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Abstract - Solar electricity — or photovoltaic (PV) — is the
world's fastest growing energy technology. It can be used on
a wide variety of scales, from single dwellings to utility-scale
solar farms providing power for whole communities. It can
be integrated into existing electricity grids with relative sim-
plicity, meaning that in times of low solar energy users can
continue to draw power from the grid, while power can be
fed or sold back into the grid at a profit when their electricity
generation exceeds the amount they are using. The falling
price of the equipment combined with various incentive
schemes around the world have made PV into a lucrative low
carbon investment, and as such demand has never been high-
er for the technology, and for people with the expertise to
design and install systems. Energy demand has increased
enormously, and the consumption of fossil fuel nuclear ener-
gy has caused many environmental problems. In fact, fossil
fuels are exhaustible, polluting and rather expensive. Howev-
er, the developments of clean and renewable energies such as
wind, biomass, geothermal and photovoltaic, are a promising
solution to overcome problem of conventional energy sources.
One of these sources is the photovoltaic (PV) power genera-
tion system, which is a clean, quiet and an efficient method
for generating electricity, the main objective of this work is to
study the solar PV systems and model the Grid-connected
solar power system using Matlab simulation. The Matlab
simulation system consists of PWM (Pulse with Modulation)
Voltage source inverter circuit and a DC capacitor connected
at one end. A grid —connected PV system consists of solar
panels, inverters, a power conditioning and grid connection.
It has effective utilization of power that is generated from
solar energy as there are no energy storage losses. The grid —
connected PV system supplies the excess power, beyond con-
sumption by the connected load to the utility grid through
smart meters. The electric grid is a complex network that is
an integral part of our society. Running the grid in the pres-
ence of increasing fuel costs and growing environmental con-
cerns will require new technologies and ways to use them.
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. INTRODUCTION

There are typically two types of system: commercial
and residential. Commercial systems are generally greater
than 10kWp and are located on buildings such as factories,
commercial businesses, office blocks and shopping centers.
The power generated by these systems is typically con-
sumed by the loads within the building, so no excess power
is exported to the electricity grid. Residential systems refer
to those installed on homes and are generally smaller than
commercial systems, typically between 1 and 5kWp. The
power generated by these systems is first consumed by any
loads operating in the house during the day; excess power
is fed into the grid providing electricity to nearby buildings.
Grid-connected systems are normally found in urban areas
that have readily available mains supply and instead of
storing the electricity generated by the PV system in batter-

ies, the power is fed back into the grid. In this way the grid
acts as a kind of storage medium and when power is need-
ed in the building it can be imported from the grid. The
property can be powered by the PV system, the electricity
grid or a combination of the two, meaning that the system
can be as small or large as the owner desires. Excess power
generated by the PV system will be exported to the power
grid and in many areas the system owner is paid for the
exported power.

Off-grid systems: -They are most commonly used in ru-
ral or remote areas where mains power is not available due
to the high cost of grid extension. Off-grid systems use
solar power to charge batteries that store the power until it
is needed for use. Off-grid systems can range in size from a
single PV module, battery and controller to very expensive
large systems incorporating sophisticated control equip-
ment and large back-up generating sets.

Central grid-connected PV systems: - A central grid-
connected PV system operates in the same way. A large PV
array is directly connected to the transmission lines. Grid-
connected central PV systems can be as small as 50kWp,
while systems as large as 60MWp have been installed in
recent years in Europe. There are also companies planning
grid-connected PV power plants over 1GWp, with many
plants to be completed in the near future.

