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ABSTRACT

The purpoese of this paper {5 to research the erffect of
[aterconnectian a photoveltaic power system PUVPS with a pover
svstem on a bus voltage. This work is accomplished hHhy using a
modified Gauss—Seidel method., The modification pr=asents PUPS as a
negative load which means when a FPVPS 18 cognected .t a

rgeperator huas., apd the real power geperated from 1t must he added

to the zenerated power., on the other hand ir FVPS s connected to
. the pawer zeperated from it is subtracred from
of this load. The study of this integration Is
for various sites of PUPS an a power syvsten. and for
5 PVPS. The results of this stigly show that the
n oa s s e 4 DPoIN rgch - el et 4
{ e voltages.Besides., it has
e

“onversion of  solar energy into slectricity Is very
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important because it is a clean energy source. All countries in
the world receive some solar energy depending on' their sites.
This amount I[s obtainable from a few hundred hours per year as in
the northern countries and the lower part of South Awmerica. to
four thousands hours per year as in the case in the most of
Arabian countries and Saharg Dgsert. The area of natural deserts
of the wgrld is about 20*10"Km~ with average, solar insolation
583.3W/m™ 4day [l]. Another areas 30%10 Km~ receive  about
291.65W/m”~ /day. The amount of solar epergy received by {gnd area
(if we ignore all area of sea) S0*10 Km™ Iés 162.2%10° " Kwh/day,
assuming eight hours of sunshine, or 60%10 ~“KEgh/vear. Using 3% of
this energy will result In energy of 300*10°'°Kwh and comparing
this Tgth the estimated world energy demand in year 2000 1is
50%10"' “Kwh/year, it can be seen that it s 60 times what fthe
world will require then [1].

A stand-alon photovoltaic power s¥stem consists of
photovol taic arrays, power conditioner and an energy storage. The
energy Storage is very important equipment in photoveltaic power
svstem. [t is used to store solar energy and as a maximum power
traking element. A brief background on the preparation of
standard energy storage equipment is existed in four standard
documents prepared for large lead storage batteries. These
documents are used to prepar batteries at power stations
substations and PVPS [2].

A method for determining optimum point of design PVPS s
based on the coupling of the lvad to the solar cells arrayvs by
means of a two — port with a transfor . This method enable one
to contruct a more efficient and reliable solar cells arrays
together with the most suitable storage system in order to assure
better operation of a solar electrical system. [3].

A photovoltaic power system PVPS may be operated outside the
atmosphere In the space as a solar power satelite. The
transmission of a solar power satelite energy fto the earth's
electric power systems [Is carried out by means of microwave
technology and interface systems [d].

Because of the dispersed and intermittent nature of solar
photovoltaic energy syvstem, the interconnection scheme s fthe
most appropriate Iin a major concern. The discussion of
integration issues in a peoint of view economic and a comparison
between three schemes of integration of PVPS to the utility are
prepared. These schemes are a) PVPS with complete wutilityv-hack
and back up. b) PVPS with utility storage and «c¢) FVYPS with
residential storage [5].

This paper presents the interconnection of a PVPS to the
northern Egyptian electrical power system Fig.!. The effect of
this interconnection when PVPS acts as a real power source 1is
studied.

PROBLEM DISCRIPTION

A problem here s study of an interconnection of
photoveltaic porwer system with the North part of cgypiian  power
system. A study is handeled in a point of view the eaffect on a
svstem buses voltages., A bus volftage can he tfen in i J
of U= 4 + JF and its absolute value s (i The
interconnection of PVPY on 4. B and s nvestis

study s accomplished by using method of

o
i load
mathematical model of FVPS. The PVPS is aperated at
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power point with a conversion efificiepcy of 10%. The north part
of Egyptian power system consists of 24 huses. It has &6 zenerator
buses and the others are load buses. 4 photovelfalc porwer
system PVPS is interconnected with some of generators and Ioad
buses.

