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This paper presents the complete design of a gdiected Photovoltaic (PV)
system to supply electric power for the DepartnudriElectrical Engineering in
Assiut University, Assiut Province, Egypt according their energy
requirements. This system can be installed ondbéand the south side of the
Department of Electrical Engineering. Homer softevés used as the sizing and
optimization tool to determine the size and speatifbns of photovoltaic system
components, system cost and estimation of correlpgrproduced electrical
power. Simulation results and analyses are presktdevalidate the proposed
system configuration.
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1. INTRODUCTION

Over the last two decades, there have been twormagnts that led the world’s
industrialized nations to look at renewable ene@yrces as a supplement to providing
the projected increase in energy demand in theipeetive nations. These events
include the world’s energy crisis of the mid 1920l the increased awareness of the
effects of emissions from fossil fueled power pdand both humans and the
environment. In order to ameliorate the potentiarnth from these emissions,
governments in industrialized countries are culyeti¢bating and enacting pollution
control regulations into laws. These laws are gedosvards both small and large
emission sources [1], [2].

Among a wide range of renewable energy projectprimgress throughout the
world, photovoltaic (PV) systems are the most peing as a future energy
technology. The overall objective of photovoltagchnology is to obtain electricity
from the sun that is cost competitive and even atgpeous with respect to other
energy sources. Photovoltaic generation is alr@aality in some environments, but
of their diffusion in rural areas, there still égisnany constraints and the problem
needs to be examined from the economic, techna@drational and institutional
viewpoints [3].

Photovoltaic (PV) energy generating systems (ordystems) convert the sun’s
energy directly into electricity using state-of-the semiconductor materials. PV
systems vary in complexity. Some are called a ‘Gstaone or off-grid” system, which
means they are the sole source of power to a heater pump or other loads. Stand-
alone systems can be designed to run with or witbagkup battery. Remote water
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pumps are often designed to run without batterkiyacsince water pumped out of the
ground during daylight hours can be stored in alihgl tank for use any time. In
contrast, stand-alone home power systems often stwgrgy generated during the day
in a battery bank for use at night. Stand-alon¢esys are often cost-effective when
compared to alternatives such as utility line esiems.

Other PV systems are called “grid-connected” systerhese work to supplement
existing electric service from a utility companyh@h the amount of energy generated
by a grid-connected PV system exceeds the custeniedds, excess energy is
exported to the utility, turning the customer’sottiee meter backward. Conversely, the
customer can draw needed power from the utilitymwéeergy from the PV system is
insufficient to power the building’s loads. Unddmst arrangement, the customer’s
monthly electric utility bill reflects only the netmount of energy received from the
electric utility. Each type of system requires sfieccomponents besides the PV
modules. Generating AC power requires a deviceedah inverter. The final cost of
any PV system ultimately depends on the PV arrag and on the other components
required for the specific application [4].

This paper provides a design of grid-connected Rstesn for Department of
Electrical Engineering in Assiut University includj suggested load profiles, sizing of
a PV system for supplying the electrical load @& taculty using Hybrid Optimization
Model for Electric Renewable (Homer) software. Homentains a number of energy
component models and evaluates suitable technotpgyns based on cost and
availability of resource. Analysis with Homer reggs information on economic
constraints and control methods. It also requirgaut on component types, their
numbers, costs, efficiency, lifetime, etc. Sengiivanalysis could be done with
variables having a range of values instead of @iBpenumber. This allows one to
ascertain the effects of change in a certain paeamoa the over all system [4].

2. PV SYSTEM SIZING

The Electrical Engineering Department is about 1@8uilding located on the
south side of Assiut University, Assiut. The depaant is used by the undergraduate
and graduate students all over the year. One ofdtgpartment research group's
missions is to study the performance and feasibdit using the renewable energy
sources in the surrounding community. This reseaiols to design a photovoltaic
system that provides the required electrical pawehe different laboratories , halls,
seminar rooms, classes, offices and library. Theadeent consists of two buildings
that serve over 1000 students, 100 faculty membes 50 employees and technicians
each year. The electrical loads of the departmensists of air-conditions, lamps,
fans, computers and other loads. The total loadadenof department is about 300
KW as shown in table 1. However, these loads dowmk all at one time on the
contrary, working for a short time.

The sizing procedure is as follows [5]:
A. Radiation Data

The amount of useful sunshine available for thesfsaon an average day during the
worst month of the year is called the “insolatiaiue”. The worst month is used for
analysis to ensure the system will operate yeamdoun Assiut, average solar
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insolation is 6.0 hours per day in December. Theolation value also can be
interpreted as the kilowatt-hours per day of suntlignergy that fall on each square
meter of solar panels at latitude tilt.

