity,
small wind systems does need backup batteries [9]. Kinetic Energy (KE) of the wind is converted into
mechanical energy by means of blades of the wind turbine, then a generator is connected to the wind turbine
to converts mechanical energy to electrical energy [10] as shown in Figure 2.
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Figure 2. Wind power conversion to electricity in a wind turbine

3. HYBRID SYSTEM MODELING
3.1. Photovoltaic generator model

Given that the performance of photovoltaic systems is affected by irradiance levels and temperature,
many simplified simulation models has been conceived to improve the performance PV systems. An example
of the solar cell circuit model is shown in Figure 3.

Figure 3. Solar cell with single-diode and series resistance
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This photovoltaic panel can be modeled using the following equations:
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3.2. Wind turbine model

The wind turbine systems are also affected by the weather. Wind turbines are usually connected in
parallel. An equivalent circuit of wind turbine is represented as shown in Figure 4 [11].
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Figure 4. Equivalent circuit of wind turbine

This wind turbine panel can be modeled using the following equations:

Po=1/2[pAu0]3 ©)
Pw=1/2[m(uo-u2)] (6)
P(t) = qW*1g *0.5% pa*CP * A*Vr2 %)

4. SMART GRID DESCRIPTION

The smart system is a combination of four main parts: Smart House System (S.H), Smart Meter
(S.M), Town Server (T.S) and Main Server (M.S). The collaborative and proper operation of these systems
will help optimize the consumption of energy and mitigate the pollution.

4.1. Smart house system

A smart home is an application of ubiquitous computing in which the home environment is
monitored by ambient intelligence to provide context-aware services and facilitate remote home control [12].
It is equipped with all smart appliances. The installation of the smart cards is needed to make the devices
smart. These cards are consisting of wireless cards, sensors, micro controllers and digital meters. Using these
smart appliances, the communication between the devices and the S.M will no longer need a smart socket
[13, 14]. The power consumption is sensed by the sensor device, it also decide the status of current. The
consumed power and its price are shown by a digital meter. The power flow is controlled by the micro
controller device. The power required for appliance is also known to the micro controller, this information
will be send to a S.M through a wireless card. Smart card and smart meter are connected with wireless card
by wireless communication [15].

4.2. Smart Meter
The basic purposes of S.M systems are [16]:
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4.2.1. Power management and measuring

The input from the smart grid/power station is taken by the S.M that has information of total power
amount required by the smart application [17]. If the provided power from the smart grid/power station is
insufficient it will try to fulfil requirement by extracting power from regenerative source (R.S), and if R.Ss
are not able to satisfy power requirement then the T.S will receive a signal from S.M to provide difference of
required power and available power. If the power required is less than the power provided by T.S, it broad
cast a message to T.S that T.S provided power is more than require so T.S can reduce power which is more
than require power by S. H [18].

4.2.2. Unit measurement and price
The power consumption unit is measured by the S.M, this operation will be done in three levels
—  Power units provided by service provider to estimate the price.
—  Power units extracted from R.S.
—  The utilization of the power units extracted from R.S by service provider to run another S.H.
S.M will calculate the price up to time using above mentioned readings. It will be visible to customer [19].

4.2.3. Communication

In order to send and receive the message signal, T.S has to communicate with S.M. This is done
using Public switched telephone network (PSTN). PSTN technology usages remove the high power radiation
present in S.M communication [20, 21]. T.S will receive the price and units number from the S.M so the
customer can finally pay the service provider. All T.Ss are connected to a M.S using PSTN. While for power
transmission, S.M is also connected to T.S via power line.

4.3. Town server

In a smart grid the town server is the basic unit of management, it is a complete server which is able
to take decision for its users. The T.S has to be connected to an M.S to send the calculated power units up to
that time each hour, which means that all data will be saved at the M.S while T.S keeps only the current
month data for efficient working. The mean purpose of sending data each hour is to remove the possibility of
over burdening of bandwidth and also to reduce the bandwidth to considerably low level than previous smart
system. In case that the M.S goes to link down state, T.S switch automatically to administrative mode and
behaves like main server for itself and keeps data until M.S again goes to linkup state, which is why the T.S
is operated by multitasking real time operating system and real time software. In the smart system T.Ss are
connected to each other via PSTN's and via power lines it can be seen in Figure 6. These both links are
important for the management between T.Ss. The draw backs of previous system and latest needs are the one
strongest reason which appeals to use PSTN is theoretically unlimited bandwidth availability [18]. Shannon
theorem gives bandwidth equation as given below [22]:

b ps = BW log2(1 + PIN) @®)
And bit per second is given by equation:

Initially, the S.M send a message containing the amount of power needed by its S.H, these messages
will be received by T.S from all of its S.Ms, so T.S will be informed when the power required for an S.H
decrease or increase instantly. Whenever an S.M send a message to T.S to reduce its power and other one to
increase its, T.S will reduce the power suggested from the first one and sends it to the second depending on
its requirement. In case that the power suggested from the first one is insufficient for the requirement of
second, T.S will check other S.Hs those can provide power to compensate power deficiency. When there are
no S.Hs can provide power or the power regenerated is less then it broadcast a message signal to its nearest
T.S to provide power it can be seen in Figure 5. If the nearest town server can donate power from its grids it
will borrow from next T.S for the first one. If there is problem at M.S or any / few T.Ss, the other T.Ss will
work properly it can be seen in Figure 6.

