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Abstract

This paper presents new method for designing photovoltaic power system (PVPS) suitable
for cooling the greenhouses. The designed PVPS is installed at Serw station at Domietta for
cooling cucumber crop. The greenhouse, under test has the geometrical configuration of, 6m
length, 4m width and 2m height. The indoor temperature of the greenhouse is 50°c before
cooling. This level of temperature has a harmful effect upon the cucumber. Hence, the cooling
system must be installed for increasing the mass production of the crop within the greenhouse.
PVPS is designed to operate the cooling system contains one blower and a fan, they require
electrical energy of 1.7KWhr. This paper illustrates new mcthod for designing the PVPS. The
proposed method is based upon the experimental behavior of one module of solar cells array and
lead acid battery. The method strategy depends upon the energy balance principle. An algorithm
and flow chart illustrate the design steps are built up. Graphical charts and mathematical model
are obtained to determine the array and battery size required for supplying the previous load (1.7
kWhr). Consequently, the charts obtained can be used for designing any small PVPS system
provides desired load. The results obtained by the proposed method are compared with that
obtained by the famous method (NASA method). The paper presents that the two methods are
approximately identical. The testcd greenhouse requires PVPS of 2 modules 75 W peak cach and
two batteries of 80 Ahr lead acid battery.
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1- Introduction

A typical PVPS consists of SCA,
battery storage, power conditioner and load
(1. The optimum design of PVPS
components is very important for economic
considerations.

The sizing procedure for PV systems
by simulating the system operation allows
one to optimize the size of the PV generator
[2]. Another method for optimizing the sizes
of PV array and the battery in PV systems
with shori-term energy storage is based on
maximizing the utilization of the array output
energy, and minimizing losses associated
with charging and discharging the battery [3].
The designed PVPS has wide applications in
greenhouses. In these houses the cooling
system has a significant effect in mass
production especially in summer season. The
PVPS can be designed for supplying cooling
system interconnected as a load with the
PVPS. Tow typical methods of cooling are
used in summer. The first method is to
reduce the light intensity passing through the
greenhouse. The second and most effective
method of greenhouse cooling s
accomplished by using an cvaporate cooler
[4]. Another method used or cooling the
greenhouse is the ventilation process.
Ventilation means the exchange of inside air
for outside to control temperature, remove
moisture or replenizh carbon dioxide (CO,)
[5]. The ventilation system can be loaded in
the designed PVPS with suitable size. In this
paper new accurate approach for sizing SCA,
and energy storage elements of PVPS based
upon  experimental measurements  of
maximum power output of a sample of SCA
module is represented. Comparison between
this approach and NASA method is
illustrated [6]. The new approach can be used
in different sites for all sizes of PVPS. This
new method is more economic because it has
not any proposed factors and only depends
on experimental measurements. Suitable
design of PVPS is applied for cooling
greenhouse located at El-Serw research
station in Domitta, Egypt. The cooling

system gives an important effect in the mass
production.

2- The Proposed Method for Sizing
Solar Cells Array

For obtaining the optimum size of SCA
required for supplying a specific load, a
proposed plane for measurements is built up.
The required measurements are the
maximum power output of a sample of SCA
represented by one  module. The
determination of SCA size depends upon the
last measurements.

2.1. Experimental Measurements

Battery

I

Figure 1-Connection Diagram of Testing
System.

The  experimental  measurements
required for accurate sizing of SCA
supplying load are carried out in solar energy
laboratory of faculty of engineering,
Mansoura University. Figure | represents the
connection diagram of the elements used in
the experiment. The, first of all is the
obtaining of the 1-V characteristics of the
tested module of PVPS. The figure declares
that, the maximum power output of the
module is at 12.5 volt. Consequently, lead
acid battery of 12 volt is selected with any
capacity to connect with the system. The
battery is connected across solar cells module
terminal and the battery charging current and
voltage are  recorded at  different
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insolation during sunshine period of a
specific day. The module output (I, V)
represents the current and voltage as shown
in Fig. 3. Then, the module output power and
the voltage at different levels of insolation
are calculated and illustrated in Figure 2.
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Figure 2- Variation of Output Power against
Voltage of SCA.
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Figure 3-1-V Characteristics of SCA under
Test.

