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ABSTRACT :

This work aims to determine the optimal hybrid of an autonomous
generation system of renewable energy sources (RESs) to supply an
isolated load. This system includes solar photovoltaic generators, wind-
generators and energy storage umnits. A technical and economical model is
introduced here to optimize the combined energy of this hybrid system.
This model depends on the hourly solar radiation, wind speed and the
load demand at the considered site, in addition to the economical
parameters and operational constraints of the aforementioned RESs.

The suggested model is applied numerically with the nonlinear
programming for planning photovoltaic and wind energy systems to
supply an isolated load in remote area of Egypt. Also, the capacity of
energy storage units to ensure the continuity of the power supply used is
determined and optimized by a load management technique. The
combined energy of this hybrid system is optimized from economical
point of view.

1- INTRODUCTION :

Electric generation of renewable energy sources appears
increasingly attractive because the high cost of fossil fuels. Also, these
sources are more attractive to supply isolated loads in rural and remote
areas[1,2]. The main types of these RESs pertaining the meteorological
conditions for many of the world countries as well as Egypt are solar and
wind energies.

Maunscript Received From Dr. G.E.M. Aly and Dr, A.El-Zeftawy. on 1/12/1998.
Accepted on : 22/12/1998. .

Engineering Rescarcth Bulletin, Vol. 22, No. 1, 1999.

Minufiya University, Faculty of Engincering, Shebin El-Kom, EGYPT.iss 11 16-1180

79



However, there are: several difficulties associated with the
conversion of these energies. The intermittency of the solar radiation and
wind speed is the more serious phenomenon of these difficulties. Not
only the reduced times of those sources but also their variation does not
match with the distribution time of the demand. To overcome some of
these problems a storage facility can be used to compensate the mismatch
between the load and energy generation [3]. Also, the combined use of
wind and solar emergy conversion systems can provide significative
advantage as the fluctuations of these sources are mot in phase, thus
decreasing the storage capacity required [4]. :

A great number of autonomous generation systems have been
installed at many of the world countries. These systems consists mainly
of diesel units and have relatively high operation costs due to the high
price and transmission expences of the fuel used. The available wind
or/and solar energy in these countries makes it attractive to consider RESs
as expansion alternatives in the aspect of reducing both of operational
cost and pollution problems. But, collection and validation of
meteorological data, modelling of the stochastic nature of renewable’s
output and the correlation between the meteorological data and loads are
crucial for the resulting optimal expansion planing of these systems. In
pervious publications [5, 6], number of computer packages have been
introduced for solving these problems and planning RESs with
conventional generation systems. On the other hand, an algorithm for the
determination of the optimal size and number of wind energy conversion
systems operating in parallel with a conventional system was presented in
Ref. [7].

In this work, a proposed model has been introduced to develop the
availability of solar and wind energy systems to meet an isolated load.
This model is used with the solar and wind data collected at an Egyptian
site for developing the availability of power generation of each source to
supply the load demand at the considered site. Moreover, the combination
energy of these sources 1s optimized economically.

2- TECHNICAL AND ECONOMICAL MODEL :

The generation system under study consists of wind generators
(WEGs), solar photovoltaic generators (PVGs) and energy storage units
(ESUs). The ESU is represented here by a storage battery and can be
changed from WEG or/and PVG. The storage battery is used for keeping
the energy balance and regulating the system reliability. Fig. 1 shows the
line diagram of this hybrid system.
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The optimum energy combination of WEG and PVG is obtained as
a function of solar radiation and wind speed at the considered site. The
output of a PVG is given as [8]:

Pypp=m* me® mp* Vogjy *Lgp (D
Since

Vs =24 - 2.1 x 107 (T, - 25) @)

I(,yj) =1. 35 E[(,J) + 0.5x 10 (Tc(]) 25) (3)

The output of the WEG m the range of wing speed of u; <ugj <ugis
given by : '

Pugjy = Kug * Pg (1 + 15y / 8g) 4)
where, Kuwe =12pACmr 1,

The hourly oufput of generation system through the year months may be
expressed as follows:

Py = Puijy + Paiiy . (5)

The mass balannce equation of the generation s}fstem output and load

demand can be stated as:
Prap = Papy + Psip | ~(©)

The optimal combination energy from the hybrid systent to minimize the

total investment cost over the study period, i.e. to minimize:
FT#ZN(FV+F\V+FS+FO) ' (7)

Since; Fo=Fo + Fow + Fop : (8)

The total investment cost for the WEG, PVC and ESU during a
considered period may be deduced as a function of the energy supplied
from each source and the unit energy cost of these sources as follows:

=E, * UEG, ®)
F, =Eu*UEC, (10)
F, =E,* UEC, (11)
Since, UEGC, = RF, * CC (PV)/E,, (12)
UEC, = RF,, * CC (WG)/Eys (13)
UEC, = RF, * CC (BS)/Es, (14)

where RF, is the capital cost recovery factor and deduced as a function of
the interest rate (r) and the life-time of the system (n) as [3]:

RF =r (1+0)" / [(1+41)" - 1].
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3- CASE STUDY : :

A hybrd system of solar photovolatic generator (PVG), wind-
generator (WEG) and storage battery (ESU) is employed to supply an
isolated load at El-kharga Oasis in the west disert of Egypt. Fig. 2 shows
the average yearly daily load curve in this site. Also, this figure illustrates
the categories of this load. These categories are pumping load (90%) and
residential load (10%).

