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Abstract

The process of converting solar energy into electrical energy through solar energy
systems on and off the grid has contributed significantly to reducing the loads on
international electrical networks, especially in developing countries. It also helped
provide energy to remote areas far from city centers, hence the idea of the project based
on the design of the system, which is a solar system separated from the grid serving the
remote western village of Umm Al-Amad, which is located in a city that suffers from
overload, especially in winter, in addition to The difficulties imposed by the reality of the
Israeli occupation on this village to prevent electricity from reaching it from neighboring
cities or even from the city’s network itself. The project is divided into five off grid solar
systems, with a total capacity of 75 kilowatts, and the cost of the project is approximately
$114,500.
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Chapter One: Introduction.

Introduction.
Problem definition.
Project motivation.
Project Objectives.
Project Importance.
Literature review.

Time Schedule.



1.1 Introduction:

There is no doubt that the Palestinian tendency to rely more on renewable energy
sources comes in harmony and in line with the increasing global trends to exploit

alternative energy sources. The trend in Palestine is focused on solar energy.

Therefore, the Palestinian National Authority has prepared plans and studies to
increase reliance on alternative energy to reach 10% over the next ten years. While the

European Union, for example, plans to reach this percentage to 20%.

Via head of the Energy and Natural Resources Authority, on energy problems in
Palestine, represented by the inability of the amount of energy supplied to Palestine to
cover the state’s need in the West Bank and Gaza in particular, which forced the Energy
Authority to resort to the renewable energy option, especially in (C) areas that are close
to settlements and are under threat of confiscation by the occupation. The Palestinian
Energy Authority aims to support and strengthen the resilience of the citizens in those
areas and reduce the energy problem in the country. These projects also aim to rely even
partially on clean energy that does not harm the environment and humans.

Accordingly, this project also aims to solve the problem of the lack of electric power
in the village of Umm Al-Amad, close to the settlement of Ataniel, in addition to

supporting and strengthening the resilience of the villagers. [1]

1.2 Problem definition:

The lack of an electricity network in the village.

The village outside the boundaries of the municipal council.

The far distance between the nearest place that provides services to the Southern
Electricity Company from the village.

Obstructing the occupation to supply power to the village from the city grid.



1.3 Project motivation:

Serving the residents of my village who pay high costs for electricity by using
small renewable energy projects. Support and strengthen the citizens' steadfastness in

facing the occupation by providing the basics of their lives, including the electric power.

1.4 Project Objectives:

Designing an Off-grid solar system, to provide the village with sufficient electrical

energy for the needs of the village residents.

1.5 Project Importance:

The importance of the project lies in providing the village and similar villages
with renewable electric energy instead of supplying them from the city network far
from these villages, and thus these villages will be provided with clean and
environmentally friendly energy in addition to not increasing the load on the public

network in the city, which leads to poor quality.

1.6 Literature review:

Projects implemented by the Palestinians to exploit solar energy to generate
electricity:

The lighting project in the village of Amnisel, south of Yatta, Hebron Governorate,
by installing a central solar system (solar cells) with a capacity of 13 kilowatts, which is
the largest project implemented by the center to generate electricity through it. A central

solar cell system to provide the entire village with electrical energy, as the village was



suffering from a shortage of infrastructure such as water and electricity, and the system

was connected to a generator to help charge the batteries. [1]

The solar energy project for the "Al-Fakhit and Al-Taban” compounds in Masseter
Yatta, south of Hebron The project organizers explained that the project represents a
quantum leap in the lives of the residents of these communities as the number of families
living in these two communities reached 20 families, and 2.5 kilowatts per day were

allocated for each family. [1]

A solar cell project was established to supply the village with 12 kilowatts. The solar
energy produced during the day was stored and converted into electrical energy for use

on a 24-hour basis when needed.

The Energy Research Center at An-Najah National University, in cooperation with
the Spanish Ciba Foundation, implemented the Khirbet Tana lighting project with a solar
cell system, and the project provides electricity to 14 families (about 100 people), and
Khirbet Tana is located in the east of the village of Beit Furik, 6 kilometers away. It is
currently inhabited by about 60 Palestinian families, with a population of no more than
400 people, most of whom depend on the fields of agriculture and livestock to manage
their lives and daily income. They suffer from a lack of basic services such as water,
electricity and telephone lines. Because of the ruin in the eastern isolation area. The ruin
is surrounded on the north by the Israeli settlement of Getet, on the south by the Arab al-
Rujman community, on the east by the Israeli settlement of "Mikhora™ and the Israeli

bypass road No. 508, and on the west by the villages of Yanun and Beit Furik. [1].



1.7 Time Schedule:

1.7.1 First schedule:
This table illustrates the tasks that | did and how long it takes weekly for each task:

Table (1. 1): First schedule:

Week
Task

Finding Project Idea
Proposal
Collecting data

Documentation

Print documentation

Preparing for
presentation

1.7.2 Second schedule:

The following time table displays the project implementation-flow divided into fifteen weeks of
the first semester as following.

Table (1. 2): Second schedule:

Weeks
Tasks

Treatment and
rectify the reviews

Studying manual of
Homer Program

Learn on the program

project simulation

Result

Report
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Chapter Two: System Components.

Overview.

Solar panels.
Charge controller.
Batteries.

Inverter.



2.1 Overview:

This chapter is an explanation of the main components and parts of the project,
and how each type has been specifically selected, and this chapter relies heavily on

separating the accounts (Ch3) regarding the selection of some parts of the project.

Off grid solar system consists of four main parts, which are as follows:
1- Solar panels
2-charge controller
3-Batteries
4-inverter

There are many of these pieces mentioned in the global market, but the best
ones available in the Palestinian market will be chosen for several reasons, the most
important of which are Importing parts from companies that have not been handled by
Palestinian companies is a very expensive and time consuming process Also, the parts
available in the Palestinian market are very good to meet the needs of off-grid

systems, and certainly not the best in the world, but they are very, very good.

Components and definition of a system outside the network, the following
picture shows the parts of this system and each part of it will be explained in detail

below as shown in Figure (2.1):



S &F&e/ Solar Panel

g

==

Inverter
Controller
o -
House

A"

Figure (2. 1): Component of off grid solar system [2]

2.2  Solar panels:

Solar panels collect clean renewable energy in the form of sunlight and convert
that light into electricity which can then be used to provide power for electrical
loads. Solar panels are comprised of several individual solar cells which are
themselves composed of layers of silicon, phosphorous (which provides the
negative charge), and boron (which provides the positive charge). Solar panels
absorb the photons and in doing so initiate an electric current. The resulting energy
generated from photons striking the surface of the solar panel allows electrons to
be knocked out of their atomic orbits and released into the electric field generated
by the solar cells which then pull these free electrons into a directional current.
This entire process is known as the Photovoltaic Effect. An average home has
more than enough roof area for the necessary number of solar panels to produce
enough solar electricity to supply all of its power needs excess electricity generated

goes onto the main power grid, paying off in electricity use at night.

After many studies about the paintings available in Palestine, the following type
was chosen (JKM535M-7TL4-V) as shown in Figure (2.2). It is widely available in



the Palestinian market, with high efficiency, and a lifespan of up to 25 years, as the

efficiency of the board during this lifetime decreases from 98% to 84.5%.

