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Abstract

Nowadays, the primary source of energy is fossil fuel, that
covers approximately 79% of the primary energy consumed in
the world, [71] including transportation, heating, and
electrical generation. But there are limited reservoirs of fossil

fuels on the Earth that will eventually run out.

So, it has become clear that to find alternative source for
energy, [58] especially solar energy which is very abundant in

Sudan.

Sudan is in the transition to renewable energy sources after it

lost its oil — rich south part in a referendum in 2011 [12].

This project aims to design a system to pump water
from the wells, solar powered using solar panels, the selection
of system components has been made in a way that lights
harmonically. Also, it included a study of the theory including
explaining all system components in theory and  practical
design work wusing the PVsyst & SOLD WORKS program of

the project.

The  project concluded that with the  necessary
pumping quantity specified in advance, data energy account
and found (4 KW) were selected (64 capacity of 200 W), also
the pump type was selected and it was equipped with its own
control compatible with the quantity and height specified in
advance  submersible pump (PS4000 C-5J8-15) and  controller
P54000 were selected. Tilt angle  also been identified (15° on
the horizontal level).Also the thesis included the wuse of
design  software to design a  water-pumping under  water

quantity (104m3/day) and depth(160m) as compared to the

xi



results of the program the results of a similar program for the
same data and found the difference in the energy account
(+0.0035%) and full compatibility in choosing components the

system.

As well as the efficiency of the system account and
found (38.89%), and finally study included a comparison
between the techniques used in water pumping systems and
comparing them with the technology of solar energy use and
the results are economical compared to solar-powered (1.783%
electrical) and (29.456% internal combustion engines), as the
study included compared to the same environmental with
discussion of the future of solar energy in Sudan solar energy

as an alternative partially.
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Chapter 1

1.1 Introduction:
The Sun is an immense source of power that emits

light and energy over a series of wave lengths. The amount of
solar radiation reaching the Earth’s surface varies due to
changing atmospheric conditions and the position of the sun
during the day and the year. This power of the sun can be
classified to thermal power (Indirect Power), [96] and solar
power (direct power) where photovoltaic cells PV are wused to
convert sun light directly into direct current DC and then
pump DC or pump AC using inverters.

Private  households and farms  need  stable and
consistent ~ water supply, however this <can be particularly
difficult in areas far off cities where there are no regular  water
pipe supply systems available but only resources in forms of
wells deep in the ground. During hot months of the year and
in hot areas the requirement for water is high. Furthermore, in
some scarcely inhabited areas where regular irrigation for
watering feels is crucial, [12] often the poor infrastructure
electricity = makes  regular  irrigation  complicated,  significantly
driving  operational and maintenance costs. Countering such
complications and  difficulties, solar water pumps are the
optimal solution to both offset infrastructural limitations and
reduce operational and maintenance costs. In addition, solar
water pumps are particularly economic and crucial
appliances.

As a result of the soaring prices of fuel and power



sources, instability, air and water pollution, the main research
problem was to find a solar pumping system which can be

more cheaply and stable.

The main objectives of the project are to design
and program a solar water pumping system to reduce usage
of electricity, water, and air pollution to be more economic

and environmentally friendly.

1.2 Research problem:

The problem is to reduce the wusage of electricity in
Sudan, as Sudan suffers from many problems in generation,
also to reduce pollution because of fuel usage in IC engine in
pumping, in addition to save water in areas which suffer from

water shortage.

1.3 Research significance:
There are many significances of the project: firstly, a

system that depends on a solar energy has no emissions gases,
no  greenhouse  gases  (Environmentally  friendly) and no
noises. System will not depend on electricity network so
covering areas which have not been supplied by electricity

lines, especially in rural Sudan.

Also, solar pumping is so cheap because there is no
maintenance cost compared to other pumping systems, in
addition it is portable. And an important significance of the

system is that the source of power is sustainable.



1.4 Objectives:

Many villages in Sudan have no electricity and don
not even have a grid near them for distribution of electricity to
household or wusage of conventional electrical pumps. Due to
this we must think about an alternative power source to
supply a pumping system, which is especially important for
agriculture. Solar pumping system is a water pumping system

run by Solar cell. So, we object through this study:

» To design a solar of water pumping system

» To simulate the performance of the system under
specific conditions.

» To  drawing the project by using SOLID WORK
PROGRAM

1.5 Scope of work:

Many areas in Sudan suffer from the shortage of water
sources especially areas so far from the river Nile stream and
electricity lines, there we can wuse thermal engines to obtain

subsurface water,



Chapter 2
Literature review and previous studies:

2.1 Background:
In retrospect, nobody predicted that in the age of global

warming the annual average global temperature would remain
unchanged for so long. As the statistical significance of the standstill
increased, the debate about its potential importance grew among
many branches of science, even though many prominent scientists
and institutions, and all the media, were steadfast looking the other
way.

Renewable  energy  refers to energy that occurs
naturally and repeatedly in the environment. This can be
energy from waves, wind, the sun, and geothermal heat from
the ground. Renewable energy can also be produced from
plant sources, such as wood or crops. Organic fuel sources can
also be found in by-products from manufacturing and other
processes. Under certain circumstances, [6] these can Dbe
converted to renewable energy using environmentally
acceptable processes. As the term suggests, renewable energy

will not run out, unlike energy from fossil fuels.

2.2 Solar energy:

The most important source of renewable energy
source is the sun. Every day, the sun radiates (sends out) an
enormous amount of energy called solar energy. It radiates
more energy in one daythan the world uses in one year. This

energy comes from within the sun itself. Like most stars, the
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sun is a big gas ball made up mostly of hydrogen and helium
gas. The sun makes energy in its inner core in a process called

nuclear fusion.

It takes the sun’s energy just a little over eight
minutes to travel the 93 million miles to Earth. Solar energy
travels at the speed of light, or 186,000 miles per second, or 3.0

x 108 meters per second.

Only a small part of the visible radiant energy (light) that the
sun emits into space ever reaches the Earth, but that is more
than enough to supply all our energy needs. Every hour
enough solar energy reaches the Earth to supply our nation’s
energy needs for a year! Solar energy is considered a

renewable energy source due to this fact.

Today, people use solar energy to heat buildings and water

and to generate electricity.
Here are the main advantages of solar energy:

One of the cleanest forms of energy

Harmonious with nature

Easy to install, operate and maintain.

Long life. Solar panels can last up to 20 years or more.

Modular design, hence easy to expand.

vV V Vv YV VY V

Ideal for remote areas, where electricity is not

dependable, and diesel is difficult to obtain.

> Safe to manage. Once installed properly, most devices
can be used by laypeople without risk.

> Freedom from grid, which is often unreliable especially

in remote areas.



» Can be wused as standalone or grid connected systems as

well as with other energy sources as hybrid systems.
2.3.1 Types of solar energy:
There are two kinds of solar energy:
> Solar thermal:

Solar  thermal systems use the sun’s energy to
provide hot water. The technology is well established, but its
success depends on several locations and  orientation-based
factors, and it is usually economically viable only when
installed in  buildings with a sufficiently high hot water

demand.

Figure (2.1): Example of solar thermal applications [8]

> Solar photo voltaic:



Solar Photo voltaic (PV) wuses the sun’s energy to
generate electricity. PV  panels are increasingly recognized by
the public and make a strong visual statement about
sustainability. It is an installation that converts sunlight into
electricity. PV  electricity generation uses the energy in the
light from the sun to cause an electrical current to flow
between different atomic energy levels in specially processed
materials. PV, like solar thermal, [58] is a truly intermittent
renewable energy technology and requires the user to obtain
electricity from an alternative source during the night when it
cannot generate electricity, or to utilize a battery back-up
system where some of the energy generated can be stored
during the day, for use at night we can utilize the solar energy
for many purposes especially irrigation system. In 1991 Sudan
had a large modern irrigated agriculture sector totaling more
than 2 million hectares there potentially. Gravity flow was the
main form of irrigation, but about one-third of irrigated area

was served by pumps.

In Sudan, the solar radiation is so large, and
number of day hours is so more than in other countries that
we can benefit from this huge free power special because we

have many problems in power generation [25].

The following picture illustrate the amount of solar radiation

in Sudan states.



Solar Atlas

» Average daily solar
irradiation: 5.8 - 7.2
kWh /m?

» The solar radiation
increases in northern
and west-northern
areas and decreases | % :
towards the south viel &

Republc of SUDAN - Mnistry of Water Resources & E:ect'.cI

Figure (2.2): solar atlas of Sudan

2.3 Review of some traditional method of pump in

Sudan:
The waters of Nile in Sudan have been used for

centuries for traditional irrigation, taking advantage of the
annual Nile flood. Some wuse of this method continued I the
early 1990s, and the traditional Shaduf (a device to raise
water) and waterwheel were also used to lift water to fields in
local irrigation projects but were rapidly being replaced by
more efficient devices. The farmer wused traditional pumps run
by oil, more expensive and unfriendly, [3] so we should look

for an optimal alternative.



Figure (2.4): some pumping methods in Sudan




As we saw, traditional methods in irrigation pump have
more power consummation, environmental injuries, costly
special ~maintenance, and  operations cost. = Subsequently = we
have thought to wuse clean, cheap, and sustainable source of

power and this was solar.

2.3.1 Solar Irrigations Pump:
A solar powered pump is a pump running on the

power of the sun. It makes.

Efficient wuse of solar energy and converts it into electrical
energy for pumping water to great heights. A solar powered
pump can be very environmentally friendly and economical
in its operation. This system operates on power generated
using solar PV (photovoltaic) system. The photovoltaic array
converts solar energy into electricity, [25] which is used to run
the motor pump set. The pumping system draws water from
the open well, bore well, pond etc. The water pumping system
can be used to irrigate land when the water is to be pumped

from a depth of a well or a pond.

10



Figure (2.5): Solar pumping system.

Advantages of Solar Water Pumps:

It helps in saving Energy:

YV V V VYV VY V

There is no fuel cost - as it uses available free sunlight.

No electricity required.

Can be operated lifelong.

It is highly reliable and durable.

Easy to operate and maintain.

It is also wuseful for cleaning, drinking water
and irrigation.

The dependence on rain is reduced.

11
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2.4 Design specifications for pumping system:
The requirements to be met by any pumping

system are specified as:

» Discharge flow rate for transfer of liquid from
suction to discharge reservoir.
» Total pressure had to be overcome by the pumping

system.

24.1 Specification  of  the discharge flow rate
required:
The discharge flow rate required is stated in liters

per second (I/s), or cubic meters per second (m?s). It is
determined by a study of water demand. Water demand is
determined by segregating the total demand into categories

such as:

1. Irrigation demand
Domestic demand
Industrial demand

Commercial demand

A

Institutional demand

For irrigation, the water demand is derived
from the total area to be irrigated and the water required
per unit of area irrigated. The water demand required
per unit area irrigated depends on the crop, the climatic
conditions, and the soil conditions. For categories of
demand except irrigation, the population to be served
and its per capita water consumption is estimated, and

from  this data, the aggregated water demand s
12



computed. The water quality for categories of demand

other than irrigation will be to human health standards.

In practice, demand for irrigation will usually be
isolated ~and  designed for  separately, [125] because the
location where it occurs, and the water quality demanded is

often different.

2.4.2 Specification of the total Pressure head to be

overcome by pumping system:
The total pressure head (H) to be overcome by a

pumping system is stated as meters of water, (mw). This total
pressure head is also referred to as the dynamic head. This is
because it is the sum of the static head and the friction head. It
is referred to as dynamic because it incorporates the head loss
due to fluid friction in pipeline, which arises only during the

dynamic conditions of fluid flow.

2.5 The main components of the system (SWPS):

Solar  Photovoltaic ~ water  pumping  system  consists
of many elements that are considered especially important for

the system stability.

2.5.1 PV Array:
» Photovoltaic cell:

Photovoltaic is the conversion of light directly into electricity
through  semiconductor materials. The basic component of a
PV system is solar cells. If light with adequate energy falls
onto silicon arranged to form a p-n junction and penetrates to
a point near the junction, then, because of the photo-electric

effect, it will create free electrons near the junction. These

13



electrons immediately move under the influence of the p-n
junction’s  electric  field. @~ The electrons continue to  move
through the cell to the surface of the cell. On the way towards
the surface of the cell some of the electrons may be re-
absorbed by the silicon atoms, but many electrons still reach
the surface of the cell. These electrons can be collected by a
metallic grid and an electric current will flow if the grid is
connected to the metal contact on the other side of the cell by

an external circuit.
» PV modules:

PV modules or solar modules have dc. Electrical output
power even though there are no moving parts and no
pollutants emitted. PV systems are modular which gives it an
advantage of being able to increase its size even after it has
been installed. It is flexible, easy, and quickly coordinated and

constructed into an array or a PV plant.
There are three types of PV modules:

e Amorphous silicon modules
e Mono crystalline solar cells

e Poly crystalline solar cells

14



Cell Module Array

Figure (2.6): Cell, Modules, Array

(a) (b}

Figure (2.7): Types PV modules.
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Capacity in the range of 200 Wp to 10 kWp. These
ranges of Solar Photovoltaic (SPV) Water Pumping Systems
are for “Irrigation” applications. However, these may also be
used for “Drinking ~ Water = Applications =~ wherever such
capacities are required.” PV Array should be mounted on a
suitable structure with a provision of tracking the sun.

