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ABSTRACT- This paper presents an approach by the aid of which combinations of photovoltaic
{PYP5), wind {WES) and bartery storage (B5S) systems are investigated in supplyling a daily
Iload demand subject 1o a set ol technical and economical constraints. On solving the design
probiem. accurate and shori-term seolar radiation and wind speed data are used. Seasonal
variations in demand and climate as well as distinctive penetration levels of the renewable
energy system efiecr appreciably the design paramelers.

The proposed approach has been extensively apphed and programed to be run on
a personal computer, The demand and genecation outpul profiles are deduced and analysed for
distinctive penetration levels of both PYPS and WES hypotherically installed at Mersa-Marrvh
and East-Oweinat in EGYPT. The BS is eliminated or reduced having a minimum capacity
by applywng what we call and propose, here, as PYP5 and WES-aided Joad management.

These systems resuit in competitive energy cost figure of $ 0.0136 {0.0299 L.E) and
$ 0.0116 (0.0255 L.E) /kWh for Mersa-Matruh and East-Oweinat as egyprian sites respec-
tively. The mosteconomic energy combination is thus deduced with the respective opfin
penetration levels of their systems.

INTRODUCTION

A rapidly growing global popuiation with higher expectations will require
increases in the consumpiion of [ossil fuels in the years to come, However, T
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global deposits of fossil [uels are already being depleted at an alarming rate, The extreme shor-
tages in conventional energy supplies and the indiscriminate exploitation of natural resources
have resulted in large scale deforestation and famine in many parts of the world., Lack of
facilities and employment oppertunities in the rural areas have led to mass migration and
overcrowded mega-slums around cities, resulting In further detrimental elfects on the social
and economic progress, and the environment in developing countries [11.

Remote rural areas, like which located in EGYPT, typically do't have and are't expected
to have electric grid supply in the near future.

It appears that harnessing locally available renewable resources to supply the energy
needs of remote rural areas is an option that deserves the serious consideration of energy
planners, especially in countries that do't have adequare fossil [uel resources.

This paper presents an approach by the aid of which combinations of PYPS , WES and
BS systems are examined and operated for meeting a daily lead demand throughout the
year.

Three alternatives are practically possible and investgated. The [irst one is to feed
that load by a combination of PYPS/WES/BS. The second alternative is to use a combination
ol PYPS/BS systems alming at supplying the same daily total load demand while the third
one is to inlegrate the WES with BS systems.

The most economic combination has been governed by several factors like the solar
cells array, wind turbine generators and battery costs and their iechnical characteristics.
Thus,a comparative study with complete analysis has been carried ocut to find the most
economic combination [or the egyptian sites under study. The intreduced approach has the
advantage of its abiiity 10 deal generally with any sile and load requirements.

GCLOSSARY OF NOTATIONS

TS = The n th site, n = 1,2,3, . ..

t = Time, hours

L (1) = Hourly Load Demand, MW

LE = Daily Energy Demand, MWh

I.p = Peak of Daily Lead Demand, MW

p = Peak Load 5tarting Instant, hour o'clock.

L'F = Load Factor, p.u.

5C = Solar cells size, m?

SCA = Solar cells Array

5 = Solar cell size, m?

5° = Initial value of solar cells size, m?

p {t) = Hourly output of PYPS, k W

PYPS = Photovoltaic Power system

P E = Daily output Energy of PYP5, kWh

TLy = Penetration Level of PYPS output, p.u.

q = Solar Ceil Thermal Resistance, m?*, C° { kW

lTH = Hourly Solar Radiation Received by horizontal surfaces, kW/m?.

[1¢ = Hourly 5clar Radiation Received by surfaces tilted by the Manthiy Best Tilt
Angle at the site under study, ¥W/m? [2 ,3]

Ta = Ambient Temperature, °C

TAx) = Houriy cell Temperalure, *C

Ber = Theoretical 5clar Ceils Efficiency, P.U.

F = Fractionail Decrease of Cell Efficiency, P.U.

T = Theoretical QOperating Temperature of the Selar Celi, °C.

g?c(:} = Hourly Elficiency of the Solar Cell, P.U.

F5 = Factor of safety includes an Allowance for the possible Inaccuracy of solar

Radiation Data for the Maximum Possible Variation from the Average Weather
Conditions and for the probable loss in the Array Output due te its obscaraton
by Dust, P.u.
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VF = Variabiuity Factor Takes into Account the Inlluence of the variation in the solar
Radiation from Year 1o Year, p..

