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ABSTRACT

The DRC is the second-largest African sub-Saharan country has no electricity to pump water
in both modern and rural areas. Counting 19% national rate of the electricity access in the
whole country, rural communities suffer from the scarcity of the grid electricity only almost
1% of the rural population is connected to the electric grid and Minova is not excluded.
Households, health centres and schools that served us as a sizable population of the rural
community in Minova are also affected. The use of solar energy using PV modules for
providing drinkable water for rural areas of Minova has been presented using the
Meteorological condition and coordinate of Minova and it has been shown that the monthly
solar radiations were showed up to 4.896 kwWh/m?/day, the designed PV array of 4kWp was
capable of pumping water from a deep well of 40 m depth with a flow rate of 15.3m%h to
supply a community of population more than 500 people, one health centre and one primary
school which counted 200 pupils. The detailed sizing system and analysis were provided by
using some tools such as PVsyst and MATLAB/Simulink, besides, a storage tank of 76m?*
was taken into consideration to supply water continuously for 4 days’ autonomy when the
daily water demand is equivalent to 19000litres per day, a solar pump integrated with an
MPPT-DC converter was selected in PVsyst based on the total dynamic head of 42.7, the
water flow rate of 11.7 m%/h and the type of the pumping system which was a direct coupling
with MPP-DC Converter to control the power from the PV array and much it with one of the
motor pumps also the controller could sensor the water level in both the well and the tank.in
Matlab/Simulink a brushless motor was analysed by taking into account the PV array of
4kWp and the result showed how performant the system is when the components are very
well chosen. Finally, a discussion and result presentation were made based on different
software and the comparison has shown that photovoltaic water pumping system is a
promising alternative for supplying drinking water for the rural and remote area where the
electricity from the grid is difficult to find, also it has been seen that the Solar pumping
system is eco-friendly to the environment and cost-effective considering its maintenance

cost compared diesel-powered for the water pumping system.
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LIST OF SYMBOLS AND ACRONYMS

AC Alternating Current

BOS Balance of System

DC Direct Current

DWP Diesel Water Pump
DWL Dynamic Water Level
GHG Green House Gases

KW Kilowatt

kWh Kilowatt-hour

KWp Kilowatt peak

LCC Life-Cycle Costs

PV Photovoltaic

RE Renewable Energy
SPWPS Solar Powered Water Pumping System
STC Standard Test Conditions
TDH Total Dynamic Head

WEWPS Wind Energy Water Pumping System
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Chapter 1 : INTRODUCTION

1.1 OVERVIEW OF WATER SITUATION IN DRC

In the worldwide, many people live without access to drinkable water even though in many
places, extracting groundwater, the electrical water pumps is most needed by using diesel to
supply with power to their system which represents a huge percentage in water extraction
but this is mostly done in Urban and Peri-Urban communities [1]. However, those systems
require high cost which is characterized by fuel purchasing, high maintenance services and

the carbon dioxide emission which is harmful to the environment [2].

In general, the population growth is constantly increasing day today on the planet earth and
this is about to continue rising for millions and millions of decades in the anticipated future
[3]. As the population is growing and the electricity demand of the human being is increasing
as well and thus the energy demand is also projected to grow very fast as the energy provided
by the electricity increases at the same time. Being the most used in the worldwide, the more
than 30% of the electrical energy use the electric motor in most cases and various pumping
system such as fans and compressor applications, centrifugal pumps with fixed speed based

on the recent research [4].

By approving the slogan, ‘Water is Life’ it has been seen that since the durability of
humanitarian life and the system formed by the ecological community in the watery and dry
areas which are associated to areas where the accessibility to water is very comfortable. To
access to the natural resources which are not visible by human eyes or are hidden such as
water from the underground and those which are visible or exposed such as the atmospheric
or surface water can be explored depending on the climate conditions, hydrological and

economical settings for a county to another. [5].

In a numerous African countries unlikely where fresh natural water is uniformly dispatched
in both space and time as foreseen, the Democratic Republic of the Congo has 35% of the
freshwater reservation and is the second with the great size of equatorial forest in the
worldwide, the Democratic Republic of the Congo is not excluded among those countries
which still struggle with the uneven water distribution to their community in time [6]. Taking
into account its meteorological and hydrological data, it has also an abundance of water from

the underground which is expected to be very significant for the whole community [7].



Energies like Diesel, petroleum, windmills as well as kerosene have been traditionally used
to pump water [8] However, being among the most African richest freshwater countries, the
Democratic Republic of the Congo is counted among the countries with low water security
because of the poor access to drinkable water and basic need or facilities for sanitation [6].

The drinkable water inefficient access and the inadequate hygienic behaviours belong to the
risk factors linked with death and poverty in the country. In the Democratic Republic of the
Congo, many people are facing these factors listed and only 52% of the country has access
to the basic water facilities along with less than 29 % have access to basic facilities for

sanitation [2].

In DRC only 19.1% of the population at the national level has access to electricity and most
of the population live in a rural area where the access to electricity is low than 1 % because
of the non-extended grid connection [9]. Therefore, due to the shortage of electricity, it is
difficult to meet the demand of electricity for pumping water. So, solar photovoltaic water
pumping is a good way to go over the electric grid due to its simplicity, its free harm to the
environment, reliability and availability thus one of most promising application is water

pumping through solar PV.

1.2 BACKGROUND SITUATION OF ENERGY IN DRC

Renewable energy is referred to the energy from natural and clean sources and though they
are exhaustible while non-renewable energy come from natural sources which can not be
readily replaced thus most of them are fossil fuel. solar, wind, air, waves, water, geothermal,
biofuel and biogas constitute the renewable sources whereas non-renewable energy is such
that oil, natural gas, mineral coal, uranium, oil shale, tar sands,) are in abundance and

diversity in The Democratic Republic of Congo [10].

Despite enormous hydropower potential estimated at 100,000 MW, the access of the
population to electricity is rated at 19.1%. According to World Bank data: 49.2 per cent in

urban areas and a sobering O per cent in rural ones [11].

Wood energy still represents 95% of the domestic consumption of energy, usually in the
form of charcoal in the cities and firewood in rural areas. The population uses usually (more

than 90% of households) wood fuels for its domestic needs for cooking meals and heating,



causing deforestation and degradation of the forest with all the negative impacts on the

environment, health, forest, biodiversity and socio-economic conditions [9].
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Figure 1-1: DRC's energy consumption during 2015 [12]

Figure 1-1 illustrates that most of the electricity generated today comes from hydro and the
Inga project has the potential to provide more to the Democratic Republic of the Congo and
some other African countries around. According to the International Agency for Renewable
Energy (IRENA), the year 2018 showed that the installed capacity in the Democratic
Republic of the Congo was 2750 MW in which hydropower capacity of 2740 MW either
96% which occupied the higher potential over other renewable energy such as wind, solar,
biogas and geothermal [11].

Only about half of this total, however, is available for dispatch at any given time due to a
maintenance backlog [12]. Meanwhile to access to the electricity in the rural area is limited
because generally those who have electricity got it from a solar panel at the rooftop of the
house and some have batteries just to fulfil the basic needs for low loads use such as charging

phones, lighting and watching television [12].



For some organized communities which have high loads consumption, the power supply is
based on the diesel generator where owners make a small business by supplying
communities in power provision through an informal community grid. Therefore, several

small and medium commercial enterprises pay fees weekly to be connected to that grid [13].

Table 1-1: Energy produced since 2000 -2018 11]

Source of Energy | Unit {2000 |2005 [2013 [2014 |2015 {2016 [2017 |2018

Carbone source Kt (106 |132 |0 0 0 0 0 0

Energy from Coal |Kt [283 |615 |3674 |3803 |3841 |4074 |4129 |4185

From rude oil Kt 1169 |1269 |1129 [1061 |1048 |996 |946 |957

Natural gas source |TJ |0 0 0 0 46 14 0 0

Table 1-1 shows that charcoal is the most produced since the last two decades, followed by
crude oil while carbon and natural gas are almost inexistent. As shown Figure 1-2, the most
produced Energy in DRC come from coal and the production rate increases proportionally
with the year.
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Figure 1-2: Representation of Energy produced from 2000 to 2018 in DRC



Talking about renewable energy, solar has the higher potential with its average of
6kWh/m?/day as the average solar irradiation in the D RC gives motivation in implementing
or promoting solar as energy to supply electricity for different purposes for the entire country
[13].

Based on the energy situation in DRC which makes difficult access to water, water supply
in DRC is driven by one utility water company ‘REGIDESO’ in the Urban area working
with some branches in peri-urban areas but in rural areas, the water management is done by
community organizations constituted by themselves or some NGOs working for the same
objectives [14].

Despite the existing water utility company in the Urban the water supply doesn’t meet the
water demand, meanwhile among more than 80million of people like more than 55% live in

the rural area where access to water is a critical crisis [15].

Therefore, solar water pumps are powered by solar panels, once you have the panel, the
energy needed come from the sun which is completely free of charge and this makes solar
pumps more cost-effective once installed than diesel pump which requires fuel or electricity
from the grid before working. Such a system is most required in DRC because it is cost-
effective once installed the maintenance cost is almost zero, environment friendly and have

a good potential in such a place because of its vast water table[16].

By classifying the pumping systems, five groups have been categorized based on different
renewable energy sources as follow: Solar Powered Water Pumping System ‘SPWPS’, Solar
Thermal Water Pumping System ‘STWPS’, Wind Energy Water Pumping System
‘WEWPS’, Biomass Water Pumping System ‘BWPS’, Hybrid Renewable Energy Water
Pumping System ‘HREWPS’ [16].

1.3 PROBLEM STATEMENT

DRC is the richest freshwater resources’ country while it is suffering from acute drinking
water supply crisis and it has the lowest rate of access to drinking water in sub-Sahara Africa.
As a result of inadequate water supply and sanitation service is waterborne disease include

diarrhoea, typhoid and cholera.

Because of the scarcity of water, it has been seen that children and women face a lot of

trouble to get water due to the distance of the sources and the result is the failure to go school



for children due to tiredness because by the time they could have been preparing to go to
school or to study for exams, notes and review that is the time to go and look for water, the
same case is seen to women, they spend more time looking for water while they could have

been doing some different works which can increase their income.

On the other hand, where water is available but in low supply quantity than the demand,
people are forced to go to the public tap early in the morning so that they can get water and
this has many consequences such that you may meet bad intentioned people even some other

drama which can misuse someone’s personality.

After living the above scenario, solar has been the most promising renewable source which
could help to pump water through PV module which catches the sunshine and convert it into
electricity for water pumping purpose to a rural or remote area with drinkable water by

making them a better and sustainable place for human beings.

1.4 AIM AND OBJECTIVES OF THE RESEARCH

1.41 AIM OF THE RESEARCH

The core objective of this present dissertation is to make a simple and comprehensive PV
design which could meet the requirement for pumping water to supply a DRC’s rural
community where the access to the grid electricity is limited with drinkable water at an
effective cost, reliable and eco-friendly to the environment and at the end translating the

results into recommendations for decision-makers for its implementation.
1.4.2 RESEARCH OBJECTIVES

» To determine present water sources and the possibility of pumping in the selected
area,

» Design a PV water pumping system which capable of meeting the demand in the
water of a selected rural community.