Figure (2. 2): Picture of (JKM535M-7TL4-V) panels.
Data sheet of (JKM535M-7TL4-V) panels (page 57)

2.3  Charge controller:

Solar power system charge controller, also known as a charge regulator, is
basically a solar battery charger connected between the solar panel and the battery
as shown in Figure (2.3). Its job is to regulate the battery charging process to
ensure the battery is properly charged or, most importantly, not overcharged. DC-
coupled solar charge controllers have been around for decades and are used in

nearly all small off-grid solar systems.

Solar Charge
Controller

DC
loads

=

= Basic off-grid system using a MPPT
Battery solar charge controller with DC load
control plus an inverter for AC loads

Figure (2. 3): location of charge controller in the System [3].



Modern solar charge controllers have advanced features to ensure battery system
charging with high accuracy and efficiency and maintain battery security, in
general, most of the smaller charge controllers from 12 volts to 24 volts to 40 amps
are used in convoys, recreational vehicles and camping, and they have output
terminals Built-in constant current download. While most of the larger and more
advanced 60A + MPPT solar charge controllers do not have load output terminals
and are specifically designed for a larger off-grid system with solar arrays and
powerful off-grid inverters.

Solar charge controllers are rated according to the maximum input voltage (V)
and the maximum charge current (A). These two classifications define the number
of solar panels that can be attached as detailed below "Solar Charge Controller
Sizing".

Current Amp (A) rating = Maximum charging current.
Voltage (V) rating = Maximum voltage (Voc) of the solar panel/s.
PWM and MPPT solar charge controllers

There are two main types of solar charge controllers, PWM and MPPT.

PWM Solar Charge Controllers as shown in Figure (2.4). MPPT solar charge

controllers as shown in Figure (2.5).

PWM solar charge controller

idth modulation or PWM charge contro

78A 78A g =
12V
12v 12v

Solar panel voltage drops down to match battery voltage

Figure (2. 4): PWM charge controller [3]
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Simple PWM, or ‘pulse width modulation’ solar charge controllers have a
direct connection from the solar array to the battery and use a basic ‘rapid switch’
to modulate or control the battery charging. The switch (transistor) is open until the
battery reaches the absorption charge voltage. Then the switch starts to open and
close rapidly (hundreds of time per second) to reduce the current and maintain a
constant battery voltage. This works ok, but the problem is the solar panel voltage
is pulled down to match the battery voltage. This in turn pulls the panel voltage
away from its optimum operating voltage (Vmp) and reduces power and

efficiency.

PWM solar charge controllers are a great low-cost option for small 12V
systems where one or two solar panels are used, such as simple applications like

solar lighting, camping and basic things like USB/phone chargers.

MPPT solar charge controller

20 S8A _+ =

12V

Solar panel operates close to the maximum power point MPP voltage

Figure (2. 5): MPPT solar charge controller [3].

An MPPT is basically an efficient DC to DC converter used to maximize the
power output of a solar panel. The first MPPT was invented by a small Australian
company called AERL way back in 1985, and this technology is now used in

virtually all grid-connect solar inverters and many solar charge controllers.

The functioning principle of an MPPT solar charge controller is rather simple -
due to the varying degree of sunlight (irradiance) landing on a solar panel
throughout the day, the panel voltage and current continuously changes. In order to
generate the most power, the maximum power point tracker sweeps through the

panel voltage to find the ‘sweet spot’ or the best combination of voltage and

11



current to produce the maximum power. The MPPT is designed to continually
track and adjust the voltage to generate the most power no matter what time of day
or weather conditions. Note, generally only high-end MPPT controllers can detect
partial shading, or are able to track multiple power points. Using this clever
technology, the solar panel efficiency increases and the amount of energy

generated can be up to 30% more than a PWM solar charge controller as shown in
Figure (2.6).

A A

¢ I-V curve 5

sC A max

Imp 7\6

e —_

E 7]

e P-V curve E
3

Voltage Vmp Voc

Figure (2. 6): Curve of MPPT charge controller [3].

According to the above information, a charge controller of the MBBT type was
chosen, and based on the project accounts, a charge controller of the type Smart
Solar MPPT 150/45-70 was chosen as shown in Figure (2.7).

e

Senarsaies (Tunge (iruier @
MPPT 150 145 - 1
AMDACEPS D,

Figure (2. 7): Smart Solar MPPT 150/45-70
Smart Solar MPPT 150/45-70 data sheet (page 59)
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2.4 Batteries:

The Solar Signature Line is designed to deliver maximum sustained
performance, long life and increased energy Trojan Solar AGM maintenance-free
batteries can be counted on day in and day out as a reliable power source for a
wide range of off-grid and grid applications Trojan’s Solar Industrial line of deep
cycle batteries are engineered specifically to support renewable energy systems

with large daily loads where the batteries are cycled regularly [12]

Trojan SSIG 12 255 as shown in Figure (2.8).

Figure (2. 8): Trojan 12V Signature Flooded Battery SSIG 12 255 [4].

Batteries data sheet (page 61)
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2.5 Inverter:

The next component in the solar system off-grid is the inverter. In nearly all
off-grid solar systems, the inverter is battery dependent. The purpose of the
inverter is to take the DC power stored in the batteries and convert it into usable
AC power and send it to your loads so that it can be used in the same way as
connecting it to the AC outlet in the place where the loads are to be run. The
converters come in different sizes that can accommodate smaller loads or larger
loads depending on the loads outside Network required. Another consideration is
to ensure that the inverter can handle all the loads running simultaneously in the
system. When all system loads in the system are added off the grid, it will

determine the maximum amount that the inverter needs to handle.

Another important fact is that the inverter needs to match “voltage-wise” with
the system in which it is being used. For instance, a 12-volt inverter cannot be used
with a 24-volt battery bank — it must be used with a 12-volt battery bank. Unlike
charge controllers, the voltage on an inverter cannot be changed as it is fixed and
must be matched with the battery voltage of the system. Given that information,
it’s important to choose an inverter wisely when designing a system especially if
expanding the system are in the plans. Choosing an inverter is an important
decision to make correctly in the beginning due to the cost associated with them.

The inverter used in the system designed is Three Phase SMA Off-Grid System -
20KW PV as shown in Figure (2.8) due to its availability in the Palestinian market
and its suitability for the required design.

14



Figure (2. 9): XW Pro 8.5 kW Hybrid Inverter 230V PV [5]

Data sheet of the inverter (page 64)
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Chapter Three: Design and Calculations.

3.1
3.2
3.3
3.4
3.5
3.6

Introduction.

Loads calculations.

Calculations for the number of panels.
Calculations for the number of batteries.
Electrical design for the system.

Houses locations on map.
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3.1 Introduction.

This chapter explains the calculations for:

e Loads.
e Number of solar panels.

e The number of batteries.

and what follows it in terms of details of the factors that affect solar energy from
receiving it through solar panels until converting it into electrical energy to operate
both loads ac and dc.