PC = Power conditioner

'7%(: = Power cenditioner Elficiency, p.u.

WTG = Wind Turbine Generator

WES = Wind Energy System

Ny = Number of WTG units

N° = |nitial Number of WTG units

WK) = Hourly Output of WES, kW

WE = Daily Output Energy of WES, kWh

LE] = Hourly Wind speed, mj/s

Yr = Rated wind speed, m/s

Yei = Cut-in Wind speed, m/s

Yo = cut-out Wind speed, m/s

A = Swept Area of the wind Turbine Rotor, m?

CP = The ratic ol Power Absorbed by the Wind Turbine Rotor to the Power Inherent
n the Wind.

TLy Penetraton level of WTG OQurput, p.u.

J The density of air, kg/m*

T Air Temperature, K

P Air Pressure, mm of H

¥p Pressure ol warter vapof, mm of Hg
Mechanical Transmission Elficiency, p.u.

Electrical Genecator Elficiency, p.u,
Bartery storage Capacity, kWh

-3
3
LT L L T T YR TR | R | B TR 1]

Cs Solar cells Price, § / Wp
Ch BS Price, § /kWh
U Energy cost Figure, $ / kWh

2 PROPOSED APPROACH
2.1 Main Intention.

The principal aim of this wark is to determine the most economic energy combi-
nation out of three appropriate alternatives. The Photovoltaic (PYPS) and Wind energy systems
{WES) integrated with a battery as a storage constituie them. Since the first two renewable
systems are site-dependable, thereby, the proper combination will differ according to the
sites under consideration. Economic grading of lhe studied combinations to be installed for
each site is possible out of the attainable numerous results.

2.2 Factors Alfecting Solution.

Since the {inal conclusions are governed by many technical and economical {factors
and constraints, an approach should be proposed to deal with them in tackling the probem.
Ot these factors, the type of solar radiation and wind speed data {(hourly, average monthly
or yearly), possibility ol applying storage during the deficit periods, the problem of how
to meet the [oad at low insolation, cloudy and night periods with respect to PY P5 inone
side and the periods ol meeting the demand during which the wind speed may be less or
more than the cuil-in and cut-out speeds respectively in the other, role of battery storage
toward these obsracles, prices of system components particularly those of the solar cells
array and batrery ar the present and future times and eventually the hopelul accuracy in
solving the problem,

2.3 Energy Combinations.

Fig. | displays the subsystems constituting the invesiigated combinations with their
specifications presented in the Appendix.

2.4 The Proposal.

2.4.1 Assumptions and Flow Chart.

In a previously published paper [4], the authors had recommended the use ol a full
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year hour-by-hour wind data so that the storage sysiem charge and discharge operatjons
can be simulaied. Moreover, the use of actual wind speed data stems from the fact that
neither statistical model {eilher Weibull or Rayleigh) is perfect and it is dillicult tc make
broad generalization about the ability of both density functions to fit actual data (5). Thus,
actual hour-by-hour inselation and wind speed data of the year months are taken, here,
as inputs for the researched sites. The flow of these data throughout the application of
the proposal is shown in Fig. 2. In addition, the lollowings are the significant assumprions

that taken into account on applying the suggested approach :

I- on solving the design problem of first energy combinauon: PYPS and BS, a number of
solar cells modules 15 determined and aimed to be installed 10 charge the battery for meeling
the load during the night and cloudy periods. Cther modules power the demand thruugh-
out the daytime hours of utilizable insolation.

2- With the regard of 1he second combination: WES and 1S, the battery will be integrated
with the WES when the wind speed being less or greater than the cut-in and cut-out speeds
respectively. The necessary number of WTG units is derived according to the seasonal daily
energy demand. The batiery has been charged during the periods of high wind energy output
in excess of the corresponding load levels. It is to be discharged in the intervals of low
WES outpurt.

3- With the concept of operating the PVPS, WES, and BS as the third alternative, their
design parameters are deduced according to their simultaneous operation throughout part
or all of the daytuume period. The B5 would be employed, if necessary, 1o meet the demand
during the night, cloudy, and low wind speed periods. Different penetration levels of the
formers are investigated economically 1o decide the best levels,

4- The. SCA and WTG outpur s totally utilized throughout the day hours.