» To analyse the performance of the designed system by simulation using PVsyst and
Matlab/Simulink software,

» To evaluate the system performance using tools such as PVsyst and Matlab/ Simulink



1.5 SCOPE OF THE STUDY

The inefficiency of electricity from the grid and the high fuel costs harm the water supply
and therefore the requirement of the pumping system in some communities, so, one of the
promising ways to overcome this impact is the use of natural resources such as solar
photovoltaic. In the present research work, we will develop a model theoretically but which
can be implemented practically. Moreover, the system will consist of a PV array that

converts the sun into electricity by the photosynthesis process for the pumping purpose.

The system is such that The PV panels connected into series and parallels convert the sun
into electricity which runs the motor. From the motor, the mechanical energy is converted
into hydraulic or potential energy through the pump and the system are done. To match the
voltage from the PV array with the one of the motor, a boost converter is placed in between.
Because of the intermittency of the sun, a water tank is envisaged for some day’s autonomy
to ensure the continuous supply. Moreover, the sizing and calculation using hand and

software tools such as PV Syst and Matlab/Simulink were to see the system performance.

1.6 SIGNIFICANCE OF THE STUDY

The tangible influence derived by this research is the access to water at a low cost for a
community far away from the water sources, once implemented, this project has an
economical and environmental impact in the society referring the agenda 2030 based on

sustainable development goals, the followings benefits from this study are:

» Providing informations on sustainability, affordability and reliability of water supply
which can be implemented to solve water scarcity problem, and therefore reducing
waterborn disease, failure at school for children and the possibility for women to
increase their incomes.

» Providing a means of economical, environment and social improvement of the live
hood for the community.

» Providing a way to create jobs opportunity for the community members.

> A means to enable successful results at the education level.

1.7 PROPOSED OUTLINE

Chapter 1: This chapter will describe briefly the background situation of this dissertation,

the problem statement, it will highlight the objectives, scope and expected output result. This



section is to give the content body to the ready, it will help him/her to understand what the

work is about.

Chapter 2: This part relates the Overview of Solar PV Pumping System here, the theoretical
background on the context of solar PV pumping will be conducted based on the environment,
technical, economic and social aspects and also the main contribution of the researcher also

the previous related work will be discussing to understand the following sections.

Chapter 3: Being the core of the work, Methodology and case study will consist of an
overview of the system for a better understanding and the description of the entire system
based on the data collected.

Chapter 4: this section consists of choosing the proper design components and analyse
properly the site selected and here a design hand calculation will be conducted to make sure
that the output is as we were expected, a simple comparison between solar-powered and
diesel-powered will be presented based on their investment cost and their life span.

Chapter 5: This part will be made by a simulation with tools such as PV Syst and
Matlab/Simulink comparing the result got by hand calculation with the one in software, thus
the result will be presented with some discussion according to the online and field data
collection.

Chapter 6: The present section will summarize the above three-section by coming up with a
simple and understanding Conclusion. The recommendations will be addressed to the DRC’s
government and the future researcher also in this section the final results will be highlighted
and carried out barriers and obstacles which can be settled out by the future researchers.



Chapter 2: REVIEW OF SOLAR PV WATER PUMPING

2.1 INTRODUCTION

In this chapter, we will be reviewing the solar PV water pumping system, its types,
advantages and disadvantages, factors affecting the system efficient and different parameter
taken into account while designing the solar PV water pumping system also some previous
works done on solar-powered water pumping have been highlighted to find to pursue our

present work.

2.2 OVERVIEW OF RENEWABLE AND NON-RENEWABLE
ENERGY

In the modern era, energy is considered as the lifeblood of the society but still fossil fuels

such like coal and oil are the most used due to their consideration as spices while producing

energy in our daily lives [17]. But unfortunately, the world is facing global warming because

of the energy crisis with natural reserves of fossil fuels being expended fast and fast due to

overconsumption. One of the possible solutions to overcome the global energy crisis is to

start exploiting energy from renewable sources instead of non-renewable [18].

The abundance and inexhaustibility of the sun in the worldwide with the average solar
energy per year of 1.56 x 1018 kWh which is almost 10 000 times larger the present
worldwide energy consumption on earth makes the solar energy the ideal renewable energy
resources [2]. This is explained that the earth receives more energy per hour than the one it
consumes in the entire year this verify the ratio of the production and the consumption [19].
Grid electricity and diesel power for pumping systems are most used all over the world and
thus in the DRC as well for supplying water [20]. With the way to go to the development,
water and energy presented a high rate in need for the last decade and due to the increasing
rate of industries, human being and new technologies, the need will be shown more essential
soon [19].

By promoting renewable sources, usage of solar PV has been increased more and more that
is why in our research we are focused on the PV system as a means of energy production to
supply water and trying to develop a design that can be economically feasible and eco-

friendly to the environment.
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2.3 TYPES OF SOLAR PUMPING SYSTEM

The pumping system is a broad topic that plays an integral role in many industries such as
water and wastewater, agriculture, mining, oil and gas. To categorize the pumping systems,
three basic solar pumpings are classified based on the system coupling such as direct, with
battery and hybrid systems [21].

2.3.1 DIRECT COUPLED SOLAR POWERED FOR PUMPING SYSTEM

In the presence of the sun, the sunlight hits the PV array and converts it into electricity,
however, the same electricity directly sent to the pump and in its turn pumps the water
passing by a pipe. The total quantity of water pumped per day depends first on the sunshine
which hits the PV array, how the PV or at which angle the PV are tilted and this depends on

the location of the region but also another important parameter is the type of pump used [22].

When the sunlight is in the optimal time, the operating pump efficiency goes up to 100% or
near within its maximum flow rate but during the morning time and in the late afternoon, the

operating efficiency can drop up to 25% and this occasioned the drop in flow rate [23].

The system is simple to design and here three main components such as PV modules, pump
controller and pumps as illustrated Figure 2-1. Many people use an extra tank to store water
for three to five days which can be costly expensive a little bit [24].

Storage
Tank

Pressure

Phatovoltais
Panels

Watzring
Tank

4

Figure 0-1: Direct-coupled solar PV pumping system [25]
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The main advantage here is its economical side of it which is justified by the absence of
batteries and storage tanks. It has a simple design and does not require maintenance.
However, the system has no backup; in case of shortage of power required from the pump,
the system lacks a battery. Again, it has no storage tanks, so in the cloudy days, there will
be less pumping from the system and can be a shortage of water this constitutes the drawback
of the system [26].

2.3.2 SOLAR WATER PUMPING SYSTEM WITH BATTERY

Contrary to the direct-coupled, the system with battery consists of two storage technologies,
one is battery and another is water tank as shown in Figure 2-2 [27]. With these two storage
technologies, the most used and preferable by people is tank storage because of its less initial
cost and its less complexity than the use of batteries storage which requires the conversion
of electrical power into potential power [28]. Though it happens in most cases, using

batteries has also some importance.

Mainly, we can talk about the night and rainy days when the PV panels cannot work. Solar
panels are inactive without sun rays. As we know that Photovoltaic is intermittent some
backup systems are needed in night time such as batteries to supply the loads during cloudy
days in stand-alone. When we need extra pressure on water, we can use the energy which is
stored in the batteries. Therefore, there are many types of batteries but we will only

enumerate two most used such as:

Lead-acid batteries: Being widely available and affordable in price, these batteries are the
most used in a PV system in addition to this they can provide a huge current much higher
than the available instantaneous current from PV, the output voltage is controlled too much
with the load demand [29].

Deep cycle batteries: As batteries are one kind of balancing system component, those are
very important. Deep-cycle batteries are the most appropriate for PV applications due to

their ability to withstand the cycles of up to 80% discharge [29].
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Figure 0-2: solar power pumping system with battery [30]

The system has the advantage such as Creating another method of managing the solar power,
maximize self-consumption of solar power, reduces network costs which control us when
we use power and how much we pay and keep the motor on if the power is gone. It’s the

backup plan for when the power goes out [23].

Most of the batteries are expensive and less effective than the water tank, they reduce the
system’s efficiency and require regular maintenance therefore the system becomes more

complex. This consists of the main disadvantage of a system with batteries [31].
2.3.3 SOLAR WATER PUMPING HYBRID SYSTEM

A hybrid system is the one which uses two or more different power sources for some
application as seen on Figure 2-3, it is both economical and desirable by using it whereas
that PV powered supplies some loads but others might require the diesel or petrol generator
[32]. The backup allows the cost-effective design of PV and also the energy-saving using
batteries capacity but naturally for a lot of applications in particular in rural and remote

regions the hybrid such as generator and PV applications are not compatible.
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Figure 0-3: Hybrid Solar Pumping System [33]

The less initial cost and simple design installation are the main advantages of the hybrid
system. its disadvantage is the very high maintenance cost, it also increases carbon footprint
which leads to global warming, since it is not renewable energy we should maintain it
efficiently [34].

2.4 PERFORMANCE PARAMETERS OF PV PUMPING SYSTEM

The PV pumping system performance depends on many parameters such as the water
pressure while pumping, the solar irradiation and air variation which depend on a region and
another and influence the water flow rate because of the weather condition [35]. Also, the
meteorological data, the water demand per day, the height or level at which water has to be
lifted, the tank volume storage, the PV capacity, the energy required per day, the
characteristics of the pump while choosing must be taking into account to evaluate the

system performance. [36].

Besides the PV modules degradation is one important parameter which can affect solar
pumping system performance due to the regional temperature and others external
intemperate after a long time of operation PV module start to get damaged and are not able

to deliver the same output like the time they were new. [37].
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The required hydraulic energy potential for lifting the water from the source to the discharge

is calculated in Equation 2-1 as follows,

E _p*g*v*TDH

2—-1
" 3600 ( )

Where, p the density of water, g the acceleration of the gravity which is 9.81m/s?, TDH the
total height in (m) is the summation of the static and dynamic head including friction
losses, Ey, the hydraulic energy in Wh/day, v the quantity of water needed per day in term of

volume in md.

Hence, to calculate the power required to pump water, Equation 2-2 was used as it is shown

below,

Py = 2-2)
I # 75y, * F

Where Ppy, the solar photovoltaic power array in Watt, E,, the energy required in Watt h/day

I, the average daily solar radiation in an hour at 1000W/m?/day (STC), F the array mismatch

factor, ng,;, The efficiency of the subsystem.

Also, the volume of water is calculated as follows in Equation 2-3

P, %] % *
v v TTp (2-3)
p*g*TDH

And the PV system efficiency as shown in the Equation 2-4 is calculated as follow,

n :l*loo 2-4)
" I; *Area

Hence the overall PV pumping system efficiency is obtained in the Equation 2-5

Thot = Moy * Mhnp (2-5)

This is the total system effiiciecny after taking into account all parameters and losses besides,

this shows the system performance.



15

241 OVERVIEW OF SOLAR PV TYPES AND TECHNOLOGIES

As the demand in PV modules increases, the PV technologies are being developed as well
and implemented. Typically, four types of PV cells exist for now such as Monocrystalline,
Poly-crystalline, Thin film and Amorphous silicon. It should be noted that mono-crystalline
and multi-crystalline silicon are also referred to as single-crystalline and poly-crystalline
silicon. The crystal growth process during manufacture is behind the formation of the two

different types of crystalline-based solar cells [38].

Single-crystalline or monocrystalline: The most advantage of this type of solar cell is its
wide availability and efficient cell material. The power is produced the most per meter square
per module by dividing each cell of a single crystal into a rectangular shape to maximize the
number of cells on the solar module.

