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Abstract 

Assessing the hydraulic performance and solar power fitness for rural water supply scheme is 

important for the proper implementation the water supply scheme at Adele Mirt Metaja. This 

study presents the performance of solar powered water supply scheme to the hydraulic demand 

of Adele Mirt Meteja water supply system. 

This paper used water supply network data and multi-year sunshine hour data (2006-2015) to 

evaluate the hydraulic performance of the water supply system and the energy required for the 

study area.  

WATERGEMS Software was used to model the system and evaluate the hydraulic parameters of 

the water supply scheme at the study area. Angstrom-Prescott model is used to convert sunshine 

hour data to solar radiation. Water users committees were made to understand customers’ 

satisfaction towards the water supply and there is customer’s complaint towards continuous 

access of water due to power interruption especially during rainy season since the solar power 

system depends on the availability of sunlight. The Typical performance of the panel is at solar 

radiation 800 W/m². 

Based on the result obtained from WATERGEMS, it is observed that there is variation in water 

pressure, velocity as related with the standards limit. The pressure is from 6m-62meter. The 

Head loss from the flex table for the pressure main is 33,405m/km. The higher the head loss is 

the higher velocity in which the diameter for the pressure main is small in diameter. From this 

result it can be concluded that there is head loss in pressure main line which requires serious 

attention as it was observed physically during site visit. Therefore it is important to adjust the 

pipe size accordingly. Otherwise the project could not be functional after two or three years later 

due to high pressure on the GI pipe. From the result obtained in demand-supply analysis for 

water, there is enough amount of water for the demand community for the project lifetime.  

 

Key Words: Hydraulic performance, Photovoltaic (PV), Water GEMS, Angstrom-Prescott 

model, Water Supply 
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1.0 Introduction 

1.1 General Background 

Water is a fundamental resource for life. Whether from groundwater or surface water sources, 

availability of water and access to water that meets quality and quantity requirements, is a critical 

need across the world. However, factors such as population growth and economic development 

mean that its availability is becoming increasingly constrained in many areas. Although water 

issues are important globally, they are first and foremost local issues and always particular to 

specific areas. Areas where there is not enough water to meet the demand for water are 

considered to be areas of “water stress”. The availability and demand may be different even 

within short geographic distances (Disasa, 2017).  

In Sub-Saharan Africa access to water supply and sanitation has improved, but the region lags 

behind all other developing regions. There are large disparities amongst countries in the Sub-

Saharan region. Like other African countries, in Ethiopia, shortage of water supply is also 

observed due to increased population, expansion of industries and economic development. Since 

the problem of water supply can result in social, political and economic problem on the society, 

measures should be needed to supply potable water in adequate quantity for the consumers. 

From all kinds of problem related with shortage of access to portable water supply to the 

communities, is power supply for water pumping. 

Water pumping has a long history and many methods have been developed to pump water with a 

minimum effort. Variety of power sources, including human, animal, wind, hydropower, fossil 

fuels had been utilized. Currently solar water pumping is becoming an alternative pumping 

method especially in off-grid areas where there is no access to electric service and in the areas of 

site inaccessible. 

Solar energy is clean and cheap source of energy. Proper utilization of solar energy for different 

industrial and household requirements are now need of time. The technique of solar based water 

pumping is essential technology to conserve valuable resources i.e. water and energy. One of the 

important applications of this technology is for water pumping (Korpale, 2015). 
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For a solar photovoltaic (PV) powered water pumping system to perform optimally, there are 

some initial essential conditions that must be met before considering system design. These initial 

conditions are: effective system planning, maintenance schedule, sufficient and stable solar 

irradiance on site and site evaluation. 

Solar energy is produced when radiation from the sun is converted into useful energy directly 

using various technologies. When the radiation is absorbed in a solar collector it can provide hot 

water or heat a space. Such spaces (buildings) to be heated can be designed with passive solar 

features that improve the contribution of solar energy to the space heating and lighting 

requirements. It is also possible to concentrate solar energy by mirrors to provide high 

temperature heat that can generate electricity. Using photovoltaic panels (a combination of 

modules made from semiconductor cells), solar energy can convert the sun’s radiation into 

electricity (Dzokoto, 2017). 

The availability of solar radiation data is a basic requirement to utilize solar energy 

economically. Knowledge of global solar radiation at a site is essential for the proper design and 

assessment of the flat plate type of solar energy conversion systems. Some of the systems, such 

as concentrating systems, require information on the direct beam component, where as in the 

case of tilted-plane surfaces, the diffuse component of solar radiation is also important for the 

computation of system performance. However, owing to the high cost of solar radiation 

measuring devices and owing to the shortage of expert care, there are few locations in the 

developing countries where long-term irradiation measurements are available. For example, 

Ethiopia has only one solar radiation measuring center, where measurements of daily and hourly 

values of global and diffuse radiation are carried out (Sharew, 2007). 

Solar water pumping system operates on direct current. The output of solar power system varies 

throughout the day and with changes in weather conditions. Photovoltaic module, the power 

source for solar pumping, have no moving parts, requires no maintenance and last for decades. A 

properly designed solar pumping system will be efficient, simple and reliable.  
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The research idea proposed in this paper is therefore, intends to evaluate the performance 

capacity of solar powered rural piped water supply scheme developed in Soddo Woreda Guraghe 

zone ,SNNP region constructed by  World Vision Ethiopia. 

World Vision Ethiopia (WVE) is an International Humanitarian Christian Organization whose 

objective is to provide holistic and integrated development and emergency response programs in 

the country. World Vision’s work in Ethiopia contributes to the well-being of vulnerable children 

in partnership with the church, civil society and the government. Initiatives include education, 

food security, health, HIV and AIDS, water, sanitation, and hygiene, as well as sponsorship 

management. All programs are implemented with the goal of addressing the strategic and basic 

needs of children while supporting and building the capacity of families and communities. 

1.2 Statement of the problem 

Access to portable drinking water is a problem to rural people in Ethiopia due to many reasons. 

Among from them, power supply for lifting water which requires high investment cost. In most 

case, the usual practice for deep water well pumping method is using Diesel Generator. Using 

Diesel Generator by itself has its own effect on the environment. Therefore it requires an 

alternative clean energy resource to minimize environmental related effects. 

The existence of solar supported pumps with high capabilities with good borehole yield 

information coupled with the need to be innovative in harvesting water to enhance portable water 

supply to Adele Mirt Meteja community, in Soddo Woreda Guragne Zone SNNP Region 

therefore formed the basis of this study. 

There are a number of factors which impact upon the efficiency and effectiveness of the rural 

piped water supply schemes. These factors divided into two aspects. These are social aspects and 

Engineering aspects. 

*Social Aspects: due to limitation of time and money, this study document will not give brief 

information about it. 

*Engineering Aspects: This includes the efficiency and performance capacity of reservoir, pipe 

networks (Pressure main and distribution lines), water points, and power supplies. 
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1.3 Objectives 

1.3.1 General Objective 

The general objective of this study is to evaluate the performance of Adele Mirt Meteja solar 

powered water supply scheme found in Adele Mirt Meteja Kebele, Soddo Woreda. 

1.3.2 Specific Objectives of the study 

 To evaluate the hydraulic performance of the water supply system using Pressure and 

Velocity Parameters. 

 To assess the adequacy of water from drilled borehole for the demand of the society. 

 To evaluate the accuracy of National Aeronautics and Space Administration (NASA) 

data for solar energy estimation. 

 To evaluate the performance of solar power supply for the constructed water supply 

scheme at monthly level. 

1.4 Research Question 

 Are the scheme hydraulic components functioning efficiently? 

 Is the constructed water supply scheme having a capacity to deliver portable water to all 

beneficiaries with the required quality and quantity? 

 Does NASA solar energy estimation fits with the ground truth? 

 Is solar powered water pumping system performance efficiency to the hydraulic head 

demand? 

1.5 Significance of the Study  

Potable water supply and livestock watering are the commonest uses of solar PV pumps 

particularly in arid and semi-arid areas which often have very high levels of insolation (solar 

radiation). 

Solar photovoltaic for water pumping particularly in a rural setting has a lot of advantages; the 

first of which is that it is environmentally sound in performance. The solar PV is very clean; it 

helps mitigate some of the most serious environmental problems including air pollution and 
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climate change. Technically, solar PV requires low maintenance and can operate for long 

periods. The modular nature of the solar panel facilitates additional energy generating capacity 

which makes them a good choice for electricity generation in remote applications. Apart from 

those advantages, PV pumping system is easy to install, of course it needs high amount of initial 

cost, and it is reliable and has capability to be matched to the demand. 

Therefore the purpose of this study is to understand the uses of solar powered water supply 

system in the rural part of Ethiopia. It provides comprehensive information on the potential of 

PV modules for water pumping in Soddo Woreda. From this point of view, the study could be 

considered as a reference for solar energy utilization technology to pump water, which is now 

considered as a possible solution to the energy problems of the remote and inaccessible areas of 

the country.  

1.6 Thesis organization  

This thesis is organized and structured in five chapters. The contents of each chapter are 

introduced as follows.  

Chater-1: It is the introduction part of the thesis; containing the background information of the 

work, statement of the problem, General and specific objectives, Significance of the research.  

Chapter-2: This chapter comprises of distinct literature reviews specific to this research. The 

chapter consists of the results of previous studies conducted by different scholars or researchers.  

Chapter-3: This chapter discusses about the trailed methodology of the research for obtaining 

the results or findings in line with addressing the aforementioned objectives.  

Chapter -4: It is the result and discussion part of the thesis. Under this chapter, the findings or 

results of the thesis are briefly and clearly discussed.  

Chapter-5: The final chapter of the thesis, which is the conclusion and recommendation part. In 

this chapter, the findings of the study are concluded and appropriate recommendations are 

forwarded and provided. 
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2.0 Literature Review 

A solar-powered water pumping system is like any other pumping system, except its power 

source is solar energy. Solar pumping technology covers the entire energy conversion process, 

from sunlight, to electrical energy, to mechanical energy, to stored energy.  

Interconnected solar cells, which convert sunlight directly into electricity, form a solar panel or 

“module,” and several modules connected together electrically form an array. The various main 

components of the solar energy system are presented below. 

   

Figure 2. 1Components of solar water pumping system. (World Bank. 2018) 

2.1 System Design Considerations 

The conceptual design of solar pumping systems is best accomplished by analyzing the 

followings seven key parameters: 

 Water demand 

 Water source 

 Design flow rate 

1. Solar electric panels convert sunlight 
Into electricity 

2. The electricity control box 
(power conditioning) ‘conditions’ 
the electricity for the pump motor 

3. Electricity drives  
the motor and the pump 

4. (Reservoir) 

5. The tank supplies water to 
the community (gravity feed) 
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 Water storage 

 Total dynamic head 

 Location of PV panels 

 Solar Resource 

2.1.1 Water Demand 

The design capacity of the solar water system depends primarily on water demand, measured in 

m
3
/day or liters/day. Water is considered for human and/or livestock consumption or for 

irrigation. 

2.1.2 Water Source 

Fresh water is generally obtained through open sources or surface water, such as rivers, streams, 

and dams; or protected groundwater sources such as boreholes and wells. Each is characterized 

with respect to security of supply, water quality, and replenishment. In general, groundwater is 

preferred for potable water. 