The SPV water pumping system should be
operated with a PV array capacity in the range of 200 W peak
to 10000 W peak, measured under Standard Test Conditions
(STC). Enough modules in series and parallel could be used to
obtain the required PV array power output. The power output
of individual PV modules used in the PV array, [129] under
STC, should be a minimum of 125 W peak, with adequate
provision for measurement tolerances. Use of PV  modules
with higher power output is preferred. Indigenously
produced PV  module (s) containing mono/ multi crystalline
silicon solar cells should be wused in the PV array for the SPV

Water Pumping systems.

2.5.2 Motor Pump Set (Surface or submersible):

There are two kinds of pumps, submersible, and surface
pump. For example, submersible pumps are wused in far
depths and surface ones are used in depths not exceeding
three meters. So that and because in wells those have been
used in irrigations are deeper, we have wused submersible
pump (SP).

Also, solar pumps are classified into two kinds of DC motor

pump  (use direct current) and AC Motor Pump (use

16



alternative current) set with a suitable inverter. At this study
we have used DS pump because it is more economic.

The pumps wused for solar application should have a 5-year
warranty, so it is essential that the construction of the pump
be made wusing parts which have a much higher durability and
do not need replacement or corroded for at least 5 years.

Submersible pumps could also be used according to the
dynamic head of the site at which the pump is to be used. It is
recommended that all parts of the pump and the motor of the
submersible pumps should be made of stainless steel.

Provision for remote monitoring of the installed pumps must
be made in the controllers or the inverters either through an
integral arrangement or through an externally titted
arrangement. It should be possible to ascertain the daily water
output, the power generated by the PV array, the up time of

the pump during the year.

Submersible pump forms  principal components and
they are motor, inlet or suction part, out part, chamber stack,

and figure (2.9) explain these parts.

17



7: SP pump.

Outlet

Non-return valve

Chamber stack

Chamber stack

Inlet

Figure (2.9): Submersible parts.
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2.5.3 Reservoir:
Reservoirs are used to store water that had been pumped by

pump to be wuse in night or day irrigation. We have used
reservoir instead of batteries in night irrigation. Batteries are
costly and more damaging, also electric store operations are so
difficult and limited; therefore, we have used reservoir.

We have designed reservoir-like room by dimensions
agreeing with the mount of daily required water by using
more available material such as red  bricks, sands, and
cements. Using these materials is better than other kinds of

reservoir as metal reservoir which suffers from corrosion.

2.5.4 Controllers:
This  component is  especially  important for  the

system, and the wusage of controllers is shaped in regulating
current into pump, protecting pump from overload and over
temperature, therefore any submersible pump must relate to

PV panel through PS controller to save operation.

19



Figure (2.10): PS controller.

2.5.5 Tubes:

Tubes those have been used must be made from
stainless steel material which has small roughness factor that
decrease the friction losses, as it is no corrosion and the
important thing because tube will stay a long time inside
water for many years (at least 5 years) that tube will be

damaged.

2.5.6 Fittings:

In irrigation practices fittings that are popular being used
are T fitting, elbow fitting (90 deg), valves, as it is fitting must
be few to decrease losses in power. And they are wused in

controlling the water flow.

20



2.6 Methodology:
Firstly, we have studied the theoretical side of the

project, the components of the system especially the
basic components such as the PV panels and pumps, and
other important components such as control wunit, pipes,
and the PV directing mechanism. Then we collected data
about their types, work theory and classifications.

Secondly, we have regulated these data and distributed
them to units or chapters so they could be used use.

Third, numerical study to calculate amount of power in
(kW) which has been developed by PV panels then
number of PV panels modules which give the required
demand of water per meter cubic.

Fourthly, we have drawn, and water animated by using
SOLID WORKS SOFT WARE PROGRAM.

Fifthly, @ we have simulated the performance of the
system under specific conditions by wusing PVsyst SOFT
WARE PROGRAM.

2.7 Project out line:
The project contains nine chapters as follow:

»> Chapter one: contains a general introduction of the
project,  definition of the problem, significances and
objectives, scope of work, the methodology of a project
and timetable of project activities.

»> Chapter two: takes the theoretical sides of all project

sections, literature reviews.

21



Chapter three: takes a little introduction, the project
methodology, flow chart and software programs.

Chapter  four: talks about geographical features  of
Sudan, beside the study for the climate and terrains.

Chapter five: talks about designing the model and its
components.

Chapter  six: describes ~ PVsyst  software  and  the
procedures for implementing the project.

Chapter seven: it contains the validation and the main
results for the project by using the PVsyst software.

Chapter eight: talks about the calculation and
discussion of the results.

Chapter nine: is the last one containing the

recommendations and conclusions.

22



Chapter 3

3.1 Introduction:
After  collecting required and important data we

have transferred to the designing stages by using mechanics
of fluids equation (BERNOULLI's equation, fluids continuity
and power equation, losses in pipes equation). In addition of
the sun slope angle equation in Sudan. Then determining
number of (PV) panels, after that modeling, simulation, and

programming.

3.2 Flow chart:

It is a simple method to explain the logical

arrangement of the project activities as it is shown below.

23
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Figure (3.1): The flow chart of the project.

3.3 Equations of the project:
In any pumpingsystem, the role of the pump is to

provide sufficient pressure to overcome the operating
pressure of the system to move fluid at a required flow rate.
The operating pressure of the system is a function of the flow
through the system and the arrangement of the system in
terms of the pipe length, fittings, pipe size, the change in
liquid elevation, pressure on the liquid surface, etc. To achieve
a required flow through a pumping system, we need to
calculate what the operating pressure of the system will be to

select a suitable pump.

3.3.1 Power Equations:
The principle and especially important equation at

this side of the project is the power equation that calculates

our required power to give a certain amount of water in

(Watt).

P — Q+Hx*G*p (31)

nm+np

25



Where:

P = total power that system needs (w)
Q = flow rate of water (m?/s)

H = total head (m)

G = constant of the gravity (m/s"2)

0 = density of water (kg/m”3)

[Im = efficiency of motor (%)

Np = efficiency of pump (%)

Then after that we can find the number of modules of the (PV)

panels by using this equation:

N== (3.2)
Where:

N = number of modules of (PV) panels (once)
n = capacity of modules (watt)

P = total power that system needs (watt)

3.3.2 Head and losses equations :(3.3 refer)

We have two kinds of head static and dynamic head

where total head equals the summation of static and dynamic

head.

Htotal=Hd+Hs+(P1-P2) (3.3)
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Note:
The term of the pressure difference (P1-P2) is

neglected because it is so small in value.

often

Hdmin=discharge level-reservoir level (TWL) (3.4)

Hsmax=discharge level-reservoir level (BWL) (3.5)

K*V2
Hd= s (3.6)
K = nK(pipes) + nK(fittings) (3.7)
k(pipes) = L (3.8)

D

And we can find f from The Colebrook equation: **

f — 0.25 . (39)
gy s}

Re =22 (3.10)

Where:

Htotal = total system head (m)
Hsmin = minimum static head (m)
Hsmax = e maximum static head (m)
TWL= top water level (m)

BWT =bottom water level (m)
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Hd = dynamic head (m)

K =losses coefficient

V = velocity of water (m/s)

G = constant of the gravity (m/s?)

D = internal diameter of pipe between the reservoir and the

source of water (m)

f = coefficient of friction

L = pipe length between the reservoir and the source of water
(m)

n = number of components

Re = Renold number (nondimensional)

k (small letter) = the pipe roughness factor (m)

v = kinematic viscosity (m?/s)

P1 = pressure on the water source surface (N/m?)

P2 = pressure on the reservoir surface (N/m?)

Note:
> The losses coefficient of fittings (F (fittings)) is standard
values and obtained from standard tables.
» The pipe roughness factor k 1is standard value obtained
from standard tables and is based upon the material of
the pipe, including any internal coating, and the

internal condition of the pipeline.
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Table  (3.1) following  gives the losses  coefficient

value of many.

commonly used fittings.

Table (3.1): Losses coefficient value of fittings (*)

The table following gives the roughness coefficient of many

common materials that are used in pipe productions.

Table (3.2): Roughness coefficient table
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0.012

0.011

0.015

0.013

0.022

0.016

0.011

0.009

0.01

0.011

0.019

0.012

0.009-0.011

0.012

0.010

0.012

0.011

3.3.2 Velocity equation:
It is necessary to calculate the velocity of water that

is used in many equations.

_¢
V=2 (3.11)
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A= (3.12)

Q = flow rate of water (m?/s)

V = velocity of water (m/s)

A = the internal section area (m?)
D = the internal pipe diameter (m)

Also, we can wuse this equation which it is known as
Torricelli equation to determine the initial velocity of any

static fluid:

V=+vV(@2*g+h) (3.13)
Where:

V = velocity (m/s)

g = the constant of the gravity (m/s"2)

h =high level of water (m)

Tilt angle:

There are many methods to determine the tilt
angle of the PV panels, but these methods are so complicated.
And because we will use sun tractor therefore, we have used
the easiest one. As we have seen, determining the tilt angle

depends on the latitude as we have at this table.
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Table (3.3): Tilt angle selection table

Site latitude (degree) Tilt angle (degree)
I

15 to 25 Same as latitude

25 to 30 Latitude +5

30 to 35 Latitude +10

35 to 40 Latitude +15

Above 40 Latitude +20

Finally, the design process can be structured in sequential

steps:

3.4 Steps of designing a Solar Pumping System:

Step 1 - Determining basic amount of water required per day.
Step 2 - Calculating the total dynamic.

Step 3 - Determining the solar insulation for location.

Step 4 - Selecting the pump, controller, and solar array.

Step 5 - Selecting the correct solar array mounting method.
Step 6 - Selecting the right size pump cable and pipe.

Step 7 - Using water level sensors and pump controls.
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Chapter 4

GEOGRAPHICAL FEATURES:
Sudan is in the northeastern part of Africa and occupies

1,886,000 square kilometers. Since ancient times Sudan has
been the largest African country with an area that represented
more than 8 percent of the

African continent and 2% of the world’s total land after the
separation of South Sudan from the north in 2011. Sudan is
divided into eighteen states and every state with special

administrative status [35].

4.1 States of Sudan are:
1. Khartoum

North Kordofan
Northern
Kassala

Blue Nile

North Darfur
South Darfur

South Kordofan

 ® N & @ o= W b

Gezira

—_
(@)

. White Nile

—_
—_

. River Nile

—_
N

. Red Sea

—_
(O8]

. Al Qadarif

—_
S

. Sennar

—_
6)]

. West Darfur
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https://en.wikipedia.org/wiki/Khartoum_(state)
https://en.wikipedia.org/wiki/North_Kordofan
https://en.wikipedia.org/wiki/Northern_state,_Sudan
https://en.wikipedia.org/wiki/Kassala_(state)
https://en.wikipedia.org/wiki/Blue_Nile_(state)
https://en.wikipedia.org/wiki/North_Darfur
https://en.wikipedia.org/wiki/South_Darfur
https://en.wikipedia.org/wiki/South_Kordofan
https://en.wikipedia.org/wiki/Gezira_(state)
https://en.wikipedia.org/wiki/White_Nile_(state)
https://en.wikipedia.org/wiki/River_Nile_(state)
https://en.wikipedia.org/wiki/Red_Sea_(state)

16. Central Darfur
17. East Darfur

18. West Kordofan.

Figure 4.1: states of Sudan [34].
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https://en.wikipedia.org/wiki/West_Darfur
https://en.wikipedia.org/wiki/Central_Darfur
https://en.wikipedia.org/wiki/West_Kordofan

4.1.2 Terrain:

Sudan is flat, featureless plain; mountains in the far south,
west, and northeast; [29] desert dominates the north

especially.

4.1.3 Climate Study of Sudan:

Climate change poses significant challenges to Sudan. Climate
Change is not merely an environmental issue that is defined
by  precipitation and temperature changes; it represents a
serious sustainable development problem that affects
everyone in the country, [28] particularly those in rural
communities who are the most vulnerable. Therefore, Sudan
considers effective and ongoing efforts to adapt to climate

change a national priority.

Although Sudan lies within the tropics, the climate ranges
from arid in the north to tropical wet-and-dry in the far
southwest. Temperatures do not vary with the season in any

way.

Location: the most significant climatic variables are rainfall
and the duration of the dry season. Variations in the length of
the dry season depend on which of two air flows
predominates, [25] dry northeasterly winds from the Arabian
Peninsula or moist southwesterly winds from the Congo River

basin.

From January to March, the country is under the influence of
the dry northeasterlies. There is no rainfall in the Sudan

except for a small area in northwest Sudan in where the winds
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have passed over the Mediterranean bringing occasional light
rains. By early April, the moist southwesterlies have reached
southern Sudan, bringing heavy rains and thunderstorms. By
July, the moist air has reached Khartoum, and in August it
extends to its wusual northern limits around Abu Hamad,
although in some years the humid air may even reach the
Egyptian border. The flow becomes weaker as it spreads
north. In  September, the dry  northeasterlies begin to
strengthen and to push south and by the end of December
they cover the entire country. Yambio, close to the border with
Zaire, has a nine-month rainy season (April-December) and
receives an average of 1,142 millimeters of rain each vyear;
Khartoum has a three-month rainy season (July, September)
with an annual average rainfall of 161 millimeters; [28]
Atbarah receives showers in August that produce an annual

average of only 74 millimeters.