Table 2 shows the monthly average values of glsbklr radiation over Assiut [6].
It is clear from the table that solar energy inaiden the region is very high especially
during summer months with average daily radiatiorirdy June 8.01 KWh/m2/day.

Table l: Typical electrical appliancesused in the Electrical Engineering

Department
: Air-
Floor Izllog(]/;[/S SFC?C\? conditions | Other loads
3HP
Ground & first 755 51 74 -
second 488 0 17 -
third 343 21 7 -
fourth 354 16 5 -
Sum 1940 88 103 -
Total power 77600 W 3520 W 230514 W 30000 W

Table 2: Themonthly average values of daily global solar radiation (Kwh/m/day)

in Assiut City
Daily Radiation in
Month Kwhim2/day
January 3.18
February 4.30
March 5.60
April 6.68
May 7.39
June 8.01
July 7.93
August 7.36
September 6.34
October 4.93
November 3.73
December 2.96

B. Load Data

The preferred method for determining PV systemdoada “bottom-up” approach
in which every daily load is anticipated and sumnegield an average daily total.
For PV systems designed to power simple loads, aadhn single fan, electric light or
other appliance, this method is easy. Simply laotkhe nameplate power rating on the
appliance to calculate its power consumption intwat
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Finally all the different loads in the building et be estimated on a typical day
and sum them. Table 3 provides the calculationshef power and energy of the
electrical engineering department. The daily loawfiles were determined by
calculating the power demand (Kwh/day) for all Idgges in the department during
the four seasons. The estimated daily energy copisomis given in Table 3. It is
shown that, autumn has the highest energy consomptl29.600 KWh /day)
compared to the other seasons. However, loads segmclose in the autumn and
winter and spring. The average annual load enargpout 100KWh /day.

C. PV Array Size and Cost

For a PV system powering loads that will be usesheday, the size of the array is
determined by the daily energy requirement dividbgdthe sun-hours per day. For
systems designed for non-continuous use (suchha®Is¢c governmental offices, etc.),
multiply the result by the days per week the loadlsbe active divided by the total
number of days in the week. In our case, for thigaunity buildings, multiply by 6/7.
Generally, grid-connected systems are designedrdeide from 10 to 60%of the
energy needs with the difference being suppliedtbiry power. In this paper we take
the ratioof 25% of the needed energy to be covered by the BW, the total power of
the PV system is 75KW.

Many PV modules can be purchased at retail for eb2per watt for most medium
systems in the 75,000 watt range. Of course, tlaeeeopportunities to purchase
modules for a lower price, especially when yourtexysis larger and you can buy in
bulk. An inverter will be needed for systems thatput AC power. For stand-alone
systems the inverter should be sized to provid&dasthe maximum loads you wish
to run simultaneously at any one moment. Inverdesigned for residences and other
small systems can be purchased at retail for gkibper rated watt.

Table3: Thedaily load energy consumption

Autumn Winter rin Summer
Load | N (ROt O Av.h A hS|D ; Av.h
type | Of |power \gedrls KWh ‘gedr/s KWh \gedrls KWh ‘gedr/s KWh
units| (W) | Y /day | Y /day | “ /day | “ / day
day day day day

Lights 1940 40 2 15.52( 2 15.520 1 7.760 1 7.760

Fans 88 80 2 14.080 - - 2 14.080 2 14.080
Computerg 100 200 4 80.000 4 80.00D 4 80.000 1 20.p00
Other loads - - - 20.000 - 20.000 - 20.000 -
Total KWh 129.600 115.520, 121.840 41.840

/ day

D. Homer Analysis

Figure 1 shows the proposed scheme as implememtie iHomer simulation tool.
A grid-connected PV system consists of a primargrgy source, power inverter to
maintain the flow of energy between the AC and esand the grid-utility. Figure 2
shows the optimization result for the given soladiation in Assiut, load data,
economics and constraints, Homer simulates onenaptionfiguration from the given
search space. This configuration is a grid-conmed®® system that supplies the
electrical energy to the load with the lowest metspnt cost.
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Fig.1: Homer implementation of the stand-alone PV System

PV | Conv. Grid Initial Operating Total COE

|y ] N N apita ost (& (2N
:4: ! W) | QW) W) C | Cost (S4T) MPC (SAWWh)
1 75 75 1000 $ 10,000 9225  £140.016 0.109

Fig.2: The optimization result of homer

3. SOLAR ARRAY CHARACTERISTICS

Solar cells are devices that convert photons ilgctecal potential in a PN junction,
of which equivalent circuit is shown in Fig. 3. Dieethe complex physical phenomena
inside the solar cell, manufacturers usually presefamily of operating curves (V-I)
as shown in Fig. 4. These characteristics are mdxaby measuring the array volt-
ampere for a different illumination values. Fronesh characteristics, the optimum
voltage or current, corresponding to the maximumwgropoint, can be determined. It
is clearly seen in Fig. 4 that the current increas®ethe irradiance levels increase. The
maximum power point increases with a steep posisiape proportional to the
illumination.