In assessing surface water sources, the following aspects must be carefully considered: 

 Water availability and pumping levels. Accounting for seasonal variations is critically 

important, since some sources may dry up, while others may be prone to flooding and 

high risk. Water level may vary considerably between seasons, affecting pumping head. 

 Water quality. Debris, silt, and sediment can cause damage to the pump if not properly 

screened at pump intake. 

Groundwater is a commonly used water source. Groundwater is contained in aquifers, natural 

underground water reservoirs accessed by wells or boreholes. A pumping test is conducted to 

evaluate the amount of water that can be pumped from a particular aquifer. The test determines 

the maximum yield (in m
3
/h) as well as the drawdown, or depth to which the water level in the 

borehole will fall for a given yield and duration (yield per meter of drawdown), while being 

dynamically replenished by the aquifer. Obviously, a low drawdown is desirable. Water demand 

that exceeds an aquifer’s yield can lead to over pumping. Over pumping is evident from deeper 

drawdown. This can lead to precipitation of heavy metals and oxidation of iron compounds, 



8 

 

potentially causing infiltration of nitrate and pesticides in the water and the formation of ochre, 

which may clog the pump. This vicious cycle leads to increased service costs for the pump, a 

need for water treatment, longer-term aquifer depletion, and possibly reduced aquifer life 

(Morales, 2010). 

2.1.3 Design Flow rate 

In conventional engineering design, a pump’s design flow rate is derived by dividing the daily 

water demand by the total number of pumping hours in a day. Solar pumping applications, 

however, use the number of peak sun hours to estimate the daily pumping hours. 

2.1.4 Water Storage 

Most solar pumping systems require water storage capacity to improve performance and 

reliability. Reliability is improved when a storage tank is used to store water extracted during 

sunshine hours to meet water needs at night, or in the event of cloudy weather or system 

downtime. 

In general, SWP tanks should be sized to store at least a 2–3 days of water supply (daily demand 

(m
3
/day) x 3 days = storage volume (m

3
). Field survey data indicate that many SWP storage 

tanks are too small, and experience water overflows in the daytime and shortages in the evening. 

Optimal tank sizing must account for the hourly water demand pattern as well as possible 

insolation variations supplying the tank. Diesel pump systems, or SWP switchable with diesel 

back-up, on other hand, allow for much smaller tanks for back-up storage since the diesel pump 

may be run at any time (Morales, 2010). 

2.1.5 Total dynamic head (TDH) 

In pumping systems, “head” refers to the height to which water must be pumped relative to its 

normal level (e.g., underground). Total dynamic head or total pumping head is the sum of three 

components, as represented in the below Figure. 
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Figure 2. 2 TDH determination in a water well (World Bank, 2018) 

Vertical lift is the vertical distance between the water surface at the intake point (the stream’s 

water surface) and the water surface at the delivery point (the tank’s water surface). 

Pressure head is the pressure at the delivery point in the tank. For this example, there is no 

pressure at the delivery point (the water surface in the tank). 

Friction loss is the loss of pressure due to the friction of the water as it flows through the pipe. 

Friction loss is determined by four factors: the pipe size (inside diameter), the flow rate, the 

length of the pipe, and the pipe’s roughness. 

Dynamic water level (DWL) is the depth of the surface of the aquifer. This gradually increases 

due to drawdown; hence the term “dynamic” is used. 

Discharge head corresponds to the height above the ground of the water surface inside the 

storage tank (usually 5–10 m). This water is discharged to users through gravity, thus the name 

“discharge” is used. 

Friction head accounts for the friction of the water against the inside of the pipes (both vertical 

and horizontal). It is typically 10% of the DWL plus discharge head. 
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A pumping test can provide information on the DWL and the discharge head, whereas the 

friction head can be more accurately obtained from head loss charts for pipes at the required flow 

rate and pipe characteristics. 

2.1.6 Location of PV panels 

Although not critical to the initial system sizing, PV panels should be installed close to the pump 

and water source, equator-facing, at optimal tilt angle to the horizon, and unshaded in any part of 

the solar array for the solar day. Panels should generally be situated in a secure and safe location. 

These issues can be fine-tuned during final design and installation, but for purposes of 

preliminary design, it is conceivable that the solar array would not be closely located to the 

pump, and thus longer array cables are required, with possible energy losses. This scenario calls 

for a high allowance for power loss in array cables. 

2.1.7 Solar Resource 

Solar insolation is a measure of the cumulative irradiance received on a specific area over a 

period of time. It is a measure of energy (rather than power), normally expressed in kilowatt-

hours (kWh/m
2
/ day). The characteristics of the solar resource at the site are critical to system 

design. Sunshine reaches the earth through radiation.  

Solar irradiance is the power of solar radiation received per unit area. Irradiance is the 

instantaneous measurement of power, in watts or kilowatts per square meter (W/m
2
 or kW/m

2
). 

Irradiance is affected by the angle of sun, and at any time of day it is highest when a solar 

module is perpendicular to the incident sun rays. Since the sun’s position in the sky changes 

during the day, irradiance increases during the morning until noon (when it is highest), and then 

decreases until sunset, since the sun’s rays must penetrate more of the atmosphere to reach the 

earth (World Bank, 2018). 

2.2 Hydraulic Design  

2.2.1 Design Period  

Design period is the length of time a component of water work, system has to serve without 

being over loaded or being out of service. The economic design period of a structure depend on 
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its life, first cost, ease of expansion, anticipated population growth rate and likelihood of 

obsolescence. (Gurage WMED, 2017) 

2.2.2 Population                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
 

Geometric Progression Formula  

𝑃𝑛 = 𝑃𝑜(1 + 𝑟)𝑛    ……………………………………………………………………eqn 2.1                  

Where                     

Pn = Population at the end of n
th

 years  

Po = Present population  

 r    =growth rate  

 n   = design period  

2.2.3 Demand Analysis and Reservoir Sizing 

In the design of any water supply system it is necessary to estimate the number of people who 

will be served for the design period. Many times a compromise is made between demand and 

source. To ensure adequate supply of potable water, a well-organized water supply system is 

essential. It has to be worked out the demand for domestic, commercial, industrial, public use, 

fire demand and accounted loss of water.  According to WHO, for areas with no area corded for 

capital consumption data 15-20 l/c.d adopted. Based on this future various demands are noted 

below (Gurage WMED, 2017). 

Table 2. 1 Water Demand Analysis 

Sr .No Parameter Unit 

Year 

2017 2022 2027 2032   

1 Population No 3547 4115 4774 5538   

2 Per capital demand l/c/day 20 20 20 20   

3 Domestic demand l/day 70,940 82,300 95,480 110,760   

4 Water losses l/day 7,094 8,230 9,548 11,076   
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5 

Average daily 

demand l/day 78834 90,530 105,028 121,836   

6 

Average daily 

demand m
3
 78.8 90.5 105.1 121.8 m  

7 Max. day demand m
3
 94.56 108.6 126.12 146.16  1.2xm 

8 Peak hour demand l/s 1.42 1.63 1.89 2.2   

                    (Gurage WMED, 2017) 

2.2.4 Economic Diameter of Pressure Main: Economical diameter of pumping main can be 

designed by adopting the formula given by Lea, i.e 

 𝐷 = 0.97√𝑄 𝑡𝑜 1.22√𝑄 ……………………………...……………………………….eqn2.2 

Where: - D = Economical diameter of pumping main, Q = assumed discharge from the BH, a = 

Lea’s Constant (0.97-1.22).                    

Table 2. 2 Hazen William’s C-Value for different Pipe 

Pipe Materials C-Value 

New Pipe Design Purpose 

Ductile Cast Iron(DCI) 130 100 

Galvanized Iron (GI) 120 100 

PVC,HDPE and other plastic 

materials 

150 150 

                     (Gurage WMED, 2017) 
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2.2.5 Power of Pump 

 

𝑃𝑝 =
(𝜌∗𝑔∗𝑄∗𝐻𝑝)

𝜂𝑝
………………………………………………………………………eqn 2.3 

 

Where: - ρ=Density of water,  

Pp=Power of Pump=KW,  

g=Acceleration due to gravity=9.81m/s,  

Q=Required discharge=m3/s, H 

p=Pumping head=m, η= Efficiency of the Pump 

2.3 WATERGEMS Software 

After Water Cad, EPANET and loop, the most advanced and powerful software for designing 

water supply networks is Water GEMS software. It is the modified version of Water Cad 

software that is designed by Haestade and Bently companies. It has a plenty of capabilities, from 

simulating the discharge of fire station and water quality to calculating the costs of energy and 

more advanced topics such as network design and optimization using genetic algorithms.  

WATERGEMS Software V8i is a hydraulic modeling application for water distribution systems 

with advanced interoperability, geospatial model building, optimization, and asset management 

tools. From fire flow and constituent concentration analyses, to energy consumption and capital 

cost management, WATERGEMS V8i provides an easy-to-use environment for engineers to 

analyze, design, and optimize water distribution systems. WATERGEMS V8i is a multi-platform 

hydraulic and water quality modeling solution for water distribution systems with advanced 

interoperability, geospatial model-building, optimization, and asset management tools. From fire 

flow and constituent concentration analyses, to energy consumption and capital cost 

management, WATERGEMS V8i provides an easy-to-use environment for engineers to analyze, 

design, and optimize water distribution systems (Mehta &V.Yadav, 2017). 

WATERGEMS V8i is useful for managing the water system data, time-series hydraulic result, 

current and future scenarios and other core infrastructure data all within the same GIS 

environment. WATERGEMS was originally developed by the Company Haestad Methods, Inc. 

based in Watertown, CT (USA). This company was acquired by Bentley Systems in mid-2004, 
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acquisition from which the product began to be known commercially as Bentley WATERGEMS 

V8i. It is a product whose launch was given early twenty - first century and later software 

product WATERCAD the same software house launched in the 90s For many experts, 

WATERGEMS V8i more than an evolution of WATERCAD is essentially a 'super (Which is 

already included in WATERCAD), adds seamless integration with GIS environments and 

includes in a single commercial version all the advanced analysis modules which can only 

acquires separately in WATERCAD. In this sense, it is software whose target user is the 

company that operates supplies, regulators and / or important consulting projects. In terms of 

basic and intermediate tasks Hydraulic Modeling, WATERCAD and WATERGEMS are similar 

products (in fact share the same engine hydraulic calculation) and the same structure data model, 

so a model created in WATERCAD can be read in WATERGEMS V8i and vice versa .While 

WATERCAD, supports an autonomous platform (Stand Alone) and Micro Station and AutoCAD 

(as an addition to the product). WATERGEMS V8i adds support for ArcGIS to previous 

environments. In recent years the software has had a great evolution especially in features such 

as interoperability, ease of use, productivity tools, connection to external data; consultation 

processes multi-criteria, operations of spatial analysis, graphics capabilities, integration with 

Systems Geographic information (GIS), etc. Within the most recent developments include the 

following features like Data Exchange with other Information Systems, Electronic Devices and / 

or other management programs, Using Genetic Algorithms for automated processes hydraulic 

calibration, optimal design and energy optimization, Analytical Leakage Detection, Vulnerability 

Plans to Pollution Events, Systems integration with SCADA, Multi-parameter Quality Analysis, 

Network Renewal Planning, Integration with Analysis of Hydraulic Transients and Waterfall 

(Mehta &V.Yadav , 2017).  