Geometry for installing solar arrays: -The position of a
solar module is referred to as its orientation. This orienta-
tion of the solar array is very important as it affects the
amount of sunlight hitting the array and hence the amount
of power produced. The orientation generally includes the
direction the solar module is facing (i.e. due south) and the
tilt angle, which is the angle between the base of the solar
module and the horizontal. The amount of sunlight hitting
the array also varies with the time of day because of the
sun’s movement across the sky. It then becomes apparent
that if the sun is overhead and the solar panel is laid flat on
the ground, it will capture all the sun’s rays, as shown in
the image above. Solar modules should be installed so that
as much radiation as possible is collected. To achieve this,
the solar modules should be installed facing either true
south (northern hemisphere location) or true north (south-
ern hemisphere location). There will be some exceptions
for installation depending on the local environment (i.e.
array’s installed in a valley in the southern hemisphere may
not necessarily face north). To point a module directly to-
wards the sun at all times would require a solar tracking
frame to be installed. This can be expensive, so it is not
common practice for most PV applications.

Il.  SOLAR POWER IN THE UAE

The UAE (United Arab Emirates) is in the ‘sunbelt re-
gion’ in which solar irradiation levels (the amount of solar
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radiation which falls on the Earth) are very high. This
means that a solar panel in the UAE can potentially pro-
duce double the electrical energy compared to a country
with relatively lower irradiation levels such as Germa-
ny.[5]The UAE is also in a region where bad weather rarely
affects solar power production, making it an ideal location
for solar installations. Being in a region with nearly 365
days of sunlight a year, the UAE can easily become one of
the largest producers of solar energy per capita.

The UAE is also part of a region rich in fossil fuels.
Since the 1970s, the country underwent rapid economic
growth powered by readily available oil and gas, and has
attained high living standards with a per capita income
amongst the highest in the world. However, this also led to
very high per capita energy consumption as cities grew and
became very energy intensive. When the governments of
the UAE and other GCC (Gulf Cooperation Council) coun-
tries realized that their conventional energy reserves were
rapidly depleting they set out to make their economies less
reliant on fossil fuel-based energy and more on renewable
energy, helping the UAE to achieve energy security.

The development of large scale solar power installa-
tions as well as renewable energy goals for 2020 and 2030
also reflect the UAE’s ambition to move forward. Various
solar power projects and organizational initiatives are under
development including the following:

Mohammad Bin Rashid Al Maktoum Solar Park:

Implemented by the Dubai Supreme Council of Energy
(DSCE) is part of the DSCE Integrated Energy Strategy
2030 and aims to reach a capacity of 1000 megawatts by
2030, providing 5% of Dubai’s total power needs.

Abu Dhabi’s Shams 1, officially inaugurated in the first
quarter of 2013, is the largest Concentrated Solar Power
project in the world. With an approximate cost of 2 billion
UAE Dirhams (1 US Dollar = 3.673 UAE Dirhams) it is
intended to generate enough energy to power 20,000
homes. The Masdar Project (also known as Masdar City) is
an $18 billion self-sustaining solar-powered city planned
near Abu Dhabi that will support 30,000 residents. IRENA
(International Renewable Energies Agency), set up under
the aegis of the United Nations, is headquartered in Abu
Dhabi. Although this is not specific to solar energy, it
shows the UAE’s keenness to play a leadership role in the
global renewable energy arena. PAGE | 13 However de-
spite these large multi-billion dollar solar installations
planned for the near future, barely any solar energy market
exists at present and demand among residents and even
commercial entities is very low. To truly develop a solar
power market, solar energy must be applied beyond the
industrial level and put to use by residential as well as
commercial establishments, as highlighted by Germany’s
example.

The Road Ahead for the UAE:

Although the UAE government is investing billions of
DHs for solar power generation, so far not much has been
done at the consumer level. For a country that is energy
intensive and relying on reducing its dependence on fossil
fuels as a source of energy, taking solar power production
to the residential level is very relevant and is well support-
ed by the weather, environment, and natural surroundings.
Currently regulation is being developed to facilitate the

adoption of residential rooftop systems. The plummeting
PV panel prices, the development of new solar technolo-
gies and the rapidly expanding worldwide solar power in-
dustry suggests that this is the perfect time to do so.

I1l.  SYSTEM DESCRIPTION

The given system comprises of a PV Solar array, DC to
DC boost converter and a 3-phase voltage source inverter
with grid synchronization control schemes.