Polycrystalline or multi-crystalline cells: Most similarly to the silicon material with the
only difference based on the number of crystals in which can grow or be developed. After
being melted, instead of forming a rectangular shape, a square block is formed that can be
cut into square wafers with little waste of space.

Thin-film cells: Being a new technology, a thin film is not yet very available widely. Based
on their constitutions, they are directly set on stainless steel or other compatible substance.
Under low sunlight weather, thin fill performs far better than crystalline.

Amorphous Silicon: It is a sub technology in the new thin-film cell which is placed on two
amorphous micrometre stick, on a stainless steel roll.it is very economic spatially compare

to crystalline because it uses only 1% of the material.

The counterparts of crystalline silicon cells are thin-film cells. The common ones are
summarized in Table 3-3. [39] [40] [41].

Table 0-1: Solar PV type with efficiency

Cell type Efficiency [%] Acronym
I\_/Iono-crystall!ne or 12-18 MONo-c-Si
single-crystalline silicon
Multl-c_rysta_l I_|ne or poly- 12-18 Poly-c-Si
crystalline silicon
Thin-film cell 08-10 TF-Si

Amorphous Silicon 06-8 a-Si
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2.4.2 OVERVIEW OF WATER PUMPS-MOTOR

As the name suggests, the pump motor is a DC or AC motor device that moves fluids
depending on the power source. The conversion of converts the direct electrical current into
mechanical power is done by a direct current motor and it works on the principle that when
a conductor which carry the current is in between a magnetic field, therefore electrical torque
is experienced and tends to move toward. This principle is known as motoring action in the
other hands, Pumps operate by some rotary mechanism with the help of motor but they
consume a lot of energy while operating due to the work done mechanically by moving the
fluid. Moreover, pumps can operate with many sources of energy including manual from the
human operation, grid electricity, diesel and other renewable energies such as wind, solar;
they are designed according to the applications that are why they come in many different
sizes from microscopic size for medical use to huge industrial pumps size [42].

Based on availability, motors such as synchronous and asynchronous, brushed and brushless,
permanent magnet and variant reluctance and many others are found in the market depending
on the application. The use of a dc or ac motor for solar PV application depends on the type
of system. It can be directly connected here a direct current motor is needed or connected

via an inverter then an alternating current motor is needed in this case.

For some pumps, motor and pump are designed together, so, the user does not have the
choice of choosing the pump and motor separate because both are integrated and also the
performance examination is done by the controller inside the pumping system contrary to
the surface system, the possibility to choose the ump and the motor separately is available
[43].

Whether the availability of electricity from the grid is rare, the electrical grid remains the
main primary source of power and it is mainly used in the whole world to drive the pumps.
In remote and rural areas where there is a limitation of electricity from the grid and the use
of diesel generators have taken a big percentage since a long period to power irrigation and

water distribution pumps in regions without disconnected to the grid [27].

Table 2-2 descibes the pumping systems types since the human being started to think about

that is from the hand pump with the advantages and disadvantages of all the methods.
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Table 0-2: Water pump method: Advantages and Disadvantages[44]

Types Advantages Disadvantages
Easy to maintain with no fuel The inefficiency of boreholes
with loss  of human
Hand pumps and can be manufactured locally .
. . productivity and very low flow
with a low capital cost.
rate.
It is efficient and less costly than | The main drawback of this
. human power and their dung|system is that animals must be
Animal drove

might be used as manure and
biogas once fermented.

fed every day properly to
improve their work efficiency.

Hydraulic pumps

No fuel cost is required, reliable
and easy maintenance at cost-
effective with a long lifespan.

Not efficient everywhere so
the site condition must be
taken into account

Wind pumps

Reliable and renewable, suite to
manufacturing locally and no
need for fuel to run the pump.

Its main disadvantage is its
intermittency and the wind
speed also the design is
somehow complicated.

Pumps solar

Same as the wind with an
estimation 20 years lifespan with
no fuel costs and very easy to
install.

High initial capital costs and
Water storage is required for
cloudy periods and repairing
require skilled technicians.

Diesel and Gasoline
pumps

Quick and easy to install with
low capital cost and they are
Widely used with the portable
possibility

Expensive cost of fuel with
high maintenance cost and
short life expectation also
harmful they are due to noise
and smoke.

2.4.3 OVERVIEW OF SOLAR PUMP

Solar pumps are the one which operate with power from the sun and as rated per voltage

supply but they need and require accessories to operate properly. The design of the solar

pumps is high quality, low lead marine grade bronze and stainless with corrosion-free and

maintenance-free service even in a severe environment with long term performance and

reliability [45].
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Based on the classification, pumps are typically categorized into three models from their
applications and the water source. Therefore some pumps are called surface pumps when the
water is lifted from the surface shallow well while submersible lifts water from a deep well
to the discharge and the last one which is floating pump lifts water from a reservoir or a tank
with the ability to adjust height [45].

For submersible pumps, the motor and pumps are designed together to facilitate the
maintenance once needed this is applied also to the floating pumps whereas for the surface
pump, the motor is separated to the pump and thus the user has a possibility of choosing the
favourable component for his/her application [45].

The unique combination for a pump is its flow rate and the height and though for a high flow
rate the low head is configurated and vice versa for given input power. Liberally, the
classification of the pump based on the operating principle is currently two along with a
positive displacement pump and the dynamic pumps.

Dynamic pumps work for high velocity and pressure through a diffusing flow passage this
operation make the pump to have a low efficiency compared to the positive displacement

pumps but by comparing the maintenance cost, dynamic pumps are cost-effective.

However, the working principle of the positive displacement is that an amount of the fluid

is trapped the volume into the discharge pipe [45].

Dynamic and positive displacement pumps are grouped into categories as well that is why

the most used will be listed below:

i.  centrifugal pump for surface application: Used for the total height less than six
meters, surface centrifugal pumps are more efficient for less lifting and high
discharge rate of water because they are outside or on the earth surface, surface
centrifugal pump need careful maintenance and protection against the dirt dust and
external water to enter the pump, Figure 2-4 describes the main parts of the
centrifugal pumps. These pumps are relatively less expensive which is one of the
advantages of them also they are available in the market but the main drawback of
these pumps is that once the air enters, the pumps have difficulty to push water
because air is heavier than water in pumping this is a factor is due to the non-self-

priming standard and it is called air bound [46].
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Figure 0-4:Centrifugal pump described by parts [47]

By creatinlow pressure at the inlet which causes a high pressure of water to flow due to the
atmospheric pressure met in the area, surface pumps even though it has a perfect vacuum at
the inlet, the atmospheric pressure creates a limitation in lifting liquid. Equation 2-6 shows
why there is a limitation of the suction head for surface pump:

_ P*10.197
SG

h (2-6)
where is the lifting height in (m), p is the standard atmospheric pressure at sea level which
equivalent to 1.01 bar, 10.197 is the conversion factor of 1.01 bar to the water column in (m)

and SG, the specificl gravity of water at 25°C which is equivalent to 0.999.

Now, by solving Equation 2-6, we substitute the value and obtain 10.34 m as the lifting head.
This means, for a temperature of 25°C, the suction head of the pump is limited to 10.3 m in
ideal condition and with such ahead, the water weight in the pipe suction is equalled to the

force used by atmospheric pressure.

ii.  Submerged pumps: As suggests the name, the submersible shown on Figure 2-5 is
the ability to be submerged, with pump and motor attached and the operation is done
while submerged in water. Because of the combination of the pump and motor,
submersible pumps do not require priming to operate and they have better reliability
than surface pumps since they are submerged and outside of other environmental
harms. And though the capacity of the pump is determined by the width and the

number of impellers [48].
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Figure 0-5: Submersible pump with different parts [98]
24.4 OVERVIEW OF DC/AC MOTORS

A DC or AC motor is an electrical machine which converts electrical into mechanical energy
by rotary motion, it has been demonstrated that when the motor receives power passing

through a magnetic field then the operation of the motor is done.

They are classified into two types as shown the Figure 2-6 and the one used for the pumps
are brushless which is a DC machine that consists of three winding and which works two by

two and the rotary movement is controlled by the sensors.

S

This is the broadest class of motors, and often simply
referred 10 as DC motors. Motor rotation is achieved
fhrough current swiiching when an electrode calied a
brush’ {stator side) sequensially contacts a ‘commutator
{armature sice)

In this type of motor operation is performed by switching
cunent electnoally using a swilching eiement, such as a
transistor, instead of a brush and commutalor

i
i

A motor that operates i sync with he pulse power, also
known as a putse motor. This type of motor IS
characierized by easy, accurale posSioning operation

'AC(AhmaingGurm)
Motors

E
i

In this method reofor drive is enabiied through the
nteraction of current nduced in the rotor by the creation
of a rofational magnetic field in the stator frore an AC

Mators

8
; Y

This type of mofor works by pulling the rotor pole using a
rotational magnetic feld created by the AC source, wihich
causes the moior 1o rotate. The operating speed Is
synchronized o the frequency of the power supply

Figure 0-6: Types of DC/AC motors[49]
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2.5 RELATED WORKS ON SOLAR PUMPING SYSTEMS

Photovoltaic power for pumping purpose is the most promising system in cost-competitive
comparing with the other conventional energy resources for the small-scale water pumping
system. The solar technology being developed in decreasing the cost of watt peak for solar
cell due to their production in mass, meanwhile the exorbitant increase in fossil fuel cost,

allow photovoltaic to become in the future more economic and most used [50].

PV water pumping systems have become more and more promising in agriculture, livestock

and water supply in remote locations where the access to the grid electricity is limited [50].

Recently numerous studies have been brought out on PV pumping system and most of them
were focused on the performance evaluation, the system optimization, the technical sizing,
the improvement of the efficiency, and factors affecting system performance, economic
analysis and environmental impacts in many rural and remote area with different

applications.

In Egypt, Mahmoud and Nather investigated one of solar-powered pumping system coupled
with batteries system performance to sprinkle and drip irrigation systems. As shown the
result, the system is more efficient in agriculture sector based on the system efficiency and
the economical side where farmers spend less when starting a project but harvest a lot due
to the abundance of water for irrigation, however, the one drawback of this system is the
cost of the batteries [51].

The cost analysis of photovoltaic pumping systems is lower than the one of the classical
energies and diesel-power for pumping application. It has been illustrated that PV system
could effectively operate in a region where the sun is in abundance for irrigation application
compare with the classical energy system which requires fuel for some and other are very
expensive based on the maintenance and lifespan periods. This system improves the quality

of life and promotes socio-economic development in a rural area [51].

Still in Egypt, Mankbadi and Ayad discussed the performance of small capacity direct PV
water pumping system under the meteorological conditions of Egypt and reported that small
capacity direct PV water pumping systems are most suitable for domestic water pumping
applications also because of the domestic use of solar this could play both roles in supplying

water and electricity [37].
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Meah et al. presented the economic analysis in Bangladesh rural location facing a shortage
of electricity from the grid. The work aim was to compare two systems from different energy
sources and the result was carried out that solar PV was more effective than diesel generator
by taking into account their lifespan parameter and the cost of fuel for the generator [52].

Besides, in the same economical point of view, it has been seen that for the same season
irrigation period, the PV system is very costly than the diesel due to the higher cost of the

solar panels [53].