2.3.1 Pressure Comparison 

Pressure is a determinate parameter in the water distribution networks. Insufficient and excess 

pressure in water distribution networks are a frequent problems. Hence, an optimized and 

accurate estimation of pressure in the WDN is a critical task for a modeler. 
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2.3.2 Velocity Comparison  

According to continuity equation, velocity in a water distribution system is mainly a function of 

pipe diameter. As pipe diameter increases, velocity decreases and vice versa. In steady state 

simulation, like pressure, velocity is constant throughout the network. Modelling velocity in 

water distribution network within an allowable range is mandatory otherwise; it will result in 

water quality problems as investigated by many research papers. 

2.3.3 Head Loss Comparison  

Head loss is an important hydraulic parameter in water distribution network modelling. A higher 

head loss in water distribution network can result in a lower pressure and higher velocity, which 

is not recommended and have a great impact in hydraulics and engineering aspects (Yalemzewd, 

2019). 

2.4 Components of PV Pumping System  

A solar water pumping system consists of four main parts: the pump set, pump controller, the 

solar electric panels and a storage unit.  A typical PV pumping system consists of a photovoltaic 

cell array, a power conditioner and the load. Other accessories that form the PV system are the 

energy storage, cabling and protection. The power conditioning stage consists of a power 

converter associated with a suitable control unit. The load, for a pumping system, consists of a 

motor and a pump. 

2.4.1 PV Module  

Photovoltaic cells are the basic building blocks of any photovoltaic modules. Each module 

contains solar cells permanently wired together in series and parallel to form a single electric 

power unit. The unit is packaged together so as to protect the cells from the environment while 

permitting sunlight to reach the active surfaces of the cells. Most modern photovoltaic devices 

use silicon as the base material, mainly as mono-crystalline or multi-crystalline cells; more 

recently, they are also used in amorphous (non-crystalline) forms. Cadmium sulphide and 

gallium arsenide (which can act as an insulator and conductor) are also used (Dzokoto, 2017). 
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The energy and power for driving the water supply system comes directly from an array of solar 

modules of the correct size and specification. The elementary component of a solar module is the 

solar photovoltaic cell. The cell directly converts solar radiation into electric current, through the 

photoelectric effect. The ratio of electric power produced to radiation received is the solar PV 

cell’s efficiency. For example, if a cell generates 0.15 kW of power for each kW received from 

the sun, its efficiency is 15%. The semiconductor materials most commonly used in commercial 

PV cells are crystalline silicon. These modules are either monocrystalline silicon modules, where 

each PV cell has a single silicon crystal; or polycrystalline modules, where each cell has multiple 

crystals (World Bank. 2018). 

PV panels are made up of a series of solar cells. Each solar cell has two or more specially 

prepared layers of semiconductor material that produce DC electricity when exposed to sunlight. 

A single, typical solar cell can generate approximately 3 watts of energy in full sunlight.  

The semiconductor layers can be either crystalline or thin film. Crystalline solar cells are 

generally constructed out of silicon and have an efficiency of approximately 15%. Solar cells 

that are constructed out of thin films, which can consist of a variety of different metals, have 

efficiencies of approximately 8% to 11%. They are not as durable as silicon solar cells, but they 

are lighter and considerably less expensive (Morales, 2010). 

 

Figure 2. 3 PV Solar cell (A), PV solar Panel (B), Array of PV Solar Panels (C)( Morales, 

2010) 

A 
B C 
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Photovoltaics modules are available in a range of sizes. Those used in grid tied or stand-alone 

systems range from 80W to 300W. The performance of PV modules and arrays are generally 

rated according to their maximum DC power output (watts) under the Standard Test Conditions 

(STC). Standard Test Conditions are defined by a module (cell) operating temperature of 25
o
C 

(77
o
F), an incident solar irradiant level of 1000W/m

2
 and under Air Mass of 1.5 spectral 

distribution. Since these conditions are not always present PV modules and arrays operate with 

performance of 85 to 90 percent of the STC rating. 

 

Crystalline Silicon and Thin Film Technologies  

Crystalline cells are made from ultra-pure silicon raw material such as those used in 

semiconductor chips. They use silicon wafer that are typically 150-200 microns (one fifth of a 

millimeter) thick. Thin film made by depositing layers of semiconductor material barely 0.3 to 2 

micrometers thick onto glass or stainless steel substrates. As the semiconductor layers are so 

thin, the costs of raw material are much lower than the capital equipment and processing costs 

(Emebet, 2016). 

Table 2. 3 Technology and Module Efficiency of PV 

Technology 
 

Module Efficiency  

Mono-crystalline silicon  12.5-15% 

Poly- crystalline silicon  11-14%  

Copper indium Gallium Selenide(GIGS)  10-13%  

Cadmium Telluride(CdTe)  9-12%  

Amorphous Silicon(a-Si)  5-7%  

                 (Emebet, 2016). 

2.4.2 Power Conditioner  

Several electronic devices are used to control and modify the electrical power produced by the 

photovoltaic array. These include:  

 Battery charge controllers - regulate the charge and discharge cycles of the battery;  
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 Pump Controller- Matching device used so systems will operate at optimum power, 

matching the electrical characteristics of the load and the array.  

 Inverter- Is a device that converts the direct current coming out of the PV into alternating 

current (AC). An inverter could be chosen to output in a variety of voltages, including 

220 V and 380V, single and/or 3 phases for very large loads (Muleta, 2013). 

Because of the specific operating conditions of stand-alone inverters, different design aspects 

have to be considered. The most important requirements on inverters for stand-alone 

photovoltaic systems are summarized in the following list.  

 Large input voltage range (−10% to +30% of the rated voltage).  

 Output voltage as close to sinusoidal as possible.  

 Little fluctuation in the output voltage and frequency.  

 ±8% voltage constancy, ±2% frequency constancy.  

  High efficiency for partial loading; an efficiency value of at least 90% at 10% partial 

load. 

 Lowest possible over voltages for inductive and capacitive loads.  

 Able to withstand short circuits.  

Maximum power point trackers (MPPT) - maintain the operating voltage of the array to a value 

that maximizes array output. There is a certain duty point at which the achievable power output 

reaches its maximum. It varies as a function of irradiance and temperature. 

2.4.3 Pumps  

A pump is a mechanical device or arrangement by which water is caused to flow at increased 

pressure. The purpose for which pumping is adopted in water supply (especially in groundwater) 

is to lift water from a lower (inaccessible) to a higher (accessible) level. That is, water available 

from wells/boreholes lifted for direct distribution or to an elevated storage tank for storage and 

re-distribution to communities. 

For water pumping applications, several types of pumps may be used. They can be categorized 

according to their design type (rotating or positive displacement pumps), to their location 

(surface or submersible), or to the type of motor they use (AC or DC). Rotating pumps (e.g. 
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centrifugal pumps) are usually preferred for deep wells or boreholes and large water 

requirements. The use of displacement pumps is usually limited to low volumes. Positive 

displacement pumps (e.g. diaphragm pumps, piston pumps and progressive cavity pumps) 

usually have good lift capabilities but are less accessible than surface pumps and are more 

sensitive to dirt in the water. 

The selection of AC pumps comparing to the selection of DC pump:  

1. AC pump is a general model standard product. It is easy to choose type and find 

compatible system combination; DC pump is a special pump which works only with 

fixed type of controllers, thus generated standardization problems (Muleta, 2013 & A. 

Akunai 2014) 

2. AC motor pump has higher overdrive capacity and long life span. DC motor pump can’t 

overdrive for too long, otherwise the demagnetization might damage the motor and it 

needs more replacement.  

3. AC solar pump uses no storage battery, the structure is simple, cost is low, and reliability 

is high. Storage battery in a solar pumping system has short life span, needs regular 

service and replacement, and higher cost. Lead-acid battery is not environment friendly 

and difficult to dispose after scrapped. The charge and discharge of battery also requires 

additional controller, and the conversion efficiency is low. This also reduced the system 

reliability. 

Water pumps are driven by electrical motors, which convert electrical energy (produced, in the 

case of solar pumping, by PV panels) into mechanical energy. Most motors typically run on 

either DC, where the electrical flow does not switch direction periodically in the wires; or AC, 

where it does.  

DC motors are appealing for solar pumping because PV modules producing direct current can be 

directly coupled to the motor with limited power conditioning. This makes them an economical 

option for systems with low water demand and a short cable distance between the PV panel array 

and the motor. For long-distance cabling, however, low-voltage DC motors are not suitable 

because of power loss in the cable. DC motors are currently not available beyond the 5 kW 



20 

 

thresholds. AC motors can be used in larger SWP systems, although they require a DC/AC 

inverter. Solar pumping systems use two main types of pumps: positive displacement and 

centrifugal.  

Positive displacement pumps are further divided into volumetric and helical rotor pumps. 

Broadly speaking, positive displacement pumps are suitable for lower flow rates and medium to 

high pumping heads (30–250 m), whereas centrifugal pumps are suitable for high flow rates and 

lower pumping heads (10–120 m). Within positive displacement pumps, helical rotor pumps are 

especially suitable for operation with low and variable solar radiation levels, since they can 

pump at low speed without loss of efficiency, unlike centrifugal pumps, which do not produce 

any water below a threshold speed and are thus much less efficient at low or fluttering irradiation 

(World Bank, 2018). 

2.4.4 Pump Cable & Ground Wire  

It is used to connect the pump to the solar array. It must be sized properly to minimize line 

losses. Ground all equipment because water pumps attract lightning due to the excellent ground 

they provide. Avoid locating arrays on high spots. Consider erecting lightning rods on high 

ground around pump to attract lightning away from the pump (Muleta, 2013). 

2.5 Solar Radiation, Solar Irradiance, and Solar Insolation 

To design a solar-powered water pump system, you will need to quantify the available solar 

energy. It is therefore important for you to be familiar with the definitions and distinctions 

between the three related terms “solar radiation,” “solar irradiance,” and “solar insolation.” 
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Figure 2. 4 Solar irradiance on a given site during the day (World Bank, 2018). 

Solar radiation: is the energy from the sun that reaches the earth. It is commonly expressed in 

units of kilowatts per square meter (kW/m
2
). The earth receives a nearly constant 1.36 kW/m

2
 of 

solar radiation at its outer atmosphere. However, by the time this energy reaches the earth’s 

surface, the total amount of solar radiation is reduced to approximately 1 kW/m
2
. 

The intensity of sunlight also varies based on the time of day because the sun’s energy must pass 

through different amounts of the earth's atmosphere as the incident angle of the sun changes. 

Solar intensity is greatest when the sun is straight overhead (also known as solar noon) and light 

is passing through the least amount of atmosphere. Conversely, solar intensity is least during the 

early morning and late afternoon hours when the sunlight passes through the greatest amount of 

atmosphere. In most areas, the most productive hours of sunlight (when solar radiation levels 

approach 1 kW/m
2
) are from 9:00 a.m. to 3:00 p.m. Outside of this time range, solar power might 

still be produced, but at much lower levels ( Morales,2010). 

Solar irradiance, on the other hand, is the amount of solar energy received by or projected onto 

a specific surface. Solar irradiance is also expressed in units of kW/m
2
 and is measured at the 

surface of the material. In the case of a PV-powered system, this surface is the solar panel. 



