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ABSTRACT

The total solar energy intensity on the horizontal surface
measured for the Kirkuk city. This is obtained by measuring the
short circuit current induced from standard PV module consisting
of 36 PV cell connected in series. The measurement performed at
each hour of daylight for a period of one year. The measured data
compared with data obtained theoretically from the empirical
formulas, which indicates that the theoretical prediction of the
solar energy intensity is 31% larger than the measured values.
The result indicates that the Kirkuk city receives a large quantity
of solar energy, because the percent of the sunshine hour to the
cloud covered hour is found to be 89%. Comparative cost
analysis of the electricity from the PV solar cell and diesel
system shows that the electricity from PV solar system at Kirkuk
city is cheaper than that obtained from diesel system of about

40.6% when 15 year working period is considered.
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INTRODUCTION

Following the oil crises of the 1970s, energy experts start
to explore whether solar based power generation held potential as
an alternative petroleum-based fuels. Development of solar
energy has been progressed considerably since then, and the cost
of the solar power decreased with comparison with the
petroleum. In recent years a new factor is added to the weight of
solar energy which is the environmental effects. The excessive
use of the oil increases the air pollution which has many
dangerous effects on human life. One of the most dangerous
effect which threats the life on the earth is the green house effect.
Green house effect is the increase of the temperature of the earth
due to increase of the CO, gas in the earth atmosphere which
causes several dramatic changes in the climate of the earth.

The solar energy could be used for heating directly or
indirectly by using solar collectors!!, or used to generate
electricity via photovoltaics cell (PV). The PV cells convert the
solar radiation directly into electricity by using solid-state
junctions™”. The main advantage of the PV cells is long life,
estimated to be 15 year with no need for maintenance and their
main drawback is low efficiency and high initial cost.

Historically the first solar cell is constructed by Charles
Edgar™ in 1883 at it’s efficiency was less than 1%. Since then
the progress in PV cell technology include increasing the

efficiency and reducing their cost and weight by using different
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materials and improving production processes . In present day
the silicon PV cells efficiency has reached 24%"! in laboratory
test conditions and silicon PV modules now available
commercially have an overall efficiency of about 16% PlAs
efficiencies have risen , module price have fallen to around 4$
per Watt. |

In this paper the electrical power produced by standard PV
module is measured in Kirkuk city for period of one year. From
collected data the solar energy intensity is calculated and
electricity cost comparison with the diesel generator is made

from economical point of view .

EXPERIMENTAL SETUP

The total solar energy intensity of the kirkuk city is
measured by using standard PV module . The module used is
BP275 manufactured by UK firm BP solar. and its data sheet is
as shown in figure(1) The module consists of 36 series-connected
monocyrstaline silicon cells which gives a short circuit current of
4.60A and open circuit voltage of 21.4 volt at standard test

condition of 1000 W/m? insulation and air mass of 1.5.

The short circuit current is measured by using digital

multimeter of type Kaise (Sk-6160) . The measurement is
performed by fixing the module horizontally over flat stand. To
eliminate the reflected solar radiation effect, the measurement is

performed at an open field . The data is recorded at each hour of
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the day light for a period of one year starting from 1/1/2004 to
1/1/2005 .

THEORETICAL APPROACH
In order to calculate the solar intensity incident on the

earth system, it is necessary to determine the amount of energy
reaching the earth’s atmosphere and surface. Two sources of
variation in extraterrestrial radiation (I,) must be considered"
The first is the variation in the radiation emitted by the sun,
satellites measurements showed that the variation is limited
within +0.2 percent. The second is the variation of the earth-sun
distance, over the year seasonally, which lead to variation of
extraterrestrial radiation flux in the range of £3%. The values of
extraterrestrial radiation I, can be obtained from the following

5.k 5
empirical formula Bl

i, = f_‘_ﬁ{1+0.033 cos(B?OPN H (1)
365
Where 1,.=1353 W/m? which is the intensity of the sun’s radiant
energy measured normal to the earth-sun line but
outside the earth’s atmosphere
N= is the day number in the year
Relating the solar intensity outside the atmosphere Iy to the
intensity on the earth’s surface is a major problem because up to

70% of incoming radiation can be blocked by the atmosphere and
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cloud cover. Therefore the calculation of the solar radiation
incident the surface (Ipx) is performed under very week

assumption of clear day insolation. Which is given by !