In some years, the arrival of the south westerlies and their rain
in central Sudan can be delayed, or they may not come at all
If that happens, drought and famine follow. The decades of
the 1970s and 1980s saw the southwesterlies frequently fail,

with disastrous results for the Sudanese people and economy.

Temperatures are the highest at the end of the dry season
when cloudless skies and dry air allow them to soar. The far
south, however, with only a short dry season, has uniformly
hot temperatures throughout the year. In Khartoum, the
warmest months are May and June, when average highs are
41° C and temperatures can reach 48° C. Northern Sudan,

with its short rainy season, has hot daytime temperatures
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year-round, except for winter months in the northwest where
there is precipitation from the Mediterranean in January and
February. Conditions in highland areas are cooler, and the hot
daytime  temperatures  during the dry season  throughout
central and northern Sudan fall rapidly after sunset. Lows in
Khartoum average 15° C in January and have dropped as low

as 6° C after the passing of a cool front in winter[11].

The haboob, a violent dust storm, can occur in central Sudan
when the moist southwesterly flow first arrives (May through
July). The moist, unstable air forms thunderstorms in the heat
of the afternoon. The initial downflow of air from an
approaching storm produces a huge yellow wall of sand and

clay that can temporarily reduce visibility to zero.

The capital is Khartoum:

Location :15.563597° N, 032.534912° E, elevation 385(m)

Time zone: UTC+02, Africa/Khartoum [CAT)]
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Average hourly profiles:

Direct normal irradiation [Wh/m?]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

e s 1 _ 116 9

323 305 346 342 274 205 142 108 191 323 438 395
-9 407 335 258 218 324

0 N ok WN 2o
T T
W N oW N =

9-10 442 359 320 438
10-11 433 392
11-12 460 421
12-13 454 418
13-14 423 391
14-15 353 329
15-16 261 239
16-17 307 370 344 309 247 189 156 124 129 154 212 251
17-18 .
18-19
19-20
20-21
21-22
22-23
23-24
Sum 6219 6134 5962 5686 4811 4079 3396 3013 3841 4949 6061 6128

Figure  4.2: average  hourly  profiles in  Khartoum,

Source: globalsolaratlas.info
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Figure 4.5: Monthly rate of direct normal irradiation.

Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec

The average daily horizontal irradiation 5.8 — 7.2 kw/m2/day
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4.2.1Sudan’sStatesRankingBy AverageYearly Temperatures:

Gezira =
Khartoum E=
Sennar =

White Nile =
Kassala =
Gedaref =

Blue Nile =
Northern K=
South Kordofan =
North Kordofan K=
West Kordofan e
Red Sea K=

South Darfur K
River Nile =

West Darfur K=

East Darfur =

Lty

—
—
—

32.52°C | 90.54°F
32.32°C| 90.18°F
32.26°C | 90.07°F
32.11°C | B9.8°F

32.02°C | 89.64°F
31.28°C | 88.3°F

30.44°C | 86.79°F
30.31°C | 86.56°F
30.23°C | 86.41°F
30.16°C | 86.29°F
30.04°C | 86.07°F
29.91°C | B5.84°F
29.57°C | 85.23°F
28.94°C | 84.09°F

28.38°C | 83.08°F

26.76°C | 80.17°F

Figure 4.6: shows average temperature in Sudan [28].
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Table 4.1: Geographic coordinates — Some Cities of Sudan:

No Name of | Latitude Longitude Altitude(m
state ) (®) )
1 Halaib 22013'N 36°39'E 52.00
2 Wadi Halfa 21955'N 31°21'E 190.00
3 Portsudan 19°35'N 37013'E 5.00
4 Abu 190 32'N 33°20'E 315.00
Hamed
5 Dongola 19°10'N 30°29'E 225.00
6 Gebeit 18°57'N 36°51'E 795.00
7 karima 18°33'N 31°51'E 250.00
8 Toker 18°26'N 370 44'E 20.00
9 Atbara 170 40'N 330 58'E 345.00
10 Derudeb 170 35'N 36° 06'E 510.00
11 Hudeiba 170 34'N 33°56'E 350.00
12 Shendi 16°42'N 33°26'E 360.00
13 Aroma 15°50'N 33°09'E 430.00
14 Wadi 159 40'N 33032'E 385.00
Seidna
15 shambat 15°40'N 33032'E 380.00
16 khartoum 150 36'N 32033'E 380.00
17 Kassala 150 28'N 360 24'E 500.00
18 Jebel Aulia 15024'N 32030'E 380.00
19 Halfa el | 15°19'N 350 36'E 450.00
Gedida
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20 Abu Quta 149 55'N 35044'E 390.00
21 El Showak 140 24'N 35°51'E 510.00
22 Wad 14°23'N 33°29'E 405.00
Madani
23 Medina 140 22'N 33°19'E 405.00
Block
24 Kutum 14912'N 249 40'E 1160.00
25 El Gadarif 149 02'N 35024'E 600.00
26 Ed Dueim 13959'N 32020'E 380.00
27 El Fasher 13°38'N 25°20'E 733.00
28 Sennar 13933'N 250 37'E 420.00
29 El Geneina 13929'N 22027'E 805.00
30 Kosti 13°10'N 32040'E 380.00
31 El obeid 13°10'N 33°14'E 570.00
32 Dankog 13°05'N 23°59'E 965.00
33 Umm 13°04'N 33057'E 435.00
Benein
34 Zalingei 120 54'N 23°29'E 900.00
35 Abu 120 44'N 34°07'E 445.00
Naama
36 El Nahud 12042'N 280 26'E 565.00
37 Nyala 12004'N 42°53'E 655.00
38 Rashad 11952'N 31°03'E 885.00
39 Ed 11949'N 34024'E 470.00
Damazin
40 El Renk 11945'N 32047'E 470.00
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Sudan is classified into five climate zones as follows:
1-Hyper Arid.
2- Arid.
3-Semi-Arid.
4-Dry Sub Humid.

5- Moist Sub Humid.

Figure 4.7: Climate zones by means of remote sensing.

As shown in the above figure 4.3; in the northern part (zone 1,
red one) warm desert climate zone during the summer
temperatures exceed till 45C% the desert =zones rainfall is
negligible except in the center such as the capital Khartoum,
and Gezira city where the rainfall is common from June till

September. Examples of some cities in this zone (the red one)
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Figure 4.8: Metrological data of Sudan.
are Dongola, Kassal, Port Sudan, and the capital Khartoum,
the mean maximum temperature recorded the highest
in Khartoum and Dongola cities, [31] while the highest

of humidity are in Port Sudan city because it is a coastal area

close to the Red Sea.

In the center for

temperature can reach 27 (9,

255 mm.

In general, the

example

northern part

the

compared to the other parts of the country.

Darfur is in

(Zone 3) it has moderate

high rainfall and

southwestern warm Semi-arid
summer

relative humidity;

capital Khartoum the

while the annual rainfall
of Sudan has a harsh
climate zone

and winter

this is because its

is remarkably close to the tropical savannah region.
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Kassala, Khartoum, Dongola, and Nyala for the:

(a) mean maximum temperature for 30 years period.
(b) mean minimum temperature for 30 years period.
(c) annual relative humidity in 2009 (CBS).

(d) mean precipitation (mm) for a 30-year period.

4.1 The Types of Soil in Sudan:
The Sudan's soils can be divided geographically into three

categories. These are the sandy soils of the northern and west
central areas, the «clay soils of the central region, and the
laterite  soils of the south. Less extensive and  widely
separated, but of major economic importance, is a fourth
group consisting of alluvial soils found along the lower
reaches of the White Nile and Blue Nile rivers, along the main
Nile to Lake Nwubia, in the delta of the Qash River in the
Kassala area, and in the Baraka Delta around Tawkar near the

Red Sea in Ash Shargqi State.

Agriculturally, the most important soils are the clays in central
Sudan that extend from west of Kassala through Al Awsat
and southern Kurdufan. Known as cracking soils because of
the practice of allowing them to dry out and crack during the
dry months to restore their permeability, they are wused in the
areas of Al Jazirah and Khashm al Qirbah for irrigated

cultivation. East of the Blue Nile, [27] large areas are used for
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mechanized rainfed crops. West of the White Nile, traditional
cultivators use these soils to grow sorghum, sesame, peanuts,
and (in the area around the Nuba Mountains) cotton. The
southern part of the clay soil zone lies in the broad floodplain
of the wupper reaches of the White Nile and its tributaries,
covering most of Aali and Nil and wupper Bahr al Ghazal
states. Subject to heavy rainfall during the rainy season, the
floodplain proper is inundated for four to six months--a large
swampy area, As Sudd, is permanently flooded--and adjacent
areas are flooded for one or two months. In general, this area
is poorly suited for crop production, but the grasses it

supports during dry periods are used for grazing.

The sandy soils in the semiarid areas south of the desert in
northern  Kurdufan and  northern  Darfur states support
vegetation wused for grazing. In the southern part of these
states and the western part of southern Darfur there are the
so-called qoz sands. Livestock raising is this area's major
activity, but a significant amount of crop cultivation, of millet,
also occurs. Peanuts and sesame are grown as cash crops. The
qoz sands are the principal area from which gum arabic is
obtained through tapping of Acacia senegal (known locally as
hashab). This tree grows readily in the region, and cultivators
occasionally plant hashab trees when land is returned to

fallow.

The Ilaterite soils of the south cover most of the western Al
Istiwai and Bahr al Ghazal states. They wunderlie the extensive
moist woodlands found in these provinces. Crop production

is scattered, and the soil, where cultivated, loses fertility
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quickly; even the richer soils are wusually returned to bush

fallow within five years.

4.2 Irrigation in Sudan:
Sudan has the largest irrigated area in sub-Saharan Africa and

the second largest in all Africa, after Egypt.

The total estimated area fully equipped for irrigation is

1,764,635 ha and an estimated cropped area of 1,148,665 ha.

There are two categories of irrigation in Sudan, the traditional
one and the modern schemes. For the first type of irrigation is
practiced on the floodplains of the main Nile downstream of
Khartoum and on the substantial areas along the blue and

White Nile.

Irrigating by pumping water started at the beginning of the
20t century, substituting traditional water wheel techniques

and the traditional flood irrigation.

The Gezira Scheme is Sudan’s oldest and largest gravity
irrigation ~ system, located between the Blue Nile and the

White Nile.

Gezira Scheme is an irrigated scheme with cultivable area of
2.1 million feddan (0.9 millionha). The major crops produced
in the scheme are cotton, wheat, sorghum (dura), [1] and
groundnut (GN). Vegetables, such as tomatoes and onions, are
produced asminor crops. During the period 1987-2002, the
scheme contributed about 58%, 46%, 12%, and 23% of cotton,
wheat, sorghum, [12] and groundnut to total production,

respectively.
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In Sudan, farmers wuse furrow or drip irrigation, which is a
common  method  for  irrigating  tomatoes, thanks to its
economic advantages in saving water and increasing the yield

production.

In general, regularity in watering the plants are important,
especially during the summer and winter seasons, On the
other hand, the needed water depends on the type of soil and
on the weather (temperature, humidity, and the amount of

rain).

Tomatoes harvested in Sudan during the summer period are
sown in nursery plants during February. In March, the
seedlings are transplanted in the fields. FEight to ten weeks
after sowing, flowering occurs in the middle of May. At the
end of this month and at the beginning of June, fruits ripening

occurs. In July, the fruits are ready to be harvested.

In normal rainfall conditions, the irrigation interval can be
increased to 3 days. In practice, as April is wet, and the rains

are good.

4.3 Solar Energy for Irrigation in Sudan:
Solar energy has been used in water application water

pumping, especially in remote agricultural areas especially in

western of Sudan.

The need to save water and energy is a critical issue, [2] and it
has increased over the last few years and will become the

most prominent issue soon.
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Sudan has been considered as one of the best countries for
exploiting solar energy. The sunshine duration ranges from
85 to 11 h day?!, with elevated level of solar radiation regime
at an average of 20-25 M] m?2day'on the horizontal surface.
The annual daily mean global radiation ranges from 3.05 to
7.62 kW m?2day! However, Sudan has an average of 7-9 (J

m2 year, equivalent to 436-639 W m2 year.

The greatest amount of solar radiation in Sudan is found
between 15 and 35 Ilatitudes north. The speed and the
direction of the wind varies during the seasons of the year. In
summer winds are supplemented by sand and dust in the
direction of Nort west to southwest, while in winter season
the wind speed ranges between 0.54m/s and 1.54m/s in north

and northwestern direction [3].

(2]

Port Shambat Wad El Abu  Ghazala Dongpela Hudeiba El Kadugli
Sudan Fedani Fasher DNaama Gawazat Showak
W Sunshine duwration (h/day) & Solar radiatien [EKWh,/m2Z/day)

Figure 4.9: Solar Potential of Different cities in Sudan.
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The graph shows two sets of data for various locations. The

locations listed along the horizontal axis are:

Port Sudan
Shambat

Wad Medani

El Fasher

Abu Na'ama
Ghazala Gawazat
Dongola
Hudeiba

El Showak
Kadugli

For each location, there are two bars representing different

datasets:

The blue bars represent "Sunshine duration (h/day)," which

indicates the average number of hours of sunshine per day.