22 

 

Solar insolation is the amount of solar irradiance measured over a given period of time. It is 

typically quantified in peak sun hours, which are the equivalent number of hours per day when 

solar irradiance averages 1 kW/m
2
. It is important to note that although the sun may be above the 

horizon for 14 hours in a given day, it may only generate energy equivalent to 6 peak sun hours 

(Morales, 2010 & Dzokoto, 2017). 

Seasonal and Latitude Variation 

In addition to the variation of sunlight intensity on any given day, the seasonal variation of 

intensity must also be considered when planning for a solar-powered system. In the northern 

hemisphere, the least amount of sunlight occurs in the winter because the days are shorter and 

the sun is lower in the sky. Sunlight intensity is least during December and greatest during mid-

summer in the June – July period. 

Clouds, fog, and overcast skies are common weather events that occur throughout the year across 

Oregon, but particularly in the western part of the state during the winter months. Their effects 

are reflected in the solar insolation data. 

 

Figure 2. 5 Example summer and winter sun elevation and angle (T.D. Morales, 2010). 
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2.6 Instruments used for solar radiation measurement  

There are several instruments for measuring solar radiation levels. Direct beam solar radiation is 

usually measured by a pyrheliometer, and global solar radiation, a pyranometer. Diffuse 

radiation can be measured if the 35 pyrano meter is shaded. Silicon based sensors are used to 

measure incidence radiation. This type of instrument measures the intensity of solar radiation 

directly when the electrical characteristics change; they are described as photoelectric devices. It 

is therefore necessary to have the information on the quantity of the solar radiation available at 

the location before planning and designing the solar energy system to be used (Dzokoto, 2017). 

2.7 Solar Water Pumping Principles 

For any solar pumping system, the capacity to pump water is a function of three main variables: 

pressure, flow, and power to the pump (Callahan, 2013) 

Pressure: For purposes of designing a solar pumping system, pressure can be thought of as the 

work that the pump must overcome to move a certain amount of water. This is most often 

expressed in either feet of head or psi (pounds per square inch). Any elevation difference 

between the source of water and the final destination will affect how hard the pump needs to 

work, or how much pressure needs to be created in order for water to flow. A pump must create 

0.433 psi for every foot of elevation increase, to be exact. When water flows downhill, the same 

0.433 psi per foot of elevation change is gained. 

If there is a lot of topography, and water flows up and down and all around, the elevation 

difference between the surface of the water at the source and the level of discharge at the 

destination is the key figure to use to design a system in terms of how much pressure the pump 

needs to produce. Piping diameter, length, bends and restrictions such as valves also affect how 

much pressure is lost and needs to be created by a pump in order for water to flow. Pressure 

losses related to piping vary more dramatically with increases in flow. 

Flow: The amount of water that a system can move during a given time period. It is usually 

talked about in terms of gallons per minute (GPM) or gallons per hour. If everything else 

remains the same, flow will decrease when pressure increases and vice versa. For example, using 

the same pump and the same power set-up, if you increase the amount of work the pump must do 
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by elevating the discharge or using smaller diameter pipe- in other words increasing the pressure 

the pump must generate, then the pump will deliver less flow in gallons per minute. 

Power to the pump: Every solar water pump can produce a range of flows and pressures. Solar 

pumps draw a certain amount of power according to the amount of pressure that needs to be 

produced to deliver the water. Power is expressed in Watts, and PV panels are rated in Watts.  

When sizing a photovoltaic panel array, it makes sense to supply the amount of power that is 

needed. Adding more PV than is needed might enable the pump to turn on earlier and later in the 

day or under low-light conditions, but having extra PV power might not increase the flow rate 

when the sun is shining in full (Callahan,2013) 

Solar pumps are rated according to the voltage of electricity that should be supplied. A 12 volt 

pump is a small one, 24 volt is more the norm, while 48 volts and upwards will require more 

power and might pump more water. Smaller wire sizes can be used in higher voltage systems 

without sacrificing power output from panels to pump. Wire is costly, especially large wire. 

Depending on how far away the panels must be sited in relation to the water source and pump, 

sometimes it can make financial sense to use a higher voltage pump and buy another PV panel. 

The savings from being able to use a smaller wire size can sometimes outweigh the cost of 

buying additional PV and increasing system voltage. 

Some pumps require certain accessories to function optimally. These include filters, float valves, 

switches, etc. The manufacturer or distributor will usually specify what is required; keep this in 

mind when buying pumps second hand: always refer to product literature or call the 

manufacturer to determine what else might be needed. 

It can be challenging to find a pump curve for a pump even when new. Most manufacturers, 

however, have these curves available online (Calahan, 2013). 

2.8 PV Panel Orientation and Tracking 

To be most effective, PV panels need to continuously and directly face incoming sunlight, which 

requires the use of one or two tracking mechanisms. A single-axis tracking mechanism will 

rotate a PV panel about its vertical axis to follow the sun throughout the day. A double-axis 
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mechanism will also control the panel tilt angle (the angle of the panel relative to horizontal 

where 0° is horizontal and 90° is vertical) to adjust for the elevation of the sun in the sky 

throughout the year. 

Single-axis tracking can be very effective for increasing energy production throughout the year, 

by up to 50% during some months. Passive single trackers, which require no energy input, can be 

used. They use the heat from the sun to cause Freon or a substitute refrigerant to move between 

cylinders in the tracker assembly, which causes the panels to shift so that they maintain a 

constant 90-degree angle to the sun throughout the day. 

Single-axis trackers tend to be more appropriate for sites between +/- 30 degrees latitude. Also, 

their benefits at higher altitudes tend to be less during the winter months when the sun is low on 

the horizon. In general, though, due to the complexity of tracking mechanisms and their 

associated controls, most installations for water pumps are stationary and oriented due south to 

take advantage of the maximum sunlight available in the middle of the day. 

The default tilt angle for a PV panel is equal to the latitude of the location. For a fixed array, this 

default angle will maximize annual energy production. A tilt angle of +/- 15 degrees from 

latitude will increase energy production for the winter or summer months, respectively. Most 

solar panels that are used for water pumping are set to collect the maximum amount of energy in 

the summer, when water demands are greatest. However, to maximize energy for both summer 

and winter pumping, it is recommended that the tilt angle be adjusted at the spring and autumn 

equinoxes (March 21
st
 and September 21

st
). In other words, the panel array tilt angle should be 

adjusted as follows; summer tilt angle = latitude – 15° (when the sun is higher in the sky). Winter 

tilt angle = latitude + 15° (when the sun is lower in the sky). 

For example, latitudes in Oregon range from 42° to 46° north, so summer tilt angles are expected 

to range from 27° to 31° while winter tilt angles should range from 57° to 61°. Note that if the 

array’s tilt angle is adjusted seasonally, the site’s solar insolation data that is used in the design 

of the solar-powered water pump system should reflect this (Morales, 2010). 
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System Sizing  

Before choosing the final components, the system should be roughly sized to allow viewing of 

approximate component sizes. Later, the components must be sized again by a detailed electrical 

and mechanical design. The purpose is to provide simple tools to roughly estimate the needed 

system size. The approach is to estimate the required component size by making assumptions 

about the efficiency of all key components and by using monthly average weather data. It 

follows the next few steps; 

Specification of site conditions: Define the site and weather station location (latitude, longitude) 

and the monthly average values of the global irradiance on the horizontal surface (kWh/m
2
) and 

the annual average as well as the minimum and maximum monthly average ambient 

temperatures. Main factors affecting the solar availability are the orientation (tilt and azimuth 

angel) and the possible shading caused by the surrounding. By multiplying the horizontal 

radiation values with monthly tilt azimuth angle factor, the monthly radiation values on the 

module surface can be estimated. This monthly factor is presented for different location for 

horizon shadowing levels of 0, 20 and 45 degrees (Abu-Aligah, 2011). 

 

Figure 2. 6 PV tilt angle (Use: Summer tilt angle = 25
0
 winter:  = 45

0
 (Abu-Aligah, 2013). 

Estimation of the electricity demand: first step in designing a PV system must be careful 

examination of the electrical loads. The reasons are twofold; 
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Obviously, the sizing of the system components is dependent on the electricity and power 

demand. For stand-lone systems, it is crucial. Oversized systems resulting from a poor load 

analysis and the idea of staying on the 'safe side' increase the system costs. This is particularly 

demanding in a field where poor economics are major drawback, which still is the case for PV. 

The second reason also leads to the important issue of minimizing loads without decreasing the 

user's comfort. 

2.9 Solar Radiation Estimation  

In many applications of solar energy, the most important parameters that are often needed are the 

average global solar radiation (GSR) and its components. This estimates the amounts of monthly 

average solar radiation from more readily available meteorological parameters such as the 

sunshine duration, extraterrestrial radiation.  

In order to estimate global solar radiation at a site it needs installation of measuring devices such 

as Pyranometers at many locations in the given region. However in developing countries like 

Ethiopia there is no recorded data using the above instrument and no properly recorded solar 

radiation data and, like many other countries, what is available is sunshine duration data. 

However, given knowledge of the number of sunshine hours and local atmospheric conditions, 

sunshine duration data can be used to estimate monthly average solar radiation, with the help of 

empirical equation. 

There are several empirical models for calculating solar radiation has been suggested in 

literatures. Some of these models use variables like sun hours, air temperature, relative humidity, 

and cloudiness. The most widely used parameter to estimate solar radiation is sunshine duration, 

which can be easily and reliably measured. Angstrom regression model is the most commonly 

used method, which is a linear correlation between the average daily global radiation to the 

corresponding value on a completely clear day and the ratio of average daily sunshine duration to 

the maximum possible sunshine duration. Prescott suggested replacing the clear sky global 

radiation with the extraterrestrial radiation, producing a more convenient form of Angstrom 

equation called Angstrom –Prescott regression model. 

  �̅� = �̅�𝑂(𝑎 + 𝑏 (
�̅�𝑠

�̅�𝑠
))………………………………………………………………….…….eqn2.4 
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Where 𝐻 = Monthly averaged daily solar radiation on a horizontal surface (MJ/m
2
) 

 𝐻𝑂= Monthly average daily extra -terrestrial radiation on a horizontal surface (MJ/m
2
) 

 �̅�𝑠= Monthly average daily hours of bright sunshine  

 𝑁𝑠= Monthly average of the maximum possible daily hours of bright Sunshine  

 a and b are regression coefficients and can be calculated be the below formulas 

𝐻𝑜 =
24∗3600

𝜋
𝐺𝑠𝑐 [1 + 0.034 cos (

360∗𝑛𝑑

365
)] + [𝑐𝑜𝑠ϕ𝑐𝑜𝑠𝛿𝑠𝑖𝑛𝜔𝑠 + (

𝜋𝜔𝑠

180
) 𝑠𝑖𝑛𝜙𝑠𝑖𝑛𝛿]……eqn2.5 

𝑎 = −0.110 + 0.235𝑐𝑜𝑠Φ + 0.322(
�̅�𝑠

�̅�𝑠
)………………………………….……………….eqn2.6 

𝑏 = 1.449 − 0.553𝑐𝑜𝑠Φ − 0.694(
�̅�𝑠

�̅�𝑠
)…………………………………….………………eqn2.7 

𝜔𝑠 = 𝐶𝑜𝑠−1(−𝑡𝑎𝑛Φ𝑡𝑎𝑛𝛿)………………………………………………………………..eqn2.8 

𝑁 = (
2

15
)𝜔𝑠……………………………………………………………….……………......eqn2.9 

𝛿 = 23.45 ∗ sin (360 ∗
284+𝑛𝑑

365
……………………………………………………..………eqn2.10 

Where:  

