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Abstract:

Usually, each country has many add electric-loads scattered all over the entire region of this country, where such loads are
situated at various remote locations with respect to the routes of the National Grid System (NGS) of that particular country.
It is thought that it would not be economically feasible to connect such remote loads with the NGS, such issue has been
investigated in this paper using 10 KVA load to be supplied by a solar system as an alternative renewable energy resource
that couldn’t cause environmental pollution compared with the conventional methods of generating electric power.
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1. INTRODUCTION

In Jordan and some Arab countries, there are several small loads up to 1 MW and (0.38-22KVA) in remote areas far from
the main supplies, and high voltage transmission lines (66 — 400KV) [7-15]. Supplying such loads using classical methods
is very difficult and considerably expensive. Energy supply from high voltage transmission lines requires construction of
additional transmission lines for long distances, plus new step-down voltage transformers, which is not economical, due to
high financial costs and electrical (Energy) losses, besides the possibility of wrong estimation of the Transformer’s
nominal power. Not to mention the fact that using diesel stations, as power supplies for remote loads need fuel storage,
transportation and manpower. (Asper. And Khiat 1991), (Paspilof-Fiddin. 1990).

Researches for technically and economically alternative method is becoming an essential need. One of those methods is

renewable energy represented by solar and wind. In recent years’ solar cells importance appears for energy generation and
water pumping in Europe, America, and Japan (Markvart 1995), (Hammad 1994).
The solar radiation intensity in Arab world, North Africa and Gulf regions is very high; therefore, a sufficient study should
be carried out to utilize this radiation for our needs, such as electrical generation and water pumping. As a result of the
importance of this subject, the present study discusses the economic feasibility of solar cells usage for supplying loads at
remote areas. Economical comparison between solar cells & classical method of supplying electricity are presented.

2. ECONOMICAL CALCULATIONS FOR DIFFERENT ELECTRICAL LOADS SUPPLY

While comparing two or more variants of electrical systems, there are basically two important factors:

First, economic factor and second quality and reliability factor. Not all standards (Methods) have the same level of
reliability, so we must take into consideration the cost losses, which affects the electrical power system and its economy, as
a result of electrical current Cut-Off [1]. The known laws for economical comparison are used in comparing different
supply methods either classical (substations, main supply stations, Direct air-lines) or suggested method using solar cells.
(Paspilof-Fiddin. 1990).

Ci = B.K; + (. 1)
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Where:

P, — Basic capital efficiency factor.

K; — Main capital expenses for index i

ci — Annual Investment Expenses.

Ci — Expenses

Selection of the index (i) is recommended when it’s expenses C; is as lower as possible. Calculating the main expenses for
electrical power system in rural regions must take into consideration the additional expenses of electrical generation, in
order to compensate the electrical losses. If the small rural loads are supplied from main supplies (stations), then the basic
(main) capital can be calculated as follows:

KZZKL+ZKSf+KP+Kg (2)

Where:

¥ K, — Total of basic expenses for power lines.

¥ Kst,— Total of basic expenses for substations.

K, — Expenses of protection and distribution systems.

Ky — Basic expenses related to energy losses and additional losses, which can be calculated by the following formula:

Kg=a X P+ XAP) ©)

Where:

a — constant calculating factor = 70 JD/KW

K., K¢ — We can get them from the catalogues or from electrical power planning company.

If the small loads are supplied from diesel station, then the main expenses can be calculated as follows:

Kaieset = Kst-Kroe + Kryx + K, (4)

Where:

K — Expenses for substation construction (Civil and machines costs)
Krst — Substation cost. (Set-up voltage)

Kty — Expenses for Fuel tanks construction.

K. — Expenses for electrical distribution.

In Jordan, there are some rural loads far from main supply sources, which mean they are out of the economical radial. In
this case, diesel stations are used to supply such loads and serve as standby power supply sources. This however, increases
the investment expenses [8-10].

Annual investment expenses which shall be included in the transferred expenses equation (1), during loads supply from the
main supplies are consisting of machines renewal expenses as well as maintenance of all machines and lines. The overall
expenses may be determined from the following equation [11-15]:

Pa;+Ptr; n
P 4 0, KSALT

Pa;r+Ptr;/
100

Pa;"+Ptr;"
100

el.st=Y",KL; + K, +B.CAAD)+ M (5)

Where:

Ptr; , Pa; - Partial expenses (in percentage) for new transmission lines & their maintenance.
Ptr, , Pa, — Partial expenses for substations.

Ptr,", Pa, —Partial expenses for protection and distribution systems (Devices).

B - The cost of KWh of power (Energy) losses.

YAA=YAA, + Y AA;,. T +ACH  (6)
Where:

AA,, AA — Power losses in lines and substations

ACH — The energy consumption of the S/S automation.