DC/DC Boost Converter:

The primary component of grid-connected PV systems
is power conditioning unit (PCU). The PCU converts the
DC power produced by the PV array into AC power as per
the voltage and power quality requirements of the utility
grid. A bi-directional interface is made between the PV
system AC output circuits and the electric utility network,
typically at an on-site distribution panel or service entrance.
This allows the AC power produced by the PV system to
either supply on-site electrical loads or to back-feed the
grid when the PV system output is greater than the on-site
load demand. This safety feature is required in all grid-
connected PV systems, and ensures that the PV system will
not continue to operate and feed back into the utility grid
when the grid is down for maintenance or during grid fail-
ure state in grid-connected systems, switching of AC power
from the standby.
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Fig. 1. PV System
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Fig. 2. Grid connection

Generator and the inverter to the service bus or the con-
nected load is accomplished by internal or external auto-
matic transfer switches. One of the important components
of a grid-connected system is net metering. Inverters are
the main difference between a grid-connected system and a
standalone system. Inverters must have line frequency syn-
chronization capability to deliver the excess power to the
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¢ grid. (MPPT) is used between the array and load to help  and also for matching the impedance of the electrical load
better utilize the available array maximum power output  to the maximum power output of the PV array.

Fig. 3. System Description
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Fig. 4. Solar PV System

Solar PV array: The most commonly known solar cell 1 1
is configured as a large-area p-n junction made from sili- 3 q.EgO( -j
con; the electromagnetic radiation of solar energy can be | =1 l exp{ Tn T 1 3
directly converted to electricity through photovoltaic effect. o~ Trst Tn) ' p nK 3)
Being exposed to the sunlight, photons with energy greater
than the band-gap energy of the semiconductor creates Module reverses saturation current:
some electron-hole pairs proportional to the incident irradi-
ation. _ I
. L . . rs Vi )
The equivalent circuit of PV cell is as shown in (1) exp{ gvoc }-
The an ideal solar cell, it is assumed that Rs=0, NsKnT
Rsh=infinity .The net current of the cell is the difference Current through shunt resistor:
between the photocurrent Iph and normal diode current (V +IRs))
Ish= { } (5)
(V+IR
1=1,, - tofexpgd/ T IRy gy 4 Rsh
NK.NST (1) Rs |
Module photo-current: ANNN——
I I
|y = [l + K, (T-298)]-G/1000 (2 N +
Module saturation current lo varies with the cell tem- ILC") Rsy %
perature, which is given by:
)
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" Fig. 5. PV Cell modeled as diode circuit towers, trees, utility and telephone poles. The situation is of
special interest in case of big PV installations such as those
V. MATLAB MODELING used in distributed power generation systems. Under partly

MATLAB simulated model of 3-phase grid connected  shaded conditions, the photovoltaic characteristics get more
system is shown in the figure 5 which incorporate a PV complex with more than one peak. Yet, it is very crucial to
array connected to DC-DC converter, a DC to AC 3-Phase  understand and predict them in order to draw out the max-
voltage source inverter, a three phase 400 V grid with 50  imum possible power. Here, we present a MATLAB-based
KW and frequency 50Hz connected load. The PV module ~ modeling and simulation scheme. The Matlab simulation
design depends upon the irradiance, temperature, number  System consists of PWM (Pulse with Modulation) Voltage
of PV cells connected in series and parallel. Photovoltaic ~ source inverter circuit and a DC capacitor connected at one
panel convert solar radiation to electricity with peak effi- ~ end. In the Distribution voltage level, the switching ele-
ciencies in the range of 5-20%, depending on the type of ~ ment is usually the integrated gate bipolar transistor
the PV cell .The efficiency of the solar cells drops with ~ (IGBT), due to its lower switching losses and reduced size.
increasing operating temperatures .The temperature of PV~ Moreover, the power rating of custom power devices is
module increases by the absorbed solar radiation that is not  relatively low .Consequently; the output voltage control

converted to electricity, causing a decrease in their effi- ~ may be executed through the pulse width modulation
ciency. (PWM) switching method. IGBT based PWM inverter is
implemented using Universal bridge block from Power