GSC = 1368W/m
2
, the solar constant, in other literatures the value is 1367 W/m

2.
 

nd= is day number of the year starting at January 1st as 1  

ϕ= is latitude of the site, 

δ= is solar declination angle  

Solar pump sizing  

𝐻𝐸 =
(𝑉∗𝐻∗ρw∗g)

(3.6∗10^6)
………………………………………………………………………eqn2.11 
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Where: HE= hydraulic energy (kWh/day), V= volume (m³/day) , ρw= water density ≈ 1000 (Kg/ 

m³) ,g=gravity ≈ 9.82 m/s
2 

.Ppv = HE / ((S / days of operation) x F x E)  Where: Ppv: is the 

nominal power of PV at standard test condition (STC) in (kW)  

S: is the annual solar radiation of the PV array (kWh/m²)  

F: array mismatch factor = 0.85 on average  

E: daily subsystem efficiency = 0.25 - 0.40 typically  

Table 2. 4 Define site condition and solar availability 

Month 

Horizontal 

Radiation(Kwh/

m2/day) 

Tilt, 

Azimuth 

shadow 

Factor 

Radiation 

(Kwh/m2/d

ay) 

No of days in 

month 

Total rad in 

Kwh/m2 

Jan 3 1.4 4.2          31        130.20  

Feb 3.8 1.3 4.94          28       138.32  

Mar 4.6 1.2 5.52          31       171.12  

Apr 5.8 1 5.8          30        174.00  

May 7 0.9 6.3          31       195.30  

Jun 7.5 0.9 6.75          30       202.50  

July 7.7 0.9 6.93          31       214.83  

Aug 7.7 1 7.7          31       238.70  

Sep 5.8 1.1 6.38          30       191.40  

Oct 4.3 1.3 5.59          31       173.29  

Nov 3.4 1.3 4.42          30       132.60  

Dec 2.8 1.5 4.2          31       130.20  

           (M.Abu-Aligah, 2013). 

 

The amount of power generated by a solar array is directly proportional to the solar resource 

available throughout the day. Two key calculations can be performed to determine the system 

yield: 

Power output (instantaneous output) 

Power output = instantaneous solar radiation (kW/m²) x rated array power (kW) x system 

efficiency. 
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Energy output (output over time) 

Hourly energy output = hourly solar radiation (kWh/m²) x rated array power (kW) x system 

efficiency. 

Daily energy output = daily solar radiation (kWh/m² or PSH) x rated array power (kW) x system 

efficiency 

Note: The total array power is equal to the sum of all the modules’ power, as shown in the 

datasheet. 

System efficiency relates to factors that reduce the power/energy output of the modules. Several 

factors can affect system efficiency; they include: 

 Temperature – a higher cell temperature will reduce the power output, 

 Shading Effect – any shading will reduce the power output, 

 Dirt – any soiling of the modules will reduce the power output, 

 Cable losses – power is lost as electricity runs through cables, 

 Orientation and tilt losses – the orientation and tilt of the modules affect the amount of 

solar radiation that hits the modules, in turn affecting the power output. 

Performance parameters of a solar pump 

The performance of PV water pump mainly depends on the water flow rate which is influenced 

by weather conditions at the location, especially solar irradiance and air temperature variations. 

It also depends on the water requirement, size of water storage tank, head (m) by which water 

has to be lifted, water to be pumped (m³), PV array virtual energy (kWh), Energy at pump 

(kWh), unused PV energy (kWh), pump efficiency (%), and system efficiency (%) and diurnal 

variation in pump pressure due to change in irradiance and pressure compensation. The 

efficiency of PV technology used in PV generator has also a great influence on the performance. 

Besides the degradation of PV panels is one of the important parameters which affect the 

performance of a solar pump (Chandel, 2015). 

The performance of solar water pumping system depends on the following parameters: 

 Solar radiation availability at the location; 

 Total Dynamic Head (TDH): Sum of suction head (height from suction point till pump), 

discharge head (height from pump to storage inlet) and frictional losses; 

 Flow rate of water; 
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 Total quantity of water requirement; and 

 Hydraulic energy: potential energy required in raising the water to discharge level. 

Hydraulic energy Eh (kWh/d) required per day to supply a volume V of water (m3) at TDH is 

given by;   

𝑃ℎ(𝑊) =
𝜌∗𝑔∗𝑇𝐷𝐻∗𝑄 

3600
…………………………………………………………………eqn2.12 

2.10 NASA Surface meteorology and Solar Energy Data Sets for Commercial 

Applications 

Renewable energy technologies are changing the face of the world's energy market. These 

technologies are range in complexity from the introduction of solar ovens and simple 

photovoltaics panels into rural communities - to the construction of commercial buildings with 

integrated photovoltaics and large thermal and wind generating power plants. Crucial to the 

success of the emerging renewable market is the availability of accurate, global solar radiation 

and meteorology data. The Surface meteorology and Solar Energy (SSE) project is developing 

the commercial potential of NASA's cloud, radiation, and meteorology data by working closely 

with partners from government, commercial industry, educational, and non-profit organizations. 

The SSE data set, which is accelerating the realization of economic and societal benefits from 

NASA earth science data, is available via the Internet (http://eosweb.larc.nasa.gov/sse/). 

Currently useful in a number of applications, future versions of these data have the potential to 

significantly advance the global adoption of renewable energy technologies (http://photovoltaic-

software.com) 

2.11 Advantage and Disadvantages of solar water pumping 

Advantages of Solar water pumping 
 

 SWP systems consume little to no fuel. By using freely available sunlight, they avoid the 

constraints of weak or expensive rural fuel supply networks. 

 Unlike diesel-based systems (i.e., where a diesel generator powers the pump), solar 

pumping produces clean energy with zero or much reduced exhaust gases and pollutants. 
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 Solar pumping systems are durable and reliable. PV panels have a design life of over 20 

years, and solar pumps have few moving parts and require little maintenance (unlike 

diesel pumps). 

 Solar pumping systems are modular so can be tailored to current power needs and easily 

expanded by adding PV panels and accessories. 

 Properly installed solar systems are safe and low risk due to low system voltage. 

Adequate protection minimizes fire risk. 

Disadvantages of solar water pumping  
 

 Solar pumping systems have high initial capital costs, which can be discouraging. 

However, component prices are dropping substantially and investment payback is quick 

thanks to vast reductions in fuel usage. 

 Water tank storage is preferable to batteries, but still expensive. Hybrid solar/diesel 

pumping can reduce the need for storage and hence costs. 

 Solar pumps still require some servicing, and specialized technicians/providers may be 

difficult to access in some areas. 

 Panel theft can be circumvented by sensitizing communities and providing simple 

antitheft measures. 

 SWP can lead to excessive groundwater extraction because operators face near zero 

marginal-cost of pumping groundwater. 
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3.0 Materials and Methods 

3.1 Description of the study area 

The project is constructed in 2017 GC in Adele Mirt Metaja village near to Bui Town in soddo 

woreda. This solar supported water supply system is the new project in applying solar energy as 

a sole power supply for the project. This research study was conducted aiming to assess the 

overall performance of the project especially the hydraulic performance efficiency of the project 

and the power supply by the solar panels. 

The study was carried out at Adel Mirt Metja Water supply project located near to Bui town in 

Sodo woreda, Guraghe zone, South nation, nationalities people regional state, which is about 

136km North West of Addis Ababa. A road to the vicinity of the project site is accessible in 

which 110km is asphalt road and 26km is gravel road that connects Bui town with Meki Town 

(East Shoa Zone).The approximate UTM geographical coordinate of the project area is 453161 

Easting and 905204 Northing 

 

Figure 3. 1 Location Map of the Study area 

Project area 

 

Bui Met. 

Station 
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3.1.1 Population 

From the kebeles council information & Finance and Economic Development Department, it is 

known that the present population of the villages is 3547. For the anticipated of future population 

geometric progression equation with 2.5% of growth rate is considered.  

The water supply distribution scheme incorporates a beneficiary of 5538 inhabitants in the 

villages, namely Adele Mirt Meteja Kebele, near to Bui town, Soddo Woreda, Guragne zone 

with adequate and clean potable water throughout the design period. 

The Guragne zone which is bordered by Hadiya zone in the South, Yem special wereda in the 

South West, Silty Zone in the South East and Oromiya Region in the North and East is found in 

Southern Nations and Nationalities People Region (SNNPR).  

Based on the 2007 census conducted by the CSA, this woreda has a total population of 134,683, 

of whom 67,130 are men and 67,553 women; 13,720 or 10.19% of its population are urban 

dwellers. The majority of the inhabitants practice Ethiopian Orthodox Christianity, with 93.35% 

of the population reporting that belief, while 3.3% were reported as Muslim and 3.28% 

were Protestants. The 1994 national census reported a total population for this woreda of 108,280 

of whom 54,308 were males and 53,972 were females; 6,253 or 5.77% of its population were 

urban dwellers. The three largest ethnic groups reported in Soddo were 

the Soddo Gurage (85.25%), the Oromo (11.58%), and the Amhara (1.47%); all other ethnic 

groups made up 1.7% of the population. Soddo Gurage is spoken as a first language by 91.06% 

of the population; while 5.17% spoke Oromiffa, 2.54% spoke Amharic and the remaining 1.23% 

spoke other languages. Ethiopian Orthodox Christianity was practiced by 96.74% of the 

population, and 2.28% said they were Muslim. Concerning sanitary conditions, 82.24% of the 

urban houses and 12.45% of all houses had access to safe drinking water at the time of the 

census; 25.15% of the urban and 3.15% of all houses had toilet facilities 

(https://en.wikipedia.org/wiki/Soddo_(woreda)) 

3.1.2. Climate 

Like most areas of the central parts of Ethiopia, the study area, is also characterized by a bimodal 

rainfall pattern, with both summer and spring rainfall. The study area catchments are influenced 

https://en.wikipedia.org/wiki/Ethiopian_Orthodox_Christianity
https://en.wikipedia.org/wiki/Islam_in_Ethiopia
https://en.wikipedia.org/wiki/P%27ent%27ay
https://en.wikipedia.org/w/index.php?title=Soddo_Gurage_People&action=edit&redlink=1
https://en.wikipedia.org/wiki/Gurage_people
https://en.wikipedia.org/wiki/Oromo_people
https://en.wikipedia.org/wiki/Amhara_people
https://en.wikipedia.org/wiki/Soddo_language
https://en.wikipedia.org/wiki/Oromo_language
https://en.wikipedia.org/wiki/Amharic_language
https://en.wikipedia.org/wiki/Ethiopian_Orthodox_Christianity
https://en.wikipedia.org/wiki/Islam_in_Ethiopia
https://en.wikipedia.org/wiki/Water_supply_and_sanitation_in_Ethiopia
https://en.wikipedia.org/wiki/Soddo_(woreda)
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by two moisture sources that are characterized by two rainy seasons, i.e. summer (July-

September) and spring (March-April).  

The climate of the area is variable in view of the large topographic difference present in the 

basin. It is humid at the highlands and arid to semi-arid in the escarpment and rift valley. As 

described above, the climatic characteristics of the area are determined largely by the annual 

movements of air currents across the country, Atlantic equatorial westerlies, and the southerly 

and easterly Indian Ocean currents being the moisture sources for precipitations. 