MATHEMATICAL MODEL OF PHOTOVOLTAIC POWER SYSTEY

PHOTOVOLTAIC FOWER GTILITY
ARRAYS CONDITIONER

Fig.(2) FPhotovoltaic Power Svstem

Fig.(2) shows a soiar photovoltaic energy svstem which 1Is
connected wmith a vtility. consists of phoftoveltaic arrayvs (PV4)
and power conditioner. The solar cells ar:ravs consisés of modules
are linked together in a series or parallel or in serfes parallel
compination as shown in Fig.J.

BB

Fig.3 Series parallel combinations of fhe solar cells

The output current of a ecefl I is a function of
photocurrent It, reverse saturation current D .cell voltaze  and
its serfes resistance (6]

IC = II - Ir {exp((IC RS + Ec) q / AD ET)y - 1) )
where
g Is the electron charge

Aofactor depends on seolar radration

N Boltzman's canstant
[ eell temperatiure

If = Ijr (oxp (E;\ g /A K T) - 1)
(eNplE,, G 7 i, KT S ens(l, R iR (=

E___C cell open circairt valtage

Jo_oshart oircuit current
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Ih intensity of soliar radration on horizontal surface

The output current of a solar vells arrav is.

=17 ’;E
Qutpur voltage »f fthe arrav is.
V= F + X
[ 5
Where
N; = number of parallel! moduls

A;= aumber of series moduls

Output power ol the arrayv is.

P =V« T

The voltage and clurrent at a maximum power point are.
t.--.-;_'- = DL - Q (e =Dy )+ Dy dog I

= 1 4 -
r, - Dl I‘-'. v Dﬁ ‘ r: Dz )
Where DM L% ig ...... D are a cvell coeffircients
o= E L

e T

2 power at g maxioum power point from a cell
13

— _ e ® r E .
Pnc. R Eﬁ._. gil—‘l I\F ‘V’ (&}
P = P’ power output from the array operats atbt maxinum pover point

The Inverter efficiency [s taken as 75§

LOAD - FLOW STUDY

The load Flow study is accomplished by using Gauss -Seidel
method using Yeuz, A photoveltaic power system 1s considered as #
negative load. By using this assumption GCauss - Seidel method can
be used for solving load flow problem . As a PVPS is connected to
a load bus it's power s subtracted from the lvad power connected
to this bus., WWhile it's power i1s added fto the gene:
which connected to 3 generator bus. For all Dbuses xeent
slack bus [7]}.

ator Dower

o qerive porer Lngected o bus Porrom PURY :
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Ps active power Injected to bus P rfrom FVPS
¥ admittance between bus P and g
2a
L; voitage of bus q
= *f ';' -z 14 = . . 2, &l
KD L/ };p ('% % - %q q ) ppﬁ :1 ? 7 {(8)

The iterations by using Gauss - Seidel method as a PVPS
connected to a bus P is defined as

AN IR B E B VA SIS A R AR
L PR v

B stans s e g P

L (CF B 0/ A T U A

:Liﬂ =1 /Y (P Qs T Lo, v

lVhere K Is the 1teration number
In this studyv a PVPS mayv be connected to a2 load or generator

bus. At a P-V bus a real power injected from PVYPS s added to
fhat generated from a generators connected to this bus. The
reactive power @ is not specified at such a bus. The voltage
magnitude must be held at the value

2@ - . » . Tk
IVis™ . Becauose of equipment [imitation., & can vary between ($
and
FOLE R e cal . .
Gp . At P-V bus, & is replaced bv & during the computation.

FLOW CHART

o e
Read N, N, AL, Ry S, Rou. Qu
B5 Q0 Ay e, D D
- D i \e N

Compute I, VU, Imp. IQ;TAE:_E;;;1i;i]i%f]

Run lead 7iow sfudy using eq. § for load
huses wnd 2q. &, {0 For zenerator hus=s
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¥rite the results

Fig. 4 Flow chart for sciving Load- Flow probplem

Vhere,

i total number of buses

Ma number of generators

M aumber of lvoad buses

Rij. 1y resistance and reactance of line ij

Pei, (oo active and reactive power generated from generator |

ﬂ?, (. active and reactive power demand bv a Jlcad connected
o bus 1

solar cell efficiency
inverter efficiency

The solar photovolitaic power sstem (s vconnected at bus
numbers &,/!1,19 and 24, Where bus 6 15 a generator bus. buses
[1,19 and 24 are a load buses in desert. 4 lIload flow study s
carried out firstly without PVPS. In the next stage a study s
carried out with PVPS connected fo  bhus number 6.10.19 and 24
respectively.

