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ABSTRACT

This paper presents the complete model and dediga grid-connected
Photovoltaic (PV) system to supply electric power &n apartment in new
Assiut city, Assiut province, Egypt according te énergy requirements. This
system can be installed on the roof and the sadéhaf the building. Homer
software is used as the sizing and optimization toaetermine the size and
specifications requirements of photovoltaic systesmponents, system cost
and estimation of corresponding produced electpoaver. Simulation results
and analyses are presented to validate the propgsezm configuration.
Keywords. PV system and sizing, Homer software.

1. INTRODUCTION

Over the last two decades, there have been twormeagnts that led the world’s
industrialized nations to look at renewable enagyrces 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 19Z0sl the increased awareness of the
effects of emissions from fossil fueled power pdand both humans and the
environment. In order to ameliorate the potentiarnin from these emissions,
governments in industrialized countries are cutyeté¢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 projectgagress throughout the world,
photovoltaic (PV) systems are the most promising &sture energy technology. The
overall objective of photovoltaic technology isdbtain electricity from the sun that is
cost competitive and even advantageous with respecbther energy sources.
Photovoltaic generation is already a reality in e@mvironments, but of their diffusion
in rural areas, there still exists many constraamd the problem needs to be examined
from the economic, technical, operational and instinal viewpoints [3].

Photovoltaic (PV) energy generating systems (or $98tems) convert the sun’s
energy directly into electricity using state-of-tae semiconductor materials. PV
systems vary in complexity. Some are called a G@one or off-grid” system, which
means they are the sole source of power to a haatey 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 batterkiacsince water pumped out of the
ground during daylight hours can be stored in alingl tank for use any time. In
contrast, stand-alone home power systems oftes stwergy generated during the day
in a battery bank for use at night. Stand-alonéesys are often cost-effective when
compared to alternatives such as utility line esims.

Other PV systems are called “grid-connected” systehimese work to supplement
existing electric service from a utility companyhéh the amount of energy generated
by a grid-connected PV system exceeds the custemedds, excess energy is
exported to the utility, turning the customer’satitec meter backward. Conversely, the
customer can draw needed power from the utilityrwieergy 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 speccomponents 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 a grid-connectecgy®em for an apartment in new
Assiut city including suggested load profiles, sigiof a PV system for supplying an
electrical load of the faculty. The design of thegmsed system is based on Hybrid
Optimization Model for Electric Renewable (Homegftesare. Homer contains a
number of energy component models and evaluatésbseitechnology options based
on cost and availability of resource. Analysis wilomer requires information on
economic constraints and different control metholls.also requires input on
component types, their numbers, costs, efficieneability, lifetime, etc. Sensitivity
analysis could be done with variables having a easignumber values instead of a
specific number. This allows one to ascertain tffeces of change in a certain
parameter individually on the overall system [4].

2. PV SYSTEM SIZING

The standard area of the new apartments in thecit@s of Egypt is about 120°m
The electrical loads of an average apartment csnsisir-condition, four lamps, three
fans, refrigerator, television, vacuum cleaner, hiag machine, and computer. The
total load demand of the apartment is about 5 K\§hasvn in table |I. However, these
loads do not work all at one time on the contrangrking for a short time.
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Table 1: Typical household electrical appliances

Appliance Watts

Ceiling Fan 3x100
Computer 200

Lights, 4 Fluorescents 4x40
Refrigerator 600
Television 250
Vacuum Cleaner 600
Washing Machine 500
Air-Condition 2283
Total Load 5000

The sizing procedure is designed correspondingaalata described in subsections
as [5]:

2.1. Radiation data

The amount of useful sunshine available for theefgaan 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
insolation is 6.0 hours per day in December. Theolation value also can be
interpreted as the kilowatt-hours per day of sumtlignergy that fall on each square
meter of solar panels at latitude tilt.

Table 1l shows the monthly average values of glciodér radiation over Assiut [6].
It is clear from the table that solar energy inotden the region is very high especially
during summer months with average daily radiationrdy June 8.01 KWh/m2/day.