In addition to an aerial photo of the village showing the locations of the
houses, the distribution of units on them, and a design for one of the systems, and the

remaining four are identical to the same design.

3.2 Loads calculations.

The village consists of 15 houses divided into five groups, each group consists
of 3 houses, all with loads ranging from 4 to 5 kilowatts for one house, and
accordingly the loads will be calculated on the basis of one of the houses to build one

solar system and the rest are the same calculations and the same design.

Table (3. 1): houses consumption.

Houses Consumption Average
House 1 15.975 kWh/day '
House 2 4.5 kWh/day 4.925 kWh/day
House 3 4.3 kKWh/day
- _____________________________________________________________________|
House 4 4.73 kWh/day
House 5 4.9 kWh/day 4.91 kWh/day
House 6 5.1 kWh/day
P —|
House 7 4.82 kWh/day
House 8 4.46 kWh/day 4.66 KWh/day
House 9 4.7 kWh/day

17



House 10
House 11
House 12

House 13
House 14
House 15

5 kWh/day
4.42 kWh/day
4.61 kKWh/day

4.72 kWh/day
4.3 kWh/day
4.9 kwWh/day

4.67 KWh/day

4.64 KWh/day

Table (3. 2): The table of one house loads.

Device Device power | Daily hours per day | Device power per day

5 lamps led 40w for lamp | 6 hours 5*0.04*6=1.2kW.h/day
Fans 100w for fan | 8hours 1*0.1*8=0.8kW.h/day
TV and receiver | 90 w 10 hours 1*0.9*10=0.9kW.h/day
Caustic clothes | 100 w 0.16 hours 1*1*0.16=0.16kW.h/day
Fridge (dc load) | 36 w 24 hours 0.865kW.h/day

Vacuum Cleaner | 1000 w 0.25 hours 1*0.25*1=0.25kW.h/day
Washing 1000 w 0.75 hours 1*1*0.75=0.75kW.h/day
machine

milk shake | 500 w 0.5 hours 1*0.5*0.5=0.25kW.h/day
machine

Other devices 50 w 2 hours 1*0.05*2 =0.1kW.h/day
Water pump 400 w 0.5 hours 1*0.4*0.5=0.2kW.h/day
milk machine[6] | 400 w 1.25 hours 1.25*0.400*1=0.5kW.h/day
Total 4076 w 5.975kW. h/day

511 0.865
kW.h/day kW.h/day
(AC) (DC)

Total KW for the village:
4076 * 15 =61.140 Kw.
Total kW.h/day for the village:
5* 15 =75 kW.h/day. (Due to the table 3.1)




3.3 Calculations for the number of panels.

Delivered Energy/Day

AH from the battery =

Etta_jny*System Voltage

35000
"~ 0.986 % 48
= 316.93712 AH [7]

Where

e AH: The Capacity in Ampere Hour.

e Etta_inv: Inverter Efficiency.

AH from the battery
n coulomb

_316.93712
B 0.9

= 352.152356 AH

AH to the battery =

Where

e AH: The Capacity in Ampere Hour.

e 1 Coulomb: battery coulomb Efficiency.

AH to the battery
Dirt Ef ficiency

AH frompv =

_ 352152356
B 0.95

370.6867 AH

Where

e AH: The Capacity in Ampere Hour.
e Dirt Efficiency: Dirty Environment Efficiency.
% January is the worst month with 4.9kWh/m2.day
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Ipvt _ AH from pv

370.6867
4.9

= 75.6503451 A

Ipvt

Num of parallel panels = panel

_ 75.6503451

12.77
= 6 strings
Where
e AH: The Capacity in Ampere Hour.
e [put: Total Rated Current of Panels.
e G: Peak Hours of Sun Per Day in Hebron.

e | panel: Rated Current of One Panel.

(3.4)

[8]

(3.5)

Since the rated voltage is 41.9 the system battery voltage is 48V, so we need two

panels in series with Ns=2, therefore the total number of panels (modules) is

Ntoter = Ns * Np
=2%6

=12 panels.
Where

e N;,ter- Number of total panels.
e Ns: Number of series panels.

e Np: Number of parallel panels.

20
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3.4 Calculations for the number of batteries.

days of storage =9.43 —1.9(G) + 0.11(G)?
=943 —1.9(4.9) + 0.11(4.9)?2
= 2.7611 days

usable storage needed =
days of storage * amps from the battery

= 3% 316.93712
= 950.81136 AH @ 48V

Where

e Ns: Number of series panels.
e Np: Number of parallel panels.

e G: Peak Hours of Sun per Day in Hebron.

Usable Capacity
MDOD«*(T.DR)

~950.81136
~0.8%(1)

Cnormal =

= 1188.5142 AH ...444
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Figure (3. 1): MDOD due to changing in temperature [9]

120
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i

Capacity/(rated capactly) %
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Figure (3. 2): battery capacity depends on discharge rate and temperature. [9]

+ (Ratio is based on rated capacity at C/20 and 25 C)

Where

e Cnormal: capacity for normal operation.
e MDOD: Maximum Depth of Discharging.
e T.DR: Discharging Rate Depends on Temperature.
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total capacity

number of parallel bateries = (3.10)

batterty capacity

1188.5142 AH
250 AH

= 4.755

= 5 Bateries

%+ number of series connected to produce 48V system voltage is

. . system voltage
number of series bateries = SYSTemPoTAge (3.11)
batterty voltage

48V
12V

= 4 batteries

number of total bateries =
number of parallel bateries * number of series bateries (3.12)

=5%4

= 20 bateries
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3.5 Electrical design for the system.

...... DC loads
Load disconnects - o I:]
| Inverter/ - @
2 Charger [ - ____. :
' AC loads

o H__H _H__H_

mater:
V. A, S0C

7 5&@ alaR=N

0 69 9 69

i

i U|’|J|” = 7
7 [

i |J — 7

Figure (3. 3): Electrical design for the system.

3.6 Houses locations on map.

' 1 want to...
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b)

Figure (3. 4): Houses locations on map by AutoCAD program.
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Chapter Four: Calculations and economic.

4.1 PV array power output calculation.

4.2 Clearness index calculations.

4.3 The maximum battery charge power.
4.4 The maximum battery discharge power.
4.5 The PV cell temperature.

4.6 The radiation incident on the PV array.
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4.1 PV array power output calculation.

All equations above are from homer program manual [11]
HOMER uses the following equation to calculate the output of the
PV array:

(4. 1)
Where:

Ypy: is the rated capacity of the PV array, meaning its power output under
Standard test conditions [kKW].

Fpy: isthe PV derating factor [%]

Gy Is the solar radiation incident on the PV array in the current time step [kKW/m?].
Grsrc: Is the incident radiation at standard test conditions [1 KW/m?].

ap: Is the temperature coefficient of power [%/°C].

Tc: Is the PV cell temperature in the current time step [°C].

Tc stc: 1s the PV cell temperature under standard test conditions [25 °C].

4.2 Clearness index calculations.

Where:
K7 Monthly average clearness index.

Hg,e: 1S the monthly average radiation on the horizontal surface of the earth
[KWh/m?/day].