E. 24
The SCA coupled with the PV system

is tested in the laboratory. Its behaviors are
investigated in Figures 4, 5.
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Figure 4- Open circuit voltage of SCA
against insolation level,

Figure 4 illustrates the relationship
between the open eircuit vohiage of SCA and
the insolation level of the array under test
while the array short circuit current and the
intensity of the insolation incident upon the
SCA is shown in Figure 5.
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Figure 5-Array Short Circuit Current against
Intensity of Insolation

3. Algorithm of the New Approach

The first step of array sizing is a
selection of a load. A constant load is used of
Py kw but this method can be used with
variable loads. The designed SCA is divided
into two parts, the diurnal and night arrays.
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The diurnal arrays are those supplying load
during sunshine period. These arrays are
directly supplied load during some of time of
sunshine periods and providing load through
storage during the remaining time. On the
other hand, the night arrays supplied battery
storage during sunshine period. The
flowchart represents the algorithm steps are
shown in Figure 6.
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Algorithm steps:

1) The input data to thc computer is the
maximum output power of the tested
module at different insolation levels.

2) Load data during 24 hours.
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Figure 6-Flow Chart of PVPS Sizing.

3) Estimate the required number of
modules (similar to the tested
module) at different instants during
sunshine period.

4) Obtain the average number of
modules.

5) Determine the surplus and deficit
energy.

6) Compare between the two energies
{(surplus and deficit).

7) Increase or decrease the number of
modules according to the result of the
previous steps.

8) Repeat step "7" until the surplus
energy equals to the deftcit.

9) Obtain the optimum number of
modules achieves the last step.

10) The total number of modules equal to
the optimum number obtained plus
the required number supplying the
load during the night periods.

11)The optimum short term battery
capacity equals the energy deficit or
surplus.

12) The capacity of the whole cnergy
storage system is equal to thc short
tcrm capacity and long term battery
capacity where the long term battery
capacity is referred to thc battery
required for feeding the load at night
which equal to the energy required by
the load at the night.

4. Sizing of Diurnal Arrays

The proposed procedure used for
obtaining the optimum size of SCA
depending upon the previous data is
illustrated in the following items;

4.1. Obtaining of Instantaneous
Size (Mi).

The instantaneous size of SCA
represents as the number of modules similar
to the tested one. These modules are required
to feed directly the load at each instant of
sunshine period. At instant (i), the number of
modules Mi required is,

Mi = (Pr) / [(Pm) * (Cs) * (Cr.0) * (DoD)]
(Module) (N
Fori=1,2,3...n

Where;

Pui : is the maximum power output of
SCA referred to instant i (caleulated),

n : 1s the number of instants at which
Py are measured.

Py, . is the power required by the load,

during calculations Py represents
constant value at each instant t,

s . is the battery efficiency and is equal
to 80%,
e : is the power conditioner efficiency

and is cqual to 90%.
DoD : is the battery depth of discharge and
is equal to 5%.

The required modules are calculated
for each instant i, then the average one, Mav,
is detecrmined.

Mav = (3. Mi)/ (n) (2)

If the average size of SCA is installed
at the site, there will be deficit of energy
during some instants. And surplus during the
remaining instants. The surplus onc does not
cqual to the deficit of energy.

4.2. Obtaining of Optimum Size.

The comparison between energy deficit
and the surplus one gives an indication for
increasing or decrcasing the SCA size from
its average, Mav. If the deficit of energy
bccomes more than the surplus energy, the
SCA size must be increases by an amount to
rcach the optimum onc. The optimum size
achieves that the cnergy deficit equals to the
surplus energy. On the other hand, if the
energy surplus is more than the energy
deficit, the SCA size must be decrease to
reach the last condition.

4.3. Diurnal Battery Size Bd

Because of the shortage of surplus
energy during sunshine period, the existence
of diurnal energy storage system becomes
very important. The capacity of this storage
must be equal to the amount of surplus or
deficit of energy (cnergy deficit = surplus

energy).
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5. Sizing of Night Array

The determination of array size that is
required to storage energy at night. This size
can be calculated as follows;

Ma=@PL*t))/(Em*L{s*DoD * o)
NE)
Where;

M., : number of modules (similar to
sampled module) that will be used to storage
energy at night,

P. : load in w,

Em : output energy of sampled module
during the selected day,

tn : number of night hours (number of

hours during night period + number of
hours through which low levels of
insolation are obtained).