2.4.2 Development of PYPS, WES, And BS 5izes

(a) Derivatiou of 5CA Size and Capacity ol lts Accompained Dattery Storage at Dillerent
Penetration Levels (TLy)
i) Having the mnput daila of SC, PC, BS, LE, L (1), 1 and |, ambient temperature
TH Tt
for researched sitecs and TLV.
ii) The final SCA size for certain rated power fullills the energy balance condition.

Starting with an area of 5 = 5° the corresponding hourly output can be  estimated
using the [ollowing equation:

P(t):lﬁjsl.h%(t) VL FS My Lo (1)

Where 7(: {1} = 7cr [i-F (TC - Tcr) ]

T =T, +

¢ Ta*dlp °C

The monthly average daily photovoitaic energy output (PE) is, then, found by:

2
PE = E P (1) e 02)
t='|:1

It is compared with the seasonal daily energy demand (LE) penetrated with TL‘"r resulting
in the {ollowing probabilitics :
I.PE »LE * TLV, then , the prechosen size, 5°, should be decreased with an area (&)
and repeating the foregoing process.
2, PELLE *TL , 5° will be modified by a (&) to have higher size and eqns(l} ¥ (2)
are applied again.
3. If PE = LE * TL , then the chosen SCA area satisties the energy balance condition
and is taken .
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iil) The battery Integrated, here, with the PYPS has a capacity BS comprising of two
parts, The [lirst, BD , is to be charged by the surplus energy during the high insolation
period and being discharged to power the load demand throughaut the low insolation
one. The other part, BN , Is needed to meet the night and critical load. The capacity.
EvD\r is [ound as :

BD, = B, /7 v 3a)

where
B, is the surplus energy available during high insolation pericds estimated by :

t
B = ?_t (P(t)-th)*TLv]
!

This summation is accoplished oniy for the condition of P (t) 7 L (t) * TL,,and P (t)
is derived by applying eqn (1) for the [inal and correct SCA size

Also, BN_ = Night and critical loads * TL,, / s e 32}
On the other hand, the total capacity BSV can considerably be reduced by applying
whar propose, here, as the PY - aided load management strategy. The load demand profile

is, thus, modified ro be the same as the PYP5 output. That is, the majority of the night
loads, except the lighting and critical ones, are shifted and powered throughout the daytime.

{b) Deduction of the Number ol WTG Units and capacity ol its Accompanied Bartery
with Various Penetration Levels (TL )
i) Having the data of the candidate WTG, wind speed along the year (hourly) and
air pressure of the investigated sites and penetration level of WTG output.
ii) On the basis of energy balance condition, the number of WTG units is derived.
An iniual number of WTG, N° , is, thus assumed for which the hourly electrical
output, W (t), is estimated as toffows (6] :

W10t e 0sfAN, ViCR T Mw co e
for Vci< V1<Vco
where, P = 1.2929 (P_ - VP) 273/760 T kg/em’

50, the monthly average daily WTG energy outpur is calculated from :

L
WE = i W (1) <o 05)
=

|
Satisfying the condition of Vci < V\<Vco
The WTG output given by this eqn will be compared with the seasonal daily demand

penetrated by TLW as follows :
j. If WE } {LE* TL,,), then the initial number N% should be decreased with a decremenial

value, say, one umit as explained by the flowchart.
2. If WE« (LE* TLW), Ny will be increased with, say, one unit. These steps are repeated

till the folowing condition is achieved :

WE = {LE* TLw) + permissible tolerance.

Then, the corresponding number WTG units [uilills the energy balance constraint
and is taken as the linal decision.

ili} The capacity (BSW} of the battery accompanied, here, with the WTG is found using
the same steps previously followed in estimating that accompanied with PYPS. So,

BSW=BDW+BCW - v. (8a)

where BD\N’:BW;‘?B «.. (&b)
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[t is the bartery storage capacity required to accommodate the surplus energy of WES.

By is the surplus energy attainable during the rated speed period in the range of
¥ . ¥ LY, given by :
ci t co

=24
Bw=§“l [W(t}-th)*TLw] e 6-c)

L=
(When W (> L (1) * TL]
W (1} 15 obtained on instailing N, units and TLW as a penetration level.
On the other hand, BCW is calculated Irom :

BC\U = {critical loads) * TLW a”?B .. (&-d)

it is concluded that eqns {1}, {2)wr(3) are used with TL, = 1.0 p. u. to find 1the
component's sizes ol PYPS/BS combination. However, lo deduce components's sizes of WES/BS
combination, eqns {4) , (3} and (6) with TL, = 1.0 p.u. have been applied.