M — Manpower expenses

Investment Expenses for supplying small loads with electrical energy from diesel station can be calculated as follows:

Cd.el.st = Kd.el.st ™2 4 N 4 M + B.AC.H )

100

Where:

N= Q.1 Annual expenses on fuel
Q - Fuel quantity per year

A - Cost of 1 ton of fuel.
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The cost of supplying electrical loads from main stations can be determined by the following formula:
8)

But in regard of loads, which are supplied from diesel stations, the cost can be determined according to the following rule:

cel.
Sel. st = £
A

r

Cd.el.st

6d.el.st = 9)

From the previous equations, it is clear that in order to obtain del.st. , 8d.el.st as lower as possible, we must select the loads
which have the expenses &; in equation (1) as lower as possible.

In this study a comparison is carried out between small loads supplied from the main sources through high voltage lines
and substations, as well as loads supplied through diesel station and solar cells, for this reason some specific planning
factors for main expenses were explained.

Figure (1) explains the relation between the basic capital as well as the unitary expenses and the energy needed to

supply rural (small) loads. We can see that when the demand for power increases, and when small loads are existing, the
basic costs are increased as well.
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Fig. 1- Basic Capital Costs and the Demanded Power

From the above curve, we notice that the bigger the S/S is, the higher the cost is. Also, supplying small loads from those
S/S is relatively high (The KWh is very high).

These findings are of value for planning the electrical networks in Jordan. But in regard of solar cell stations, the main
costs are determined by the selection of the size of the array of solar cells and the size of storage batteries as well as the
cost of power regulating system.

The main cost of solar cells system can be calculated. The total costs and the economic factors for this system are
explained in table (1), and this mainly depends on the location. While the calculations of life cycle cost for the basic design
of the system is explained in table (2).

3. SIZING THE SOLAR CELLS SYSTEM COMPONENTS

To determine the size of solar cells system’ components, we must take the following into consideration:

1. Size of array of calculated cells according to specific standard should be adjusted to consider the decrease of the
performance level by the time. Assuming that the decrease of performance is 10% over the life cycle, and the size of
nominal matrix is 10 KWP, then, the size of
array, should be divided by 0.9 to calculate the absolute size of the cell matrix at the time of construction.
10/0.9=11.11KWP.

2. The required battery bank’s capacity must be equivalent to the capacity of the required battery to supply the system
during the limited life cycle of 20 years, divided by the allowed global battery discharge life. The average life cycle of
the lead acid battery is 1000 cycle or 10 years and the capacity of the storage battery, which is specified in table (1)
equal to 184 KWh based on 9.2 days. The storage battery life is 10 years. From figure (3) we can note the following:

At high temperatures it’s clear that battery life is equal 500 cycles and will tolerate the maximum discharge time of 59%,

therefore the capacity of the required battery to be constructed is equal 105% (100% / 0.95%) of the capacity of operation

at the end of the life cycle, in case of battery 184 KWh capacity. That means the exact capacity of the battery equal the
calculated capacity in table (1) divided by the discharge time.
184/0.95 =193 “KWh”
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Fig. 2 - Main Expenses and the Demanded Power for Diesel Power Stations.
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Fig. 3 - Life Cycle Vs Percentage of Discharge Depth

4. BASIC METHODS FOR SOLAR CELLS SYSTEM CALCULATIONS

The preliminary evaluation of initial costs is the first step in determining the schedule of solar cells’ system usage.

For solar cells system, the cost of cells array and the batteries are considered as the most important items among others, on
which the main cost is built-up, in addition to the cost of maintenance and operation.

The basic method to carry out an economical comparison between solar cells system and classical system is based on
determination of life cycle cost of each alternative. The steps of calculating life cycle cost should include all main costs
and expenses as well as expenses through life cycle for each alternative (taking into consideration maintenance, operation,
and fuel costs).

For any alternative, the emergency unit’s capacity and the average increase of cost of the consumed components and
operation factor are considered one of the important factors affecting the cost calculation of different alternatives. Life
cycle cost is the amount of finance, which is needed by the project during life cycle. The average increase of the
economical inflation, the discount average and the average of annual finance profit (banking profit) should be known, these
values of finance are called the present value of project cost during its life cycle. The present value can be expressed as
follows:

Life cycle cost = All the costs of the system during construction + the total present value of annual costs

The total present value of the annual and continued costs along the project life cycle should include maintenance costs,
batteries charge cost and fuel costs.

The current values (on the base of one year) for maintenance and operation as well as emergency energy may be
considered during the increase and decrease of the cost and can be expressed within the operation feasibility at the first
year. The current value of the annual cost can be calculated according to the following equation:

_ 1—-90 1+90)N
Xpo = XO(K—gO) [1 <1+1<

If K£g,.N, if K=g, (10)
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Where:

Xpv— The current cost of maintenance, operation and fuels during the system life cycle.