The meteorological data at El-Kharga site (25.45°N) are collected
over ten years and used with the proposed model, section 2, for obtaining
the optimum combination of PVG, WEG and ESU to achieve the best use
of energy available to meet the load demand. The stochastic nonlinear
programming technique [9] is used here to solve this problem tacking the
following constraints mnto consideration:
1-One or more of 100 KW wind-generator is assumed to be used.
2-For each hour the power from WEG, PVG and ESU equals to load
demand.

3-The capacity of ESU is restricted by the actual output of WEG and
PVG through the day hour.

4-The charge source for ESU is restricted by the permitted loading on
WEG and PVG, in addition to the economy of these generator.

5-The percentage limitation of power capacity of WEG and PVGis
restricted by the capital investment. The economical parameters of
PVGs and WEG are taken from references [8] and [10].

Fig. 3 shows the hourly output of the PVG and WEG through a
day of different year months. The storage energy required to satisfy the
load demand is deduced from the correlation between the load demand
and PVG & WEG outputs as depicted in Fig. 4. This figure illustrates
also the combination energy of the hybrid system to meet the daily load
demand of different year months.

The results of these figures concluded that:

1-The PVG’s array size of 1255 m* with one WEG and ESU of 300 A.h
capacity are required. _

2-most of the diurnal load demand through the year months is supplied
from PVG.

3-The capacity of ESU is decreased with increasing the WEG output
through the year months,

4- About 65% of ESU capacity is charged from PVG.

5-The total annual cost of the hybrid system is L.E. 131200.

32



A load management techmique is suggested here to minimize the
capacity of ESU which represented the high portion cost of the study
hybrid system. This technique is based on operating water pumps through
the periods of high solar radiation or/ and more effective wind speed.
Fig. 5 shows them modified daily load curve wit using this load
management technique. Fig. 6 gives the energy combination of the hybrid
system for this case. This figure concluded that:

1-The capacity of ESU is decreased by about 80% than that of first case
(Figure 4). ‘

2-The total annual cost of combined energy of the hybrid system is L.E.
102543,

3-More than 90% of ESU capacity is charged from WEG.

CONCLUSIONS :
A technical and economical model 1s introduced to determine the

optimal hybrid of an autonomous generation system. This system includes

solar photovolatic generator, wind generators and energy storage units

(ESUs). Also, a load management technique is suggested to minimize the

capacity of ESUs. The proposed model is applied numerically to develop

the optimal combination oh generated energy for hybrid system to suit the
isolated load at an Egyptian site. The remarkable results of this
application are summarized as;

1-A 100 KW-wind energy system, 1255m® PV array size and 300 A.h
battery storage are required to supply the load demand, with about
131200 L.E total annual cost.

2-The proposed load management decreases the ESU capacity by about

80% and decreases the total annual cost of combined energy of the
hybrid system by 21.8%.

3-The diumal load demand through the year months is fed by PVG,
while the high portion of ESU capacity is charged from WEG at using
the proposed load management technique.

NOMENCLATURE :
Vi Lij 'the hourly voltage and current of a PV module through the
j th month respectively.
Hip :the howly insulation received on the PV module through

the j th month.
P, the rated power of the studied wind-~generator.
Prijy  the load demand through the i th hour of the j th month.
Py 'the hourly power supplied from the energy storage unit
(ESU) through the j th month.

Eo,Eva&Eq,: the annual energy output of PVG and ESU respectively.
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E,E.&E, the energy supplied to the load through the considered
period from PVG, WEG and ESU respectively.

F,. F.&Fthe total investment of PVG, EWG and ESU during the
considered period respectively.

F, the total operation cost of the hybrid system during the
considered period respectively.

FovwFow&Fos:the operation and maintenance costs of OVG, WEG and
ESU the considered period respectively.

CC(PV),CC(WGE&CC(BS):the capital cost of PVG, WEG and ESU
respectively.

UEG,,UEG&UEC:the unit energy cost of PVG, WEG and ESU
respectively.

U, Up&U, the cut-in, rated and cut-out wind speed of the considered
wind-generator.

Ui :the average hourly wind speed through the j th month.
Koug :the wind-generator conversion factor.

Co :the performance coefficient.

A :the area swept of the wind rotor.

o} :the air density.

m :number of modules required for PVG..

Teg) 'the average temperature through the j th month.

MNe Np  :the efficiencies of PV array and power conditioner
respectively.

nm 1 the efficiencies of wind turbine and generator respectively.
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Fig. Line diagram of the hybrid system study.
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Fig.2. The average yearly daily load curve of isolated load at El-Kharga site.
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5. The modified daily load curve with using the load management technique.
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