Hoqve: is the extraterrestrial horizontal radiation, meaning the radiation on a

horizontal surface at the top of the earth's atmosphere [kWh/m?/day].
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360n
365

Gon = Gg: [1 4+ 0.033 * cos

]
Where:

G,y Intensity of solar radiation.
Gs.: is the solar constant [1.367 kW/m?].

n: is the day of the year [a number between 1 and 365].

G, = Gyp * cOSO;

Where

0;: is the zenith angle.

C0S0; = cos@ * cosd * cos w + sind * sind
Where
@: is the latitude.
& is the solar declination.

w: is the hour angle.

284n
365

5 = 23.45 * sin(360° * —)

Where:

n: is the day of the year [a number between 1 and 365].

s

24
H, = ?Gon[cos(b * C0SO * COS wg + e

Where:

w . .
O‘f sin® * sind]|

(4. 3)

(4. 4)

(4. 5)

(4. 6)

(4. 7)

H,: is the average extraterrestrial horizontal radiation for the day [kWh/m?/day].

ws: IS the sunset hour angle.

28



Where:
Hy qve: IS the average extraterrestrial horizontal radiation for the month [KWh/m?/day].

N is the number of days in the month.

4.3 The Maximum battery charge power.

Where:

Q: is the available energy [kWh] in the storage at the beginning of the time step.

Q: is the total amount of energy [KWh] in the storage at the beginning of the time step.
c: is the storage capacity ratio [unit less].

K: is the storage rate constant [h™].

At: is the length of the time step [h].

Where:
a.: is the storage's maximum charge rate [A/Ah].

Qmax: 18 the total capacity of the storage bank [kWh].
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Where:
Npoie: 1S the number of batteries in the storage bank.
Imax: 1S the storage's maximum charge current [A].

Vom- 1S the storage's nominal voltage [V].

Where:

Npact,c: 1S the storage charge efficiency.

4.4  The Maximum Battery Discharge Power.

Where:

Q: is the available energy [kWh] in the storage at the beginning of the time step.

Q: is the total amount of energy [kWh] in the storage at the beginning of the time step.
Qmax- 1S the total capacity of the storage bank [KWh].

c. s the storage capacity ratio [unit less].

K: is the storage rate constant [h™].

At: is the length of the time step [h].
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Pbatt,dmax,mcc = nbatt,d * Pbatt,dmax,kbm (4- 15)

Where:

Npatt,c: 1S the storage Discharge charge efficiency.

Pout = Vo *I — Ry * I? (4. 16)

V
IPr)ut,mux = O/(ZRO) (4.17)

4.5 The PV Cell Temperature.

‘L'C(GT - nCGT + UL(TC - Ta) (4 18)

Where:

7. is the solar transmittance of any cover over the PV array [%]

a: is the solar absorptance of the PV array [%]

Gy is the solar radiation striking the PV array [kW/m?]

n.- is the electrical conversion efficiency of the PV array [%]

U, :is the coefficient of heat transfer to the surroundings [KW/m? °C]
Tc: is the PV cell temperature [°C]

T,: is the ambient temperature [°C]
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T, =T, + Gy(

Ta
U

(1 - ) (4. 19)

ta _ Tenocr—TanNocT (4. 20)
U Gt NocT '

Where:
T: nocr: Is the nominal operating cell temperature [°C]
Tanocr: s the ambient temperature at which the NOCT is defined [20°C]

Gr nocr: Is the solar radiation at which the NOCT is defined [0.8 kW/m?]

Ne = Nmp (4. 21)
Where:

Nmp: 1S the efficiency of the PV array at its maximum power point [%]

Nmp = nmp,STC[l + Uy (TC - TC,STC)] (4. 22)

Where:
Nmp,stc: 1 the maximum power point efficiency under standard test conditions [%]
a, . is the temperature coefficient of power [%/°C]

T, src: Is the cell temperature under standard test conditions [25°C]

]

Gy )[1 Nmp,sTc (1-apTc,sTC)

Tq+\T -T (
a ( ¢, NOCT a,NOCT) GT,NOCT Ta

T, =

(4. 23)

G )(“pnmp,sn)

1+(Tc,NOCT—Ta,NOCT)(GT Nocr p—
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4.6 The Radiation Incident on the PV Array.

§ = 23.45°5in(360° =) (4. 24)
Where:
n: is the day of the year [a number 1 through 365]
w = (tg — 12hr).15°/hr (4. 25)
Where:
ts: IS the solar time [hr.]
te=te+ g —Zc+E (4. 26)

Where:

t.. is the civil time in hours corresponding to the midpoint of the time step [hr]

A: is the longitude [°]
Z.: is the time zone in hours east of GMT [hr]

E: is the equation of time [hr]

E = 3.82(0.000075 + 0.001868cosB — 0.032077sinB — 0.014615cos2B

— 0.04089sinB)
(4.27)
Where:
B is given by:
B = 360° 22

365
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cos8 = siné sin® cosf — sind cosP sinf cosy + cosé cosP cosf cosw
+ cosd sin@ sinfS cosy cosw + cosé sinf siny sinw

Where:

0: Is the angle of incidence [°].

B: Is the slope of the surface [°].

y: Is the azimuth of the surface [°].
@: Is the latitude [°].

8: Is the solar declination [°].

w: Is the hour angle [°].

cos6, = cosQ cosd cosw + sin® sind

Where:

0: Is the zenith angle [°]

360n

Gon = Gg:(1 +0.033 cos e

)

Where:
Gon: IS the extraterrestrial normal radiation [kW/m?]
Gsc: is the solar constant [1.367 kW/m?]

n: is the day of the year [a number 1 through 365]
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G, = G,y cos0, (4. 32)

Where:

G,: Is the extraterrestrial horizontal radiation [KW/m?]

8,: is the zenith angle [°]

_ 12 m(wy; — wq)

G, = ?Gon[cos(b cosé (sinw, — sinw;) + 180° sin® sind |

(4. 33)

Where:

al

»: Is the extraterrestrial horizontal radiation averaged over the time step [kW/m?]
G,: Is the extraterrestrial normal radiation [KW/m?]
w,: is the hour angle at the beginning of the time step [°]

w4 is the hour angle at the end of the time step [°]

(4. 34)

Qm'lhw

Where:

G: is the global horizontal radiation on the earth's surface averaged over the time step
[KW/m?]

GO = Up + éd (4 35)



Where:

Gyp: Is the beam radiation [kW/m?]

Gq: Is the diffuse radiation [kW/m?]

Gr = (Gy + GaA)Ry + Ga(1 = A) (FZEY |1+ fsin® (8)] + G, D)
(4. 36)

Where:

B: Is the slope of the surface [°]

pg: Is the ground reflectance, which is also, called the albedo [%]
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Chapter Five: Homer pro program simulation and results.

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8

Location of the village.

Solar radiation and temperature.
The AC loads and dc loads data.
PV Data.

Storage Data.

Inverter Data.

Electrical results.

Economic result.
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5.1 Location of the village.

The figure (5.1) as shows location of the village near the settlement of Otnael,

according to what was previously mentioned, indicated on the map of the Homer Bro

program.
8G3QC2QF+79 (31°26.3'N, 35°1.4'E)
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Figure (5. 1): location of the village.