X, — Fuel, maintenance, and operations costs during the first year.

go — The average cost increase of operation, maintenance, and fuel

K — The percentage of Bank charges.

N — The system’s life cycle, considered as 20 years in solar cells system.

The current annual value’s cost required for replacing the system elements during life cycle less than the system life cycle,
such as the batteries can be calculated from the following equation:

N

Ry = X,(1—9) Xeoy (32 (1)

1-K

Where:

X; — Cost of elements replacement during the first operational year

S — the value of unit release for the changed element

N — life cycle system per year

n — Number of element’s replacement during the year.

g1 — Average economic inflation for the replaced elements.

K — The average value of banking Charges.

The economic analysis of any system should consider the system and components life-cycle.

5. LIFE CYCLE COST CALCULATION (LCCC)

The indirect costs are expressed in percentage ratios from the direct costs, also the construction costs depend greatly on the
location and distance of the facility and may vary from the nominal value, which is equals to 30% of the equipment costs.

The engineering costs may be higher than the preliminary costs of the project execution. Inflation rates that introduced in
table (1) and used for comparison should be precise, accurate & in accordance with the project’s location.

Tablel 1:Shows Economic System and Factors Components

Quantity Components
11T KWP Solar cells array (system): 0.9 — 10 KW (declination factor of system performance as a result of Tife)
193 KWh Storage batteries Life: 0.9 — 184 KWh (discharge life)

Avrray (system Life (N)
20 years
10 years Battery Tife

The physical components
2$WP Solar cells system(array) cost
75%$/KWh Battery cost
0.10 Clearance expenses (S)
Tndirect costs
0.1 Engineering costs, as a rate of the total cost of equipment.
0.3 Construction cost as rate of the total equipment cost.
0.06 Administration costs as a rate of total equipment cost.
The economic Factors
0.12 Discount average (K)
0.08 General inflation average
0.09 Inflation average of maintenance and operation
0.08 Inflation average of battery replacement
Annual frequent costs
0.01 System’s maintenance and operation as a rate of initial costs.
0.01 Maintenance and operation of battery as a rate of initial costs
The current value factors

1522

Ppy_(0.09 1.09) 20

X—O-(m) [1 - (5) ]
069 Rpy _(1.08\10

X1(1-5) (E)

© 2023, 1JCSMC All Rights Reserved 17




MOHAMAD-TARIQ BARAKAT et al, International Journal of Computer Science and Mobile Computing, VVol.12 Issue.3, March- 2023, pg. 13-21

Note: the above mentioned costs depend mainly on the plant’s location.

Table (2) shows how to calculate (LCC) for the system. The costs of the components and the economic factors used in the
cost calculation of present annual operation, and the maintenance cost as well as the battery replacement costs calculated
depend on the values stated in table (1).

Calculated life cycle cost explained in table (2). This value might be compared with the alternative costs for the
economical comparison and its calculation may be re-calculated by selecting different life levels.

From table (2) we can see that the life cycle cost of the initial design of the solar cells system, can be calculated by the
following equation:

Ki=X+Z+Y (12)

Where:
Ka — Total costs for system life-cycle
X — Basic costs of array components and equal
to
X= Xl + X2 + X3
Where:
Xy — Array cell cost
X, — Battery cost
X3 — Power regulation system cost

1. Initial Investment expenses of the system including engineering, building, and Administration:

Z=36/100 X
X+Z = Initial project’s costs

Table 2:Calculation Cost of Life Cycle for Initial Design of Solar Cells System

Component size

Array size: The nominal array size / the level declination factor (0.9)
Battery size: The battery nominal size / Discharge time 0.95

The costs of components

1- Solar cells array = Array size (KWP)*$/KWP

2- The battery = Battery size $/Kwh * (Kwh)

3- Power Regulation system = The size of power regulator $/W * (W)
All components cost X = 3+2+1

4- Engineering 10% * X

5- Construction 30% * X

6- Project Management 6% * X

(The initial total cost) 1+2+3+4+5+6

The annual costs

7- Operations & Maintenance

The current exchange value

8-Battery replacement

The total costs of life cycle

1+2+3+4+5+6+7+8

But the annual investment expenses for maintenance, operation and batteries replacements should be deducted from the

basic project’s value (Capital) and this ratio differs from one country to another and from one region to another, and

symbolized by Y in the equation (12). In calculating the total costs of solar cells system, and area of solar cells array and

the capacity of storage batteries the following assumptions are made:

1. Probability of load being equal (1%).

2. Angle declination (mounting angle) for cells system chose, under condition that its equal to the angle of the studied
area altitude.