The design of the PV Coupled with battery system was made to supply power to brackish
water pumping and reverse osmosis desalination unit. The process was based on the use of
2 diff erent metrics; the net present cost (NPC) and energy cost (EC) were used to optimize
the size of the system. The system performance was done using HOMER package and the
Results confirmed that PV array of 75kW, Batteries system of 32 units, and converter of 28
KW was the optimum size to supply power and water for the community. The NPC and EC
costs are $109,856 and $0.059 respectively and it has been concluded that this system could
be a life quality improvement and could bring socio-economic development in a remote area.
The comparison of a coupled and standalone system based on the cost and system reliability
was highlighted in here [34].

R. Sharma, S. Sharma and S. Tiwari in [54] used a theoretical analysis on solar PV power
system including hydraulic calculation, to size the PV array, motor and calculate the
efficiency. The second method was the simulation using PVsyst software. Finally, different
parameters affecting the system performance were discussed [54].

Environmentally speaking, an original hybrid PV-T-air dual sources heat pump based on a
three-fluid heat exchanger was proposed by Penglei Zhang, Xingyue Rong, Xiaorui Yang
and Dalin Zhang in Beijing. In the dry or sunny period, solar and air are absorbed
simultaneously by the system; in the rainy period, it is the time for the PV modules to be
cooled actively or passively by a heat pipe. The system was designed to supply heat and
electricity for a rural single-family house in Beijing, and a mathematical model was
developed. The proposed integrated system had the advantages of a compact structure,
standardized production, easy maintenance, and no risk of freezing [55].

Anjani Kumar Mishra and Bhim Singh proposed a model of a single-stage interactive solar-

powered switched reluctance motor-driven water pumping system with a control technique
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efficiency. The control of the proposed system provided the maximum power point
technique (MPPT) tracking and motor drive control with bidirectional power flow between
the photovoltaic array and single-phase grid. The control block can eliminate the harmonics
in the component, to improve the performance dynamically and the capability of reject dc
offset compare to the other control. Also, the developed control model includes Panels feeds
forward term to improve the performance dynamically by minimizing the dc-link capacitor
and an improved MPPT technology based on the perturb and observe algorithm. This is used
to reduce PV losses, especially under varying irradiation levels. The model of the developed
control was tested on an improved prototype and its suitability is authenticated through

simulation and test results were presented under various conditions [32].

PV modules generate electricity as long as sunlight falls on them. Attempting to cover them,
using a blanket or cardboard, for example, is not a safe practice because they create a shade
which can impact the performance output of the PV panels even though the light could still

reach the PV module, or the cover may come off still the shading impact there [37].

According to Anuja Inglea, D.l.Sangotra, R.B. Chadgeand and Pratik Thorat, The
configuration of the PV modules have a great impact on the system performance
improvement. The present paper discussed the impact of different configurations such as
series, parallel, series-parallel, the total cross-tied, bridge link, honeycomb and the

highlighting on the current issues and challenges involved in solar-powered systems [22].

Sundaram Senthilarasu developed a dynamic model for both PV with batteries and without
batteries system for running a motor-pump set to lift groundwater for irrigation purpose.
Sizing was done for the battery-based system in HOMER which was also validated using
hand calculation. Water tank equivalent to the battery storage was also calculated for PV
system without battery system. Two different dynamic models were built in MATLAB
Simulink to demonstrate the system with battery and without battery system performance.
Comparing both systems in the economical side of thing, the diesel generator is cost less
compare to the battery-based system but by combining both, the system becomes more and

more efficient [4].

2.6 RESEARCH GAP

Most of the work done on PV water pumping system as discussed in the above section were

focused on the system performance and evaluation, the sizing technics, economic and
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environmental aspect of the system but few of them worked on the design and analysis of
the system and none even on the sociological aspect of it, therefore, we have found important
to present a design based on the sociological aspect of the system in the remote area also
using tools PVsyst and Matlab/Simulink to evaluate and interpret the results obtained.

2.7 CHAPTER CONCLUSION

The previous section was reviewing the solar-powered water pumping system by taking into
account the different parameters, components for the system performance and relating some
previous works done already on the same topic by presenting their methodologies and results
and finally we came up with the gap found after going through some related works.
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Chapter 3 : METHODOLOGY AND SITE
PRESENTATION

3.1 INTRODUCTION

This chapter consists of different methods and techniques we used for reaching our goal as
shown in section one, the field visit included household survey, data collection from the site,
some physical measurements and consultation of some reports.in the other hand, the Internet
with its research motor Google was the other method to collect data by reading some books,

reports, articles, journals, etc.

3.2 SITE AND METEOROLOGICAL DATA IN MINOVA
3.21 SITE SELECTED

We selected Minova as the field of study which is located at 1472 meters above the sea in
DRC, South Kivu province and Kalehe district. its UTM position is QU21 and its joint
operation, the Graphics reference is SA35-08. Its Geographical coordinates in decimal
degrees (WGS84) are such that the Latitude south and Longitude East of -1.708 and 29.018
respectively and in degrees- minute-seconds of -01°42'28" and 29°01'27” respectively. The
sunrise at 06:08:52 AM and set around 18:10:44 PM [56].

The Minova ‘Air de santé’ is populated with 40279 inhabitants with a population growth
rate of 2.33% [6]
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Figure 3-1 Minova map and its surroundings [57]

The map on the Figure 3-1 represents Minova Health Zone in general which is surrounded
by other health zones commonly called ‘Zone de santé’ such as Bulenga, Buumba,
Muchibwe, Bobandana, Kalungu, Bwisha etc. and the other hand, the important information
about the site are shown such as the terrain elevation, the temperature the irradiance at the

optimum angle, etc.
3.2.2 SOLAR IRRADIATION AND TEMPERATURE IN MINOVA

The irradiation is the quantity of energy from the sun that hits a certain area on earth in a
specific time and fluctuates according to seasons. Besides the electromagnetic incident on
the earth surface per unit time and the unit area is called the irradiation. The total amount of
irradiance is determined as the quantity of radiant reflected by the sun over all wavelengths

that fall each second on the one-meter square outside the earth’s atmosphere [58].
Equation 3-1 shows how to calculate the irradiation at a given site

[rrad = Av.insolation  Wh/m? 3_1
et =, daily bright sunshine hours n /m ( )
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Minova irradiance can be calculated knowing its average solar insolation and its average

daily bright sunshine hours. Table 3-1 and Figure 3-2 helped us calculating the irradiation in

Monova.

Table 3-1: Monthly Global insolation and temperature in Minova

Months Insulations | Temperatures in

[kwh/m?] Celsius degrees
January 4.9 21
February 4.9 29
March 4.9 21
April 4.8 19
May 5.0 19
June 5.1 19
Jully 51 20
August 5.1 21
September 5.1 21
October 5.0 21
November 4.9 20
December 4.9 20

Therefore, the annual average insolation is 4.975 kWh/m?

According to the Global Solar Atlas by world Bank, Minova has a yearly direct normal
irradiation of 1177kWh/m? as shown the Figure 3-2 [59]. The yearly average temperature in
Minova is from 21 Celsius degree. Table 3-1 shows the temperature data for the year 2019
and the variation is seen based on the changing in weather, that is why the climate data is
not the same yearly thus they might change accordingly.
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Figure 3-2: The average hourly, monthly and yearly direct normal irradiation of Minova

The average daily average bright sunshine in Minova is 5 hours, hence, by substituting in

Equation 3-2 ,the irradiance become

_ 4.975kWh/ m?

- =956.7W / m’
5.2h

3.3 SECONDARY DATA COLLECTION

To conduct this research, we were focused on the literature review of articles, thesis and
many other documents related to this topic without forgetting the evaluation of the report on
public health.in brief, all document which we used to get information about the site, the
orientation of the proper person, NGOs or some other moral person to collect important data
for our work. although it was about the project proposal, final activity report and budget
report. the secondary data we collected helped us to get an idea on the impact of the project

mostly on the socio-economic and gender aspects of it.

3.4 PRIMARY DATA COLLECTION

On the field, we have used active and participative methodologies to make intervene the

targeted population using interviews with Minova inhabitants, some school and health centre
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staff, we were guided to some water sources by the TDR! of Minova health zone and some

conversation were made with the water management staff at ASUREP?.

However, the field visit helped us to have an idea on the feelings of the Minova ‘Air de
Santé’ inhabitants. Altogether, we interviewed 100 households’ owners, one primary school

and one health centre in the region selected.
3.4.1 INTERVIEWS

The main approach in gathering information and data was to use a survey questionnaire. 100
households’ inhabitants were interviewed on the water condition. As a result of this, an
observation was brought to their situation and the additional note was taken where needed.
From their replies, the scarcity condition of potable water especially during the dry season.
The analysis shows that the MINONA inhabitants, such as households, health centre, schools
suffer a lot because of water scarcity and this causes socio-economic problems. It has been
proved also that most of the inhabitants are women and girls and they are the one who
collects water for their households. This has a very good impact on their living conditions

especially in their activities and schools for children.

In most of the cases, in Minova the water flows gravitationally and the electric pumping
system and the last one presents a big problem of load shedding. Moreover, the fuel and the
maintenance cost of the pumping system is very costly to people. Yet they manage it
somehow to survive while others use water from the river for everything. Therefore, the
waterborne disease rate in Minova is high because the water is not treated and some can go
wash from there while others are fetching. When we asked about the solar-powered pumping
system, we found out that it is a new topic and they don’t have any knowledge about the
system they use manual pumps which is very tiresome and unhealthy in many places of the

region.

! TDR : ‘Technicien du Developpement Rural’

2 ASUREP : ‘Association des Usagers de Resau d’eau Potable’
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3.4.2 WATER SUPPLY AND SOURCES IN MINOVA

The main water sources in Minova are surface water such as lake,rivers and groundwater
despite the enormous water sources, water from the rivers and from the mountain remain the
most used and in unproper ways because most of the sources are not accommodate. The
pumping system is done most by gravity and where there is a pump, the generator is used to
supply the pump motor. For the community which is supplied by the water pumped,they
complains about, the average investment cost of a pump which is higher than the average
monthly salary they get and some of them did not contribute to buy the pump.

For considering the pump life span and its maintenance, the pumps can break monthly and
therefore they find themselves spending more than seven times maintenance cost in a year

than buying a new pump.

Because most of the pumps were implemented by the NGOs therefore when they get
damaged it is very hard for the community to organize themselves to get them back to

normal.