The red bars represent "Solar radiation (kWh/m?/day)," which
indicates the average solar power received per square meter

per day.

The vertical axis goes from 0 to 12, with increments of 2, but it
is not clear whether it relates to both sets of data or just one,
as the blue bars appear to decrease gradually from left to

right, though not strictly monotonically.
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The cities with highest solar radiation are in the northern and

western parts of the country, namely Dongola, El Fasher

Both sets of data are high, suggesting that these locations
receive a significant amount of sunshine and solar radiation,

which could be important for solar energy considerations.
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Chapter 5

Design The model and its components:

5.1 SYSTEM MODELING AND EVALUATION:

To evaluate the system elements' size and optimize the energy

generated, an essential consists of modeling the installation

component.

ﬁ —”— Regulator 7 ll .

Inverter

PV panels Irrigation

R SR

=

Battery
bank

Reservoir

Submerged
pump

Figure 5.1: Proposed PV Irrigation System.
Figure 1 depicts a schematic diagram of a solar-powered

irrigation system. The components are connected in sequence
to illustrate the flow of energy and water from the solar panels

to the field being irrigated. Here 1is the breakdown of the

system:

1- PV PANELS:

Photovoltaic panels, also known as solar panels, are the first

component in the system. They convert sunlight into electrical

energy.
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2- MPPT:

The stands for Maximum Power Point Tracking, a technology
used in solar inverters to maximize the power extraction

under all conditions. It is connected directly to the PV panels.
3- Regulator:

This device regulates the electrical energy from the solar
panels, ensuring that the batteries are charged correctly and

not overcharged.

4- Battery bank:
The regulated power charges a bank of batteries. This stored

energy can then be wused when sunlight is not available,

ensuring a continuous power supply.

5- Inverter:
The inverter converts the direct current (DC) from the solar

panels and batteries into alternating current (AC), which can

be used to power AC devices.
6- Submersible Pump:

This pump 1is powered by an inverter and is wused to draw

water from the reservoir.

7- Reservoir (Storage):
A tank or storage system for water that is to be wused for

irrigation.
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8- Irrigation:
The final step is where water is delivered to the fields or crops

to provide them with necessary hydration.

This system models how solar energy can be harnessed to
provide a sustainable water supply for irrigation purposes. It
is a closed - loop system designed for efficiency, with a
renewable energy source and storage capabilities to ensure the

pump can operate even when sunlight is not available.

5.1.1 PVs Models:

The panels are the source that generates the electric energy for
the rest of the component. To wunderstand the PV panel
behavior, an essential step consists of studying the parameters
affecting the PV power generation. These parameters are the
solar radiation G, the ambient temperature Ta, and the panel

characteristics.

5.1.2 Solar Radiation:

solar radiation data are needed for designing, energy, and

economic evaluation of solar energy systems.

Solar radiation data provide information on how much of the
sun's energy strikes a surface at a location on the Earth during

a period.
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In this model, the solar radiation depends on the position of
the sun, which is determined by wusing the declination and

hour angle of the sun as explained in the following:
Solar declination:

The sun's declination &, needs to determine its position, which
is the angle between the sun's direction at the solar noon and
its projection on the equatorial plane. In fact, [138] it reaches
its maximum (23.45°) at the summer solstice (21 June), and its
minimum (-23.45°) at the winter solstice (21 December). It is

described by Cooper's equation:
8 = 23.45sin (2m284+d/365).

Where d is the day number in the year.

5.1.3 Hour Angle of The Sun (w):
The hour angle of the sun w is the sun east to west angular

displacement around the polar axis. the value of hour angle is
zero at noon, positive in the afternoon, and negative in the

morning and it is increased by 15 © per hour.

the equation of hour angle of the sun ws at sunset is given by:
Cos ws =-tgpTgd

where § is the declination (°)

while gis the latitude (°)
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Figure 5.2: Solar radiation angles.

0z: the zenith angle of the sun(®), given by:

cos 0z = sind sin9 + cos & cos Y cos w

5.1.4 Sum of the hourly values of the solar radiation:
The evaluation of the solar energy Wpv is

summing the solar radiation received during the
it is assumed that during the hour, the solar

constant. Hence, the solar energy (Wh) is expressed by:

rﬁ%

W= ) H)d

tﬁl‘

where:
tsr: the time of sunrise,

tss: the time of sunset.

59

performed by

day. Hence,

radiation

is



Position of the sun:
Sin HS =Sin LAT. Sen 6 + cos LAT. cos LAT. cos 6 . Cos AH
Sin Az=Cos 6 . Sin AH /Cos HS

Where:

HS = Latitude (Place)

8 = Declination angle (Day)
AH = hour angle (Time)

HS = sun height angle

AZ = sun azimuth angle

Ambient temperature distribution model:

The distribution model used to forecast

temperature Ta (t, d) of the day d at the hour t depends on the
minimum temperature and the maximum

Tmin(d), Tmax (d) of the day. Thus, Ta (t d) is expressed by

below equation:

T.(t,d)=
6.0 ; 2
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5.2 MPPT Techniques:

MPPT stands for Maximum Power Point Tracking, is
algorithm  that included in  change  controllers used  for
extracting maximum available power from PV module under
certain  conditions, the voltage at which PV module can
produce maximum power is called (maximum power

point=peak power voltage).

Maximum power varies with solar radiation, ambient
temperature, and the solar cell temperature. The typical PV
module  produce power voltage of around 17 V  when
measured at cell temperature of 25°C, it can be drop around 15
V on a very hot day and also arise up to 18v on a very cold

day.

5.2.1 How MPPT Works:

The major principle of MPPT is to extract the maximum
available power from PV module by making them operate at
most efficient voltage (maximum power point), MPPT checks
output of PV module, compare it to battery voltage. Then fixes
what is the best power that PV module can produce to change
the battery and converts it to the best voltage to get the

maximum current into battery.

Peak Power and Cell Efficiency:

The reference standard condition (STC) to define peak power

cell efficiency:
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-Irradiance equal to 1000 W/m2,
-Cell temperature equal to 25°C.

To gain the maximum amount of from the solar cell it should
operate at the maximum power voltage. The maximum power
voltage is further described by Vmp, the maximum power

voltage and Imp, the current at the maximum power point.

10
current

8 -
_3‘: At the maximum power point
z 67 Pmax = Iyp X Vip
4 dP/dv = 0 X_,
< PN
5
(V]

power
0 = T Ll I 1 T 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

voltage (V)

Figure 5.3: The maximum power voltage occurs when the differential of the

power produced by the cell is zero.

Pmax =Imp*Vmp.

Where:
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Pmax = maximum power,
Imax = the current at maximum power point,

Vmp = the voltage at maximum power point.

5.4 Choice of modules and voltage:
The choice of modules includes:

-Identification =~ of the type of  material (crystalline  or

amorphous silicon, CdTe, CIS, etc.)
-Identification of the type of module.

The cost of the modules available on the market affects the

choice of the module itself.

Large modules (e.g.,, 250w) mean fewer anchoring points and

fewer cabling, but also imply less flexibility.

The power of the system determines the number of modules
needed; the choice of the system voltage identifies the number

of modules that make up the single string.

Criteria to choose the voltage:
-Regulatory aspects (may be better low voltage)
-Containment of energy dissipation (better high voltage)

-Adaptation to  the electrical characteristics of the other

system components
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Connection of PV Modules, Series Vs Parallels:

There are two possibles ways we can wire solar panels: series
and parallel. Both types of wiring have pros and cons. The
main differences in our solar panels in series vs parallel are
the output voltage and input voltage. Solar panels that are
wired in series have their output voltages added together,
while their output current (amperage) remains the same. On
the other hand, solar panels that are wired in parallel have
their output currents added (increased amps), however, their
output voltage will be the same .in short for solar panels
wired in series, we add voltages together, while for panels

wired in parallel, we add the amperages together.

@ i

®

S S a ®

© © S

Series Parallel

Figure 5.4: Ways of connection to the PV module.
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5.3 Inverter:
As in most research related to water pumping, the motor

pump adopted is an IM, since it is simple in control and its

price is encouraging.

Hence, since the IM needs to be supplied by AC signals, a

three -phase is used to convert the signals from DC to AC.

The inverter is composed of six IGBT switches each shunted in
antiparallel by a  fast-freewheeling  diode, to  return the
negative current to the filter capacitor provided at the input of

the converter.

Hence, the is controlled by analog values. Ti and T’ are the
ideal switches of the same inverter arm, for switch are
associated the logic control signals Si and Si, respectively,

where Si =1 if Ti is switched on and Si = 0 if Ti is switched off.

¢ ﬂ( JUL JUL '< -
S S, S.
: | ) ’ }} Iel
i —
B > ] e N
V., | =c ! -
153
illi (i _I'L_rL{ |
S 5 S5

Figure 5.5: Schema of the three-phase inverter.
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5.4 Pump:

In general, the pump wuses electric power to  provide

mechanical energy to the water.

In fact, the pumps are either positive displacement or dynamic
pumps. The  positive  displacement pumps are used in
applications characterized by a constant discharge speed, or at
high heads and low flow rates, since this type of pump
delivers periodic flows, dynamic pumps are wused, as they are
adequate when the application needs a variable discharge

speed, or at high flow rate and low or moderate heads.

Centrifugal pumps are commonly wused, since they require less
torque to start, and produce more head than other dynamic

pumps at variables speed.

Moreover, in addition to their simplicity and low cost, they
are characterized by their limited maintenance; moreover,

centrifugal pumps are available for different flow rates and

heads.

Hence, for this application, a centrifugal submerged pump is

selected.
5.6.1 Performance parameters of solar pump:

The performance of a PV water pump depends on the water
flow rate which is influenced by weather conditions in the
location, especially solar  radiance, and air ~ temperature
variations. the performance of solar pump dependence on the
water requirements, size of storage tank, head (m) by which

water must be filled, water to be pumped (m3), PV array

66



virtually (kWh), pump efficiency (%), and system efficiency
(%)

Discharge
Velocity Head
Discharge
Friction Head 1 _
e Storage
I@I Tank
S S S

Discharge \
Head PV Array
Total

Static Head

Dynamic
T I Pum; DC NPPT
Head 1 i Motor
Suction
Head
Suction T - —— — Water Level
Friction Head :
Suction T
-~ Velocity Head -

Figure 5.5: A schematic of a typical direct-coupled DC solar photovoltaic
water pumping system with MPPT.

The efficiency of PV technology used in PV generator has also a
great influence on the performance. Besides the degradation
of PV panelsis one of the important parameters which affect
the performance of a solar pump.

The performance of solar water pumping system depends on

the following parameters:
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https://www.sciencedirect.com/topics/engineering/photovoltaic-technology
https://www.sciencedirect.com/topics/engineering/photovoltaic-panel

e Solar radiation availability at the location.

e Total Dynamic Head (TDH): Sum of suction head
(height from suction point till pump), discharge
head (height from pump to storage inlet) and

frictional losses.

e Flow rate of water.

e Total quantity of water requirement; and

e Hydraulic energy: potential energy  required in
raising the water to discharge level.
Hydraulic  energy # (kWh/d) required per day to supply a

volume of water (m®) at TDH is given by:

E= p.gViTHD

where:11

p = is the water density.

g = the acceleration due to the gravity (9.81 m/s2)
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TDH = is the total dynamic head (m), is the sum of static

head(m) and friction losses (m).

Solar photovoltaic array power Ppv required is given by:

PPU:EW/(ITXnmeF)

where:
It =is the average daily solar irradiation (kWh/m?2day)

incident on the plane of array.

F =1is the array mismatch factor.

nmp = is the daily subsystem efficiency.

The amount of water pumped V (m?®) is given by.

V = (Pp % It x 1, x F)/(p x g x TDH)

The efficiency of the motor-pump system nmpis given as

follows:

Efficiency = hydraulic energy output/input energy input

Efficiency of PV array (%) is given by.

P (W)

Moo = T jmd)doGrt) < 100
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The overall solar water pump system efficiency is obtained as

Neotal — (??pv X ??mp)'

In this chapter we described the components model of an
autonomous PV installation for pumping water to irrigate an

agriculture land.

As general conclusion, the efficiency of the components model
will be assessed and proved by PVsyst software. Hence, the
components models will be wused to determine the optimum

components size in the calculation chapter.
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Chapter 6

6.1 PVsyst Software:

PVsyst stands for Solar Design Software and is designed for
the solar industry. It includes a detailed contextual help menu
that explains the procedures and models that are used and
offers a wuser-friendly approach with a guide to develop a

project.

PVsyst can import meteo data, as well as data from many

different sources.

Two main reasons make PVsyst famous, accurate and flexible:

1-The PVsyst software allows users to input specific data

about their solar systems.

2-The Pvsyst software can simulate the performance of an

energy system under various conditions.
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For Instance:

With the solar panels’ orientation, site location, and climate,
PVsyst offers advanced customization options for PV  system
design. This includes modeling different panel technologies,
incorporating  shading and  other  site-specific ~ factors, and

optimizing system performance based on various criteria.
Some features of PVsyst:

Accuracy:

PVsyst uses advanced algorithms and databases to simulate
solar energy systems’ performance. Thus, users design
optimized  systems for their locations,  meteorological data,

and electrical load.