This is an advantage of smart system over any other systems. T.S may or may not be connected
directly to smart grid or conventional power station or both, this connection is done as simple as connecting a
main central computer of smart grid to the smart grid.
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4.4. Main server

From the previous sections it can be easily seen that the M.S is the brain of the smart grid system. It
keep costumer records, bills, topology of division of all the power of smart grids/power stations for relevant
smart towns, etc. As mentioned before, M.S is connected to all T.Ss via PSTN it can be seen in Figure 6.
M.S can start or stop all the functionality of a particular T.S/S.H in any severe case by some type of
commands and passwords even if it is operated by deferent head offices of service provider working under
single umbrella. At the end of the month a complete summary is generated and recorded by the M.S for each
T.S and each S.H. It informs the customer about all their power consumption and their bills using their
selected media (email, sms, by post, etc.) [16].
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Figure 5. Flow chart of smart system
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Figure 6. Topology of smart system; upper part shows way of connection between TS and also with MS
while lower part shows the way of connection of SH to TS through local PNST.
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5. SIMULATION RESULTS AND DISCUSSION

In this paper, a hybrid PV/Wind farm is exploited to supply a smart grid system. In addition,
batteries are used to stock the excess of energy. The block diagram of the proposed system is shown in
Figure 7.
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Figure 7. Block diagram of the proposed system.

5.1. The hybrid PV/Wind farm proposed to supply our smart grid

5.1.1. PV farm

As illustrated in Figure 8, it can be seen that:

—  From t=0s to t=2s, knowing that the radiation was 1000 W/m2, the PV voltage is increasing to reach 29
kV, the courant is almost constant in 300 A and the power is increasing until 8.5 MW.

—  From t=2s to t=4s, the weather has changed and the radiation has decreased to 850 W/m2, the PV
voltage is still increasing to reach 32 kV but the courant has decreased to 246 A and became constant.
The power has decreased in the beginning to 7 MW and increase again to reach 7.9 MW.

—  From t=4s to t=6s, the radiation has gone (at night) so the PV farm has stopped the power generation.
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Figure 8. The photovoltaic farm simulation results: (a) Voltage produced, (b) Current produced,
(c) Power produced

5.1.2. Wind farm
As shown in Figure 9, it can be observed that:

From t=0s to t=0.5s, knowing that the wind speed was 5m/s the wind voltage has increase to 100 V in
beginning and decrease after that until 10 V, the courant has reach 6 A and go back to almost 0 A. The
power increase to 1100 W and go back to 0 W.

From t=0.5s to t=3s, the weather has changed and the wind speed has increased to 12m/s, the wind
voltage keeps changing starting from 10 V increasing to 105 V from t=0.9s to t=1.6s decreasing to 0 V
at t=2s and increasing again to 100 V from t=2.5s to t=3s, the same think for the courant starting from 0
A at t=0.5s increasing to 38 A at t=1.4s, decreasing to 0A at t=2s and increase again to reach 35 A at
t=3s. The power has increased to 6300W at t=1.5s, decreased to 0 W at t=2s and increased again to
reach 5800 at t=3s.

From t=3s to t=6s, the weather has changed again and the wind speed has decreased to 9m/s, the wind
voltage has been increasing until reaching 1600 V at t=6s, the courant keeps changing from 0 A to 23 A
and the power keeps changing from 0 W to 45 kW.
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Figure 9. The wind farm simulation results: (a) Voltage produced, (b) Current produced, (c) Power
produced
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5.1.3. Load energy demand

The load charge demand was 9.1 MW until t=4s, it was increased to reach 1.26 MW from t=4s to

t=5s and go back again to 9.1 MW from t=5s to t=6s. The detail ish shown in Figure 10.
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Figure 10. The load demand simulation results: (a) Voltage demand, (b) Zoom of voltage demand from Os to 0.2s, (c)
Current demand, (d) Zoom of current demand from 3.9s to 4.1s, (¢) Power demand, (f) Zoom of power demand from

5.1.4. Comparing results

3.9sto4.1s.

As shown in Figure 11 the PV farm and the wind farm are working together as hybrid PV/Wind
energy source to fulfil the load demand, the results show that:
From t=0s to t=4s, even when the PV farm power had decreased at t=2s the wind farm power had
increased to compensate the lack of power.
From t= 4s to t= 5s the charge demand had increased and the PV farm power had decreased so the wind
farm power had increased to supply the charge demand by itself.
From t=5s to t= 6s, the charge demand had gone back to normal but the PV farm had no power to
generate so the wind farm power had continue to supply the demand by itself.