5.1. Sizing of Night Battery

The battery required for feeding night
load must be selected to satisfy the following
equation;

Bn=(PL*t,)/{{s*pc* DoD)

4)
5.2. Sizing of Photovoltaic
System
The total size of SCA is;
Mie=Mp+M, &)

Where; M,, : is the optimum size of SCA
supplies the load during all day period (24
hours).

Mp: is the optimum number of modules
output from the program.

Btee =B o+ B g (6)
Where;
Bt : represents the optimum capacity of

energy storage required for supplying
the load during all periods.

6. Nasa Method

The sizing of SCA is achieved also by
NASA method [10]. Then the comparison
between the two methods is obtained.

The NASA method depends upon
tables contain average monthly insolations, I,
and the ratio between standard insolation, S,
and average insolation, I, at specific
clearness factors KH, at different latitude
angles from zero to 60°, While array tilt
angle either equal to the latitude or equal to
latitude plus 10°. The design procedure using
the method is described as follows:

1-Select the clearness factor for the selected
month KHm. Adjust the tilt angle of the array
equal to the latitude angle of the mounted
site,

2- Select two clearness factors from tables
one of which greater than KHm, KHmg and
the other is lower than KH,, KHpm.. The
average insolation at KHpmg and KHy is
obtained as foliows;

Tkrme= {Ie + (g — 1) * (L° - L)} 7 {L%

i -L°u) (N
Ixime = {Ioe + (g~ o) * (L°-L°D)} /7 {L%
-L%) (8)

Where;

KHmg, maximum clearness factor of the
selected month.

KH1, is the lower clearness factor of
the month.
IKHmg, IKHm, are  the  average

monthly insolation referred to the greater
clearness factor and the lower one
respectively.

Lgand LL
latitude angle.

are the greater and lower

The average daily insolation at selected
clearness factor, KHm is;

Tktim = Ikt mL + (ki mg — Tkt m) (KHpm
- KHmL) / (Kng - KI'lmL) (9)
3. The ratio R is also obtained by the NASA

tables as fo’llows; ] )
Rknmg = {RLL + (RLy—RLy) * (L° - L°)} /

] {(L%~-L°)} (10)
RknmL = {RLy + (RLg — RLL) * (L° - L°)} /
{(L°—L°)} (1D

Where;
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Rin mg> Rk wL are the ratios at greater and

lower clearness factor,

The ratio Rgy m at the selected clearness

factor is; ) ) )

Ritim = {Rkrme + (Rt mg - Rt mi) (KHu ~
KHmL)} / {(Kng“ KHmL)} (12)

4. The standard deviations, for the selected
month is obtained as;
S=Ikim* Rktim (13)

5. The array area feeds specific load Py
becomes; .
A={PL*24)} /{Cpv * (lxum—M * 8)}

(14)
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Figure 7-Optimum Number of Modules
against Load.

{a: is the solar cell array
efficiency and M is constant selccted as
0.33.

6. The number of modules (similar to the
tested one is determined as);

M,, = (A) / (area of tested module) (15)
7. The capacity of energy storage system is
determined by obtaining the storage time, C,
this time is determined from NASA Figure
by the aid of M and Rgn w thus;

Bty =(C)/ (PL* 24) (16)

Where;

ey : is the cfficiency of PV system which is
obtained as;

Cov=Ca*Cn*lre
Where;

7. Comparison between the Two
Methods

The results obtained by the two methods are
represented in the following figures.

Battery Size (kWhr)
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Figure 8-Optimum Battery Size against Load
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Figure 9-Tested Module Areas against Load.
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The calculated data obtained by the
proposcd arc graphically prescnted and
mathcmatical models are obtained.

Figure 7 illustrates the optimum
number of modules required for supplying
different load size for specific month. The
selected month used for the comparison
between . the two methods is August. The
Figure shows that the number of modules
required for supplying specific load by equal
area less than that obtained by using NASA
method. For instance, the number of modules
obtained by cqual area method required for
supplying the load of 24KWhr is 77 modules.
On the other hand, the number of modules
required for feeding the same previous load
designed by NASA method is 84 inodules.

Figure 7 which shows the relationships
between the optimum numbers of tested
modules against load in kWh can be modeled
mathematically in the following form.