Now, egns {1} - {6) should be used with an arbitrary TL_ and itscomplement TLy
tor sizing the heartunits PYP5/WES/BS combination. The corresmncﬁng total BS capacity will
have the summation of :

BS:BSV+BSW L 07
at the imposed TL ~TL; with and withour PY-aided load management.

¢) Economic Evaluation.

The energy cost figure, U, is chosen, here, as an index to differentiate between the
imposed alternatives. It has been computed taking the effect of the meteorological conditions
of the studied sites, Penetration levels, and with and without the application of the suggested
load management strategy. Present and anticipated prices of 5C moedules, WTG units and BS
are considered nsing the following expression [7] :

U = [ (Total capital investment ol the energy combinalion) {L.F} ] + [Annual O & M costs] /

[ {Annual energy produced) (availability Factor} ] .- {B)
Where: K K
LE=r(2+a)™ /(1 + )™ -1 = charge rate

Annual interest rate in P.U.
Amortization period in Year.

r

K

Woyou

The totat capital investment incorporates the costs of ithe wiring and control system,
land area and interface devices in addition to the tetal hardware costs of the energy cembination

3 RESULTS
3-1 Input and Qutput Particulars.

The proposed approach has been programmed to be run on an IBM personal computer
{640KB). The systems's sizes with their corresponding econcmic results are printed out and
summarized in Tabfe (1} for the following input particulars:

I- Site 1 Two extremely located egyptian sites are selected. They are Mersa-Matruh (31.33°N}
and East-oweinat (22.9° N).

2- 5olar Radiation: The horizontal giobai levels were recorded continuousty throughout the
days of cecent five years. They had been published in Rel. |8l They are averaged and
plotted in Fig. 3 (a & b) {or representative months of summer and winter seasons and modifid
by the aid of methods mentioned in Refs. (% & 10] resulting in the average daily radiation
profile at the monthiy best tilt angle for our sites.

3~ Wind speed: Again, the hourly speeds had been cotlected and published in Ref. [9] for
both sites covering all year's days. The average values are drawn for 1wo representative
months in Fig. 3 {a & b).

- Lona Demand: Two daily industrial load profiles are constituted representing its hourly varia-
1(on for the summer and winter seasons. %heir specifications are mentioned in the Appendix.

~3- Energy Combinations Researched: Their technical and economical particulars are stated
indetail in the Appendix,
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3.2 Quantirative Analysis and Discussion:
a) Geographical sitting and seasonal Effects.

In this Section, the demand and generaticn output profiles are demonstrated and
analyzed with multiple conditions.

Fig. & shows, for the aforementioned egyprian lccations, these patterns for equal
penetration levels ol intermittent systems i.e. TL_ = TL_ = 0.50 and summer and winter
seasons. The shown sizes are [ound by satislying the energy Balance constraint.

With Mersa - Matruh site, Fig. 4. a displays an output of total peak of 2.0 MW
while 1.8] MW is its wvalue on installing the same energy combination in East - Owejnat
{(Fig. 4. c.}. The fluctuation in the output of WTG sited in Mersa - Matruh impacts pronouncly
the resultant as displayed in Fig. 4.b. However, for East - oweinat, the total output profile
behaves nearly like the solar radiation variation (Fig. 4%-c & d). The followings are the main
features of these proliles:

Site
Season ltern Mersa - Matruh East-Oweinat
Summer Total Peak, MW 2 i.81
Fluctuartion in
Total output, MW (2 - 1.65 - 1.81) No
Lowest Qutput
Level, MW . 0.13 0.34
Total Peak, MW .41
Flucruation n
Winter Total cutput, MW (141 - 1.23 - L.48) No
Lowest Quiput
Level, MW 0.35 0.17

Qutof these delails, it is clear that no output fluctuations will be experienced on
installing both systems at East-oweinat. The seasonal characreristics influence the total
peak and the lowest cutput level especially with Mersa - Matruh in the Northwest of EGYPT.

b) Impact of Composite Peuetration Levels on Qutput Behavior.