This study is «carried outinstantinouslly ‘for each hour
durifg a sunshine period and for different sizes of a SPVPs
JAEm ,3.5.7.9 and [ Em

The results of this algorithm are a family of curves rfor
the varfation of buses voltages, at which PVPS {s cuannected. and
for a different size of selar cells array.

RESULTS

The calculated resulits of a program are shown in figs. & (o
8. Fig.35 represents the relationship between active and reactive
components of bus voltages 4 and B of veoltage of a bus number 6
at which SPVPS is connected. Bus 6 is a generator bus and SPUPS
is connected and operate Iin parallel with a power station
connected with this bus. 4 variaticn of reactive component (B) of
bus voltage in per unit, the base voltage i[5 2208v. against time
is shown In the upper part. The dashed line represents B against
time when SPVPS is disconnected from a bus. A family of curves
are represents B for difFferent sizes of solar cells array. These
curves are function of fime apd 1s spmilar to the wvarjation of
insolation against time. This means that B Is increased with time
and reached to a maximum valus at 2 noon i[nstant a  botftom
decreased. In the opposite direction 3 (active component of

generator bus 6) Is varied with time. [The  variation of{i]
decreases with a large rate of rhapge than (B). then decreases
and reach o mininum ] at a noon instant.

Bius 11 is a load bus in which load 0.0324 pu (base MUA=530;

and PVPS is connected at this bus. Fig.é represents the variation

aof peactive and sctive components of bus voltage versus fime. In
i

these curves a variation of (B) is similar to the wvariation »f
fnsolation It increases and reach to
3 1
!

Ximum

]

i Active component {4) takes  an nposite
Y = It decieases w1 th time and reach to :
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Whenn PVPS is connected at buses 19 and 24 respectively. The
variation Is similar to that in fig.5. But in fig.6 a variation
of (A} versus time take the proporities of generator apd load
buses. It is due to that the bus site {s far away from generator
buses.

The effect of insertion PVPS on the absolute values ol huses
voltages is illustrated in fig.9. It has been shown that (Che
insertion of a PVPS has no effect on the absolufe valus of buses
voltages. This {s due to the fact (hat PVPS js a source af real
power oniy.

CONCLUSIONS

Al i e Rt

In this paper a photovoltaic power station (PVPS) 1s
interconnected with a power syvstem The effect of Interconnection
on a bus voltage at which PVPS connected is studied. A PVPS is
connected with a generator and lovad buses. The study shows (that
its effect in a generator bus 15 opposite to that affect when Its
connected to a load buses. This means that PVPS which iIs a source
of active power only may be integrated with electrical network.
The effect of it In a bus voltage at which interconnected is no
longer pronounced. This due to the opposite rate of change of
active and reactive components of bus voltages. This means that
the insertion of PVSPS at any bus of a power syvstem has no longer
effect vp a bus voltage magnitude.
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Fig.5, Variations of Active and Reactive Components of a
Generator bus Voltage No.6 Which is connected with a Pho-
tovoltaic Power Station with different sizes.
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4,B *10 %p,u
Active and Beactive Components
of bus voltage
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Fig.©, Variations of Active and Reactive Components of a
Load bus Voltage No,ll Which is connected with a Photovo-
itaic Power Station with different sizes.
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A,B ¥10™°p,u
Active and Reactive Component::
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Fig.7. Variations of Active and Reactive Components of
a Load bus Voltage No.l9 Which is connected with a Pho-
tovoltalc Power Station with different sizes,
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of bus voltage.

K—S
— T T T 7 TBage PVPS
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Fig. 3. Variations of Active and Reactive Components of
a Lgad bus Voltage No,24 Which is connected with a Pho-
tovoltaic Power Station with different sizes.
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