3.2 Data Collection 

3.2.1 Hydraulic Components of the Project 

Water Source: The water source for the scheme is borehole with 92 m depth and the elevation is 

1804 m. The well diameter is 10’’ and the type of casing used for the bore hole is uPVC 6”.The 

static water level is 13.93m with a 6.1lt/sec of discharge.  

Pipe line: There are two type of pipes used for this water supply system. The first one GI pipe 

(3”) for the pressure line and the second pipe is HDPE pipe at various sizes for distribution 

system. 

 GI Pipe: The total installed GI pipe for the pressure main is 3862 m. The installed pipe 

line is from borehole to the 50m
3
 reservoir. There is one river/ gully crossing observed 

during the field visit.   

 HDPE Pipe: The total installed HDPE pipe is more than 13,769m at various size. These 

pipes are connected from reservoir raiser pipe to the water points. The detail pipe 

information is as follows; 

Table 3. 1Installed Pipes for the water supply scheme 

Line type Material Diameter  

Pressure 

Nominal Total length 

Pressure line GI (As per BS) 76.2mm (3'')   3862m 

Distribution line HDPE 

90mm  PN10 4654m 

75mm PN10 1292m 

63mm PN10 3961m 
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50m
3
 Reservoir: It is sandwich reservoir that is constructed from Stone Masonry and Concrete. 

The elevation is 1920m as per the hand GPS used. During field visit there is no major defect 

observed on the reservoir. However there is minor crack on the pavement around the reservoir. 

This may problem might be either from quality of concrete used for pavement construction or 

due to the expansiveness soil type. In the long run this crack affects the base slab of the reservoir 

and may cause settlement of the base slab that leads to failure to the reservoir. The reservoir 

became full if the water is continuously pumped for 6 hour (from 9AM -3PM).Once the reservoir 

is filled, it can be used for 3 days at summer and 2 days for winter season. During site visit, the 

water couldn’t fill the reservoir due to small amount of sunshine hour. 

Public Water Points (PWP): There are four water points (having six faucets) constructed for 

the scheme. During field visit it has been observed that there are many people need to fetch water 

waiting for their schedule. 

Table 3. 2 Type of data collection for this research study 

S/N Data Collected Source Type of data obtained 

1 Water Supply 

scheme network 

data 

Onsite data collection and project 

design document 

Surveying data for all 

hydraulic structures in the 

project 

2 
 

Sunshine hour 

data 

Solar Radiation 

data 

-National Meteorological 

Services Agency 

-NASA Web site 

(http://eosweb.larc.nasa.gov/sse/). 

Multi- year sunshine hour data 

(2006-2015) for Bui station. 

Monthly average solar 

radiation for the study area 
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3.2.2 NASA Data for Solar Energy Estimation 
 

In order to estimate solar energy from NASA data, the following data has been collected 

accordingly from NASA website (http://eosweb.larc.nasa.gov/sse/) to compare with the actual 

field measured data. 

S/N Station Longitude (E) Latitude (N) Elevation(m) Data collection 

1 Bui 38.55 8.33 2054m 2006-2019 

 

Figure 3. 2Monthly radiation data from NASA (NASA Surface meteorology and Solar 

Energy Data). 

http://eosweb.larc.nasa.gov/sse/
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Figure 3. 3 Average, Maximum, Minimum and Range sunshine hour data (2006-2015) 

3.2.3 Optimum Tilt Angle for Solar Radiation 
 

In evaluating the performance of solar powered system, it is important to generate the optimum 

tilt angle for Solar Radiation. In this study the optimum angles have been computed by the data 

obtained from Photo Voltaic Geographical Positioning System (PVGIS) data base. 

Table 3. 3 Optimum Tilt Angle for 0
0
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In general  to evaluate the hydraulic performance of the Adele Mirt Metja water supply scheme, 

surveying data has been collected using hand GPS from the sourcing point to all junction points, 

pipes, reservoir, and water points and used for data analysis using WATERGEMS Hydraulic 

model. Please see the data collected at the appendix. Also In order to evaluate the efficiency of 

solar power supply, multi-year sunshine duration data has been collected for the nearest station 

of the study area. Not only this, but also the project design document has been reviewed and the 

project is designed by taking the data of Addis Ababa for the project. The document is attached 

in the appendix. 

3.3 Data Analysis 

The collected data based on different methods, were analyzed by using various approaches. In 

this research analyses such as; water demand analysis, software analysis and statistical analysis 

are briefly discussed here under. 

3.3.1 Water Demand  

Estimation of Water Demand: For the purpose of estimation of total requirements of water, the 

demand is calculated on an average basis expressed in liter per capita per day (Disasa, 2017) 

𝑞 =
𝑄

(𝑃∗365)
……………………………………….………………………………………..eqn3.1 

Where  

q=Average per capita demand, Q= Total annual volume of water in liters, P= population 

Classification of Water Demands 

Domestic Water Demand: is the quantity of water required for various domestic usages. This 

includes water requirements for drinking, cooking, bathing, washing, flushing toilets, lawn 

sprinkling, gardening and other household sanitation purposes in private buildings (Disasa, 

2017). Domestic water consumption varies according to the mode of service, climatic conditions 

and socio-economic factors. The Minister of Water , Irrigation and Electric of Ethiopia also set a 

revised minimum Per capita water demand (l/sec) for towns in its second growth and 

transformation plan (GTP-II) as per the below table. 
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Table 3. 4 Domestic Water Demand for Different Population Range 

Population Range Level of Town Per capita water demand 

(l/c/d) 

Above 1,000,000 1 100 

100,000-1,000,000 2 80 

50,000-100,000 3 60 

20,000-50,000 4 50 

Below 20,000 5 40 

(GTPII, 2016) 

Domestic Animal Demand  

Domestic animal demand is the demand needed for livestock. In this analysis for the presence of 

rivers near the town, domestic animal demand is not considered. 

Table 3. 5 Domestic Animal Water Demand 

Livestock Type Consumption 

Cattel, Donkeys, Houses… 50lt/head/day 

Sheep/Goats 10lt/head/day 

Camels 150lt/head/day 

         (Disasa, 2017) 

Average Day Water Demand: is the sum of domestic water demand, non-domestic water 

demand, and unaccounted for water. 

Demand Adjustment Factors 

Climatic Adjustment Factors: Climate is one of the factors that influence the quantity of water 

consumption and should be considered in our design. The following table shows the climatic 

effects factors adopted and applied to the per capita demand obtained. 
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Table 3. 6 Climatic Effect Factors 

Group Mean annual ppt(mm) Factor 

A 600 or less 1.1 

B 601 - 900 1 

C 901 or more 0.9 

 

Due to the amount of Precipitation (ppt) of the area, a climatic adjustment factor of 1.1 is used to 

adjust the per capita average domestic water demand. 

Socio-Economic Adjustment Factors: the socio-economic condition of the study area plays a 

role in determining the water consumption of a community. Its adjustment factor is determined 

based on the degree of the development of the particular area under study. However, the 

determination of the degree of the existing development and future potential of the area depend 

on personal judgment. The water supply design criteria standard set socio-economic adjustment 

factor for various categories/groups of development as shown on table below. 

Table 3. 7 Socio-Economic Effect Factors 

 

Group Description Factor 

A 

Town enjoying high living standard with very high potential 

for development 1.1 

B 

Town having a very high potential for development but lower 

living standard at present 1.05 

C Town under normal Ethiopian condition 1 

D 

 

Advanced rural town 0.9 

 

The community in the study area, as compared to other area has a moderate socioeconomic 

activity, Therefore it is grouped under Group-D, Towns under normal Ethiopian conditions with 

socioeconomic adjustment factor of 0.9. 
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Maximum Day Water Demand: For this study the value of 1.2 is used as maximum day water 

demand factor. 

Peak Hour Water Demand: It represents the amount of water required during the maximum 

consumption hour in a given day. The distribution system must be designed to cope up with the 

peak demand, which is taken into account by the use of a peak hour factor. This peak hour factor 

is expressed as a multiple of the annual average daily demand and applied additionally to the 

seasonal and peak day factors. Peak day factor for 2,000-10,000 is 1.2 and Peak hour factor 2.5. 

Table 3. 8 Water Demand Analysis 

S/N Description 
Unit 

                        Design Period 

2017 2022 2027 2032 

1 Forecasting future population 

1.1 Population No. 3547 4014 4541 5138 

1.2 Annual Growth Rate % 2.5 2.5 2.5 2.5 

2 Average domestic demand 

2.1 Population served by PTU           

2.2 Percentage % 100 100 100 100 

2.3 Number of inhabitants No. 3547 4014 4541 5138 

2.4 Specific water demand (GTPII) l/c/d 25 27 28 29 

  Average water demand/day m
3
/d 88.7 108.4 127.1 149 

  Sub-total (average domestic demand)   88.7 108.4 127.1 149 

3                                                       Average non-domestic demand 

3.1 Institutional m
3
/d 1.6 1.6 1.6 1.6 

3.2 Live stock m3/d 144.8 144.8 144.8 144.8 

  Sub-total(average non-domestic demand)   146.4 146.4 146.4 146.4 

4 
Total average domestic and non- domestic 

demand  
m

3
/d 235.1 254.8 273.5 295.4 

5 Unaccounted for water 

5.1 Percentage % 10 10 10 10 

5.2 Water demand m
3
/d 23.51 25.48 27.5 29.54 

6 Total average demand (m3/day) m
3
/d 258.6 280.28 301 324.94 

  Total average demand (l/sec) l/s 3 3.2 3.5 3.8 

7 Peak demand (including losses) 

7.1 Peak day demand m
3
/d 310.2 336.3 361 389.9 

  12 hour pumping m
3
/h 25.9 28 30.1 32.5 

  12 hour pumping l/s 7.2 7.8 8.4 9 

7.2 Peak hour demand m
3
/d 646.4 700.5 752.2 812.3 

  Peak hour demand m
3
/h 26.9 29.2 31.3 33.8 

  Peak hour demand l/s 7.5 8.1 8.7 9.4 
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The water demand analysis was conducted based on the data obtained from the local government 

office about the population and taking specific per capita water demand from GTPII in liter per 

second per day. Then this data has been converted into monthly based on each day in the month. 

Then supply analysis was conducted by taking Borehole discharge 6liter/sec. Then this number 

has been converted in m
3
/day. After that monthly supply amount of water has been calculated by 

taking each day in the month. 

3.3.2 Hydraulic Performance  

WaterGEMS is a hydraulic modeling application for water distribution systems with advanced 

interoperability, geospatial model building, optimization, and asset management tools. Basic data 

used to run model is surveying data for the whole water supply scheme for Adele Mirt Meteja  

water supply project (from source to the last water point destination, including junctions, 

crossings, bend…).After collecting this data, it is encoded in excel sheet. Then after the excel 

data will be concatenated in order to import data to AutoCAD, then it is imported to 

WATERGEMS. After all data is encoded into the model, the following layout is produced. 

 

Figure 3. 4 Layout of the Adele Mirt Meteja water supply scheme 
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3.3.3 Comparison of Water Produced and Water Supply 
 

In order to compare the amount of water produced with the water demand for the society, 

demand supply analysis was conducted using the amount of water produced from the well (i.e 

6lt/sec) for supply and total average demand for projected year for the demand.  