5.2 Solar radiation and temperature.

The rate of solar radiation from the Homer program, whose data was included from

the Internet, according to the project site on the map.

The Figure (5.2) as shows the average daily solar radiation for each month separately
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~Monthly Average Solar Global Horizontal Irradiance (GHI) Data
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Figure (5. 2): average daily solar radiation.

The rate of temperature from the Homer program, whose data was included from the

Internet, according to the project site on the map.

The Figure (5.3) as shows the average daily temperatures for each month separately.

- Monthly Average Temperature Data

Figure (5. 3): average daily temperatures.
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5.3 The AC loads and dc loads data.
5.3.1 AC loads.

The AC loads hour by hour per day during 12 months of the year and these values are
packed based on the values of the worst month of the year which is January as it is
considered the most energy consuming month in the region Figure (5.4) as shows AC

load data contains daily profile, seasonal profile and yearly profile hour by hour.

ELECTRIC LOAD Q Name: | Electric Load #1
January Profile Daily Profile Seasonal Profile
Hour Load (kW) 21 4+
| 34
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S 14 14
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7 1500 |= (1R e o e o o e llrl L s o g )
8 1.700 SR e RR R R W 4
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Timestep (%): 20
= Load Type: (®) AC DC

Scaled Annual Average (kWh/d): 14.95 @
Figure (5. 4): AC Load data.

Peak Month: January

Table (5. 1): AC Data.

hour Jan Feb Mar Aprii May June July Aug Sep Oct Nov Dec

01 01 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 01 01
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
01 01 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 01 01
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
01 01 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 01 01
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
01 01 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 01 01
1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
15 1.5 15 1.5 15 1.5 15 1.5 15 1.5 15 1.5
0.25 025 0.25 025 025 0.25 0.25 0.25 0.25 025 0.25 0.25
0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
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0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

The Figure (5.5) as shows the daily energy consumption in the village in January,

hour by hour.

daily energy consumption

1.8
1.6
14
1.2

0.8
0.6
0.4
0.2

load kW
-

0 5 10 15 20 25
Day Hours

Figure (5. 5): daily energy consumption.

The image taken, in the Figure (5.6) as shows the hourly energy consumption in the
village throughout the days of the year, hour by hour based on the daily load packed
above, and the Figure (5.7) as shows scaled data monthly averages
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Houﬁyri Monthly | Profile | DMap | Histogram | CDF I DC ‘

Date: 31/12/2007 11:00:00 »

Values:
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Normal View & ) + —
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Figure (5. 6): hourly energy consumption.

Hourly | Monthly ‘ Profile I DMap | Histogram I CDF | DC ‘

Scaled data
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| Scaled data

v
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Figure (5. 7): scaled data monthly averages.
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5.3.2 DC load data.

ELECTRIC LOAD 9

January Profile
=

Hour Load (kW) | —
0 0.036

1 0.036
£

0.036

0.036
0.036
0.036
0.036
0.036
0.036

W 0 N O AW N

0.036

o

0.036

=
s

0036 . °

Show All Montl

Time Step Size: 60 minutes

Random Variability
Day-to-day (%):

Timestep (%):

Peak Month: None

Scaled Annual Average (kWh/d):

Name: | Electric Load #2

Daily Profile

7o
s

78

Remove

Seasonal Profile
0.6
= 04
=3
02
0
Ko ¥ ~ 8 “ ~ b - )
FITT TG IIFI3
D S N '§\3 §3 &
; 3 3
& <2 » 33

Yearly Profile

0.0080

1

90

T
180

[T Efficiency (Advanced)
Efficiency multiplier:

Capital cost (.u.,):

Lifetime (yr):

Metric Baseline Scaled
Average (kWh/d) .87 .87
Average (kW) .04 04
Peak (kW) .04 .04
Load Factor 1 1

Load Type: () AC @) DC

0.87

)
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Figure (5. 8): DC load data.




5.4 Pvdata.

The values and data of the solar panels were entered into the program as shown in the

figure below.

This section includes price, efficiency and panel capacity.

Add/Remove Jinko JKM535-60

PV u Name: | Jinko JKM535-60 Abbreviation: | Jinko60
Properties PV
Name: Jinko JKM535-60 Capacity Capital Replacement oam
Abbreviation: Jinko60/535 kW) (ge) (guy) (guylyear)
Panel Type: Flat plate 0535 ' 460.30 0.00 0.00
Rated Capacity (kW): 7 Lifetime More...
Temperature Coefficient: -0.410 time (years): 25.00 @

Operating Temperature (°C): 45.00

Efficiency (%): 16.8

Manufacturer: Jinko Solar

Data Sheet for JKM275-60

Notes:

60 Poly-crystalline cells.

Jinko Solar's Eagle 60 PERC cell line can range

in nAminal mavimeiim nownr fram JEE $a Ny
Site Snerific Innuit

MPPT | Advanced Input | Temperature

Explicitly model Maximum Power Point Tracker Search Space Use Efficiency Table?
Size (kW)
Lifetime (years): 1 Efficiency (%):
Costs |
Size (kW) Capital Replacement o&M iInpm Percentage (%) Effic
() (yw-y) (. /year)

| Click here to add new item
1 ® 0.00 # 0.00 # 0.00

Click here to add new item

Figure (5. 9): PV Data.
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5.5 Storage Data.

The values and data of the batteries have been entered into the program and

include the values as shown in the figure below.

STORAGE || Name: | Trojan SSIG 12 255 Abbreviation: | SSIG 12

Properties Batteries

Kinetic Battery Model Quantity Capital
Nominal Voltage (V): 12 (-puey)
Nominal Capacity (kWh): 3.09 1 1,338.75

Maximum Capacity (Ah): 257 o

Capacity Ratio: 0.503 Lifetime

Rate Constant (1/hr): 0.339
Roundtrip efficiency (%): 80
Maximum Charge Current (A): 45
Maximum Discharge Current (A): 300
Maximum Charge Rate (A/Ah): 1

Figure (5. 10): Storage data.
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5.6 Inverter Data.

The Figure (5.11) as shows the XW Pro 8.5 M inverter was selected from the
program, , and the price of the inverter was determined, this price includes the
price of the charge controller based on the program's algorithm as well.

i ]
XWProgs ~ Name: XW Pr
CONVERTER g
Complete Catalog Abbreviation: KXW Pr
- Properties - Costs
) ~ Capacity Capital | Replacement
Name: XW Pro 8.5 (KW) (us.) [
Abbreviation: XW Pro & n 18,000.00 w 0.0
Technical Data for Symo 8.2-3-M Click here to add new item
Notes:
Grid-following

PV-dedicated inverter: Three-phase

inverter for any sized system. o
Interface to internet via WLAN or Fthernet Multiplier: C:) (:)

. - Inverter Input
Fronius P

Lifetime (years): 10.00 G

Efficiency (%): 95.00 G

[¥ Parallel with AC generator?

Figure (5. 11): Inverter Data.

The results related to electrical production as Figure (5.12) shows.