Minova “Air de Santé” has five water sources installed in Kinyamuheke, in Kishinji, two
sources in Kashenda which are located already in the Northern Kivu province in the Masisi
and finally another in Kabalekasha in the Masisi as well. all the five sources supply water in
the Minova “Air de Sante” but they are not enough due to the population growth and also
the unappropriated construction for distribution based on the distance. In addition to this,
there is another source in Kirwa which is abandoned because of the lack of maintenance.
However, groundwater and springs are the major water sources in Minova to hand and
mechanical pump well [20]. Drinking water in rural areas falls under the National Rural
Water Service (SNHR) [60]. especially in Minova, drinking water is managed by a sub-
branch ASUREP “Association des Usagers de Reseau d’Eau Potable” which is the

community water management.
3.43 WATER DEMAND AND INHABITATION

Most of the inhabitants are females and they are the most who go and fetch water.it has
shown that the main common distribution water point is the public tap which is mostly used
by the whole ever, it has been seen also that people try to manage and get satisfaction with
the resources they have, using six jerry cans of 20L per day for the whole family seems
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effective for them but also the cost of 100 CFR per jerry can with the monthly salary less
than a hundred USD could have caused a shortage in income. The complaining about the
scarcity of water was manifested in January, June, July and August when the sun is too much.
not having enough information on solar pumping, the community is excited to know what is
it and how better it is compared to the diesel, hand pumps because none has ever been

implemented there before.
3.44 SOCIO-ECONOMIC SITUATION AND PROBLEMS

On 100 households taken as a sample, most of the people explained that their main economic
issue was the cost of water even though it has to be paid once a week also the distance from
their houses to the tap causes the social problem this makes most of them go to fetch water
from the lake, rivers where water is free of charge. We also went to a primary school where
pupils don’t have drinking water or water which can help them in their basic needs such as
washing hands, using washroom services. Therefore, we found out that the normal condition
for one pupil per day is 20L. Besides, one health centre was visited and the issue is very

serious there while it is the most critical place where water is needed in the first emergency.
345 KNOWLEDGE AND OPINION

When we reached the field, a solar-powered water pumping system was quite unknown to
the interviewees. Hardly, one or two of them had heard about solar-powered water pumping
system. Though everyone was very interested, most of them lacked knowledge about the
technique and therefore were a bit confused. Besides they were anxious about maintenance
cost, distance and the availability of water during cloudy days. After assuring them about its

performance, they were keen to use the solar-powered water pumping system.

3.5 PROPOSED SYSTEM MODEL

As suggests the slogan “water is life”, to satisfy basic human needs, to ensure food security
and production to protect ecosystem and health, to ensure sustainable and socio-economic
development, water sources are needed the most. PV module is the basic power generation

unit and its output depends on the solar irradiation and the temperature [61]

In this work, the power is generated by the solar Photovoltaic modules which are connected
in series and parallel to form a PV array which its turn is connected to a DC-DC converter
to match the voltage from the PV array with the one at the pumping side. The pumping bloc
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contains a controller to sensor the water level from the source and one of the discharge levels.

Figure 3- 3 represents a schematic block of what we will be discussing about later on.

S
DC-DC
PV ‘ PUMP ) O
ARRAY CONVERTER
~ . 7
B WATER
TANK
SYSTEM DC
CONTROL MOTOR N —

Figure 3-3: Proposed system bloc diagram
3.5.1 SOLAR PV MODEL

The Solar PV module fundamental building block is formed by a cell photodiode which can
convert sunlight into DC using the photovoltaic effect. The schematic diagram on Figure 3-

4 shows a simple equivalent PV solar circuit [62][63].

Figure 3-4: PV solar circuit equivalent

The practical PV module is configurated by a fixed number of solar cells in series and
parallel based on the voltage need. The I-V characteristics of a PV module are represented

mathematically by Equation 3-2 and 3-4:
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,:,PV_,O{Exp[V;Rle_l}VERJ (3-2)

Therm? Sh

Where I, and I, are the photocurrent and the diode saturation current, respectively.

K
VTherm = NS (_T} (3 - 3)
q
Vinerm 1S the thermal voltage, Ny the number of modules in series and constitute a string

to increase the output voltage of the system, k is the Boltzmann constant (1.3806503
10723 J/K), T (in Kelvin) is the temperature of the p-n junction of the diode, and g
(1.60217646 = 10~1° J/K) is the electron charge. Also, Rg and R, are the series and shunt
resistances respectively of the array and a is the ideality factor usually chosen in the range 1
<a<l1.5.Hereais set at 1. The PV solar characteristics are shown in the following graph in

Figure 3-5

P=Ppq
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Figure 3-5: Solar PV characteristics

3.5.2 PV ARRAY

A PV array is the constitution of PV modules configurated in series and parallel. However,
there are mainly two main families of PV modules: Monocrystalline PV modules and

polycrystalline PV modules. [64].
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a collection of
PV Paneli- single solar cells
connected together

a number of individualj
PV Amray.- PV panels electrically
connected together

Figure 3-6: Photovoltaic Array constitution[65]

It is important to note that photovoltaic panels or modules from different manufacturers
should not be configurated together in a single PV array, even if their electrical
characteristics are the same. This is because differences in the solar panels I-V and P-V
characteristic curves as shown in Figure 3-7, as well as their spectral response, is likely to

cause additional mismatch losses in the array, therefore reducing its overall efficiency [66]


https://www.alternative-energy-tutorials.com/energy-articles/solar-cell-i-v-characteristic.html
https://www.alternative-energy-tutorials.com/energy-articles/solar-cell-i-v-characteristic.html

35

1V and P-V caracteristics at differents irradiations
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Figure 3-7: 1-V and P-V PV Array characteristics with

The graph on the above on Figure 3-7 shows the power which varies directly proportional

with the irradiation. And it is indirectly proportional to the temperature.

3.6 OVERVIEW OF DC to DC CONVERTERS

DC-DC converters are power electronic device or circuit that convert a dc voltage into a
different dc voltage level by providing a regulated output [16]. Power electronic device in
this case of a solar pumping system is the starting controller, a pump accelerator between
the pump and the PV array (in 12V, in 24V, in 36V, in 96V until 200V). Its main function
is to optimize the daily efficiency of the pump.it can be connected to a commanded switch

though a floater in the reservoir [32].

The following bloc diagram on Figure3-8 represents the classification of DC-DC converters.



36

#_Lbi_Ltt—

DC-DC Converters
' | | '
Linear Mode Hard S*i&hlng Soft Swiching
(Resonant)

1
Sed Zero Current | | Zero Voltage
Non Isolated Isolated Switching Swiiching
chwaturs chuamrs (2cs) avs)
|
LI I I | 1
Buck/ (One Multple
Boost | buck || v | [ €| | swich Swikh
l
! ' ' Y ! ! !
Boost | | Forward || Flyback | | Buck | [PushPull H.Hlf F.uJ]
Brdge || Bndge

Figure 3-8: DC-DC Converter classification [67]

As shown on the Figure (3-8) there is a numerous type of DC-DC converters but we can

discuss a bit on the most used non isolated converters [68].

3.6.1 DC-DC BOOST CONVERTER

Called step-up converter, the Boost converter is an electronic device which consists of

stepping up the voltage.it operates under ON-OFF modes. When the switch is OFF, the diode

is reverse biased. Kirchhoff’s voltage law around the path containing the source, inductor,

and closed switch is [69].

di
V, =V, =L—+
L= Vs at

B3-4)
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Figure 3-9: Schematic diagram of a boost converter [70]
3.6.2 DC to DC BUCK CONVERTER

A Buck converter is shown in Figure 3.10a, with a bipolar switch of the power pole made
by the transistor and the diode .in the capacitor, the equivalent series resistance (ESR) will
be neglected. By turning ON the transistor, the inductor current in the sub-circuit of Figure
3.10b increases while turning OFF, the inductor current “freewheels” through the diode, as

shown in Figure 3.10c decreases.

v, T 2V
(b) f=+ {‘ ?

g=1— "

(C)

g=0—=

Figure 3-10: Buck converter schematic diagram [71]
3.6.3 DC-DC BUCK BOOST CONVERTER

This type of DC to DC converter has a magnitude of output voltage which can be low or
higher than the input voltage depending on the wanted application. The buck-boost

converter is equivalent to the flyback circuit and the single inductor is used in the place of


https://www.elprocus.com/buck-boost-converter-circuit-theory-working-applications/
https://www.elprocus.com/freewheeling-or-flyback-diode-circuit-working-functions/
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the transformer. These converters can produce the range of output voltage than the input

voltage. The following diagram shows the basic buck-boost converter [31].

Y\
0 4 .l.IJ. L Ll 4 J.IJ. E 0
+ ST‘ 84 +
Ve - - » -V
T n Ss : S2 S
[o— s ¢ ¢ 0

Figure 3-11: Buck-Boost converter[72]
3.6.4 DC-DC CUK CONVERTER

Cuk converter is derived from the boost converter. Its circuit diagram is shown in Figure (3-

10) however the inductor current I, increase with slope 1, /L and decrease with a slop —(V; —
V;)/L Since L during switching off. Thus, since L, —V, is a low-pass filter, the output

voltage is calculated by the formula[73]

(3-5)

— CE Vo

R

Figure 3-12: Electrical simplifies cuck converter[74]
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However, due to the radiation and temperature variations which impact the maximum power
point, it is not easy to set an optimum power matching with all radiation variation levels

unless the special design is done for DC motor.
3.7 MPPT TECHNICS

To improve the PV pumping system performance, an MPPT Controller is needed to
continuously match the output characteristics of the PV array to the input characteristics of
a DC motor. The MPPT usually consists of a controlled power electronic circuit which tracks
the maximum power from the PV array and therefore improves PV system efficiency [75].

Two main MPPT technics are classified such as P&O and IC method
3.7.1 PERTURBATION AND OBSERVATION ALGORITHM

The P&O algorithm has based the increasing or decreasing of the PV array voltage or current
at regular period and then comparing the output power of the PV with those of the previous

samples point as illustrated on the Figure 3-13.

Mathematically speaking (Z—P = 0), Figure 3-14 showed the process of MPPT system. when
4

the PV array operates to the left area of the MPP curve, the output power increases based on

the increase in voltage and output power decreases on decreasing voltage when the same

operate to the right area of the MPP Curve. Hence if (Z—P > 0), the system keeps disturbing,
14

and if (Z—P < 0), the disturbance should be reversed. The process repeats until the operating
14

point is across to the maximum PowerPoint. Where P and V are power and voltage at the
output of the PV module respectively. The main advantage of the P&O algorithm is its
simplicity. Generally, the system presents a good operation because the solar radiation does
not deviate very quickly but the poor efficiency is remarkable at the steady-state when the
irradiation is very low. the operating point oscillates around the MPP voltage usually in terms
of light fluctuations but never reaches exactly the MPP. For this reason, alternative solutions

have been proposed such as a modified or improved P&O method.
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Figure 3-13: P&O method flowchart
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Figure 3-14: Example of a Perturbation and Observation
3.7.2 INCREMENTAL CONDUCTION ALGORITHM

The Incremental Conductance algorithm is based on the observation that the Equation 3-6
holds at the MPP:
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dlp, _loy G-6)
dVPV Vv

With Ipy, and Vpy, , the PV array current and voltage respectively.

When the optimum operating point in the P-V plane is to the right of the MPP, (dli + Tey < O)

PV VPV

also, when the optimum operating point is to the left of the MPP, (((jli+lﬂ>0>

PV VPV

. ., dl oy . . o .
Therefore the sign of the quantity —- + - indicates the correct direction of perturbation
PV PV

leading to the MPP here is when calculating by substituting real values. Via the IC method,
it is therefore theoretically possible to know when the MPP has been reached, and also when
the perturbation can be stopped. This system offers a good performance under rapid changes

in the atmospheric conditions [63].

3.8 OVERVIEW OF MOTOR-PUMPS

In general, pumps are classified based on different criteria such as conception of the pumps,

their position in the system and the type of motor used. [76]

Conception of

Position in the Types of motors
pumps system
|
Centrifugal Surface DC
Submersible Sub-
surface AC

Figure 3-15: Types of Pumps based on conception
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As seen in the above image, the pumps are classified according to the water sources,
However, the table below represents the choice of the pump based on the type of current and

their conception.

Table 3-2: Category and choice of pumps accordingly

Direct Current Solar pump 12V, 24V, 36V, 96V etc

Alternative ) _
Type of motors Current Classic pump 220V; 380V
Adopted to the high flow rate and big heights with
Centrifugal good efficiency and Economically viable for solar

pumps.