3.3.4 Energy Supply  

In order to estimate global solar radiation at a site it needs installation of measuring devices such 

as Pyranometers at many locations in the given region. However in developing countries like 

Ethiopia there is no recorded data using the above instrument and, like many other countries, 

what is available is sunshine duration data. However, given knowledge of the number of 

sunshine hours and local atmospheric conditions, sunshine duration data can be used to estimate 

monthly average solar radiation, with the help of empirical equation. In order to apply empirical 

equations, there are various steps needs to follow; The first step is to arrange the data and 

calculate the average monthly sunshine hour data from 2006-2015 as per the below table. 

Table 3. 9 Average Sun shine hour data (2006-2015) for the study Area 

Average Sun shine hour data (2006-2015) for the study Area 

M 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Average Min Max Range 

Jan 9.58 8.41 

    

9.28  

    

9.58  

    

8.41  

    

9.44  

  

10.38  

  

9.39  

  

8.94    9.89  9.33 8.41 10.38 1.97 

Feb 8.94 8.70 

    

9.69  

    

9.90  

    

6.08  

    

8.94  

    

9.79  

  

8.23  

  

7.59    9.84  8.77 6.08 9.90 3.83 

Mar 7.71 10.13 

  

10.63  

    

9.59  

    

7.10  

    

8.90  

    

9.29  

  

9.29  

  

9.05    9.35  9.10 7.10 10.63 3.53 

Apl 7.41 8.55 

    

9.26  

    

8.62  

    

7.04  

    

8.76  

    

5.27  

  

6.17  

  

8.51    9.32  7.89 5.27 9.32 4.05 

May 8.78 8.94 

    

8.69  

    

9.11  

    

7.03  

    

7.94  

    

9.45  

  

8.14  

  

7.66    7.78  8.35 7.03 9.45 2.42 

June 7.21 5.40 

    

5.46  

    

6.41  

    

6.96  

    

7.75  

    

5.00  

  

4.51  

  

6.50    5.05  6.03 4.51 7.75 3.23 

July 5.67 5.10 

    

6.17  

    

5.26  

    

5.90  

    

6.17  

    

4.84  

  

4.00  

  

5.05    6.91  5.51 4.00 6.91 2.91 

Aug 4.69 4.95 

    

6.38  

    

4.95  

    

6.38  

    

6.38  

    

5.12  

  

4.16  

  

6.72    6.83  5.66 4.16 6.83 2.67 

Sep 5.76 5.99 

    

6.80  

    

8.49  

    

6.40  

    

5.99  

    

6.65  

  

6.80  

  

8.29    7.47  6.86 5.76 8.49 2.73 
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Oct 7.65 8.62 

    

8.07  

    

8.10  

    

9.95  

    

9.92  

    

8.80  

  

8.14  

  

7.73    9.11  8.61 7.65 9.95 2.30 

Nov 9.91 9.46 

    

9.04  

  

10.15  

  

10.44  

    

8.44  

    

9.70  

  

8.76  

  

9.43    9.43  9.48 8.44 10.44 2.00 

Dec 8.01 10.57 

  

10.26  

    

6.11  9.15 

  

10.35  

    

9.44  

  

9.89  

  

6.86    9.89  9.05 6.11 10.57 4.46 

 

Two means of solar energy analysis were compared with the one calculated from meteorological 

station located at the study area. These are the NASA public domain database and the design of 

the scheme using Addis Ababa meteorological station. 

The next step is to determine solar radiation using model. Several empirical models exist to 

evaluate global solar radiation, using available meteorological and geographical parameters such 

as sunshine duration. The commonly model to estimate solar radiation in the study area is 

Angstrom –Prescott Model. 

3.3.5 Statistical Comparison of different solar energy analyses 

To validate the accuracy and goodness of fits, the following statistical methods has been 

employed. 

The Root Mean Square Error   

𝑹𝑺𝑴𝑬 = (
𝟏

𝒏
∑[𝑯𝒊, 𝒄𝒂𝒍 − 𝑯𝒊, 𝒎𝒆𝒂𝒔]𝟐)𝟏/𝟐……………………………………………….eqn3.2 

The value of RMSE is always positive, representing zero in the ideal case. The normalized root 

mean square error gives information on the short term performance of the correlations by 

allowing a term by term comparison of the actual deviation between the predicted and measured 

values. The smaller the value, the better is the model’s performance. 

3.3.6 Comparison of Energy Produced and Energy Supply 
 

In order to compare the amount of energy produced from the solar system with the energy 

demand for the pump to lift water from borehole to reservoir, demand supply analysis was 

conducted.  
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S/No Parameters Unit Values 

1  Total Dynamic Head  m           269  

2  Pump Efficiency (-)  %             65  

3 Power produced per panel W 260 

4  Number of solar power installed for the scheme   No           144  

4  Total Effective Panel Area   m
2 
       235.7  

5  Solar System Efficiency (-)  %             15  

The performance of solar water pumping system depends on the following parameters: Solar 

radiation availability at the location; Total Dynamic Head (TDH): Sum of suction head (height 

from suction point till pump), discharge head (height from pump to storage inlet) and frictional 

losses; Flow rate of water; Total quantity of water requirement; and Hydraulic energy: potential 

energy required in raising the water to discharge level. Hydraulic energy Eh (kWh/d) required 

per day to supply a volume V of water (m
3
) at TDH. 

The energy required for the Adele Mirt Meteja water supply scheme would be computed in by 

the following methods. 

𝑃𝑝 =
(𝜌 ∗ 𝑔 ∗ 𝑄 ∗ 𝐻𝑝)

𝜂𝑝
 

Where: - ρ=Density of water,  

Pp=Power of Pump=KW,  

g=Acceleration due to gravity=9.81m/s,  

Q=Required discharge=m3/s,  

Hp=Pumping head=m,  

η= Efficiency of the Pump 
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4.0 Results and Discussion 

In this section, the findings of the study for addressing the three specific objectives of this study 

are elaborated and discussed briefly with an attractive graphical presentations and interpretations. 

4.1Water Supply and Demand 
 

Table  4. 1  Water Demand-Supply for the scheme 

Month 

Supply 

(m
3
) 

Demand 

(m
3
) 

Balance 

(m
3
) 

Jan   16,070.40      10,071.90       5,998.50  

Feb   14,515.20        9,097.20       5,418.00  

Mar   16,070.40      10,071.90       5,998.50  

Apl   15,552.00        9,747.00       5,805.00  

May   16,070.40      10,071.90       5,998.50  

June   15,552.00        9,747.00       5,805.00  

July   16,070.40      10,071.90       5,998.50  

Aug   16,070.40      10,071.90       5,998.50  

Sep   15,552.00        9,747.00       5,805.00  

Oct   16,070.40      10,071.90       5,998.50  

Nov   15,552.00        9,747.00       5,805.00  

Dec   16,070.40      10,071.90       5,998.50  

 

As it can be seen from the above table, the analysis result shows that quantity of water produced 

from drilled Borehole has been checked and sufficient throughout the project lifetime. 

4.2 The hydraulics of water supply system 
 

Table 4. 2  The hydraulic parameters at the water points for pressure  

Label 

Elevation 

(m) 

Demand  

(l/sec) 

Hydraulic Grade  

(m) 

Pressure 

(m H2O) 

 Water Point-1       1,862.00                 1.00                  1,888.40                   62.00  

 Water Point-2       1,882.00                 1.00                  1,893.21                   31.00  

 Water Point-3       1,825.00                 1.00                  1,886.82                     6.00  

 Water Point-4       1,853.00                 1.00                  1,896.31                   43.00  
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As it is visible from the table, the minimum pressure limit is 6m and the maximum is 62m.From 

many literature, the recommended limit is 20meter-80meter.This means except for the minimum 

pressure at WP-3, the remaining pressures are within limit and safe!. For the pressure at WP-3, 

this paper suggest to use the water by scheduling (operating each water points one after the 

other). 

Table 4. 3 Pump Report of flex table 

Label 

Elevation 

(m) 

Hydraulic 

Grade (Suction)              

(m) 

Hydraulic 

Grade 

(Discharge) 

(m) 

Pressure(m 

H2O) Pump Head (m) 

 Pump  

     

1,633.00          1,773.00  

                

2,038.53  

                   

6.00                265.53  

 

As per the result obtained from model analysis, pump head is 265.53m.However according to the 

project design document, the project is working as a total head is 269m and project document 

recommended is 22KW.However it should be more than 24KW in order to deliver water to the 

required head. 

Table 4. 4 Hydraulics of pipe network 

S/No Pipe Description Dia (mm) Length 

(m) 

Discharge 

(l/s) 

Velocity 

    (m/s) 

Major Loss  

(m) 

1 Riser Pipe 76.2 80 6 1.09 1.45 

2 Pressure Main Pipe 76.2 3862 6 0.78 77.49 

 Total Major Losses 78.94 

 Total Minor Losses (10% of Major Losses) 7.894 

 Total Head Losses 86.834 
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Table 4. 5 Total Pumping Head for Adele Mirt Metja Scheme 

S/No Head Component Value 

1 Static Head /Ground elevation diff (m) 99 

2 Pump Position (m) 80 

3 Service Reservoir Height (m) 3 

4 Total Head Loss (HLf) 87 

6 Total Pump Head 269 

 

Table 4. 6 The hydraulic parameters at the water points for pressure 

Start Node Stop Node 

Velocity 

(m/sec) 

Diameter 

(mm) 

Junction-1  Water point-2  0.76 50 

Junction-1 Water point-3 0.48 63 

Junction-7 Water ponit-4 0.34 75 

Junction-3 Water point 1 0.76 50 

It is also known that the recommended flow velocity for Pressure line is a maximum of 2m/sec 

and for distribution line it is between 0.6m/sec-1.5m/sec. The report from the WATERGEMS 

showed that the velocity at the pressure main (GI pipe) was, 1.34m/sec in which it is under the 

recommended limit and also the velocity at the distribution lines (PVC) are under the 

recommended limit. 

Note: In the existing project the material used for distribution line I HDPE in different diameter 

and pressure nominal. However in WATERGEMS, there is not list for HDPE and PVC is used. 

4.3 Comparison of Solar Power Estimation 

Based on the analysis, the following data has been obtained and compared with the actual 

calculated data using AP Model. 
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Table 4. 7 Comparison of Solar Radiation Actual data, NASA data and Project design data 

Months 

Actual  H 

(kwh/m
2
) 

NASA 

(kwh/m
2
) 

Project Design data 

(kwh/m
2
) 

15-Jan 7.54 5.92 7.49 

15-Feb 7.57 5.48 7.54 

15-Mar 7.31 5.02 7.00 

15-Apr 6.14 4.68 5.80 

15-May 5.20 4.93 4.88 

15-Jun 4.01 4.56 3.84 

15-Jul 3.83 3.95 3.33 

15-Aug 4.41 3.91 3.81 

15-Sep 5.65 4.33 5.02 

15-Oct 6.79 5.34 6.69 

15-Nov 7.24 6.02 7.13 

15-Dec 7.28 6.22 7.14 

Average 6.08 5.03 5.81 

 

The table shows Solar energy profile of study area with latitude of 8.33 north and longitude 

38.55east .The annual average solar radiations was scaled to be 6.08kWh/m
2
/Day. The 

Maximum H is 7.57khw/m
2
 in February and the minimum H is 3.83kwh/m

2
 in July. 