Production kWh/yr | % Consumption kWh/yr % Quantity kWh/yr| %
Jinko JKM535-60 11,813 100 AC Primary Load 5475 945 Excess Electricity 5084 430
Total 11,813 100 DC Primary Load 316 545 Unmet Electric Load 0 0
Total 5791 100 Capacity Shortage 0.158  0.00270
Quantity Value
Renewable Fraction 100

Max. Renew. Penetration 14,957

Monthly Average Electric Production
W Jinko60/535 2

il peils bl ST oluasi S olu jeai - dobi Jg¥l g pis D gupis JgUl goits

Figure (5. 12): results related to electrical.
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5.7 Electrical results.

The results regarding the batteries the Figure (5.13) as shows.
The system needs 84.1 hours of storage in the worst conditions.

Those are equal to 4 days of storage.

Simulation Results

System Architecture: Jinko JKM535-60 (7.00 kW) HOMER Cycle Charging
Trojan SSIG 12 255 (5.00 strings)
XW Pro 8.5 (8.20 kW)

Total NPC: ® 51,247.62

Levelized COE: m 0.6846

Operating Cost: ® 0.00
Cost Summary Cash Flow Compare Economics Electrical Renewable Penetration Trojan SSIG 12 255 Jinko JKM535-60 XW Pro 8.5

Emissions
Quantity Value| Units Quantity Value Units Quantity Value | Units
Batteries 200 qty. Autonomy 934 hr Average Energy Cost 0 B/kWh
String Size 4.00 batteries Storage Wear Cost 0 /kWh Energy In 3,448  KkWh/yr
Strings in Parallel  5.00 strings Nominal Capacity 61.8 kWh Energy Out 2,797  kWh/yr
Bus Voltage 480 Vv Usable Nominal Capacity 61.8 kWh Storage Depletion 434 kWh/yr
Lifetime Throughput 37,040 kWh Losses 694 kWh/yr
Expected Life 1.8 yr Annual Throughput 3,128  kWh/yr
g
=
2
5
=
o
2o+ — — -
@ ~ ) 3 &
& 5 & & &
2 |‘ : State Of Charge 00 & .
il llf: "EssE=====F=
12 8 be]
| | 40 E
13 =
i h H J | R I B e s s s S S
T - " T e Wil gl ST gluw U glbie ssaT of Jslholl cunglifl Gulgdil o5ils
Figure (5. 13): Electrical results.
The results related to the solar panels the Figure (5.14) as shows.
Cost Summary Cash Flow Compare Economics Electrical Renewable Penetration Trojan SSIG 12 255 | Jinko JKM535-60 XW Pro 8.5 Emissions
Quantity Value | Units Quantity Value | Units
Rated Capacity = 7.00 kW Minimum Qutput 0 kw
Mean Output 135 kW Maximum Output 6.95 kwW
Mean Qutput 324 kWh/d PV Penetration 204 %
Capacity Factor 193 % Hours of Operation 4,391 hrs/yr
Total Production 11,813 kWh/yr Levelized Cost 0.0394 wm/kWh

Figure (5. 14): results of solar panels.

47



The results related to the inverter the Figure (5.15) as shows.

Quantty nverter Units

Capacity 8.20 kW
Mean Qutput 0625 kW
Minimum Qutput 0 kW
Maximum Qutput 4.28 kw
Capacity Factor 7.62 %

Quantity

Hours of Operation

Energy Out

Energy In
Losses

inverter

8,669
5475
5,763
288

Figure (5. 15): results of the inverter.

5.8 Economic result

hrs/yr

kKWh/yr
kKWh/yr
kKWh/yr

As for the economic results, the Homer program presented many acceptable and

unacceptable scenarios and chose the least expensive ones based on the

program’s work algorithm based on the values entered by the user Figure (5.16)

as shows.

Component Capital (. ,v.))| Replacement (. u.))| Q&M (. ju.;) Fuel (,w.)}| Salvage (. uv.,) | Total (. )
w000 m602262
w0.00 w26,775.00
w000 1845000
w0.00 wb51,247.62

Jinko JKM535-60 m6,022.62
Trojan SSIG 12 255 m 26,775.00
XW Pro 8.5 ® 18,450.00
System m 51,247.62

@ 0.00
w 0.00
@ 0.00
w 0.00

® 0.00
w 0.00
® 0.00
w 0.00

® 0.00
w 0.00
® 0.00
w 0.00

Figure (5. 16): system components costs.

The program simulated 56 scenarios for the system, 14 of them were available, and in

the end, only one of the solutions was chosen because it is the least expensive among

all the others.

The Figure (5.17) (a) as shows, some of the possible solutions were more expensive

than other solutions. Some solutions, for example, contain 20 batteries, some contain

40 batteries, and others contain more than that. The first solution was chosen based on

the economic paradox, as the first solution was the least expensive among them all.
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As the Figure (5.17) (a) and (b) shows, some of the possible solutions were more

expensive than others. Some solutions for example have 20 batteries, some have 24,

and some have more. The first solution was chosen on the basis of economic

inconsistency, the first solution being the least expensive of them all.

For example, in the solutions as Figure (5.17) (a) and (b) shows, the cost of the

system was about 185123 ILS, and some solutions cost less than that and some are

higher than that. In the end, the least expensive solution was chosen, which cost about

51248 ILS, based on the economic comparison The Figure (5.17) (b) as shows.

o 0 B 05 s ¥ 0 7% @ 7] @ 7 il St o
L& E 7.00 20 8.20 w 0.685 m 51,248 w 51,248 11,813 579
L ] E 7.00 20 8.20 w 0.685 w 51,248 w 51,248 11,813 579
L Z] 7.00 20 8.20 w 0.685 w 51,248 w 51,248 11,813 579
L& E 7.00 20 8.20 w 0.685 w 51,248 w 51,248 11,813 579
L Z] 7.00 24 8.20 w 0.756 ® 56,603 w 56,603 11,813 5791
L ] E 7.00 24 8.20 w 0.756 B 56,603 m 56,603 11,813 5,791
L ] a 7.00 32 8.20 w 0.899 B 67,313 67,313 11,813 5,791
L] g 7.00 40 8.20 w 1.04 ® 78,023 mw 78,023 11,813 5,791
ay 5 Z] 7.00 60 8.20 w 1.40 B 104798 @w 104,798 11,813 5,791
L ] E 7.00 80 8.20 w1.76 ® 131,573 w131,573 11,813 5,791
& = W) 7.00 120 8.20 w247 2185123 185,123 11,813 5,791
a)

e ,ink?kr:;;::;:izﬁ P E—— W;»T 7 |nitia||:rLc;a|:ita| 7

a5 P 700 20 8.20 m 51,248

ap g% 7 7.00 20 8.20 m 51,248

a8 7 7.00 20 8.20 m 51,248

a8 7 7.00 20 8.20 ® 51,248

& g8 W) 7.00 24 8.20 m 56,603

& R B 7.00 24 8.20 m 56,603

& = ) 7.00 32 8.20 m 67,313

& w7 7.00 40 8.20 m 78,023

& 5 B 7.00 60 8.20 ® 104,798

& R §7) 7.00 80 8.20 m 131,573

& 5w W) 7.00 120 8.20 m 185,123

b)

Figure (5. 17): possible solutions and economic comparison.
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Chapter sex: Recommendations and final results.