Table 2: The monthly average values of daily global solar radiation
(Kwh/m/day) in Assiut city

Month Daily Radiation in
Kwh/m2/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
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2.2. Load data in different seasons

The preferred method for determining PV systemdadadh “bottom-up” approach in
which every daily load is anticipated and summegliédd an average daily total. For
PV systems designed to power simple loads, suahsagyle fan, electric light or other
appliance, this method is easy. Simply look at nlaeneplate power rating on the
appliance to calculate its power consumption intwat

Finally all the different loads in the building e be estimated on a typical day
and sum of them. Table Ill provides the calculai@fi the power and energy of an
apartment in new Assiut city. The daily load predilwere determined by calculating
the power demand (Kwh/day) for all load types ie thepartment during the four
seasons. The estimated daily energy consumptigines in Table Ill. It is shown that,
summer has the highest energy consumption (18.986 Klay) compared to the other
seasons. However, loads seem very close in themamntd spring. The average annual
load energy is about 10KWh /day.

Table 3: Thedaily load energy consumption

Load No. | Rated Autumn Winter Spring Summer
type | Of POWer "Av.hrs [ KWh | Av.hrs | KWh | Av.hrs| KWh | Avhrs | KWh
units| - (W) used/ | /day | used/ | /day| used/ | /day| used/ | /day
day day Day day
Ceiling Fan 3 3x100 2 0.6 - - - - 4 1.2
Computer 1 200 6 1.2 6 1.2 6 1.2 6 1.2
Lights 4 4x40 5 0.8 6 0.96 5 0.8 5 0.4
Refrigerator 1 600 4 2.4 3 1.8 3 1.8 5 3.0
Television 1 250 5 1.25 4 1.0 4 1.9 4 1.0
Vacuum 1 600 0.2 0.12 0.2 0.12 0.2 0.1p 0.2 0.12
Cleaner
Washing 1 500 1 0.5 0.5 0.25 0.5 0.25 0.5 0.25
Machine
Air- 1 2283 2 4.566 - - - - 5 11.415
Condition
5000 11.43 5.33 5.17 18.985

2.3. 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 divitgdthe sun-hours per day. For
systems designed for non-continuous use (suchha®lsgc governmental offices, etc.),
multiply the result by the days per week the loails be active divided by the total
number of days in the week. Generally, grid-consgstystems are designed to provide
from 10 to 60% of the energy needs with the diffieee being supplied by utility
power. In this paper we take the ratio of 60% efitleeded energy to be covered by the
PVs. So, the total power of the PV system is aB&W.

Many PV modules can be purchased at retail for al$dub per watt for most
medium systems in ti&000watt range. Of course, there are opportunitigautchase
modules for a lower price, especially when yourtesysis 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 providédabthe maximum loads you wish
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to run simultaneously at any one moment. Inveréeesdesigned for residences and
other small systems. These inverters can be purdhasretail for about $2 per rated
watt.

2.4. Homer Analysis

Figure 1 shows the proposed scheme as implememtist 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 {&s and the grid-utility. This
configuration is a grid-connected PV system thaiptias the electrical energy to the
load with the lowest net present cost. Figure 2nshthe optimization result for the
given solar radiation in Assiut, load data, ecoramand constraints, Homer simulates
one optimal configuration from the given searchcepa

Frimary Load 1
24 kMvrhAd
1 kG peak
Girid

Conwerter

LTI D

Fig.1. Homer implementation of the stand-alone B$t&n

:F’I Conv.| Grid Intil Operting Totdl COE
kW) | kW) | kW) | Capitd | Cost(SAn) NG |(S&Wh)

100 3 31 W $0 1% $T% 0 0

Fig.2. The optimization result of homer

Ren.
Frac.

3- SOLAR ARRAY EQUIVALENT CIRCUIT AND ITS CHARACTERISTICS

Solar cells are devices that convert photons itgotgcal potential in a PN junction,
of which equivalent circuit is shown in Fig. 3 [Jpue to the complex physical
phenomena inside the solar cell, manufacturersllyspi@sent a family of operating
curves (V-I) as shown in Fig. 4. These characiesistire obtained by measuring the
array volt-ampere for a different illumination vaki From these characteristics, the
optimum voltage or current, corresponding to theximam power point, can be
determined. It is clearly seen in Fig. 4 that therent increases as the irradiance levels
increase. The maximum power point increases witeap positive slope proportional
to the illumination.
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Fig. 3 Equivalent circuit of PV array.

o
=]

Lh [+ =1 =]
o [=] [e=] =]
PV voltage in Volt

PY power in Watt
oy
o

]
=]

PV current in Amp

Fig. 4 V-l and P-I characteristics of PV at constamperature.