Flexibility:

PVsyst allows users to input a wide range of data and
customize their simulations to their needs. Optimizing system
performance based on various circumstances saves the user

money.

Ease-of-Operation:

PVsyst makes it easy for solar energy professionals to input
data, run simulations, and analyze results. The software also
comes with
comprehensive  documentation and support resources to help

users get the most out of the software.
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6.2 The procedure of PVsyst consists of two main
tips:

1-Data Input:

Users input specific data about their solar energy system, for
example, = weather = data,  panel type, system  size, and
equipment  specifications. = The  software wuses this data to
simulate the system’s performance under different conditions.
PVsyst runs simulations to predict energy production and
consumption over time. The software bases the data on
hourly, daily, or monthly data. They can consider factors such

as solar irradiance, temperature, and shading.

2-Analysis:

PVsyst provides a range of analysis tools to help users
understand and optimize the performance of their system. For
example, the software provides graphs and tables that display
key  performance metrics. Ex. Energy  production, efficiency,

and cost.

Pvsyst provides four central project design systems:

3-Standalone system:

The standalone system is best for small, self-contained solar
energy systems that are not connected to the grid. It is suitable

for applications such as remote cabins, boats, or off-grid
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homes. The standalone system produces the most significant

energy production and self-sufficiency.

Grid-connected system:

The Grid-connected system is best for grid-connected energy
systems and systems selling excess energy. It is suitable for
applications such as residential or commercial buildings. The
Grid-connected  system  optimizes  for  the  largest  energy

production and cost savings.

Hybrid system:

A hybrid system is for solar energy systems that combine
different technologies. Ex. PV panels, solar water heaters, and
energy storage systems. The Hybrid system is best for homes
or businesses that want to be energy efficient and reduce
carbon  emissions. Users can perfect their approach using
various criteria. Ex. Energy production, cost, or CcO2

emissions.

Solar thermal system:

Solar thermal system is for systems that use solar energy to
generate heat. Ex. Solar water heaters or solar thermal power
plants. The solar thermal system has two common users.

Industrial hot water systems or large-scale power generation
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applications. The solar thermal system perfects strategy using

factors such as temperature, flow rate, and efficiency.

Basic Approach-Khartoum-Sudan Project

6.3 First Connect with PVsyst:
6.3.1 Isolated Pumping System:

THE '"Pumping System" in PVsyst only concerns ‘"isolated"
pumping systems that work according to the availability of
the sun. such as it has neither electrical storage nor a grid, and
consists of a (or several) pump, a Photovoltaic array, and a

controller/power conditioning unit.

The implementation of such a system involves a detailed
definition of the hydraulic circuit (type of the system like
depth of the well, pumping from the lake, or equivalent, or
even  pressurizing system), water needs, the pressure gage
height (as a function of the flowrate and other parameters)
and tank storage. Some other constraints may be considered

(maximum drawdown in a deep well, tank full, etc.)

The running mode according to the sun’s availability implies
that the pump will operate at a power imposed by the
maximum power of the PV array at a given time. As the head
is imposed by external conditions (head losses in the pipes,
level differences, the drawdown in a deep well, etc) the
resulting flow rate will be related to the instantaneous power

availability.
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Therefore, the simulation needs a complete model of pump
behavior giving the resulting flow rate in any conditions of
power and head. The operating point, depending on the total
head variation according to

the flow rate (pipes head losses), drawdown Ilevel)) will be

evaluated by successive approximations.

The main advantages of isolated pumping systems are the
absence of battery. Consequently, the associated maintained
costs (replacement.) is lower. The storage is given by the
accumulation of water in the tank. However, this requires a

pump that can operate a wide range of powers.

6.3.2 conventional pumping system:
The conventional pumping systems fed by a grid electrical

system (or eventually a big stand-alone system like a village
mini grid) operate at the specified voltage of the grid. The
operating power is fixed, it is supposed to be available at any
time. The system operates in "ON/OFF' mode, according to

the water needs and control system.
Such systems are not implemented explicitly in PVsyst. The

pumping system should be considered as a load in the same

way as any other load.
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Therefore, a pumping system as defined in PVsyst cannot be
associated to any other PV system, even stand - alone system.

It should really stay independent of any other power system.

@ pysyst7.4-TRIL - X

ile | Preliminary design | Project Settings Language License Help

- Welcome to PVsyst 7.4

Project design and simulation

. 1

Utilities

S % @
Databeses Todls Measured Data
® Recent projects 0 Documentation
v
tep 1)

Q FAQ. 1 video tuorias
The contextual Help is avaible within the whole software
by typing [F1].
There are also many questionmark buttons for more
specfic information,

By User workspace

Yrome | flowh |

Figure 6.1: Pumping button in the main dialog.

This page gives full procedure for the development of a

pumping system in PVsyst.
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First step:

As for any variant calculation in PVsyst, we should begin by

defining the collector array orientation.

Second step:

We must define the pumping circuit, ie. choose among one of

the three available systems:

-pumping from a deep well, to tank storage,
-pumping form a lake or river, to tank storage,

-pumping into a pressurized tank, for water distribution.

and define the Hydraulic circuit configuration (Storage Tank

and Pipes)

Third Step:
Go to the "Water needs and hand definitions " page.
define the water needs in m3/day (yearly, seasonal or in

monthly values).
define the pumping static depth if it varies according to the

year (seasonal or monthly). the value defined here

corresponds to the "level depth “or "static depth."
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Fourth step:

"

Choose the" system button, observe and play with the "Pre-

sizing Suggestions.”

The pre-sizing suggestions on the top of the dialog pre-
evaluate some parameters (tank volume, pump, and PV array
power) required for meeting your Pref-defined water needs
requirements. We can play with parameters for getting orders
of magnitude. However, this pre-evaluation is difficult and
may be inaccurate, as performances are quite different from

one to another pump.

Fifth step:

In the “System" dialog at the "pump definition" page.

choose a pump model, taking the nominal Head into account
(pumps are colored in green for suitable, orange for not
optimal, or red for not suited devices.

This dialog also provides a little tool for the calculation of the
hydraulic power corresponding to a given Head x flowrate

product.

Sixth step:
In the "system" dialog at the "Sub Array design " page.
choose a PV module (also Green/Orange/Red) and a suitable

PV array configuration (proposed PVsyst).

Seventh step:

Here we choose the control mode.
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Again, the Green/Orange/Red colors indicate the stability of
the choices, according to the system type, pump model and
pumps number chosen previously. A  collection of specific
warning  messages explains the reasons for incompatibilities

or poor design.

The chosen regulation strategy fixes the available set of

control devices.

Eighth Step:

We can open the controller device and check its parameters.

All systems running specificities are defined in the
controller/regulations device. This includes namely the
boundary operating conditions (Tank full, dry running,

power, voltage, current limits.)

Nineth Step:

PV array design, number of modules in series/parallel.

For MPPT converter devices, the procedure is analogous to
the design of grid connected systems :you can specify a
planner power and PVsyst will propose a configuration(use
the button “Resize " for a complete resizing).We have to
choose a number modules in series for which the Voc(T min)

doesn't exceed the VmaxAbs of the converter ,and the
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Vmpp(TO per) should not be under the vmppMin of the

converter.

The number of strings is adjusted according to the power
requirements of the pump in operating conditions. This is not
always easy to obtain, due to the constraints on the MPPT

inputs of the real controllers.

Tenth Step:
If no error appears in red, you are ready for the first

simulation of your system.

6.4 creating the basic variant for the project:
After defining the site and the meteorological input of the

project, we can proceed to create the first variant. We will
notice that in the beginning of there are two buttons marked
in red: “Orientation” and “water needs.” The red color means
this variant of the project is not yet ready for simulation:
additional input is required. Basic parameters that need to be
defined for any of the wvariant, and not yet specified are the
orientation of solar panels, water needs, type and number of

PV modules, type and number of pumps that will be used.
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SHhartoum_Project PRI

Project | Site Variant User notes

. | f
Project Foio Pt Mo s e aomt Qroeny [ o & oo 0
Project’s name SWPSHhartoun-Sudan Client name Not defined
Site File Khartoum MN8LSTT Meteonorm 8.1 (2010-2021), Sat=100% Sudan +
Heteo File hartoum_MNG1_SYNNET Meteonorm 8.1 (010-2021), Sat=100%  Symthetc
Please choose the plane orientation!
Variant P B | o me o | Q) e J
~Results
Variant n° i)+ SHPS-thertoum-Sucen
System kind Pumping PV System
Optonal k Water Purped 0w
@C' ; ‘ ® toin Water needs 0 m
Run Simulation Mssig Wates 0%
(9) Water neecs ‘ (9) Near shadnge By MRap o b
Spedifc energy 0 kivhim
® systen System efficency 0%
@ Def MR
@E:

Figure 6.2: Variants to be defined.
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Firstly, click on the “Orientation Button”:

® Orientation, Variant "SWPS-Khartoum-Sudan” - O X

Field type |Fixed Tilted Plane

Field parameters . .
pa Tilt 15° Azimuth 0°
Plane tilt |15<u °
Azimuth 0.0 :
West " East
South
Quick optimization
Optimization with respect to d
O d
Summer (Apr-Sep) 1.2 T T 12 I B L
Winter (Oct-Mar) | Year
1.0 . 1o
Yearly meteo yield [
0.8] E 0.8 E
Transposition Factor FT 1.04 Flranspos.= 1.04
H Loss/opt.= -0.2% \
Loss with respect to optimum -0.2% 06 I | \ 06 1 | | 1 ]
Global on collector plane 2250 kWh/m?2 0 30 B 60 %0 90 60 q-JU 0 30 60 90

x Cancel oK

Figure 6.3: Orientation dialog.
These tools aim to show the best suited orientation for a PV
system, or what we lose when not optimally oriented.
The transposition factor is the ratio of the incident irradiation
on the plane, to the horizontal irradiation. i.e., what you gain
(or lose) when tilting collector plane.
We observe that the optimization of the orientation depends
on the planned use of the PV energy. Therefore, this tool gives
the  possibility to  the  optimizing  period:  Year, @ Winter,

Summer, or chosen months.
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Moreover, the optimization may depend on  specific far-
shading conditions (mountains): We can define a horizon line,

and this will usually result in an azimuth displacement.

6.4.1 Basic definition of Water Needs:

TO complete the water needs, click on the “Water needs.”

@ Project: SWPSKhartoun ProjectR) = 0 X

Project Site Variant User notes

. | N
Project ¥ e [ i H e 9 Ipot W Eoort 0 moeceetrgs [ peee | R gent 0
Project's name SWPS-hartoun-Sudan ‘ Client name Not defined

Site File Khartoum_MNG L.SIT Meteonorm 8. { (2010-2021), Sat=100% Sudan Q +

MeteoFile ‘* artoun MNB1_SYN.MET Meteonorm 8.1 (2010-2021), Sat=100%  Synthetc O q @ 0

Error in User needs, Hydraulic circuit definitions:
Please define the nominal static level.

) , y
Varant oo e o vt o Qe /0
Results overview
Variant n® (KD« SHPS thartoum-Suden |
System kind Pumping PV System
Main parameters Ontional ~Simulation———————————————— Water Pumped 0 m
©0mmbon *‘ @me ‘ Water needs 0om
Run Simulation Missing Water 0 %
IQwawm (®) Near Shadings *‘ Energy AtPump 0 ki
Speciic energy 0 kihm?
@ spste Advanced Smul System effiency 0 %
Of

Figure 6.4: Water needs button in the main dialog.

Once “water needs” menu is open, we must define:
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-Pumping system type:
. Deep well to storage,
e Lake or river to storage,
e Pressurization.
-Characteristics of Well.
-Storage tank.
-Hydraulic circuit.

-Water needs.

® \Water Needs and Hydraulic Head | Pressure, Variant: "SWPS-Khartoum-Sudan”

Comment  |New User's needs |

Pumping Hydraulic Circuit | Water needs and Head definitions

Pumping System Type |Deep Well to Storage ' |

Model File

| Load ’

- -
~Well characteristics ~Storage tank Feeding level [| ™.
Static level m Volume m?
Spedific drawdown 0 mjm3h Diameter m Grouna ><
Max. flowrate m*h Water full height m m
|:| - Static level
Lower dynamic level m Feeding altitude m _P__.____'\ /___‘
) umping
Pump level m (1) Bottom alimentation 0 level AT . depth
Borehole diameter am
o
|~ — Total with friction loss
1ob— Altitude diff. Injection - static ]
~Hydraulic circuit .
E 0.6 .
Customized pipe | T |
Please define the nominal 2 04 ]
Piping length static level, G 2.
Number of elbows il
0.0 | 1 1 | L
QOther friction losses 0.0 02 04 06 08 10 12
flowrate [m*/h]

x Cancel / oK

Figure 6.5: List of parameters to be completed.
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Here is the list of elements that we must fill in to continue the
simulation.
-Well Characteristics

e Static level.

e Drawdown or Max flowrate.