-Adopted to low flow less than 5 m%h and big
Conception Submersible heights with good efficiency; low maintenance but
not economically viable for solar pumps

When the pump is positioned at the earth’s surface

Surface at the depth less than 1.5 m

Position in the
system

When the pump is positioned at the earth’s surface

Subsurface at the depth great than 1.5 m

3.8.1 HYDROLOGICAL DATA OF MINOVA

Based on the data and the area we selected, the main source of water is the surface water
such as lake, river and the underground (well) and water from the mountain which commonly
supply all Minova and very preferable because the water is clean and pure also its availability
it does not need any purification, therefore the information which needs to be determined by
the driller is such that static height, drawdown depth, recovery rate and water quality [68].
Sub-surface water or groundwater is fresh and located in the pore space of soil and rocks. It
is also flowing within aquifers below the water table. Subsurface water can be exploited the

same terms process as surface water: having inputs, outputs and storage[77].

However, the pumping system using electrical pumps system exist in miniature in Minova
for some places due to mountain and rocks, in the site we selected the water flows
gravitationally without any pumping help system. In our system, we considered the water

from the underground as the source which makes the system a deep well pumping.
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3.8.2 TOTAL DYNAMIC HEAD DEFINITION

The TDH for a pump is the summation of the static and dynamic heads counting the friction
loss as seen in section 2. Friction losses are found in the pipes and appear at the intake point
and the outlet point such as inlet and pressure tank respectively. From the storage to the point
of use, the flow is gravitationally fed that is why between the storage and the use point,
friction losses are independent of the pump and when sizing it, they can be ignored. [78]. the

following bloc 3-16 shows the TDH of the system.

Reservoir

Vgrtical lift

Earth Surface

Static level

, TDH
Dynamic level

L Pumping Level

Submersible pump

Figure 3-16:Vertical measurements of submersible pump systems

The development of the aquifer zone conditioned by fractures is the main geological
formation found in DRC. It extends from Northeast in Orientale province to South-East in
Katanga including the Kivu [79]. The monitoring of the data in the Democratic Republic of
the Congo is somehow nonexistent because still data are kept in archive hard copies format.
Therefore, finding the data is not easy work because their availability to the public is limited.
Groundwater resources database in DRC is almost nonexistent; the few existing information
on hydrogeology, Geography and climate, reports and publications are stored in hard and
this renders the access to data difficult. Moreover, based on the site selected, we found some
information in the archives on the static level which is estimated to 2 m and the artesian level

is about 50 m with a drawdown of 43 m and a normal yield range from 10 to 45 m3 /h [80].
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Vertical lift: This is the distance from the water surface at the source and the water surface
in the tank. As previously stated, the water level in the source can change depending on the
seasons and usually change when the pump is running. Therefore, the vertical lift should be

designed when the water level is at its minimum.

Pressure head: This is the pressure at the delivery point in the tank. However, if the delivery
point is on the top of the tank, then the pressure parameter can be set to zero at that point of

delivery.

Friction loss: the friction loss is those losses found in the pipe due to pressure and they are
determined by four parameters such as inner diameter, length, roughness of the pipe as well
as the water flow rate. The friction losses can be obtained from the friction loss chart or
table.

During the pumping process, the water level inside the well seems to drop down to the
velocity of which the regeneration of the well come about to stabilize the quantity so that the
pumping process restart. The water level dropping depends on a certain number of factors

such as the type and permeability of ground and weight of aquifer.

The total height is the sum of the static and dynamic height as shown Equation 3-7
H, =H;+H, 3-7)

For some wells which present an important level of the water drop, a corrective term can be

added on the equation in the function of the flow rate as followed

HT:HS"'HDLHD(;HS]QA 3-28)

P

Where,

Hs is the static level in meter (m) which is the difference between the static level of water
inside the well up to the maximum elevation level where water has to be pumped,H, is the

dynamic level in meter (m) which represents the losses in the pipes while pumping water

The Darcy Welsbach formula enables us to calculate the Hy, as follow,
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Lv?

D25 (3-9)

H, = f

Where,f the friction losses coefficient, L the pipe length in meter (m), v the fluid velocity
in (m/s), D is the pipe diameter in (m) and g the acceleration in m/s?. To calculate the
available solar energy, the average daily or monthly solar irradiation of the site and the
hydraulic energy are taken into account. However, the PV module inclination at the
horizontal plane must be done concerning the ration of solar irradiation and the hydraulic

energy [81].

3.9 CHAPTER CONCLUSION

In this chapter we were presenting the data got from the site we selected by associating them
with different data from internet which were developped to get as a means to introduce the

following chapter.
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Chapter 4 : DESIGN AND CHOICE OF COMPONENTS

4.1 INTRODUCTION

This chapter consists of the design and choice of components for the proposed system in the

previous section,here the a cost analysis is done by Life Cost Cycle for the designed system.

4.2 WATER DEMAND IN MINOVA

Based on the survey from 100 houses, one primary school and one health centre, the
admissible water requirement to fulfil the basic needs in a household, at school and the health
centre based on different activities by sectors are equivalent to 30 litres/person/day,

20litter/pupils/day and 3000litres/health centre/day in normal condition.

From the survey we did, the data we collected was centred on school, household and public
health centre. therefore, the table below summarizes the water demand of the selected area.

Table 4-1: Water need per sector in Minova

?e:ﬁ?:égpoefr \év:;er Conditions Percentages

40L Surviving 15%

80L Fair 36%
Households 120L Recommended [49%

5L Not enough 15%
Primary School Pupils 10L Fair 35%

20L Recommended 50%

1000L Less hygienic 9%
Health center 2000L Fair 34%

3000L Recommended 57%

Based on the analysis from the data on Table 3-5, we took into consideration an average of
4people per house, the water need for 100 houses comes to 12000Litres per day as
recommends the WHO, For a primary school of 200 pupils, taking the recommended
conditions, 4000litres are required to fulfil students’ needs and finally, for one health centre
it has been seen that 3000litres per day could be very useful and recommended, altogether a
total of 19000litres per day would be enough to supply water for the small community listed

above.
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Total water Demand = 4000liters + 12000liters + 3000 liter = 19000 liters per day

In a solar pumping system application, the storage can be done in two different
ways: hydraulically using a tank or electrically using batteries. The hydraulic storage is more
used than batteries because of its cost-effective and its availability, However, based on the
cost of the batteries and their performance at a certain environment, hydraulic storage is
chosen over electrical one most in the rural area. In our case, we have considered a tank of

76m? volume.

4.3 CALCULATION OF THE FLOW RATE

The flow rate is the quantity of water pumped per unit time, however, because we are using
solar, let us take into consideration the peak hour of the cloudy month which is estimated at
5 hours per day when the sun rises at 8 am and set at 3 pm. The Equation 4-1 determines the
maximum flow rate by taking into account the total water need and the total volume to fill
the tank, let us take into consideration the tank volume.

Q= (4-1

v
t
Where,V is the volume of the tank equivalent to 76m? per day in m® and t the sun peak hours
for a cloudy month which is 5h, therefore, by substituting in Equation 4-1 the pump flow
rate become 15.2 m® per hour or 67.03GPM.

To calculate the flow rate we have taken the tank volume to desgn the pump which could be
able to supply water for the community and get extra water for the tank itself.

4.4 PIPE SIZING

Two methods are used to determine the pipe size such as the velocity limit method and the
friction factor method. However, the first method based on the velocity limit is the most
recommended and the one we used in this work. The Equation 4-2 helps to calculate the
inside diameter of the pipe but here the Hunter friction losses table characteristic is used as
referred in [82].

d:( /MJ “-2)
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With d the pipe inner diameter, Q is the flow rate in GPM and v the velocity in feet/second.
Therefore, the inner diameter of the pipe is 3 inches or 7.62 cm for a polyethene (PE)

pipe,this was chosen based on the flow-head chart.

4.5 CALCULATION OF THE PUMP POWER

The high recommendation from the technical guide stipulates that always better to calculate
the theoretical pump power to choose an optimum pump before jumping to the

manufacturing catalogue the Equation 4-3 determines the hydraulic power in kKW

p*Q* Q=H
P =" 4 -3
" 36%10° (¢=3)
H the Total Head which is 40 m,
g the Acceleration of gravity which is 9,81m/s?,Q is water flow rate is 15.2 hzl;

p the density of water which is 1000kg/m?3

3.6 x 10° s the conversion of an hour to second then multiply by 1000 to convert to
KW.

Therefore, by substituting the above values in Equation 4-3 the hydraulic power is equivalent
to 1.6568 kW.

The Equation 4-3 gives the hydraulic power without taking into account the pump
efficiency, however, the theoretical pump power is given by the pump shaft as shown the

following Equation 4-4

P
P, =—H 4-4
e

Pshare is the shaft power in kKW

np is the pump efficiency which is obtained from the catalogue let us take it as 48%

_ 16567

Therefore, the Pgpqrr = s = 3.45kW
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4.6 CHOICE OF THE MPPT- DC CONVERTER

The output current of the converter is determined by taking into account the electrical power
and the voltage from the motor, we have chosen a generic device MPPT converter of 96%
efficiency [83].

I:)Elec (4 _ 5)

mot

IOut =

Taking into consideration a normalized voltage constant of 120V, the output current at the
MPPT DC converter is calculated as follows [83].

. 4
Equation 4-5 becomes 1, = % =28.75A So, the MPPT-converter was chosen based

on the output current and efficiency.

4.7 CALCULATION OF POWER FROM THE PV ARRAY

The solar photovoltaic array consists of the PV panels in parallel, series and series-parallel
and is calculated based on Equation 2-2 in chapter 2
With I, 5 hours is taken here which is the average sun peak hours in Minova

F is the array mismatch factor which is 0.70 [44]

E is a daily subsystem efficiency which varies from 0.20 to 0.40 typical, [84] However,
in our system we were considered the pump, motor and converter efficiencies as our
subsystem efficiency and estimated it to 0.3. Hence, the PV power is rated at 4 kW as

substituted in Equation 2-2 Hence,

_ 4.142kWh/ day
" 5.2h/day*0.7%0.3

=3.79kW = 3.8

4.7.1 CALCULATION OF THE TOTAL NUMBER OF MODULES

The number of solar PV is determined by taking into account a chosen module or PV

electrical characteristics in this stage we need the watt peak power.
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Table 4-2: PV module electrical characteristics

Ty JAMS5L(BK)-72-
200/sS1

Rated maximum power at STC (W) (200

Open Circuit Voltage (Voc/V) 45.62

Maximum Power Voltage (Vmp/V) |37.26

Short Circuit Current (Isc/A) 5.66

Maximum Power Current (Imp/A) |5.35

Module Efficiency (%) 15.67

Based on Table 3-6 the total number of modules is calculated as follows:

B, Array

N = 4—6
PV mod PNSTC ( )

With Ppy4rrqy the power calculated in the previous paragraph which is 3.8 KW and Py, STC

the nominal power for one module at the STC, we have chosen 200Wp

Noy mod = 3;8—(;)(;) =19Modules

4.7.2 PV ARRAY SURFACE AREA CALCULATION

The surface area of the PV array is determined by the equation 3-16

Pov

Area(m?) = —F —
PSI #1775,

(4-7)
Where PSI (Peak Sun Insolation) is 1000 W /m? at STC (Standard Test Condition) and np
the PV efficiency. Therefore, we get,

3800W

=24m?
1000W / m? *0.1567

Area(m?®) =

4.7.3 CALCULATION OF THE NUMBER OF STRINGS

When sizing a PV, it is critical to know the minimum and the maximum number of PV

modules that can be connected in series. By Connecting many PV modules in series, the
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output voltage is increasing the voltage and constitute the output voltage of the string. the
minimum and the maximum number of strings, N,,i, and N4, , respectively, which are
calculated based on dc input maximum power point (MPP) voltage level V; 4, and the
maximum permissible dc input voltage level, Vpc 4, bOth specified by the PV converter

manufacturer, as follows [85]:

V \
Nqin = Ng < N = Min floor( ks ] floor(mj (4-8)
VM,mB.X VOC,max

Where V¢ max @and Vi 1may are the maximum open-circuit voltage (V) and MPP voltage (V),

respectively, which can be developed at the PV module output terminals based on the
incident solar irradiation and ambient temperature conditions that are used at the PV array
installation site during the year.