MtOe = 3.19689 * PL + 0.0991679

(17
Where;

PL : is the load inKWhr and Mto is the
optimum number of modules similar
to the tested one obtained by the
equal area method. The relationships
between the number of modules
obtained by NASA method and the
load are in the form of;

Mto, =3.46856 P + 0.0111535 (18)

The two equations show that the slope
of the equation (18) is greater than that of
equation (17). So, NASA method is not
economic. The tested module has an area of
0.6 m2. Fi%ure 9 gives the optimum area of
SCA in m” required for supplying specific
loads obtained by equal area and NASA
methods.

The battery size vhich is required for
supplying the load during night and periods
of low insolation is determined also by equal
area and NASA method. Figure 8§ gives the
relationship between the optimum size of
battery and the load in kWhr. The slope of
the line rcpresents equal area method is less
than that illustrated by Nasa method.

The mathematical models describe the

battery sizc by equal area and Nasa mcthod
are written as:

B, = 1.84858 * P+ 0.00390099 (19)

Blon =2.042113 * P + 0.000497 (20)

Where Btg, and By, are the optimum
battery size requircd for feeding the diurnal
and night loads.

There is a slight difference of the stope
of the two modcls.. The equal arca method
depends upon actual data obtained from thc
test of one module of SCA. Conversely, the
NASA method depends upon tables and
Figures and an interpolation for obtaining the
data required for the design. Besidly, the
average daily insolation incident upon the
tilted module by 31.2° and oriented towards
the equators at Mansoura city measured as
4.587 kWh / m2. Conversely its calculated
value by NASA method is 6.48. This means
that the resuits obtained by the two methods
are quite different {from each other.

8. Practical Application of the
Proposed Sizing Method

In serw research station, there is a
problem in the electricity supply required for
cooling greenhouses under research. The
greenhouse is used for producing some
vegetables crops (tomato, paper and
cucumber). The using of greenhouses
technology is very important for mass
production, On the other hand, the
greenhouses suffer from a large problem.
This problem is related to the cooling
phenomena, especially in the summer season.
Hence, the greenhouses need suitable energy
source required for cooling it especially in
summer season. The most suitable energy
supply connected with the cooling system of
the greenhouses is the photovoltaic power
system. The proposed method is used for
sizing the PVPS supplying cooling system
required for a greenhouse located in serw
research station. The grecnhouse under test
has geometrical configuration of 6 m long, 4
m width and 2 m height.
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The cooling system is composed of one
blower of 30 cm diameter with 5.1A, 12V
and 8000 rpm and one circular fan of 30 cm
diameter, 6 fins, 1/2HP and 10000rpm.

The fane and blower are located in the
same horizontal plane within the tested
greenhouse as shown in Figure 13. The
photovoltaic system required to supply the
greenhouse cooling system is designed from
the models of the proposed method according
to the cooling system load is 434.2w. The
system is operated from the noon instant to 4
hours after the noon instant. Hence, the
energy required for the cooling system is
1.7368K Whr.

Consequentially, the number of
modules required is two modules. The
requircd energy storage system (battery) is
sized from fig. (9) as (2.7K Whr).

The solar cells array designed for
cooling the greenhouses contains two
modules each of which contains 36 grided
solar cells single crystalline silicon of 75
WP. The WP of the module means that WP=
Voo * Iic mx.

Where;

A —

Digital Multimeter

Voemx and Iscmx are the maximum
module open circuit voltage and short circuit
current at maximum insolation level received
by the module (1000 w/m?). On thc other
hand, the battery used within the designed
PVPS requircd for cooling process of the
greenhouses has specification of, lead acid
type, 12V, 80 Ahr,

The cooling system is operated and the
temperature inside the greenhouses is
recorded as shown in Figure (10). The figurc
shows that a very large decreasing in the
temperature inside the greenhouse occurs
during the first 20 minutes, after that the
temperature remains constant such that the
indoor tempcrature becomes larger than that
the outdoor by only 1°c. Hence, the cooling
system achieves the purpose of constructing
i,

cay.
Solar Cell Rray

DC

DC

Electic

Electric Fan

- -
.
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Figure 14-Relationship Between the temperature inside greenhouses and the time measurcd from
Noon instant