One of the two values is enough, the other value will be
automatically  calculated by the software according to the
following  formula: Drawdown = (Lower Dynamic Level -
static Level)/ Max. Flowrate.

e Lower Dynamic level (will be calculated by software, if
we modify the value, this will modify the value of
Drawdown or Max Flowrate. The value of the lower
dynamic level must always be greater than the value of
the static level.

e Pump level.

e Borehole diameter (not used in calculation or simulation)

Level or distances in DPVsyst are always relative are always
relative to natural ground (TG).
-Storage Tank:

e Volume.

e Diameter.

e Water full height (this value has for reference the bottom
of the tank and not the natural ground)

e Feeding  Altitude (the injection height is important,
especially if our tank is high. This will allow more
pressure at the outlet of the tank)

-Hydraulic Circuit:

e Pipe choice.
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e Piping length.

e Number of elbows (can stay at “0” for the simulation).

e Other friction losses (can stay “0” for the simulation.

e Now, we need to define the water needs.

on the “water needs and head definitions” tab.

® Water Needs and Hydraulic Head / Pressure, Variant: "SWPS-hartoum-Sudan®

To do so,

click

Comment lNew User's needs

Pumping Hydraulic Circuitl Water needs and Head deﬁnitioni

~Water needs ~Hydraulic units——————————————,
m 3

@® Yearly Average — & Flowrate wh

ole Year needs:
() Seasonal values Presaure
- T o
() Monthly values

° ~Yearly summary
0 Water needs average 55.0 m*[day
Yearly water needs 20075 m?
~Well static depth variations Yearly Head average 467 meterW
® Yearly constant Hydraulic Energy 25553688 W
. Vhole Year: PV need: hy) 86300870
() Seasonal values needs (very roughly)
467.1 | meterw
() Monthly values
0 Please define the specific drawdown of this
well.

Additional heads Feeding altitude 0m
Dynamic heads Pipes 0.0 meterW
(at flowrate = 11.0m3/h) Drawdown -55.0 meter\f‘

Model File

| Load ‘

B |

x Cancel

Figure 6.6: water needs and head parameters.

The water needs

(volume of pumped water) may be

yearly (constant value), or in monthly / seasonal values.
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Specifying needs in terms of hourly values (daily distribution)
does not make sense, as most of the time the pumping system
includes storage for at least one day of consumption.

The detailed simulation will rely on these specified values
(monthly or seasonally) at each time step. We do not need to
change the value of “well static depth variations,” this value is
the same as the static level in the “Pumping Hydraulic

Circuit” tab.

6.4.2 Definition of System:

We can click on "System " to define:

-Pump technology / brand and reference.

-Technology / brand and reference of the photovoltaic field.

-Technology / brand and reference of the pumping regulation

system.
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© Projct: SWPS-Sudanhartoum Project PR)

Project Site Variant User notes

Metea File hartoun_MNB1_SYN.MET Meteonom 3.1 (010-2021), Sat=100%

Simulation done
(version 7.44, date 11/23/23)

Synthefic 0

: |
Project ¥ it e o ot oot | Q) roetewg [ e & gen
Project’s name SWPS-Sudan-khartoum ‘ Client name Not defined
Site File Khartoum_MN8 L.SIT Meteonom 8.1 (2010-2021), Sat=100% Sudan 0\

o
@

B |
Variant Foe Bse o mot [ o | Qe
~Results overview
Variant n® VCO  : New smulation variant
System kind
~Main parameters———  -Opfional————————————— lati System Production
@ Orientation ‘ @ — ‘ Spedfic production
} Rem Simatalion Performance Ratio
@ User'sneeds ‘ (®) Near Shadings ‘ Normalized production
Aray losses
I @ System [ I ) Advanced Simd. System losses
—

Standalone system with
batteries

425 Kihhjyr
1609 kithiip/yr
0716

441 kiwhjkvi/day

Figure 6.7: System definition.

In this first window, we will have to define the model and the

number of pumps in our circuit.
We have the choice between
where we can choose between:

-Surface pump,

-Immersed pump,

-AC Pump,

-DC Pump,

-ETC.
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n definition, Variant "My first Project”

Pre-sizng suggestions

Average daily needs ;

Requested autonomy V Days

Suggested tank volume

40m?
Head min. 85.8 meterW
- e Suggested Pump power 1125 W
Head max 33,4 meterW
'-'oelumea 0.0 r:fcav Ptk 2 = 0 Suggested PV power 1421 Wp (pom.)
Hydraulic power 475 W (very approximative)
Pump definition | Sub-array design
Select a pump model
[ i /y 0, 0pen |
IZ‘ * (0] Pumps in series 0 Pump characteristics . .
Pump Technology Progressive cavity
' Pumps in paralel Motor DC motor, permanent magnet
Maximal power 1400 W  Voitage i20v
Max, curent 7.5 A
Head Min / Nom / Max 10 70 120 meterl
Corresp, Flowrate 30 28 23 mh
Corresp, Power 300 900 1400 W
Efficency 7.5 58.7 544 %
(_Hydra Energy calculation tool \
- - : You can type here ary values,
Units for this project nut.r\ecessdrily related to your
Fowate P
Heat Fowat o
Power Head meteri
Energy ky v Power i
\_ ,
Q System overview x Cancel ‘ ‘ / oK
Figure 6.8: Pre-sizing a pump.
The  Pre-Sizing  Tool  Calculate  three  pieces  of
information:
-Suggest tank volume (calculated with the expected

consumption and the requested again),
-Suggested pump power,

-Suggested PV power.
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Select a Pump model:

To choose the most suitable pump for the characteristics of
our system, the software will make a pre- selection. This
selection is made according to following characteristics:

-Total HMT (minimum and maximum),

- Flowrate,

-Drawdown.

In the second window, we will have to define the model and

number of PV module and controller.

 Stand-sone systen defiton, Variznt New smiation variant’, Varant New simdaton variznt”

Myl GOl s @  sEieiume [L]0vQ
126 khdsy  Requestedautoromy 0] deye) ) Sugestedcapadly 1150
~Sub-array name and Orienta ~Pre-sizing Help
Name [PV Array @ Nosizng Enter plamned poner O (28 kiip
Tit 1 L —
Onent. Fixed Tilted Plane Adimath 1 Resize e Or avalable area () mt
~Select the PV module
Stmdis @fwe Oy
| Generic [[10Wo 2 sigahy Poly 110Wp T2ceks soce 20| | 0, Open ‘
Sizng voltages : Vmpp (0°C) 29.6V
Voc(-10°C) 483V
Select the control mode and the controller
MPPT pomwer converter
omwsdmn Generic |

Max. Charging - Discharging current

0 DC-OC converter adjusted according to the properfies of the system.

PV Array design

User's needs Household Aver, power 527W

Number of modules and strings sers 2= S or A
o should be: 3 Night ratio 50.3% Daly energy 12.6kivh

od.nseres 1| (@Noconstant 3 Batterypack 6 parale, 51V Capaciy 1080 Ah

pu Wol0%) BV i

Mo.stings (25 | @between 21and 31 e Autonomy 39dsy  Stredenergy 49.8kith
_ Plane rradance 1000 W/m? PV Array 255t of 1 modes Nom. Power 2.75kiip

() BIA - Mk e T PPl 52 v dalyenery 117k

5w pm SO0 B . a5 ol LW Moo 290

W modules K@) B34 Arraynom. Power (STC) 275 ki o e Ll
PVjPConv 115 Thresholds acc. to SOC
¥ one ‘ v x ‘

Figure 6.9: Sub- array design pumping system definition.
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PV array sizing tool:

With this tool, we can define a maximum surface or power
that we want to install.

When a value is defined in one of the two boxes, the software

will make a wiring suggestion via the PV array design tool.

Controller and Power Conditions:
In fact, even these simplest configurations (direct coupling)
require the presence of a control device, which should at least
assume the following functions:

-Manual Power ON/OFF,

-Pump off when tank is full,

-Pump off when aspiration level is below the pump inlet
(preventing dry running).

-Eventually motor temperature protection,

-Protection  against  powers, currents or  voltages  which
exceed the maximum specified for the pumps.

The sizing constraints depend on the system layout.
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6.5 Executing the Simulation:
On the project’ dashboard, all buttons are now  green

(eventually orange) or off.

The "Simulation " button is activated, and we can click on it.

S-Sudan-hartoum Project PR)

Project Site Vaniant  User notes

. | ]
Project ¥ P e o e gion | oueiems e Qe /0
Project's name ISWPS-Sudan-hartoum Client name Not defined
Site File Knartoum_MNBLSIT Meteanom 8.1 (2010-2021), Sat=100% Sudan q P
MeteoFile artoum_ MNG1_SYN, Meteonom 8.1 (010-2021), Sat=100%  Synthetic 0 q @ 0

Simulation done
(version 7.4.4, date 11/23/23)
. ] y
Variant Foo Hoe | o mot o | Qe /0
~Results overview
Variantn® VD : New smulation variant
System kind Standalone system with
batteries
Main parameter Optional Simulation System Production 425 Kimfyr
@ Orienkgin ‘ @ Hoian ‘ Spedific production 1609 kWhkwpfyr
’ Run Simulation Performance Ratio 0716
O Usersnesds ‘ (9 Near Shadigs ‘ Normalized production 441 Khctp/day
—— - Array losses 142 kivhkwp/day
® system ‘ 0 Advanced S, } Systemosses 033 kihjiipjday
® Detedlosses i report
(9 Econonic evakation ‘ o Deled et ‘

Juu |

Figure = 6.10: Project page when ready to  run

simulation.
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Progression, elapsed time: 2 Sec.

Executes the simulation by steps of one hour

Simulation 08/31/90

& Abort

Figure 6.11: Progress bar.

A progress bar will appear, indicating how much of

simulation is still to be performed. Upon completion, the "OK"

button will be active. When we click on it, we will get directly

to the "Results" dialog.

® Resuls, variant VCO "New simuabon variant”

Simulation parameters - Main results
Project  SWPS-Sudan-khartoum PV Array System Production 4422 ki fyr Normalized prod.
Spedfic prod, 1608 kihkWofyr  Amay losses
Performance Ratio 0715 System losses 0.33 kwhjkip/day
Ste Khartoum PV modules Poly 110Wp 72cels  Battery: Battery module Lidon, 26V 13
System type  Standalone Nominal power 275kWp  Battery voltage 5
Smulabon  01/01to 12/31 MPP voltage MoV Total capadity 1080 A
(Generic meteo data) MPP current 324
Daily Input/Qutput diagram Performance Ratio PR and Solar Fraction SF I Report
" T T T T T T T BT T T T T T T
o Vaes fromD 10440 423em 00 00 epmmuomme—-nccon 12k l PR: Performance Rati (Y1/Yr): 0715 = Tables
B T 1 11F W 57 Sl Fracton (501 /ELoad): 0958
s K 1.0
2 uf 1 %o A e, s
2 208 _—
R P 1 — 07 ]
E IR [ sy gt
5 o £ 05 —_—
N . 1 Foos $
E . 03 ke Economic evauation
9k ] 02, —_—
o 01
o 1 I L ] L (| 0 D] Loss diagram
0 1 2 3 4 5 [ 7 8 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec _
e (Global incident in coll. plane [\Whim/day] T —
Daiy Input/Output diagram Performance Ratio PR
; Array Power Distribution < Array Temperature vs, Effective Irradiance
: 140 T T T ? 100 T T T ~
5 120] —— Vales from 01/01 to 1231 b ? gof ¢ Values from 01101 to 1231 e iR i y R
£ mf 1 3 ¢St
< o { & w 1
HL S 1 i ]
: af 111
: af 113 2 ] HSM
;_‘ L 1 1 ! I
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—Effactive pow 0 E Effectiy con | - |
[——— Effective power at the output of the array [W) é Effective Global, corr. for |AM and shadi [P ——— | Close

Figure 6.12: The results dialog.
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This  dialog shows a small summary of the simulation
parameters on the top. Check quickly to make sure that we
did not make an obvious mistake in the input parameters.

On the bottom is a frame with nine values that summarizes
the main results of the simulation at one glance. This only
gives a very rough picture of the results and is there to quickly
spot obvious mistakes or to get a first impression of a change
or a comparison between variants of the project.

The simulation report will give a complete description of our
system, with all the parameters used and the results.

The "loss diagram" at the end of the report allows a detailed
analysis of the actual operation of the system throughout the
year and a thorough check of its sizing. Here are some

examples the loss diagram:
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Example 1:

\\Zﬂmm‘ Global horizontal irradiation

$0.9% Global incident in coll. plane
\7 28% 1AM fctor on global

2034 kWh/m® * 85 m* coll. Effective irradiation on collectors

efficiency at STC = 15.38% PV conversion

20327 KWh Array nominal energy (at STC effic.)
PV loss dus to iradiance kevel

FV loss due to temperature

Module quality loss

Mismatch kss, modules and strings
Ohmic wiring loss

17588 kwh Array virtual energy at MPP

Converter Loss during operation (efficikency)
Converter Loss over nominal conv. power

Converter Loss due to powsr threshold

Converter Loss over nominal cony. voltage

Converter Loss due to voltage threshold

En. under pump producing threshold

14540 kWh Electrical losses (converter, thresholds, overload)

10.0% Energy under drawdown limit

\k> -28.1% Unused energy (tank full)

10738 kWh Operating electrical energy at pump
4878 kWh Pump efficiency = 43.8% Hydraulic energy at pump

108 meterW' Static head requirement (no flow)

-4.0% Well: drawdown head loss
-2.8% Friction head loss
14580 m* Aver. Head = 115.5 materW Water volume pumped
L01% Stored water balancebegin/and of interval

_—
lissing: 23 m* 14567 m* supplied (38.3%0f neads) User's water needs

Figure 6.13: Loss diagram.
In this loss diagram, we can see an energy loss of 28.1%

the label "unused energy (tank full)".