 

 

Figure 4. 1 Comparison of Actual data, NASA data and Project design data 
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Design energy for the project fits with the estimated energy using Bui station data (called actual 

for this study) more than energy derived from NASA database. It shows wider gap between July 

to November. NASA data fits with actual estimation between May and August while bigger 

deviation is observed on the rest months of the year. Regression of the NASA data with actual is 

very important to downscale the available NASA data for similar places that have no 

meteorological stations like Bui. The next section shows about the regression of these two means 

of estimating solar energy. 

 

  

Figure  4. 2 Correlation among Actual data with Project design data and NASA data 

From the above graph and table, it shows that the project design data and actual data are not best 

correlated and the R
2
 result is nearly 0.7.Y=0.4825x+2.3075R

2
=0.7207=72.07% 

It is also tried to correlate the NASA data for Bui site with the actual calculated data and the 

result shows that the R
2
 is 71.71% with Y=0.4666x+2.1928 

It is also observed that during design period, the project designer had focused as the tilt angle is 

9
0
.In this study, it has been checked whether this 9

0
 is optimum tilt angle or not using PVGIS to 

absorb sunshine on the horizontal plane. 
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Table 4. 8 Comparison of Energy Production NASA Data with Actual Data 

Energy Production (KWh/day) 

  Actual Data  NASA Data 

Month  

Radiation 

horizontal 

(kWh/m²/day) 

Energy 

Output(kWh/day) 

Radiation 

horizontal 

(kWh/m²/day) 

Energy 

Output(kWh/day) 

Jan                7.54                  141.18                 5.30                   99.22  

Feb                7.57                  141.71                 5.80                 108.58  

Mar                7.31                  136.87                 5.90                 110.45  

Apl                6.14                  114.96                 5.70                 106.70  

May                5.20                    97.31                 5.40                 101.09  

Jun                4.01                    75.02                 4.60                   86.11  

July                3.83                    71.74                 3.80                   71.14  

Aug                4.41                    82.58                 3.90                   73.01  

Sep                5.65                  105.83                 4.70                   87.98  

Oct                6.79                  127.18                 6.00                 112.32  

Nov                7.24                  135.53                 6.20                 116.06  

Dec                7.28                  136.24                 5.60                 104.83  

Ave 113.85 98.12 

 

As it can be seen from the above table there is additional energy production from Actual data as 

compared to NASA data. But the above result is subjected to the following losses factors; Panel 

Efficiency (max of 15%), Dust, Shade factors, Cable losses. Seasonality… 
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4.4 Performance of solar power system 
 

 

Figure 4. 3 Solar Radiation at different Tilt Angle 

The tilt angel is 9
0
 and it is fixed. Therefore as per the optimum tilt angle, on the highest 

sunshine hour season, it is possible to adjust manually using the local people/operator in order to 

collect optimum solar energy just by making some mark on the mounting structure, the 

communities can get optimum energy for water pumping. 

Table 4. 9 Energy Balance to pump water from borehole to reservoir at monthly level. 

Month  

Energy 

Supply(kWh/day 

Energy 

Demand(kWh/day Balance(kWh/day 

Jan           141.18               121.79      19.39  

Feb           141.71               121.79      19.91  

Mar           136.87               121.79      15.07  

Apl           114.96               121.79       (6.83) 

May             97.31               121.79     (24.48) 

Jun             75.02               170.51     (95.49) 

July             71.74               170.51     (98.77) 

Aug             82.58               170.51     (87.93) 

Sep           105.83               121.79     (15.96) 

Oct           127.18               121.79        5.38  

Nov           135.53               121.79      13.74  

Dec           136.24               121.79      14.45  
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The solar pumping would give power to fill reservoir in 5hour from January-May and October-

December and it 7 hour in June-September. For this reason, there is shortage of power in this 

season. Therefore this paper recommends using alternative power sources just like Diesel 

Generator. 
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5.0 Conclusions and Recommendations 

5.1 Conclusion 
 

This study was addressed and initiated to evaluate the performances solar powered water supply 

scheme constructed at Adele Mirt Meteja Water Supply Project based on the field measured data 

and secondary data. 

Water distribution networks were modelled for evaluating hydraulic performance of the whole 

water supply system by using WaterGEMSv8. Considering the design criteria, the results of the 

hydraulic analysis shows that pressure and velocity were under the acceptable range. The 

pressure is from 6m-62meter. The Head loss from the flex table for the pressure main is 

33,405m/km. 

The output of a solar pumping system is dependent on good system design derived from accurate 

site and demand data. It is therefore essential that accurate assumptions are made regarding water 

demand/pattern of use and water availability including well yield and expected drawdown.  

Estimation of solar radiation from measured meteorological variables offers an important 

alternative in absence of measured solar radiation. The developed AP model has been evaluated 

using monthly average daily solar radiation and measured meteorological data, monthly average 

daily sunshine duration, The performance of this model is evaluated and compared using 

statistical error parameters R
2
.Analysis result on GSR is for the proper and effective design and 

prediction of the solar system performance. However, direct measuring is not available in many 

areas. Therefore the need for empirical equation becomes effective alternative to predict GSR 

through observed data. This project is aimed to evaluate the seasonal GSR and its variability’s 

from 2005-2016 with sunshine hour by using AP model in Bui Town. In this study daily data on 

sunshine hour were collected from NMSA. Moreover, daily sunshine hours were added in to 

monthly as well as these monthly data were categorized in annual. The estimated GSR trend was 

examined by the use of linear regression analysis. The main statistical parameter resulting from 

the regression analysis indicated the temporal change of GSR of the seasons in that place. Solar 

energy is one of the most important alternative energy sources. To design any solar energy 

device, solar energy parameters and its components were very important. Solar energy offers us 

clean and sustainable energy for the future. 
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During the evaluation of the existing data it has been found that Project designer has taken the 

data for Addis Ababa data. As it can be seen from the above graph the R2 value is not highly 

correlated with is 71%.  

Basically satellite data can give us preliminary information about the solar energy. However in 

the case of design, it is not recommended to use this data rather it is better to collect the actual 

field data from the nearest meteorological stations and need to interpret and use it accordingly. 

Therefore every design should be as per the site condition for every project.  

Not only this, on the study area, the tilt angel is 9
0
 and it is fixed. Therefore as per the optimum 

tilt angle, on the highest sunshine hour season, it is possible to adjust manually using the local 

people/operator in order to collect optimum solar energy just by making some mark on the 

mounting structure, the communities can get optimum energy for water pumping. 

5.2 Recommendation 
 

From the result obtained from the WATERGEMS model it can be concluded that there is head 

loss in pressure main line which requires serious attention as it was observed physically during 

site visit. Therefore it is important to adjust the pipe size accordingly. Otherwise the project 

cannot be functional after two or three years later due to high pressure on the GI pipe. 

From Water Demand Analysis, the result shows that quantity of water harvested from drilled 

Borehole has been checked and sufficient throughout the project lifetime. However it is 

important to develop other alternative water source as a backup. If this water schemes fails due 

to one reason, the community will be challenged. The water production and water consumption 

recording system should also updated in order to have a clear water balance and water loss  

Higher gap of estimation of solar energy using NASA database is observed as compared to 

estimation using local measures solar sunshine hour data. Therefore this paper recommend to use 

actual data for every project design rather than sitting on table , take from online and producing 

design document. 

The paper also recommends that the National Meteorological Services Agency (NMSA) of 

Ethiopia to make the meteorological data available in the form required for researchers of the 
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country and to install direct solar energy measuring instruments on at least some synoptic 

stations of the country. 

It also needs more study on the cost benefit analysis by comparing with many energy sources 

which should be environmentally safe. 

Finally, this paper recommends that, to know the exact solar resource potential of Ethiopia and to 

solve the problems of rural electrification of the country, more studies should be conducted in the 

future. 
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Appendices 

Appendix 1-WATERGEMS layout  
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Appendix 2-Surveying data Adele Mirte Meteja WSP 

 

  Easting Northing Elevation 

Static 

H L Dia. Cum. L Q V 

Source 454843 901847 1803 0 0 3 0 6.1 0.00 

  454827 901968 1813 -10 122 3 122 6.1 1.34 

  454815 902085 1821 -18 118 3 240 6.1 1.34 

  454789 902182 1826 -23 101 3 341 6.1 1.34 

  454761 902266 1829 -26 89 3 429 6.1 1.34 

  454734 902380 1832 -29 117 3 547 6.1 1.34 

  454678 902530 1837 -34 160 3 707 6.1 1.34 

  454623 902646 1839 -36 128 3 835 6.1 1.34 

  454582 902725 1839 -36 89 3 924 6.1 1.34 

  454537 902725 1840 -37 45 3 969 6.1 1.34 

  454510 902871 1842 -39 148 3 1118 6.1 1.34 

  454469 902997 1842 -39 133 3 1250 6.1 1.34 

  454407 903102 1844 -41 122 3 1372 6.1 1.34 

  454336 903227 1847 -44 144 3 1516 6.1 1.34 

  454271 903363 1852 -49 151 3 1667 6.1 1.34 

Road cross 454252 903473 1857 -54 112 3 1779 6.1 1.34 

  454188 903599 1858 -55 141 3 1920 6.1 1.34 

  454126 903697 1859 -56 116 3 2036 6.1 1.34 

  453997 904023 1865 -62 351 3 2387 6.1 1.34 

  453855 904302 1876 -73 313 3 2700 6.1 1.34 

  453689 904776 1893 -90 503 3 3202 6.1 1.34 

Res.(vc1) 453161 905204 1902 -99 680 3 3882 6.1 1.34 

Res.(vc1) 453161 905204 1902 0 0 3 0 4.95 1.09 

  453559 905110 1898 4 409 3 409 4.95 1.09 

  453813 905045 1900 2 262 3 671 4.95 1.09 

  453913 904894 1889 13 181 3 853 4.95 1.09 

  454035 904503 1885 17 410 3 1262 4.95 1.09 

  454122 904284 1883 19 236 3 1498 4.95 1.09 

wp 1 454218 904758 1880 22 484 3 1982 4.95 1.09 

  454300 904543 1872 30 230 3 2212 3.95 0.87 

  454472 904115 1864 38 461 3 2673 3.95 0.87 

wp 2 454500 903983 1862 40 135 3 2808 3.95 0.87 

  454583 903852 1854 48 155 2 2963 2.95 1.46 



63 

 

 

  454972 903395 1837 65 600 2 3564 2.95 1.46 

wp 3 455769 903278 1825 77 806 2 6769 2.95 1.46 

From vc1 453161 905204 1902 0 0 3 0 1.15 0.25 

  453689 904776 1893 9 680 3 680 1.65 0.36 

  453855 904302 1876 26 503 3 1182 1.65 0.36 

  453997 904023 1865 37 313 3 1496 1.65 0.36 

  454126 903697 1859 43 351 3 1846 1.65 0.36 

  454188 903599 1858 44 116 2.5 1962 1.65 0.52 

Bending 454252 903473 1857 45 141 2.5 2103 1.65 0.52 

wp 4 453619 903431 1853 49 634 2.5 3138 1.65 0.52 
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Appendix 3-Project solar power Design Information 
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Appendix-4 Some Pictures taken during site Visit and data collection 
 

 

Fig RSI Reading 

 

Operator during opening the system 
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Appendix-5 NASA Data Search  
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