5, 2)

cos &

L,y =1, exp(

Where B 1s extinction coefficient and calculated from the

following empirical formula

B =0.175[1-0.2c0s(0.93N )] - 0.0045[1 — cos(1.86 N )] (3)

And 0 is angle of incidence, that is, the angle between the beam
radiation on a surface and the normal to that surface, .and for

horizontal surface is calculated from the following formula

cosd = cos o cos@cosm + sin d sin @ (4)

Where ¢ is latitude, that is, the angular location north or south of
the equator, north positive -90°< ¢<90°.
6 is declination, that is, the angular position of the sun at solar

noon with respect to the plane of the equator , and the values of &

is calculated from following empirical equation "’
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5 = 23 .45 sin (-N = st.so (5)
370

o is the hour angle, that is, the angular displacement of the sun
east or west of the local meridian due to rotation of the earth on

its axis at 15° per hour . © is calculated as following

. Solar ?I"i;ne - 12 (6)

where  Solar Time=Standard Time +4(Ly-L; ,.)+E
L is the standard meridian for the local time zone, and Lo 1s the
longitude of the location in question in degree west. And E is the

equation of time given in the following equation

E=9.87sin2C-7.53cosC-1.5sinC (7)
Where
¢ _ 360(N -81)
364

RESULTS AND DISCUSSION

The current induced from the module is measured for a
period of one year at each hour of the day light. As the relation
between the solar radiation intensity and the current produced

from the PV solar cell is linear® then the current values could be
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transformed to the solar intensity by using the data sheet of the
module which indicate that under standard test condition of 1000
W/m® the module produces 4.60 A. Therefore the measured
current value is multiplied by 1000/4.60 to give the solar
intensity in W/m®. and it is as shown in figure (2). From this
figure it is clear the random nature of the data which depend on
the weather condition mainly. If it assumed that the values for
irradiance less than 300 W/m® is for cloud covered day, from
solar irradiance data its found that 89% of day hours are clear sky
(suny day) and only 11% is cloudy . This value is very large if its
compared with other locations for example for Hamburg,
Germany it is 36% , Miami, Florida is 65% .and for Nice, France
is 61% 1. Figure (3) show the experimentally measured peak
value of the irradiance at noon time plotted during day for one
year. This plot indicates the random nature of the irradiance
specially at the winter, due to the weather condition the
irradiance value is fluctuated between 980 W/m? at clear sky day
and less than 10 W/m? at cloud covered day. At the summer the
fluctuating is less than the winter and it is between 600 W/m? and
900 W/m” and it is mainly due to the dust and smoke from the
petroleum industry.

The total amount of solar energy received during the day
for any day of the year is calculated by using trapezoidal
integration method for the data of Figure(2) and the result is as

shown at Figure(4) with the theoretical values calculated by
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trapezoidal integration of data obtained from equation (2). From
this figure it is clear that the theoretical prediction of solar energy
is very poor due to the random nature of the weather condition.
The total amount of solar energy received per one year could be
calculated by trapezoidal integration of data of figure (4) and it is
found to be 2553002 Wh/m’.year for experimental data and
3346316 Wh/m®.year for theoretical data.

COST ANALYSIS OF THE PV SYSTEM

As it mentioned earlier in this paper, that the main
advantage of the PV system to other methods of solar energy
applications, is that the PV system converts sun light directly into
electricity, which could be used to operate the equipment in
normal houses. For house applications the PV modules could be

installed over the roof of the house. The general system for this

applications is as shown in figure (5) and its typically consist of

the following components:

1. Solar photovoltaic modules

2. Storage Batteries and battery controller

3. Inverter

4. wiring, fuses and switches
To estimate the minimum number of modules needed and to
make cost analysis with comparison with diesel system it
assumed that the normal house equipment is as shown in table(1)

with energy required and operation hour per day.From table (1)
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the total energy required is 4600 Wh/day and by assuming
compensation for losses (30% of load) the total power will be
5980 Wh/day. From the data of figure (4) it is found that the day
average electric power produced from one module is 645 Wh/day

Then the number of PV modules required is
5980/645=9.27, thus 10 PV modules is needed. If 12 volt battery
is chosen for energy storage and for total appliance load of 5980
Wh/day the Ah (Ampere Hour) per day is 5980/12 =498.3
Ah/day. , thus the minimum battery capacity required is 498.3
Ah/day. It could be used five 100 Ah battery.

The cost of PV system and diesel system is categorized to
the initial cost and Operation and maintenance (O&M) cost. For
PV system the cost for 15 year operation is as detailed in table
(2) which include PV modules, battery, converter, support
structure and installation cost
The diesel engine required to operate the devices listed in table
(1) is 1kW. For 15 year operation the cost is mainly the initial
cost of equipment and the O&M cost which is as in table (3)

From tables (2) and (3) for a total life-cycle cost the PV
solar system is cheaper than the diesel system with 40.6%. This
number could be lower if the PV system is compared with the
cost of national distributed electricity, because it will include also
the cost of power grid and cost of land for equipment or rights-

of-way for transmission and distribution lines. The cost of PV

27



28

Tikrit Journal of Eng. Sciences/Vol.13/No.1/March 2006

system could be reduced 34% if its used only at the daylight

because there will be no need for batteries.

CONCLUSIONS

From the analysis of the collected data for the solar energy
at Kirkuk city by using standard PV module, and also from the
cost comparative analysis between PV solar system and diesel
system for hosehold applications it could be conclude the
following:

1. For solar system design the theoretical data for solar
energy is un-adequate and experimental data is necessary
because the random nature of the solar intensity. At the
Kirkuk city the difference between the measured and
theoretically calculated solar energy for one year was 31%.

2. The collected data indicates that the Kirkuk city has large
percent sunshine hour, which it is about 89% of hours of
days , when it is compared with the European cities.