Shown in Fig. 5. are the outpur patterns for two levels of penetration and summer
season. The problem has been solved for the investigated sites. With the energy combinations
located in Mersa - Matruh, Fig. 5-a depicts the case of TL < TL , which results in appreci-
able fluctuations in the 1eial output. This observation can be ascribed by the considerable
effect of fluctuated WTG output that results due to its high penetration.

On the contrary, Fig. 5-b reveals the total output having a quasi-smooth variation
similar in shape to the positive hall of a sinusoidal waveform. Tt occurs when TL 5 TL“‘r
which has led to very low total output levels in the night and earlier morning regions. This
result is expected, here, since we have only the WTG output during these periods which
again have low penetration level. Therelore, the need is substantial [or suggesting and applying
a load management strategy to modify the load demand in the foregoing periods.

Fig. 3-¢ and Fig. 5-d exhibit the output behavior but with the encrgy systems being
sited in East-Oweinat. As a general of notice, the rtotal output has a profile ol smoothest
shape since the [luctuations of the WTG output are not appreciable lor this location. The
case i5 better with TL <« TL_ as shown in Fig. 5.d. 50, the principal characterisucs of
these curves can be tabulated in Table (2-a) which involves aiso 1hose of Fig. 6.

Moreover, the individual and total output of both systems are instituted under the
elfect ol winter circumstances taking the same penetration levels. Table (2-b) summarizes
the matn [eatures of their daily behavior.
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Table (2-al Fluctparions in Total Output in Summer Sesann

[Flg - J & 4} .
TLV- 1) Q.25 4.75 1.0
L‘“‘" - 1.0 0.75 0.25 0.0
Meraa
Macruh 2.15 1.75 2.l8 1.18
Total Peak, East-
MY - Oweinat 1..8 1.74 2,18 2.18
Mersa-
Fluctuaticns Hatun 12.15-0,8-1.58) (1,751,065~ KD NG
1,451
in Tocal Eaar-
Jurput, MW. Owernat NO HO {2+18-0.95 HQ
1.17)
Lowesk Lavel o€ Meraa-
Matruh, Q.15 o.il e.10 0.15
Total ourput, East-
L3 Cuweinat ©.55 0.53 n.20 0.15
Table (2-b) Fluctuatlons in Tolal output in Winter Season.
Marsa- l1.10 1.19 1.80 1.97
Toral Peak, Matruh
Eask~-
HH Qweinat L:50 1.40 L.85 1.82
Hersa-
Fluctuak- Macruh [1.10-0.28-0,42 NO {1.6-1.48-1.62] 1.9%=1,17-1.32}
tions in =0.10-0.49)
Total Eamt-
Quiput, 1.5-1.34-1,251 ND HO NO
¥ Oweinar
Meraa-
Lowent Hakruh 0.50 g.1% 0.3 4.28
level of
Total Faszt_
Sutrpur, COweynat D.15% .21 n.1e g.108
L)
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Qut of the shown results the following conclusions are drawn :

|- Installation of an energy combination either in the northwest or Southwest of ECYPT
with TL ¢ »TL w augments the total peak to a higher value compared with the case of
TL < TL . This is correct throughout the year months.

2- No” fluctdations in total output, except for too short periods, have been observed with
an energy combination being erected at East-oweinat. This is attractive and [acilitates
the task of maximum power tracking and conditioning.

¢) Application of a Proposed Load Management Strategy (LM).

Throughout the optimization process, {1 is intended, by the aid of constituting the daily
total output proliles of the energy combimation, (T.Q.), to eliminate or reduce the 85 to
have a minirmum capacity so that the following constraints should be satisfied:

I- Energy balance.
2- It is used only to cover fotally or partially the lighting and critical loads because of the
insufficiency of the T.O. mainly in the night and earlier morning (inclined dashed regions).

This goal is achieved, here, by reshaping the load demand prolile tc be similar to
that of the total output ol the energy combinations studied.

The intersection ol the daily profiles of T.C. and load demand yields threeregions. The
regions {1) & (2) are diwstinguished by T.0. < L (t). I the second constraint {2) is to be mel,
then the off-lighting and critical loads in (I} & (2} (vertical dashed lines} are shifted and
will be power in the t_-interval (Region (3} ) where T.0.> L (t). Thus the output of a combina-
tion of PYPS and WES determines in a precise manner the appropriate level of locad mana-
gement. 50, one can call it a5 a PV _and WTG-aided lcad management. This, In consequence,
eliminates complex examinations and computations to achieve this purpose. Table {3) tabulates
the main characteristics of the modified load demand curves after managing the loadsunder
the impact of effective conditions. The economic evaluation of the problem for distinctive
levels of penetration 15 explained in Table (4). It ciearly shows the hardware price effects
before and after applying the previous strategy on the energy cost figure (U).