To supply this load the following equation had to be checked:

Pload = P pv* Pwind * Pbatteries
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Figure 11. The comparison results of hybrid PV/Wind farm and power demand

5.2. The smart grid proposed

The smart grid proposed consists of five smart houses (neighbourhood), four industries, one heavy

industry and the rest of the system.

5.2.1. Smart houses

House five is taken as an example to discuss the results. This house is supplied by the grid power,

wind generator with a capacity of IKW and solar panels with a capacity of 4,5KW. The results are shown in
Figure 12.
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Figure 12. Smart house simulation results

After following the program for twenty-four hours, it can be seen that:

From 00:00 to 08:00, the house power consumption is supplied by both of grid power and wind
generator.

From 8:00 to 09:40, following the appearance of the day the solar power intervenes so it can supply the
house power demand with the wind power, in this period the grid was discharged from supplying the
house so the consumer can sell or store the excess power.

From 09:40 to 10:00, a peak of power consumption was observed, the solar power and the wind power
cannot supply it by them self so the grid power intervene to fulfill the lack of power.

From 10:00 to 18:00, the power consumption of the house was supplied by the solar and the wind
energy except at 13:30 and 15:30 where we can see that the power consumption was increased so the
grid power had intervened to supply it.

From 18:00 to the end of the day, the solar energy had decreased (sun down) so the grid power and the
wind power had insured the power for this house.

5.2.2. Industries

To discuss the result, industry two was taken as an example. This industry is supplied by the grid

power, wind generator with a capacity of 1KW and solar panels with a capacity of 4,5KW. The results are
shown in Figurel3.
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Figure 13. Industry simulation results

After following the program for twenty-four hours, it can be observe that:

From 00:00 to 08:48, the industry consumption is supplied by both of grid power and wind generator.
From 08:48 to 12:36, following the appearance of the day the solar power intervenes so it can supply
the industry power demand with the wind power, in this period the grid was discharged from supplying
the industry.

From 12:36 to 15:36, the industry power consumption increasing and decreasing, in this period the grid
power intervenes only when the power consumption increase.

From 15:36 to 16:00, a big peak of 11KW has been observed, in this case the grid power intervenes
immediately to fulfil the lack of power.

From 16:00 to 18:30, the solar power decrease gradually (sun down) so the grid power increase
gradually to fulfill the lack of power, in this period the industry power demand is supplied by the grid,
wind and solar powers.

From 18:30 to 20:18, the power consumption of the industry has been supplied by the grid and wind
powers.

From 20:18 to the end of the day, the industry power increased, in this period the grid power supply it
by it self.

5.2.3. Heavy industry:

The heavy industry is supplied by the grid power, wind farm with a capacity of IMW and solar farm

with a capacity of SMW. The results are shown in Figure 14.
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Figure 14. heavy industry simulation results

After twenty-four hours of observation, the results had shown that:

From 00:00 to 13:15, a few minutes in the beginning the power stocked by the solar had helped the grid
to supply the heavy industry then the grid power and the wind power take the task. We can see in this
period that when the heavy industry demand decreases the wind power supply it by itself.
From 13:15 to 23:00, the power demand of the heavy industry increases and only the grid power can
supply it.

From 23:00 to the end of the day, the supply demand decreases and it can be supplied by the grid

and wind powers
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6. CONCLUSION

The main objective of this study is to asses the operation of a hybrid PV/Wind farm supplying a
smart grid. The sub-systems involved in the smart grid has been modeled. For a comprehensive assesement
of the entire system, each subsystem has been simulated under different operating scenarios. Results has
shown that the conceived system composed of solely renewable energies and a smart grid can provide secure
and efficient power source, especially when these PV/Wind system are installed in locations with abudance
of wind and with excellent irradiation levels.
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Nomenclatures:
) Is the output current of the PV module
Vo Is the output voltage of the PV module
Trk Is the reference temperature in kelvin
TaK Is the module operating temperature in kelvin
S Is the PV module operating temperature in kelvin
q Is electron charge 1.6%10"-19C
= 1.3 is an ideality factor
K Is Boltzman constant 1.3805¢-23 j/K

Eg Os the band gap of Si 1.12 eV
I scr Is the PV short circuit current at 25C & S=1000 W/ o2

Ns Is the number of cells connected in series

N p Is the number of cells connected in parallel

Ki Is the short circuit temperature coefficient at | ;.. 0.0013 A/°C
Rs Is the series resistance of PV module

| pv Is the light generated current of the PV module

Id Is the PV module saturation current

Pw Output power in watts

Pa Extracted output from wind in watts

Pwt Generated output power in watts

nw Wind turbine efficiency

ng Generator efficiency

pa Air density
CP Power co-efficient of wind turbine
A Wind turbine swept area

b ps Bits per second
BW Channel bandwidth

P / N Signal to noise power ratio. This is a real power ratio and not a dB ratio.
Rs symbol rate (also bandwidth for QAM)

Ng number of symbols in the constellation
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