6.1 Structure.
6.2 Final results.

6.3 Recommendations.
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6.1 Structure.

The system rack is designed from galvanized steel and installed on a concrete
floor where the details of wind speed and weather conditions such as snow and

rain have been taken into account in the design Figure (6.1) as shows.

Figure (6. 1): Structure Design.

Steel costs (500 kg) were calculated and were 2000 ILS
And the costs of concrete (6 cups) were 2000 ILS

Taking into account the costs of manpower 3500 ILS

s The costs of building the electrical system in terms of manpower are as

follows:

COStNHW = COStBOS * COSto&M

= (0.10 = 51248) + (0.05 * 51248)
= 13131 ILS
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The pvsyst program was used to determine tilt angle Figure (6.2) as shows.

Field parameters
Plane Tit [30.3 j["]
Azimuth [0.0 =

Optimization by respect to

(¢ Yearly irradiation yield
(" Summer (Apr-Sep)
" Winter (Oct-Mar)

Tilt 30°

il

Azimuth 0°

West East

0.8HFTranspos.= 1.13

| |Loss/opt.= 0.0% \ E

" I " 1 N 06 o 1 o
90 60 -30 0

30 60 90
Plane orientation

30 60
Plane Titt

Figure (6. 2): determining tilt angle by pvsyst program.

Based on the location data that was entered into the program, tilt angle of 30 degrees

was chosen in order to avoid the largest possible losses due to the shadow (the angle

was chosen based on the annual rate, not the quarterly average) as Figure (6.3)

shows.
Shed tilt optimisation At Hebron, Array orientation = 0°
145 o 3 sheds, Coll. width = 2.2 m, Inactive band = 0.0 m, Constant limit angle = 14.2°
S T T r T T T T T T T T T T T T T
~— Pure transposition (one only plane)
Irradiation with mutual shadings (constant limit angle = 14.2%)
~—With electrical shading effect for Cell = 15.6 cm and 1 strings in width
=
!
= 110 -
3
=1
£
g
2
E Titt = 20° :
5 Coll./ground area Tilt = 30°
:
% ). s 52%
-
-
< Tilt = 40°
30.3%
1.00 ] ] I
10 20 30 40

Sheds plane tilt
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Figure (6. 3): shadow effect by pvsyst program.

And based on the values entered into the program, the optimal distances and details

were chosen to build the structure of the system as Figure (6.4) shows.

Shading limit angle: 14.2°
Ground area occupation ratio: A(coll)/ A(ground) = 0.35 .

IS

0 2 4 6 8 10 12 14 16
Sheds
Pitch [g30 m £ Show Optimisatio

Collector band width {2 22 m Orientation

inacti g sl 5 Shading Graph

Top inactive band [g.op m _EJ Tilt 30.0 zjl B Shading Grap
Bottom inactive band |0 op m Azimuth 100 =l =
=l I Close

Figure (6. 4): details of structure by pvsyst program.

Based on the details taken from the program, the structure of the project was
determined, taking into account the area of the land on which the project structure is

located, as Figure (6.5) shows.
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Figure (6. 5): Horizontal and front projection of the structure by AutoCAD

program.

After studying many scenarios, it was chosen to build two structures for the system on

a land area of 40 square meters

6.2 Final results.

Table (6. 1): Electrical results.

Pannels

Load

consumption

Batteries

Invertert

. AC Dc load tity | Stri Stri B Aut D f|C ity | E
production cload Quantity ring rings us utonomy ays o apacity | Energy
load size parallel | voltage storage out
11813 5475 316 20 4 5 48 934 4 8.2kW | 5475
KWhiyr KWhlyr | KWh/yr KWhiyr
Total =
- 5791 kWh/yr
Table (6. 2): Economic results.
Panels 6022 ILS
Batteries 26775 ILS
Inverter 18450 ILS
Steel 2000 IS
Concrete 2000 ILS
Manpower due to (steel & concrete) 3500 ILS
COStBos+COSt0&M 13131 ILS
TOTAL 71878 ILS

As explained previously, the project consists of five solar units separated from the

grid. Calculations and simulations have been made for one of these five units, and the

other is completely identical to the case studied. The results and costs that have been

reached are for one unit and accordingly the final cost becomes:

5 % 71878 = 359390 ILS (+ OR - 10%).
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6.3 Recommendations.

1. Maintaining the cleanliness of the solar panels constantly to obtain the highest
efficiency

2. Avoid building or placing high equipment in front of the panels to avoid any
shadows on them

3. Building a room for electrical equipment such as inverters and batteries, and
providing the necessary cooling for them.

4. Taking into account the mechanism of arranging the solar panels so that the

largest possible amounts of cables connecting them are shortened.

55



References:

[1] (Palestinian News and Information Agency)
https://info.wafa.ps/ar_page.aspx?id=9073 . (8/2/2020)

[2] UTL Optional Off-Grid Hybrid Solar System (1KWp), Capacity: 1IKWp - 5KWp,
Rs 65000 /kilowatt | ID: 22193817391 (indiamart.com) (12/2/2020).

[3]https://www.cleanenergyreviews.info/blog/mppt-solar-charge-controllers
(12/2/2020).

[4] https://sunwatts.com/2-7-kwh-trojan-12v-signature-flooded-battery-ssig-12-255/
(20/12/2021).

[5]https://solar.schneider-electric.com/product/xw-pro-solar-hybrid-inverter/
(20/12/2021).

[6]https://arabic.alibaba.com/product-detail/milk-suction-machine-prices-cow-
milking-machine-1077189802.html (15/3/2020).

[7] https://dergipark.org.tr/en/download/article-file/679294Authors

Maher Al-Maghalseh (12/25/2021)
[8] https://www.mdpi.com/2071-1050/13/5/2996/pdf (15/3/2020).

[9]https://www.wiley.com/enus/Renewable+and+Efficient+Electric+Power+Systems
%2C+2nd+Edition-p-9781118633502 (16/3/2020)

[10] https://geomolg.ps/L5/index.html?viewer=A3.V1 (10/4/2020)

[11] https://www.homerenergy.com/products/pro/docs/index.html (30/11/2021)

56


https://info.wafa.ps/ar_page.aspx?id=9073
https://www.indiamart.com/proddetail/off-grid-hybrid-solar-system-1kwp-22193817391.html
https://www.indiamart.com/proddetail/off-grid-hybrid-solar-system-1kwp-22193817391.html
https://www.cleanenergyreviews.info/blog/mppt-solar-charge-controllers
https://sunwatts.com/2-7-kwh-trojan-12v-signature-flooded-battery-ssig-12-255/
https://solar.schneider-electric.com/product/xw-pro-solar-hybrid-inverter/
https://arabic.alibaba.com/product-detail/milk-suction-machine-prices-cow-milking-machine-1077189802.html
https://arabic.alibaba.com/product-detail/milk-suction-machine-prices-cow-milking-machine-1077189802.html
https://dergipark.org.tr/en/download/article-file/679294
https://www.mdpi.com/2071-1050/13/5/2996/pdf
https://www.wiley.com/enus/Renewable+and+Efficient+Electric+Power+Systems%2C+2nd+Edition-p-9781118633502
https://www.wiley.com/enus/Renewable+and+Efficient+Electric+Power+Systems%2C+2nd+Edition-p-9781118633502
https://geomolg.ps/L5/index.html?viewer=A3.V1
https://www.homerenergy.com/products/pro/docs/index.html