V. SIMULATION RESULTS Electronics subset of Simulation Power Systems. RC snub-

The functioning of a photovoltaic array is impacted by ber circuits are connected in parallel with each IGBT for
temperature, solar irradiance, shading, and array configura-  Protection. Such a model consists of a six-pulse voltage-
tion. Frequently, the PV arrays get shadowed, wholly or ~ SOUrce converter using IGBTs/diodes,
partially, by the moving clouds, adjacent buildings and
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Fig. 7. Simulation resultof Grid connected Solar PV

Figure 7 show the PV array characteristics, the block
diagram and recorded waveforms for tests of the Grid
Smart inverter system: The waveforms begin with the PV
array model characteristics; block diagram for AC power
management; and then voltage, current, and power curves
for various conditions

Inverter output and Grid Voltage

The waveforms of the inverter in Figures shows, the
stable response of the grid Voltage and output current. It
can be seen that the phase of the output current with clean
sinusoidal waveform is 180°out of phase with the grid volt-
age, which means in this case, the electricity generation is
realized by the string inverter system. The slightly phase
shift between the output is due to the filter output phase.

PV Voltage and current: Solar PV current and voltage
are most important parameters for the working of solar
photovoltaic systems. Power supplied by solar PV systems
is dependent on the voltage and the current of the solar
panel which in turn are dependent on the irradiance and
temperature.

VI. CONCLUSION

The electric grid is a complex network that is an inte-
gral part of our society. Running the grid in the presence of
increasing fuel costs and growing environmental concerns
will require new technologies and ways to use them. While
renewable power technologies will be an essential part of
our energy future, no one technology can provide all of the
energy and services we need. Careful integration of distrib-
uted generation and careful deployment of utility-scale

52

generation will be needed to provide the mix of power and
reliability that we require for a healthy electric supply as
renewable.

Contribute an increasingly larger share of our energy
needs. The system performance will largely depend on the
geographical location, the weather and other atmospheric
conditions at the installation site. The direction your panels
face, the temperature they reach, the angle of tilt they are
on, the amount of dust and shading they encounter all affect
the ability of the system to perform at its peak level.
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DOTOEIECKTPUYUHI CUCTEMHU, MIAKIIOUYCH] JO €IEKTPOMEPEKi

Jxadap AGyroyx Xaiinap
XapkiBchKUii HallioHabHKUHM yHiBepcuTeT iMeHi O.M. bekerosa
VYkpaina
ConsiyHa enekTpuka - abo dQoroenekrpuuna (PV) - ne HalmBuama B CBITI CGHEpreTMYHa TEXHONIOTis. BoHa Moxe