From the equation (3-17), the number of solar panels in series can be obtained;

N, =min| floor 120 , floor 200 =min[3,4]
37.26 45.62

Vimar = 120V, Vi max = 37.26V, Vpcmaxr = 200V and

Vocmax = 45.62V from the technical datasheet [58][85].

4.7.4 NUMBER OF SOLAR IN PARALLEL CALCULATION.

Connecting modules in series means increasing their output current, hence the number of
PV modules connected in parallel is calculated using the values of the current of the module

and the current of the converter:

|
N, . = roor(MJ (4-9)

M, max

Where the specification used of the inverter are Ipc,qx[A] IS the maximum continuous

current; and the specification of the PV module used in this calculation Iy ,,4.[A4] is the
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maximum MPP current. From the selected Solar PV panel and inverter specifications, we

get: Ny, . = floor(za75A
5.35

j=5.3;5

4.8 CABLES SIZING

Wiring is very important in PV system both for the safety of man, effective performance of
the PV system conductors and insulation must be rightly sized. If cables are undersized it

could resist in a fire hazard and high losses across the cables.

Based on the standard normalization, the voltage drop between the installing origin and the
end-user must respect the admissible values instituted by the French norm NF 50-100 [86].
However, the admissible voltage drop in DC installation is set at 3% [87]

The cable section is calculated in Equation 4-10

AU=b§*COS¢*(|B*L) (4 —10)

Where b is the constant whether in one phase or three phases and we will be considered 2 as

we are working in one phase (monophasic)

p is the conductor resistivity which varies depending on the type of material here copper is

considered at 0.0225Q mm?2/m
s the conductor section in mm?

I is the current of utilization which is 39.71A

AU(%):S_U (4—11)
N

Uy The nominal voltage 114V, Hence, 0.03 = % and Ay= 3.4V

L is the conductor length in m which is estimated at 50m based on the head.

Hence, the suction cable is equal to 25.8mm? then 25mm? is taken into account because it is

normalized.
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4.9 SYSTEM COST ANALYSIS

The cost analysis is a critical point in designing a project.in this paragraph, the total capital
cost of the solar powered water pumping system will be taken into account. The
consideration is made on the PV solar modules, the pump motor, the driller and the system
balance component. Table 3-7 shows the assumed value of the cost of each component as
referred in [88],[89],[90],[91],[92] [93].

Table 4-3: Cost assumed per component and the inverstment cost of the SPWP.

Components Unit cost Total Cost
PV module 0.869 $ 3584
Supporting 0.5936 $525
Egﬂﬁ)"e:nd“ding 5.0796 $ 17,752
Total of subsystem | 6.5422 $21,388
BOS 20% $4,277.6
Running Cost 5% $1,069.4
Taxes 15% $ 3,208.2
Net investmet 20.99101 $ 29,943

Considering 21 PV modules of 4000W, 1 motor pump 3450W including the MPPT
controller ,20% of the subsystem listed above then finally 5% for running cost of the system
the Table 4-3 describes the Net investment cost of the system. Figure 4-1 illustrates the
repartition of cost in term of percentages and we realized that motot pump takes more than

half the cost of the entire system.
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Figure 4-1: Cost repartition in term of percentages

The solar PV modules are assumed to work within 20 years and the pump for 10 years. The

running cost includes also the pump replacement after 10 years and the maintenance cost.
49.1 LIFE COST CYCLE

This method assesses the facilities ownership total cost. It takes into account all costs of
acquiring, owning, and disposing of a system. It is determined by the present value of the
current of the total cost of solar systems consisting of initial investment costs (IC) and long-
term costs for maintenance and operational (M, ). So, the life cycle costs in this study can

be calculated with the following formula [94]:

LCC = IC+Mq. (4-12)

4.9.2 NET PRESENT VALUE

The difference between the present value of all future returns and the present value required
to make an investment is the net present value for the investment. The present value of the
future returns can be calculated through the use of discounting rate of return which are future
benefits and cost streams can be converted to their present value. The interest rate was

assumed as the discount rate for discounting purpose [95].

Solar PV for Water pumping in this work (n) is assumed for 20 years operation. The discount

rate (i) used to calculate the present value in this study is estimated to 10%.

Therefore, the current value (present value) for the maintenance and operational costs during
the project life of 10 years with a discount rate of 11% is calculated using Equation 4-13
[94]:



NPV:M{(“i)__} (4 - 13)

Therefore

NPV = $1,069.4 (1+0.107 1) $6570.19
CUTTTT0.10(1 + 0.10)10| '

This is the amount of money which could be obtained in 10 years of operating and

maintenance cost referring to the pump life span and replacement.
By substituting the value in Equation 4-12, the Life Cost Cycle in 10 years is $36,513

Based on the above data, in DRC, 1 cubic meter of water costs $0.7 while having the
probability to pump 6935 cubic meters per year, then the cost sale in ten years is calculated
as following:

CS=Q, *n*W,

cost

(4 —14)

Where Qp quantity of water produced per year, n number of years and W, the water

cost per cubic meter based on the country standard.

Therefore, the water sold in ten years is $ 48,545.

Solar powered has a higher initial cost comparing to Diesel powered and other pumping
methods . Besides, the other costs for solar powered are very lower than those of diesel
powered the maintenance, operation and replacement costs are lower and there is no energy

cost needed in PV system.

410 CHAPTER CONCLUSION

This section was conducted by the best understanding of the system by putting together all
data collected from the field and internet to carry out a design hand calculation of the system
we are developing all along with this dissertation, a simple economic analysis was done to

see how performance the design was.
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Chapter 5 : RESULTS AND DISCUSSION

5.1 INTRODUCTION

In this chapter, we will be been comparing different results obtained from the simulation
tools: PVsyst, and Matlab/Simulink. A System rated at 4 kWp was designed for both tools
to see the performance of the system. We will see how sufficient is the system based on
different parameters and different components chosen by taking into account some

characteristics.

5.2 PVSYST VERSION 6.8

PVsyst tool has been used to find the most fitting power requirement for Minova area to
supply drinking water. PVsyst is a comprehensive Photovoltaic system analysis and design
program. Historically the software was developed in the year 1978 by the University of
Geneva [96] It calculates the size of PV system considering the specific location, the specific
loads, and the designer selects the different components afterwards the results are
automatically given. This software allows the user to estimate energy production that
accounts for losses due to weather and climate. This tool is very useful for PV pumping
system with hydraulic storage and therefore, the following result was gotten during the
simulation. Adding on this, the tool presents some mismatch which was related to the

subsystem design such as a converter, pumps wires, pipes, etc [96].
5.2.1 PRESENTATION OF THE RESULTS

The present section we will be presenting the results from PV Syst software and discuss
them by comparing with the one we got from the hand calculation. as shown Figure 5-1, the
first thing to do is to set the climate data of the site selected for the software to recognize the
site, however, if the data is not very well set or is wrong the user might be working on the

wrong site which can wrong the output result as well.
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Figure 5-1: Meteorological data of Minova site

The output power as related in section 2 of this work is the subject of some parameters such
as the angle at which the panel modules are tilted, the area and the transposition of the area,

Figure 5-2 represent the input variant based on the PV panel position
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Figure 5-2: Input variant for the module transposition

Figure 5-2 represents the suited orientation for PV modules or losses rate due to the
orientation. This is designed by taking into account the geographical coordinates such as
latitude and longitude and here we set the tilt angle to 30 degrees based on the 29 degrees
for longitude and we found the transposition factor based on the meteorological data such as
irradiation from the site was 0.95, the above parameters and values have been set yearly.
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Pumping Hydraulic Circuit Water needs and Head definitions

Water needs Water units
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(¢ Yearly average oW m/h _'J
Whole Year needs : P [—,_J
(" Seasonnaly value ressure  |meterW ¥
38.0 m3/day
" Monthly values Yearly summary
l‘ Water needs average 38.0 m?/day
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Hydraulic energy 1613 kWh
(¢ Yearly constant ; ; W
Whole Year: PV needs (very roughly) 5448 kwh
(" Seasonnal values
s 40.0 meterW
" Monthly values
?
Model File
Load Save
’ X Cancel v oK
i

Figure 5-3:Hydraulic input data based on water need

Based on the water need and the geological data we collected from Minova, the static level
is set at 40 m and the water need at 38 cubic meters per day by calculating the average yearly
water needs to be gotten 13870 cubic meters at the total head of 40 m this difference of 2.7
is shown because of the drawdown value which varies seasonally that is why the yearly
average head of 42.7m as shown Figure 4-3 and the hydraulic energy estimated at 4.4
kwh/day with electrical energy from the PV of 14.9kWh/day.

Figure 5-4 shows the system design by choosing different parameters from PV to the pumps
manufacturers. Therefore, here JAM5 72- 200 (L) (BK) from JASolar manufacture,IMPPT-
DC converter from LORENZ were used based on the water flow this makes the difference
between hand calculation and the simulation tools in which the database is limited and to get
a datasheet for a desire component was not easy. we were running 3000W centrifugal
multistage PS2-1800 C-SJ5-12 in which a brushless motor is incorporated with 4.1 to
7.7m%/h flow rate range at the head range of 20-70m. However, we had to configure two

pumps in parallel to increase the flow rate up to 11. 7m3/h.
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Pump(s) model and layout
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Figure 5-4: system Pump model and layout

The PV modules were selected based on their electrical characteristics therefore 3 modules
were configurated in series and 7 in parallel, this configuration was made to reach the
operating conditions of voltage and current at different temperatures. However, the series
modules helped to reach the voltage needed for our system which is rated at 114 V at 20
degrees, at 1000w/m? irradiance and 3.8 kW were gotten at the maximum operating power
and the array nominal power at STC was 4.2kWp.Besides, Figure 5-4 shows how we set the
flow rate of the chosen pump with a flow rate slightly low than the calculated one we realized
that the flow rate varies indirectly proportional with the head. So, with a high-water flow
rate, a small head. Here the pumps are coupled in parallel to get at least the desired water
flow rate and this implies the loss in power which will be unused. Figure 5-5 shows that by
using the flow rate of 15.2 calculated the power at the pump will increase as well this makes
a clear understanding relationship between the power and the flow rate which are directly

proportional.
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Pump(s) model and layout
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Figure 5-5: Pumps choice based on the flow rate
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Figure 5-6: Summarized project parameter