3. Array performance factor 8%.

4. This system supplies a load of 10 KWh/day

5. Calculation steps are repeated for several values of (M) factor (start from 0.33 and ended at 0.8) and the suitable value
for (M) starts from 0.33 and for each value of (M) the required area of array per month is calculated.

The factor (M) depends on the moderate daily radiation and the standard deviation of solar radiation. All the calculated

results related to LCCC of solar cells life cycle within KWh at cost 2$/WP were tabulated in table (3)
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Table 3: Ex plain Matrix Area, Battery and Life Cycle Cost for Different Values of (M)
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Table 4:Explains KW Price for Different Values of (M)
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The calculations carried out in table (4) according to the following equation:

KWh cost = Total cost (along the life cycle)/20*356*load

For economical comparison, the total costs, the single unit expenses and the transferred expenses for classical methods of
supplying the load by electrical energy have been indicated in tables (5,6,7).

Table 5:The Basic Capital and Transferred Expenses, the Single (unit) Expenses for Transformation Station S = 11 KVA

Unit Trans. B. Voltage
Expenses Expansés Capital KV
$/KVA $ $

66 13536 2630 239
132 18812 3676 334
230 28134 6045 549

Table 6: The Basic capital, transferred expenses, and unit expenses during construction of cable line of 10 kilometer length to transport power of S =
11KVA, Voltage 11KV, and a Power Substation at the end of the line 11/0.4 KV

Unit Trans. B. Voltage
Expansés Expenses Capital KV
$/KVA $ $
563 6193.2 46566 11

Table7: The Basic Capital, Transferred Expenses and the Unit Expenses Wh

KVA @ Voltage of 11 KV & 11/0.4KV S/S @ the end of the line.
Unit Trans. Basic Voltage
Expansés Expenses capital KV
$/KVA $ $
375.3 4128 31044 11

en Constructing Transmission Line of 10 Km for Transmission of S =11

As the cost of energy, whether to produce or to consume is increasing dramatically and the costs of maintenance including
running cost, spares, services and manpower is also increasing and involving lots of wastes, we found it necessary to
introduce this paper mainly to consultants, system designer and end users, who should consider the use of Internet in their
recommendations, designs and projects implementation to ensure energy (cost) saving through control of any facility
elements.

We connect many devices which are supplied from solar energy with pic microcontroller and connect the pic with
computer through the parallel port in order to turn on /off the devices from computer or internet see figure 4 below
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televizion

Fig.4 —the user in (z) country can turn on/ off the device in (x) country from internet.

The computer contains software to control the parallel port and to turn on /off the devices from computer, database to store
data and information about devices, and web page to turn on/off devices from any internet in the world.

"y ‘\u b

—E
5
o
11
]
13
+9y 1k
T e —e1 N/ 0w REr
l RADAND a—a[] 2 23 [ #+— REE:
5 RALANT 4—a[] 3 28 [] 4—= RBE
ﬁ‘ RAZIAH2YREF- w4 37 [] a—e—FREd
I RALANINREF+ -—w[] 5 36 [ -——fE
= RALTICK w—w=[] ¢ 26 [] w—s=FE
RAGANGSS w—m[] 7 T ¥ [] w—aREt
RECRDVANT w—w[] 3 P 33 [ e—wRET— 5y
e REVTRANG <—w[] o g 37 [] —ve————T
T —
RE2CE/ANT w—m[] 10 fa M e—ye——— 1
. o \ -
iz \ On & s0fe—s roveser
= ios e [112 @ 23[]—= RDEPSPG
U{"—;—‘_I_csu.u.m-—- il Omn G 28 [] #—» RDEIPSPE
P GSC2CLEOT ] 14 R 2 [ RDiFSP
RGOTICSCTICK | w—ae[] 15 26 [] 4—w RCTRXDT
RCAUTIOSKCCP? i [ 16 26 [ i RCET XK
RCZCOP w—a[] 17 24 [] -—» RCHSDC
RCASCKSCL w—w-[] 18 2% [] w— RC4:SDIS0R
R PPEA e [ 13 77 [ —e RDZPSA3
Rp1PSPT a—ae[] 20 21 [] #—s RDZPSF2
[—G ~ 200V
E0Hz
0
LOAD
Pratective
dinde )
?
‘L——O-
T1 P
10k ]l J
Relay
g !
I; coil

Fig.5 —The circuit that link computer, pic microcontroller and the devices.
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6. CONCLUSION

1. From the present study it can be concluded that utilizing solar cell stations in remote areas are more economical than
the classical methods.

2. Utilizing Solar cells stations to supply large electrical loads such as cities and villages will have a high initial costs,
however, the running costs are considerably low, compare to classical methods of energy supply. Note that the basic
cost of the solar system decreases every day, as no investment expenses are required, while in classical methods, the
cost keeps increasing due to the necessity of components replacements.
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