BHKOPUCTOBYBATHCS B CAaMHX PI3HHX MacmuTadax - BiJ Ocelb A0 COHAYHHX (epM, ImI0 3a0e3meuyroTh KUBICHHS HUINX rpoman. Bona
Moke OyTH IHTerpoBaHa y iCHYIOUi €NEKTPOMEpEeXi 3 BIIHOCHOK MPOCTOTOIO, II€ O3HAa4a€, IO B YaCH HHU3BKOi COHSYHOI eHeprii
KOPHCTYBa4di MOXYTh MPOJOBKYBATH YEPIATH EHEPril0 3 ENeKTPOMEpEeXi, B TOH Hac SK EJIEKTPOEHEPTil0 MOXKHAa MojgaBaTH abo
MpoJaBaTH Ha3ad B MEpeXy 3 OTPUMAaHHAM MPHOYTKY MpH BUPOOHHILTBI EIEKTPOEHEPTii. MEpeBUIIye CyMy, SKy BOHH
BUKOPUCTOBYIOTh. [1afiHHS IiHM Ha oOJIaHAHHS B MOEIHAHHI 3 PI3HMMH CXeMaMH 3a0XOYEHHs 110 BChOMY CBITY meperBopwiio PV y
BUTiHI 1HBECTHIIT 3 HU3BKHUM BMICTOM BYTJICIIIO, 1 SIK TaKUI MOMUT HIKONM He OYB BHUIIUM HA TEXHOJOTII, a TAKOX VIS JIIOJCH, SIKi
MalOTh JOCBiJ PO3POOKH Ta BCTAHOBJIEHHs chcTeM. [IONMT Ha eHeprilo HaJ3BHYaWHO 301MBLIMBCS, a CHOXXKHUBAHHS SJIEPHOI eHepril,
BUKOIHOTO MaJMBa COPUYMHUIO 6araTo eKoJoriyHux npodieM. Hacnpas/ii BUKOITHI BUIM MAJIMBA € BUYEPITHUMH, 3a0pyJHIOIOUUMH Ta
nocuTh jpoporuMu. OHAK PO3BUTOK YHCTHX Ta MOHOBIIOBAHUX JDKEpENl €Heprii, Takux sK Birep, Oiomaca, reorepMmaibHa Ta
(doToeneKkTpuyHa, € MEePCHEKTUBHIM PIlIEHHSIM JJIsI TIOJOJIaHHA MPOOJIeMH 3BHYANHMX Kepen eHeprii. OmHUM 13 Takux DKeperl €
¢doroenexkrpuyna ([1B) cucrema rerepariii eneKTpoeHeprii, Ka € YACTHM, THXUM Ta e(eKTHBHIM METOAOM OTPHMAHHS EEKTPOCHEPTii.
OcHoBHa MeTa 1€l poOOTH - BUBYECHHS COHAYHHUX (POTOENEKTPHYHHUX CHCTEM Ta MOJEIIOBAHHS MiAKIIOYEHO1 10 ['pin coHsiuHOI enepril
Cucrema cuMmyJsslii 3 BukopucTaHHAM wmonyisinii Matlab. Cumynsuiiina cucrema Matlab ckmamaersest 3 HIIM  (iMoynscy 3
MOJYJIAIIEI0) JIAHIIIOTa, IHBEPTOpA, /PKEpeia HApPYyrH Ta KOHJECHCATOpa MOCTIHHOTO CTpyMy, MiJKIIOUYEHOro Ha onHOMY KiHii. CiTka,
MIKITIOYEHa 10 MEepeXi, CKIaJaeThCsl 3 COHSYHMX ITaHenel, iHBepTOpiB, KOHIUIIOHYBAaHHS Ta MiAKIIOYEHHsS 10 Mepexi. BoHa mae
e(eKTUBHE BUKOPUCTaHHS €HEeprii, 10 BHPOOJSIETHCS BiJl COHSIYHOI eHeprii, OCKUIBKM BTpaT HaKOIHMYyBauya eHeprii Hemae.
[MigkmodeHa 10 CITKHA (OTOENIEKTPUYHA CUCTEMA MOJAa€ HAIMIPHY MOTYXKHICTh, KPIM CHOXHBAaHHS MiJKIIOUCHUM HAaBAaHTAXXEHHIM 0
KOMYHAaJIbHOT MepesKi depe3 po3yMHi TUMIbHUKH. EnekTpudHa Mepexka - e CKIaHa Mepexka, sSKa € HeBil'éMHOI0 YaCTHHOIO HAIIOTO
CyCIIiIbCTBa. 3aIlyCK HEProCHCTEMH 3a HAsBHOCTI 3pOCTA0OYMX BHTPAT HA MaJbHE Ta 3POCTAIOYHMX MPOOJIEM II0J0 HABKOJIUIIHBOTO
cepeloBHIIa BUMAaraTuMe HOBUX TEXHOJIOTIH Ta crmoco0iB iX BUKOPUCTAHHS

Kniouosi cnosa - cimuacma cucmema, gpomoenexmpuuna cucmema; mooens Simulink.
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