The main parameters which influence the illumimatievels on a surface at a fixed
tilt on earth are the daily and seasonal solar,gath presence of clouds, mist, smog
and dust between the surface and the sunlighttrendhade of the object positioned
such that the illumination level is reduced, etc.

The equation of the PV output currentis expressed as a function of the array

voltagev
AV+IR,)

l=1_-1,{e "% -1}-(V+IR))R, (1)

where v and| represent the PV output voltage and current, misedy; R, and
R,, are the series and shunt resistance of the celFig. 3);q is the electronic
charge;l . is the light-generated curreng;is the reverse saturation curreht; is the

Boltzman constant, and, is the temperature iK .
Equation (1) can be written in another form as: [7]
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| =1 {1- K[ A} -(V + IR )R, (2)
where the coefficieri;, K, and m are defined as
K, =0.01175

Ky =Ky /(Vee)™,

K, =In((K, +1)/K,),

Ky =In[(l, @A+K) - Impp)/Kllsc]’

m=In(K;/ K,/ InMV00/ Voe)

ImppiS the current at maximum output pow®,, is the voltage at maximum power,

| . is the short circuit current and . is the open circuit voltage of the array.

]sc <*> 2 Rsh V

Fig. 3: Equivalent circuit of PV array.
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Fig. 4: V-1 and P-I characteristicsat constant temperature.

Equation (2) is only applicable at one particulpemting condition of illumination
G and cell temperaturle.The parameter variations can be calculated by une@sthe

variation of the short-circuit current and the of@cuit voltage in these conditions
using the parameters at the normal illumination eeltl temperature. Equation (2) is
used forthe |-V andP-V characteristics for various illumination and fixexinperature

(25[°C]) in Fig. 4.
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Fig. 5 Power circuit for PV system.

4. SYSTEM DESCRIPTION

Three-phase grid-connected voltage-source inver(®SI) are employed to
interface PV systems with electric power grids e in Fig. 5. The inverter circuit
plays a role of an intermediate circuit for tragkithe maximum power point and
synchronizes the output current with the grid \gdtawhich means the power factor is
equal to unity which flows into the utility or loc& he connection to the utility grid is
made by means of a step-dp-Y transformer, and second-order low pass filtees a
included in order to reduce the perturbation on digribution system from high-
frequency switching harmonics generated by the P&ghtrol of the VSI.

To achieve these two goals, the three-phase limemuis transformed from ABC
reference frame to a dq rotating reference franhe. d-axis current is used to control
the power flow from the PV to the grid. On the @thand, the d-axis current is used to
control the output power factor to unity.

5. SIMULATION RESULTS

The full detailed model of the proposed three-phgsd-connected PV energy
conversion system is implemented in the PSIM satwenvironment as depicted in
Fig. 6. Figure 7 shows the PV current variationoaging to the illumination variation
from 1000[w/m2] to 900[w/m2] to 1000[w/m2]. The nemcremental duty ratio varies
according to the change in dc-ac inverter referenceent. These relations between the
input and output are determined in the base-rutenfdt is noticed that the fast
dynamic performance at step variation of illumioatilevel is obtained. Figure 8
shows the unity power factor operation of the gngrent and voltage. The output
current is pure sinusoidal and the in phase with ghid voltage. The controller
dynamics and unity power factor prove the validityhe controller performance.
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Fig. 6: Detailed model and control scheme of the grid-connected PV solar system
in the PSIM environment.
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Fig. 7: PV current at different illumination levels
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Fig. 8: Grid voltage and current I nstantaneous waveforms
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6. CONCLUSIONS

This paper is focused on the modeling, design,samdilation of a grid connected
large photovoltaic system controlled by the voltagented control for the Electrical
Engineering Department Building in Assiut UniveysitThe paper suggests load
profiles, sizing of a PV system for supplying tHectrical load of the faculty using
Hybrid Optimization Model for Electric Renewablediter) software.
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