Appendix A



SPECIFICATIONS

JKM535M-7TL4-V

Module Type JKM515M-7TL4-V
STC  NOCT
Maximum Power (Pmax) 515Wp  383Wp
Maximum Power Voltage (Vmp) 4150V 38.35V
Maximum Power Current (Imp) 12.41A 9.99A
Open-circuit Voltage (Voc) 49.04V 4819V
Short-circuit Current (Isc) 13.14A  10.61A
Module Efficiency STC (%) 20.37%

Operating Temperature(°C)
Maximum system voltage
Maximum series fuse rating
Power tolerance

Temperature coefficients of Pmax
Temperature coefficients of Voc
Temperature coefficients of Isc

Nominal operating cell temperature (NOCT)

JKM520M-7TL4-V

STC NOCT
520Wp
41,60V

387Wp
38.46V
10.06A
46.28V
1323A 10.69A
20.56%

12.50A
49.14V

JKM525M-7TL4-V

STC NOCT
525Wp  391Wp
4170V 38.56V
12.59A
49.24v

13.32A

10.13A
46.38V
10.76A
20.76%
-40°C~+85°C
1500VDC (IEC)
25A
0~+3%
-0.35%/°C
-0.28%/°C
0.048%/°C
4522°C

JKM530M-7TL4-V

STC NOCT
530Wp  394Wp
38.66V

10.20A

41.80v
12.68A
49.34V
13.41A

20.96%

46.47V
10.83A

STC
535Wp
41.90V
12.77A
49.44V
13.50A

NOCT

398Wp
38.72v
10.28A
46.57V
10.90A

21.16%

Windows iy
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Appendix B



Model No. 150/45
Electrical Data

Max. Solar Input Power 650/ 1300/ 1950/ 2600 W
Max. Solar Panel Open
Circuit Voltage 150V
Max. Solar Panel Short
ax. Solar Panel Sho 50 A

Circuit Current

Nominal Syst Batt
ominal System (Battery) 12/24/36/48V
Voltage

Self-Consumption <35 mA

Peak Conversion

Efficiency J8.00 %
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12 VOLT

PHYSICAL SPECIFICATIONS

MODELNAME  TERMINAL TYPE® DIMENSIDNS ™ IN

WEIGHT © LBS. (kgh

5516 12 255~ 6

123 (56)

HYDROLIMK OR SPWK

HAMDLES

14.97 (380)

6.91(176)

14.67 (373)

Braided Rope

ELECTRICAL SPECIFICATIONS

VOLTAGE

CAPACITY * AMP-HOURS (&h)

ENERGY (ki)

21

27

247

CHARGING INSTRUCTIONS

CHARGING TEMPERATURE COMPENSATION

CHARGER VOLTAGE SETTINGS (AT 77°

ADD

Do nat install or charge bateries in a sealed or non-ventiiated comgariment. Constant under or
‘overeharging wil Gamage the baltery and shortan is lile as with any battery.

It charging time is limited cortact Trojen Technical Sugpart for assistance.

**in cases where controller has a bulk voitage setting, s voltage setting above.

SUBTRACT

state of charge greater than 60%.

STATE OF CHARGE MEASURE OF OPEN-CIRCUIT VOLTAGE

RECYCLE RESPONSIBLY

TS NTEEE 12V | 24¥ | 48Y | | 005 vait per cell for every 1°C below 25°C | 0.005 volt per cellfor every 1°C above 25°C
.

Maximum Charge Current (% of Cy, Rate)* 19% 0.0028 volt per cell for every 1°F below 77°F | 0.0028 volt per cell for every 1°F above 77°F
Maximum Absorption Phase Time (hours) | 4 OPERATIOMNAL DATA
Absorption Voitage ™ | 170 | 2840 | SaE0 | EESRNSENCERI SELF DISCHARGE
Fioat Vottage 1850 | 2700 | 5400 | | gy 4i39F (-20°C to +45°C). At

T temperatures below 32°F (0°C) tain a 5 - 15% per manth depending on storage
[Equalization Voltage 16.20 3240 64.80 temperature conditions.

99%)

L RECYCLABLE.

X

62

PERCENTAGE CHARGE SPECIFIC GRAVITY 12 VoL
100 1277 2122 1273
1] 1.258 2103 1262
a0 1.238 2083 1250
0 1217 2,062 1237
60 1.185 2.040 1224
50 1172 2m7 1210
40 1.148 1.993 11.96
30 1124 1.969 1.8
20 1.098 1.943 11.66
10 1.073 1918 11.51
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DOD VS CYCLE LIFE IN PERCENT CAPACITY

A STATIOMARY APPLICATION VS.TEMPERATURE
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Dept o lcharge EXPECTED LIFE VS. TEMPERATURE

Chemical reactions internal to the battery are driven by voltage and
temperature. The higher the battery temperature, the faster chemical
reactions will occur. While higher can provide imp

- discharge per the i rate of chemical r will
SELF DISCHARGE VS. TIME" result in a corresponding loss of battery life. As a rule of thummb, for every
- 10°C increase in temperature the reaction rate doubles. Thus, a month of
gy operation at 35°C is equivalent in battery life to two months at 25°C. Heat
o~ is an enemy of all lead acid batteries, FLA, AGM and gel alike and even
small increases in temperature will have a major influence on battery life.
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*PERIODIC CHARGE
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'\\ Provide a periodic freshening charge to maintain a SOC greater than the

ar threshold af 70%.
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Appendix D
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Technical Specifications

Output power (continuous) at 25°C 6800 W

Overload 30 min/60 sec at 25°C 8500 W/ 12000 W
QOutput power (continuous) at 40°C 6000 W

Maxis output current 60 seconds (rms) 53 A

Output frequency 50/60 Hz

Output voltage 230V +-3%

AC Output Frequency 50.0 +-0.1 Hz

Total harmonic distortion at rated power <5%

Idle ¢ ion search mode <7W

Input DC voltage range 40 to 64 V (48 V nominal
Maximum input DC current 180 A

output charge current

140A
Output charge voltage range 40-64V (48V inal
Charge contro! Three stage, two stage, boost, external BMS, custom
Charge temp comp ion Battery tempe sensor included
Power factor corrected charging 0.98
Compatible bal! types Flooded (default), AGM, u ion, custom

AC 1 (grid) input current (selectable limit) 3-60 A (56 A default)

AC 2 (generator) input current (selectable limit) 3-60 A (56 A default)

Automatic transfer relay rating/typical transfer time 60 A/8 ms

AC input voltage range 165-280V

AC input frequency range (bypass/charge mode) 45 — 55 Hz (default) 40 — 68 Hz (allowable)

Grid sell current (selectable) 0to27 A
Grid sell power 5000 W
Peak 95.0%
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