The result presented on Figure 5-6 shows the yearly summary of the whole system which
represents 99.1% of the water pumped with 3161kWh of energy at the pump which is 70.3%
of the total energy used and the other 29.7 % can be used in another purpose. The system
efficiency is 62.4% with pump efficiency of 53.3%.
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Figure 5-8: Daily water production concerning the irradiance

The flow rate and daily production are a function of the irradiation as illustrated Figure 5-7
and 5-8, there is much production during day time hours and during the night time, there is

zero production because the pump can not run within the absence of the sun.
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Figure 5-9: Production per installed capacity

We were kin to see that from April to August, the sun was in abundance and therefore the
unused energy rate was very high because as detailed in the previous sections, the pumps
controller will always stop running once the tank is full and also when the water level in the

well in low.
5.2.2 MAIN RESULT PRESENTATION FROM THE PV SYST

Table 5-1 summarized the overall system and we realized that from March to August the
water pumped per day were used 100% this is explained by the factor than those months
listed are the most with sunshine and in that period the scarcity of water is very remarkable.
The average yearly data of the global efficiency based on the irradiance is third of the Array
energy at MPP.
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5.3 MATLAB/SIMULINK TOOL

This section describes the MATLAB model illustrated in Figure 5-10 used to simulate the
system behaviour. It contains solar PV array represented by PV plant with the variants
inputs, DC-DC boost converter controlled by MPPT technics based on P&O algorithm, a
brushless motor bloc which is run the pump, IGBT switch which alternatively feeds two
motor windings through signals which come from the sensors controller bloc, where the

speed is maintained stabilized by PID controller. Moreover, there are also some

Table 5-1: Summary of the main result from PV syst

New simulation variant
Balances and main results

GlobEff | EArrMPP | E_PmpOp | ETkFull H_Pump |WPumped| W_Used | W_Miss

kwh/m?2 kwh kwh kwh meterW m?/day m3/day m3/day
January 98.3 334.9 261.0 43.6 44.21 36.87 36.03 1.970
February 95.8 322.2 2315 63.6 44.15 36.42 36.60 1.397
March 125.5 418.8 273.8 113.6 45.01 38.20 38.00 0.000
April 138.1 453.7 261.7 158.4 44.86 37.45 38.00 0.000
May 160.7 522.9 272.9 212.3 45.26 38.20 38.00 0.000
June 161.7 528.0 266.6 224.3 44.98 38.38 38.00 0,000
July 153.5 510.4 2715 203.8 45,32 37.95 38.00 0,000
August 144.0 482.1 271.9 177.4 45.33 37.82 38.00 0.000
September 126.9 419.3 263.5 120.3 44.81 37.80 37.73 0.267
October 118.8 399.8 262.8 103.3 44.88 36.75 37.73 0.268
November 99.9 343.2 260.5 52.0 44,52 38.32 37.25 0.754
December 95.9 329.6 264.6 32.8 44.39 37.44 37.52 0.483
Year 1519.1 5064.9 3162.4 1505.4 4.79 37.64 37.58 0.422

measurement blocs such as efficiencies, currents, power and voltages.
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5.3.1 GENERAL BLOC USING CONSTANT LOAD
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Figure 5-10: Solar pumping system model using Matlab
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5.3.2 PRESENTATION OF THE RESULTS

The system model altogether based on Simulink is represented in Figure 4-10. All the system
components have been set and combined to be simulated. The above bloc shows the
complete system using a PV array of 4kWp at a 25 degree of temperature. A boost converter
Is commanded by MPPT to track the maximum power. The command signal of the IGBT is
obtained through a comparator having as inputs a square signal of frequency f = 20,000 kHz
and the duty ratio d supplied by the MPPT control algorithm, respectively. Theoretically, the
maximum values of the current and voltage generated by the PV generator are 17.4 A and

242.2 V respectively.

leradiancs

000

Imagence

-----

Figure 5-11: Solar irradiance concerning the temperature

Figure 5-11 represents the variation of the irradiance from 0 to 1000W/m?. However, the
following results will be been depending on this variation such as the output power, output
currents, output voltage as well as efficiencies as the resistive torque has been set at a

constant value.
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Figure 5-12: Input and Output currents and voltage

Figure 5-12 describes the PV outputs voltage and current and converter outputs voltage and
current. Where it is seen that as long as there is a variation of irradiation, as shown in Figure
5-11 the highlighted results vary as well. At the irradiance of 0, they are also 0 and at the
maximum irradiance, the results are also at their maximum values. These graphs shapes (
currents and voltages) show that for any variation of the solar input i.e. irradiation, envolves
a variation at each of equipements (converter, motor,pump) parameters employed in the
system. Therefore, the following graphs shape will be depending on the highlighted

explainations.
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Figure 5-13: Motor characteristics

Motor mechanical characteristics are described in Figure 5-13 such as the motor speed,
resistive torque and electromagnetic torque. It is seen that these characteristics or their values
are linked with the previous results shown in Figures 5-11 and 5-12. When the irradiation is
0 (0 to 0.25sec) then the speed and electromagnetic torque are also 0. From (0.25 to 0.6) sec,
the irradiation is varying from 0 to the maximum value where the voltage is risen and allow
the motor to start then the electromagnetic torque rises. Hence, the load which is the water
flow rate represented by step bloc in MATLAB is added after 0.5 sec and remains constant
up to thes set time 2 sec. From 0.6 to 1.3sec, as the input PV remains constant, the motor
parameters such as speed and electromagnetic torque remain unchanged. However, these

motor parameters decrease from 1.3 to 2 sec when the irradiation decreases.
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Figure 5-14: Converter and Motor efficiency

Figure 5-14 shows converter efficiency, motor efficiency, ideal power as well as the PV
power. The efficiencies are directly proportional to output power which means that when the
output power increases, the efficiencies increase as well with the output power depending
on the irradiation. The ideal power is the power received directly by PV cells from the sun
therefore, it is linearly depending on the irradiation. However, the PV-power is the cells
output power which is not linearly proportional to the irradiation due to some constraints
related to the components.
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54 CHAPTER CONCLUSION

This section consisted of the results presentations from the PV Syst and Matlab based on
Simulink model in understanding the system behaviour with various components. The result

interpretation and discussion were made as well.
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6 : CONCLUSION AND RECOMMENDATIONS

6.1 CONCLUSION

The use of solar energy in remote and isolated areas for different application such as water
pumping presents an important interest, however, the PV generators have two major
inconvenient which are low efficiency and a high investment cost this is verified on the I-V
characteristic under the influence of different temperatures. The study of the PV generators
has enabled to know and understand their behaviours in terms of temperature, irradiance and

their effects on the electrical characteristics and hence on their efficiency.

To overcome to some issues related to water pumping, a study was made in order to design
and analyze a PV system for water pumping purpose to supply Minova rural community
with drinking water. This has led us to a result of a deep well solar powered water pumping
system. The study of different electrical motors based on the excitation and their electrical
characteristics shown that the DC motor coupled with a pump from LORENZ type presents
a good behavior in term of the PV array power. The optimization of the proposed system
used MPPT with P&O technics and the results show that the use of that controller improves
the solar PV pumping system but the only one drawback of it is that when there is a sudden
increase of sunlight, the power from the PV increases as well which has a very good impact
on its robustness. However, there are other methods based on artificial intelligence which
enable the optimization in real time of the system such as the fizzy logical and neurons
networks. Finally, the simulation results have shown that the proposed system allow to
improve the effectiveness of the system.

6.2 RECOMMENDATIONS

The United Nations (UN) consider that every person needs at least 20 litres of water per day
to satisfy the elementary needs. That basic amount of water should be free of charge for poor

people most in the rural and remote areas.

The water management in DR congo has been driven by only one water Utility supply in
peri and Urbans areas,some rural area, the management is done by a community organization
called ASUREP. Therefore, to ensure sustainability water supply in rural and remote areas
of DR Congo, Authorities, policy and decision makers in DRC and most in rural area should
think in favour of renewable energy such as solar powered water pumping system when

provding water.
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Futher research, the need of analyzing the cost and the environmental impact comparison
between solar and other sources of energy in the pumping water process also to find an
proper algorithm which can be used to control the motor and the pumps while running.
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APENDIX A: ELECTRICAL PUMPS CHARACTERISTICS

Centrifugal (C) Types
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Figure A-0-1: Lorenz DPS

Table A-1: motor-pump [83]

Controller and Pump Matching Method
Controller | Adaptable | Max. Input | Max. Open v“'" x o I’
Model Pump Current (A) | Voltage (V) A '(V) '(t)
DRz | Ratedi2v 15 <48 3048 15460
Pump
DF2¢ | Rated24v 15 <48 30-48 .15-+60
Pump
DF3g | Rated36V 15 <48 3048 -15-+60
| Pump
DF4g | Rateaddy 15 <100 60-20 -15~+60
Pump
pryz | Reted72v 15 <150 90-120 15-+60
| Pump | i : ]
DF-110 R"‘Ped 11ov 15 <200 110-150 -15~460
ump
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APPENDIX B : BRUSHLESS MOTOR ALGORITHM CODE

function [H1T,H2T,H3T] = fcn(H1,H2,H3)

H1T=0;

H2T=0;

H3T=0;

%% TH1

if (H1==0) & (H2==0) & (H3==0)
H1T=0;
H2T=0;
H3T=0;

end;

%% TH2

if (H1==0) & (H2==0) & (H3==1)
H1T=0;
H2T=-1;
H3T=1;

end;

%% TH3

if (H1==0) & (H2==1) & (H3==0)
H1T=-1;
H2T=1;
H3T=0;

end;

%% THA4

if (H1==0) & (H2==1) & (H3==1)
H1T=-1;
H2T=0;
H3T=1;

end;

%% TH5

if (Hl==1) & (H2==0) & (H3==0)
H1T=1;
H2T=0;
H3T=-1;

end;

%% THG6

if (Hl==1) & (H2==0) & (H3==1)
H1T=1;
H2T=-1;
H3T=0;

end;

%% THT

if (Hl==1) & (H2==1) & (H3==0)
H1T=0 ;
H2T=1 ;

H3T=-1 ;



APPENDIX C : MPPT ALGORITHM CODE
function duty = MPPT algorithm(vpv, ipv, delta)

%1 used the MPPT algorithm in the MATLAB examples
%1 only modify somethings
duty init=0.1;

min and max value are used to limit duty between
%0 and 0.85
duty min=0;
duty max=1;

persistent Vold Pold duty old;

%persistent varable type can be store the data
swe need the old data by obtain difference
tbetween old and new value

if isempty(Vold)
Vold=0;
Pold=0;
duty old=duty init;
end
P= vpv*ipv; SPower
dv= vpv-Vold; % Difference between old and new voltage
dP= P - Pold; %Difference between old and new power

$the algorithm in below search the dpP/dv=0
%1f the derivative equal to zero
$duty will not change
% 1f old and new power not equal
&
$pv voltage bigger than 30V
$the algorithm will works
if dP ~=0 && vpv>10
if dP < O
if dv < 0
duty= duty old - delta;

o\°
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else
duty = duty old + delta;
end
else
if dv <0
duty = duty old + delta;
else
duty = duty old - delta;
end
end
else
duty = duty old;

end

sthe below if limits the duty between min and max
if duty >= duty max
duty = duty max;
elseif duty < duty min
duty = duty min;
end

%stored data
duty old = duty;
Vold = vpv;

Pold = P;