3. A comparison of the cost of solar PV system and diesel
system, should be based on the life-cycle cost. For Kirkuk
city its found that the electricity from PV system is
cheaper than from diesel of about 40.6%.

4. The cost of solar PV system could be reduced further if it
used as an assistance to the national electricity , because
there will be no need for the batteries. Without the

batteries the system cost will reduces about 34%.
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Table (1) The appliance energy requirement for normal
house equipment

Equipment Appliance energy Qu. | Wh/day
TV/SR 150 Watts x 6 hours/day 1 900 Wh/day
Large light 40 Watts x 6 hours/day - 960 Wh/day
Small light 10 Watts x 6 hours/day 4 240 Wh/day
Refrigerator 100 Watts x 10 hours/day 1 1000 Wh/day
Deep Frezer 150 Watts x 10 hours/day ] 1500 Wh/day
Total 4600 Wh/day

Table (2) Solar PV system cost in Dollars for total appliance
load of 5980 Wh/day

Cost item No. | Unit cost | Total cost | Working life
[year]

PV module 10 | 500 5000

Battery 55 | 50 1250 3x5

Converter Ix2 | 250 500 x5

Support structur | 1 100 100

Installation 1 50 50

O&M 50

Total 69509

Table(3) Diesel system cost in Dollars for total appliance load

of 5980 Wh/day

Cost item No. | Unit cost | Total cost | Working life
Diesel engin 8 400 3200 8x2
Installation 8 50 400
Fuel (litter/day) ’ 3 3 4927.5 For 15 years
Oil, belt and filters 750 750 For 15 years
Maintenance (laber) 500 500

 Total 9777.5% It
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Table (1) The appliance energy requirement for normal
house equipment

Equipment Appliance energy Qu. | Wh/day
TV/SR 150 Watts x 6 hours/day 1 900 Wh/day
Large light 40 Watts x 6 hours/day 4 960 Wh/day
Small light 10 Watts x 6 hours/day 4 240 Wh/day
Refrigerator 100 Watts x 10 hours/day 1 1000 Wh/day
Deep Frezer 150 Watts x 10 hours/day 1 1500 Wh/day
Total 4600 Wh/day

Table (2) Solar PV system cost in Dollars for total appliance
load of 5980 Wh/day

Cost item No. | Unit cost | Total cost | Working life
[year]

PV module 10 | 500 5000 15

Battery 5x5 |50 1250 3x5

Converter 1x2 | 250 500 2x7.5

Support structur | 1 100 100 15

Installation 1 50 50

O&M 50

Total 6950%

Table(3) Diesel system cost in Dollars for total appliance load
of 5980 Wh/day

Cost item No. | Unit cost | Total cost | Working life
Diesel engin 8 400 3200 8x2
Installation 8 50 400

Fuel (litter/day) 3 3 4927.5 For 15 yegrs
Oil, belt and filters 750 750 For 15 years
Maintenance (laber) 500 500

Total 9777.5$
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PRODUCT DATASHEET

BP275 Phbtovoltaic
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Fig.(1) The data sheet of the photovoltaic module
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for any day of the year The data sheet of the photovoltaic module




(33-34)

Tikrit Journal of Eng. Sciences/Vol.13/No.1/March 2006

12500

T T ! | '

T
i re——— easured

| |

PO mide ¢|
%ﬂwwwn Ll

5000 —]

Solar Energy [W.h/Day.m"2]

2500

|
OM__._.I._ I N = NN
0 60 120 180 240 300 360
Day of the year

Fig.(4) Variation of solar energy at Kirkuk city with days of the year

Moo

W
=
AT

AR
- E‘i}%;};%%\\\\\\\i\\\‘&i %

| "'-._\%%Y&“\_\?‘L}‘f@__

Fig.(5) The main components of the solar energy system

33



34

Tikrit Journal of Eng. Sciences/Vol.13/No.1/March 2006

%wéﬁﬁ@hgﬂwi 43Ual) e\.\ﬂu\ LgJJ;LA!JJ
4 gun g Sl LAY ) addid

Pl L) (ol
Al Aunigl and
Gy S5 Amala—Auigh) 4

duadAl)

it o8 8 mhadl o Ll SN el g LaSYl GilE
45 5Sie Al A0 g3 5 48 A ghme (B A giall Lol (uld PIA 0e lld S S
e Aol S0 Gy nl Dl o Aa g e 48018 8 AR TR (e
A ahall il e A el Sl A e 5 ALIS Ar s sily Jlell Slele
ol 3yl (e Aleantiuadl Apsedl] 28U RS o8 O 0 Al
Ot % &8 € Aune ol il el %Y 2y AL a8l G L
cile bl Aot () Cam A oY) el e A5 jEall Apsal] A8l (e B S S
I ie el yal 5 Al Al e SnaVL . %A% o Al o dueld
0 S jae (pes Al g8 sl ADUAN (e Asinall Al S A8 A8
e %ot e, Ay Ged ) Aneedl) Gla slaidl oo eleSl 2l o) A3l o
i 0 Jed e Sl lan 213 ol SIS e

)l cilalsl)

(34-34)