This loss is present when:
-The water tank is undersized,
-Or the PV field is oversized,
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-Or the water demand is low compared to simulated
system.
This loss is normal, Sunshine conditions and water
requirements can change throughout the vyear. To satisfy the
user, it is necessary to size the system with conditions less
favorable than a full sun. There will inevitably be times
during the year when the production will be more than

sufficient.

97



Example 2:

~\\2\1ijm m*

505 %
520%

2034 KWR/m® = 130 m* capt.

efficacité aux STC = 15,35 %

40853 KkWh

35208 kWh

Irradiation globale hori; I

Global incident plan capteurs.
Facteur 1AM sur global

Irradiation effective sur capteurs
Conversion PV

Energie champ nominale (selon effic. 5TC)
Perte due au niveau diradiance

Ferte due 2 I3 température champ
Perte pour qualité modules

Pertes mizmatch, modules et strings

Pertes ohmiques de ciblage

Energie champ, virtuelle au MPP

Perte Convertisseur en opération (ef ficacits)

Ferte Convertizsseur, surpuissance

M 00%
N00%
N DB %
o8 %
20806 kWh

40.0%

\\603‘?.

10329 kWh
4789 kWh Efficacité de |a pompe = 48.2 %

108 mCE
%51 %
143%
4813 m* Pression moy. = 118.9 mCE
101 %

.

14800 m*

Perte Convertisseur, seuil de puissance
Perte Convertisseur, surtension

Ferte Convertizzeur, seull de tenzion
Energie sous seuil de production pompe

Pertes électriques (convertisseur, seuils, surch.)

Energie sous le niveau d'aspiration min

Energiz inutiizée (rézervorr plein)

Energie électrique utile  la pompe
Energie hydraulique 3 la pompe
Pression statique requise (d2bit nul)
Perte de pression de rabattement (forage)
Pertes de charge friction

Volume d'eau pompée

Bilan 23y stockés début/fin intervalls

Besoins d'eau

Figure 6.14: loss diagram.

In this loss diagram, we can see an energy loss of 39.5% with

the name "Converter loss, overpower".

This loss is present when:
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-The power of the PV array at certain times of the day is

higher = than the max  power

(characteristic of an oversized PV array).

Example 3:

‘HH___EIWN ™
/,/—/‘E L
%-2.6%

2034 kWh/m* = 85 m* coll.

efficiency at STC = 15.38%

20327 kKWh

17603 KWh

14548 KWh

the  pump  controller

Global horizontal irradiation
Global incident in coll. plane
1AM factor on global

Eff i i on s

PV conversion

Array nominal energy (at STC effic.)
PV loss due to irradiance level

PV loss due to temperature

Module qguality loss

Mismatch loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP
Converter Loss during operation (ef ficsency)

Converter Loss over nominal conv. power

Converter Loss due to power threshokd
Converter Loss over nominal conv. voltage

Converter Loss due to voltage threshold
En. under pump producing threshold

Electrical losses (converter, thresholds, overload)

Energy under drawdown imit

[+ 0.0%

5738 kWh
2248 KWh Pump efficiency = 39.2%
108 meterWV
5.2%
L -1.8%
PoS3m® Aver. Head = 115.9 meterVW
+0.4%

L.

sing: 7582 m* 7018 m* supplied (48.1%of needs)

Unused energy (tank full)

Operating electrical energy at pump
Hydraulic energy at pump

Static head requirement (no flow)

Well: drawdown head loss

Friction head loss

Water volume pumped
Stored water balancebegin/end of interval

User's water needs

Figure 6.15: Loss diagram.

In this loss diagram, we can see an energy loss of 61.6% with

the label "Energy below min. suction level".

This loss is present when:
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-The pump has a flow rate that is too high compared to the

drawdown of our well. The dynamic level

is therefore below the suction strainer. The pump stops for

safety thanks to the lack of water sensor in the well.

To analyze the loss diagrams in more detail we can view

them in monthly values.

In this chapter, we demonstrated how to create our project on
pumping  system  starting by  describing the isolated and
conventional pumping systems, followed by a step-by guide
on creating variants to the project, defining the water needs
and the system, executing the simulation and rounding it up

with analyzing the results with a few examples given.

100



Chapter 7

7.1 Validation and Results Using PVsyst:

The installation size has been evaluated wusing PVsyst, since
the  solar  radiation, the  ambient temperature and load

requirements of the target cite.
7.1.2 Design factors Considered:

e Environmental data: Explain the significance of
irradiation and ambient temperature in determining the
system’s performance.

e System Specification: Detail the PV and battery
technologies considered, along the array geometry used
in the design.

e Load information: Discuss the monthly daily demand
for the well pumping system and how it relates to the

water needs of crops.

7.2 Evaluation:
e Manual Configuration: Highlight the ability to

manually set solar radiation, ambient
temperature, and load requirements within
PVsyst for testing different scenarios.

e component Size Determination: Emphasize how
PVsyst aids in determining and validating the

sizes of installation components considering
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various losses related to components or climatic
parameters.

e Solar Fraction (SF): Explain how SF determines
the panel surface’s ability to meet the load’s
energy needs. Mentions that a high SF indicates
efficient utilization of solar energy for meeting

the load requirements.

7.3 The main results:

7.3.1 System Production:

water pumped 131894 m”"3
10 T T T T | T T T T T T
- Lu: Unused energy (tank full) 255 kWh/kMVp/iday e
— 8 Lec: Collection Loss (PV-array losses) 0.59 KWh/kWp/day
- }— pa—
= Ls: System losses (Converter, Threshold) 0.45 KNWWh/KWp/day
= - Yf: Effectiv rgy at Pump 2.5 KWh/kwWp/day -
=
= 6
=,
:'31.‘
2
- 4
)
2
E
= 2
4]
Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNowv Dec

Figure7.1: Normalized Production Using PVsyst.

The chart is a stacked bar graph that displays normalized
energy (in kWh/kWp/day) for
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month of the year. It is color — coded to show several types of

energy:

e The blue represents unused energy (when the tank is
full).

e The purple represents collection losses, which are due
to PV — array losses.

e The green represents system losses, which include
convert losses and threshold losses.

e The red represents effective energy at the pump.

The total height of each bar represents the total normalized
energy for that month, and the assorted colors show how this
total is divided into four categories mentioned above. The side
panel provides specific values for each type of loss and

effective energy:

e Unused energy (tank full): 2.55kWh/kWp/day.

e Collection loss (PV — array losses):0.59 kWh/kWp/day.

e System losses (converters, Threshold):
0.45kWh/kWp/day.

o Effective energy at the pump:2.5 kWh/kWp/day

The graph shows variability in energy distribution throughout
the year, with January and December having the highest total
normalized energy values and the summer months showing
lower values. The effective energy at the pump remains
constant across the months, as indicated by the red section’s

consistent size.
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1.2 T | | | | T | | T
1.1 [ Pr: Performance Ratio (vf/ vr): 0.411

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Performance Ratio PR

Jan Feb Mar Apr May Jun Jul Aug Sep ©Oct Nov Dec

Figure 7.2: Performance Ration and Solar Fraction Using
PVsyst.

This chart is a simple bar graph that displays the performance

ratio (PR) for each month of the year.
Performance Ratio (PR):

Is a measure of the quality of a photovoltaic (PV) system and
is defined as the ratio of the actual energy output from the PV
system (Yf) to the theoretical possible energy output (Yr)

under ideal condition.

A label indicates the PR wvalue: "PR: Performance  Ratio

(Yf/Yr):0.41 ",

This suggests that the average PR over the year is 0411,
indicating that the PV system is producing just over 40% of
the energy it could  potentially  generate  under  ideal

conditions.
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The highest PR value is in January, starting the year at just

over 1.0, which would indicate exceptional performance.

From February to December, the PR values are consistent and
significantly ~ lower than January staying below 0.5, which
indicates less than half of the ideal output is being realized

each month.

Key PVsyst Results:

e Performance Ratio (PR):

Is the ratio of actual energy produced to theoretical available

energy under standard conditions.
e Solar Fraction (SF):

The percentage of the load’s energy met by solar power

determines system efficiency.
e System losses (Ls):

Evaluation of losses  within the system  affecting overall

performance.

Comparing PR and SF wusing PV syst assets gauge both the
efficiency of energy conversion and the system’s ability to

tulfill the load demand using solar power alone system.
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By examining these metrics over different periods, we can
gain insight into the system’s performance and its reliance on

solar energy across varying conditions.

Energy balances and main PVsyst Results:

GlobEff EArrMPP | E_PmpOp ETkFull H_Pump | WPumped W_Used W_Miss

kWh/m? kWh kWh kWh meterW m? m® m?
January 1915 17607 8140 7872 184.0 11376 10679 23421
February 179.2 16208 7106 7306 189.1 10333 10333 20467
March 207.8 18462 8264 8413 184.4 11745 11745 22355
April 2019 17766 8226 7725 180.2 11698 11698 21302
May 188.7 16644 8597 6196 177.7 11566 11566 22534
June 174.6 15530 8241 5546 177.8 10799 10799 22201
July 170.6 15345 8393 5168 176.8 10723 10723 233717
August 163.8 14831 7830 4962 177.5 10201 10201 23899
September 1725 15441 7955 5807 176.5 10734 10734 22266
October 180.5 16077 8039 6285 179.9 10966 10966 23134
November 176.7 16018 8111 6576 1778 10893 10893 22107
December 174.8 16073 8040 6575 179.4 10861 10861 23239
Year 21826 196000 96942 78432 179.8 131894 131197 270303

This table presents data related to a photovoltaic system’s
performance and water pumping metrics over months of the
year. Each column represents a different aspect of the system’s

performance or output:
o GlobEff(kWh/m”2):

Global efficiency, indicating the amount of solar energy

received per square meter.

e EArrMPP(kWh):
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Energy at the maximum power point, which is the point
where the product of current and voltage of the solar cell is

maximized.
e E_pmpop(kWh):

Energy during pump operation, representing the amount of

energy used by the pump when operational.
e TkFull(kWh):

Tank  fullness in  kilowatt-hours  potentially  indicates  the

energy content of the storage system when full.
e H_Pump(meterW):

This represents the hydraulic head in meters for water

pumped or the height to which the pump is able to lift water.
e  WPumped(m”3):

Volume of water pumped, measured in cubic meters.
o W_Used(m"3):

Volume of water used, also in cubic meters.
o W_Miss(m”"3):

Volume of water missed or not utilized, in cubic meters.

The rows display monthly data from January to December,
with the last row giving the annual totals. For instance, in
January, the system received 191.5 KkW/m”2 of solar energy,
had an energy production at the maximum power point of

17,607 kWh, used 8,140 kWh during pump operation, etc.
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March had the highest GlobEff value and August the lowest.
The H_Pump value is stable across the year. The volume of
water pumped and used fluctuates during May and June,
showing  higher values. The W_Miss column indicates that
there is a significant amount of water that was pumped but
not used every month. The total row at the bottom sums up

the data for the entire year.

The loss diagram.

2137 KWh/m*

+4 2%

-1.94%

2183 kWhfm** 502 m* coll.

efficiency at STC =21.15%

231.6 MWh
-0.35%

-12.85%

+0.75%

-2.10%
-1.19%
196.0 M\Wh
-5.39%

-0.08%
0.00%
0.00%

-5.36%
175.4 MWh

44 72%

96.9 MWh

57.7 MWh Pump efficiency = 69.9%
178.6 metenw,
-0.64%

131894 m* Aver. Head = 179.8 meteny,
-0.53%

Missing: 270303 m* supplied (32.7%o0f needs)

Global horizontal irradiation

Global incident in coll. plane

IAM factor on global
Effective irradiation on collectors
P\ conversion

Array nominal energy (at STC effic.)

PV loss due to irradiance level
PV loss due to temperature
Module quality loss

Mismatch loss, modules, and strings
Ohmic wiring loss.

Array virtual energy at MPP

Converter Loss during operation {efficiency)

Converter Loss due to power threshold
Converter Loss over nominal conv. voltage

Converter Loss due to voltage threshold
En. under pump producing threshold

Electrical losses (converter, thresholds, overload)

Unused energy (tank full)

Operating electrical energy at pump
Hydraulic energy at pump

Static head requirement (no flow)

Friction head loss
Water volume pumped

Stored water balance begin/end of interval.

User's water needs

The diagram represents the flow

distribution of energy from solar
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covered by a pumping system. The widths of the lines are

proportional to the flow rate they represent.

Here is the flow as depicted in the diagram:
1-Global horizontal irradiation:

The initial energy input is 2137 kW/m”2, which then adjusts
for the global incident in the collector plane (+4.2%) and IAM
factor on global (-1.94%).