The main parameters which influence the illuminatievels 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 [3]
AV +IR,)

l=1_-1,{e ™ -1}-(V+IR))R, (2)
wherev and| represent the PV output voltage and current, ms@dy; R and
Ry, are the series and

shunt resistance of the cell (in Fig. 8);is the value of charge of electroh,, is the

light-generated current; iIs the reverse saturation curreht; is the Boltzman constant,
andT, is the temperature ik .

Equation (1) can be rewritten as [7]

| =1 {1-K,[e"" -1} -(V + IR )R, ()

where the coefficier{,, K, and m are defined as

K, =0.01175
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Ky = Ky /(Voo)™,
And m=In(K,;/K,)/In(V,,,/V,.)
where
K, =In((K, +1)/K,),
K3 = ln[(lsc(l+ Kl) - lmpp)/KllscL

Imppis the current at maximum output pow®f, is the voltage at maximum power,

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

Equation (2) is only applicable at one particulpem@ting condition of illumination
G and cell temperatuiie. The parameter variations can be calculated by unig@sthe

variation of the short-circuit current and the ojp#auit voltage in these conditions
using the parameters at the normal illumination eeltl temperature. Equation (2) is
used for thd-V andP-V characteristics for various illuminations and tixemperature
(25[°c]) as shown in Fig. 4.

4- SYSTEM DESCRIPTION

A conventional two-stage energy conversion systeraonnected between the PV
array and the electrical power system as showrgn3: A boost converter is used to
increase the PV voltage for the inverter circuidaib also plays a role of an
intermediate circuit for tracking the maximum poweint.

The inverter circuit converts the direct currentte alternating current which flows
into the utility or local loads. The inverter casiter has two main functions. One is to
synchronize the output current with the grid votagshich means the power factor is
equal to unity. The other is that it controls thelitlk voltage. To achieve these two
goals, the inner current control loop and the ouwtdtage control loop are used as
shown in Fig 6. The whole control circuit is shownFig. 6, the P&O controller for
maximum power point tracking (MPPT) generates pulsdth modulation (PWM )
gating signal for the converter switch.

L i 1l Loty L
T >
+ +
eV K G G @y
PV Array onverter gatingﬁ f‘ Inverter gating
PWM
Vi
System ,-di,“
unly
Controller I ’
utility

Fig. 5. Power circuit for PV system.
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Fig. 6. Control circuit for the PV system.

5- SIMULATION RESULTS

The full detailed model of the proposed single-ghasid-connected PV energy
conversion system is implemented in the PSIM saftwenvironment as depicted in
Fig. 7. Figure 8 shows that the output power charageording to the illumination
variation from 800[w/m2] to 700[w/m2] to 600[w/m2ZThe new incremental duty ratio
varies according to the change in dc-ac invertégreace current. These relations
between the input and output are determined im#se-rule form. It is noticed that the
fast dynamic performance at step variation of ifluation level is obtained.

Figure 9 shows the unity power factor operationthe# grid current and voltage
waveforms. From this figure, the grid voltage amdrent are pure sinusoidal without
harmonics and phase difference. Figure 10 showsythamic response of the dc link
voltage and the inverter reference current. Thgaire shows excellent dynamic
response despite the rapid change in the illuminatevel and power. Also, the
conversion system provides smooth and stable dperat
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Detailed model and control scheme of theé-gonnected PV solar system in the
PSIM environment.

Vpv

Ipv*Vpv

Time (s)

Fig. 8. PV voltage, current and power at diffenéomination levels.
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Fig. 9. Instantaneous grid voltage and current fames.
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Fig. 10. Transients of the DC link voltage anditytiteference current.

6- CONCLUSIONS

This paper is focused on the modeling, design, simailation of a grid connected
photovoltaic system controlled by the voltage aeencontrol for an apartment in new
Assiut city, Assiut. The paper suggests load psfikizing of a PV system supplying
the electrical load of the apartment using Hybripti@ization Model for Electric
Renewable (Homer) softwar€he simulation results show excellent dynamic raspo
despite the rapid change in the illumination lesall power. Also, the conversion
system provides smooth and stable operation.
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