Table (5) tabulares the decremental change in U {& 1) on managing the lcad. The
result of having a high P.U. value of AU reans that the LM has a sensible influence con
U or in other word that the PYP5 or WES do't play a significant role in this management
at the considered penetration and prices. The reverse iscorrect that is the resuits of having
a minimum AU ( AU min} means that these systerns have maximum elfect in executing
such strategy and there is no substantial need for additional management.

Cn conciusion, the basic and well-known definition ol load management will be altered
in view of these resuits.The common definition of LM is that it is demand-side load shape
modification strategy in which the main objective is the shift of energy consumption patterns
1o reduce contribution system peak. Now, it certainly differs since the primacy objective-
with the intermittent power producers is the shift of energy consumpiion profiles to increase
contribution io system peak. In other words, the load demand patiern should be modified
10 coincide with that of T.C.

For the researched egyptian sites, Table {6) summarizes the most economic penetration
levels of the PVPS and WES with their sizes Ior distinctive 5C, PC and NS prices. Fig. 7
depicts the arrangement of windfarm of WTG units to be installed at Mersa-Matruh site,
EGYPT with economic penetration levels of TL = 0.80 and TL - 0.20 with present SCA
and PC prices. In addition, the energy cost figure is estimated before and alter managing
the load. So, the following remarks and results can be drawn:

1- With the present prices of SC and PC, it is preferable to introduce the PYPS with a
low penetratuon level and install a large number of WTG units (N ) Moreover, East-
Oweinat site is more economic than Mersa-Matruh.

2« With the hopeful prices of SC and PC, the results expiain that the PYPS with a BS as
a back-up supply s the most economic epergy combination required to withstand the
load demand.
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Table {11 Charactristica of the modlfimiloat Fatteens produced on Applylng LM Strategy For Different
Fenetratlon Levels.
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Table (5) Decramsantal Change in U, nu,"on APGLIying & load Managessnt Serateqy.
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The load management affccts principally the BS capacity . It is omiticd with the
present prices while with the anticipated ones, the capacity has been reduced by a percen-
tage up to about 50%. The last result has been obtained on using PYPS only as a power
producer.

The results demonstrate to what extent the use of renewable energy combination is econo-
mically attractive in the light of the mereorological egyptian conditions. Lowest cost
figures are obtained on applying the suggested load management strategy and anrticipated
prices. They are \5 0.0136 and & 0.0116 for Mersa-Matruh and East-Oweinal respectively,

4 CONCLUSION

1-

e)
4)

5}

The followings are the salient conclusions that can be drawn from this paper:

Integrating and installing PVPS and WES in sites like the egyptian ones is very wuselul
and indispensable for meeling the load requirements,

It js viable to use actual hour-by-hour data since lthey accommodate accurately all seasonal
variations of the locations.

The most economic energy combination very much depends on :

The essential assumptions

Type of data and approach of sizing the SCA, WTG and BS subsystems.

Possibility ol applying a LM strategy.

Role ol BS and i1s capacity with its operation time.

Prices of the hardware components in the present and future times.

The demand and generation oulput profiles are deduced and analyzed [or distinctive penerra-
tion levels of both PVPS & WES hypothetically installed at Mersa-Matruh and East-Oweinal
in EGYPT,

With East-Oweinat and TL < TL_, the total output has a profile of smoothest shape
since the fluctuations in WTG output are not appreciabie for this location. The result

is berter with TL < TL . This is practically attractive and thus [acilitates the task
of maximum power tracking and conditioning.

The battery storage is eliminated or reduced having a minimum capacity by applying
what we call and propose here as PVPS & WES-aided |oad management. Thus, the daily
load demand prolile has been reshaped so that it becomes similar lo that of the total
cutput of the energy combinalion studied.