2-PV Conversion losses:

There are several losses in  photovoltaic (PV) conversion
process, including losses due to irradiance level (-0.35%),
temperature (-12.85%), module quality (-0.75%), mismatch
between modules and strings (-2.10%), and ohmic wiring loss
(-1.19%). The energy then goes through the array virtual

energy at Maximum Power Point (MPP).
3-Converter losses:

There are further losses in the converter operation due to
efficiency (-5.39%), power threshold (-0.08%), nominal
converter  voltage  (0.00%), and  voltage  threshold  (0.00%).
There is also energy under the pump producing threshold (-
5.35%).

4-Elecritcal losses:

This includes losses due to the converter, threshold, and

overload, after which 175.4 MWh of energy is left.

5-Pump Efficiency:
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The pump has an efficiency of 69.9%, which results in

hydraulic energy at the pump.
6-Water Pumping and Storage:

There is a static head requirement and friction head loss that
needs to be considered, and the diagram shows the water
volume pumped (131894 m3) and stored water balance at the

beginning of/end of the interval.
7-User’s Water needs:

The system covers 67.7 MWh of the user's water needs, which
corresponds to 131,917 m?® of water supplied, meeting 32.7% of
the needs. It is noted that there is a missing amount of 27,033

m? to meet the total needs.

The diagram 1is especially useful for identifying major losses in
the system and can be utilized for optimizing system

performance by focusing on the largest inefficiencies.
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Chapter 8

Calculations and discussion

8.1 Calculations:
The design will focus on how we can fulfil the

demand for water to irrigate the agricultural piece the proper
way throughout the year. Therefore, it is necessary to calculate

the power and select components of the system.

The case study is a farm that is in eastern Khartoum in Soba.
After many studies on this area, we have obtained the
important design elements or requirements which are

contained in table8.1.

Table (8.1): The farm requirements

Requires Amount Key

Total farm ‘area Ten acres | A
(40468.6m?2)

Daily output of | 550m"3/day Qr

water

Daily production | 600 m"3/day Qw

of well

Depth of well 18 m H

High of tank 3m Ht

Length of pipe 25m L

Diameter of pipe 11mm Dp

Fitting 90 (degree) 6 -

None return valve 2 -
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The kinematic | 1.336*10"-6 m2/s Kv

viscosity of water

Kind of pipe | Stain steel k=0.015

material

These elements are crucial for various calculations involved in
the design of the irrigation system, including determining the
pumping power required, considering losses due to friction in
the pipes, ensuring the appropriate diameter for the pipes,

and selecting fittings and values for the system.

The Area land:

Although the metric system is commonly used for
measurements like area (in square meters, hectares, etc.), in
some regions, especially in agriculture, may still refer to lad
area in acres. An acre is a wunit of measurement commonly

used in Sudan for land area.

One acre is equivalent to approximately 4047 square meters.
So, if we are dealing with farmland prefer to use acres instead

of square meters. We can make conversions accordingly:

-To convert from acres to square meters: multiply the

number of acres by 4047 and vice versa.

Farmers often use acres for their familiarity and ease of
understanding ~ when it comes to  estimating land area,

planning crops yields, or determining the sizes plots.
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Every 1 acre of farm 'area' needs approximately 55 m3/day of
water, so 10 acres need approximately 550 m3/day (to irrigate
all this area we need maximum of 1 week ,because we cannot
use the maximum capacity of power, maybe we can wuse the
70% of the pump capacity).So; we divide the irrigation period
into two parts( the first takes 3 days, and the other part takes 4

days more or less).

To irrigate our farm which is ten acre (40468.6 m”2), we need
pump 5.5hp (so we choose PS4000 C-SJ8-15), the number four

thousand indicates for the power in kilowatts means 4000kW.

One horsepower (hp) is equal to 0.746 kilowatts (kW). so, for

our project.
So, Power in kW = Power in hp*0.746,

Then, 4000 = 4103(5.5*0.746)

8.1.1 Velocity calculations (v):

The flow rate 13*8(H) = 104 m3/day
The flow rate 13*8(h) =104 m3/day,

104*30(days) = 3120 m3/month,

Velocity in the pipe can be determined as flow:

v=23
a
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Our daily required amount of water q= (104m”3/day)

Flow rate of water per hour q = (104(m”"3/day)/(8(hr.))
=13m"3/hr.

Flow rate per second=(13(m"3/hr.)) /(3600(sec))

q =3.611*10"-3(m/sec)

Area of the pipe can be calculation as flow:

md? 1m(0.011)2

4 4

9.5033*107-5(m"2)

a=

So that the velocity can be determined:

y=3 o 303 m/ed) 37 998 m/sec
a 9.503%10"—5(m"2)

8.2 The dynamic head calculations (Hd):

K*V?2
Hd =
2G

K = K(pipes) + nK(fittings)
Where K is the losses coefficient, and it is two kind losses in

pipe (friction) and fitting losses.

Losses of friction in pipe:

K (pipes) = f*L/d

f=(1/ (-1.8*10og10 ((6.9/Re+ (k*0.001/(d*3.7)) ~1.11)))) 2

Where (k) is roughness factor of a material and it is standard
value obtained from standard tables and is based upon the
material of the pipe, including any internal coating, and the

internal condition of the pipeline.
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According to pipe material type, which is stain steel, k=0.012
Re =is the Renold number and can be determined as flow:

37.998(=-)%0.01
Re = ¥4 = 720001 = 2.645*10"5

v 1.336%10"—6

f= 1/ (-1.840gl0  ((6.9/2.645*10"5 +  (0.012*0.001/  (0.01%3.7))

AL11))) A2
f=0.021

K (pipes)=0.021*25/0.01

I
N
&)

8.2.1 Losses of fittings:
K (fittings) =)y n*K

Where (K) is the losses coefficient of fittings and can

obtained from table, and (n) is the number of fittings.
K 90°bend fitting) =6*0.75=4.5

K (none return valve) =2*1=2

So, summation of fittings losses coefficient is:

K (fittings) =2+4.5=6.5

Lastly, we can obtain the total losses coefficient:

K=K (pipes) +) nK (fittings)=52.5+6.5=59

Then the dynamic head can be determined:

Kxv? _ 59%(37.998)%(m/sec)

Hd = 2G 2%9.81(m?/sec)

=4341.8466m
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8.2.2 Static head calculation (Hs):

The static head is the sum of any vertical high in a system.

Hs=h (depth of well) + ht (high of tank) =15+3=18

4.4Total head calculations (Ht):

Ht= Hd +Hs=4341.8466m +18m=4359.8466m

8.3 Pump selection:
Pump selection depends on amount of a required

water per hour and the static head for that by knowing those
two variables we can select the suitable pump. In our system
the required amount of water is 13 m”3/hr. and the static head

Ht=18

m, we will choose the suitable pump from authenticated table

from LORENTZ COMPANY for solar pumping.

Note:
All  pumps in this table are DC pumps; that

mean is no need to use invertors

Table (8.2): DC pump types

Pump type Max q(m”3/hr.) Max static head
Hs(m)

PS150 C-5J5-8 4 20

PS1800 C-SJ1-25 3 100
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PS1800 C-SJ1-12 7.5 70

PS4000 C-SJ5-25 7 140

PS4000 C-5)3-32 5 160

The  table  includes  various  pumps  models  with  their

corresponding flow rates and maximum head capacities.

Then the suitable pump to this amount of water to be pumped

safely is PS4000 C-SJ8-15
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8.3.1 System Overview of PS4000 C-SJ8-15:
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Technical Data

8.3.2 System Overview:
Head max. 80 m

Flow rate max. 13m3/h.
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8.3.3 Controller selection:
The choice of the controller for the DC pump, in this case, the

PS2-4000, is a critical aspect of the solar — powered irrigation
system. The controller serves as the brain of the system,
managing the operation and optimizing the performance of

the pump, particularly in conjunction with the solar power
supply.

Technical Data:

Controller PS2 —4000:

-Integrated MPPT (Maximum Power Point Tracking)

-Integrated Sun Sensor.

Power max. 4,0
kW

Input Voltage max. 375
\Y

Optimum Vmp > 238V

Motor current max. 14
A

Efficiency max. 98
%

Ambient temperature -40
....50°C

119



8.4 Power calculations:
P — q+*Ht+*Gx*p
np

Where (np) is the pump efficiency and it is (%)

P — q*HtxG*p
np

— 2.778*10"—3(m3/sec)*9.81(m/sec 72)*1000(kg/m

/\3) —
098 27.80W

P=27.80.W

8.4.1 PV panels selection:

The Selection of the appropriate Photovoltaic panels is crucial
to harness the sufficient solar power to operate the irrigation
system effectively. To determine the number and type of PV
panels needed, it is  essential to  consider the  power

requirements calculated for the system.

Given that the system involves a pump, controller, and
potentially  other components, the power calculations should
account for the total power consumption. Once we have the
total power requirements, we can refer to the authenticated
table from the LORENTZ COMPANY, which includes several
types of PV panels with their specifications such as wattage,

efficiency, size, and other relevant details.
There are some factors to consider when selecting PV panels:

e Wattage:
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The power output of the panel. Ensure that the
combined power output of the selected panels meets or
exceeds the total power requirement of the system.

e Efficiency:
Higher efficiency panels can generate more power in the
same amount of space.

e Size and Dimensions:
Consider available space for installation when selecting
panel sizes.

e Durability and Warranty:
Look for panels with a good track record of durability
and a manufacturer’s warranty.

e Compatibility with Controller:
Ensure compatibility between the selected PV panels and

the PS2-4000 controller and the overall system design.

According to power that we have calculated we
can determine the number of suitable (PV) panels, selecting
them suitable (PV) panel will be from an authenticated table
which contains many types of popular (PV) panels wused by
LORENTZ COMPANY for solar pumping operations.
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Table (8.3): Popular types of (PV) panels

(PV) panels type power (watt)
LC50-12M 50
LC120-12P 120
LC150-P36 150
LC200-P60 200

8.4.2 Specifying tilt angle of PV panels:

Specifying  tilt angle depends on many  variables
such as the location of fixing the PV panels such as the
latitude of this area where the PV panels will be fixed and the
many solar angles this is overly complicated to wunderstand by
the simple farmer. But we have tried to do this as simple as

we can.

The tilt angle for stable or fixing system will be selected from

this table:
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Table (8.4): Tilt angle selection table

Site latitude (degree) Tilt angle (degree)
e =]
15 to 25 Same as latitude
25 to 30 Latitude +5
30 to 35 Latitude +10
35 to 40 Latitude +15
Above 40 Latitude +20

From the requirements table the Soba Ilatitude is 15°then our

tilt angle will be 15°

The angle affects the direct sunlight exposure of the panels,
which affects their energy production throughout the year.
For a fixed installation, the optimal tilt angle is often close to

the location’s latitude to capture maximum sunlight.

Here is a simplified approach:
1-Latitude -base Tilt:

Set the tilt angle of the panels equal to the latitude of the area

where the panels will be installed.

for the instance, if the location’s latitude is 15° tilting the

panels at around 15 ° can be a good starting point.

2-Seasonal Adjustment:
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If possible, consider adjustment mounting systems that allow
seasonal adjustments. In some cases, optimizing for winter or
summer sun might be Dbeneficial. Adjusting the angle a few

times a year can significantly improve energy capture.
3-General Guidelines:

For fixed installation without adjustment capability, using a
tilting angle within a range of 5-10°%f the location’s latitude
can still yield efficient energy capture without the need for

frequent adjustments.

While this simplified approach may not be as precise as more
intricate  calculations, it offers a practical and straightforward
method for setting the tilt angle that can work well for many

installations.
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Chapter 9

Conclusion and recommendations

9.1 Conclusion:
With a lot of efforts, prayers and supports from

The Prof, I have completed this project, and I can say that all
the project objectives are being achieved, designing a solar
water pumping system and evaluating a system by using

PVsyst Software. The system requires:

» Demand of daily water was 550m?/day
> Depth of well or source of water was 18 m.
> High of tank or water reservoir 3 m

» Location of the project was Khartoum state Soba.
Therefore, the results of the designing were as follow:

» Power needed to pump a required amount of water is 4
kW.

» A suitable kind of PV panels to cover this power is
LC200-200P.

» Number of PV panels needed is twenty-four.

» A suitable submersible pump to the system hourly flow

and head is PS4000 C-SJ8-15

Controller type controller PS4000

Tilt angle of PV panels 15° on horizontal axis.

Total static head is 45m.

Total dynamic head is 45.3472 m.

YV V V V VY

The efficiency of the system 38.89 %
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» The total losses in head ratio 0.7716% of total static head
» Accuracy of a system is +20.8 watt.
» The ratio of accuracy 0.727% of the actual power

needed.

For the portability of the system the tilt angle of PV panel will

change every season and determined as follow:

» In winter season tilt angle is 42 degrees south (on the
vertical plane)

» In summer season tilt angle is 10 degrees north (on the
vertical plane)

» In autumn and spring season is 125 degree south (on

the vertical plane)
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9.2 Recommendations:
1. Taking the quantity of irradiance, depth of water and the

surrounding condition carefully make pump works
better.

2. We do not recommend wusing the sun tracer technique in
Sudan because it is costly and not so benefit according to
the unique location to the equator.

3. Cleaning the PV panels surfaces from by wusing smooth
piece of cloth all periods make PV panels operate at a
maximum efficiency.

4. The pump power designed at maximum so we can

benefit from the power at the peak time.
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