Table {6) demonstrates the most economic penetration levels of the PYPS and WES with
their sizes and various hardware components costs. The impact ol applying the LM strategy
is explained and quanttatively analyzed

With the present prices of SCA and PC, it is the most economic to introduce a PYPS

with a low Penetration level and install a large number of WTG units. East-Oweinat is more
economic than Mersa-Matrach. On contrary, with the hopeful SCA & PC prices, PYP5S + BS

as

a back up supply is the most economic combination.
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APPENDILX

a) Load Demand *attern

Non
Particulars Summer Winter

—
Dauly Energy, |’ LE, MW%h 20.87 15.02
Peak, L, MW 1.00 0.82
Peak Load 3tarting Instant, rp 20.00 |19.00
Load Factor, 2 p.U. 0.87 0.76

{1) Constant either belore or after Managing the Joad.
{2) Beiore Managing the load,

b)Y SCA [10] : ceils: Dendritic Web, silicon, Noct: #4°C, Module size: 1.32 %1.32 m,
Extiruded Al Irame, EYA potrant, 0.32 cm Full-Tempered glass, 0.13 mm craneglass, mylar

backing - Module Apertwre = 1.486 m® T_ = 0.142, 7 - 022, Voo = 205V, , |

module 2 de* 'sc T
9.52A, Vmp = 19.91 ¥ | = 8.93. A, Pmp = 178.8 W, at 1000 W/m®, AML.5, 29°C
€)PC: 1 . = 0.95 (Involving Inverter and switch).

dc’ ‘mp
d) B5S [11]: ’?B = 0.80, sodium-sulfur and lead-acid.

e) WTIG [12] ¢+ Turbine: A honizontal axis, propeller type, constant speed, Rotor Diameter

= 40.35 m, Rotor Ground clearance = 152 m, Rotor speed = 36.9 RI*M, Vr = 7.7, Vci =

3.8 and Vco = 16.4 mfs at 17.7 m. Mechanical Transmission: Ym = 0,96, synchronous type

Electrical Generator, 78 = 0.93 at UPE, Rated power = 200 k¥, { - 60 HZ, Terminal

voltage = 4160 Vac .

f) Economical Paruculars: C_ - N 3.5pr {present price) and 0.2 5}’\T¢’p {anticipated pricel*,
Cpe = 05 $/W and 0.00 §/We, Cy = § I5/kWn, Sodium-sulfur and $ 50/kWh. Lead-Acid
Types, WTG Price = $ 1000/kW , [12], Control Devic Price = 5 300/WTG unit, Microproce-
s80r Price = $ 11000, Yearly O B M = 0.15 of Annual Levelizing Cost forz WES/BS Combina-
tion and = 0.05 for PVPS/B85 Combination. Land area Price = 0.5 $/m°. * Within Future
10 Years, [9].







Mansoura Engineering Journal (MEJ} Yoi. 13, No. 1, June 1988 E. 49

QPTIMAL LOCATIOQN AND SIZE OF FIXED CAPACITCRS
ON SINGLE RADIAL FEEDER
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Abstract: This paper presents an optimal method for locating and w=izing of
fixed sghunt capacitor banks in case of gstatic load on single radial dis-
trabution feeder. Mathematical models to represent cost saving due to power
and energy losa reduction are presented considering growth in load, growth
in load factor and increagse in cost of energy. The c¢ost gaving due to
release in aystem capacity, capacitor cost, wvoltage drop and voltage rime
constraints as a function of capacitive current flows in feeder B2egments
have been formulated. The cost functiong have been performed for optimizing
the choice of fixed shunt capacitors. This proposed method has a special ad-
vantage that the optimal location of capacitors is limited by the lean
period wvoltage rigse constrayznt and thus aveoiding over-volitage probiema
during the off-peak hoursa. The effect of unit—-capacitor wvalue on optimai
golution 18 introduced.

1. INTRCDUCTION

The continuous increase in conzumption of electric energy tends to in— -..
crease power and energy loggeg in prlmqry distribution feeqérs which reduce
the available capacity of fseder and jncrease voltage drop along the feeder
which results an increase in electric energy cost for the consumer. There
are several methods to reduce these losses and improving the voltage profile
at the consumer. (ne of the simplest methods 13 the use of shunt capacitors
on the primary distribution feeders to reduce the feeder currents., reduce
power and energy lossesa, improve voltage profile along the feeder and ceuse
|an appreciable release in feeder capacity that can be uged to feed extended
additional loads on the feeder. The principle problem in installing poWer
capacitors on praimary digtribution feeders is determining the optimal loca-
tion and size of these capacitors on the feeder to gain maximum co3t savings
and, at the same time. the system constraint are achieved.



